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ÏÅÐÅÄÌÎÂÀ 
 

²ç çàïóñêîì àìåðèêàíñüêîãî ñóïóòíèêà Landsat-8 òà ïî÷à-
òêîì âèêîíàííÿ Ïðîãðàìè COPERNICUS ªâðîïåéñüêîãî êîñì³-
÷íîãî àãåíòñòâà ó â³ëüíîìó äîñòóï³ ç’ÿâèëîñü áàãàòî ð³çíîð³äíèõ 
(ðàäàðíèõ òà îïòè÷íèõ) ñóïóòíèêîâèõ äàíèõ ç ïðîñòîðîâèì ðîçð³-
çíåííÿì 10—30 ì. Ö³ äàí³ ïîêðèâàþòü êîæíó òî÷êó çåìíî¿ ïîâåð-
õí³ ç ïåð³îäè÷í³ñòþ 5—16 äí³â. Öå îçíà÷àº, ùî òåïåð ìîæóòü áóòè 
ðîçâ’ÿçàí³ íîâ³ êëàñè çàäà÷ ìîí³òîðèíãó çåìíî¿ ïîâåðõí³ ³ ïîáó-
äîâàí³ êàðòè âèñîêîãî ðîçð³çíåííÿ. 

Îäí³ºþ ç âàæëèâèõ çàäà÷, ÿê³ ñòàëî ìîæëèâèì ðîçâ’ÿçóâàòè 
íà îñíîâ³ öèõ äàíèõ, º ïîáóäîâà êàðò çåìíîãî ïîêðèâó ³ çåìëåêî-
ðèñòóâàííÿ ðîçð³çíåííÿì íå íèæ÷å 30 ì äëÿ âåëèêèõ òåðèòîð³é 
(àäì³í³ñòðàòèâíèõ îáëàñòåé, ö³ëèõ êðà¿í òà ðåã³îí³â). 

Äî 2014 ð. ïîä³áí³ êàðòè çåìíîãî ïîêðèâó áóäóâàëèñÿ ëè-
øå íà îñíîâ³ äàíèõ ñåðåäíüîãî (250—500 ì) ³ íèçüêîãî ðîçð³çíåí-
íÿ, âêëþ÷àëè ëèøå äåê³ëüêà îñíîâíèõ êëàñ³â çåìíîãî ïîêðèâó ³ 
íå äîçâîëÿëè âèä³ëÿòè îêðåì³ ñ³ëüñüêîãîñïîäàðñüê³ êóëüòóðè. 
Âîäíî÷àñ ³ñíóþ÷³ ìåòîäè îáðîáêè äàíèõ âèñîêîãî ðîçð³çíåííÿ 
äîñèòü äîâãî ´ðóíòóâàëèñü íà îáðîáö³ îêðåìèõ çí³ìê³â, à íå ÷àñî-
âèõ ðÿä³â, òà íå ïåðåäáà÷àëè ñï³ëüíîãî âèêîðèñòàííÿ îïòè÷íèõ ³ 
ðàäàðíèõ äàíèõ. Âðàõîâóþ÷è íåâåëèêó ïëîùó ïîêðèòòÿ çåìíî¿ 
ïîâåðõí³ îäíèì çí³ìêîì, ö³ ìåòîäè íå äîçâîëÿëè áóäóâàòè êàðòè 
äëÿ âåëèêèõ òåðèòîð³é. Çàâäÿêè ïîÿâ³ â³äêðèòèõ äàíèõ, ÿê³ ñòàëè 
äîñòóïí³ áóäü-ÿêîìó çàö³êàâëåíîìó ñïåö³àë³ñòó, ôàõ³âö³ ç ð³çíèõ 
ïðèêëàäíèõ îáëàñòåé çóñòð³ëèñÿ ñ ³íøîþ ïðîáëåìîþ, à ñàìå íå-
îáõ³äí³ñòþ îáðîáêè äàíèõ âåëèêîãî îá’ºìó. Íàñòàëà åðà «âåëèêèõ 
äàíèõ». Àëå íà ùàñòÿ ñïåö³àë³ñòè ç ³íôîðìàö³éíèõ òåõíîëîã³é òåæ 
íå ñòîÿëè îñòîðîíü â³ä âñ³õ öèõ ïðîöåñ³â, à ðîçâèâàëè êëàñòåðí³ 
òà õìàðí³ òåõíîëîã³¿, ÿê³ ³ äîçâîëèëè äîñèòü øâèäêî ïåðåéòè äî 
ðîçâ’ÿçàííÿ âàæëèâèõ çàäà÷ íà ïðèíöèïîâî íîâîìó ð³âí³. 

Íà ñüîãîäí³øí³é äåíü àáñîëþòíî ïðèðîäíüîþ âèãëÿäàº 
íåîáõ³äí³ñòü âèêîðèñòàííÿ â³ðòóàëüíèõ òà õìàðíèõ ðåñóðñ³â äëÿ 
çáåð³ãàííÿ òà îáðîáêè ãåîïðîñòîðîâèõ äàíèõ. Òåïåð òàê³ äàí³ ìî-
æíà îáðîáëÿòè øëÿõîì âèêîðèñòàííÿ ³íòåëåêòóàëüíèõ ìåòîä³â, 
ùî ïîòðåáóþòü çíà÷íèõ îá÷èñëþâàëüíèõ ðåñóðñ³â. Îäíèì ñëîâîì, 
ìè æèâåìî â íîâèé ÷àñ, êîëè áàãàòî â³äîìèõ ïðèêëàäíèõ çàäà÷ 
ðîçâ’ÿçóþòüñÿ íà ïðèíöèïîâî íîâîìó ð³âí³ òà íà îñíîâ³ ìåòîä³â, 
ÿê³ äîñ³ äëÿ öüîãî íå âèêîðèñòîâóâàëèñü. 

Àëå íå äèâëÿ÷èñü íà çíà÷íèé ïðîãðåñ â îáëàñò³ 
ðîçâ’ÿçàííÿ çàäà÷ ñïîñòåðåæåííÿ Çåìë³ äåÿê³ îá’ºêòèâí³ òðóäíîù³ 
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âñå æå çàëèøèëèñü. Áàãàòî â ÷îìó öå ïîâ’ÿçàíî ç ³íòåðäèñöèïë³-
íàðí³ñòþ íàóêîâèõ äîñë³äæåíü â ö³é îáëàñò³. Äëÿ óñï³øíîãî 
ðîçâ’ÿçàííÿ òàêèõ çàäà÷ ïîòð³áíî ìàòè çíàííÿ â îáëàñò³ øòó÷íîãî 
³íòåëåêòó, îá÷èñëþâàëüíî¿ ìàòåìàòèêè, çíàòè îñíîâè äèñòàíö³é-
íîãî çîíäóâàííÿ Çåìë³, âîëîä³òè ìåòîäàìè îáðîáêè äàíèõ (data 
science) òà áóòè çíàéîìèì ç ñó÷àñíèìè çàñîáàìè òà ïëàòôîðìàìè, 
ÿê³ ìîæíà âèêîðèñòàòè äëÿ îáðîáêè äàíèõ âåëèêîãî îáñÿãó. Ñàìå 
òàê³ çàäà÷³ ³ ðîçãëÿäàþòüñÿ ó ö³é êíèæö³. Àâòîðè ñïîä³âàþòüñÿ, 
ùî ¿ì öå âäàëîñÿ ³ âì³ñò ìîíîãðàô³¿ º ö³êàâèì äëÿ ÷èòà÷³â. 

Îñíîâó êíèãè ñêëàäàþòü ðåçóëüòàòè äèñåðòàö³éíèõ äîñë³-
äæåíü ßéëèìîâà Áîãäàíà (ï³äðîçä³ëè 1.1-1.3, 2.1-2.2, 7.1-7.3, 8.1-
8.4, ðîçä³ë 4) òà Ëàâðåíþêà Ìèêîëè (ï³äðîçä³ëè 1.4, 2.3-2.4, 7.4-
7.6, 8.5-8.7, ðîçä³ëè 3, 5, 6), ÿê³ âèêîíóâàëèñü â ²íñòèòóò³ êîñì³÷-
íèõ äîñë³äæåíü Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè òà Äåðæàâíîãî 
êîñì³÷íîãî àãåíòñòâà Óêðà¿íè, à òàêîæ ðîáîòè â ìåæàõ íèçêè 
ïðîåêò³â â³ää³ëó êîñì³÷íèõ ³íôîðìàö³éíèõ òåõíîëîã³é ³ ñèñòåì, 
ïðîòÿãîì îñòàíí³õ 5 ðîê³â. Ö³ ðåçóëüòàòè áóëî îòðèìàíî â ìåæàõ 
áàãàòüîõ íàóêîâî-äîñë³äíèõ òà êîíêóðñíèõ ïðîåêò³â ÍÀÍ Óêðà¿-
íè, ºâðîïåéñüêèõ ïðîãðàì FP7 òà HORIZON 2020. 

Öåé íàïðÿìîê äîñë³äæåíü ï³äòðèìóâàâñÿ òàêîæ Íàö³îíà-
ëüíèì óí³âåðñèòåòîì á³îðåñóðñ³â ³ ïðèðîäîêîðèñòóâàííÿ Óêðà¿íè 
â ìåæàõ äåê³ëüêîõ íàóêîâî-äîñë³äíèõ òåì (2011—2018 ðð.) òà 
Íàö³îíàëüíèì òåõí³÷íèì óí³âåðñèòåòîì Óêðà¿íè «ÊÏ² ³ìåí³ 
²ãîðÿ Ñ³êîðñüêîãî» ³, çîêðåìà, Ô³çèêî-òåõí³÷íèì ³íñòèòóòîì 
(2016—2018 ðð.). 

Àâòîðè âäÿ÷í³ Êîëîò³þ Àíäð³þ çà ïåðâèííå ë³òåðàòóðíå 
ðåäàãóâàííÿ òåêñòó ìîíîãðàô³¿. Çàáåçïå÷åííÿ ï³äòðèìêè íàóêîâèõ 
äîñë³äæåíü â ÍÓÁ³Ï Óêðà¿íè â 2016—2018 ðð. â ìåæàõ âèêîíàííÿ 
ôóíäàìåíòàëüíî¿ íàóêîâî-äîñë³äíî¿ ðîáîòè áóëî çä³éñíåíî Òêà-
÷åíêîì Îëåêñ³ºì. Àâòîðè òàêîæ âäÿ÷í³ ³íøèì ñïåö³àë³ñòàì, ùî 
âïðîäîâæ áàãàòüîõ ðîê³â çàáåçïå÷óâàëè ïðîâåäåííÿ íàçåìíèõ äîñ-
ë³äæåíü òà âèêîíóâàëè âåëèêèé îáñÿã òåõí³÷íî¿ ðîáîòè. Áåç ¿õíüî¿ 
äîïîìîãè áóëî á íåìîæëèâî çàâåðøèòè çàïëàíîâàí³ äîñë³äæåííÿ òà 
îòðèìàòè íàóêîâ³ ðåçóëüòàòè, ùî âèêëàäåí³ â äàí³é êíèç³. 

Ïðèºìíîãî ÷èòàííÿ! 



 ÐÎÇÄ²Ë1   
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ÀÍÀË²Ç ÑÓ×ÀÑÍÎÃÎ ÑÒÀÍÓ ÎÁËÀÑÒ² ÊÀÐÒÎÃ-
ÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ 

 
 

 

1.1. ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ ÍÀ ÎÑÍÎÂ² 
ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ 

 
Êàðòè çåìíîãî ïîêðèâó (land cover map) [1] â³ä³ãðàþòü âàæ-

ëèâó ðîëü â ïðîöåñ³ îö³íþâàííÿ äèíàì³êè çì³íè åêîñèñòåì òà 
ðîçâ’ÿçàííÿ áàãàòüîõ ³íøèõ ïðèêëàäíèõ çàäà÷ ñóïóòíèêîâîãî ìî-
í³òîðèíãó. Êàðòà çåìíîãî ïîêðèâó ì³ñòèòü ãåîïðîñòîðîâó ³íôîð-
ìàö³þ â ðàñòðîâîìó ôîðìàò³ òà ðîçáèâàº çåìíó ïîâåðõíþ íà 
âèçíà÷åíó, ê³ëüê³ñòü êëàñ³â [2]. Çîêðåìà, òàê³ êàðòè íåîáõ³äí³ äëÿ 
âèçíà÷åííÿ çì³í òà òåíäåíö³é ó çåìëåêîðèñòóâàíí³, îö³íêè ïëîù, 
àíàë³çó äèíàì³êè êë³ìàòè÷íèõ çì³í òà ¿õ âïëèâó íà á³îñôåðó 
Çåìë³, òîùî. 

Êàðòîþ íàçèâàºòüñÿ ãåî³íôîðìàö³éíèé ïðîäóêò, ÿêèé ó âèá-
ðàí³é êàðòîãðàô³÷í³é ïðîåêö³¿ íàäàº çìåíøåíå, óçàãàëüíåíå çî-
áðàæåííÿ ïîâåðõí³ Çåìë³ àáî ¿¿ ÷àñòèíè, ïîâåðõí³ ³íøîãî íåáåñ-
íîãî ò³ëà, ùî ïîêàçóº ðîçòàøîâàí³ íà íèõ îá’ºêòè ó ïåâí³é ñèñ-
òåì³ óìîâíèõ ïîçíà÷åíü [3]. 

ßê ïðàâèëî, äëÿ ïîáóäîâè êàðò ïîòð³áíî çä³éñíèòè êëàñèô³-
êàö³þ. Íà äàíèé ìîìåíò äëÿ öüîãî ÷àñòî âèêîðèñòîâóþòü ñóïóò-
íèêîâ³ äàí³, â ¿õ îáðîáêà íàçèâàºòüñÿ òåìàòè÷íîþ îáðîáêîþ, ùî 
ïîâ’ÿçàíà ç àâòîìàòèçîâàíèì ðîçáèòòÿì çí³ìê³â íà îäíîð³äí³ ïî 
çàäàíîìó êðèòåð³þ îáëàñò³, ùî â³äíîñÿòüñÿ äî ïåâíèõ êëàñ³ çåì-
íî¿ ïîâåðõí³. Â äàíîìó âèïàäêó ï³ä êëàñîì áóäåìî ðîçóì³òè òèï 
çåìíî¿ ïîâåðõí³ â äàí³é òî÷ö³ (ï³êñåë³), à ï³ä ãðóïîþ îá’ºêò³â — 
ãðóïó ï³êñåë³â, â³äíåñåíèõ äî ïåâíîãî êëàñó. Â ïðîöåñ³ òàêîãî ðî-
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çáèòòÿ êîæåí ï³êñåëü öèôðîâîãî çí³ìêà â³äíîñÿòü äî ïåâíîãî 
êëàñó ó â³äïîâ³äíîñò³ äî ïåâíèõ ñòàòèñòè÷íèõ êðèòåð³¿â. Îòðèìàí³ 
ïðè öüîìó çîáðàæåííÿ íàçèâàþòüñÿ òåìàòè÷íèìè êàðòàìè [4]. 

Íà äàíèé ìîìåíò ³ñíóº äåê³ëüêà ì³æíàðîäíèõ ñèñòåì êëàñè-
ô³êàö³¿ çåìíîãî ïîêðîâó, ÿê³ âèêîðèñòîâóþòüñÿ â ºâðîïåéñüêèõ 
êðà¿íàõ [5]. Îäíîþ ç íèõ º ñòàíäàðòíà ñòàòèñòè÷íà êëàñèô³êàö³ÿ 
çåìëåêîðèñòóâàííÿ ªÅÊ (ECE Standard Statistical Classification of 
Land Use), (ðîçðîáëåíà Ñòàòèñòè÷íîþ êîì³ñ³ºþ òà ªâðîïåéñüêîþ 
åêîíîì³÷íîþ êîì³ñ³ºþ ÎÎÍ), ³íøà áóëà ðîçðîáëåíà Ïðîäîâîëü-
÷îþ ³ ñ³ëüñüêîãîñïîäàðñüêîþ îðãàí³çàö³ºþ ÎÎÍ (FAO UN — 
Food and Agriculture Organization of the United Nations). Ïðèêëà-
äàìè ïðîãðàì, â ìåæàõ ÿêèõ êëàñèô³êàö³ÿ çåìëåêîðèñòóâàííÿ 
çä³éñíþºòüñÿ ñòàòèñòè÷íèìè ï³äðîçä³ëàìè, º íàñòóïí³: 

– Âñåñâ³òíÿ ïðîãðàìà ïåðåïèñó ñ³ëüñüêîãî ãîñïîäàðñòâà 
(World Program for the Census of Agriculture) [6]; 

– Ãëîáàëüíà ïðîãðàìà îö³íêè ë³ñîâèõ ðåñóðñ³â (Global Forest 
Resources Assessment Program) [7]. 

Äî ïðîãðàì, ÿê³ áóëè çàïî÷àòêîâàí³ ªâðîïåéñüêèì ñîþçîì 
äëÿ îïòèì³çàö³¿ ³ñíóþ÷èõ ãåîïðîñòîðîâèõ ïðîäóêò³â êëàñèô³êàö³¿ 
çåìíîãî ïîêðîâó, íàëåæàòü íàñòóïí³: 

– Ïðîãðàìà ç àíàë³çó òà îïòèì³çàö³¿ çåìëåêîðèñòóâàííÿ ³ çå-
ìåëüíîãî ïîêðèâó» (Coordinating Land Use and Cover Data and 
Analyses in Europe (CLAUDE) [8];  

– Ðîçðîáêà ãàðìîí³çîâàíî¿ ³íôîðìàö³éíî¿ ñèñòåìè ìîí³òîðè-
íãó çåìíîãî ïîêðèâó òà çåìëåêîðèñòóâàííÿ íà îñíîâ³ äàíèõ ÄÇÇ 
(Development of a Harmonized Framework for Multi-purpose Land 
Cover/Land Use Information Systems Derived from Earth Observation 
Data (LANES) [9]. 

Ö³ ïðîãðàìè íàäàþòü ìîæëèâîñò³ çàëó÷åííÿ ñòàòèñòè÷íèõ 
äàíèõ òà äàíèõ äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³ (ÄÇÇ, RS — 
Remote Sensing) â ïðîöåñ êëàñèô³êàö³¿ çåìíîãî ïîêðèâó. Îòðèìà-
í³ ðåçóëüòàòè ñâ³ä÷àòü ïðî òå, ùî çàáåçïå÷åííÿ íàâ³òü ÷àñòêîâî¿ 
ñóì³ñíîñò³ ð³çíèõ ñèñòåì êëàñèô³êàö³¿ çåìíî¿ ïîâåðõí³ ì³æ ñîáîþ 
º âàæëèâîþ [10]. ²ñíóþòü òàê³ ñó÷àñí³ ñèñòåìè êëàñèô³êàö³¿:  

1) Ñèñòåìà êëàñèô³êàö³¿ çåìíîãî ïîêðèâó (LCCS — Land 
Cover Classification System) [11]. Öÿ ñèñòåìà áóëà çàïðîïîíîâàíà â 
ñåðåäèí³ 1990 ðð. ¯¿ îñíîâíîþ ìåòîþ áóëà ñòàíäàðòèçàö³ÿ êëàñ³â 
çåìíîãî ïîêðèâó ïî âñüîìó ñâ³òó. Â çàëåæíîñò³ â³ä íàáîðó êëàñ³â 
ïåâíî¿ òåðèòîð³¿ öÿ ñèñòåìà íàäàº ìîæëèâîñò³ çì³íè íîìåíêëàòó-
ðè êëàñ³â, îñê³ëüêè º ìîäóëüíîþ. Â ïðîöåñ³ çä³éñíåííÿ êëàñèô³-
êàö³¿ ìîæóòü âèêîðèñòîâóâàòèñü ÿê äàí³ ñòàòè÷íèõ ñïîñòåðåæåíü, 
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òàê ³ äàí³ ÄÇÇ [11]. Ñèñòåìà êëàñèô³êàö³¿ LCCS çíàéøëà ñâîº 
ïðàêòè÷íå çàñòîñóâàííÿ ó ïðîåêò³ AFRICOVER, ùî ñïðÿìîâàíèé 
íà êàðòîãðàôóâàííÿ çåìíîãî ïîêðèâó Àôðèêè [12]. 

2) Êëàñèô³êàö³ÿ, çàïðîïîíîâàíà ªâðîñòàòîì, ùî ïðèçíà÷åíà 
äëÿ îáë³êó çåìëåêîðèñòóâàííÿ íà îñíîâ³ äàíèõ ÄÇÇ 
(CLUSTERS — Classification for land use statistics: EUROSTAT 
remote sensing programme) [13]. Ñèñòåìà CLUSTERS áóëà ðîçðîá-
ëåíà ªâðîñòàòîì â 1992–1993 ðð.. Öÿ ñèñòåìà êëàñèô³êàö³¿ îð³ºí-
òîâàíà íà âèêîðèñòàííÿ äàíèõ ÄÇÇ, âêëþ÷àº 6 êëàñ³â çåìåëüíîãî 
ïîêðèâó íà ïåðøîìó ð³âí³ ³ºðàðõ³¿, ÿê³ äåòàë³çóþòüñÿ äî 66 êëàñ³â 
íà ÷åòâåðòîìó ³ºðàðõ³÷íîìó ð³âí³ [13]. 

3) LUCAS (Land Use/Cover Area Frame Statistical Survey) [14]. 
Ñèñòåìó LUCAS áóëî âïðîâàäæåíî Ãåíåðàëüíèì äèðåêòîðàòîì 
ªâðîïåéñüêî¿ Êîì³ñ³¿ ó 2000 ð. [14]. Ïðè âèêîðèñòàíí³ ö³º¿ íîìå-
íêëàòóðè êëàñ³â äëÿ êëàñèô³êàö³¿ çåìíî¿ òà îö³íêè çåìëåêîðèñòó-
âàííÿ ïîâåðõí³ ïîâèíí³ âèêîíóâàòèñü íàçåìí³ äîñë³äæåííÿ ³ç çà-
ëó÷åííÿì ñòàòèñòè÷íèõ ìåòîä³â òà äàíèõ ÄÇÇ. Ïðè âèêîðèñòàíí³ 
ñèñòåìè LUCAS ìîí³òîðèíã çì³í çåìíîãî ïîêðèâó ªâðîïè ïîâè-
íåí çä³éñíþâàòèñÿ íà ðåãóëÿðí³é îñíîâ³ ç çàëó÷åííÿì íàçåìíèõ 
äîñë³äæåíü ç ÷àñîâèì ³íòåðâàëîì ó 2–3 ðîêè. Òàêîæ ç êîæíèì 
ðîêîì çðîñòàº ê³ëüê³ñòü êðà¿í-ó÷àñíèöü öüîãî ïðîöåñó òà ïîë³ãî-
í³â ó âèá³ðö³. Ó 2006 ð. â äîñë³äæåíí³ áðàëè ó÷àñòü 11 êðà¿í, ó 
âèá³ðö³ áóëî 169 333 ïîë³ãîí³â. Ó 2008–2009 ðð. áóëî çàëó÷åíî âæå 
25 êðà¿í, à ê³ëüê³ñòü ïîë³ãîí³â ñòàíîâèëà 263 780 [15]. 

Íà îñíîâ³ ñóïóòíèêîâèõ äàíèõ êàðòè çåìíîãî ïîêðèâó ïî÷à-
ëè áóäóâàòè ç 1980 ðð. Çîêðåìà, ó 1985 ð. â ªâðîïåéñüêîìó Ñîþç³ 
áóëî ðîçïî÷àòî âèêîíàííÿ ïðîãðàìè CORINE (Coordination of 
Information on the Environment [16]) ç ìåòîþ çáîðó òà îáì³íó ³í-
ôîðìàö³ºþ ïðî íàâêîëèøíº ñåðåäîâèùå â ìåæàõ ºâðîïåéñüêèõ 
êðà¿í [17]. 

Â ìåæàõ ïðîãðàìè CORINE çà 5 ðîê³â (ç 1985 ïî 1990 ðð.) 
áóëà ïîáóäîâàíà ïðîñòîðîâà áàçà äàíèõ çåìåëüíîãî ïîêðèâó äëÿ 
äâàíàäöÿòè êðà¿í Çàõ³äíî¿ ªâðîïè, ÿêà áóëà íàçâàíà CLC90 
(CORINE Land Cover 90). Ïëîùà, îõîïëåíà áàçîþ äàíèõ CLC90, 
ñòàíîâèòü 2,3 ìëí. êì2, à âèá³ðêà ì³ñòèòü áëèçüêî 700 000 ïîë³ãî-
í³â. Òî÷í³ñòü îòðèìàíî¿ êàðòè êëàñèô³êàö³¿ çåìíîãî ïîêðèâó ñòà-
íîâèòü íå ìåíøå 85%. Â ÿêîñò³ îñíîâíîãî äæåðåëà äàíèõ áóëî 
âèêîðèñòàíî ñóïóòíèêîâ³ äàí³ Landsat òà SPOT. Íà ïåðøèõ äâîõ 
åòàïàõ çä³éñíþâàëàñÿ ï³äãîòîâêà ñóïóòíèêîâèõ òà äîäàòêîâèõ ãå-
îïðîñòîðîâèõ äàíèõ, à òðåò³é òà ÷åòâåðòèé åòàï îáðîáêè äàíèõ 
áóëè ïðèçíà÷åí³ äëÿ ïîáóäîâè òà ïîñòîáðîáêè îòðèìàíèõ êàðò 
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çåìíîãî ïîêðèâó çà äîïîìîãîþ Ã²Ñ-ñèñòåìè ArcInfo. Îñòàíí³é 
åòàï áóâ ïîâ’ÿçàíèé ç ïåðåâ³ðêîþ ðåçóëüòàò³â [17]. 

Êð³ì ïîáóäîâè êàðò çåìíîãî ïîêðèâó â ìåæàõ ïðîãðàìè 
CORINE â 1999-2000 ðð. çä³éñíþâàëàñü îö³íêà çì³í çåìíîãî ïîê-
ðèâó, ùî â³äáóëèñü ïðîòÿãîì äåñÿòèë³òòÿ (ïðîåêò I&CLC2000) 
[18]. Öèì ïðîåêòîì îï³êóâàëîñÿ ªâðîïåéñüêå àãåíòñòâî ç íàâêî-
ëèøíüîãî ñåðåäîâèùà (EEA — European Environmental Agency) òà 
Îá’ºäíàíèé äîñë³äíèöüêèé öåíòð ªâðîêîì³ñ³¿ (JRC — Joint 
Research Center). Â ìåæàõ ïðîåêòó I&CLC2000 áóëî âèä³ëåíî äâà 
îêðåìèõ íàïðÿìêè ðîá³ò, à ñàìå, ïðîåêò IMAGE2000 (îòðèìàííÿ 
äàíèõ ÄÇÇ, ¿õ îðòîêîðåêö³ÿ, ïîáóäîâà íàö³îíàëüíèõ ³ çàãàëüíîºâ-
ðîïåéñüêèõ êîìïîçèò³â ñóïóòíèêîâèõ çí³ìê³â) òà ïðîåêò CLC2000 
(âèçíà÷åííÿ òà ³íòåðïðåòàö³ÿ âñ³õ çì³í çåìåëüíîãî ïîêðèâó òà 
çåìëåêîðèñòóâàííÿ çà îñòàííº äåñÿòèë³òòÿ). 

Â ïðîåêòàõ CLC90 òà CLC2000 âèêîðèñòîâóâàëàñü ñèñòåìà 
êëàñèô³êàö³¿ çåìíîãî ïîêðèâó, ùî áóëà ðîçðîáëåíà â ðàìêàõ ïðî-
åêòó CORINE. Â çàãàëüíîìó öÿ ñèñòåìà ì³ñòèòü 44 êëàñè çåìíî¿ 
ïîâåðõí³ (Òàáë. 1). 

Äëÿ ïîáóäîâè êàðòè çåìíîãî ïîêðèâó òðàäèö³éíî âèêîðèñòî-
âóâàëè ñóïóòíèêîâ³ äàí³ ñåðåäíüîãî ðîçð³çíåííÿ, çîêðåìà MODIS 
àáî SPOT VEGETATION [19]. Òàê³ êàðòè ìîæóòü áóòè âèêîðèñ-
òàí³ äëÿ îòðèìàííÿ ãëîáàëüíîãî ñòàíó çåìåëü ñ³ëüñüêîãîñïîäàð-
ñüêîãî ïðèçíà÷åííÿ. Àëå ñë³ä çàçíà÷èòè, ùî îñòàíí³ì ÷àñîì, 
îñîáëèâî ï³ñëÿ ïîÿâè ó â³ëüíîìó äîñòóï³ äàíèõ Landsat 8 òà 
Sentinel 1/2, ïðîñòîðîâå ðîçð³çíåííÿ ñóïóòíèêîâèõ äàíèõ çíà÷íî 
ïîêðàùèëîñÿ (10-30 ì). 

Â 1992 ð. äîñë³äíèêàìè ãåîëîã³÷íî¿ ñëóæáè ÑØÀ (USGS — 
US Geological Service) òà îá’ºäíàíîãî äîñë³äíèöüêîãî öåíòðó JRC 
ªâðîêîì³ñ³¿, áóëà ïðåäñòàâëåíà ãëîáàëüíà êàðòà çåìíîãî ïîêðèâó 
³ç ïðîñòîðîâèì ðîçð³çíåííÿì 1 êì. Ôîðìàëüíà îö³íêà òî÷íîñò³ 
äàíîãî ïðîäóêòó çàâåðøåíà â 1998 ð. [20]. 

 
Òàáë. 1.1 Êëàñè çåìíîãî ïîêðèâó CORINE 
 

¹ 
êëàñó 

Çàãàëüíà íàçâà êëàñó Íàçâè âñ³õ ï³äêëàñ³â 

1 
Øòó÷í³ ïîâåðõí³/ 
Artificial surface 

Ñóö³ëüíà ì³ñüêà çàáóäîâà / Continuous 
urban fabric 
Íåñóö³ëüíà ì³ñüêà çàáóäîâà / 
Discontinuous urban fabric 
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Ïðîìèñëîâ³ òà êîìåðö³éí³ áóä³âë³ / 
Industrial or commercial units 
Äîðîãè, çàë³çíèö³ òà ïðèëåãë³ äî íèõ 
òåðèòîð³¿ / Road and rail networks and 
associated land 
Ïîðòè / Port areas 
Àåðîïîðòè / Airports 
Òåðèòîð³¿, ïðèçíà÷åí³ äëÿ âèäîáóòêó 
êîðèñíèõ êîïàëèí / Mineral extraction 
site 
Çâàëèùà / Dump sites 
Áóä³âåëüí³ ìàéäàí÷èêè / Construction 
sites 
Ïàðêè òà ñêâåðè / Green urban areas 
Òåðèòîð³¿, ïðèçíà÷åí³ äëÿ ñïîðòó òà 
â³äïî÷èíêó / Sport and leisure facilities 

2 
Ñ³ëüñüêîãîñïîäàðñüê³ 

çåìë³ / Agricultural 
areas 

Íåçðîøóâàí³ îðí³ çåìë³ / Non-irrigated 
arable land 
Çðîøóâàí³ îðí³ çåìë³ / Permanently 
irrigated land 
Ðèñîâ³ ïîëÿ / Rice fields 
Âèíîãðàäíèêè / Vineyards 
Ñàäè òà ïëàíòàö³¿ ÿã³ä / Fruit trees and 
berry plantations 
Íàñàäæåííÿ îëèâ / Olive groves 
Ïàñîâèùà / Pastures 
Îäíîð³÷í³ êóëüòóðè ç âêðàïëåííÿìè 
áàãàòîð³÷íèõ / Annual crops associated 
with permanent crops 
Ñêëàäí³ çðàçêè êóëüòèâàö³¿ / Complex 
cultivation patterns 
Ñ³ëüñüêîãîñïîäàðñüê³ çåìë³ ç³ 
çíà÷íèìè òåðèòîð³ÿìè, âêðèòèìè 
ïðèðîäíîþ ðîñëèíí³ñòþ / Land 
principally occupied by agriculture, with 
significant areas of natural vegetation 
Ñ³ëüñüêîãîñïîäàðñüê³ çåìë³, ÷àñòêîâî 
âêðèò³ ë³ñîì / Agro-forestry areas 

3  
Øèðîêîëèñò³ ë³ñè / Broad-leaved forest 
Õâîéí³ ë³ñè / Coniferous forest 
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Ë³ñè òà 
íàï³âïðèðîäí³  

òåðèòîð³¿ / Forest and 
semi natural areas 

Ì³øàí³ ë³ñè / Mixed forest 
Ïðèðîäí³ ïàñîâèùà / Natural grasslands 

Ìîõîâ³ áîëîòà ³ ïóñòêè / Moors and 
heathland 

Ñêëåðîô³ëüíà ðîñëèíí³ñòü / 
Sclerophyllous vegetation 
×àãàðíèêè, ùî ïåðåõîäÿòü ó ë³ñ / 
Transitional woodland-shrub 
Ïëÿæ³, äþíè òà ï³ñêè / Beaches, dunes, 
sands 
ãîë³ ñêåë³ / Bare rocks 
Çåìëÿ ³ç íåçíà÷íîþ ðîñëèíí³ñòþ / 
Sparsely vegetated areas 
Îáïàëåíà òåðèòîð³ÿ / Burnt areas 
Ëüîäîâèêè òà â³÷í³ ñí³ãè / Glaciers and 
perpetual snow 

4  

Áîëîòà / Inland marshes 
Òîðôîâèùà / Peat bogs 
Ñîëîí÷àêè / Salt marshes 
Ñîëîíö³ / Salines 
Ïðèïëèâí³ ð³âíèíè / Intertidal flats 

5 
Âîäí³ îá'ºêòè / 

Water bodies 

Ð³÷êè, êàíàëè / Water courses 
Îçåðà, ñòàâêè / Water bodies 
Ëàãóíè / Coastal lagoons 
Åñòóàð³¿ / Estuaries 
Ìîðÿ òà îêåàíè / Sea and ocean 

 
Ïîáóäîâàí³ êàðòè CORINE º ó â³ëüíîìó äîñòóï³. ¯õ ìîæíà 

çíàéòè íà Web-ñàéò³ Copernicus Land Monitoring Services (Ðèñ. 
1.1) [21]. 

Êàðòà ïðîåêòó GlobCover 2009 º ùå îäíèì ãëîáàëüíèì ïðî-
äóêòîì êëàñèô³êàö³¿ çåìíîãî ïîêðèâó ç ïðîñòîðîâîþ ðîçä³ëüíîþ 
çäàòí³ñòþ 300 ì, ÿêà á³ëà îòðèìàíà àâòîìàòèçîâàíèì ñïîñîáîì íà 
îñíîâ³ ÷àñîâèõ ðÿä³â MERIS (Òàáë. 1.2). Ïðè êëàñèô³êàö³¿ âèêî-
ðèñòàíî ðîçáèòòÿ íà 22 ð³çíèõ êëàñè çåìíîãî ïîêðèâó [22]. Îñíî-
âíèìè íåäîë³êàìè îòðèìàíèõ ïðîäóêò³â º òå, ùî âîíè ì³ñòÿòü âñ³ 
çåìë³ ñ³ëüñüêîãîñïîäàðñüêîãî ïðèçíà÷åííÿ, à íå îáðîáëþâàí³ çå-
ìë³ ïîòî÷íîãî ðîêó, ìàþòü íèçüêå ïðîñòîðîâå ðîçð³çíåííÿ òà íå-
äîñòàòíþ òî÷í³ñòü. 



1.1. Êàðòîãðàôóâàííÿ çåìíîãî ïîêðèâó íà îñíîâ³ ñóïóòíèêîâèõ äàíèõ 

11 
 

 

 
Ðèñ. 1.1 Êàðòà çåìíîãî ïîêðèâó CORINE (2000 ð.) 

 
Ç ïîÿâîþ äàíèõ Landsat-8 ³ Sentinel òà ìîæëèâ³ñòþ ¿õ ñï³ëü-

íîãî âèêîðèñòàííÿ [23] âèíèêëà ìîæëèâ³ñòü ïîáóäîâè ãëîáàëüíèõ 
êàðò çåìíîãî ïîêðèâó ç á³ëüø âèñîêèì ïðîñòîðîâèì ðîçð³çíåí-
íÿì. Àëå á³ëüø³ñòü ïîâ’ÿçàíèõ ç öèì íàïðÿìêîì ðîá³ò áóëî ïðî-
âåäåíî íà ðåã³îíàëüíîìó ð³âí³ ç çàëó÷åííÿì äàíèõ âèñîêîãî ïðî-
ñòîðîâîãî ðîçð³çíåííÿ (Landsat 5/7, SPOT, AWiFS), [24–27]. 

Ïîáóäîâà êàðò íà îñíîâ³ äàíèõ íèçüêîãî ðîçð³çíåííÿ ñïðè-
÷èíÿº íåäîîö³íêó àáî ïåðåîö³íêó ïëîù ïåâíèõ òèï³â çåìíîãî ïî-
êðèâó ÷è â³äïîâ³äíèõ çì³í. Òîìó ç ïîÿâîþ ó â³ëüíîìó äîñòóï³ ÷à-
ñîâèõ ðÿä³â ñóïóòíèêîâèõ äàíèõ Landsat ç’ÿâèëàñü ìîæëèâ³ñòü 
ïîáóäîâè ãëîáàëüíèõ ³ ðåã³îíàëüíèõ êàðò çåìíîãî ïîêðèâó á³ëüø 
âèñîêîãî  ïðîñòîðîâîãî ðîçð³çíåííÿ (30 ì). Â 2013–2014 ðð. 
ç’ÿâèëîñü ê³ëüêà òàêèõ ãåî³íôîðìàö³éíèõ ïðîäóêò³â [28, 29], ÿê³ â 
ðîáîò³ [1] íàçâàí³ êàðòàìè «íîâîãî ïîêîë³ííÿ». 

ßê âèäíî ³ç Òàáë. 1.2, îñòàíí³ òðè ïðîäóêòè îòðèìàí³ íà îñ-
íîâ³ äàíèõ âèñîêîãî ðîçð³çíåííÿ (íàïðèêëàä, äëÿ ïîáóäîâè 
GlobeLand30-2010 âèêîðèñòàíî ñóïóòíèêîâ³ äàí³ Landsat, ùî ïî-
êðèâàþòü âñþ çåìíó ïîâåðõíþ ç ïðîñòîðîâèì ðîçð³çíåííÿì 30 ì) 
[1]. Äëÿ ïîáóäîâè ö³º¿ êàðòè çåìíîãî ïîêðèâó ðîçðîáëåíî àâòîìà-
òèçîâàíèé ï³äõ³ä, ÿêèé áàçóºòüñÿ íà ñï³ëüíîìó âèêîðèñòàííÿ ïî-
ï³êñåëüíèõ òà îá’ºêòíî-îð³ºíòîâàíèõ ìåòîä³â êëàñèô³êàö³¿, à òà-
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êîæ åêñïåðòíèõ çíàíü (ÐÎÊ-based approach — Pixel–Object–
Knowledge). ßê³ñòü îòðèìàíèõ ðåçóëüòàò³â áóëà ïåðåâ³ðåíà íà âî-
ñüìè îáðàíèõ ä³ëÿíêàõ ç ð³çíèì çåìíèì ïîêðèâîì íà 5 ð³çíèõ 
êîíòèíåíòàõ. Áóëà äîñÿãíóòà çàãàëüíà òî÷í³ñòü êëàñèô³êàö³¿ á³-
ëüøå 80% [29]. Â òîé æå ÷àñ îäíèì ³ç îñíîâíèõ íåäîë³ê³â ïîáóäî-
âàíî¿ êàðòè êëàñèô³êàö³¿ º òå, ùî ñåðåä îòðèìàíèõ êëàñ³â îêðå-
ìèé êëàñ çåìåëü ñ³ëüñüêîãîñïîäàðñüêîãî ïðèçíà÷åííÿ, ùî ôàêòè-
÷íî âèêîðèñòîâóâàëèñÿ ó ïîòî÷íîìó ðîö³. Â ìåæàõ äàíîãî ï³äõî-
äó íå âðàõîâóþòüñÿ òàêîæ òåðèòîð³àëüí³ â³äì³ííîñò³, ïîâ’ÿçàí³ ç 
êë³ìàòîì òà ð³çíîþ íîìåíêëàòóðîþ ñ³ëüñüêîãîñïîäàðñüêèõ ïîñ³-
â³â, ùî ïðîÿâëÿºòüñÿ íàâ³òü íà òåðèòîð³¿ Óêðà¿íè. 

Íàö³îíàëüíà ñëóæáà àãðàðíî¿ ñòàòèñòèêè (NASS — National 
Agricultural Statistics Service) Äåïàðòàìåíòó ñ³ëüñüêîãî ãîñïîäàðñò-
âà ÑØÀ (USDA — US Department of Agriculture) çàáåçïå÷óº ùî-
ð³÷íó ðîçðîáêó ãåîïðîñòîðîâîãî ïðîäóêòó CDL (Cropland Data 
Layer) [30].  

 
Òàáë. 1.2 Ãëîáàëüí³ ïðîäóêòè çåìíîãî ïîêðèâó 
 

Äæåðåëî äàíèõ Ð³ê Ðîçð³çíåííÿ Ïîñèëàííÿ 

Mathews Global 
Vegetation/Land 
Use 

1983 1 êì  1 êì http://www.giss.nasa.gov/ 

Olson Land 
Cover and 
Vegetation 

1983 0.5 êì  0.5 êì http://www.grid.unep.ch/ 

Willson and 
Henderson-
Sellers Global 
Land Cover 

1985 1 êì  1 êì http://www.ngdc.noaa.gov/ 

DeFries/Townshe
nd-Global Land 
Cover 

1995 10 êì  10 êì http://glcf.umiacs.umd.edu/ 

GLCC (IGBP 
DISCover) 1997 1 êì  1 êì http://edcdaac.usgs.gov/ 

UMD Land 
Cover 

2000 1 êì  1 êì http://glcf.umiacs.umd.edu/ 
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MODIS Land 
Cover 

2003 1 êì  1 êì http://edcdaac.usgs.gov/ 

Vegetation 
Continuous 
Fields 

2003 1 êì  1 êì http://glcf.umiacs.umd.edu/ 

GLC-2000 2003 1 êì  1 êì http://www.gvm.sai.jrc.it/ 
Vegetation 
Continuous 
Fields 

2003 500 ì  500 ì http://glcf.umiacs.umd.edu/ 

MODIS Land 
Cover 

2008 500 ì  500 ì http://edcdaac.usgs.gov/ 

GLOBCOVER 2009 300 ì  300 ì http://www.esa.int/ 
GeoCover LCTM 2000 30 ì  30 ì http://www.earthsat.com/ 
China Global 
Land Cover 2012 30 ì  30 ì 

http://www.globallandcover.co
m/ 

GEO US Global 
Land Cover 2013 30 ì  30 ì http://landcover.usgs.gov/ 

 
Ñë³ä òàêîæ çàçíà÷èòè, ùî äëÿ òåðèòîð³¿ Óêðà¿íè íå ³ñíóº 

îô³ö³éíî¿ êàðòè êëàñèô³êàö³¿ çåìíîãî ïîêðèâó òà çåìåëü 
ñ³ëüñüêîãîñïîäàðñüêîãî ïðèçíà÷åííÿ. Â òîé æå ÷àñ â³äîì³ íàóêîâ³ 
ðîáîòè [31, 32], ïîâ’ÿçàí³ ç ïîáóäîâîþ òàêèõ ãåî³íôîðìàö³éíèõ 
ïðîäóêò³â ç ïðîñòîðîâèì ðîçð³çíåííÿì 30 ì. 

1.2.  ÑÒÀÍ ÌÎÍ²ÒÎÐÈÍÃÓ ÔÀÊÒÈ×ÍÎÃÎ ÂÈÊÎÐÈÑÒÀÍÍß 
Ñ²ËÜÑÜÊÎÃÎÑÏÎÄÀÐÑÜÊÈÕ ÇÅÌÅËÜ ÍÀ ÎÑÍÎÂ² ÑÓÏÓÒ-

ÍÈÊÎÂÈÕ ÄÀÍÈÕ Â ÏÐÎÂ²ÄÍÈÕ ÊÐÀ¯ÍÀÕ ÑÂ²ÒÓ 

 
Ó çâ’ÿçêó ç çàïóñêîì íà ïðîòÿç³ îñòàíí³õ ðîê³â âåëèêî¿ ê³ëü-

êîñò³ ñóïóòíèê³â ñïîñòåðåæåííÿ Çåìë³, íàÿâí³ñòþ âåëèêèõ îá’ºì³â 
ð³çíîð³äíèõ â³äêðèòèõ äàíèõ äèñòàíö³éíèõ ñïîñòåðåæåíü, ö³ äàí³ 
øèðîêî âèêîðèñòîâóþòüñÿ îðãàíàìè äåðæàâíî¿ âëàäè ð³çíèõ êðà-
¿í äëÿ ï³äòðèìêè ïðèéíÿòòÿ ð³øåíü â ñôåð³ åêîëîã³÷íî¿ áåçïåêè, 
ìîí³òîðèíãó ðîçáóäîâè ì³ñò òà äîð³ã, ïîáóäîâè ºäèíî¿ ³íôðàñòðó-
êòóðè ãåîïðîñòîðîâèõ äàíèõ INSPIRE, àãðîìîí³òîðèíãó. Íèæ÷å 
äîñâ³ä äåÿêèõ êðà¿í òà ðåã³îí³â ðîçãëÿäàºòüñÿ á³ëüø äîêëàäíî. 

ªâðîïåéñüêèé Ñîþç. Â ªâðîï³ ìîí³òîðèíã ôàêòè÷íîãî âèêî-
ðèñòàííÿ çåìåëü çä³éñíþºòüñÿ â ìåæàõ ðåàë³çàö³¿ Ñï³ëüíî¿ ñ³ëüñü-
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êîãîñïîäàðñüêî¿ ïîë³òèêè (ÑAP – Common Agricultural Policy) 
[33]. Ç 2013 ð. ó âñ³õ ªâðîïåéñüêèõ êðà¿íàõ çàïðîâàäæåíî íîâó 
íîðìàòèâíó îñíîâó äëÿ çä³éñíåííÿ êîíòðîëþ çà åêîëîã³÷íîþ áåç-
ïåêîþ òà âèêîðèñòàííÿì êîøò³â íà ñ³ëüñüêîãîñïîäàðñüêå âèðîá-
íèöòâî [34, 35-41, 42, 43, 44, 45-47]. 

Ïîë³òèêà CAP ïðèçíà÷åíà äëÿ ï³äòðèìêè ôåðìåð³â ó ªâðîï³, 
ÿê³ çàáåçïå÷óþòü æèòòºä³ÿëüí³ñòü á³ëüøå í³æ 500 ì³ëüéîí³â ºâðî-
ïåéö³â. ¯¿ îñíîâíà ìåòà ïîëÿãàº ó çàáåçïå÷åíí³ ñòàá³ëüíî¿, ñòàëî¿ 
ï³äòðèìêè âèðîáíèê³â ñ³ëüñüêîãîñïîäàðñüêî¿ ïðîäóêö³¿, çàáåçïå-
÷åííÿ àäåêâàòíèõ ö³í äëÿ ñïîæèâà÷³â òà çðîñòàííÿ ñòàíäàðò³â 
ïðàö³ äëÿ ïðàö³âíèê³â ñ³ëüñüêîãîñïîäàðñüêîãî âèðîáíèöòâà. 

Àãðîïðîìèñëîâèé ñåêòîð ªÑ ìàº 11 ì³ëüéîí³â ôåðìåðñüêèõ 
ãîñïîäàðñòâ, íà ÿêèõ ïðàöþº á³ëÿ 22 ì³ëüéîí³â ïðàö³âíèê³â. Â 
òîé æå ÷àñ ê³ëüê³ñòü ïðàöþþ÷èõ çðîñòàº äî 44 ì³ëüéîí³â, êîëè äî 
óâàãè áåðóòüñÿ òàêîæ ïðàö³âíèêè ôàáðèê. Öå ðîáèòü àãðîïðîìèñ-
ëîâèé ñåêòîð ªÑ íàéá³ëüøèì ðèíêîì ïðàö³ ºâðîïåéñüêî¿ åêîíî-
ì³êè. 

Çîêðåìà, â ìåæàõ ªÑ ðîçðîáëåíî òà âèêîðèñòîâóºòüñÿ ºäèíà 
³íòåãðîâàíà ñèñòåìà àäì³í³ñòðóâàííÿ òà êîíòðîëþ (Integrated 
Administration and Control System – IACS) [42]. Ñèñòåìó IACS ïî-
âèíí³ ï³äòðèìóâàòè òà âèêîðèñòîâóâàòè âñ³ êðà¿íè-÷ëåíè ªÑ [42]. 
Öÿ ñèñòåìà ïðèçíà÷åíà äëÿ ìåíåäæìåíòó ñóáñèä³é, ÿê³ ìîæóòü 
áóòè îòðèìàí³ êîíêðåòíèìè ôåðìåðàìè àáî ñ³ëüñüêîãîñïîäàðñü-
êèìè ãîñïîäàðñòâàìè íàïðÿìó (direct funding) àáî â ìåæàõ ïðî-
ãðàìè ðîçâèòêó ñ³ëüñüêèõ òåðèòîð³é (rural development) â³ä ñïåö³à-
ë³çîâàíèõ àãåíö³é (Paying Agency – PA). 

Ñèñòåìà IACS ñêëàäàºòüñÿ ç äåê³ëüêîõ ïîâ’ÿçàíèõ îäíà ç îä-
íîþ áàç äàíèõ, ÿê³ âèêîðèñòîâóþòüñÿ äëÿ îáðîáêè çàïèò³â íà ô³-
íàíñóâàííÿ â³ä ôåðìåð³â. Çîêðåìà, ñèñòåìà IACS ìàº íàñòóïí³ 
îñíîâí³ êîìïîíåíòè [42]: ï³äñèñòåìà ³äåíòèô³êàö³¿ ôåðìåð³â, ñèñ-
òåìà ³äåíòèô³êàö³¿ âñ³õ ñ³ëüñüêîãîñïîäàðñüêèõ ä³ëÿíîê Land Parcel 
Identification System (LPIS) [41], ñèñòåìà ³äåíòèô³êàö³¿ ñóáñèä³é òà 
ïëàòåæ³â, ñèñòåìà ³äåíòèô³êàö³¿ òà ðåºñòðàö³¿ òâàðèí. Ñèñòåìà 
IACS çàáåçïå÷óº óí³êàëüíèé ³äåíòèô³êàö³éíèé íîìåð ôåðìåðà òà 
çåìåëüíèõ ä³ëÿíîê (ïàðñåëåé) [42]. 

Â ìåæàõ ôóíêö³îíóâàííÿ ñèñòåìè IACS êîðåêòí³ñòü íàäàííÿ 
ñóáñèä³é ìîæå áóòè ïåðåâ³ðåíà øëÿõîì ïðîâåäåííÿ àäì³í³ñòðàòè-
âíî¿ ïðîöåäóðè àáî çä³éñíåííÿ âèá³ðêîâèõ íàçåìíèõ åêñïåäèö³é 
(On-The-Spot-Check – OTSC) [35]. Àäì³í³ñòðàòèâí³ ³íñòðóìåíòè 
äîçâîëÿþòü ïðîâîäèòè ïåðåõðåñíó ïåðåâ³ðêó äàíèõ, ùî ì³ñòèòüñÿ 
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ó ôîðì³ àïë³êàíòà (ôåðìåðà) [42]. Ïåðåõðåñí³ ïåðåâ³ðêè çä³éñíþ-
þòüñÿ â ñèñòåì³ IACS àâòîìàòè÷íî. 

Äëÿ ïåðåâ³ðêè êîðåêòíîñò³ äàíèõ ìîæóòü òàêîæ áóòè âèêîðè-
ñòàí³ ìåòîäè îö³íêè ðèçèê³â. ßêùî â ðåçóëüòàò³ ïåðåâ³ðêè áóëè 
çíàéäåí³ íåâ³äïîâ³äíîñò³ ó çàíåñåí³é ³íôîðìàö³¿, êðà¿íîþ-÷ëåíîì 
ªÑ ïîâèííà áóòè îðãàí³çîâàíà íàçåìíà ïåðåâ³ðêà îáðàíèõ çåìå-
ëüíèõ ä³ëÿíîê OTSC [46, 47]. Äëÿ öüîãî ìîæóòü âèêîðèñòîâóâà-
òèñü ð³çí³ ìåòîäè, çîêðåìà, âèïàäêîâîãî âèáîðó ä³ëÿíîê äëÿ ïå-
ðåâ³ðêè, ñòðàòèô³êîâàíîãî âèáîðó àáî âèáîðó â ìåæàõ îêðåìèõ 
êëàñòåð³â [38]. Ïðè öüîìó ïîâèíí³ áóòè ïåðåâ³ðåí³ 50% ä³ëÿíîê ç 
ïîìèëêàìè. Â òîé æå ÷àñ, ÿêùî ó íàÿâíîñò³ º àåðî- àáî ñóïóòíè-
êîâ³ çîáðàæåííÿ ö³ëüîâî¿ òåðèòîð³¿, ó áàãàòüîõ âèïàäêàõ øëÿõîì 
âèêîðèñòàííÿ òàêèõ äàíèõ ìîæíà ì³í³ì³çóâàòè ê³ëüê³ñòü íàçåìíèõ 
âè¿çä³â òà îö³íèòè ðîçì³ð ïàðñåë³â òà òèï êóëüòóðè äèñòàíö³éíî 
[42]. Ïðè öüîìó â ÿêîñò³ ñóïóòíèêîâèõ çîáðàæåíü âèêîðèñòîâó-
þòüñÿ äàí³ ç îïåðàö³éíèõ ºâðîïåéñüêèõ ñóïóòíèê³â Sentinel òà 
ïðîãðàìè Copernicus [21]. 

Ç îãëÿäó íà òå, ùî ó á³ëüøîñò³ êðà¿í ªÑ äàí³ äèñòàíö³éíîãî 
çîíäóâàííÿ âèêîðèñòîâóþòüñÿ äëÿ êîíòðîëþ ÿê ì³í³ìóì ÷àñòèíè 
ñóáñèä³é íà âåäåííÿ ñ³ëüñüêîãî ãîñïîäàðñòâà, çíà÷íó ê³ëüê³ñòü 
³íôîðìàö³¿ ìîæíà îòðèìàòè â ìåæàõ ñïåö³àë³çîâàíî¿ ïîë³òèêè 
CwRS (Control with Remote Sensing) [48]. 

ªâðîïåéñüêà ñèñòåìà IACS âèêîðèñòîâóº äàí³ ç ð³çíèõ ñïåö³-
àë³çîâàíèõ ñèñòåì. Òîìó äëÿ çàáåçïå÷åííÿ ³íòåãðàö³¿ òà óçãîäæå-
íîñò³ ç³áðàíèõ íà ïðîòÿç³ âåãåòàö³éíîãî ñåçîíó äàíèõ ì³æ ð³çíèìè 
äæåðåëàìè/ñëóæáàìè âèêîðèñòîâóºòüñÿ ÷³òêî âèçíà÷åíà ñòðóêòó-
ðà äàíèõ [44]. Çîêðåìà, ïðè îáì³í³ äàíèìè ùîäî êàäàñòðîâèõ ïà-
ðñåë³â (reference parcel), ÿê³ â³äïîâ³äàþòü êëàñàì çåìíî¿ ïîâåðõí³ 
(land cover), òà ñèñòåìîþ LPIS ç ñ³ëüñüêîãîñïîäàðñüêèìè ïàðñå-
ëÿìè (land use) âèêîðèñòîâóºòüñÿ ³íôðàñòðóêòóðà INSPIRE òà íè-
çêà ñòàíäàðò³â ISO ùîäî îáì³íó ãåîïðîñòîðîâèìè äàíèìè òà ìå-
òàäàíèìè [44]. 

Ïîñèëàííÿ íà á³ëüø³ñòü äîêóìåíò³â òà òåõí³÷íèõ êåð³âíèöòâ 
ùîäî ºâðîïåéñüêî¿ ñèñòåìè IACS, LPIS òà ìåíåäæìåíòó ñ³ëüñüêî-
ãîñïîäàðñüêîãî âèðîáíèöòâà â ªâðîï³ â ö³ëîìó ìîæíà çíàéòè ó 
íàñòóïíèõ äæåðåëàõ [40, 43]. 

ÑØÀ. Ó ÑØÀ äëÿ çàáåçïå÷åííÿ ïðîâ³äíî¿ ðîë³ ö³º¿ êðà¿íè â 
îáëàñò³ îòðèìàííÿ òà âèêîðèñòàííÿ äàíèõ äèñòàíö³éíèõ ñïîñòå-
ðåæåíü ùå ó 1992 ð. áóëî ïðèéíÿòî ö³ëó íèçêó çàêîí³â, çîêðåìà 
¹ 2297 «Çàáåçïå÷åííÿ ïðîâ³äíî¿ ðîë³ ÑØÀ â îáëàñò³ äèñòàíö³é-
íîãî çîíäóâàííÿ òà íåïåðåðâíîãî îòðèìàííÿ äàíèõ â ìåæàõ ïðî-
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ãðàìè Landsat øëÿõîì ðîçâèòêó íîâî¿ íàö³îíàëüíî¿ ïîë³òèêè äèñ-
òàíö³éíîãî çîíäóâàííÿ Çåìë³» [49], 3614 «Çì³íè ó çàêîíîäàâ÷èé 
Àêò ùîäî êîìåðö³àë³çàö³¿ äèñòàíö³éíîãî çîíäóâàííÿ çåìë³ øëÿ-
õîì çàáåçïå÷åííÿ íåïåðåðâíîãî îòðèìàííÿ äàíèõ â ìåæàõ ïðî-
ãðàìè Landsat òà ï³äòðèìêè íîâî¿ ïîë³òèêè äèñòàíö³éíîãî çîíäó-
âàííÿ» òà 6133. Ö³ çàêîíîäàâ÷³ Àêòè ìîæóòü áóòè îá’ºäíàí³ çàãà-
ëüíîþ íàçâîþ «Ïîë³òèêà äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³» (Land 
Remote Sensing Policy). 

Â ìåæàõ öèõ äîêóìåíò³â íà íàéâèùîìó çàêîíîäàâ÷îìó ð³âí³ 
çàêð³ïëåíî âàæëèâ³ñòü îïåðàö³éíî¿ ïðîãðàìè Landsat, ñóïóòíèêî-
âèõ äàíèõ, ùî îòðèìóþòüñÿ â ¿¿ ìåæàõ, òà âèçíà÷åíî îñíîâí³ 
êîìïåòåíö³¿ ð³çíèõ â³äîìñòâ [49]. 

Îñíîâíîþ ìåòîþ çàêîíîäàâ÷èõ àêò³â ¹ 2297, 3614 òà 6133 º 
íàñòóïíå: 

– çàáåçïå÷åííÿ ë³äèðóþ÷î¿ ðîë³ ÑØÀ â îáëàñò³ ÄÇÇ ó ñâ³ò³, 
çàáåçïå÷åííÿ íàö³îíàëüíî¿ áåçïåêè òà âèêîíàííÿ ì³æíàðîäíèõ 
çîáîâ’ÿçàíü; 

– çàêîíîäàâ÷à ï³äòðèìêà ðîçðîáêè öèâ³ëüíèõ äîñë³äíèöüêèõ 
ïðîãðàì òà äåìîíñòðàö³¿ ìîæëèâîñòåé çàñòîñóâàííÿ òåõíîëîã³é 
ÄÇÇ; 

– ðîçðîáêà òåõíîëîã³é íàäàííÿ äàíèõ ÄÇÇ âèñîêî¿ ÿêîñò³; 
– ï³äòðèìêà ïîñò³éíî ä³þ÷îãî ãëîáàëüíîãî àðõ³âó ñóïóòíèêî-

âèõ äàíèõ, ÿê³ ìîæóòü âèêîðèñòîâóâàòèñü äëÿ äîâãîñòðîêîâîãî 
ìîí³òîðèíãó çì³í íàâêîëèøíüîãî ñåðåäîâèùà. 

²íøèìè äîêóìåíòàìè, ùî ðåãëàìåíòóþòü ä³ÿëüí³ñòü êîñì³÷-
íèõ àãåíö³é ÑØÀ, º çàêîí 2010 ð. ¹ 111–314 [50]. Öåé çàêîí ì³-
ñòèòü ïåðåë³ê îáîâ’ÿçê³â êîñì³÷íî¿ àãåíö³¿ ÍÀÑÀ, ³íñòðóìåíòè òà 
ïðèíöèïè ôîðìóâàííÿ êîñì³÷íèõ ïðîãðàì, ïðèíöèïè ë³öåíçó-
âàííÿ äîñòóïó äî ñóïóòíèêîâèõ äàíèõ òà íàçåìíîãî ñåãìåíòà 
(äîâãîñòðîêîâå çáåð³ãàííÿ, íàäàííÿ íà áåçêîøòîâí³é îñíîâ³), 
îö³íêó ðèçèê³â âèêîíàííÿ òàêèõ ïðîãðàì, îáîâ’ÿçêè ïðîô³ëüíèõ 
ì³í³ñòåðñòâ òîùî. 

Â ðîçä³ë³ VI çàçíà÷åíîãî âèùå äîêóìåíòó («Ñïîñòåðåæåííÿ 
Çåìë³» [50]) ì³ñòèòüñÿ ³íôîðìàö³ÿ ùîäî ìîæëèâèõ çàñòîñóâàíü 
ñóïóòíèêîâî¿ ³íôîðìàö³¿. Çîêðåìà, â ìåæàõ ä³ÿëüíîñò³ ì³í³ñòåðñòâ 
ñ³ëüñüêîãî ãîñïîäàðñòâà òà âíóòð³øí³õ ñïðàâ ÑØÀ çàô³êñîâàíî, 
ùî äëÿ ïîñò³éíîãî ïîêðàùåííÿ ìîæëèâîñòåé ÑØÀ ùîäî óïðàâ-
ë³ííÿ òà çàñòîñóâàííÿ ïîíîâëþâàíèõ òà íåïîíîâëþâàíèõ ðåñóðñ³â 
ö³ óñòàíîâè óïîâíîâàæåí³ òà ïîâèíí³ ³í³ö³þâàòè äîñë³äíèöüê³ òà 
³ííîâàö³éí³ ïðîãðàìè çàñòîñóâàííÿ äàíèõ ÄÇÇ øëÿõîì âèêîðèñ-
òàííÿ â³äïîâ³äíèõ ôîíä³â. Ì³í³ñòåðñòâà òà â³äîìñòâà ïîâèíí³ ³í³-
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ö³þâàòè äîñë³äæåííÿ â óí³âåðñèòåòàõ, ³íòåãðàö³éíó ä³ÿëüí³ñòü ì³æ 
ð³çíèìè â³äîìñòâàìè òà ì³æíàðîäíèìè îðãàí³çàö³ÿìè. 

Îñòàíí³ ðîêè Íàö³îíàëüíà ñëóæáà àãðàðíî¿ ñòàòèñòèêè NASS 
Äåïàðòàìåíòó ñ³ëüñüêîãî ãîñïîäàðñòâà ÑØÀ USDA ùîð³÷íî áó-
äóº ³íôîðìàö³éíèé ïðîäóêò CDL (Cropland Data Layer – øàð äà-
íèõ ïðî ñ³ëüñüêîãîñïîäàðñüê³ êóëüòóðè) [30], ÿêèé ïðåäñòàâëÿº 
ñîáîþ ðàñòðîâ³, ãåîãðàô³÷íî ïðèâ’ÿçàí³ äàí³ ïðî îêðåì³ ñ³ëüñüêî-
ãîñïîäàðñüê³ êóëüòóðè òà êëàñè çåìíî¿ ïîâåðõí³. Â ÿêîñò³ âõ³äíî¿ 
³íôîðìàö³¿ ïðîãðàìíèìè çàñîáàìè ïîáóäîâè ïðîäóêòó CDL âè-
êîðèñòîâóþòüñÿ ñóïóòíèêîâ³ äàí³ ñåðåäíüîãî ïðîñòîðîâîãî ðîçð³-
çíåííÿ, ç³áðàí³ USDA íàçåìí³ òà ³íø³ ³ñòîðè÷í³ äàí³, òàê³ ÿê íà-
ö³îíàëüíèé íàá³ð äàíèõ ïðî êëàñè çåìíî¿ ïîâåðõí³ (National Land 
Cover Data) [30]. Äëÿ îòðèìàííÿ â³äêðèòèõ äëÿ âèêîðèñòàííÿ ðå-
çóëüòàò³â êëàñèô³êàö³¿ íà ð³âí³ îêðåìèõ øòàò³â âèêîðèñòîâóþòüñÿ 
ìåòîäè êëàñèô³êàö³¿ íà îñíîâ³ äåðåâ ð³øåíü. Ïðè öüîìó íàçåìí³ 
äàí³ çáèðàþòüñÿ øëÿõîì îðãàí³çàö³¿ íàçåìíèõ åêñïåäèö³é ùîð³÷-
íî ó ÷åðâí³ â ìåæàõ ï³äòðèìêè ôóíêö³îíóâàííÿ ñèñòåìè CDL òà 
àãåíö³¿ NASS. Ïðè öüîìó çàãàëüíà òî÷í³ñòü êëàñèô³êàö³¿ ñêëàäàº 
â³ä 85% äî 95% äëÿ îñíîâíèõ (ìàæîðèòàðíèõ) ñ³ëüñüêîãîñïîäàð-
ñüêèõ êóëüòóð. 

Îñíîâíà çàäà÷à äåïàðòàìåíòó USDA ³ ñëóæáè ñòàòèñòèêè 
ÑØÀ ïîëÿãàº ó â÷àñíîìó íàäàíí³ òî÷íî¿ ñòàòèñòè÷íî¿ ³íôîðìàö³¿ 
ùîäî äèíàì³êè ðîçâèòêó ñ³ëüñüêîãîñïîäàðñüêîãî âèðîáíèöòâà. Ç 
2009 ð. Ïðîãðàìà CDL ãðàº âàæëèâó ðîëü ó ôóíêö³îíóâàíí³ äåð-
æàâíèõ îðãàí³â âëàäè ÑØÀ øëÿõîì íàäàííÿ îïåðàòèâíî¿ ³íôîð-
ìàö³¿ ïî îö³íö³ ïëîù ïîñ³â³â äëÿ Íàö³îíàëüíî¿ ñëóæáà ñ³ëüñüêî-
ãîñïîäàðñüêî¿ ñòàòèñòèêè (NASS) ³ îô³ñ³â çáîðó íàçåìíî¿ ³íôîð-
ìàö³¿ äëÿ 15 îñíîâíèõ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð ó 27 øòàòàõ. 
Ç 2009 ð. â ìåæàõ Ïðîãðàìè CDL çä³éñíþºòüñÿ ìîí³òîðèíã ð³ç-
íèõ êóëüòóð, òàêèõ ÿê êóêóðóäçà, ñîÿ, ïøåíèöÿ, ðèñ, õëîïîê òà 
íàäàþòüñÿ îö³íêè ïëîù ïîñ³â³â íà ïðîòÿç³ ïîòî÷íîãî âåãåòàö³é-
íîãî ñåçîíó ï³ñëÿ òîãî, ÿê ñòàþòü äîñòóïíèìè çâ³òè ôåðìåð³â òà 
ñóïóòíèêîâ³ äàí³ [30]. Äëÿ íàéá³ëüø âàæëèâèõ ç òî÷êè çîðó ñ³ëü-
ñüêîãîñïîäàðñüêîãî âèðîáíèöòâà øòàò³â ñëóæáà CDL îíîâëþº öþ 
³íôîðìàö³þ äî 6 ðàç³â íà ñåçîí. 

²íôîðìàö³éí³ ïðîäóêòè CDL ÿâëÿþòü ñîáîþ âè÷åðïí³ ðàñò-
ðîâ³ òà ãåîãðàô³÷íî ïðèâ’ÿçàí³ äàí³ ïî îêðåìèì ñ³ëüñüêîãîñïî-
äàðñüêèì êóëüòóðàì òà ³íøèì êëàñàì çåìíî¿ ïîâåðõí³ ç ïðîñòî-
ðîâèì ðîçð³çíåííÿì 30 ì. Ç 2010 ð. 48 ïðîäóêò³â êëàñèô³êàö³¿ çå-
ìíî¿ ïîâåðõí³ íà ð³âí³ îêðåìèõ øòàò³â áóëè â³äêðèòî ðîçïîâñþ-
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äæåí³ ó âèãëÿä³ øàð³â äàíèõ äëÿ ïîäàëüøîãî âèêîðèñòàííÿ ó 
GIS-ñèñòåìàõ. 

²íôîðìàö³éí³ ïðîäóêòè CDL âèêîðèñòîâóþòüñÿ äëÿ îòðè-
ìàííÿ áàãàòüîõ ãåîïðîñòîðîâèõ ïðîäóêò³â íà òåðèòîð³¿ ÑØÀ, â 
òîìó ÷èñë³ ñï³ëüíî ç ð³çíî÷àñîâèìè äàíèìè MODIS (ç ãåîïðîñ-
òîðîâèì ðîçð³çíåííÿì 500 ì) äëÿ îö³íêè ïëîù êóêóðóäçè ³ ñî¿ 
[51], ìîí³òîðèíãó ñ³ëüñüêîãîñïîäàðñüêèõ çåìåëü ó Ï³âí³÷í³é òà 
Ï³âäåíí³é Äàêîò³ [52], àâòîìàòè÷íî¿ îö³íêè ñòàíó çåìåëü, ïðî-
ãíîçóâàííÿ óðîæàéíîñò³, îö³íêè çì³í ëàíäøàôòó, ñ³âîçì³í òà 
ðîçâ’ÿçàííÿ ³íøèõ çàäà÷ ó ð³çíèõ ïðåäìåòíèõ îáëàñòÿõ [53, 54, 
55]. 

Ïðè öüîìó äëÿ ïîáóäîâè áàãàòüîõ ïðîäóêò³â âèêîðèñòîâó-
þòüñÿ íàçåìí³ âèì³ðè, ÿê³ ùîð³÷íî çáèðàþòüñÿ ïðîòÿãîì ÷åðâíÿ 
â ìåæàõ ðåàë³çàö³¿ ïîë³òèêè JAS (June Agricultural Survey). Äëÿ 
çä³éñíåííÿ íàçåìíèõ äîñë³äæåíü âèáèðàºòüñÿ áëèçüêî 11000 ñåã-
ìåíò³â ðîçì³ðîì 1õ1 ìèëü ó â³äïîâ³äíîñò³ äî íàö³îíàëüíî¿ ñòðàòå-
ã³¿ ïîáóäîâè ñòàòèñòè÷íî ñòðàòèô³êîâàíèõ âèá³ðîê [30]. 

Â ÿêîñò³ îñíîâíèõ äæåðåë âõ³äíî¿ ³íôîðìàö³¿ äëÿ ãåíåðàö³¿ 
ïðîäóêò³â CDL âèêîðèñòîâóþòüñÿ äàí³ AWiFS (ïðîñòîðîâå ðîçð³-
çíåííÿ 56 ì â íàäèð³), Landsat TM òà ETM+ (30 ì), ñóïóòíèêîâ³ 
äàí³ MODIS (250–500 ì), ðåòðîñïåêòèâí³ òà àêòóàëüí³ íàçåìí³ 
äàí³, íàö³îíàëüí³ íàáîðè äàíèõ ïî êëàñàõ çåìíî¿ ïîâåðõí³ äëÿ 
íåñ³ëüñüêîãîñïîäàðñüêèõ òåðèòîð³é, ³ñòîðè÷í³ äàí³ òà ìîäåëü ðå-
ëüºôó àãåíö³¿ US Geological Survey (USGS) [56]. 

Òî÷í³ñòü ³íôîðìàö³éíèõ ïðîäóêò³â CDL äëÿ ñ³ëüñüêîãî ãîñ-
ïîäàðñòâà îö³íþºòüñÿ øëÿõîì ¿õ ïîð³âíÿííÿ ç íåçàëåæíîþ âàë³-
äàö³éíîþ âèá³ðêîþ, ùî ôîðìóºòüñÿ íà îñíîâ³ ÷àñòèíè äàíèõ, 
îòðèìàíèõ â ïðîöåñ³ ïðîâåäåííÿ íàçåìíèõ äîñë³äæåíü. Ê³ëüê³ñòü 
òàêèõ äàíèõ ñêëàäàº á³ëÿ 30% â³ä çàãàëüíî¿ ê³ëüêîñò³ ç³áðàíèõ íà-
çåìíèõ äàíèõ. Ö³ äàí³ âèêîðèñòîâóþòüñÿ âèêëþ÷íî äëÿ âàë³äàö³¿ 
îòðèìàíèõ ìîäåëåé íà ð³âí³ îêðåìèõ ï³êñåë³â [30]. ßê ïðàâèëî, 
äëÿ îñíîâíèõ êëàñ³â ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð òî÷íîñò³ PA ³ 
UA ñêëàäàþòü â³ä 85% äî 95%. Öÿ ³íôîðìàö³ÿ âêëþ÷àºòüñÿ â 
ÿêîñò³ ìåòàäàíèõ ó âñ³ ³íôîðìàö³éí³ ïðîäóêòè CDL [30, 57]. 

Êàíàäà. Â Êàíàä³ íà îñíîâ³ ðàäàðíèõ äàíèõ ùîð³÷íî áóäóºòü-
ñÿ ìàñêà ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð. Â³äïîâ³äàëüíîþ îðãàí³-
çàö³ºþ º Agriculture and Agri-Food Canada – îäèí ç äåïàðòàìåíò³â 
óðÿäó Êàíàäè, ùî çàéìàºòüñÿ çáîðîì ³íôîðìàö³¿ ùîäî ñ³ëüñüêî-
ãîñïîäàðñüêîãî âèðîáíèöòâà, ðîçðîáêè òà âïðîâàäæåííÿ òåõíîëî-
ã³é àãðîìîí³òîðèíãó òà çä³éñíåííÿ ìîí³òîðèíãîâî¿ ïîë³òèêè íà 
ð³âí³ äåðæàâè [34]. 
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Åôåêòèâí³ñòü óïðàâë³ííÿ ñ³ëüñüêèì ãîñïîäàðñòâîì â Êàíàä³ 
íàïðÿìó çàëåæèòü â³ä ³íôîðìàö³¿, ÿêà äîñòóïíà äëÿ ï³äòðèìêè 
ïðîöåñó ïðèéíÿòòÿ ð³øåíü. Ìàñøòàáè ³ ñêëàäí³ñòü êàíàäñüêîãî 
ñ³ëüñüêîãîñïîäàðñüêîãî ëàíäøàôòó ïðèçâîäÿòü äî òîãî, ùî ñóïó-
òíèêîâ³ äàí³ âèêîðèñòîâóþòüñÿ â ÿêîñò³ îñíîâíîãî äæåðåëà ñâîº-
÷àñíî¿ òà àêòóàëüíî¿ ³íôîðìàö³¿ ùîäî ñ³ëüñüêîãîñïîäàðñüêîãî âè-
ðîáíèöòâà. Ó 2007 ð. Äåïàðòàìåíò AAFC (Agriculture and Agri-
Food Canada) Ì³í³ñòåðñòâà ñ³ëüñüêîãî ãîñïîäàðñòâà ³ ïðîäîâîëüñ-
òâà Êàíàäè çðîáèëî ïåðø³ êðîêè â íàïðÿìêó îïåðàòèâíîãî âèêî-
ðèñòàííÿ ö³º¿ ³íôîðìàö³¿ øëÿõîì ðîçðîáêè ïðîãðàìíî¿ ñèñòåìè 
äëÿ êàðòîãðàôóâàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð íà îñíîâ³ 
ñóïóòíèêîâèõ ñïîñòåðåæåíü. Öÿ ñèñòåìà çàñíîâàíà íà äîñë³äæåí-
íÿõ ³ ðîçðîáêàõ ïðîãðàìíîãî çàáåçïå÷åííÿ â îáëàñò³ äèñòàíö³éíî-
ãî çîíäóâàííÿ, ÿê³ ïðîâîäèëèñü â äåïàðòàìåíò³ AAFC ³ â ³íøèõ 
îðãàí³çàö³ÿõ ïðîòÿãîì äâîõ äåñÿòèë³òü, ³ âèêîðèñòîâóºòüñÿ äëÿ 
êàðòîãðàôóâàííÿ ïîñ³â³â íà îêðåìèõ ïîëÿõ â ïðîâ³íö³ÿõ Àëüáåð-
òà, Ñàñêà÷åâàí ³ Ìàí³òîáà ó 2009 ³ 2010 ðð., à â 2011 ³ 2012 ðð. ³ 
äëÿ âñ³õ ³íøèõ ïðîâ³íö³é Êàíàäè (êð³ì Íüþôàóíäëåíäó, ÿêèé 
áóëî äîäàíî â ñèñòåìó â 2013 ð.) [34]. 

Ó 2009 ³ 2010 ðð. äëÿ ï³ëîòíèõ òåðèòîð³é ïðîâ³íö³é Ìàí³òîáà, 
Ñàñêà÷åâàí, Àëüáåðòà áóëà çàñòîñîâàíà ìåòîäîëîã³ÿ êëàñèô³êàö³¿ 
òà çëèòòÿ îïòè÷íèõ (Landsat-5, AWiFS, DMC, SPOT) ³ ðàäàðíèõ 
(Radarsat-2) ñóïóòíèêîâèõ çîáðàæåíü. Ïî÷èíàþ÷è ç 2011 ð., çà 
ï³äòðèìêè Íàö³îíàëüíîãî êàäàñòðó Êàíàäè öÿ ìåòîäîëîã³ÿ çàñòî-
ñîâóºòüñÿ ³ äëÿ ³íøèõ ïðîâ³íö³é. Íà äàíèé ìîìåíò çàïðîïîíîâà-
íèé ï³äõ³ä äîçâîëÿº âèêîíóâàòè ³íâåíòàðèçàö³þ ñ³ëüñüêîãîñïî-
äàðñüêèõ êóëüòóð ç òî÷í³ñòþ íå íèæ÷å 85% øëÿõîì âèêîðèñòàííÿ 
ñóïóòíèêîâèõ äàíèõ ç ïðîñòîðîâèì ðîçð³çíåííÿì 30 ì. 

Íà äàíèé ìîìåíò êàðòè ïîñ³â³â ñ³ëüñüêîãîñïîäàðñüêèõ êóëü-
òóð äëÿ âñ³º¿ òåðèòîð³¿ Êàíàäè íàäàþòüñÿ ÷åðåç 8 ì³ñÿö³â ï³ñëÿ 
çàê³í÷åííÿ âåãåòàö³éíîãî ñåçîíó [34]. Íà äàíèé ìîìåíò ³ñíóº 
çíà÷íà ïîòðåáà ó íàñòóïíèõ òèïàõ êàðòîãðàô³÷íèõ ïðîäóêò³â: ïî-
ïåðåäíÿ îö³íêà ïëîù ï³ä ÷àñ âåãåòàö³éíîãî ñåçîíó òà îñòàòî÷íà 
îö³íêà, îòðèìàíà áåçïîñåðåäíüî ï³ñëÿ çàê³í÷åííÿ âåãåòàö³éíîãî 
ñåçîíó. Ç ö³ºþ ìåòîþ ñëóæáà ñïîñòåðåæåííÿ Çåìë³ (Earth 
Observation Service – EOS) âïðîâàäæóº íîâèé ïîâí³ñòþ àâòîìàòè-
÷íèé êëàñèô³êàòîð ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð, âèêîðèñòàííÿ 
ÿêîãî äîçâîëèòü çíà÷íî ñêîðîòèòè ÷àñ ïîáóäîâè êàðò ïîñ³â³â. Ó 
2012 ð. â³äñóòí³ñòü äîñòóïíèõ îïòè÷íèõ äàíèõ çìóñèëà AAFC ïî-
êëàäàòèñÿ â îñíîâíîìó íà ðàä³îëîêàö³éí³ ñóïóòíèêîâ³ äàí³ 
RADARSAT-2, ùî, â ñâîþ ÷åðãó, óñêëàäíèëî ïðîöåñ ï³äãîòîâêè 
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êàðò ïîñ³â³â. Î÷³êóºòüñÿ, ùî âèêîðèñòàííÿ äîäàòêîâèõ ñóïóòíè-
êîâèõ äàíèõ (Landsat 8, Radarsat Constellation Mission, Sentinel-2) 
äîçâîëÿòü ³ñòîòíî ï³äâèùèòè ÿê³ñòü êàðò ïîñ³â³â, ðîçðîáëåíèõ 
AAFC. 

Ïî÷àòêîâà ³íâåíòàðèçàö³ÿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð äî-
çâîëèëà îòðèìàòè ôóíäàìåíòàëüíó ³íôîðìàö³þ ïðî ñòàí ñ³ëüñü-
êîãîñïîäàðñüêèõ çåìåëü â Êàíàä³. Íàïðèêëàä, â 2011 ð. ³íâåíòà-
ðèçàö³ÿ âêëþ÷àëà â ñåáå âèçíà÷åííÿ ïîñ³âíèõ ïëîù, ÿê³ áóëè çà-
íàäòî âîëîãèìè äëÿ çàñàäæåííÿ ñ³ëüñüêîãîñïîäàðñüêèìè êóëüòó-
ðàìè. Îòðèìàí³ îö³íêè â³äð³çíÿëèñü âñüîãî íà 3% â³ä ³íôîðìàö³¿, 
íàäàíî¿ áåçïîñåðåäíüî ïðîâ³íö³ÿìè. 

Äëÿ îïåðàòèâíî¿ îö³íêè ñòàíó ïîñ³â³â AAFC ðîçðîáëÿºòüñÿ 
íîâà ñèñòåìà êëàñèô³êàö³¿ êóëüòóð [58]. Ïðè öüîìó äëÿ îòðèìàí-
íÿ åëåêòðîííèõ êàðò ïîñ³â³â âèêîíóºòüñÿ ïðîöåñ êëàñèô³êàö³¿, 
ùî ñêëàäàºòüñÿ ç íàñòóïíèõ åòàï³â:  

– Ïëàíóâàííÿ ³ îòðèìàííÿ (çéîìêà) íåîáõ³äíèõ äàíèõ. 
– Ïîïåðåäíÿ îáðîáêà äàíèõ: àòìîñôåðíà êîðåêö³ÿ [59, 58], 

ãåîìåòðè÷íà êîðåêö³ÿ [60]. 
– Âèçíà÷åííÿ ðåã³îí³â äëÿ êëàñèô³êàö³¿. 
– Êëàñèô³êàö³ÿ. ²íôîðìàö³éíà ñèñòåìà, ùî âèêîðèñòîâóºòü-

ñÿ Ì³í³ñòåðñòâîì ñ³ëüñüêîãî ãîñïîäàðñòâà ³ ïðîäîâîëüñòâà Êàíà-
äè, äîçâîëÿº àâòîìàòè÷íî êåðóâàòè ïðîöåñàìè êëàñèô³êàö³¿. Ïðè 
öüîìó â ïðîöåñ³ êëàñèô³êàö³¿ âèêîðèñòîâóºòüñÿ äâîð³âíåâà ³ºðàð-
õ³÷íà ñõåìà, êîëè ñïî÷àòêó ñ³ëüñüêîãîñïîäàðñüê³ çåìë³ ä³ëÿòüñÿ íà 
óçàãàëüíåí³ êëàñè, â ìåæàõ ÿêèõ ï³çí³øå âèä³ëÿþòüñÿ ï³äêëàñè. 
Êëàñèô³êàö³ÿ âèêîíóºòüñÿ â òðè åòàïè. Ñïî÷àòêó îíîâëþºòüñÿ 
êàðòà çåìíîãî ïîêðèâó NLWIS (National Land and Water 
Information Service). Äàë³ ñòâîðþºòüñÿ êàðòà ñ³ëüñüêîãîñïîäàðñü-
êèõ çåìåëü ³ ïàñîâèù. ³ ëèøå ï³ñëÿ òîãî âèêîíóºòüñÿ êàðòîãðàôó-
âàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ ïîñ³â³â òà îö³íêà ¿õ ïëîù³. 

– Ïîñòîáðîáêà ðåçóëüòàò³â êëàñèô³êàö³¿ (ô³ëüòðàö³ÿ). Öåé 
êðîê ï³äâèùóº çàãàëüíó òî÷í³ñòü êëàñèô³êàö³¿ ïðèáëèçíî íà 5%. 

– Ðîçïîâñþäæåííÿ äàíèõ. Äàí³ ðîçïîâñþäæóþòüñÿ â ðàñòðî-
âîìó ôîðìàò³ ó â³äïîâ³äí³é ïðîåêö³¿ UTM äëÿ òåðèòîð³¿ îêðåìèõ 
ïðîâ³íö³é. ¯õ ìîæíà çàâàíòàæèòè ç FTP-ñåðâåðà Ì³í³ñòåðñòâà 
ñ³ëüñüêîãî ãîñïîäàðñòâà ³ ïðîäîâîëüñòâà Êàíàäè AAFC [34]. 

Íà îñíîâ³ âèêîðèñòàííÿ ìóëüòèñïåêòðàëüíèõ äàíèõ (Landsat, 
SPOT, DMC, AWiFS ³ ò.ä.) ìîæíà êëàñèô³êóâàòè ïîñ³âè, ÿêùî 
äàí³ áóäóòü äîñòóïí³ â ïîòð³áí³ ìîìåíòè ÷àñó. ßêùî çí³ìêè çà-
õìàðåí³, òî òî÷í³ñòü êëàñèô³êàö³¿ ìîæå ³ñòîòíî çíèçèòèñü. Ùîá 
çìåíøèòè öåé ðèçèê ³ çìåíøèòè âèòðàòè íà îòðèìàííÿ ïåâíèõ 
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îïòè÷íèõ äàíèõ, Ì³í³ñòåðñòâî ñ³ëüñüêîãî ãîñïîäàðñòâà ³ ïðîäîâî-
ëüñòâà Êàíàäè ïðàöþº íàä àëãîðèòìàìè êëàñèô³êàö³¿ êóëüòóð 
ëèøå çà ðàäàðíèìè äàíèìè. Íàïðèêëàä, äëÿ îñíîâíèõ ñ³ëüñüêî-
ãîñïîäàðñüêèõ êóëüòóð, òàêèõ ÿê ÿðà ïøåíèöÿ ³ ãîðîõ, òî÷í³ñòü 
á³ëüøå 85% ìîæå áóòè äîñÿãíóòà íà ïî÷àòêó âåãåòàö³éíîãî ñåçîíó 
(ïî÷àòîê ëèïíÿ), âèêîðèñòîâóþ÷è äàí³ RADARSAT-2 àáî 
RADARSAT Constellation ç á³ëüøîþ çîíîþ ïîêðèòòÿ. 

Ùîðîêó äåïàðòàìåíò AAFC çàáåçïå÷óº çá³ð äåñÿòê³â òèñÿ÷ 
òî÷îê äëÿ ³äåíòèô³êàö³¿ ïîñ³â³â ïî âñ³é êðà¿í³. Ö³ òî÷êè âèêîðèñ-
òîâóþòüñÿ â ÿêîñò³ íàâ÷àëüíèõ àáî òåñòîâèõ äàíèõ, ³ ìàþòü áóòè 
ïîâ’ÿçàí³ ç êîíòóðàìè ïîë³â. Îöèôðîâêà çîáðàæåíü ç âèñîêîþ 
ðîçä³ëüíîþ çäàòí³ñòþ ïîòðåáóº áàãàòî çóñèëü. Äëÿ òîãî, ùîá ñêî-
ðîòèòè ÷àñ, â³äâåäåíèé äëÿ âèêîíàííÿ öüîãî çàâäàííÿ, ðîçðîáëÿ-
ºòüñÿ àâòîìàòè÷íèé ìåòîä, çàñíîâàíèé ç âèêîðèñòàííÿì êàäàñò-
ðîâèõ äàíèõ òà ñåãìåíòàö³¿ çí³ìêó. 

Âèêîðèñòàííÿ ñóïóòíèêîâî¿ ³íôîðìàö³¿ íà ãëîáàëüíîìó ð³â-
í³. Íàñüîãîäí³ âàðòî âèä³ëèòè òàêîæ äåê³ëüêà ãëîáàëüíèõ ðîçðî-
áîê òà ³í³ö³àòèâ, ïîâ’ÿçàíèõ ç âèêîðèñòàííÿì ñóïóòíèêîâî¿ ³íôî-
ðìàö³¿ ñïîñòåðåæåííÿ Çåìë³ äëÿ ðîçâ’ÿçàííÿ çàäà÷ ìîí³òîðèíãó 
ñ³ëüñüêîãîñïîäàðñüêèõ çåìåëü íà ãëîáàëüíîìó àáî ðåã³îíàëüíîìó 
ð³âíÿõ. Â ªâðîïåéñüêîìó Ñîþç³ â îïåðàö³éíîìó ðåæèì³ âèêîðèñ-
òîâóºòüñÿ ñèñòåìà MARS [61]. Â ìåæàõ MARS ðîçðîáëåíî ñèñòå-
ìó CGMS äëÿ îö³íêè ñòàíó ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð òà 
ïðîãíîçóâàííÿ âðîæàéíîñò³. 

Íà ïðîòÿç³ îñòàíí³õ äåñÿòè ðîê³â â Ðîñ³¿ íà ð³âí³ ì³í³ñòåðñòâà 
ñ³ëüñüêîãî ãîñïîäàðñòâà àêòèâíî âïðîâàäæóºòüñÿ ñèñòåìà àãðîìî-
í³òîðèíãó «Âåãà», ùî äîçâîëÿº çä³éñíþâàòè îïåðàòèâíèé ìîí³òî-
ðèíã ÿê íà ðåã³îíàëüíîìó ð³âí³, òàê ³ íà ð³âí³ îêðåìèõ ïîë³â òà 
ãîñïîäàðñòâ. Àíàëîã³÷íà ³íôîðìàö³éíà ñèñòåìà ï³äòðèìóºòüñÿ íà 
äåðæàâíîìó òàêîæ ó Ðåñïóáë³ö³ Êàçàõñòàí. 

Ñïîñòåð³ãàºòüñÿ òåíäåíö³ÿ ãëîáàë³çàö³¿ ñåðâ³ñ³â ìîí³òîðèíãó 
ñ³ëüñüêîãîñïîäàðñüêèõ çåìåëü â ñâ³ò³, çîêðåìà â ïðîãðàìàõ GEO-
GLAM, US GEO-GLAM òà AMIS. Â ìåæàõ ïðîãðàìè GEO-
GLAM çä³éñíþºòüñÿ ïîáóäîâà ìàñîê îñíîâíèõ ñ³ëüñüêîãîñïîäàð-
ñüêèõ êóëüòóð ïî âñüîìó ñâ³òó, îö³íêà ñòàíó ðîñëèííîñò³ òà íàäà-
ºòüñÿ ïðîãíîç ùîäî ïîäàëüøîãî ðîçâèòêó ñ³ëüñüêîãîñïîäàðñüêèõ 
êóëüòóð. Äëÿ öüîãî âèêîðèñòîâóþòüñÿ ñóïóòíèêîâ³ äàí³ òà ïðîäó-
êòè MODIS. Ìåíåäæìåíò ö³º¿ ñèñòåìè çä³éñíþº óí³âåðñèòåò 
øòàòó Ìåð³ëåíä (ÑØÀ). Ç äàíîþ ïðîãðàìîþ ò³ñíî ïîâ’ÿçàíà ì³-
æì³í³ñòåðñüêà ³í³ö³àòèâà AMIS, ïðèçíà÷åíà äëÿ ìîí³òîðèíãó ãëî-
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áàëüíèõ ðèíê³â ñ³ëüñüêîãîñïîäàðñüêî¿ ïðîäóêö³¿. Â ÿêîñò³ âõ³äíèõ 
äàíèõ ñèñòåìà AMIS âèêîðèñòîâóº äàí³ ñèñòåìè GEO-GLAM. 

Óêðà¿íà. Íà äàíèé ìîìåíò â Óêðà¿í³ 2018 ð. íà äåðæàâíîìó 
ð³âí³ ñóïóòíèêîâ³ äàí³ äëÿ çä³éñíåííÿ àãðîìîí³òîðèíãó íå âèêî-
ðèñòîâóâàëèñü. Ìîæíà íàâåñòè ïðèêëàäè îêðåìèõ ðîçðîáëåíèõ 
ï³ëîòíèõ ³íôîðìàö³éíèõ ñèñòåì àãðîìîí³òîðèíãó, ÿê³ íà äàíèé 
ìîìåíò º ëèøå ³ëþñòðàö³ºþ äåÿêèõ ìîæëèâîñòåé ðîçâ’ÿçàííÿ ö³º¿ 
âàæëèâî¿ çàäà÷³ [62, 63, 64, 65]. Â òîé æå ÷àñ â Óêðà¿í³ âñòàíîâëå-
í³ ò³ñí³ çâ’ÿçêè ç ïðîâ³äíèìè îðãàí³çàö³ÿìè ó ñâ³ò³, òàêèìè ÿê äî-
ñë³äíèöüêèé öåíòð JRC ªâðîêîì³ñ³¿, òà º äîñâ³ä ðîçðîáêè ³ àäàï-
òàö³¿ ìåòîä³â òà òåõíîëîã³é çä³éñíåííÿ àãðîìîí³òîðèíãó, ÿê³ âïðî-
âàäæóþòüñÿ â ªâðîï³ òà ³íøèõ êðà¿íàõ. Çîêðåìà, ó 2010–2011 ðð. 
äëÿ 3 ï³ëîòíèõ îáëàñòåé Óêðà¿íè áóëè ïîáêäîâàí³ êàðòè êëàñèô³-
êàö³¿ íà îñíîâ³ ñóïóòíèêîâèõ ³ íàçåìíèõ äàíèõ [66]. Çàäà÷à âïðî-
âàäæåííÿ òåõíîëîã³é ñóïóòíèêîâîãî ìîí³ ìîí³òîðèíãó â äåðæàâíå 
óïðàâë³ííÿ óñêëàäíþºòüñÿ â³äñóòí³ñòþ â Óêðà¿í³ çàêîíîäàâ÷î¿ 
áàçè äëÿ âèêîíàííÿ òàêèõ ðîá³ò. Ïî÷èíàþ÷è ç 2016 ð. òàêîæ âå-
äóòüñÿ ðîáîòè, ïîâ’ÿçàí³ ç çàáåçïå÷åííÿì ïðîçîðîñò³ âèêîðèñòàí-
íÿ çåìë³ â Óêðà¿í³, ó òîìó ÷èñë³ ³ ñ³ëüñüêîãîñïîäàðñüêîãî ïðèçíà-
÷åííÿ, ùî ï³äòðèìóþòüñÿ ªâðîïåéñüêèì áàíêîì ðåêîíñòðóêö³¿ òà 
ðîçâèòêó. 

Íà îñíîâ³ ïðîâåäåíîãî âèùå àíàë³çó ìîæíà çðîáèòè íàñòóïí³ 
âèñíîâêè. Íà äàíèé ìîìåíò ñóïóòíèêîâ³ äàí³ òà ³íøà ãåîïðîñòî-
ðîâà ³íôîðìàö³ÿ º âàãîìèì äæåðåëîì ³íôîðìàö³¿ ïðî âèêîðèñ-
òàííÿ çåìåëü ïî âñüîìó ñâ³òó. Â áàãàòüîõ ðîçâèíåíèõ ðåã³îíàõ 
(Ï³âí³÷íà Àìåðèêà, ªâðîïà) ðîçðîáëåíà êîìïëåêñíà ïðàâîâà ï³ä-
òðèìêà òàêî¿ ä³ÿëüíîñò³. Á³ëüø³ñòü ãåîïðîñòîðîâèõ ñåðâ³ñ³â ³ äà-
íèõ ùîäî ôàêòè÷íîãî âèêîðèñòàííÿ çåìåëü áàçóºòüñÿ íà âèêîðè-
ñòàíí³ áåçêîøòîâíèõ äàíèõ, ÿê³ íà äàíèé ìîìåíò º íàéá³ëüøèì 
äæåðåëîì àêòóàëüíî¿ ³íôîðìàö³¿ ïðî ïîâåðõíþ Çåìë³ ³, çîêðåìà, 
ïðî ñ³ëüñüêîãîñïîäàðñüê³ çåìë³. ßê ïðàâèëî, òî÷í³ñòü ãåîïðîñòî-
ðîâèõ ïðîäóêò³â äîñÿãàº 85-95% â çàëåæíîñò³ â³ä ñ³ëüñüêîãîñïî-
äàðñüêî¿ êóëüòóðè, ùî ðîçãëÿäàºòüñÿ. Â ïðîöåñ³ çä³éñíåííÿ ìîí³-
òîðèíãó ôàêòè÷íîãî âèêîðèñòàííÿ çåìåëü âèêîðèñòîâóþòüñÿ òà-
êîæ äàí³ êàäàñòðîâèõ òà ³íøèõ ñèñòåì, ÿê³ ï³äòðèìóþòüñÿ ñïåö³à-
ë³çîâàíèìè â³äîì÷èìè ï³äðîçä³ëàìè. 
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1.3. ÑÓÏÓÒÍÈÊÎÂ² ÄÀÍ² 

Çîáðàæåííÿ äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³ (Remote 
Sensing — RS) ç êîñìîñó çàâæäè áóëè ïåðñïåêòèâíèì òà íåóïåðå-
äæåíèì äæåðåëîì ³íôîðìàö³¿ ïðî ïîâåðõíþ Çåìë³. Ãîëîâíèì ÷è-
íîì öå ïîÿñíþºòüñÿ ìîæëèâ³ñòþ ñâîº÷àñíîãî îòðèìàííÿ äàíèõ ³ 
ìîæëèâîñòþ çä³éñíåííÿ ïîâòîðíèõ âèì³ðþâàíü äëÿ âåëèêèõ òå-
ðèòîð³é. 

Çà ê³ëüêà îñòàíí³õ ðîê³â ñòð³ìêî çðîñëà ê³ëüê³ñòü íîâ³òí³õ ³í-
ñòðóìåíò³â äëÿ îòðèìàííÿ, çáåðåæåííÿ òà îáì³íó ³íôîðìàö³ºþ 
ïðî íàâêîëèøíº ñåðåäîâèùå – çàïóùåí³ ñóïóòíèêè ³ç ðîçä³ëüíîþ 
çäàòí³ñòþ 10-300 ì (Landsat-8, PROBA-V, Sentinel-1 òà Sentinel-
2), ùî ïðèçâåëî äî íàêîïè÷åííÿ âåëèêèõ îá’ºì³â äàíèõ ð³çíî¿ 
ïðèðîäè, òà â³äêðèëî ïðèíöèïîâî íîâ³ ìîæëèâîñò³ çàñòîñóâàííÿ 
ñóïóòíèêîâèõ äàíèõ â ³íòåðåñàõ ñ³ëüñüêîãî ãîñïîäàðñòâà.  

Ñåðåä âåëèêî¿ ê³ëüêîñò³ ñó÷àñíèõ ñóïóòíèê³â, ùî âèêîðèñòî-
âóþòüñÿ äëÿ êàðòîãðàôóâàííÿ çåìíîãî ïîêðèâó, º ñóïóòíèêè ³ç 
âèñîêèì ïðîñòîðîâèì ðîçð³çíåííÿì, á³ëüø³ñòü ³ç ÿêèõ â³äíîñÿòü-
ñÿ äî êîìåðö³éíîãî ñåêòîðó. Ïðîòå çà îñòàíí³ ðîêè ç’ÿâèëèñÿ 
áåçêîøòîâí³ ñóïóòíèêîâ³ äàí³, ÿê ðàäàðí³, òàê ³ îïòè÷í³ (Òàáë. 
1.3), ÿê³ â³äçíà÷àþòüñÿ äîâîë³ âèñîêîþ ÷àñîâîþ òà ïðîñòîðîâîþ 
ðîçä³ëüíîþ çäàòí³ñòþ ³ â òîé æå ÷àñ º ó â³ëüíîìó äîñòóï³. 

 
Òàáë. 1.3 Îñíîâí³ õàðàêòåðèñòèêè áåçêîøòîâíèõ ñóïóòíèêîâèõ 
äàíèõ 
 

Ñóïóòíèê 
Ðîçì³ð ñöåíè 
àáî øèðèíà 

çàõâàòó 

Òèï ñåíñî-
ðà 

Ïðîñ-
òîðîâå 
ðîçð³-
çíåííÿ 

(ì) 

Ö³íà 

Sentinel-1 250 250 êì2 Ðàäàðíèé 10 áåçêîøòîâíî 
Sentinel-2 100 êì2 Îïòè÷íèé 10 áåçêîøòîâíî 
Landsat-8 185 180 êì2 Îïòè÷íèé 30 áåçêîøòîâíî 
Proba-V 2250 êì Îïòè÷íèé 100 áåçêîøòîâíî 

 
Îäíèì ³ç çàñòîñóâàíü ñóïóòíèêîâèõ äàíèõ Landsat º ïîáóäîâà 

êàðò êëàñèô³êàö³¿ ðîñëèííîãî ïîêðèâó. Ñóïóòíèê Landsat ïîêðè-
âàº ïîâåðõíþ Çåìë³ êîæí³ 16 äí³â. Ïðîâåäåí³ äîñë³äæåííÿ ï³äò-
âåðäæóþòü åôåêòèâí³ñòü çàñòîñóâàííÿ Landsat-8 äëÿ êëàñèô³êàö³¿ 
çåìíîãî ïîêðèâó [23, 67 – 69]. 
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Proba-V çàáåçïå÷óº ïîêðèòòÿ çåìíî¿ ïîâåðõí³ êîæí³ äâà äí³ ç 
øèðèíîþ çàõâàòó îäí³º¿ ñöåíè 2250 êì. Öå äàº ìîæëèâ³ñòü îòðè-
ìóâàòè ÷àñîâ³ ðÿäè äàíèõ, ÿê³ çàñòîñîâí³ äëÿ ïîáóäîâè êàðò çåì-
íîãî ïîêðèâó, â³äñòåæåííÿ äèíàì³êè çì³íè âåãåòàö³¿ ðîñëèí òà ³í. 
[70]. 

Ïðè ðîçâ’ÿçàíí³ çàäà÷³ êàðòîãðàôóâàííÿ çåìíîãî ïîêðèâó 
íîâ³ ìîæëèâîñò³ â³äêðèâàþòü áåçêîøòîâí³ ñóïóòíèêîâ³ äàí³ 
Sentinel -1/2, îñê³ëüêè ïîêðèâàþòü ïîâåðõíþ Çåìë³ êîæí³ 6–12 
äí³â òà íàäàþòü äàí³ ³ç ïðîñòîðîâèì ðîçð³çíåííÿì äî 10 ì [71]. 
Ïîêðèòòÿ çåìíî¿ ïîâåðõí³ ð³çíèìè ñóïóòíèêîâèìè äàíèìè íàâå-
äåíî íà Ðèñ.1.2. 

 
Ðèñ.1.2 Ïîêðèòòÿ çåìíî¿ ïîâåðõí³ ð³çíèìè ñóïóòíèêîâèìè 

äàíèìè 
 
Âèêîðèñòàííÿ íàâåäåíèõ âèùå ñóïóòíèêîâèõ äàíèõ äàº ìî-

æëèâ³ñòü áóäóâàòè êàðòè çåìíîãî ïîêðèâó ³ç âèñîêèì ïðîñòîðî-
âèì ðîçð³çíåííÿì òà ³ç ïåâíîþ ïåð³îäè÷í³ñòþ. Îäíèì ³ç íåäîë³-
ê³â îïòè÷íèõ ñóïóòíèêîâèõ äàíèõ º òå, ùî çí³ìêè ìîæóòü áóòè 
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çàõìàðåíèìè, ùî íå äàº ìîæëèâîñò³ ó ïîâí³é ì³ð³ âèêîðèñòîâóâà-
òè ö³ äàí³. Â äàíîìó ïëàí³ ðàäàðí³ äàí³ íàäàþòü äîäàòêîâ³ ìîæ-
ëèâîñò³, îñê³ëüêè íå çàëåæàòü â³ä ìåòåîðîëîã³÷íèõ óìîâ òà ìîæóòü 
âèêîðèñòîâóâàòèñü íàâ³òü ïðè íàÿâíîñò³ õìàð. Ïðîòå â ïîð³âíÿí-
í³ ³ç îïòè÷íèìè äàíèìè ðàäàðí³ äàí³ (íàâ³òü ï³ñëÿ ïðîâåäåííÿ 
ïîïåðåäíüî¿ îáðîáêè) º çàøóìëåíèìè. Òîìó ïðè ðîçâ’ÿçàíí³ çà-
äà÷³ êàðòîãðàôóâàííÿ çåìíîãî ïîêðèâó äîñÿãíóòè íàéêðàùîãî 
ðåçóëüòàòó ìîæíà øëÿõîì âèêîðèñòàííÿ ìåòîä³â òà ìîäåëåé çëèò-
òÿ ñóïóòíèêîâèõ äàíèõ. 

1.4. ÍÀÇÅÌÍ² ÄÀÍ² 

ßê áóëî çàçíà÷åíî ó ï³äðîçä³ë³ 1.2, «Ñòàí ìîí³òîðèíãó ôàê-
òè÷íîãî âèêîðèñòàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ çåìåëü íà îñíîâ³ 
ñóïóòíèêîâèõ äàíèõ â ïðîâ³äíèõ êðà¿íàõ ñâ³òó», äëÿ ïîáóäîâè 
êàðò çåìëåêîðèñòóâàííÿ òà íåóïåðåäæåíî¿ îö³íêè ¿õ òî÷íîñò³ ïîò-
ð³áí³ äîñòîâ³ðí³ íàçåìí³ äàí³. Ïðè ðîçâ’ÿçàíí³ çàäà÷ ðîçðîáêè 
ãåîïðîñòîðîâèõ ïðîäóêò³â íàçåìí³ äàí³ ìîæóòü âèêîðèñòîâóâàòèñü 
â ÿêîñò³ äæåðåëà äàíèõ äëÿ íàëàøòóâàííÿ ïàðàìåòð³â ìîäåëåé 
êëàñèô³êàö³¿ òà âàë³äàö³¿ îòðèìàíèõ ðåçóëüòàò³â. 

1.4.1. ÌÅÐÅÆ² ÍÀÊÎÏÈ×ÅÍÍß ÍÀÇÅÌÍÈÕ ÂÈÌ²Ð²Â 
 
²ñíóþòü ñïåö³àëüí³ ìåðåæ³ (â òîìó ÷èñë³ ³ ó ªâðîï³), ÿê³ íà-

äàþòü òî÷êîâ³ âèì³ðþâàííÿ äëÿ ïîäàëüøîãî âèêîðèñòàííÿ ó ð³ç-
íèõ ïðèêëàäíèõ îáëàñòÿõ. Îäí³ºþ ç òàêèõ ìåðåæ º European 
Network of Earth Observation Networks (ENEON). Íà äàíèé ìî-
ìåíò ³ñíóº ê³ëüêà ïðîåêò³â, ÿê³ ïîâ’ÿçàí³ ç³ ñòâîðåííÿì 
îá’ºäíàíî¿ ìåðåæ³ íàçåìíèõ âèì³ðþâàíü.  

Íàïðèêëàä, îñíîâíèìè ö³ëÿìè ïðîåêòó ConnectinGEO ïðî-
ãðàìè HORIZON 2020 (Coordinating an Observation Network of 
Networks EnCompassing saTellite and IN-situ) [72] º (1) ñòâîðåííÿ 
òà ï³äòðèìêà ENEON [73]; (2) àíàë³ç ïðîãàëèí ó ºâðîïåéñüê³é 
ìåðåæ³ ñïîñòåðåæåííÿ Çåìë³ ³ (3) êîîðäèíàö³ÿ òà ñòèìóëþâàííÿ 
ºâðîïåéñüêîãî âíåñêó äî «ñèñòåìè ñèñòåì» GEOSS. Ìåðåæà 
ENEON º ñï³ëüíîþ ìåðåæåþ äëÿ ñïîñòåðåæåííÿ Çåìë³ (Earth 
Observation), ÿêà ïîâèííà çàáåçïå÷èòè ³íòåãðîâàíó òà ãàðìîí³çî-
âàíó ïåðñïåêòèâó ùîäî çáåðåæåííÿ ðåçóëüòàò³â ñïîñòåðåæåííÿ, 
ñïðèÿòè çìåíøåííþ äóáëþâàííÿ âèì³ð³â ³ âèÿâëåííþ ïðîãàëèí â 
äàíèõ ñïîñòåðåæåííÿ Çåìë³ â ìåæàõ ªâðîïè.  
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²ñíóþòü òàêîæ ³íø³ ãëîáàëüí³ òà íàö³îíàëüí³ ìåðåæ³, 
ïîâ’ÿçàí³ ç³ çáîðîì òà íàêîïè÷åííÿì íàçåìíèõ äàíèõ ñïîñòåðå-
æåíü. Íàïðèêëàä, îäíîþ ç òàêèõ ìåðåæ º ìåðåæà ñ³ëüñüêîãîñïî-
äàðñüêèõ ïîë³ãîí³â JECAM (Joint Experiment of Crop Assessment 
and Monitoring) [74]. Öÿ ìåðåæà ïðèçíà÷åíà äëÿ ðîçâ’ÿçàííÿ çà-
äà÷ ìîí³òîðèíãó ñ³ëüñüêîãî ãîñïîäàðñòâà, ãàðìîí³çàö³¿ ³ñíóþ÷èõ 
òà íîâèõ íàóêîâèõ ìåòîä³â â ö³é îáëàñò³ òà çàáåçïå÷åííÿ ïðîäî-
âîëü÷î¿ áåçïåêè â ìåæàõ ïîáóäîâè «ñèñòåìè ñèñòåì» GEOSS ³, 
çîêðåìà çàäà÷ AG0703a (Global Agricultural Monitoring — ãëîáà-
ëí³é ñ³ëüñüêîãîñïîäàðñüêèé ìîí³òîðèíã) òà AG0703b (Agricultural 
Risk Management — êåðóâàííÿ ðèçèêàìè ó îáëàñò³ ñ³ëüñüêîãî ãîñ-
ïîäàðñòâà). ²í³ö³àòèâà JECAM ðîçãîðíóëà ó 2009 ð. ìåðåæó ñ³ëü-
ñüêîãîñïîäàðñüêèõ ïîë³ãîí³â òà çàáåçïå÷óº çá³ð íàçåìíèõ äàíèõ 
íà ì³ñöÿõ. 

1.4.2. ÍÀÇÅÌÍ² ÄÀÍ² ÄËß ÇÀÄÀ× ÍÀËÀØÒÓÂÀÍÍß ÌÎÄÅ-

ËÅÉ/ÂÀË²ÄÀÖ²¯ ÐÅÇÓËÜÒÀÒ²Â 
 
Äëÿ îòðèìàííÿ òî÷íèõ ðåçóëüòàò³â êëàñèô³êàö³¿ òà çàáåçïå-

÷åííÿ âèñîêî¿ ÿêîñò³ ³íôîðìàö³éíèõ ïðîäóêò³â êàðòîãðàôóâàííÿ 
çåìíî¿ ïîâåðõí³, ñ³ëüñüêîãîñïîäàðñüêèõ çåìåëü òîùî ïîâèíí³ áó-
òè â íàÿâíîñò³ íàçåìí³ äàí³, ÿê³ ìîæóòü áóòè âèêîðèñòàí³ ÿê äëÿ 
íàëàøòóâàííÿ ïàðàìåòð³â ìàòåìàòè÷íèõ ìîäåëåé, òàê ³ äëÿ ïåðå-
â³ðêè îòðèìàíèõ ðåçóëüòàò³â. Íà äàíèé ìîìåíò ³ñíóº äåê³ëüêà ²í-
òåðíåò-ðåñóðñ³â, ùî ïîâ’ÿçàí³ ç ãàðìîí³çàö³ºþ ìåòîäèê çä³éñíåí-
íÿ âèì³ðþâàíü òà êàë³áðóâàííÿ ñóïóòíèêîâî¿ ³ íàçåìíî¿ ³íôîðìà-
ö³¿. Îäíèì ç òàêèõ ðåñóðñ³â º ïîðòàë ðîáî÷î¿ ãðóïè CalVal [75] 
êîì³òåòó ç ñóïóòíèêîâèõ ñïîñòåðåæåíü Çåìë³ (CEOS — The 
Committee on Earth Observation Satellites) [76]. Äàíèé ïîðòàë íà-
äàº ï³äòðèìêó äëÿ ïðîâåäåííÿ ãëîáàëüíèõ çàõîä³â ïî êàë³áðóâàí-
íþ òà âàë³äàö³¿, à òàêîæ íàäàº ìåòîäè÷íå çàáåçïå÷åííÿ òà ìåòî-
äèêè ð³çíèõ êàë³áðóâàííÿ äàò÷èê³â. Â ïîäàëüøîìó öå äîçâîëèòü 
ðîçãîðòàòè â³ðòóàëüí³ ãðóïè ñåíñîð³â, ÿê³ â³äíîñÿòüñÿ äî ð³çíèõ 
ñóïóòíèêîâèõ ñèñòåì (Virtual Canstellation). 

Â ìåæàõ ïðîãðàìè COPERNICUS òàêîæ íàäàºòüñÿ äîñòóï äî 
íàçåìíèõ âèì³ðþâàíü [77]. ²íôîðìàö³ÿ ïîñòóïàº ç ð³çíèõ äæåðåë 
òà äîçâîëÿº çàáåçïå÷èòè îïåðàòèâí³ ñïîñòåðåæåííÿ çà ïîâåðõíåþ 
Çåìë³, îêåàíîì ³ àòìîñôåðîþ, â³äñë³äêîâóâàòè çì³íè êë³ìàòó, ï³ä-
òðèìóâàòè îïåðàòèâíå ðåàãóâàííÿ íà íàäçâè÷àéí³ ñèòóàö³¿ òà çà-
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áåçïå÷óâàòè öèâ³ëüíó áåçïåêó. Ñåðâ³ñè COPERNICUS áàçóþòüñÿ 
íà âèêîðèñòàíí³ áàãàòüîõ åêîëîã³÷íèõ âèì³ðþâàíü, ç³áðàíèõ ð³ç-
íèìè çîâí³øí³ìè ïîñòà÷àëüíèêàìè äàíèõ ç íàçåìíèõ, ìîðñüêèõ 
àáî ïîâ³òðÿíèõ ñèñòåì ìîí³òîðèíãó, ùî íå âõîäÿòü äî ñêëàäó 
ïðîãðàìè. Öåé ðåñóðñ º â³äêðèòèì òà íàäàº äàí³ ñïåö³àë³ñòàì ç 
óñüîãî ñâ³òó, äåðæàâíèì îðãàíàì âëàäè, ïîë³òèêàì, â÷åíèì, ï³äï-
ðèºìöÿì ³ á³çíåñó. 

Geo-wiki [78] º â³äêðèòîþ ïëàòôîðìîþ äëÿ çàëó÷åííÿ ãðîìà-
äÿí äî çáîðó äàíèõ òà ìîí³òîðèíãó äîâê³ëëÿ (crowdsourcing — 
ñï³ëüíå âèêîíàííÿ ðîá³ò íà ³í³ö³àòèâíèõ çàñàäàõ). Öå º ùå îäíèì 
âàæëèâèì äæåðåëîì íàçåìíî¿ ³íôîðìàö³¿. Ñèñòåìà Open Street 
Map íàäàº äàí³ êðàóäñîðñ³íãà ó âåêòîðí³é ôîðì³. Äóæå ÷àñòî ïå-
âí³ êàòåãîð³¿ íàçåìíî¿ ³íôîðìàö³¿ ìîæíà çíàéòè ò³ëüêè ó ïîä³áíèõ 
ñèñòåìàõ àáî íà ñïåö³àë³çîâàíèõ ²íòåðíåò-ðåñóðñàõ. 

Â òîé æå ÷àñ ç îãëÿäó íà íåîáõ³äí³ñòü îòðèìàííÿ ðåçóëüòàò³â 
êàðòîãðàôóâàííÿ âèçíà÷åíî¿ ÿêîñò³ ó áàãàòüîõ âèïàäêàõ íàçåìí³ 
äàí³ îêðåìî çáèðàþòüñÿ â ïðîöåñ³ âèêîíàííÿ ðîá³ò. ßêùî ìîâà 
éäå ïðî êàðòîãðàôóâàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ êóëüòóð, òî ó 
ðîçïîðÿäæåíí³ ñïåö³àë³ñò³â ïîâèíí³ áóòè äîñèòü âåëèê³ íàáîðè 
íàçåìíèõ äàíèõ, ÿê³ ìîæóòü áóòè âèêîðèñòàí³ äëÿ íàëàøòóâàííÿ 
ïàðàìåòð³â ìîäåë³ (íàïðèêëàä, íåéðîííî¿ ìåðåæ³), à â ïîäàëüøî-
ìó — ³ äëÿ íåçàëåæíî¿ âåðèô³êàö³¿ ðåçóëüòàò³â. Â öüîìó ñåíñ³ äó-
æå âàæëèâî çàáåçïå÷èòè ðåïðåçåíòàòèâí³ñòü íàçåìíî¿ âèá³ðêè. 
Äëÿ ¿¿ çáîðó ìîæíà âèêîðèñòîâóâàòè ð³çí³ ï³äõîäè. Íàïðèêëàä, 
ïðè âèêîíàíí³ êîíòðàêòó ç äîñë³äíèöüêèì öåíòðîì JRC [66] áóëà 
çàñòîñîâàíà ïðîöåäóðà âèáîðó ñòðàòèô³êîâàíèõ ð³âíîì³ðíî ðîç-
ïîä³ëåíèõ ïî ï³ëîòí³é òåðèòîð³¿ ñåãìåíò³â äëÿ çä³éñíåííÿ íàçåì-
íèõ âèì³ðþâàíü. Â äåÿêèõ âèïàäêàõ, îñîáëèâî ç îãëÿäó íà âàð-
ò³ñòü çáîðó íàçåìíèõ äàíèõ, öþ ïðîöåäóðó ìîæíà çàì³íèòè íà 
äîñë³äæåííÿ âçäîâæ äîð³ã. Ó áóäü-ÿêîìó âèïàäêó, äëÿ åôåêòèâíî-
ãî ðîçâ’ÿçàííÿ çàäà÷³ êàðòîãðàôóâàííÿ çåìíîãî ïîêðèâó ó ðîçïî-
ðÿäæåíí³ ñïåö³àë³ñò³â ïîâèíí³ áóòè äâà íåçàëåæíèõ íàçåìíèõ íà-
áîðè äàíèõ, ÿê³ äîçâîëÿòü îòðèìàòè çàäîâ³ëüíèé ðåçóëüòàò. 

Äëÿ ôîðìóâàííÿ íàâ÷àëüíî¿ òà òåñòîâî¿ âèá³ðîê äëÿ ïîáóäî-
âè êàðòè çåìíîãî ïîêðèâó âåëèêî¿ òåðèòîð³¿ ìîæíà çàïðîïîíóâà-
òè íàñòóïíèé çàãàëüíèé ï³äõ³ä. Â äàíîìó ðîçä³ë³ ïîïåðåäíüî áó-
äåìî ââàæàòè, ùî â ïðîöåñ³ íàçåìíèõ äîñë³äæåíü àáî øëÿõîì 
ôîòî³íòåðïðåòàö³¿ ç³áðàí³ íàçåìí³ äàí³, ÿê³ ïðåäñòàâëåí³ ó âèãëÿä³ 
ãåîìåòðè÷íèõ ïîë³ãîí³â. Íåõàé P  — ìíîæèíà ìåæ ïîë³ãîí³â ó 
âåêòîðíîìó âèãëÿä³, G  — âèá³ðêà äëÿ äåÿêî¿ òåðèòîð³¿, ùî ñêëà-
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äàºòüñÿ ç ïàð «ìåæà ïîë³ãîíó» ³ â³äïîâ³äíèé äàíîìó ïîë³ãîíó êëàñ 
çåìíî¿ ïîâåðõí³. 

 , , 1,G p k p P k K   (1.1) 

äå k  — êëàñ çåìíî¿ ïîâåðõí³, K  — çàãàëüíà ê³ëüê³ñòü êëàñ³â. 
Âèá³ðêó äîö³ëüíî çáåð³ãàòè ñàìå ó âåêòîðíîìó âèãëÿä³, îñê³ëüêè 
òàê ¿¿ âèêîðèñòîâóâàòè äëÿ êëàñèô³êàö³¿ ñóïóòíèêîâèõ çîáðàæåíü 
ð³çíîãî ïðîñòîðîâîãî ðîçð³çíåííÿ ³ ðîçì³ðó. Ê³ëüê³ñòü ïîë³ãîí³â ó 
âèá³ðö³ (ïîòóæí³ñòü ìíîæèíè) ïîçíà÷èìî ÷åðåç | |G . Âèá³ðêó ðî-

çä³ëèìî íà íàâ÷àëüíó ( )
train

G  ³ òåñòîâó ( )
test

G  ïðèáëèçíî â ð³âíèõ 

ïðîïîðö³ÿõ, ÿê öå ïðèéíÿòî ïðè âèêîðèñòàíí³ ³íäóêòèâíîãî ï³ä-
õîäó [79]. Ïðè öüîìó: 

   train testG G G ,    (1.2) 

   train testG G .    (1.3) 

Â ÿêîñò³ âõ³äíèõ äàíèõ çàäà÷³ ïîáóäîâè êàðò çåìíîãî ïîêðè-
âó áóäåìî ðîçãëÿäàòè ÷àñîâèé ðÿä ñóïóòíèêîâèõ çîáðàæåíü, íà 
êîæíîìó çîáðàæåíí³ ÿêîãî ï³êñåë³, âêðèò³ õìàðàìè, â³äíîâëåí³ 
â³äïîâ³äíî äî ìåòîäó, îïèñàíîãî â [80, 81, 82]. Íà îñíîâ³ ÷àñîâî-
ãî ðÿäó ñóïóòíèêîâèõ çîáðàæåíü äëÿ êîæíîãî ï³êñåëÿ îáðàíî¿ 
òåðèòîð³¿ ôîðìóºòüñÿ âåêòîð: 

   1 2, , n
nx x x Rx ,    (1.4) 

   n i c ,    (1.5) 

äå i  — ê³ëüê³ñòü ñóïóòíèêîâèõ çîáðàæåíü, ùî ïîêðèâàþòü äàíèé 
ï³êñåëü ïðîòÿãîì ðîêó, c  — ê³ëüê³ñòü ð³çíèõ ñïåêòðàëüíèõ êàíà-
ë³â ñóïóòíèêîâîãî çîáðàæåííÿ. 

Òàêèì ÷èíîì, íà îñíîâ³ ³íôîðìàö³¿ ç³ ñïåêòðàëüíèõ êàíàë³â 
ñóïóòíèêîâîãî çîáðàæåííÿ ìîæíà ñôîðìóâàòè ìíîæèíó ï³êñåë³â 
âèá³ðêè, äå êîæíîìó ï³êñåëþ, ùî íàëåæèòü ìíîæèí³ ïîë³ãîí³â 
G , â³äïîâ³äàº íîìåð êëàñó 

  ( ) , , 1,i iT G k i Nx ,   (1.6) 

äå N  — ê³ëüê³ñòü âñ³õ ï³êñåë³â ó âèá³ðö³. Â³äçíà÷èìî, ùî ïîòóæ-
í³ñòü ³ ñêëàä äàíî¿ ìíîæèíè çàëåæèòü â³ä íàáîðó ïîë³ãîí³â G. 
Â³äïîâ³äíî äî ðîçáèòòÿ ìíîæèíè ïîë³ãîí³â G  (ôîðìóëè 1.2-1.3), 
ìíîæèíà ï³êñåë³â T  òåæ ðîçáèâàºòüñÿ âèïàäêîâèì ÷èíîì íà äâ³ 
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íåçàëåæí³ ï³äìíîæèíè äëÿ íàâ÷àííÿ êëàñèô³êàòîðà ³ éîãî òåñòó-
âàííÿ: 

   train testT T T ,    (1.7) 

   train testT T .    (1.8) 

1.4.3. ÏÎÊÐÀÙÅÍÍß ÒÅÑÒÎÂÎ¯ ÒÀ ÍÀÂ×ÀËÜÍÎ¯ ÂÈÁ²ÐÎÊ Â 

ÏÐÎÖÅÑ² ÏÎÁÓÄÎÂÈ ÊÀÐÒÈ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ 
 

Ï³ñëÿ ôîðìóâàííÿ íàçåìíèõ âèá³ðîê, ¿õ âèêîðèñòàííÿ â 
ïðîöåñ³ êëàñèô³êàö³¿ òà îòðèìàííÿ íåçàäîâ³ëüíèõ ðåçóëüòàò³â 
ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ (òî÷íîñò³ ðîáîòè ìîäåë³), ìîæå çíàäîáè-
òèñÿ ìîäèô³êàö³ÿ íàçåìíî¿ âèá³ðêè. Çàäà÷ó ìîäèô³êàö³¿ ìîæíà 
ñôîðìóëþâàòè íàñòóïíèì ÷èíîì: íåîáõ³äíî ³òåðàòèâíî ìîäèô³-
êóâàòè ìíîæèíó G  (äèâ. ï³äðîçä³ë âèùå), ùîá âèêîíóâàëèñÿ íà-
ñòóïí³ óìîâè 

 
( ) min,

( ) max,

( ) max,

train

test

test

E T

UA G

PA G

    (1.9) 

criticalG g ,    (1.10) 

äå E  — ôóíêö³ÿ ïîìèëêè íåéðîííî¿ ìåðåæ³ (2.1), ïðè óìîâàõ 
(1.2-1.3), criticalg  — ì³í³ìàëüíà ê³ëüê³ñòü ïîë³ãîí³â, íåîáõ³äíèõ äëÿ 
çàäîâ³ëüíîãî íàâ÷àííÿ íåéðîííî¿ ìåðåæ³ [83, 84], PA – òî÷í³ñòü 
âèðîáíèêà (producer's accuracy), UA – òî÷í³ñòü êîðèñòóâà÷à (user's 
accuracy).  

ßêùî íàâ÷àëüíà ³ òåñòîâà âèá³ðêè ôîðìóþòüñÿ íà îñíîâ³ ôî-
òî³íòåðïðåòàö³¿, òî íå ìîæíà ñòâåðäæóâàòè, ùî âîíè ì³ñòÿòü àá-
ñîëþòíî äîñòîâ³ðíó ³íôîðìàö³þ (âïëèâ ñóá’ºêòèâíîãî ôàêòîðó). 
Òîìó êëàñèô³êàö³þ íåîáõ³äíî âèêîíóâàòè ³òåðàòèâíî, ïðè íåîá-
õ³äíîñò³ ðåäàãóþ÷è ³ ô³ëüòðóþ÷è âèá³ðêè íà êîæíîìó åòàï³. Âèá³-
ðêà ïîâèííà áóòè ïîñòóïîâî ìîäèô³êîâàíà øëÿõîì óñóíåííÿ ïî-
ìèëîê (ìîäèô³êàö³¿ ìåæ ïîë³ãîí³â) ³ äîäàâàííÿì òà â³äêèäàííÿì 
íåäîñòîâ³ðíèõ íîâèõ ïîë³ãîí³â äî òèõ ï³ð, ïîêè ÿê³ñòü êëàñèô³êà-
ö³¿ íå ñòàíå çàäîâ³ëüíîþ. Ïðè÷îìó ê³ëüê³ñòü ïîë³ãîí³â ïîâèííà 
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â³äïîâ³äàòè âèìîãàì ðåïðåçåíòàòèâíîñò³ ïðåäñòàâëåíèõ êëàñ³â òà 
ð³âíîì³ðíîãî ïîêðèòòÿ ïîë³ãîíàìè äîñë³äæóâàíî¿ òåðèòîð³¿. 

Ï³ñëÿ ïîáóäîâè êàðòè çåìíîãî ïîêðèâó íåîáõ³äíî ïåðåâ³ðèòè 
òî÷í³ñòü îòðèìàíèõ ðåçóëüòàò³â ç âèêîðèñòàííÿì òåñòîâî¿ âèá³ðêè 

test
G  ³ ïîáóäóâàòè ìàòðèöþ íåâ³äïîâ³äíîñò³ [85]. Îñê³ëüêè ðîçá³æ-

íîñò³ ìîæóòü âèíèêàòè ç ð³çíèõ ïðè÷èí, òî â ïåðøó ÷åðãó íåîáõ³-
äíî çàáåçïå÷èòè âèêîíàííÿ óìîâè (1.10), òîáòî ðåïðåçåíòàòèâ-
í³ñòü òåñòîâî¿ âèá³ðêè äëÿ âñ³õ êëàñ³â, à òàêîæ ð³âíîì³ðíèé ðîç-
ïîä³ë íàâ÷àëüíî¿ âèá³ðêè 

train
G  ïî äîñë³äæóâàí³é òåðèòîð³¿. Äëÿ 

ÿê³ñíî¿ êëàñèô³êàö³¿ òàêîæ íåîáõ³äíî, ùîá êëàñè â íàâ÷àëüí³é 
âèá³ðö³ áóëè ðîçïîä³ëåí³ ïðîïîðö³éíî â³äïîâ³äíèì ïëîùàì êëàñ³â 
íà äîñë³äæóâàí³é òåðèòîð³¿. Íå âðàõîâóþ÷è öèõ âèìîã áóäå îòðè-
ìàíà âèñîêà òî÷í³ñòü êëàñèô³êàö³¿ íà òåñòîâ³é âèá³ðö³, àëå ðå-
çóëüòóþ÷à êàðòà êëàñèô³êàö³¿ âèÿâèòüñÿ íåçàäîâ³ëüíîþ, ç íèçü-
êîþ ÿê³ñòþ. Íàéá³ëüø ïîøèðåíèìè ïðè÷èíàìè íåâ³äïîâ³äíîñò³ 
êàðòè êëàñèô³êàö³¿ òåñòîâ³é âèá³ðö³ º íàñòóïí³ àðòåôàêòè, ÿê³ 
ìîæóòü áóòè ïðèñóòí³ ó âèá³ðö³: ïåðåêðèòòÿ ïîë³ãîí³â, ùî â³äíî-
ñÿòüñÿ äî ð³çíèõ êëàñ³â, ñóìí³âí³ ïîë³ãîíè (åêñïåðòó ñêëàäíî 
³äåíòèô³êóâàòè êëàñ ïåâíîãî ïîë³ãîíó), «çì³øàí³» ïîë³ãîíè (ùî 
ì³ñòÿòü âêðàïëåííÿ ³íøèõ êëàñ³â, íàé÷àñò³øå íåâåëèêèõ îçåð àáî 
íåâåëèê³ ãðóïè äåðåâ), íåòèïîâ³ ïîë³ãîíè (ïîë³ãîí, â³äíåñåíèé äî 
ÿêîãî-íåáóäü êëàñó, ñóòòºâî â³äð³çíÿºòüñÿ â³ä ³íøèõ ïðåäñòàâíè-
ê³â öüîãî æ êëàñó) òà ³í. Äëÿ çàáåçïå÷åííÿ êîðåêòíîãî íàâ÷àííÿ 
íåéðîííî¿ ìåðåæ³ ñóìí³âí³ ïîë³ãîíè ïîâèíí³ áóòè âèäàëåí³ ç âè-
á³ðêè, íåïðàâèëüíî êëàñèô³êîâàí³ ïîë³ãîíè — â³äíåñåí³ äî â³äïî-
â³äíîãî êëàñó, à íåòèïîâ³ ïîë³ãîíè ââàæàþòüñÿ âèíÿòêàìè ç ïðà-
âèë, òîáòî âèêèäàìè, ³ âèäàëÿþòüñÿ. ²òåðàòèâíèé ïðîöåñ çàâåð-
øóºòüñÿ ï³ñëÿ ³äåíòèô³êàö³¿ âñ³õ íåâ³äïîâ³äíîñòåé ó âèá³ðö³. Ïðè 
öüîìó îòðèìàíó êàðòó êëàñèô³êàö³¿ ìîæíà ðîçãëÿäàòè ÿê îñòàòî-
÷íèé ðåçóëüòàò. 



205 

ÑÏÈÑÎÊ ÂÈÊÎÐÈÑÒÀÍÈÕ ÄÆÅÐÅË 

 

1. Giri C., Pengra B., Long J., Loveland T. R. Next generation of global land 
cover characterization, mapping, and monitoring. Int. J. Appl. Earth 
Observation and Geoinform. 2013. Vol. 25. P. 3037. 
2. Land Cover (GLCNMO) - Global version. Ðåæèì äîñòóïó: 
http://www.iscgm.org/gm/glcnmo.html. Íàçâà ç åêðàíó. 
3. Çàöåðêîâíèé Â. ²., Áóðà÷åê Â. Ã., Æåëåçíÿê Î. Î., Òåðåùåíêî À. Î.  
Ãåî³íôîðìàö³éí³ ñèñòåìè ³ áàçè äàíèõ: ìîíîãðàô³ÿ. Í³æèí: ÍÄÓ ³ì. Ì. 
Ãîãîëÿ, 2014. 492 ñ. 
4. ×àíäðà À. M., Ãîø Ñ. Ê. Äèñòàíöèîííîå çîíäèðîâàíèå è ãåîãðàôè÷å-
ñêèå èíôîðìàöèîííûå ñèñòåìû. M.: Òåõíîñôåðà, 2008. 312 ñ.  
5. Øåëåñòîâ À.Þ., ßéëèìîâ Á.ß. Ñòàí ìîí³òîðèíãó ôàêòè÷íîãî âèêîðè-
ñòàííÿ ñ³ëüñüêîãîñïîäàðñüêèõ çåìåëü â ïðîâ³äíèõ êðà¿íàõ íà îñíîâ³ ñó-
ïóòíèêîâèõ äàíèõ. Óêðà¿íñüêèé æóðíàë äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³. 
2017. ¹ 12. C. 59-66. 
6. World Programme for the Census of Agriculture. Ðåæèì äîñòóïó: 
http://www.fao.org/economic/ess/ess-wca/en/. Íàçâà ç åêðàíó. 
7. Gong X., Gunnar L., Tsuji S. Land Use Classification. Ðåæèì äîñòóïó: 
http://unstats.un.org/unsd/envaccounting/londongroup/ 
meeting14/LG14_10a.pdf. Íàçâà ç åêðàíó. 
8. Coordinating land use / land cover analyses and data in Europe Ðåæèì 
äîñòóïó: http://cordis.europa.eu/project/rcn/39991_en.pdf. Íàçâà ç åêðàíó. 
9. Development of a harmonised framework for multi-purpose land cover / 
land use information systems derived from earth observation data. Ðåæèì äîñ-
òóïó: http://cordis.europa.eu/project/rcn/ 39999_en.pdf. Íàçâà ç åêðàíó. 
10. Groom G., Reed T.  Strategic landscape monitoring for the Nordic coun-
tries. Copenhagen: Nordic Council of Ministers, 2001. 129 p. 
11. Gregorio A.DJ., Louisa J.M. Land Cover Classification System (LCCS) 
[Åëåêòðîííèé ðåñóðñ]: FAO  Ðåæèì äîñòóïó : http://www.fao.org/ 
docrep/003/x0596e/X0596e01e.htm. Íàçâà ç åêðàíó. 
12. Africover Eastern Africa module. 2013. Ðåæèì äîñòóïó: 
http://www.glcn.org/activities/africover_en.jsp. Íàçâà ç åêðàíó. 
13. Classification for Land Use Statistics: Eurostat Remote Sensing Pro-
gramme. 1993. [Åëåêòðîííèé ðåñóðñ]: EUROSTAT. Ðåæèì äîñòóïó: 
http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm? 
TargetUrl=LST_NOM_DTL&StrNom=CLUSTERS93&StrLangua 
geCode=EN&IntPcKey=&StrLayoutCode=HIERARCHIC. Íàçâà ç åêðàíó. 
14. LUCAS. Land Use and Cover Area frame Survey. 2009. Ðåæèì äîñòóïó 
:http://ec.europa.eu/eurostat/documents/205002/208938/ 
LUCAS2009_C1-Instructions_Revised20130925.pdf/. Íàçâà ç åêðàíó. 
15. Martino L., Fritz M. Land Use/Cover Area frame statistical Survey: 
Methodology and Tools. Statistics in focus. Eurostat. Luxembourg. 2008. No. 
33. P.1-7. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

206 

16. CORINE Land Cover. Ðåæèì äîñòóïó: http://www.eea.europa.eu/ 
publications/COR0-landcover. Íàçâà ç åêðàíó. 
17. CORINE Land cover - Part 1: Methodology [Åëåêòðîííèé ðåñóðñ]: 
European Enviroment Agency. Ðåæèì äîñòóïó: http://www.eea.europa.eu/ 
publications/COR0-part1. Íàçâà ç åêðàíó. 
18. IMAGE2000 and CLC2000 Products and Methods [Åëåêòðîííèé 
ðåñóðñ]: Institute for Environment and Sustainability. Ðåæèì äîñòóïó:  
http://image2000.jrc.ec.europa.eu/reports/image2000_products_ 
and_methods.pdf. Íàçâà ç åêðàíó. 
19. Friedl M. A., McIver D. K., Hodges J.C.F., Zhang X.Y., et al.  Global 
land cover mapping from MODIS: algorithms and early results. Remote Sens-
ing of Environment. 2002. Vol. 83, No. 2-Jan. P.  287—302. 
20. Loveland T. R., Reed B. C., Brown J. F., Ohlen D. O.  Development of a 
global land cover characteristics database and IGBP DISCover from 1 km 
AVHRR data. International Journal of Remote Sensing. 2000. Vol. 21, No. 6-7. 
P. 1303-1330. 
21. Copernicus Land Monitoring Services. Ðåæèì äîñòóïó: 
http://land.copernicus.eu/pan-european/corine-land-cover. Íàçâà ç åêðàíó. 
22. Bontemps S., Defourny P., Van Bogaert E. GLOBCOVER 2009-Products 
description and validation report. ESA.  2010. P. 1-30. 
23. Roy D.P., Wulder M. A., Loveland T. R., et al. Landsat-8: Science and 
product vision for terrestrial global change research. Remote Sensing of Envi-
ronment. 2014. Vol. 145. P. 154—172. 
24. Conrad C., Fritsch S., Zeidler J.,  Rücker G., et al.  Per-Field Irrigated 
Crop Classification in Arid Central Asia Using SPOT and ASTER Data. Re-
mote Sens. 2010. Vol. 2, No. 4. P. 1035—1056.  
25. Peña-Barragán J.M., Ngugi M.K., Plant R.E., Six J. Object-based crop 
identification using multiple vegetation indices, textural features and crop 
phenology. Remote Sensing of Environment. 2011. Vol. 115, No. 6. P. 1301—1316. 
26. Yang C., Everitt J.H., Murden D. Evaluating high resolution SPOT 5 sat-
ellite imagery for crop identification. Computers and Electronics in Agriculture. 
2011. Vol.  75, No. 2. P. 347—354. 
27. Manakos I., Tomaszewska M., Gkinis I., Brovkina O., et al. Comparison 
of Global and Continental Land Cover Products for Selected Study Areas in 
South Central and Eastern European Region. Remote Sensing. 2018. Vol. 10, 
No. 12. P. 1967. 
28. Ãåîïîðòàë ESA CCI Land Cover products: a new generation of satellite-
derived global land cover products. Ðåæèì äîñòóïó: 
http://maps.elie.ucl.ac.be/CCI/viewer/index.php. Íàçâà ç åêðàíó. 
29. Chen J., Liao A., Cao X., et al.  Global land cover mapping at 30m reso-
lution: A POK-based operational approach. ISPRS J. Photogrammetry and 
Remote Sens. 2015. Vol. 103. P. 727. 
30. Boryan, C., Yang, Z., Mueller, R., & Craig, M. Monitoring US 
agriculture: the US Department of Agriculture, National Agricultural 
Statistics Service, Cropland Data Layer. Geocarto International. 2011. Vol. 
26, No. 5. P. 341-358.  



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

207 

31. Kussul N., Skakun S., Shelestov A., Lavreniuk M. Regional scale crop 
mapping using multi-temporal satellite imagery. International Archives of the 
Photogrammetry, Remote Sensing & Spatial Information Sciences. 2015. P. 45—
52. 
32. Lavreniuk M., Kussul N., Skakun S., Shelestov A., et al.   Regional Retro-
spective High Resolution Land Cover For Ukraine: Methodology And Results. 
International Geoscience and Remote Sensing Symposium 2015 (IGARSS 
2015), ¹ 15599383. P. 3965-3968. 
33. CAP at a glance. Ðåæèì äîñòóïó: http://ec.europa.eu/agriculture/ cap-
overview/index_en.htm (23.02.2017). — Íàçâà ç åêðàíó. 
34. Fisette T., Rollin P., Aly Z., Campbell, et al.   AAFC Annual Crop 
Inventory. Status and Challenges. Second International Conference on Agro-
Geoinformatics (Agro-Geoinformatics). 2013. P. 270-274.  
35. Guidance document (campaign 2016) for On-The-Spot Checks (OTSC) 
and area measurement according to articles 24, 25, 26, 27, 30, 31, 34, 35, 36, 
37, 38, 39, 40, 41 of Regulation (EU) 809/2014. Ðåæèì äîñòóïó: 
https://marswiki.jrc.ec.europa.eu/ (23.02.2017). Íàçâà ç åêðàíó. 
36. Guidance document (revised version after simplification) on aid 
applications and payment claims referred to in article 72 of Regulation (EU) 
1306/2013 . Ðåæèì äîñòóïó: https://marswiki.jrc.ec.europa.eu/wikicap/ 
images/5/58/DS-DSCG-2014-39_aid_ 
application_guidance_final_rev1_clean.pdf (23.02.2017). Íàçâà ç åêðàíó. 
37. Guidance document (revised version after simplification) on the 
establishment of the EFA layer referred to in article 70(2) of Regulation (EU) 
1306/2013. Ðåæèì äîñòóïó: https://marswiki.jrc.ec.europa.eu/wikicap/ 
images/4/4b/DSCG-2014-31_EFA-layer_FINAL-2015.doc.pdf (23.02.2017). 
Íàçâà ç åêðàíó. 
38. Guidance document (revised version after simplification) on the 
establishment of the EFA layer referred to in article 70(2) of Regulation (EU) 
1306/2013. Ðåæèì äîñòóïó: https://marswiki.jrc.ec.europa.eu/wikicap/images/ 
9/98/DSCG-2014-32_FINAL-_Rev2_FINAL_OTSC_guideline_2016_clean.pdf 
(23.02.2017). Íàçâà ç åêðàíó. 
39. Guidance document on the implementation by Member States of 
permanent grassland provisions in the context of greening. Ðåæèì äîñòóïó: 
https://marswiki.jrc.ec.europa.eu/wikicap/images/0/05/DS-EGDP-2015-
02_rev4_clean.pdf (23.02.2017). Íàçâà ç åêðàíó. 
40. Guidance document on the Land Parcel Identification System (LPIS) under 
articles 5, 9 and 10 of commission delegated regulation (eu) no 640/2014 and on 
the establishment of the efa-layer referred to in article 70(2) of regulation (eu) no 
1306/2013. Ðåæèì äîñòóïó: https://marswiki.jrc.ec.europa.eu/wikicap/images/ 
c/ce/DSCG-2014-33_FINAL_Rev_3_FINAL_LPIS_guideline_2016_clean.pdf 
(23.02.2017). Íàçâà ç åêðàíó. 
41. Guidance document on the Land Parcels Identification System (LPIS) 
under articles 5, 9 and 10 of Commission Delegated Regulation (EU) 
640/2014. Ðåæèì äîñòóïó: https://marswiki.jrc.ec.europa.eu/wikicap/images/ 
a/ab/TG_Check_Crop_Diversification.pdf (23.02.2017). Íàçâà ç åêðàíó. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

208 

42. Integrated Administration and Control System (IACS). Ðåæèì äîñòóïó: 
http://ec.europa.eu/agriculture/direct-support/iacs/ 
index_en.htm (23.02.2017). Íàçâà ç åêðàíó. 
43. Joint Research Centre. Ðåæèì äîñòóïó: https://marswiki.jrc.ec.europa.eu/ 
wikicap/index.php/Main_Page (23.02.2017). Íàçâà ç åêðàíó. 
44. Land administration in the agricultural sector under INSPIRE. Ðåæèì 
äîñòóïó: http://www.eurocadastre.org/pdf/rome_december08/ 
presentations/7_land_administration agriculture_inspire_framework.pdf 
(23.02.2017). Íàçâà ç åêðàíó. 
45. Technical Guidance. Ðåæèì äîñòóïó: https://marswiki.jrc.ec. 
(23.02.2017). Íàçâà ç åêðàíó. 
46. Technical Guidance document on the On-The-Spot Check of Crop 
Diversification requirements. Ðåæèì äîñòóïó: 
https://marswiki.jrc.ec.europa.eu/wikicap/ (23.02.2017). Íàçâà ç åêðàíó. 
47. Technical Guidance document on the On-The-Spot Check of Ecological 
Focus Areas requirements. Ðåæèì äîñòóïó: 
https://marswiki.jrc.ec.europa.eu/wikicap/ (23.02.2017). Íàçâà ç åêðàíó. 
48. Maxwell S. K., Meliker J. R., & Goovaerts, P. Use of land surface 
remotely sensed satellite and airborne data for environmental exposure 
assessment in cancer research. Journal of Exposure Science and 
Environmental Epidemiology. 2010. Vol. 20, No. 2. P. 176—185. 
49. Land Remote Sensing Policy Act of 1992. Ðåæèì äîñòóïó: 
https://www.congress.gov/bill/102nd-congress/senate-bill/2297. Íàçâà ç åêðà-
íó. 
50. Subtitle VI — Earth Observations. Ðåæèì äîñòóïó: 
https://www.nasa.gov/sites/default/files/atoms/files/public_law_111-314-
title_51_national _and_ commercial_space_programs_dec._18_2010.pdf. Íà-
çâà ç åêðàíó. 
51. Chang J., Hansen M. C., Pittman K., Carroll M., et al.  Corn and 
soybean mapping in the United States using MODIS time-series data sets. 
Agronomy Journal. 2007. Vol. 99, No. 6. P. 1654—1664. 
52. Liknes G. C., Perry C. H., & Meneguzzo D. M. Assessing tree cover in 
agricultural landscapes using high-resolution aerial imagery. The Journal of 
Terrestrial Observation. 2010. Vol. 2, No. 1. P.38-55. 
53. Shan J., Hussain E., Kim K., & Biehl L. Flood mapping with satellite 
images and its web service. Photogrammetric Engineering & Remote Sensing. 
2010. Vol. 76, No. 2. P.102—104. 
54. Sun W., Liang S., Xu G., Fang H., et al. Mapping plant functional types 
from MODIS data using multisource evidential reasoning. Remote Sensing of 
Environment. 2008. Vol. 112, No. 3.  P. 1010—1024. 
55. Mueller R. Categorized Mosaicked Imagery from the National 
Agricultural Statistics Service Crop Acreage Estimation Program. Available 
on the CD. «Proceedings of the ASPRS 2000 Conference. 2000.  
56. Opening the Landsat Archive/Product Specifications. 2010 [Åëåêòðîííèé 
ðåñóðñ]: USGS. Ðåæèì äîñòóïó: Available from: 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

209 

http://landsat.usgs.gov/products_data_at_no_charge.php (23.02.2017). Íàçâà ç 
åêðàíó. 
57. Serin R. Evaluating the accuracy of 2005 multitemporal TM and AWiFS 
imagery for cropland classification of Nebraska. ASPRS 2007, Annual 
Conference ( 7—11 May 2007, Tampa). Florida, 2007. P. 7-11. 
58. Fisette T., Chenier R., Maloley M., Gasser P. Y., et al.  Methodology for 
a Canadian agricultural land cover classification. 1st International Conference 
on Object-based Image Analysis (Salzburg University, Austria, 4-5 July 2006). 
Austria, 2006. P. 4-5. 
59. Song C., Woodcock C. E., Seto K. C., Lenney M. P., et al.   
Classification and change detection using Landsat TM data: when and how to 
correct atmospheric effects. Remote Sensing of Environment. 2001. Vol. 75, No. 
2. P. 230-244. 
60. Kauth R.J., Thomas G.S. The Tasseled Cap - A Graphic Description of 
the Spectral-Temporal Development of Agricultural Crops as Seen by 
LANDSAT. Symposium on Machine Processing of Remotely Sensed Data 
(Purdue University, West Lafayette) Indiana.  1976. P. 41-57. 
61. Monitoring Agricultural Resources. Ðåæèì äîñòóïó: 
https://ec.europa.eu/jrc/en/mars. (23.02.2017).  Íàçâà ç åêðàíó. 
62. Êóññóëü Í.Ì., Øåëåñòîâ À.Þ., Ëàâðåíþê Ì.Ñ., òà ³í. Iíôîðìàöiéíi 
òåõíîëîãi¿ ãëèáèííîãî ìàøèííîãî íàâ÷àííÿ äëÿ àíàëiçó çìií çåìíîãî 
ïîêðèâó. Äîïîâ³ä³ Íàö³îíàëüíî¿ Àêàäåì³¿ Íàóê Óêðà¿íè. 2016. ¹8. C. 26-32. 
63. Kussul N., Shelestov A., Lavreniuk M., Butko I., et al.  Deep Learning 
Approach For Large Scale Land Cover Mapping Based On Remote Sensing 
Data Fusion. Geoscience and Remote Sensing Symposium (IGARSS), 2016 IEEE 
International. 2016. P. 198-201. 
64. Bakan G.M., Kussul N.N. Fuzzy ellipsoidal filtering algorithm of static 
object state. Problemy Upravleniya I Informatiki (Avtomatika). 1996. No. 5. P. 
77-92. 
65. Kussul N., Lemoine G., Gallego J., Skakun S., et al. Parcel based classifi-
cation for agricultural mapping and monitoring using multi-temporal satellite 
image sequences. The International Geoscience and Remote Sensing Sympo-
sium (IGARSS), 2015 IEEE International. 2015. P. 165-168.  
66. Gallego J., Kussul N., Skakun S., Kravchenko O., et al.  Efficiency as-
sessment of using satellite data for crop area estimation in Ukraine. Interna-
tional Journal of Applied Earth Observation and Geoinformation. 2014. Vol. 29. 
P. 22—30. 
67. Jia K., Wei X., Gu X., Yao Y., et al. Land cover classification using Land-
sat 8 operational land imager data in Beijing, China. Geocarto International. 
2014. Vol. 29, No 8. P. 941-951. 
68. Gallego F. J., Delincé J., Rueda C.  Crop area estimates through remote 
sensing: stability of the regression correction. International Journal of Remote 
Sensing. 1993. Vol. 14, No.18. P. 3433-3445. 
69. Zhong L., Gong P., Biging G. S., Gregory S. Efficient corn and soybean 
mapping with temporal extendability: a multi-year experiment using landsat 
imagery. Remote Sensing Environ. 2014. Vol. 140. P. 1—13. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

210 

70. Atzberger C., Formaggio A. R., Shimabukuro Y. E., Udelhoven T., et al. 
Obtaining crop-specific time profiles of NDVI: the use of unmixing ap-
proaches for serving the continuity between SPOT-VGT and PROBA-V time 
series. International Journal of Remote Sensing. 2014. Vol. 35, No. 7. P. 2615-
2638. 
71. Malenovský Z., Rott H., Cihlar J., Schaepman M. E., et al.  Sentinels for 
science: Potential of Sentinel-1,-2, and-3 missions for scientific observations 
of ocean, cryosphere, and land. Remote Sensing of Environment. 2012. Vol. 
120. P. 91-101. 
72.  Coordinating an Observation Network of Networks EnCompassing saTel-
lite and IN-situ to fill the Gaps in European Observations. Ðåæèì äîñòóïó: 
https://cordis.europa.eu/result/rcn/186671_fr.html. Íàçâà ç åêðàíó. 
73. European Network of Earth Observation Networks. Ðåæèì äîñòóïó: 
http://www.eneon.net/. Íàçâà ç åêðàíó. 
74. Joint Experiment of Crop Assessment and Monitoring. Ðåæèì äîñòóïó: 
http://www.jecam.org/. Íàçâà ç åêðàíó. 
75. CEOS Cal/Val portal. Ðåæèì äîñòóïó: http://calvalportal.ceos.org. Íàçâà 
ç åêðàíó. 
76.The Committee on Earth Observation Satellites. Ðåæèì äîñòóïó: 
http://ceos.org/. Íàçâà ç åêðàíó. 
77. Íàçåìíèé êîìïîíåíò ïðîãðàìè Copermicus. Ðåæèì äîñòóïó: 
https://insitu.copernicus.eu/. Íàçâà ç åêðàíó. 
78. Geo-wiki. Ðåæèì äîñòóïó: https://www.geo-wiki.org/. Íàçâà ç åêðàíó. 
79. Ñêàêóí Ñ. Â., Øåëåñòîâ À. Þ., ßéëèìîâ Á. ß., Îñòàïåíêî  Â.À., òà 
³í. Êëàñèô³êàö³ÿ ñ³ëüñüêîãîñïîäàðñüêèõ ïîñ³â³â ç âèêîðèñòàííÿì ÷àñîâèõ 
ðÿä³â ñóïóòíèêîâèõ äàíèõ. ²íäóêòèâíå ìîäåëþâàííÿ ñêëàäíèõ ñèñòåì. 
2014. Âèï. 6. Ñ. 157—166. 
80. Skakun S. V., Basarab R. M. Reconstruction of Missing Data in Time-Series 
of Optical Satellite Images Using Self-Organizing Kohonen Maps. Journal of 
Automation and Information Sciences. 2014. Vol. 46, No. 12. P. 19—26. 
81. Skakun S., Kussul N., Basarab R. Restoration of Missing Data due to 
Clouds on Optical Satellite Imagery Using Neural Networks. ESA Sentinel-2 
for Science Workshop, ESA-ESRIN, Frascati, Rome, Italy, 20-22 May 2014. 
2014. P. 20—22.  
82. Ñêàêóí Ñ.Â., Áàñàðàá Ð.Ì. Âîññòàíîâëåíèå îòñóòñòâóþùèõ äàííûõ 
âî âðåìåííûõ ðÿäàõ îïòè÷åñêèõ ñïóòíèêîâûõ ñíèìêîâ ñ èñïîëüçîâàíèåì 
ñàìîîðãàíèçóþùèõñÿ êàðò Êîõîíåíà. Ïðîáëåìè óïðàâë³ííÿ òà ³íôîðìà-
òèêè. 2014. ¹6. Ñ. 88—94. 
83. Olofsson P., Foody G. M., Herold M., Stehman S. V., et al.  Good prac-
tices for estimating area and assessing accuracy of land change. Remote Sensing 
of Environment. 2014. Vol. 148. P. 42—57. 
84. Foody G. M. Status of land cover Classification accuracy assessment. Re-
mote Sensing of Environment. 2002. Vol. 80, No. 1. P. 185—201. 
85. Story, M., Congalton, R. G. Accuracy assessment: a user’s perspective. 
Photogrammetric Engineering and remote sensing. 1986. Vol. 52, No. 3. P. 397-
399. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

211 

86. Áàðòàëåâ Ñ. À., Ëóïÿí Å. À., Íåéøòàäò È. À., Ñàâèí È. Þ. Äèñòàí-
öèîííàÿ îöåíêà ïàðàìåòðîâ ñåëüñêîõîçÿéñòâåííûõ çåìåëü ïî ñïóòíèêî-
âûì äàííûì ñïåêòðîðàäèîìåòðà MODIS. Ñîâðåìåííûå ïðîáëåìû äèñ-
òàíöèîííîãî çîíäèðîâàíèÿ Çåìëè èç êîñìîñà: Ôèçè÷åñêèå îñíîâû, ìå-
òîäû è òåõíîëîãèè ìîíèòîðèíãà îêðóæàþùåé ñðåäû. Ñáîðíèê íàó÷íûõ 
ñòàòåé. Ìîñêâà, 2005. Òîì 2. Ñ. 228-236. 
87. Ïîâõ Â. È., Ïîâõ Â. È., Ãàðáóçîâ Ã. Ï., Øëÿõîâà Ë. À.  Îöåíêà 
ñòðóêòóðû ïîñåâîâ ïîäñîëíå÷íèêà â Ñòàâðîïîëüñêîì êðàå ïî äàííûì 
äèñòàíöèîííîãî çîíäèðîâàíèÿ ñïåêòðîðàäèîìåòðà MODIS. Ñîâðåìåí-
íûå ïðîáëåìû äèñòàíöèîííîãî çîíäèðîâàíèÿ Çåìëè èç êîñìî-
ñà. 2007. Òîì 2. Âûï. 4. Ñ. 284-288. 
88. González F., López S., Cuevas J. M. Comparing Two Methodologies for 
Crop Area Estimation in Spain Using Landsat TM Images and Ground Gath-
ered Data. Remote Sensing of Environment. 1991. Vol. 32. P. 29-36. 
89. Hiederer R., Favard J.C., Guedes D., Sharman M. Estimating European 
crop surfaces from SPOT and Landsat-TM data. Proceedings of «International 
Symposium on Operationalization of Remote Sensing», ITC Enschede, The 
Netherlands, 1993. Vol. 2. P. 116-127. 
90. Taylor J. C., Sannier C., Delincé J., Gallego F. J. Regional Crop Invento-
ries in Europe Assisted by Remote Sensing. Synthesis Report, Office for Publi-
cations of the EC. Luxembourg, 1997.  P. 71. 
91. Taylor T. W. Agricultural analysis for a worldwide crop assessment. Pro-
ceedings SPOT Conference, Paris, France, 1996. P. 485-488. 
92. Battese G. E., Harter R. M., Fuller W. A. An error-components model for 
prediction of county crop areas using survey and satellite data. Journal of the 
American Statistical Association. 1988. Vol. 83. P. 28-36. 
93. Akbari M., Mamanpoush A. R., Gieske A., Miranzadeh M., et al.  Crop 
and land cover classification in Iran using landsat 7 imagery. Int. J. Remote 
Sensing. 2006. Vol. 27, No. 19. P. 4117—4135. 
94. Potgieter A. B., Apan A., Dunn P., Hammer G. Estimating crop area us-
ing seasonal time series of enhanced vegetation index from modis satellite im-
agery. Crop Pasture Sci. 2007. Vol. 58, No. 4. P. 316—325. 
95. Mingwei Z., Qingbo Z., Zhongxin C., Jia L., et al.  Crop discrimination 
in northern china with double cropping systems using fourier analysis of time-
series modis data. Int. J. Appl. Earth Observation Geoinform. 2008. Vol. 10, 
No. 4. P. 476—485. 
96. Waldner F., Lambert M. J., Li W., Weiss M., et al. Land cover and crop 
type classification along the season based on biophysical variables retrieved 
from multi-sensor high-resolution time series. Remote Sensing. 2015. Vol. 7, 
No. 8. P. 10400—10424. 
97. Löw F., Michel U., Dech S., Conrad C. Impact of feature selection on the 
accuracy and spatial uncertainty of per-field crop classification using support 
vector machines. ISPRS J. Photogr. Remote Sensing. 2013. Vol. 85. P. 102—
119. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

212 

98. Arvor D., Jonathan M., Meirelles M. S. P., Dubreuil V., et al. Classifica-
tion of MODIS EVI time series for crop mapping in the state of mato grosso, 
Brazil. Int. J. Remote Sensing. 2011. Vol. 32, No. 22. P. 7847—7871. 
99. Ëàâðåíþê Í. Ñ., Ñêàêóí Ñ. Â., Øåëåñòîâ À. Þ., ßéëèìîâ Á.ß., è äð.  
Êëàññèôèêàöèÿ áîëüøèõ ïëîùàäåé çåìíîãî ïîêðîâà ïî ðåòðîñïåêòèâ-
íûì ñïóòíèêîâûì äàííûì. Êèáåðíåòèêà è ñèñòåìíûé àíàëèç. 2016. T. 52, 
¹ 1. Ñ. 137-149. 
100. Abou EL-Magd I., Tanton T. Improvements in land use mapping for 
irrigated agriculture from satellite sensor data using a multi-stage maximum 
likelihood classification. Int. J. Remote Sensing. 2003. Vol. 24, No. 21. P. 
4197-4206. 
101. Blanzieri E., Melgani F. Nearest neighbor classification of remote sensing 
images with the maximal margin principle. Geoscience and Remote Sensing, 
IEEE Transactions on.  2008. Vol. 46, No. 6. P. 1804-1811.  
102. Cheng Q., Varshney P. K., Arora M. K. Logistic regression for feature 
selection and soft classification of remote sensing data. Geoscience and Re-
mote Sensing Letters, IEEE. 2006. Vol. 3, No. 4.  P. 491-494. 
103. Duro D. C., Franklin S. E., Dubé M. G. A comparison of pixel-based 
and objectbased image analysis with selected machine learning algorithms for 
the classification of agricultural landscapes using spot-5 hrg imagery. Remote 
Sensing Environ.  2012.  Vol. 118.  P. 259—272. 
104. Long, J. A., Lawrence R. L., Greenwood M. C., Marshall L., et al. Ob-
jectoriented crop classification using multitemporal ETM+ SLC-off imagery 
and random forest. GIScience & Remote Sensing.  2013.  Vol. 50, No. 4.  P. 
418—436. 
105. Simon Haykin. Neural Networks and Learning Machines (3rd Edition), 
Prentice Hall, Upper Saddle River, New Jersey. 2009. P. 937. 
106. Cortes C., Vapnik V. Support-vector networks. Machine Learning.  1995.  
Vol. 20, No. 3.  P. 273—297. 
107. Yang C. Airborne hyperspectral imagery and linear spectral unmixing for 
mapping variation in crop yield / C. Yang, J. H. Everitt, J. M. Bradford // 
Precision Agr.  2007.  Vol. 8, No. 6.  P. 279—296. 
108. Omkar S., Senthilnath J., Mudigere D., Kumar M. M. Crop classification 
using biologically-inspired techniques with high resolution satellite image. J. 
Indian Soc. Remote Sensing.  2008. Vol. 36, No. 2.  P. 175—182. 
109. Bishop C. Pattern Recognition and Machine Learning. Springer, 
2006. 740 p. 
110. LeCun Y., Bengio Y., Hinton G. Deep learning. Nature. 2015. Vol. 521, 
No. 7553.  436 p. 
111. Ghamisi P., Plaza J., Chen Y., Li J., et al. Advanced Spectral Classifiers 
for Hyperspectral Images: A review. IEEE Geoscience and Remote Sensing 
Magazine. 2017. Vol. 5, No. 1.  P. 8-32. 
112. Fukunaga K. Introduction to statistical pattern recognition. Academic 
press, 2013. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

213 

113. Maulik Ujjwal, Debasis Chakraborty. Remote Sensing Image Classifica-
tion: A survey of support-vector-machine-based advanced techniques. IEEE 
Geoscience and Remote Sensing Magazine. 2017. Vol. 5, No. 1.  P. 33-52. 
114. McCulloch W.S., Pitts W. A logical calculus of the ideas immanent in 
nervous activity. The bulletin of mathematical biophysics. 1943. Vol. 5, No. 4.  
P. 115-133. 
115. Rumelhart D. E., Hinton G. E., Williams R. J. Learning representations 
by back-propagating errors. Nature. 1988. Vol. 5, No. 3.  P. 533-538. 
116. Amari S. I., Murata N. Statistical theory of learning curves under 
entropic loss criterion. Neural Computation. 1993. Vol. 5, No. 1. P. 140-153. 
117. Schmidhuber J. Deep learning in neural networks: An overview. Neural 
networks. 2015.  Vol 61. P. 85-117. 
118. Rumelhart D. E., Hinton G. E., Williams, R. J. Learning internal repre-
sentations by error propagation. Parallel distributed processing. MIT Press. 
1986. Vol 49. P. 318-362. 
119. Duchi J., Hazan E., Singer Y. Adaptive subgradient methods for online 
learning and stochastic optimization. 2011. Journal of Machine Learning Re-
search. P. 2121-2159. 
120. Patel V. Kalman-Based Stochastic Gradient Method with Stop Condition 
and Insensitivity to Conditioning. SIAM Journal on Optimization. 2016. Vol. 
26, No. 4. P. 2620-2648. 
121. Kingma D. P., Ba J. Adam: A method for stochastic optimization. 2014. 
arXiv:1412.6980. 
122. Hornik K., Stinchcombe M., White H. Multilayer feedforward networks 
are universal approximators. Neural networks. 1989. Vol. 2, No. 5. P. 359-366. 
123. Cortes C., Vapnik V. Support-vector network. Machine Learning. 1995. 
Vol. 20. P. 1-25. 
124. Liu P., Choo K. K. R., Wang L., Huang F., et al. SVM or deep learn-
ing? A comparative study on remote sensing image classification. 2016. Soft 
Computing. 2017. Vol. 21, No. 23. P. 7053-7065. 
125. Huang F. J., LeCun Y. Large-scale learning with SVM and convolutional 
nets for generic object categorization. IEEE Computer Society Conference on 
Computer Vision and Pattern Recognition. 2006. P. 284-291. 
126. Pirotti F., Sunar F., Piragnolo M. Benchmark of machine learning 
methods for classification of a Sentinel-2 image. International Archives of the 
Photogrammetry, Remote Sensing & Spatial Information Sciences. 2016. Vol. 41. 
P. 335-340. 
127. Breiman L. Random forests. Machine learning. 2001. Vol. 45. P. 5-32. 
128. Han J., Liu Y., Sun X. A scalable random forest algorithm based on 
mapreduce. 2013 IEEE 4th International Conference on Software Engineering 
and Service Science. IEEE. 2013. P. 849-852. 
129. Yitzhaki S. On an extension of the Gini inequality index. International 
economic review. 1983. Vol. 24, No. 3. P. 617-628. 
130. Waldner F., De Abelleyra D., Verón S. R., Zhang M., et al. Towards a 
set of agrosystem-specific cropland mapping methods to address the global 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

214 

cropland diversity. International Journal of Remote Sensing. 2016. Vol. 37, No. 
14. P. 3196-3231. 
131. Gallego J., Kravchenko A., Kussul N., Skakun S., et al. Efficiency As-
sessment of Different Approaches to Crop Classification Based on Satellite 
and Ground Observations. Journal of Automation and Information Sciences.  
2012.  Vol. 44, No. 5.  P. 67-80. 
132. Kussul N., Skakun S., Shelestov A., Kussul O. et al. Resilience Aspects in 
the Sensor Web Infrastructure for Natural Disaster Monitoring and Risk As-
sessment Based on Earth Observation Data. IEEE Journal of Selected Topics in 
Applied Earth Observations and Remote Sensing.  2014.  Vol. 7, No. 9. P. 3826—
3832. 
133. Kussul N., Shelestov A., Skakun S. Grid and sensor web technologies for 
environmental monitoring. Earth Science Informatics.  2009.  Vol. 2, No. 1-2.  
P. 37-51. 
134. Kussul N., Mandl D., Moe K., Mund J.P., et al. Interoperable Infra-
structure for Flood Monitoring: SensorWeb, Grid and Cloud. IEEE Journal of 
Selected Topics in Applied Earth Observations and Remote Sensing.  2012.  Vol. 
5, No. 6.  Ð. 1740—1745. 
135. Shelestov A.Yu., Kussul N.N. Using the fuzzy-ellipsoid method for robust 
estimation of the state of a grid system node. Cybernetics and Systems Analysis.  
2008.  Vol. 44, No. 6.  P. 847-854. 
136. Ivakhnenko A. G. The group method of data handling-a rival of the 
method of stochastic approximation. Soviet Automatic Control. 1968. Vol. 13. 
P. 43-55. 
137. Ivakhnenko A. G. Polynomial theory of complex systems. IEEE transac-
tions on Systems, Man, and Cybernetics. 1971. Vol. 4 P. 364-378. 
138. Fukushima K. Neocognitron: A self-organizing neural network model for 
a mechanism of pattern recognition unaffected by shift in position. Biol. 
Cybern. 1980. Vol. 36, No. 4.  P. 193—202. 
139. LeCun Y., Boser B., Denker J. S., Henderson D., et al. Backpropagation 
applied to handwritten zip code recognition. Neural computation. 1989. Vol. 1, 
No. 4, P. 541-551. 
140. Hinton G. E., Osindero S., Teh Y. W. A fast learning algorithm for deep 
belief nets. Neural computation. 2006. Vol. 18, No. 7. P. 1527-1554. 
141. Connor J.T., Martin R.D., Atlas L.E. Recurrent neural networks and 
robust time series prediction. IEEE transactions on neural networks. 1994. Vol. 
18, No. 7. P. 240-254. 
142. Hochreiter S. Untersuchungen zu dynamischen neuronalen Netzen. Diss. 
diploma thesis, institut für informatik, lehrstuhl prof. brauer, technische 
universität münchen, 1991. 
143. Hochreiter S., Jurgen S. Long short-term memory. Neural 
computation. 1997, Vol. 9, No. 8. P. 1735-1780. 
144. Ding J., Chen B., Liu H., Huang M., et al. Convolutional neural 
network with data augmentation for SAR target recognition. IEEE Geoscience 
and Remote Sensing Letters. 2016. Vol. 13, No. 3. P. 364-368. 
145. Krizhevsky A., Ilya S., Geoffrey E. Imagenet classification with deep 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

215 

convolutional neural networks. Advances in neural information processing 
systems. 2012.  Vol. 25. P. 1097-1105. 
146. Ngiam J., Khosla A., Kim M., Nam J., et al. Multimodal deep 
learning. Proceedings of the 28th international conference on machine learning 
(ICML-11). 2011. P. 689-696. 
147. Chen X., Xiang S., Liu C. L., Pan C.H. Vehicle detection in satellite 
images by hybrid deep convolutional neural networks. IEEE Geoscience and 
remote sensing letters. 2014. Vol. 11, No. 10. P. 1797-1801. 
148. Hinton G., Deng L., Yu D., Dahl G., et al. Deep neural networks for 
acoustic modeling in speech recognition: The shared views of four research 
groups. IEEE Signal Processing Magazine. 2012. Vol. 29. P. 82-97. 
149. Helmstaedter M., Briggman K. L., Turaga S. C., Jain V., et al. Connec-
tomic reconstruction of the inner plexiform layer in the mouse retina. Nature. 
2013. Vol. 500, No. 7461. P. 168-174. 
150. Sutskever I., Vinyals O., Le Q. V. Sequence to sequence learning with 
neural networks. Advances in neural information processing systems. 2014.  Vol. 
27. P. 3104-3112. 
151. Längkvist M., Kiselev A., Alirezaie M., Loutfi A. Classification and seg-
mentation of satellite orthoimagery using convolutional neural networks. Re-
mote Sensing. 2016. Vol. 8, No. 4. P. 329. 
152. Dauphin Y. N., Pascanu R., Gulcehre C., Cho K. et al. Identifying and 
attacking the saddle point problem in high-dimensional non-convex optimiza-
tion. Advances in neural information processing systems. 2014. P. 2933—2941. 
153. Choromanska A., Henaff M., Mathieu M., Arous G. B., et al. The Loss 
Surfaces of Multilayer Networks. Conference on AI and Statistics. 2015. P. 192-
204. 
154. Hu W., Huang Y., Wei L., Zhang F., et al. Deep convolutional neural 
networks for hyperspectral image classification. Journal of Sensors. 2015. No. 
258619. P. 1-12. 
155. Hu W., Huang Y., Wei L., Zhang F., et al. Multimodal classification of 
remote sensing images: A review and future directions. Proceedings of the 
IEEE. 2015. Vol. 103, No. 9. P. 1560-1584. 
156. Khatami R., Mountrakis G., Stehman S. V. A meta-analysis of remote 
sensing research on supervised pixel-based land-cover image classification 
processes: General guidelines for practitioners and future research. Remote 
Sensing of Environment. 2016. Vol. 177. P. 89-100. 
157. Abdiansah, A., Wardoyo R. Time Complexity Analysis of Support Vector 
Machines (SVM) in LibSVM. International Journal of Computer Applications. 
2015. Vol. 128, No. 3. P. 28-34. 
158. Chapelle O. Training a Support Vector Machine in the Primal. Neural 
Computation. 2007. Vol. 19, No. 5. P. 1155-1178. 
159. Sun X., Ren X., Ma S., Wang H. meProp: Sparsified Back Propagation 
for Accelerated Deep Learning with Reduced Overfitting. arXiv preprint 
arXiv:1706.06197. 2017 P. 3299-3308. 
160. Gallagher M. Multi-layer perceptron error surfaces: visualization, struc-
ture and mod-elling. Doctoral dissertation. 2000. 206 p. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

216 

161. Lary D. J., Alavi A. H., Gandomi A. H., Walker A. L. Machine learning 
in geosciences and remote sensing. Geoscience Frontiers. 2016. Vol. 7, No. 1. 
P. 3-10. 
162. Deng Li, Dong Yu. Deep learning: methods and applications. Founda-
tions and Trends in Signal Processing. 2014. Vol. 7.3, No. (3-4). P. 197-387. 
163. Geng J., Fan J., Wang H., Ma X., et al. High-resolution SAR image 
classification via deep convolutional autoencoders. IEEE Geoscience and Re-
mote Sensing Letters. 2015. Vol. 12, No. 11. P 2351-2355. 
164. Han M., Zhu X., Yao W. Remote sensing image classification based on 
neural network ensemble algorithm. Neurocomputing. 2012. Vol. 78, No. 1. P. 
133-138. 
165. Huang X., Zhang L. An SVM ensemble approach combining spectral, 
structural, and semantic features for the classification of high-resolution 
remotely sensed imagery. IEEE Transactions on Geoscience and Remote Sens-
ing. 2013. Vol. 51, No. 1. P. 257-272. 
166. Lavreniuk M. S., Skakun S. V., Shelestov A. J., Yalimov B. Y., et al. 
Large-scale classification of land cover using retrospective satellite data. Cy-
bernetics and Systems Analysis. 2016. Vol. 52, No. 1. P. 127-138. 
167. Kussul N., Lemoine G., Gallego F. J., Skakun S. V., et al. Parcel-Based 
Crop Classification in Ukraine Using Landsat-8 Data and Sentinel-1A Data. 
IEEE Journal of Selected Topics in Applied Earth Observations and Remote 
Sensing. 2016. Vol. 9, No. 6. P. 2500-2508. 
168. Chen Y., Lin Z., Zhao X., Wang G., et al. Deep learning-based classifi-
cation of hyperspectral data. IEEE Journal of Selected Topics in Applied Earth 
Observations and Remote Sensing. 2014. Vol. 7, No. 6. P. 2094-2107. 
169. Zhao W., Du, S. Learning multiscale and deep representations for classi-
fying remotely sensed imagery. ISPRS Journal of Photogrammetry and Remote 
Sensing. 2016. Vol. 113. P. 155-165. 
170. Kussul N., Lavreniuk N., Shelestov A., Yailymov B., et al. Land Cover 
Changes Analysis Based on Deep Machine Learning Technique. Journal of 
Automation and Information Sciences. 2016. Vol. 48, No. 5. P. 42-54. 
171. Kussul N., Shelestov A., Basarab R., Skakun S. et al. Geospatial Intelli-
gence and Data Fusion Techniques for Sustainable Development Problems. 
ICTERI. 2015. P. 196-203. 
172. Zhang F., Du B., Zhang L. Scene classification via a gradient boosting 
random convolutional network framework. IEEE Transactions on Geoscience 
and Remote Sensing. 2016. Vol. 54, No. 3. P. 1793-1802. 
173. Zhang F., Du B., Zhang, L. Saliency-guided unsupervised feature learn-
ing for scene classification. IEEE Transactions on Geoscience and Remote Sens-
ing. 2015. Vol. 353, No. 4. P. 2175-2184. 
174. Mnih V., Hinton G. E. Learning to detect roads in high-resolution aerial 
images. In European Conference on Computer Vision. 2010. P. 210-223. 
175. Mnih V., Hinton, G. E. Learning to label aerial images from noisy 
data. Proceedings of the 29th International Conference on Machine Learning 
(ICML-12). 2012. P. 567-574. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

217 

176. Chen Y., Zhao X., Jia X. Spectral—spatial classification of hyperspectral 
data based on deep belief network. IEEE Journal of Selected Topics in Applied 
Earth Observations and Remote Sensing. 2015. Vol. 8, No. 6. P. 2381-2392. 
177. Liang H., Li Q. Hyperspectral imagery classification using sparse repre-
sentations of convolutional neural network features. Remote Sensing. 2016. Vol. 
8, No. 2. P. 99. 
178. Lyu H., Lu H., Mou L. Learning a Transferable Change Rule from a 
Recurrent Neural Network for Land Cover Change Detection. 2016. Remote 
Sensing. Vol. 8, No.  6. P. 506. 
179. Kuwata K., Shibasaki R. Estimating crop yields with deep learning and 
remotely sensed data. Geoscience and Remote Sensing Symposium (IGARSS), 
2015 IEEE International. IEEE. 2015. P. 858-861. 
180. Ishii T., Nakamura R., Nakada H., Mochizuki Y., et al. Surface object 
recognition with CNN and SVM in Landsat 8 images. 14th IAPR International 
Conference on Machine Vision Applications (MVA). 2015. P. 341-344. 
181. Wardlow B. D., Egbert S. L., Kastens, J. H. Analysis of time-series 
MODIS 250 m vegetation index data for crop classification in the US Central 
Great Plains. Remote Sensing of Environment. 2007. Vol. 108, No.  3.  P. 290-
310. 
182. Doraiswamy P. C., Stern A. J., Akhmedov B. Crop classification in the 
US Corn Belt using MODIS imagery. Geoscience and Remote Sensing Sympo-
sium. 2007. P. 809-812. 
183. Waldner F., Canto G. S., Defourny P. Automated annual cropland map-
ping using knowledge-based temporal features. ISPRS Journal of Photogram-
metry and Remote Sensing. 2015. Vol. 110. P. 1-13. 
184. Matton N., Canto G., Waldner F., Valero S., et al. An automated 
method for annual cropland mapping along the season for various globally-
distributed agrosystems using high spatial and temporal resolution time se-
ries. Remote Sensing. 2015. Vol. 7, No. 10. P. 13208-13232. 
185. d'Andrimont R., Yordanov M., Lemoine G., Yoong J., et al. Crowd-
sourced Street-Level Imagery as a Potential Source of In-Situ Data for Crop 
Monitoring. Land. 2018. Vol. 4, No. 7. P. 127.  
186. Olofsson P., Foody G. M., Stehman S. V., Woodcock C. E. Making bet-
ter use of accuracy data in land change studies: Estimating accuracy and area 
and quantifying uncertainty using stratified estimation. Remote Sensing of Envi-
ronment. 2013. Vol. 129. P. 122-131. 
187. Congalton R. G. A review of assessing the accuracy of classifications of 
remotely sensed data. Remote sensing of environment. 1991. Vol. 37, No. 1. P. 
35-46. 
188. Card D. Using known map category marginal frequencies to improve 
estimates of thematic map accuracy. Photogrammetric Engineering and Remote 
Sensing. 1982. Vol. 48, No. 3. P. 431-439. 
189. Congalton R. G. The use of discrete multivariate analysis for the assess-
ment of Landsat classification accuracy. Mater thesis, Virginia Polytechnic Insti-
tute and State University. Blacksburg. 1981. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

218 

190. Cohen J. A coefficient of agreement for nominal scales. Educational and 
psychological measurement. 1960.  Vol. 20, No. 1. P. 37-46. 
191. Foody G. M. Classification accuracy comparison: hypothesis tests and the 
use of confidence intervals in evaluations of difference, equivalence and non-
inferiority. Remote Sensing of Environment. 2009.  Vol. 113, No. 8. P. 1658-
1663. 
192. Foody G. Thematic map comparison. Photogrammetric Engineering & 
Remote Sensing. 2004.  Vol. 70, No. 5. P. 627-633. 
193. Goodfellow I., Yoshua B., Aaron C. Deep learning. MIT press. 2016. 777 
p. 
194. Baldi P., Sadowski P. The dropout learning algorithm. Artificial 
intelligence. 2014. Vol. 210. P. 78-122. 
195. Shelestov A., Lavreniuk M., Kolotii A., Vasiliev V. Cloud approach to 
automated crop classification using Sentinel-1 imagery. Big Data from Space 
conference (BiDS). 2017. P. 122-125. 
196. Lavreniuk M., Kussul N., Meretsky M., Lukin V., et al. Impact of SAR 
data filtering on crop classification accuracy. First Ukraine Conference on Elec-
trical and Computer Engineering. 2017. P. 912-916. 
197. Jixian Zhang. Multi-source remote sensing data fusion: status and trends. 
International Journal of Image and Data Fusion. 2010. Vol. 1, No. 1.  P. 5—24. 
198. Stathaki T. Image Fusion: Algorithms and Applications. Academic Press is 
an imprint of Elsevier. 2008. 492 p. 
199. Chen Z., Pu H., Wang B., Jiang G.-M. Fusion of hyperspectral and mul-
tispectral images: A novel framework based on generalization of pan-
sharpening methods. IEEE Geosci. Remote Sens. 2014. Vol. 11, No. 8. P. 
1418-1422.  
200. Aiazzi B., Alparone L., Baronti S., Garzelli A. Quality assessment of 
Pansharpening methods and products. IEEE Geosci. Remote Sens. Soc. News-
lett. 2011. Vol. 1, No. 161. P. 10-18. 
201. Kussul N., Skakun S., Shelestov A., Kussul O. The use of satellite SAR 
imagery to crop classification in Ukraine within JECAM project. IEEE Inter-
national Geoscience and Remote Sensing Symposium (IGARSS).  2014.  P. 1497—
1500. 
202. Hansen M. C., Egorov A., Roy D. P., Potapov P., et al. Continuous 
fields of land cover for the conterminous United States using Landsat data: 
first results from the Web-Enabled Landsat Data (WELD) project. Remote 
Sensing Letters.  2011. Vol. 2, No. 4.  P. 279-288. 
203. Buttner G., Feranec J., Jaffrain G., Mari L., et al. The CORINE land 
cover 2000 project. EARSeL eProceedings. 2004. Vol. 3, No. 3.  P. 331—346. 
204. Cormen T.H., Leiserson C.E., Rivest R.L., Stein C. Introduction to 
Algorithms. Cambridge, Massachusetts: The MIT Press, 3rd edition. 2009.  
1312 p. 
205. Tuia D., Ratle F., Pacifici F., Kanevski M. F., et al. Active learning 
methods for remote sensing image classification. IEEE Transactions on 
Geoscience and Remote Sensing.  2009.  Vol. 47, No. 7.  P. 2218—2232. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

219 

206. Kussul N. N. Neural networks learning using method of fuzzy ellipsoidal 
estimates. J. Autom. Inf. Sci. 2001. Vol. 33, No. 3. P. 52-57. 
207. Lukin V., Rubel O., Kozhemiakin R., Abramov S., et al. Despeckling of 
Multitemporal Sentinel SAR Images and Its Impact on Agricultural Area 
Classification. In Recent Advances and Applications in Remote Sensing. 
IntechOpen (Chapter 2). 2018. P. 21-40. 
208. Lavreniuk M., Kussul N., Novikov A. Deep learning crop classification 
approach based on sparse coding of time series of satellite data. IGARSS, 
Valencia, Spain. 2018. P. 4816-4819. 
209. Skakun S., Kussul N., Kravchenko O., Basarab R., et al. Validation of 
Global EO Biophysical Products at JECAM Test Site in Ukraine. 40th CO-
SPAR Scientific Assembly. Moscow. 2014. 
210. Kussul N., Skakun S., Kravchenko O., Shelestov A., et al. Application of 
satellite optical and SAR images for crop mapping and area estimation in 
Ukraine. International Journal "Information Technologies & Knowledge".  2013.  
Vol. 7, No. 3. P. 203—210. 
211. Shelestov A., Skakun S., Basarab R., Baranova T. JECAM Activities in 
Ukraine. EARTH Bioresources and Life Quality.  2013.  Vol. 4.  P. 1—13. 
212. Shelestov A.Yu., Kravchenko A.N., Skakun S.V., Voloshin S.V., et al. 
Geospatial information system for agricultural monitoring. Cybernetics and 
Systems Analysis.  2013.  Vol. 49, Nî. 1.  P. 124—132. 
213. Lavreniuk M., Kussul N., Skakun S. Integrated Use of Multi-temporal 
SAR and Optical Satellite Imagery for Crop Mapping in Ukraine. American 
Geophysical Union Fall Meeting (AGU 2014). San Francisco. 2014. 
214. Kussul N., Skakun S., Shelestov A., Lavreniuk M. Large Scale Crop 
Classification in Ukraine using Multi-temporal Landsat-8 Images with Missing 
Data. American Geophysical Union Fall Meeting (AGU 2014). San Francisco. 
2014. 
215. Kussul N., Skakun S., Shelestov A., Kravchenko O., et al. Crop clasifica-
tion in Ukraine using satellite optical and SAR images. Models&Analyses.  
2013. Vol. 2, No. 2. P. 118—128. 
216. ßéëèìîâ Á. ß., Ëàâðåíþê Ì. Ñ.  Ìåòîä çëèòòÿ ãåîïðîñòîðîâèõ äà-
íèõ â çàäà÷àõ ïîáóäîâè êàðò ñ³ëüñüêîãîñïîäàðñüêèõ ïîñ³â³â. Ìàòåð³àëè 
Ì³æíàðîäíî¿ íàóêîâî¿ êîíôåðåíö³¿ «Àñòðîíîì³÷íà øêîëà ìîëîäèõ â÷å-
íèõ. Àêòóàëüí³ ïðîáëåìè àñòðîíîì³¿ ³ êîñìîíàâòèêè». Æèòîìèð.  2015.  
Ñ. 89. 
217. ßéëèìîâ Á., Ëàâðåíþê Ì. Ìåòîäè çëèòòÿ äàíèõ íà îñíîâ³ ïðèéíÿò-
òÿ ð³øåíü äëÿ ïîáóäîâè êàðòè êëàñèô³êàö³¿.  Ìàòåð³àëè ІIІ Ì³æíàðîäíî¿ 
íàóêîâî-ïðàêòè÷íî¿ êîíôåðåíö³¿ «Ãëîáàëüí³ òà ðåã³îíàëüí³ ïðîáëåìè 
³íôîðìàòèçàö³¿ â ñóñï³ëüñòâ³ òà ïðèðîäîêîðèñòóâàíí³ 2015».  Êè¿â: Èí-
òåðñåðâèñ. 2015.  Ñ. 20. 
218. Yu L., Wang J., Clinton N., Xin Q., et al. FROM-GC: 30 m global 
cropland extent derived through multisource data integration. International 
Journal of Digital Earth.  2013.  Vol. 6, No. 6. P. 521—533. 
219. Ãåîïîðòàë Ãåîëîã³÷íî¿ ñëóæáè ÑØÀ (United States Geological 
Survey). Ðåæèì äîñòóïó: http://earthexplorer.usgs.gov. Íàçâà ç åêðàíó. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

220 

220. Chander G., Markham B., Helder D. Summary of current radiometric 
calibration coefficients for Landsat MSS, TM, ETM+, and EO-1 ALI sensors. 
Remote Sens. Environ.  2009.  Vol. 113, No. 5.  P. 893903. 
221. Warmerdam F. The geospatial data abstraction library. Open Source Ap-
proaches in Spatial Data Handling.  Berlin: Springer. 2008.  Vol. 2.  P. 87-
104. 
222. Gong P., Wang J., Yu L., Zhao Y., et al. Finer resolution observation 
and monitoring of global land cover: first mapping results with Landsat TM 
and ETM+ data. International Journal of Remote Sensing.  2013.  Vol. 34, No. 
7.  P. 2607—2654. 
223. Kussul N., Kolotii A., Shelestov A., Lavreniuk M., et al. Sentinel-2 for 
agriculture national demonstration in Ukraine: results and further steps. 2017 
IEEE International Geoscience and Remote Sensing Symposium (IGARSS). 
IEEE, 2017. 
224. Huang X., Lu Q., Zhang L., Plaza A. New postprocessing methods for 
remote sensing image classification: A systematic study. IEEE Transactions on 
Geoscience and Remote Sensing. Vol. 52, No. 11. P. 7140-7159. 
225. Townsend F. E. The enhancement of computer classifications by logical 
smoothing. Photogrammetric Engineering and Remote Sensing. 1986. Vol. 52, 
No. 2. P. 213-221. 
226. Kim K. E. Adaptive majority filtering for contextual classification of re-
mote sensing data. International Journal of Remote Sensing. 1996. Vol. 17, No. 
5. P. 1083-1087. 
227. Löw F., Conrad C., Michel U. Decision fusion and non-parametric clas-
sifiers for land use mapping using multi-temporal RapidEye data. ISPRS Jour-
nal of Photogrammetry and Remote Sensing. 2015. Vol. 108. P. 191-204. 
228. Haralick R. M., Sternberg S. R., Zhuang X. Image analysis using 
mathematical morphology. IEEE transactions on pattern analysis and machine 
intelligence. 1987. Vol. 4. P. 532-550. 
229. Kupidura P., Jakubiak M. The morphological filtering of the remote sens-
ing images for the noise reduction comparing to traditional filters. Roczniki 
Geomatyki. 2009. Vol. 7, No. 2. P. 63-68. 
230. Heijmans H.J., Ronse C. The algebraic basis of mathematical 
morphology I. Dilations and erosions. Computer Vision, Graphics, and Image 
Processing. 1990. Vol. 50, No. 3. P. 245-295. 
231. Jensen J. R., Qiu F., Patterson K. A neural network image interpretation 
system to extract rural and urban land use and land cover information from 
remote sensor data. Geocarto International. 2001. Vol. 16, No. 1. P. 21-30. 
232. Qian Y., Zhang K., Qiu F. Spatial contextual noise removal for post clas-
sification smoothing of remotely sensed images. Proceedings of the 2005 ACM 
symposium on Applied computing. 2005. P. 524-528. 
233. Kussul N., Lavreniuk M., Skakun S., Shelestov A. Deep Learning Classi-
fication of Land Cover and Crop Types Using Remote Sensing Data. IEEE 
Geoscience and Remote Sensing Letters. 2017. Vol. 14, No. 5. P. 778-782. 
234. Global Land Cover 30. Ðåæèì äîñòóïó:  
http://www.globallandcover.com/. Íàçâà ç åêðàíó. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

221 

235. Ëàâðåíþê Ì. Ñ. Ìåòîä äåòåêòóâàííÿ ìåæ íà êàðò³ êëàñèô³êàö³¿ íà 
îñíîâ³ ìîäèô³êîâàíîãî àëãîðèòìó Ñîáåëÿ. Ðàä³îåëåêòðîíí³ ³ êîìï’þòåðí³ 
ñèñòåìè. 2017. Ò. 84, ¹ 4. Ñ. 17-27. 
236. Kanopoulos N., Vasanthavada N., Baker R. L. Design of an image edge 
detection filter using the Sobel operator. IEEE Journal of solid-state circuits. 
1988. Vol. 23, No. 2. P. 358-367. 
237. Canny J. A computational approach to edge detection. Readings in 
computer vision. Morgan Kaufmann. 1987. P. 184-203. 
238. Peli T., Malah D. A study of edge detection algorithms. Computer graph-
ics and image processing. 1982. Vol. 20, No. 1. P. 1-21. 
239. Wu K., Otoo E., Shoshani A. Optimizing connected component labeling 
algorithms. Lawrence Berkeley National Laboratory. 2005. Vol. 5747. P. 1965-
1976.  
240. Chrystal G. On the problem to construct the minimum circle enclosing n 
given points in the plane. Proceedings of the Edinburgh Mathematical Society. 
2009. Vol. 3. P. 30-33. 
241. Rocha L., Velho L., Carvalho P. C. P. Image moments-based structuring 
and tracking of objects. XV Brazilian Symposium on Computer Graphics and 
Image Processing.  2002. P. 99-105. 
242. Stojmenovic M., Amiya N. Direct ellipse fitting and measuring based on 
shape boundaries. Advances in Image and Video Technology. 2007. P. 221-235. 
243. Vermeer M. 2014. Statistical uncertainty and error propagation. Ðåæèì 
äîñòóïó: https://users.aalto.fi/~mvermeer/uncertainty.pdf. Íàçâà ç åêðàíó. 
244. Ramer U. An iterative procedure for the polygonal approximation of 
plane curves. Computer graphics and image processing. 1972. Vol. 1, No. 3. P. 
244-256. 
245. Douglas D. H., Peucker,T. K. Algorithms for the reduction of the num-
ber of points required to represent a digitized line or its carica-
ture. Cartographica: The International Journal for Geographic Information and 
Geovisualization. 1973. Vol. 10, No. 2. P. 112-122. 
246. Beucher S., Lantuejoul C. Use of watersheds in contour detection. Inter-
national Workshop on Image Processing: Real-time Edge and Motion Detec-
tion/Estimation (1979). 
247. Skakun S., Kussul N., Shelestov A. Y., Lavreniuk M., et al. Efficiency 
assessment of multitemporal C-band Radarsat-2 intensity and Landsat-8 sur-
face reflectance satellite imagery for crop classification in Ukraine. IEEE Jour-
nal of Selected Topics in Applied Earth Observations and Remote Sensing. 
2016. Vol. 9, No. 8. P. 3712-3719. 
248. Kussul N., Shelestov A., Skakun S., Li G., et al. Service-oriented infra-
structure for flood mapping using optical and SAR satellite data. International 
Journal of Digital Earth. 2014. Vol. 7, No. 10. P. 829-845. 
249. Kussul N., Kussul O., Skakun S. Probabilistic estimation of trust model 
and threat resistance analysis in service-oriented systems. Int. J. on Information 
Models and Analyses. 2012. No 1. P. 28-46. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

222 

250. Dikaiakos M. D., Katsaros D., Mehra P., Pallis G., et al. Cloud Com-
puting: Distributed Internet Computing for IT and Scientific Research. Inter-
net Computing.  2009.  Vol. 13, No. 5. P. 10-13. 
251. Åëìàíîâà Å. Êîðîòêî î âû÷èñëåíèÿõ â «îáëàêå». ÊîìïüþòåðÏðåññ.  
2010.  ¹3.  Ñ. 102-104. 
252. ×åðíÿê Ë. SaaS  êîíåö íà÷àëà. Îòêðûòûå ñèñòåìû. Ðåæèì äîñòóïà: 
http://www.osp.ru/os/2007/10/4706040/. Íàçâà ç åêðàíó. 
253. Kussul N., Shelestov A., Skakun S., Kravchenko O., et al. The data fu-
sion grid infrastructure: Project objectives and achievements. Computing and 
Informatics. 2010. Vol. 29, No. 2.  P. 319-334. 
254. Papazoglou M.P., Traverso P., Dustdar S., Leymann F., et al. Service-
Oriented Computing: State of the Art and Research Challenges. IEEE Com-
puter.  2007.  Vol. 40, No. 11.  P. 38-45. 
255. Alonso G. Web Services: Concepts, Architectures and Applications. Ber-
lin Heidelberg: Springer-Verlag. 2004. 359 p. 
256. Larman C. Applying UML and patterns: an introduction to object oriented analysis 
and design and interative development. Pearson Education India. 2012.  
257. Jagannadham D., Ramachandran V., Kumar H., Harish N. Java2 distrib-
uted application development (socket, rmi, servlet, corba) approaches, xml-rpc 
and web services functional analysis and performance comparison. In Interna-
tional Symposium on Communications and Information Technologies. 2007. Aus-
trali: Sydney.  P. 1337—1342. 
258. Dong J., Paul R. A., Zhang L. J. High-Assurance Service-Oriented Ar-
chitectures. IEEE Computer.  2008.  Vol. 41, No. 8.  P. 27-28. 
259. Ïàâëîâ À.À., Òåëåíèê Ñ.Ô. Èíôîðìàöèîííûå òåõíîëîãèè è àëãî-
ðèòìèçàöèÿ â óïðàâëåíèè. Êèåâ: Òåõíèêà.  2002.  C.  344 ñ. 
260. Lecca G., Petitdidier M., Hluchy L., Ivanovic M., et al.  Grid computing 
technology for hydrological applications. Journal of Hydrology.  2011.  Vol. 
403, No. 1-2.  P. 186-199. 
261. Êóññóëü Í.Í., Øåëåñòîâ À.Þ. Grid-ñèñòåìû äëÿ çàäà÷ èññëåäîâàíèÿ 
Çåìëè. Àðõèòåêòóðà, ìîäåëè è òåõíîëîãè. Êèåâ: Íàóêîâà äóìêà, 2008.  
452 c. 
262. Çãóðîâñüêèé Ì.Ç., Ïàíêðàòîâà Í.Ä.  Ñèñòåìíèé àíàë³ç: ïðîáëåìè, 
ìåòîäîëîã³ÿ, çàñòîñóâàííÿ. Êè¿â: Íàóê. Äóìêà, 2005. 744 ñ. 
263. Ìîðäâèíîâ Â. È. ×èñëåííûå ìåòîäû àíàëèçà è ïðîãíîçà ïîãîäû : 
ó÷åá. ïîñîáèå. Ìîñêâà: Èçä-âî Èðêóò. ãîñ. óí-òà, 2008. 143 ñ. 
264. Øåëåñòîâ À.Þ., Êóññóëü Î.Ì., ßéëèìîâ Á.ß. Ñòðóêòóðíî-
ôóíêöèîíàëüíûé àíàëèç ñåðâèñ-îðèåíòèðîâàííûõ ñèñòåì. Çá³ðêà íàóêî-
âèõ ïðàöü. Êè¿â: Ì³æíàð. íàóê. öåíòð ³íôîðì. òåõíîëîã³é òà ñèñòåì ÍÀÍ 
òà ÌÎÍ Óêðà¿íè. 2012. ¹ 4. Ñ. 224-238. 
265. Kussul O., Kussul N., Skakun S. Assessing security threat scenarios for 
utility-based reputation model in Grid. Computers & Security. 2013. Vol. 34. P. 
1-15. 
266. Shelestov A., Lavreniuk M., Kussul N., Novikov A., et al. Exploring 
Google Earth Engine Platform for Big Data Processing: Classification of 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

223 

Multi-Temporal Satellite Imagery for Crop Mapping. Frontiers in Earth Sci-
ence. 2017. Vol. 5, No. 17. P.1-10. 
267. Yang C., Yu M., Hu F., Jiang Y., et al. Utilizing cloud computing to 
address big geospatial data challenges. Computers, Environment and Urban Sys-
tems. 2017. Vol. 61. P. 120-128. 
268. Hansen M.C., Potapov P.V., Moore R., Hancher M., et al. High-
resolution global maps of 21st-century forest cover change. Science. 2013. 
Vol. 342, No. 6160. P. 850-853. 
269. Xiong J., Thenkabail P. S., Gumma M. K., Teluguntla P., et al. Auto-
mated cropland mapping of continental Africa using Google Earth Engine 
cloud computing. ISPRS Journal of Photogrammetry and Remote Sensing. 2017. 
Vol. 126. P. 225-244. 
270. Midekisa A., Holl F., Savory D.J., Andrade-Pacheco R., et al. Mapping 
land cover change over continental Africa using Landsat and Google Earth 
Engine cloud computing. PloS one. 2017. Vol. 12, No. 9. P. 1-15. 
271. Azzari G., Lobell, D.B. Landsat-based classification in the cloud: An 
opportunity for a paradigm shift in land cover monitoring. Remote Sensing of 
Environment. 2017. Vol. 202. P. 64-74. 
272. Chen B., Xiao X., Li X., Pan L. et al. A mangrove forest map of China 
in 2015: Analysis of time series Landsat 7/8 and Sentinel-1A imagery in 
Google Earth Engine cloud computing platform. ISPRS Journal of Photo-
grammetry and Remote Sensing. 2017. Vol. 131. P. 104-120. 
273. Kussul N.N., Sokolov B.V., Zyelyk Ya.I., Skakun S.V., et al.  Disaster 
risk assessment based on heterogeneous geospatial information. Journal of 
Automation and Information Sciences.  2010.  Vol. 42, Nî. 12.  P. 32—45. 
274. Kravchenko A., Kussul N., Lupian E., Savorsky V. Water resource qual-
ity monitoring using heterogeneous data and high-performance computations. 
Cybernetics and Systems Analysis. 2008.  Vol. 44, No. 4.  P. 616-624.  
275. Kussul N., Shelestov A., Skakun S., Kravchenko O. High-performance 
intelligent computations for environmental and disaster monitoring. Int. J. 
Information Technologies & Knowledge. 2009. Vol. 3.  P. 135—156. 
276. Kussul N., Shelestov A., Skakun S. Technologies for Satellite Data Proc-
essing and Management Within International Disaster Monitoring Projects. In 
Grid and Cloud Database Management Grid  Fiore, S.; Aloisio, G. (Eds.).  2011, 
Springer.  Ð. 279-305. 
277. Ji L., Peters A. J. Assessing vegetation response to drought in the north-
ern Great Plains using vegetation and drought indi-ces. Remote Sensing of En-
vironment. 2003. Vol. 87, No. 1. P. 85-98. 
278. Getachew B., Shawndra H., Tsegaye T., Atnafu S. Using Satellite Images 
for Drought Monitoring: A Knowledge Discovery Approach. Journal of Strate-
gic Innovation and Sustainability. 2011. Vol. 7. P. 135-153. 
279. Zhang X., Goldberg M., Tarpley D., Friedl M., et al. Drought-induced 
vegetation stress in southwestern North America. Environmental Research. 
2010. Vol. 5, No. 2. P. 511-538. 



Ñïèñîê âèêîðèñòàíèõ äæåðåë 

 

224 

280. Ùåðáåíêî Å.Â. Ìîíèòîðèíã çàñóõè ïî äàííûì êîñìè÷åñêèõ ñúåìîê. 
Ñîâðåìåííûå ïðîáëåìû äèñòàíöèîííîãî çîíäèðîâàíèÿ Çåìëè èç êîñìî-
ñà. Ì: ÎÎÎ «Àçáóêà». 2007. Ò.2. Ñ. 395-407. 
281. Bayarjargal Y., Karnieli A., Bayasgalan M., Khudulmur S., et al. A com-
parative study of NOAA-AVHRR derived drought indices using change vector 
analysis. Remote Sens. Environ. 2006. Vol. 105. P. 9-22. 
282. Kussul N., Skakun S., Shelestov A., Kravchenko O. Crop area estimation 
in Ukraine using satellite data within the MARS project 2012. IEEE Interna-
tional Geoscience and Remote Sensing Symposium (IGARSS).  2012.  P. 3756-
3759. 
283. Mitchell H. B. Multi-sensor Data Fusion. Springer-Verlag, Berlin. 2007. 
277 p. 
284. Kussul N., Shelestov A., Skakun S., Kravchenko O., et al. Crop state and 
area estimation in Ukraine based on remote and in-situ observations. Int. J. on 
Information Models and Analyses.  2012.  Vol. 1, No. 3.  P. 251-259. 
285. Kussul N., Shelestov A., Skakun S. Flood Monitoring from SAR Data. 
NATO Science for Peace and Security Series C: Environmental Security.  2011.  
P. 19—29. 
286. Ãàëëåãî Õ., Êðàâ÷åíêî À., Êóññóëü Í., Ñêàêóí Ñ., è äð. Àíàëèç ýô-
ôåêòèâíîñòè ðàçëè÷íûõ ïîäõîäîâ äëÿ êëàññèôèêàöèè ïîñåâîâ íà îñíîâå 
ñïóòíèêîâîé è íàçåìíîé èíôîðìàöèè. Ïðîáëåìû óïðàâëåíèÿ è èíôîð-
ìàòèêè.  2012.  ¹ 3.  Ñ. 123-134. 
287. Memarsadeghi N., Netan-yahu N., LeMoignc J. Fast Implementation of 
the ISODATA Clustering Algorithm. International Journal of Computational 
Geometry and Applications. 2007. Vol. 17. P. 71-103. 
288. Ïëþùèêîâ Â.Ã., Äîâëåòÿðîâà Ý.À., Èëüÿñîâà Í.È. Ìåòîäû óïðàâëå-
íèÿ ñåëüñêîõîçÿéñòâåííûìè ðèñêàìè: ó÷åáíî-ìåòîäè÷åñêîå ïîñîáèå. 
Ãîñ. îáðàçîâàò. ó÷ðåæäåíèå âûñø. ïðîô. îáðàçîâàíèÿ "Ðîñ. óí-ò äðóæáû 
íàðîäîâ". Ìîñêâà: Èçä-âî Ðîññèéñêîãî óí-òà äðóæáû íàðîäîâ, 2006. C. 
70. 
289. Íàñòàíîâà ã³äðîìåòåîðîëîã³÷íèì ñòàíö³ÿì ³ ïîñòàì. Âèï. 11. Àãðî-
ìåòåîðîëîã³÷í³ ñïîñòåðåæåííÿ. Ê.: Äåðæàâíà ã³äðîìåòåîðîëîã³÷íà ñëóæáà 
Óêðà¿íè. 2007. 303 ñ. 
290. Tommi J. Course materials for 6.867 Machine Learning, Fall 2006. MIT 
OpcnCourse-Ware (http://ocw.mit.edu/), Massachusetts Institute of Technol-
ogy. 2006. 
291. Öåíòð «ÀÃÐÎ ÏÅÐÑÏÅÊÒÈÂÀ». Èíôîðìàöèîííî-àíàëèòè÷åñêèé 
öåíòð ïî âîïðîñàì àãðàðíîãî è õèìè÷åñêîãî áèçíåñîâ. 2012. [Ýëåêòðîí. 
ðåñóðñ]. Ñðåäíèå çàêóïî÷íûå öåíû ïî Óêðàèíå íà çåðíîâûå. Ðåæèì äîñ-
òóïà: http://www.agroperspectiva.com/ru/price/?d=:20-08-2012. Íàçâà ç åê-
ðàíó.  
292. Ãëàâíîå óïðàâëåíèå ñòàòèñòèêè â Àâòîíîìíîé Ðåñïóáëèêå Êðûì. 
Ðåæèì äîñòóïà: http://www.sf.ukrstat.gov.ua/2013Zexp45. pdf. Íàçâà ç åê-
ðàíó. 
 



225 
 

ÇÌ²ÑÒ 

 
 

 
ÏÅÐÅÄÌÎÂÀ..................................................................................................................3 

ÐÎÇÄ²Ë 1. ÀÍÀË²Ç ÑÓ×ÀÑÍÎÃÎ ÑÒÀÍÓ ÎÁËÀÑÒ²  
ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ ...................................5 

1.1.  ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ  
ÍÀ ÎÑÍÎÂ² ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ ..........................................................5 

1.2.  ÑÒÀÍ ÌÎÍ²ÒÎÐÈÍÃÓ ÔÀÊÒÈ×ÍÎÃÎ ÂÈÊÎÐÈÑÒÀÍÍß  
Ñ²ËÜÑÜÊÎÃÎÑÏÎÄÀÐÑÜÊÈÕ ÇÅÌÅËÜ ÍÀ ÎÑÍÎÂ²  
ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ Â ÏÐÎÂ²ÄÍÈÕ ÊÐÀ¯ÍÀÕ ÑÂ²ÒÓ................... 13 

1.3.  ÑÓÏÓÒÍÈÊÎÂ² ÄÀÍ² ....................................................................................... 23 
1.4.  ÍÀÇÅÌÍ² ÄÀÍ².................................................................................................. 25 

1.4.1. ÌÅÐÅÆ² ÍÀÊÎÏÈ×ÅÍÍß ÍÀÇÅÌÍÈÕ ÂÈÌ²Ð²Â........................... 25 
1.4.2. ÍÀÇÅÌÍ² ÄÀÍ² ÄËß ÇÀÄÀ× ÍÀËÀØÒÓÂÀÍÍß ÌÎÄÅ-

ËÅÉ/ÂÀË²ÄÀÖ²¯ ÐÅÇÓËÜÒÀÒ²Â............................................................. 26 
1.4.3. ÏÎÊÐÀÙÅÍÍß ÒÅÑÒÎÂÎ¯ ÒÀ ÍÀÂ×ÀËÜÍÎ¯ ÂÈÁ²ÐÎÊ  

Â ÏÐÎÖÅÑ² ÏÎÁÓÄÎÂÈ ÊÀÐÒÈ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ ................. 29 

ÐÎÇÄ²Ë 2. ÌÅÒÎÄÈ ÐÎÇÂ’ßÇÀÍÍß ÇÀÄÀ×² ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß  
ÇÅÌÍÎ¯ ÏÎÂÅÐÕÍ²....................................................................... 31 

2.1.  ÀÂÒÎÌÀÒÈÇÎÂÀÍ² ÌÅÒÎÄÈ ÊËÀÑÈÔ²ÊÀÖ²¯  
ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ........................................................................................ 31 
2.1.1. ØÒÓ×ÍÀ ÍÅÉÐÎÍÍÀ ÌÅÐÅÆÀ .......................................................... 34 
2.1.2. ËÎÃ²ÑÒÈ×ÍÀ ÐÅÃÐÅÑ²ß ........................................................................ 37 
2.1.3. ÌÅÒÎÄ ÎÏÎÐÍÈÕ ÂÅÊÒÎÐ²Â.............................................................. 37 
2.1.4. RANDOM FOREST.................................................................................... 39 

2.2.  ÂÈÁ²Ð ÌÅÒÎÄÓ ÊËÀÑÈÔ²ÊÀÖ²¯ ÄËß ÏÎÁÓÄÎÂÈ  
ÊÀÐÒÈ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ ......................................................................... 40 

2.3.  ÏÎÍßÒÒß ÃËÈÁÈÍÍÎÃÎ ÍÀÂ×ÀÍÍß  
ÒÀ ÀÍÀË²Ç Ï²ÄÕÎÄ²Â ÄÎ ÉÎÃÎ ÐÅÀË²ÇÀÖ²¯ ............................................ 46 
2.3.1. ÇÃÎÐÒÊÎÂÀ ÍÅÉÐÎÍÍÀ ÌÅÐÅÆÀ ..................................................... 49 
2.3.2. ÎÑÎÁËÈÂÎÑÒ² ÒÀ ÏÅÐÑÏÅÊÒÈÂÈ ÂÈÊÎÐÈÑÒÀÍÍß  

ÌÅÒÎÄ²Â ÃËÈÁÈÍÍÎÃÎ ÍÀÂ×ÀÍÍß ÄËß ÊËÀÑÈÔ²ÊÀÖ²¯  
ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ..................................................................... 50 

2.4.  ÄÅßÊ² ÏÐÀÊÒÈ×Í² ÀÑÏÅÊÒÈ ÊËÀÑÈÔ²ÊÀÖ²¯  
ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ ÇÀ ÑÓÏÓÒÍÈÊÎÂÈÌÈ ÄÀÍÈÌÈ........................ 51 
2.4.1. ÒÐÀÄÈÖ²ÉÍÈÉ ÏÐÎÖÅÑ ÊËÀÑÈÔ²ÊÀÖ²¯  

ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ..................................................................... 52 
2.4.2. ÊËÀÑÈÔ²ÊÀÖ²ß ÍÀ ÎÑÍÎÂ² ÐÀÄÀÐÍÈÕ ÄÀÍÈÕ ......................... 52 
2.4.3. ÌÅÒÎÄÈ ÊËÀÑÈÔ²ÊÀÖ²¯ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ  

ÍÀ ÎÑÍÎÂ² ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ ÂÅËÈÊÎÃÎ ÎÁ’ªÌÓ ...... 54 
2.4.4. ÇÀÑÒÎÑÓÂÀÍÍß ÌÅÒÎÄ²Â ÌÀØÈÍÍÎÃÎ ÍÀÂ×ÀÍÍß ÄËß  

ÊËÀÑÈÔ²ÊÀÖ²¯ ÇÅÌÍÎÃÎ ÏÎÊÐÎÂÓ ÄËß ÂÅËÈÊÈÕ  
ÒÅÐÈÒÎÐ²É ÇÀ ÑÓÏÓÒÍÈÊÎÂÈÌÈ ÄÀÍÈÌÈ ............................... 56 

2.5.  ÎÖ²ÍÊÈ ÒÎ×ÍÎÑÒ² ÐÅÇÓËÜÒÀÒ²Â ÊËÀÑÈÔ²ÊÀÖ²¯  
ÒÀ Ô²ËÜÒÐÀÖ²¯ ÊÀÐÒ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ .............................................. 57 



Çì³ñò 

226 
 

ÐÎÇÄ²Ë 3. ÑÒÐÓÊÒÓÐÍÀ ² ÏÀÐÀÌÅÒÐÈ×ÍÀ ²ÄÅÍÒÈÔ²ÊÀÖ²ß 
ÍÅÉÐÎÌÅÐÅÆÅÂÎ¯ ÌÎÄÅË² ÊËÀÑÈÔ²ÊÀÖ²¯ ........................... 61 

3.1.  ÀÍÑÀÌÁËÜ ÇÃÎÐÒÊÎÂÈÕ ÍÅÉÐÎÍÍÈÕ ÌÅÐÅÆ.................................... 61 
3.2.  ÑÒÐÓÊÒÓÐÍÀ ÒÀ ÏÀÐÀÌÅÒÐÈ×ÍÀ ²ÄÅÍÒÈÔ²ÊÀÖ²ß  

ÍÅÉÐÎÌÅÐÅÆÅÂÎ¯ ÌÎÄÅË² ......................................................................... 64 
3.3.  ²ÄÅÍÒÈÔ²ÊÀÖ²ß ÏÀÐÀÌÅÒÐ²Â ÇÃÎÐÒÊÎÂÎ¯  

ÍÅÉÐÎÍÍÎ¯ ÌÅÐÅÆ² ...................................................................................... 69 

ÐÎÇÄ²Ë 4. ÌÅÒÎÄÈ ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ  
ÍÀ ÎÑÍÎÂ² ÇËÈÒÒß ÄÀÍÈÕ ........................................................ 74 

4.1.  ÎÑÍÎÂÍÅ ÏÐÈÇÍÀ×ÅÍÍß ÌÅÒÎÄ²Â ÇËÈÒÒß ÄÀÍÈÕ.......................... 74 
4.2.  ÏÎÁÓÄÎÂÀ ÊÀÐÒ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ  

ÄËß ÂÅËÈÊÈÕ ÒÅÐÈÒÎÐ²É ÍÀ ÎÑÍÎÂ² ÌÅÒÎÄ²Â ÇËÈÒÒß ÄÀÍÈÕ.... 80 
4.3.  ÇÀÃÀËÜÍÀ ÑÕÅÌÀ ÊËÀÑÈÔ²ÊÀÖ²¯ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ  

ÄËß ÂÅËÈÊÈÕ ÒÅÐÈÒÎÐ²É ÍÀ ÎÑÍÎÂ² ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ..... 81 
4.4.  ÇËÈÒÒß ÄÀÍÈÕ ÍÀ Ð²ÂÍ² Ï²ÊÑÅË²Â  

ÍÀ ÅÒÀÏ² ÏÎÏÅÐÅÄÍÜÎ¯ ÎÁÐÎÁÊÈ........................................................... 83 
4.5.  ÀËÃÎÐÈÒÌ ÍÀÂ×ÀÍÍß ÒÀ ÊËÀÑÈÔ²ÊÀÖ²¯  

ÑÓÏÓÒÍÈÊÎÂÈÕ ÇÎÁÐÀÆÅÍÜ ..................................................................... 87 
4.6.  ÀÍÑÀÌÁËÅÂÈÉ ÌÅÒÎÄ ÊËÀÑÈÔ²ÊÀÖ²¯ .................................................. 90 
4.7.  ÏÎÐ²ÂÍßÍÍß ÍÅÉÐÎÍÍÎ¯ ÌÅÐÅÆ² ÒÀ ÀÍÑÀÌÁËÞ........................... 91 
4.8.  ÅÔÅÊÒÈÂÍ²ÑÒÜ ÂÈÊÎÐÈÑÒÀÍÍß ×ÀÑÎÂÈÕ ÐßÄ²Â  

ÑÓÏÓÒÍÈÊÎÂÈÕ ÄÀÍÈÕ............................................................................... 96 
4.9.  ÄÎÑË²ÄÆÅÍÍß ÅÔÅÊÒÈÂÍÎÑÒ² ÇËÈÒÒß  

ÎÏÒÈ×ÍÈÕ ÒÀ ÐÀÄÀÐÍÈÕ ÄÀÍÈÕ............................................................ 101 
4.10. ÇËÈÒÒß ÄÀÍÈÕ ÍÀ Ð²ÂÍ² ÏÐÈÉÍßÒÒß Ð²ØÅÍÜ ................................. 107 
4.11. ÌÅÒÎÄ ÇËÈÒÒß ÄÀÍÈÕ ²Ç Ð²ÇÍÈÌ  

ÏÐÎÑÒÎÐÎÂÈÌ ÐÎÇÐ²ÇÍÅÍÍßÌ............................................................... 109 
4.12. ÌÅÒÎÄÈ ÏÎÊÐÀÙÅÍÍß ÊÀÐÒÈ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ  

ÍÀ ÎÑÍÎÂ² ÇËÈÒÒß ÃÅÎÏÐÎÑÒÎÐÎÂÈÕ ÄÀÍÈÕ ................................. 111 
4.13. ÏÎÐ²ÂÍßËÜÍÈÉ ÀÍÀË²Ç ÌÅÒÎÄ²Â ÇËÈÒÒß ÐÅÇÓËÜÒÀÒ²Â  

ÊËÀÑÈÔ²ÊÀÖ²¯ ÍÀ Ð²ÂÍ² ÏÐÈÉÍßÒÒß Ð²ØÅÍÜ.................................. 113 
4.14. ÄÎÑË²ÄÆÅÍÍß ÅÔÅÊÒÈÂÍÎÑÒ² ÌÅÒÎÄ²Â ÏÎÊÐÀÙÅÍÍß  

ÊÀÐÒ ÊËÀÑÈÔ²ÊÀÖ²¯ ÇÀ ÄÎÏÎÌÎÃÎÞ ÇËÈÒÒß ÂÅÊÒÎÐÍÈÕ  
ÒÀ ÐÀÑÒÐÎÂÈÕ ÄÀÍÈÕ ÍÀ Ð²ÂÍ² ÏÐÈÉÍßÒÒß Ð²ØÅÍÜ................... 121 

ÐÎÇÄ²Ë 5. ÏÎÏÅÐÅÄÍß ÎÁÐÎÁÊÀ ÄÀÍÈÕ  
ÍÀ ÎÑÍÎÂ² ÐÎÇÐ²ÄÆÅÍÎÃÎ ÊÎÄÓÂÀÍÍß ............................... 126 

5.1. Ï²ÄÕ²Ä ÄÎ ÊÎÄÓÂÀÍÍß ÂÕ²ÄÍÈÕ ÄÀÍÈÕ .............................................. 126 
5.2. ÍÀÂ×ÀÍÍß ÁÅÇ Ó×ÈÒÅËß ÍÀ ÎÑÍÎÂ² ÀÂÒÎÊÎÄÓÂÀËÜÍÈÊÀ ................127 
5.3. ÄÎÍÀÂ×ÀÍÍß ÍÅÉÐÎÍÍÎ¯ ÌÅÐÅÆ²  

ÍÀ ÎÑÍÎÂ² ÍÀÂ×ÀËÜÍÎ¯ ÂÈÁ²ÐÊÈ ........................................................... 129 
5.4. ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍ² ÄÎÑË²ÄÆÅÍÍß  

ÐÎÇÐÎÁËÅÍÎÃÎ ÌÅÒÎÄÓ............................................................................... 130 

ÐÎÇÄ²Ë 6. ÏÎÑÒÎÁÐÎÁÊÀ ÐÅÇÓËÜÒÀÒ²Â ÊËÀÑÈÔ²ÊÀÖ²¯.......................... 137 

6.1. ÀÍÀË²Ç ÌÅÒÎÄ²Â ÏÎÑÒÎÁÐÎÁÊÈ ÊÀÐÒ  
ÊËÀÑÈÔ²ÊÀÖ²É ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ....................................................... 137 

6.2. ÀËÃÎÐÈÒÌ Ô²ËÜÒÐÀÖ²¯ ÊÀÐÒ ÊËÀÑÈÔ²ÊÀÖ²¯ ....................................... 139 
6.3. ÄÅÒÅÊÒÓÂÀÍÍß ÌÅÆ ÍÀ ÎÑÍÎÂ²  

ÌÎÄÈÔ²ÊÎÂÀÍÎÃÎ ÀËÃÎÐÈÒÌÓ ÑÎÁÅËß .............................................. 141 



Çì³ñò 

227 
 

6.4. ÏÎÐÎÃÎÂÀ Ô²ËÜÒÐÀÖ²ß ÌÀËÈÕ ÎÁ’ªÊÒ²Â  
Ç ÓÐÀÕÓÂÀÍÍßÌ ÑÏÅÖÈÔ²ÊÈ ÊÎÆÍÎÃÎ ÊËÀÑÓ................................ 145 

6.5. ÎÁ’ªÊÒÍÀ Ô²ËÜÒÐÀÖ²ß ÊËÀÑÓ Å  
ÍÀ ÎÑÍÎÂ² ÅË²ÏÑÎ¯ÄÀËÜÍÎ¯ ÀÏÐÎÊÑÈÌÀÖ²¯..................................... 145 

6.6. ÎÁ’ªÊÒÍÀ Ô²ËÜÒÐÀÖ²ß Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ  
ÎÏÈÑÀÍÈÕ ÏÐßÌÎÊÓÒÍÈÊ²Â.................................................................... 148 

6.7. ÑÓÁÎÁ’ªÊÒÍÀ Ô²ËÜÒÐÀÖ²ß  
ÍÀ ÎÑÍÎÂ² ÌÎÐÔÎËÎÃ²×ÍÈÕ ÎÏÅÐÀÖ²É ÒÀ ÑÅÃÌÅÍÒÀÖ²¯ ........... 150 

6.8. Ô²ËÜÒÐÀÖ²ß ÊÀÐÒÈ ÊËÀÑÈÔ²ÊÀÖ²¯  
Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ ÌÅÆ ÏÎË²Â............................................................... 152 

6.9. ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÅ ÄÎÑË²ÄÆÅÍÍß  
ÐÎÇÐÎÁËÅÍÎÃÎ ÌÅÒÎÄÓ ÏÎÑÒÎÁÐÎÁÊÈ  
ÁÅÇ ÂÈÊÎÐÈÑÒÀÍÍß ²ÑÍÓÞ×ÈÕ ÌÅÆ ÏÎË²Â...................................... 154 

6.10. ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÅ ÄÎÑË²ÄÆÅÍÍß ÐÎÇÐÎÁËÅÍÎÃÎ ÌÅÒÎÄÓ  
ÏÎÑÒÎÁÐÎÁÊÈ Ç ÂÈÊÎÐÈÑÒÀÍÍßÌ ²ÑÍÓÞ×ÈÕ ÌÅÆ ÏÎË²Â ...... 158 

ÐÎÇÄ²Ë 7. ²ÍÔÎÐÌÀÖ²ÉÍÀ ÒÅÕÍÎËÎÃ²ß ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß  
ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ ÂÅËÈÊÈÕ ÒÅÐÈÒÎÐ²É ............................ 161 

7.1. ÏÐÈÍÖÈÏÈ ÏÎÁÓÄÎÂÈ ²ÍÔÎÐÌÀÖ²ÉÍÎ¯  
ÒÅÕÍÎËÎÃ²¯ ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ...................... 161 

7.2. ÑÒÐÓÊÒÓÐÍÀ ÌÎÄÅËÜ ÑÅÐÂ²Ñ-ÎÐ²ªÍÒÎÂÀÍÎ¯ ÑÈÑÒÅÌÈ ÄËß 
ÐÎÇÂ’ßÇÀÍÍß ÇÀÄÀ× ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ ..... 166 

7.2.1. ÑÒÐÓÊÒÓÐÍÎ-ÔÓÍÊÖ²ÎÍÀËÜÍÈÉ ÀÍÀË²Ç  
ÑÅÐÂ²Ñ-ÎÐ²ªÍÒÎÂÀÍÎ¯ ÑÈÑÒÅÌÈ Ç ÓÐÀÕÓÂÀÍÍßÌ ÒÈÏ²Â  
ÂÈÐ²ØÓÂÀÍÈÕ ÇÀÂÄÀÍÜ .............................................................................. 167 

7.3.Â²ÇÓÀË²ÇÀÖ²ß ÎÒÐÈÌÀÍÈÕ ÐÅÇÓËÜÒÀÒ²Â  
ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ............................................... 171 

7.4. Ï²ÄÂÈÙÅÍÍß ÅÔÅÊÒÈÂÍÎÑÒ² ÎÁ×ÈÑËÅÍÜ......................................... 173 
7.5. ÏÐÎÁËÅÌÀ «ÂÅËÈÊÈÕ» ÄÀÍÈÕ ² ÕÌÀÐÍ² ÏËÀÒÔÎÐÌÈ.................... 174 

7.5.1. ÑÈÑÒÅÌÀ SEN2AGRI ............................................................................ 176 
7.5.2. ÕÌÀÐÍÀ ÏËÀÒÔÎÐÌÀ GEE ................................................................ 180 

7.6. ÅÊÑÏÅÐÈÌÅÍÒÀËÜÍÅ ÄÎÑË²ÄÆÅÍÍß  
ÐÅÀË²ÇÎÂÀÍÈÕ Â GEE ÊËÀÑÈÔ²ÊÀÒÎÐ²Â ............................................... 180 

ÐÎÇÄ²Ë 8. ÏÐÀÊÒÈ×Í² ÇÀÑÒÎÑÓÂÀÍÍß  
ÌÅÒÎÄ²Â ÊÀÐÒÎÃÐÀÔÓÂÀÍÍß ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ.............. 184 

8.1. ÏÎÁÓÄÎÂÀ ÐÅÒÐÎÑÏÅÊÒÈÂÍÈÕ ÊÀÐÒ ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ...................184 
8.2. ÏÎÁÓÄÎÂÀ ÊÀÐÒ ÇÌ²Í ................................................................................... 186 

8.2.1 ÊÀÐÒÈ ÇÌ²Í ÇÅÌÍÎÃÎ ÏÎÊÐÈÂÓ .................................................... 186 
8.3. ÏÎÐÓØÅÍÍß Ñ²ÂÎÇÌ²Í ................................................................................ 191 
8.4. ÀÍÀË²Ç ÇÁÈÒÊ²Â Â²Ä ÏÎÑÓÕ ........................................................................ 192 
8.5. ÊËÀÑÈÔ²ÊÀÖ²ß ÎÇÈÌÈÕ ÊÓËÜÒÓÐ ÍÀ ÏÎ×ÀÒÊÓ ÑÅÇÎÍÓ......................198 
8.6. ÊËÀÑÈÔ²ÊÀÖ²ß Ñ²ËÜÑÜÊÎÃÎÑÏÎÄÀÐÑÜÊÈÕ ÊÓËÜÒÓÐ  

Â Ê²ÍÖ² ÑÅÇÎÍÓ............................................................................................... 200 
8.7. ÊÀÐÒÀ ÏÐÎÄÓÊÒÈÂÍÎÑÒ² ÇÅÌÅËÜ............................................................ 203 

ÑÏÈÑÎÊ ÂÈÊÎÐÈÑÒÀÍÈÕ ÄÆÅÐÅË ................................................................. 205 

 



Íàóêîâå âèäàííÿ 
 
 
 

ØÅËÅÑÒÎÂ Àíäð³é Þð³éîâè÷ 
ËÀÂÐÅÍÞÊ  Ìèêîëà Ñåðã³éîâè÷ 

ßÉËÈÌÎÂ Áîãäàí ßëêàïîâè÷ 
ÒÊÀ×ÅÍÊÎ Îëåêñ³é Ìèêîëàéîâè÷ 

 
 
 
 
 

ÌÅÒÎÄÈ ÃËÈÁÈÍÍÎÃÎ ÍÀÂ×ÀÍÍß 
ÄËß ÃÅÎÏÐÎÑÒÎÐÎÂÎÃÎ ÀÍÀË²ÇÓ  
ÒÀ ÇÀÄÀ× ÑÏÎÑÒÅÐÅÆÅÍÍß ÇÅÌË² 

 

 
Êè¿â, Íàóêîâî-âèðîáíè÷å ï³äïðèºìñòâî 

«Âèäàâíèöòâî “Íàóêîâà äóìêà” ÍÀÍ Óêðà¿íè», 2019 

 
 

Õóäîæí³é ðåäàêòîð ².Ð. Ãóòìàí 
Òåõí³÷íèé ðåäàêòîð Ì.Ï. Ôåäîðåíêî 

 
 
 
 
 
 
 
 
 

Ï³äï. äî äðóêó 24.04.2019. Ôîðìàò 60 84/16. Ïàï³ð îôñ. ¹ 1. 
Ãàðí. Òàéìñ. Äðóê. îôñ. Óì. äðóê. àðê. 14,25. 

Îáë.-âèä. àðê. 14,65. Òèðàæ 300 ïðèì. Çàì. ¹ 53-20 

 
 

ÍÂÏ «Âèäàâíèöòâî “Íàóêîâà äóìêà” ÍÀÍ Óêðà¿íè» 
Ñâ³äîöòâî ïðî âíåñåííÿ ñóá’ºêòà âèäàâíè÷î¿ ñïðàâè 
äî Äåðæàâíîãî ðåºñòðó ÄÊ ¹ 2440 â³ä 15.03.2006 ð. 

01601 Êè¿â 1, âóë. Òåðåùåíê³âñüêà, 3 


	STR_1-4
	5--202
	Reference
	ZMIST
	KONTS_2019 _1_

