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Abstract: The features remote monitoring of plant nitrogen nutrition using
unmanned aerial vehicles. Shown the possibility to use for monitoring the nitrogen the
additive color model RGB, including the standard board optical equipment. Modern
UAVs are able to quickly receive spectral information about the state of the whole
field, as well as its individual parts with appropriate positioning. This makes it
possible to use techniques for fertilizing equipment equipped only with positioning
equipment, which is fundamentally cheaper than additional touch equipment for leaf
diagnostics. Has been made the calculation of economy affectivity of differential
inputting fertilize. Has been proposed the use of UAV in crop plants for inputting the
fertilizer is possible with the use of agricultural equipment equipped with positioning
systems. Delineated for UAV it is expedient to develop vegetation indices adapted
exactly for such equipment. Has been shown the possibility of using for monitoring the
state of nitrogen nutrition may use red and green components of the visible spectrum,
which can be provided at standard optical UAVs equipment.
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Relevance. Monitoring of agricultural plantations using unmanned aerial
vehicles (hereinafter UAVs) is widely advertised both in mass media and in
specialized publications and is presented as a universal tool for agricultural producers.
Unlike satellites, UAVs are able not only to evaluate expected yields, but also to
provide information on the state of mineral nutrition needed for crop programming.
That is, to help obtain the maximum profit by choosing the optimal dosage of

fertilizers. However, in practice, there is some distrust of these technologies and even
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disappointment, as the received information needs to be further interpreted and
implemented. Recognition of the state of plants by its spectral characteristics, the so-
called leaf spot diagnostics, requires specialized algorithms and related software with a
simple and understandable interface. Equipment that is capable of carrying out spot-
testing and differential fertilizer application also requires appropriate investment, and
therefore affects the profitability of production. Therefore, the estimation of economic
prospects for farmers in monitoring plant plots with the use of UAVs for differential
fertilizer application is the goal of our work.

Analysis of recent research and publications. Since the 70s of the previous
century, technologies of satellite monitoring of planting have been developed, based
on the use of so-called vegetation indices (VI), which made it possible to evaluate
certain parameters of plantings [1,2]. The successful experience of these technologies
was realized in serial ground equipment based on sensors such as Greenseeker (USA),
CropSpec and Raptor (Japan), N-sensor (Norway) [3,4,5], used for differential
fertilizer application. It should be noted that the use of such equipment, along with the
benefits of the rational use of fertilizers, is limited by its significant cost and the ability
to provide only such an optimality criterion as maximum yield, since it is not known
before the start of the work, in which state are crops. Available ground equipment for
assessing the state of nitrogen feeds uses such VI as NDVI, NDRE, which are
determined by the intensity of the radiation for the channels NIR, RED, red edge. The
near-infrared radiation fixation results in the use of specialized touch-sensitive
equipment, which also limits the implementation of technologies.

The purpose of the research is find possibility to use for monitoring the
nitrogen the additive color model RGB, including the standard optical equipment of
UAVs.

Materials and research methodology. UAVs began to be massively introduced
into the agrarian sector since 2008, after the emergence of powerful and small-sized

lithium polymer batteries, which enabled relatively easy control in manual and
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automatic modes. Such a short term of production exploitation, to a certain extent,
explains the relatively limited distribution of these technologies in the domestic
market. Compared to satellite platforms, UAVs are the latest equipment with
fundamentally new features, which allows it to be used for operational tasks. Modern
UAVs are able to quickly receive spectral information about the state of the whole
field, as well as its individual sites with appropriate positioning. This makes it possible
to use techniques for fertilizing equipment equipped only with positioning equipment,
which is fundamentally cheaper than additional touch equipment for leaf diagnostics.
In the Ukrainian market there are firms offering modernization of existing equipment
for fertilizing by means of positioning with the corresponding computer equipment at a
cost about 1000-2000 USD. Also, unlike Greenseeker, positioning tools can be used
continuously for any particular needs of the farm. Creation of VI for satellite platforms
was associated with certain physical constraints such as: the presence of transparency
windows of the atmosphere, the complexity of radio frequency correction, which
affected the structure of the VI [6]. The most common NDVI index was constructed
based on the fact that the radiation in the red region of the spectrum is well absorbed
by plants and is well reflected in the near infrared spectral region. It should be noted
that the optical range of the spectrum, which due to the clouds is limitedly used in
satellite monitoring, is also informative about the state of nitrogen supply [7,8].
Research results. Accordingly, when placing sensors on the UAV platform,
monitoring of the state of nitrogen can be carried out also by standard optical sensors.
The most commonly used UAV sensors use the optical range, namely additive color
models of RGB formation. Of the channels available in the RGB model for most
crops, the greatest reflection of the radiation occurs for the green channel. Figure 1
shows a plot of the dependence of the vegetation index constructed for the optical
region of the spectrum by analogy with NDVI on the amount of nitrogen.
When the results are approximated, the coefficient of determination in the form of

exponential dependence is 0.94. As can be seen from the data presented, with the
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amount of nitrogen less than 2.5% (areas requiring nutrition), the proposed VI can be

used with high precision to make a decision on the differential application of nitrogen
fertilizers.

i

RG=(G-Ry(G+R)
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Fig. 1 Dependence VI created at the R and G channels on the amount of

nitrogen

An economic component due to the rational use of fertilizers. Table shows the
calculations for spring cereal wheat carbamide rejuvenation.

So, even for 1 year on a field of 100 hectares, it is possible to save (8-30)
thousand UAH at differentiated inputting the fertilizer. That is, using the indicated
technology, it is possible for one season to recoup the modernization of equipment for
differential fertilizer application. In addition to the operational benefits of saving
fertilizers when fed, the emergence of electronic field maps in the future will help to

apply differentiated technological techniques for improving soil fertility (cultivation,
melioration, fertilization).

109



"Enepzemuka i agmomamuxa', Ned, 2017 p.

Spring inputting of fertilizer

Feeding to the beginning of the bloom phase

The rate of fertilization per 1 hectare 22 kgDR.(N) / 48 kg fertilizer
16%o solution, 300 |

Amount / cost of fertilizers per 100 | 4 800 kg /51 360 UAH
hectares

Saving fertilizers 10-40% /5 136 - 20 544 UAH

Feeding to the output phase of the handset

The rate of applying is 1 hectare of | 11 kgDR.(N) / 24 kg fertilizer
fertilizer 8% solution, 300 |

Amount / cost of fertilizers per 100 | 2 400 kg / 25 680 UAH
hectares

Saving fertilizers 10-40% / 2 568 - 10 272 hryvnas.

Conclusions and perspectives.

1. The use of UAV in crop plants for inputting the fertilizer is possible with the use
of agricultural equipment equipped with positioning systems.

2. For UAV it is expedient to develop vegetation indices adapted exactly for such
equipment.

3. For monitoring the state of nitrogen nutrition may use red and green components
of the visible spectrum, as an example VI RG = (G - R) / (R + G), which can be
provided at standard optical UAVs equipment.
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OLIIHKA EKOHOMIYHOI E®EKTUBHOCTI JUCTAHIIMHOT O
MOHITOPHUHI'Y 3EPHOBUX HACA/’)KEHbB 13 BUKOPUCTAHHSM BILJIA
B. II. Jlucenxo, H. A. Ilaciunuk, /1. C. Komapuyk, O. O. Onpuwiko

Anoranis. [lokazaHo acnekTH JUCTaHIIMHOTO  MOHITOPUHTY  CTaHy
3a0€3MEeUEeHOCTI POCIMH a30TOM 3a JIONIOMOIO O€3MiJOTHUX JITaJbHUX amaparisb.
[IpencraBiieHO MOXJIUBICTb BUKOPUCTAHHS nonatkoBoi RGB  wmogmemi, ms
MOHITOPUHTY CTaHy 3a0€3MeUYeHOCT1 a30TOM POCIMHHUX HACAIKEHb 3 BUKOPUCTAHHSIM
cTaHgapTHOTO onTtuyHoro odjagHanHs. CydacHi BIIJIA MarOTh MOXKIUBICTH HIBUJIKO
OTPUMYBATH CIEKTPaJIbHI JIaHI MPO CTaH BCHOTO TOJIsI, a TAKOXK PO OKpemi HOro
YaCTUHU 3 BIJINOBIAHUM KOOPJAMHATHUM TO3UINIOHYBaHHsAM. Lle nae MOXIUBICThH
BUKOPUCTOBYBATH TEXHOJIOTII Jis1 KanmiOpyBaHHs CTaHAAPTHOTO POTO 00JIaJHAHHS, 1[0
€ 3HAYHO JCHICBINE, HIXK CHeliaJlbHe OOJaJHaHHS 3 JOJATKOBUMHU CIICKTpaMHU IS
TIarHOCTUKU JIMCTA. Y poboTi Oyn0 MPOBEACHO PO3PAXYHOK EKOHOMIYHOI
e(heKTUBHOCTI AuQEPEeHIIHOBAHOTO BHECEHHsS J0OpuB. bylo 3amponoHOBaHO
BukopuctoByBatd BIIJIA s  Bu3HAUGHHS HEOOXIMHOI KUIBKOCTI BHECEHHS
MIHEpAIBbHUX JOOPUB JJIs1 ClIBCHKOTOCIIOAAPCHKUX POCIHMH 3a JOMOMOTOI TEXHIKH
OCHAIIIEHOI cucTeMaMu Mo3uIlionyBaHHs. OOrpyHroBano, mo s BITJIA morinbsHO
pO3pOOJISITH  OKpeMi BereTailiiiHi 1HJIEKCH, aJalToBaHI caMme IS TaKOTO THITY
obnagHaHHs. [TokazaHa MOKJIMBICTE BUKOPHUCTAHHS JJII MOHITOPUHTY CTaHY a30THOTO
KUBJICHHS, YEPBOHUX Ta 3€JICHUX KOMIIOHEHTIB BUIUMOTO CIICKTPY, SIKi MOXYTh OyTH
OTPUMaHi 3 IOMTOMOTOI0 CTAaHAAPTHOTO ONTHYHOTO 00JIaTHAHHSI.

Kuawuosi caoBa: bIIVIA, 3abe3neuenicmv azomom, penmadeIbHiCMb,
MiHepabHi 000puUea, eKOHOMIYHA eheKMUBHICMD.

OILIEHKA SKOHOMUWYECKOM Y®P®EKTHBHOCTH
JIMCTAHIIMOHHOI'O MOHUTOPHUHT A 3EPHOBBIX HACAXKJIEHUH C
NCITIOJIb3OBAHUEM BILJIA
B. II. JIvicenko, H. A. Ilaceunux, /. C. Komapuyk, A. A. Onpvluiko
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AnHoTamusi: [loxazano acnexkmsl OUCMAHYUOHHO20 MOHUMOPUHEA COCMOSIHUSA
obecneueHHOCMU pacmenuli a3omom ¢ NOMOWbI0 OeCNUIOMHBIX JeMAaAmelbHbIX
annapamos. Ilpeocmasnena 603M0A*CHOCHb UCNONbL308aHUSL OonoaHumenvhou RGB
Mmooenu, 01 MOHUMOPUHEA COCMOSIHUS 00eCneueHHOCmU a30MoM pPACMUMElbHbIX
HACAMCOeHUNl ¢ UCNOIb308AHUEM CIMAHOAPMHO20 ONMUYECcKo20 000py00B8aHUsL.
Cospemennvie BII/IA umerom 603MONCHOCHbL ObICMPO NOAYHAMb CNEKMPATbHBLE
OaHHble O COCMOAHUU 6Ce20 NOJIS, d MAKdHce 00 OMOEIbHbIX €20 YACMAX C
COOMBEMCMBYIOWUMU KOOPOUHAMAMU NOZUYUOHUPOBAHUSA. DMO 0aem 803MONCHOCMb
UCNONBb308AMb MEXHON02UU OJIl KAAUOPOBKU CMAHOAPMHO20 (HOMmMooOopyo008aHus,
Komopoe  3HauumenbHO  Oeuiegie,  dem  ChneyudaivHoe  0060pyoosaHue ¢
OONONHUMENbHBIMU CNeKmMpamu 0Jis OUASHOCMUKU Jucmoves. B pabome Ovin nposeder
pacuem  dKoOHOMUYeCKOU  dghhexmusnocmu  oughpepenyuposannoco  8HeceHus
yooopenuti. bvino npeonosceno ucnonvzosame BII/IA ons onpedenenus HeobOX00UM020
KOIUYeCmea BHeCeHUs MUHEPAIbHbIX VOOOpeHUull Ol CeNbCKOXO3AUCTBEHHbIX
pacmeHuti ¢ NOMOWbIO MEXHUKU, OCHAWEHHOU CUCMEMAMU HOZUYUOHUPOBAHUSL.
Obocnosarno, umo ons bBIIJIA yenecoobpazno paszpabameieams omoenvbHbvle
6ecemayuoOHHble  UHOEKCbl,  A0AnmMupo8aHHble UMEHHO Ol mMaKko2o  mund
obopyoosanus. Tlokazana B03MOJNCHOCMb  UCNONL308AHUSL Ol  MOHUMOPUHEA
COCMOAHUSL A30MHO20 NUMAHUS, KPACHbIX U 3€/eHbIX KOMNOHEHMO8 GUOUMO2O
cnekmpa, Komopule Mo2ym 0blmsb NOJYUeHbl C NOMOWBIO CIAHOAPIMHO20 ONMUYECKO20
0b0pyo0osanusi.

KuawuesBbie cioBa: BIIVIA, obecneuennocmov a3zomom, peHmadebHOCHb,
MUHepanbHvle YOoOpeHus, IKOHomMuueckan IPpphexkmusnocmo

113



	УДК 621.43.068:536.24
	Рис. 4. Поля скоростей и давлений:
	a – скорость отработанных газов в каналах пучков труб, м/с; b – изменение температуры в каналах пучков труб, оС; c – перепад давления в каналах пучков труб, Па
	Рух частинки по огороджуВАЛЬНому кожуху у вигляді циліндра Архімеда
	Проведені дослідження показали, що питомий опір композитних контактних матеріалів на основі міді має значення, співставне з величиною питомого опору конктатних матеріалів на основі срібла КМК-А10м, КМК-А40. Експериментальні залежності перехідного конт...
	Динаміка збільшення величини перехідного опору дослідних контактів нижча (в 2 – 3,5рази) і опір зростає повільніше, на відміну від серійних, для яких зафіксовано зростання величини опору в 5 – 7 раз, при роботі пускачів в середовищі з хімічно активним...
	3. .Динаміка збільшення величини перехідного опору дослідних контактів нижча (в  2–3,5 рази) і опір зростає повільніше, на відміну від серійних, для яких зафіксовано зростання величини опору в 5–7 раз при роботі пускачів в середовищі з хімічно активни...

	О. В. Шеліманова, кандидат технічних наук, доцент
	Л. Ю. Шпільберг, інженер
	В. В. Михалевич, інженер
	Н. С. Корбут, інженер
	В. Г. Стецюк, інженер
	М. С. Коханенко, інженер
	Інститут технічної теплофізики НАН України
	Використання біодобрив особливо актуальне для відтворення органічної речовини ґрунту, поновлення родючості та нарощування гумусної складової, особливо після вирощування енергетичних рослин (ріпак, кукурудза, цукровий буряк).
	Мета дослідження – одержання даних, необхідних для розробки першої стадії багатостадійної технології переробки ресурсоцінних відходів від біогазових установок (БГУ) сучасних комплексів утримання ВРХ на сухе гранульоване біодобриво, корми та тверде біо...
	Матеріали та методи дослідження. Виконувалися експериментальні дослідження фізико-механічних характеристик початкових та переброжених у БГУ рідинно-плинних відходів, їх реологічних властивостей та процесу часткового механічного відокремлення несучої ф...
	Результати досліджень та їх обговорення. Результати аналізу фізико-хімічних характеристик переброженої та початкової дисперсії гною ВРХ наведено в табл. 1.
	На основі визначених характеристик проводили корекцію роботи БГУ.

