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Óñòàíîâêà äëÿ äèàãíîñòèêè íàðóøåíèÿ ìåòàáîëèçìà 
ðàñòèòåëüíîãî ïîêðîâà ïî ñïåêòðàì ïîãëîùåíèÿ  

ÈÊ-çëó÷åíèÿ àòìîñôåðîé 
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634050, Òîìñê, Ðîññèÿ, ïð. Ëåíèíà, 36, rie@mail.ru 
 

Ìåðû ïî çàùèòå ðàñòåíèé îò ðàçëè÷íûõ âîçáóäèòåëåé áîëåçíåé äîëæíû ïðîâîäèòüñÿ â òå÷åíèå îïðå-
äåëåííîãî ïåðèîäà âðåìåíè, ÷òîáû èçáåæàòü âîçìîæíûõ ýêîíîìè÷åñêèõ ïîòåðü. Äëÿ ìîíèòîðèíãà âîñïðè-
èì÷èâîñòè èëè óñòîé÷èâîñòè ðàçëè÷íûõ êóëüòóð ðàñòåíèé íåîáõîäèìû êîìïëåêñíûå ìîáèëüíûå ñèñòåìû.  
Â äîêëàäå ïðåäñòàâëåíà óñòàíîâêà, ïîçâîëÿþùàÿ ðåãèñòðèðîâàòü ïðèçíàêè íàëè÷èÿ íàðóøåíèÿ ìåòàáîëèçìà 
ñåëüñêîõîçÿéñòâåííûõ êóëüòóð íà ýòàïå ðàííåãî ðàçâèòèÿ ìåòîäîì ïðÿìîãî ïîãëîùåíèÿ àòìîñôåðîé â ÈÊ-
äèàïàçîíå. Ïðèâîäÿòñÿ õàðàêòåðèñòèêè èñïîëüçóåìîãî îáîðóäîâàíèÿ. Îïèñûâàåòñÿ ìåòîäîëîãèÿ ïîäõîäà  
ê îáðàáîòêå ïåðâè÷íûõ ýêñïåðèìåíòàëüíûõ äàííûõ.  Ñåðèÿ ýêñïåðèìåíòîâ ïðîâåäåíà íà øòàòíîì Ôóðüå-
ñïåêòðîìåòðå ÔÒ-801. Â êà÷åñòâå ðàáî÷åãî îáúåìà èñïîëüçîâàíà òåïëèöå ðàçìåðîì 50 ñì øèðèíîé è 200 ñì 
äëèíîé. Ðåïðåçåíòàòèâíàÿ âûáîðêà ðàñòåíèé ñîñòàâëÿëà 35 øòóê. Ïîêàçàíî, ÷òî ñïåêòðîñêîïè÷åñêèé ïîä-
õîä ïîçâîëÿåò ðåãèñòðèðîâàòü íàëè÷èå çàðàæåíèÿ çà 5 äíåé äî âîçíèêíîâåíèÿ ñîîòâåòñòâóþùèõ ìîðôîëîãè-
÷åñêèõ ïðèçíàêîâ ó ðàñòåíèé. 

 

Êëþ÷åâûå ñëîâà: ñïåêðîñêîïèÿ, ìàøèííûé àíàëèç, ÈÊ-ñïåêòðû, ñòðåññ ðàñòåíèé; Spectroscopy, 
Machine analysis, IR spectra, Plant stress. 

 

Ââåäåíèå 
 

Ìèð ñåëüñêîõîçÿéñòâåííûõ âðåäèòåëåé î÷åíü ðàçíîîáðàçåí, è â íàñòîÿùåå âðåìÿ, â ñâÿçè ñ ïîïóëÿðè-
çàöèåé îðãàíè÷åñêîãî çåìëåäåëèÿ è ïîëèòèêè, íàöåëåííîé íà ðàçâèòèå àãðàðíîãî ñåêòîðà ýêîíîìèêè, âåäåòñÿ 
ïîèñê íåõèìè÷åñêèõ ìåòîäîâ, îáåñïå÷èâàþùèõ ýôôåêòèâíîå ñíèæåíèå èõ âðåäîíîñíîñòè [1, 2]. Íåñâîåâðå-
ìåííîå îáíàðóæåíèå î÷àãà çàáîëåâàíèÿ ëþáûõ ñåëüñêîõîçÿéñòâåííûõ êóëüòóð, âîçäåëûâàåìûõ êàê â çàêðû-
òîì, òàê è â îòêðûòîì ãðóíòå, ïðèâîäèò åñëè íå ê ïîëíîé ãèáåëè ïëàíòàöèè, òî, êàê ìèíèìóì, ê îùóòèìûì 
ïîòåðÿì â ðàçìåðå è êà÷åñòâå óðîæàÿ. Çà÷àñòóþ çàáîëåâàíèå ðàñòåíèé ðàçâèâàåòñÿ òàêèì îáðàçîì, ÷òî íà 
íà÷àëüíîì ýòàïå îòñóòñòâóþò êàêèå-ëèáî âíåøíèå ïðèçíàêè ïîðàæåíèÿ. Ïîçæå, êîãäà ìîðôîëîãèÿ ðàñòåíèÿ 
íà÷èíàåò ìåíÿòüñÿ, ðàñòåíèå, à çà÷àñòóþ è áîëüøàÿ ÷àñòü ïëàíòàöèè, óæå íàñòîëüêî ïîðàæåíî, ÷òî âìåøà-
òåëüñòâî óæå áåñïîëåçíî [3,4]. 

Çàäà÷åé íàñòîÿùåé ðàáîòû ÿâëÿåòñÿ ñîçäàíèå ìàêåòà óñòàíîâêè, ïîçâîëÿþùåé ïî ñïåêòðàì ïðÿìîãî ïî-
ãëîùåíèÿ ÈÊ-èçëó÷åíèÿ àòìîñôåðîé íàä ïëàíòàöèåé ðåãèñòðèðîâàòü ìîìåíò çàðàæåíèÿ ðàñòåíèé åùå äî 
ïîÿâëåíèÿ ìîðôîëîãè÷åñêèõ ïðèçíàêîâ. 

 
Ïîðÿäîê ýêñïåðèìåíòà 

 
Áûëà ñîáðàíà ëàáîðàòîðíàÿ ýêñïåðèìåíòàëüíàÿ óñòàíîâêà, ñõåìà êîòîðîé ïðåäñòàâëåíà íà ðèñ. 1.  

Â äàííîì âàðèàíòå èçëó÷åíèå ãàëîãåíîâîé ëàìïû ïðîïóñêàëîñü ÷åðåç óñëîâíî èçîëèðîâàííóþ òåïëèöó ïðî-
òÿæåííîñòüþ 2 ì è ïîïàäàëî íà àïåðòóðó Ôóðüå-ñïåêòðîìåòðà ÔÒ-801 ôèðìû ÑÈÌÅÊÑ. Â òå÷åíèå 26 äíåé 
ïîñëå ïîÿâëåíèÿ ðîñòêîâ, îäèí ðàç â äåíü, ðåãèñòðèðîâàëñÿ ñïåêòð àòìîñôåðû íàä ïëàíòàöèåé. Íà 27-îé 
ïðîèçâîäèëîñü çàðàæåíèå ïëàíòàöèè è ïðîäîëæàëèñü ñúåìêè ñïåêòðà âïëîòü äî ïîëíîãî óâÿäàíèÿ ïëàíòàöèè. 

 

4 

2 3 

3 
3 

1 

Ðèñ. 1. Ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè: 1 – òåïëèöà, 2 – èñòî÷íèê ÈÊ-èçëó÷åíèÿ, 3 – þñòèðîâî÷íàÿ îïòèêà,  
  4 – Ôóðüå-ñïåêòðîìåòð 
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Òåïëèöà äëèíîé 2 ì îñíàùåíà ñèñòåìàìè îñâåùåíèÿ (ïîñðåäñòâîì ôèòî-ñâåòîäèîäîâ), âåíòèëÿöèè è ïî-
ëèâà ðàñòåíèé. Â áîêîâûõ ñòåíêàõ ïðåäóñìîòðåíû çàêðûâàþùèåñÿ îêíà, ïðåäíàçíà÷åííûå äëÿ ââîäà è âû-
âîäà èçëó÷åíèÿ ãàëîãåíîâîé ëàìïû. 

Èçëó÷åíèå ãàëîãåíîâîé ëàìïû 2 ñîáèðàëîñü ñôåðè÷åñêèì çåðêàëîì 3 â ïëîñêîïàðàëëåëüíûé ïó÷îê 
è ïðîõîäèëî ÷åðåç òåïëèöó 1 íà ðàññòîÿíèè 10 ñì íàä âåðõóøêàìè ðàñòåíèé, ïîñëå ÷åãî ôîêóñèðîâàëîñü íà 
âõîäíóþ àïåðòóðó Ôóðüå-ñïåêòðîìåòðà 4. 

 
Ïëàíòàöèÿ 

 

Äëÿ àíàëèçà âûñàæèâàëàñü ïëàíòàöèÿ îãóðöîâ ñîðòà «Ìàëûø». Ðåïðåçåíòàòèâíàÿ âûáîðêà ñîñòàâèëà 35 
îñîáåé. Èñïîëüçîâàëñÿ ãðóíò, â ñîñòàâ êîòîðîãî âõîäèëè òîðô (30%), ïåñîê (40%) è áèîãóìóñ (30%). Ïîëèâ 
ïðîèçâîäèëñÿ îòñòîÿííîé âîäîé ñ òåìïåðàòóðîé 23 Ñ. 

 
Ýêñïåðèìåíò 

 

Ðåãèñòðàöèÿ ñïåêòðîâ ïðîâîäèëàñü â ñåðåäèíå ñâåòîâîãî äíÿ äî ïîëèâà. Ïàðàìåòðû ðåãèñòðàöèè ïðåä-
ñòàâëåíû â òàáëèöå. 

 
Ïàðàìåòðû ðåãèñòðàöèè ñïåêòðîâ 

Ñïåêòðàëüíîå ðàçðåøåíèå ñì1 2 
Âðåìÿ ðåãèñòðàöèè, ìèí 10 
Òåìïåðàòóðà, Ñ 22 
Âëàæíîñòü, % 52 

 
Çàðàæåíèå 

 

Äëÿ ñòàòèñòèêè ïðîâåäåíû äâå èäåíòè÷íûõ ñåðèè ýêñïåðèìåíòîâ. Â êàæäîé ñåðèè áûëè èñïîëüçîâàíû 
èäåíòè÷íûå ñåìåíà ðàñòåíèé äëÿ âûñàäêè ïëàíòàöèè, âûäåðæàíû îäèíàêîâûå óñëîâèÿ âûðàùèâàíèÿ è çàðà-
æåíèÿ èäåíòè÷íûì âîçáóäèòåëåì. Çàðàæåíèå îãóðöîâ ïðîèçâîäèëîñü ïàóòèííûì êëåùîì. Íà ðèñ. 2 ïðåä-
ñòàâëåíû ôîòîãðàôèè ëèñòüåâ ðàñòåíèé, ñäåëàííûå íà 30-é, 35-é è 40-é äåíü ïîñëå ïîñàäêè (íà 4-é, 9-é è 14 
äåíü ïîñëå çàðàæåíèÿ) 

 

 
30 äåíü                                         35 äåíü                                      40 äåíü 

Ðèñ. 2. Ôîòî ëèñòüåâ ðàñòåíèé â ðàçíûå äíè ïîñëå çàðàæåíèÿ 

 

Àíàëèç  
 

Äëÿ àíàëèçà êîíòóðà ïîãëîùåíèÿ â äèàïàçîíå 800–6000 ñì1 èñïîëüçîâàëàñü ïðîãðàììà, îïèñàííàÿ  
â [5]. Â ïðîãðàììå ðåàëèçîâàí ðåãðåññèîííûé àíàëèç ìàññèâà ñïåêòðîâ ïî îäíîìó íåèçâåñòíîìó ïðèçíàêó  
(â äàííîì ñëó÷àå íàëè÷èå çàðàæåíèÿ (100%) / îòñóòñòâèå çàðàæåíèÿ (0%)) ñ âîçìîæíîñòüþ îáó÷åíèÿ. Îáó-
÷åíèå áûëî ïðîâåäåíî íà ìàññèâå ñïåêòðîâ ïåðâîé ñåðèè ýêñïåðèìåíòà. Âûõîäíûìè äàííûìè ïðîãðàììû 
ÿâëÿåòñÿ âåðîÿòíîñòü íàëè÷èÿ çàðàæåíèÿ â ìîìåíò ðåãèñòðàöèè î÷åðåäíîãî ñïåêòðà. 

Ïðè ýòîì â êà÷åñòâå èçâåñòíîãî ïàðàìåòðà ïðè îáó÷åíèè ââîäèëèñü âåðîÿòíîñòè çàðàæåíèÿ ïëàíòàöèè 
äëÿ êàæäîãî èç 41-ãî ñïåêòðà èç ìàññèâà ïåðâîé ñåðèè ýêñïåðèìåíòà. Íàïðèìåð: 

1–26 äåíü – çäîðîâûå îáðàçöû (âåðîÿòíîñòü ïîâûøåíèÿ ôîíîâîé êîíöåíòðàöèè ãîðìîíàëüíûõ âûáðî-
ñîâ ðàñòåíèé) – 0%,  

27–41 äåíü – çàðàæåííûå îáðàçöû (â îòâåò íà çàðàæåíèå ïîâûøåí ãîðìîíàëüíûé ôîí ðàñòåíèé) – 
100%. 

Îáðàáîòêà ñ èñïîëüçîâàíèåì èíòåëëåêòóàëüíîãî ìàøèííîãî àíàëèçà ìàññèâà ñïåêòðîâ âòîðîé ñåðèè ýêñ-
ïåðèìåíòà îäíîçíà÷íî ïîêàçàëà íàëè÷èå çàáîëåâàíèÿ çà 3 äíÿ äî âîçíèêíîâåíèÿ ìîðôîëîãè÷åñêèõ èçìåíå-
íèé íà ëèñòüÿõ çàðàæåííûõ ðàñòåíèé (ðèñ. 3). 
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Ðèñ. 3. Ðåçóëüòàòû îáðàáîòêè ìàññèâà ñïåêòðîâ. Âåðòèêàëüíîé ëèíèåé îáîçíà÷åí ìîìåíò çàðàæåíèÿ 

 
Â ðåçóëüòàòå ñ 27 äíÿ ðåãèñòðàöèè ñïåêòðîâ, âèäíà ïîâûøåííàÿ âåðîÿòíîñòü çàáîëåâàåìîñòè ó ðàñòåíèé. 

Ñòîèò îòìåòèòü, ÷òî ïîÿâëåíèå ìîðôîëîãè÷åñêèõ ïðèçíàêîâ íà÷àëîñü íà 35 äåíü ðåãèñòðàöèè, â òî âðåìÿ êàê 
ìàøèííûé àíàëèç ïîêàçàë ïîâûøåííóþ âåðîÿòíîñòü íàëè÷èÿ çàáîëåâàíèé ó ðàñòåíèé óæå íà 32 äåíü. Äàí-
íûé ïîäõîä ïîêàçàë, ÷òî ñ ïîìîùüþ ìåòîäà, â îñíîâå êîòîðîãî ëåæèò ðåãðåññèîííûé àíàëèç, ïîçâîëèë îï-
ðåäåëèòü çàáîëåâàíèå ó ðàñòåíèé ïî ïîâûøåíèþ êîíöåíòðàöèè ãîðìîíîâ ñòðåññà â âîçäóõå íà òðè äíÿ ðàíü-
øå, ÷åì äî ïðîÿâëåíèÿ ìîðôîëîãè÷åñêèõ ïðèçíàêîâ. 

 
Çàêëþ÷åíèå 

 
Ïðîâåäåííûé â ðàáîòå àíàëèç ïîãëîùåíèÿ àòìîñôåðîé èíôðàêðàñíîãî èçëó÷åíèÿ ïîêàçàë íàëè÷èå âîç-

ìîæíîñòè äèàãíîñòèðîâàòü íàëè÷èå ñòðåññà ó ðàñòåíèé, âîçíèêàþùåãî â ïðîöåññå ðàçâèòèÿ çàáîëåâàíèé äàæå 
íà îïòè÷åñêîì ïóòè 2 ì. 

 
 

Ñïèñîê ëèòåðàòóðû 
 

1. Mahlein A.K. Plant disease detection by imaging sensors–parallels and specific demands for precision agriculture and 
plant phenotyping // Plant disease. 2016. Ò. 100, N 2. P. 241–251. 

2. Stafford J.V. Implementing precision agriculture in the 21st century // Journal of agricultural engineering research. 
2000. Ò. 76, N 3. P. 267–275. 

3. Martinelli F. et al. Advanced methods of plant disease detection. A review // Agronomy for Sustainable Development. 
2015. Ò. 35. P. 1–25. 

4. Bock C.H. et al. Plant disease severity estimated visually, by digital photography and image analysis, and by hyperspec-
tral imaging // Critical reviews in plant sciences. 2010. Ò. 29, N 2. P. 59–107. 

5. Ñèíèöà Ë.Í., Ùåðáàêîâ À.Ï., Åìåëüÿíîâ Í.Ì., Ëóãîâñêîé À.À. Ñïîñîá èçìåðåíèÿ ðàçìåðà ïîð ãèäðîôèëüíûõ 
ìàòåðèàëîâ // Ïàòåíò ¹ 2758777. 2021.  

 
À.À. Lugovskoi, N.M. Emelyanov, À.V. Lugovskoi, I.E. Rodionov. Installation for diagnostics of 

metabolic disorders of plant cover based on IR spectra of atmospheric radiation. 
Measures to protect plants from various pathogens should be carried out over a certain period of time to 

avoid possible economic losses. Complex mobile systems are needed to monitor the susceptibility or resistance of 
various plant crops. The report presents a setup that allows recording signs of metabolic disorders in 
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experimental data is described. A series of experiments were conducted on a standard FT-801 Fourier 
spectrometer. A greenhouse measuring 50 cm wide and 200 cm long was used as a working volume.  
A representative sample of plants consisted of 35 pieces. It is shown that the spectroscopic approach allows 
recording the presence of infection 5 days before the appearance of the corresponding morphological features in 
plants. 
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