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KEPYBAHHS BOJIOTI'O3ABE3INIEYHEHICTIO
CIJIbCBKOI'OCIIOAAPCBKUX KYJIBTYP
IIPU KPAIIEJIbHOMY 3BOJIOKEHHI HA OCHOBI HEYITKOI JIOT'TKA

AHoTanisi. CucreMu KparneiabHOr0 3pOLICHHS MIUPOKO BUKOPUCTOBYIOTHCS U1l BUPOILYBaHHS PI3HOMAHITHUX CiJIbCh-
KOI'OCIIOJAPCHKUX KYJIBTYP K Y TEIUIMIIX, TaK 1 Ha BIAKPUTHX IUISHKaxX Pi3HOrO po3Mipy, BiJj HEBEIMKUX NMPUBATHHUX
CaJIOBUX AUISHOK 10 epMepchkux rocroaapcrs. OcoOaMBiCTh JaHOrO THILY 3pOLICHHS Y TOMY, 110 BOAA HOBUIBHO IIO-
JTAE€THCSI KpAIUISIMK a00 CTPYMEHAMH y 3a[JaHui Jac 1 y 3aJjaHill KUIBKOCT] 6e31mocepeIHbO 1O KOPEHIB KOXKHOI POCIIHHU.
Ilpu npomy BuTpaTa BoaM 3MeHIIyeThest Ha 20-50% y NMOpiBHAHHI 3 MOBEPXHEBUM IOJIUBOM 1 JIOIIYBaHHAM, HOIEpe-
JUKA€ThCS HAUIMIIKOBHUHM MOJIMB 1 BHACHIJOK I[bOrO MiAHATTS PiBHS IPYHTOBUX BOJI Ta 3aCOJCHHS IPYHTY, HE YIIUIBHIO-
€ThCSl BEPXHsI YaCTHHA IPYHTY, 3HWXKYETbCS PiBeHb po3pocTaHHs Oyp'sHy. IIpu npoBeneHHi 3polIeHHs HEOOXiJHO Bpa-
XOBYBATH BIUIMB BUIIAJIKOBO 3MiHHHX IOIOAHMX (pAKTOPIB 1 IOICHHO KOPUI'YBaTH HOMMBHY HOpMY. CTpYKTYpHa cxema
aBTOMaTn30BaHOi cucreMu kepyBaHHs (ACK) Bosoro3abe3nedeHicTio MOAYJIBHOI JUISHKY 32 JJOIIOMOT'O0 KPareIbHOTr0
3pOLICHHS SIBJIsIE COO00 KOMOIHOBaHY CHCTEMY KE€PYBaHHS 3 PETYJIATOPOM, SKHI CKIAJA€ThCA 3 ABOX IOCIIJOBHO 3'€]l-
HaHUX JlaHOoK. [leplua naHKa BU3HAYa€ JOIYCTHMY 4acCTKy HEIONONMBY POCIMH Y BiJICOTKAX, BpaXOBYIOUH JIaHI METEOII-
POrHO3y Ha HACTyNMHHH AeHb. OUEeBHUAHO, 110 JOIMYCTHMA YacTKa HEJONoIuBYy Oyne THM Oinblia, 4uM Olblle 3HAUCHHS
MPOrHO30BaHMX omnajiB. Jlpyra jnaHka oOpaxoBye 3aBJaHHA BCMOKTYIOUOTrO THCKY (BOJIOI'OCTI) Ha IIOTOYHUMH JIeHb, Bpa-
XOBYIOYHM PEKOMEHALLI] epIIOro peryyiaTopa, i Mojae Kepyodi BIUIMBY Ha BUKOHABYi MEXaHi3MU. MeTO CTaTTi € po3-
poOKka MeTo/y KepyBaHHS BOJIOTICTIO IPYHTY 3a JIOIIOMOrOI0 KPamlejbHOro 3pOIICHHS Ha OCHOBI HEUiTKOI Jioriku. s
BU3HAYEHHS YaCTKU HEIONOJIMBY BUKOPUCTAHO AITOPUTMH HEUITKOI JIOTiKH. B siKocTi BXiZHOI 3MiHHOi BUKOPUCTOBY-
I0ThCS JaHI METEONPOrHo3y 110 ONajax Ha HACTYIHHUH AeHb. BUXilHOIO 3MIHHONO € JOMyCTHMa YacTKa HEJIOIOJIUBY pOC-
JIMH Ha NOTOo4YHHMi neHb. 3anpornoHoBaHa ACK BonorosabesnedeHicTio CilibCbKOrOCIOAAPChKUX KYIBTYpP IPH Kparelb-
HOMY 3pOLICHHI J03BOJISE MiJABUIIUTH TOYHICTh KEPYBAaHHS BOJIOTICTIO 3aBJSKH OINEPaTHMBHOMY BPAaXyBaHHIO 3MiHHHX
30ypeHb Ha 00'eKT i1 3a0e3MeYnTH OTPUMAaHH INIAHOBOI BPOXKAHHOCTI IPU palliOHATbHOMY BUKOPUCTaHHI €HEPreTHUHUX
1 BOIHUX pecypciB. HampssMkoM momanbIiux JOCIIKEHb CIIiJl BBOXKATH PO3pOOKY KOHIIETIIT 3aCTOCYBaHHSI IHTEIEKTya-
JIBHUX METOJIB MiATPHUMKHU NPUHHSTTS pillleHb B yMOBaX 0araTOKPUTEPialbHOCTI B 3a7lauaX ONTHMaJIbHOTO KEpYBaHHS
BOJIOr03a0€3MEYEHICTIO ClIIbCHKOrOCHOAAPChbKUX KyIbTyp. Lle 103BONNUTh €KOHOMUTH BOJHI Ta €HEPreTHYHI PEeCypcH 3
OJJHOYACHHUM 3a0€3IeUCHHIM OTPHMAHHS INIAHOBOI'O BPOXKAIo0.

Kaw4doBi caoBa: cucremu KparieJIbHOro 3pOILICHH, aBTOMAaTH30BaHa CUCTEMA KEPYBAHH BOJ'IOFO3a6e3He‘-IeHiCTIO, all-

TOPUTMH HEUiTKOI JIOT'1KH, TEPM-MHOXKHHH, JIIHIBICTUYHI 3MiHHI, 0232 HEUITKUX JIIHIBICTUYHHX IIPaBHIL

Beryn

IHocTanoBka mpodiaemu. CucreMu KpaneibHOTO
3pOIIEHHS] HMIMPOKO BUKOPHUCTOBYIOTHCS JUISi BUPOIILY-
BaHHS PI3HOMaHITHHX CUILCHKOI'OCHOAAPCHKUX KYIBTYP
SK y TEIUTMISX, TaK 1 Ha BIJKPUTUX AUISHKAX pPi3HOTO
PO3MIpy, BiJ HEBEJIHMKHX IMPUBATHUX CAJOBUX MIIISHOK
110 (hepMepChKUX TOCIIOapPCTB.

Oco0MBICTh JJAHOTO TUITY 3POILICHHS Y TOMY, IO
BOJIa TIOBUTLHO TOJAETHCS KPAIUIAMHU a00 CTPYMEHSIMHU Y
3aJaHuil Yac 1 y 3ajaHiil KUIbKOCTI Oe3mocepenHbo 10
KOpEHiB KO)KHOI POCITUHH.

Ilpu upomy BuUTpaTa BoAM 3MeHIIyeThbcss Ha 20-
50% y MOpiBHSAHHI 3 TIOBEPXHEBUM IIOJMBOM 1 JIONIY-
BaHHSM, IONEPEHKAETHCS HAUIMIIKOBUN IOJIMB 1 BHA-
CHIJIOK [BOTO IJAHATTS PIBHS IPYHTOBHX BOJ Ta 3acCO-
JICHHSI TPYHTY, HE YIIUTBHIOETHCSI BEPXHSI YaCTUHA IPyH-
Ty, 3HHXKYETbCS PpiBEHb pO3pocTaHHs Oyp'sHy. I[lpu
MIPOBEACHHI 3pOIICHHS HEOOXiAHO BPaxOBYBAaTH BILTUB
BUIIAIKOBO 3MIHHUX IOTOAHUX (PaKkTOpiB 1 IIONEHHO
KOpUT'YBaTH MOJUBHY HOpMY [1 - 3].

AHaJi3 ocCTaHHIX JocCaiIKeHb i myOsikamii.
CTpyKTypHY CXE€My aBTOMAaTH30BaHOI CHUCTEMHU Kepy-
BaHHa (ACK) Bonoroza0e3mnedeHicTIO CiIbChKOrOCIO-
JAPCHKUX KYIBTYp y MeXKax MOAYJIbHOI IUISHKH 3a
JIOTIOMOT'OI0  KpaIleJIbHOTO  3pOIIEHHS HAaBEIEeHO Ha
puc. 1, e BBeieHI Taki MO3HAYEHHSI:

Wz - 3amaHa BOJIOTICTh IPYHTY,

W - peajibHa BOJIOTICTh IPYHTY,

E,, =W, —W - po3y3romxeHus,

C, - perynsaTop 4aCTKM HEJIOINOIUBY POCIIHH,

d - YacTka HEeJJOTOJIUBY POCIIHH,

Cw - peryisarop BCMOKTYIOYOT'O THCKY (BOJOroc-
Ti) IpYHTY,

Uc - xepyrouuii curHai,

AM - BUKOHABUYMI MEXaHI3M,

RB - perymorounii oprat, npu IIbOMY 3a3Ha4UMO,
IO Y JAaHOMY BUMAJKy 00'€KTOM KEPYBaHHS € MOAYJIb-
Ha JIUISTHKA IPYHTY,

LE1 - naBad mosiBM JI01ILY,

ME1 - naBad BCMOKTYIOHYOTO THCKY (BOJIOTOCTI)
IPYHTY,

ME? - naBa4 BOJIOTOCTI TIOBITpS,

TE - naBay TemIiepaTypH MOBITpS,

LE?2 - maBau omamis,

RE - maBad OCBITJIIEHOCTI,

SE - maBad IIBHIKOCTI BITPY.

Jlana cxema sBIsie COOOI0 KOMOIHOBaHY CHUCTEMY
KEpYBaHHs 3 PEryJsITOpOM, SIKUH CKIaJaeThCsl 3 JIBOX
MOCITIZIOBHO 3'eiHaHuX JaHOK [4, 5]. Tlepmia naHka BH-
3HaYae JOMYCTHMY YacTKy HEJOIONUBY POCIUH Y Bif-
COTKaX, BpaxOBYIOUM JIaHI METEOIPOTHO3Yy Ha HacTyI-
HUH JEHb.

© JlesiJI. 1., 2020
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Puc. 1. CrpykrypHa cxema ACK Booro3a0e3neyeHicTio CillbCbKOrocrnoAapchbKux KyabTyp
y MeXax MOIY/IbHOI JiJISIHKM 32 JOIOMOI'OI0 KPAIeIbHOr0 3pOIEHHS

OueBUIHO, IO JONMYCTHMa YacTKa HEIOIMOIHBY
Oyne TuM OiNbINa, YUM Oijbllle 3HAYCHHS MPOTHO30Ba-
HUX OIAJIiB.

Jpyra nanka oOpaxoBye 3aBAaHHS BCMOKTYIOYOT'O
TUCKY (BOJIOrOCTi) Ha IIOTOYHUI [€Hb, BPaXOBYIOUH
peKOMEHaIlli MepIIoro peryisaropa, i moaae Kepyrodi
BIUIMBY Ha BUKOHABYI MeXxaHi3Mu. [Ipu oMy OBUHHA
BHUKOHYBAaTHCSl HEPIBHICTb:

W >Ww.

wilting + 8l > (1)

ne W — BOIOTiCTh IPYHTY,
W,

1 '
wilting — BOJIOTICTb 3aB'SIaHHs POCIHH,
§; — ricrepesuc (IEBHUH pe3epB).
To6TO, BONOTICTh IPYHTY IMOBHHHA TPHUMATHUCS B
Mexax:

We [Wwilting +3;; Wz] : 2

)IOHyCTI/IMa YaCTKa HCIOIIOJMBY IIpU IIbOMY CTa-
HOBUTb.

Se [o; W, ~(Witing + 8 )} . 3)

OcCKiJbKU BENMMYUHA 3aJlaHOi BOJIOrocTi W, 3aie-
JKHUTB BiJl BULY POCIUHU i pa3u 11 po3BUTKY, TOOTO 3Mi-
HIOETBCS B 4Yaci, TO 3pYy4Hillle CIIOYaTKy BH3HAYATH
BEJIMYUHY HEIOMOJMBY Yy BIJICOTKax (x, %) , a TOTIM

MepeBOANTH B aOCONIOTHI OMWHUIN 32 TaKOK 3aJIeK-
HicTIO (4):

X AW, =W, itiine — 0
5= ( wilting l)’ . )
100

Bupas (4) € oJHaKOBUM IS BCIX BUIIB POCIHUH i
¢a3 X poO3BUTKY. 3MIHIOBATUMETHCS JIHIIE 3HAYCHHS

w,.
MeToro cTaTTi € po3poOka METOy KepyBaHHs BO-
JIOTICTIO TPYHTY 3a JOHOMOIOI0 KPaIelIbHOTO 3POIICHHS

Ha OCHOBI HEYITKOI JIOTIKH.

OCHOBHA YaCcTHHA

Jlis BU3HAuUeHHS YAaCTKH HEIOMONIUBY Xx,% IIpo-
MTOHYETHCS BUKOPHCTOBYBATH QJITOPUTMH HEYITKOI JIO-
riku [6-12].

B sKOCTI BXiHOI 3MiHHOI BUKOPHCTOBYIOThCS JaHi
METEOIPOrHO3Y IO ONajax Ha HACTYIHHUU JeHb. Buxin-
HOIO 3MIiHHOIO € JIOIYCTHMa YacTKa HEeIOMOJIUBY POCIHH
Ha TIOTOYHUH JICHb.

VY SKOCTI TepM-MHOKHUHU BXiJHOI JIIHI'BICTHYHOI
3MiHHOI OyJeMO BHUKOPHUCTOBYBATH HIDKYEC HABCACHY
MHOHUHY

T+ = {"pyxe mana kinbkicTb onagis”,
“HeBenwki onagu”, “ioMipHi”, )

“cunbHi”, “gyxe cuUnbHi’},

a00 y CHMBOJIbHOMY BHUIJISIII
I, ={NB, NS, Z, PS, PB} (6)

3 (pyHKIISIMH HaJIeKHOCTI, 300payKeHUMH Ha puc. 2.

VY sKOCTI TepM-MHOKUHH BHXIJTHOI JIIHI'BICTHYHOI
3MIHHOI (BEJIMYMHA HEAOMONUBY Y %) OymeMo BHKOpHC-
TOBYBAaTH MHOXXHHY

T, = {*ayxe mana”,
“HeBenwka’, “cepeaHs’, (7

“Benuka”, “nyxe Benuka’},

a00 y CHMBOJILHOMY BHUIJISIII
T, ={NB, NS, Z, PS, PB} (8)

3 (DYHKLISIMH HaJEXKHOCTI, 300pa)KeHHS] KOTPUX HaBeJie-
Hi Ha puc. 3.

ba3a HEYITKUX JIHTBICTHYHHUX TPABUI IS BH3HA-
YeHHs JOMYCTUMOI YacTKU HEIONOJIMBY POCIHMH HaBe-
JIeHo y Tabu. 1.

3 naHoi TabmuIl 0aYMMO, MO YMM CHJIBHIII MPO-
THO3YIOTBCSl OIa/Id, TUM Ha OUIBIY BETMYMHY & MOX-
Ha HEJIONIOJIUTH POCITUHH.
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Puc. 2. OyHKuii HaJIEKHOCTI 3MIHHOI «IIPOrHO30BaHA KUIBKICTh ONaliB»
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Puc. 3. OyHK1iT HAJI)KHOCT] 3MIHHOT «4acTKa HEJOIIOIHUBY»

Tabnuya I - ba3a HediTKUX JIHIBiCTHYHHX NPaBHJI VIl BU3HAYCHHS YaCTKH HEONOIHBY POCJIHH

NIPH KpaneJIbHOMY 3POLIeHHi

IIporuo3oBana kinbKicTh onagis P, mm YacTka HeI0MOJIUBY POCTUH X, %
NB NB
NS NS
V4 Z
PS PS
PB PB

KpiM onanis, Ha 00'€KT KepyBaHHS (IUISHKY IPYy-
HTY) BIUIMBAIOTh HACTYITHI 30ypeHHs: COHsYHA paiia-
1isi, BiTEp, TeMIlepaTypa MOBITpPsl, BiTHOCHA BOJOTiCTh
TIOBITPSI.

BruinBaroun Ha BHIIApOBYBaHHS 3 MOBEPXHI poC-
JUH Ta IPYyHTY, NpHBeAeHI 30ypeHHsS BIUTUBAIOTH HA
BOJIOCTIOKMBAHHS, a, OTXKE, 1 Ha Pe3yNbTyIOuy BOJO-
ricte IpyHTy. JlaHi mapameTpu He BXOAATH Oe3rocepe-
IHBO y 0a3y HEYITKUX JIHIBICTUYHHMX MpaBWI, aie
BPaxoOBYIOThCSI CHCTEMOIO KepyBaHHs. Tak, HalpHKIIa,
MU HEJIOTIOIHIIN POCIVHY Y IeHb k Ha BeluuuHy PS,

PO3paxoByIOUM Ha CHIbHI omagu y news (k+1). Ha-

crpaB/i BeJIMYMHA OMAJiB IOTpariia y AianasoH Z ,
OyB TIOMipHHH BiTep i BUCOKa TemIeparypa moBitps. B
pe3yabTati

Wk+l # Wz,k+1 .

BpaxoByrour mNpOrHo3 IO oOmagax Ha JEHb
(k+2) , Oyme 3miHCHEHO TIONUB, SKHUH KOMIICHCYE

30ypeHHs 0 TeMIlepaTypi, COHSUHIN pafiamii, HecTayi
oma/iiB Ta iHIi 30ypeHHs y aeHsb (k + 1).

Jlis cuHTE3y CHCTEMH HEUiTKOTO BUBEICHHS BU-
kopuctano pemaktop Fuzzy Logic Toolbox cucremu
Matlab [13, 14]. Pozpaxynok 3aBaanus mist ACK Bo-
JIOTICTIO TPYHTY NPH KParelbHOMY 3pOIICHHI 3/1HCHIO-
€ThCA 10A000BO.

[Tpu mosBi nOILy MOMMB HEOOXITHO 3YIMUHHTH, a
Ticyist Horo 3aKkiH4YeHHsI 3HOBY 3MIHCHUTH IepepaxyHOK
3apraHHs. [1oauB MOTPiOHO 37iHCHIOBATH BOIOKO TIEB-
HOI TeMIlepaTypH, TOMY Y CTPYKTYpPi CUCTEMH 3POLICH-
HS TiepeadayueHa HAKONMMYyBallbHA €MHICTh, JIe BOJa
Oyne HarpiBaTHCs IIiJ] JI€I0 COHSYHOI pamiaiii. 3 me-
TOI0 MiHIMI3allil eKCIUTyaTallifHNX BUTpPAaT €EMHICTh
HAIIOBHIOETHCS BOJOIO Y MEPioan OO, KOJIHU eIeKTPO-
€Hepris Haliiemesa.

BucHoeku

SanporonoBana ACK  Bosoroza0e3mneueHicTo
CIJIBCHKOTOCITOIAPCHKUX KYJIBTYpP TIPH KparelbHOMY
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3pOIIEHHI J03BOJISIE MiJBUIIMTA TOYHICTh KEpyBaHHS
BOJIOTICTIO 3aBJISIKA OIIEPaTHBHOMY BPaxyBaHHIO 3MiH-
HUX 30ypeHb Ha OO0'€KT i 3a0e3MeunTH OTPUMAaHHS
TUIAHOBOI BPOXKAHHOCTI TP pallioHATEHOMY BUKOPHUC-
TaHHI CHEPIeTUYHUX 1 BOJIHUX PECYPCIB.

HampsiMkoM moJanbIvX JOCHTIKEHb CITiJl BBa-
KaThu po3pOOKY KOHILIEMIii 3aCTOCYBaHHS iHTENEKTya-

JIBHAX METOJIB MIATPUMKH MPHUHHATTA pillleHb B yMO-
Bax 0araTOKpHUTEpiaJbHOCTI B 3aJjayax ONTHMAaJIbHOIO
KepyBaHHs BOJIOr03a0e3NeYeHICTIO CIIIbChKOrocoAap-
CBKHX KYJBTYP.

Ile 103BOMUTH EKOHOMUTH BOIHI Ta €HEPreTU4HI
pecypcu 3 OAHOYACHUM 3a0e3NEeYeHHSIM OTPUMAaHHA
IUIAaHOBOT'O BPOJKAIO.
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Water supply management of agricultural cultures with dropping hydrogen
L. Lievi

Abstract. Drip irrigation systems are widely used to grow a variety of crops both in greenhouses and in open areas of
varying sizes, from small private garden areas to farms. The peculiarity of this type of irrigation is that water is slowly supplied
with drops or jets at a given time and in a given amount directly to the roots of each plant. In this case, water consumption is
reduced by 20-50% compared to surface irrigation and sprinkling, redundant irrigation is prevented and, as a result, raising the
groundwater level and salinization of the soil, the top of the soil is not compacted, and the level of weed growth is reduced. Irri-
gation should take into account the influence of randomly varying weather factors and adjust the irrigation rate daily. Structural
diagram of the automated control system (ACS) of the moisture supply of the modular section by means of drip irrigation is a
combined control system with a controller, which consists of two series-connected units. The first link determines the permissible
percentage of under-consumed plants as a percentage, based on the next day's weather data. Obviously, the more permissible the
share of imperfections will be, the greater the value of predicted precipitation. The second link calculates the intake pressure
(humidity) task for the current day, taking into account the recommendations of the first regulator, and provides control effects on
the actuators. The purpose of the article is to develop a method for controlling soil moisture by drip irrigation based on fuzzy
logic. Fuzzy logic algorithms were used to determine the fraction of imperfectly. Weather input data for next day precipitation
are used as input variable. The baseline variable is the permissible proportion of underexposed plants for the current day. The
proposed ACS of moisture of crops at drip irrigation allows to increase the accuracy of humidity management by promptly taking
into account variable perturbations on the object and to ensure the planned yield with rational use of energy and water re-
sources.The direction of further research should be considered the development of the concept of application of intelligent deci-
sion support methods in multicriteria conditions in the problems of optimal management of moisture content of crops. This will
save water and energy resources while ensuring planned yields.

Keywords: drip irrigation systems, automated moisture management system, fuzzy logic algorithms, term sets, linguistic
variables, fuzzy linguistic rules base.
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