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Summary
Currently, in order to increase the reliability and reliability of drip irrigation systems as a result at the stage
of operation of the facility, it is necessary to take into account the results of assessing the influence of de-
sign, technological, design and operational factors on the performance of drippers.
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Abstract

Introduction. In modern conditions, when growing crops, the performance of drip irrigation systems
largely depends on the reliability of the drippers. In this regard, to improve the reliability and quality of
the elements of drip irrigation systems, it is first of all possible to increase the operational reliability of
the systems. Object. The object of the study is the operational reliability and reliability of drip irrigation
systems. Materials and methods. This article substantiates the theory of reliability of drip irrigation
systems. It has been established that during the operation of drip irrigation, the reliability of operation
of drip irrigation systems largely depends on the materials used in manufacturing, their design parame-
ters, and operating modes. To establish the reliability of drip irrigation systems, the method of mathe-
matical statistics is used, i.e., the law of time-to-failure distribution. Results and conclusions. The
study found that the performance of a dripper with a change in diameter from 1.0 mm to 2.0 mm and a
turbidity of irrigation water of 2.0 g/l improves from 58 to 96 %, respectively. In addition, with an in-
crease in the diameter of the dropper from 1.0 mm to 1.5 mm, the probability of failure-free operation of
the dropper changes within the range P(t) = 0.58-1.0, and when changing from 1.5 mm to 2.0 mm P(t)
= 0.80-1.0. These data are greater than the recommended reliability coefficient of 0.798. Based on the
analysis and data obtained, we supplemented the existing structural diagram of the operational reliabil-
ity of the drip irrigation system as a fourth factor — human. The issues of theoretical justification and
practical application of information and analytical drip irrigation control systems are considered.
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YK 631.347
OBOCHOBAHUE OCHOBHbIX MOKA3ATENEN HAOEXHOCTU N BE3OTKA3HOCTU PABOT
CUCTEM KANEJNIbHOIO NMONUBA NMPU 3KCINNYATALIUA

OBuMHHUKOB A. C., akademuk PAH, dokmop cernibCKOX035UCMBEHHbIX HayK, Mpogeccop
AxmepnoB A. [., 00Kmop mexHuU4ecKux Hayk, rnpogeccop
Nunckun O. A., acnupaHm
Bab6aeB [1. 3., acnupaHm

®rb0Y BO Boneoepadckuti FTAY
2. Boneoepad, Poccutickasi ®edepauusi

BBepeHue. B HacTosillee Bpems ANsi MOBbIWEHUA HaAeXHOCTU M 6e30TKa3HOCTM CUCTEM Ka-
nenbHOro nornvBa B Ka4YecTBe pe3yrnbTaTa Ha CTaguu akcnnyaTauum obbekTta HEOOXOAMMO YyUMTbLIBATh
pe3ynbTaTbl OLEeHKN BAUSHUSA Ha paboTocnocoBHOCTL KanenbHUL, KOHCTPYKTOPCKMNE, TeXHormnornyeckue,
NPOEKTHble U 3KCnyaTaunoHHble dakTopbl. AKTyanbHOCTb. B ycrnoBuax coBpemMeHHOCTU npu Bbipa-
LWMBaAHMM CENbCKOXO3ANCTBEHHbIX KyNbTyp paboTocnocoBHOCTbL CUCTEM KanenbHOro nofnvea B 3HaYu-
TENbHOW Mepe 3aBUCUT OT HaAeXHOCTU paboT kanenbHUL. B cBSA3M ¢ 9TMM ANS NOBbLILUEHUS HAOEXH O-
CTW 1 KayecTBa 3NIEMEHTOB CMCTEM KanernbHOro nonvBea, npexne BCero MOXHO MOBbIWATb 3Kcnnyarta-
LMOHHON HagexHocTn cucteM. OO0bekT. OO6BLEKTOM UcCCrefoBaHUSA SABMASAOTCHA SKCNnyaTauWoOHHOW
HaZeXHoCTb U 6e30TKa3HOCTbL CMCTEM KanenbHoro opoweHns. MaTepuansbl n Mmetoabl. B gaHHon cTta-
Tbe 000CHOBaHa TeopUs HAAEXHOCTM CUCTEM KanerbHOro opoleHus. NMpu 3TOM yCTaHOBMNEHO, YTO Mpu
aKcnnyaTtauMm KanenbHOro nonuBa HageXHoCTb paboTbl CUCTEM KanenbHOro OpOLIEHWS BO MHOIOM
3aBUCKT OT MPUMEHSEMbIX MaTePUanoB NPy U3roTOBMEHMM, UX KOHCTPYKTUBHLIX MapaMeTpoB, PEXMMOB
akcnnyatauuu. [Ina ycTaHOBMNEHWss HagEeXHOCTU CUCTEeM KanenbHOro OpoLUEeHUS UCMoNb3yeTcs MeToA
MaTEMaTM4YeCKON CTAaTUCTUKKU, T. €. 3aKOH pacnpeaeneHns HapaboTkn Ao oTkas3a. PesynbTaThl U Bbl-
BoAbl. B xoge uccnegoBaHusa ycTaHOBNEHO, YTO paboToCNOCOBHOCTb KanenbHUUbl C U3MEHEeHUeMm
anameTpos oT 1,0 Mmm go 2,0 MM nNpu MyTHOCTU NonMBHOM BoAbl 2,0 /N yny4ywaeTcss COOTBETCTBEHHO
oT 58 po 96 %. Kpome TOro, c ysennyeHnem gunametpoB kanenbHuubl oT 1,0 mm go 1,5 mm BeposT-
HOCTb 6e30TKa3HoM paboThl KanenbHULbl U3MeHseTca B npegenax P(t) = 0,58-1,0, a npn nameHeHun ot
1,5 mm go 2,0 mm P(t) = 0,80-1,0. 3T gaHHble Gonblle, YeM pekoMeHAyeMbl KO3 UUNEHT Hagex-
HocTu 0,798. Ha ocHOBe npoBegeHHOro aHanuMaa 1 NoslyYeHHbIX JaHHbIX CyLlecTBYyloLWasa CTPYKTypHas
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cXema 3KCnnyaTauuoHHY Ha[deXHOCTb CUCTEeMbl KanenbHOro OpolleHUss Hamu Oblna OOoMoNHeHa Kak
yeTBepThbIN pakTop — YenoBeyeckuii. PaccMOTpeHbl BONPOCH TEOPETUYEeCKoro 060CHOBaHNA 1 NPakKT U-
YeCKoro NPMMeHEeHNs MHPOopPMaLMOHHO-aHaNUTUYECKMX CUCTEM YNpaBeHns KanenbHbIM NonuBoMm.

Knroyeenble csioga: cucmembl KanesbHO20 OPOLWEHUS, MymHOCMU 800bl, CmerneHb npu2odHocmu
800bi, 8eposimHocmb be3omkasHoU pabombi, duamemp KanesbHUUbl, 3KCryamayuoHHass HadexHOoCMmb
cucmemM OpPOWEHUSI.

UutnpoBanue. OBunHHMKkoB A. C., Axmvegos A. [., Nunckmi [. [1., babaee [1. 3. O60cHOBaHME OCHOBHbIX
nokasaTtenen HageXxHocTn n 6e30Tka3HOCTM paboT CUCTEM KamnernbHOro nonmea npu akcnnyataumu. Msee-
cmust HB AYK. 2024. 1(73). 263-271. DOI: 10.32786/2071-9485-2024-01-30.

ABTOpCKVIﬁ BKnaa. Bce aBTOpPbI HACTOALLEero nccneaoBaHna npuHMMann HenocpeacTtBeHHoe yqacme B NniaHNpoBaHuu,
BbINONMHEHUN UKW aHann3e gaHHOro nccriegoBaHusA. Bce aBTOpPbI HaCTOHU.leVI CTaTbW O3HAKOMUITUCL C NpeacTaBiieHHbIM
OKOHYaTellbHbIM BapUaHTOM U O/J,OGpMJ'IVI ero.

KoHdnukT nHtepecoB. ABTOpbI 3aBNAOT 06 OTCYTCTBUM KOH(MMKTA MHTEPECOB.

BBepeHue. B ycnoBusx COBPEMEHHOCTW NPWU BblpaLUMBaAHUN CEMbCKOXO3ANCTBEHHbIX
KyNbTYp NPUMEHSIOTCA pasnuyHble BuAbl nonuea. Kaxablin BUO, OpoLLEHUS MMEET CBOW NMpenmy-
LecTBa 1 HegocTaTku. [loatoMy npu Beibope cnocoba nonmBa HEOOXOAMMO YYUTbIBATb, Npexae
BCEro, BUAbl pacTeHnin, CTOUMOCTb CUCTEMbI OPOLLEHNSA N BOGHO-3HepreTudeckme 3atpatbl [13].

YuuTbiBasi pa3nunyHble BUAbl OPOLUEHUS MOXHO OTMETUTb, YTO MpU KanenbHOM MofvBe B
COOTBETCTBUM C MOTPEBOHOCTLIO pacTeHU, BoAa HENOCPEACTBEHHO NOCTYNaeT B NPUKOPHEBYHO CU-
cTemy. Yepes kanenbHULbI, Takke MOXHO C MOMNMBHOW BOAOW MOAKOPMWUTb PacTEHWUs MUHeparnb-
HbIMM YOOOPEHUSIMU, YTO CMOCODCTBYET YMEHBLLUEHWIO HOPMbI Yya06peHun B 1,5-2 pasa [12, 15].

Llenbto paboTbl sBngeTca o60CHOBaHWE OCHOBHbLIX MOKa3aTenen HagexHocTn n 6e3oT-
Ka3HOCTM CUCTEM KanenbHOro norvMea nyTemM MoBbilEHUS paboToCcnoCOBHOCTU KanenbHWUL, B
YCMNOBUSIX 3KCMNyaTauum.

Marepuansbi u metogumku. Mpu akcnnyataumm KanenbHOro NonvMea MOXHO UCNOMNb30BaThb
pasnunyHble KanerbHbIE MEHTbLI, OTAMYaloLLmMe Mexay cobon no gnameTpy, TOMLWUHE CTEHOK, pac-
CTOSIHUIO MeXay KanenbHuuamu (amuttepamn) n T. N. [pn 3TOM HageXHOCTb paboTbl cUCTeEM
kanenoHoro nonuea (CKI1) BO MHOrom 3aBMCUT OT NPUMEHSEMbIX MaTepuarnos Npu M3rotosne-
HWUW, X KOHCTPYKTUBHBIX MapameTpoB, PEXMMOB 3KCMyaTauuu.

B HacTtoslee Bpems npu BbipalUMBaHUM OBOLLHbLIX KYfbTyp B OCHOBHOM MpUMEHSieTCA
KanenbHoe OpoLleHne, MO3BONALINE CBOEBPEMEHHO WM KA4YE€CTBEHHO OCYLLECTBMSATb MONUBbI,
YBIaXHATb MOYBbI HENMOCPEACTBEHHO MPUKOPHEBYIO 30HY KaXO0ro pacTeHusl, enatb NoaKOpMKY
1 NPOTUBO3aMOPO3KOBLIE MOMKMBLI. B CBSA3M C 3TUM 3a onpeaeneHHbIN NPOMEXYTOK BPEMEHMN Ha
OCHOBE MOMYYEeHHOW MHGOPMALMN MOXHO CYAUTb O HAOEXHOCTU CUCTEMbI KanenbHOro nonuea B
npouecce akcnnyatauum [9, 14].

3Has, yto CKIT cocTtomT 13 60nbLIoro pasHoobpasmsi KOMMIIEKTYIOWMX 3NIEMEHTOB C MO-
kaszatenammu 6e3otkasHocTn P(t), Pa(t)... P,(t), noatomy BO Bpems akcnnyatauum CUCTEMbI Ka-
nenbHOro NonnBa OTKasbl MOMYT BO3HMKATb Kak BHE3amnHo, Tak U nocteneHHo. Mpu aTom B 3aBu-
CMMOCTU OT XapakTepa OTKa3a O4HOro 3rieMeHTa (BHe3arnHoO Unm NocTeneHHo) MOXeT HapylaTb-
€A NOSMHOCTbIO BCs nonmeBHasi cuctema [1, 3]. CornacHo Bblle U3NOXEHHOMY MONYyYnNM:

P(t) = C4P4(t) + CoPaft), (1)

rae C4 n Cz — COOTBETCTBEHHO YacTOTa BHE3arnHbIX U MOCTOsIHHBIX 0TKa30B; P1(t) n Po(t) — cootBeTCTBEHHO NpK BHE-
3arnHoM ¥ NOCTOSIHHOM OTKa3e BEPOATHOCTb 6e30Tka3HoN paboTbl 3r1EMEHTOB CUCTEM KanerbHOro nonvea.

Mpn aTtom ecnu cnydariHasa BenuumHa t (HapaboTka OO OTkasa) umMeeT NITOTHOCTb pac-
npegenenus f(t), To BeposaTHOCTbL 6e30TKas3HOM PaboTbl MOXHO 3anucaTb:

t
P(t)=1-F(@t)=1- [ f(©adt, (2)
raoe dyHkumio F (t) Ha3biBaloT Takke BEPOATHOCTLIO OTKa3a aremMeHTa 10 MOMeHTa t.

MpoauddepeHumpyem BbipaxeHue (2) n Nony4mm:

dr() _ _ _de@®) _
— = f@® v f(t) = ——==—P(), 3)
3ameHuB —% yepes —% n F '(t), byaem numetb
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fo) =LY =F (),

dt

(4)

roe f(t) — NNOTHOCTb BEPOSTHOCTY, T. €. NPON3BOAHAst OT BEPOSITHOCTM OTKa3a CUCTEM KanernbHOro nonuea.
MHTEHCMBHOCTb OTKa3a MOXHO BblpaXXaTb B BUAe:

f(@®

w(t) =55 5)
B cdbopmyne (5) 3ameHum f(t) = — d';—(tt), TOrAa M NOMyHYUM:
w(t) = — ddtif(tg) um P(t)= P() w(t)dt, ©)
3Has, 4To
dz—(tt) = — f(t),To— dP(t) = f(t)dt, @)
TO MOMYYUM:

f(t)dt = P(t)w(t)dt. (8)

®opmyna (8) B npomexyTke BpemeHn (t, t + T) oTpaxaeT KOnM4eCcTBO OTKa3aBLUMX Ka-
nenbHUY Npu akcnnyatauun CKI1. Ecnn cuctema paboTtaet 6€30TKa3HO 40 BpeEMEHHU t, TO Toraa B
uHTepBane Bpemenu (i, t + T) comHoxmTenb w(t)dt nokasbiBaeT BEpOATHOCTLIO 6E30TKA3HOCTM pa-
00T JaHHoro cuctema.

Mo mHeHuto akagemuka L. E. Mupuxynasa [6] n Apyrux aBTopoB pasnnyHble BUObl OTKa30B
npu akcnnyatauum CKI HocAT cnyvanHbin xapaktep. Mo3Tomy npy YCTaHOBMNEHUM KPUTEPUIA OTKa-
30B UX y4eT Heobxoamm [2, 5].

WcToyHrkamu nonvea npu akcnnyataumm KanerbHOro OpoLleHUst MOTryT CcTaTb MoA3eM-
Hble BOAbI, KaHarnbl, OTKPbITble BOAOEMbI 1 T. N. [103TOMY Kak oTMeyanu paHee, OCHOBHOW Npuym-
HOW OTKa30B KanerbHWL 1 B TOM Yncne punbTpoB SBMASETCA HapyLLeHne TpeboBaHUM K KadecTBy
nonveHowm Boabl [9].

MpurogHoCTb BOAbI MO CTEMEHN OENCTBUS HA SNEMEHTbI CUCTEMbI KanenbHOro OpoLUEHUs
oLeHuBaeTcsa No pasHbiM nokasartenam (Tabnuua 1) [4]. Ecnn kadecTBO BOAbl HE COOTBETCTBYET
ANS MCMOMb30BaHWsi OPOLLEHNS!, TO ee NpeaBapuTernbHOro Heobxoanmo obpaboTaThb.

Tabnuua 1 — MNMokasaTenu NPUroagHOCTU BOAbI Af151 UCMONb30BaHWs KanemnbHbIX CUCTEM
Table 1 — Indicators of water suitability for the use of drip systems

CTteneHb npurogHocTn Bogbl / De-
gree of water suitability
HassaHue nokasatens / Indicator name yCrnoBHo Henpuroa-
MpurogHa / npurogHa / na
Suitable conditionally
X Unusable
suitable
Obwas muHepanusauus, mr/n / Total mineralization, mg/l < 500 500-2000 > 2000
Mokasatens pH / pH value 6-7 7-8 >8
Copgepxanve mapraHua, mr/n / Manganese content, mg/l <01 0,1-1,5 >15
CogepxaHue xenesa, mr/n / Iron content, mg/l <0,2 0,2-1,5 >1,5
CogepxaHue ceposogopoga, mr/n / Hydrogen sulfide <02 0,2-2,0 >20
content, mg/|
Konuuectso GaKTepMMhﬁﬁé//Jl'l / Number of bacteria, <10-10° 10-10°-50-10° > 50-10°
paHuubl nHAekca cTabunbHocTh Boapl, |, Boundaries | —0,5<lc<| -0,5<1Ilc >+ | —-0,5<Ic>
of the Water Stability Index, Ic +0,5 0,5 +0,5

PesynbTaTtbl U Ux obcyxaeHue. [1Ns oueHKU onpeneneHns 6e3oTkasHOCTU obbekTa

CyLLecTBYyeT MHOro npuyunH. Ha pucyHke 1 nokasaHbl HEKOTOPbIE NMPUMEPbLI AeATeNbHOCTU, KOTO-
pas TpebyeT onpeneneHus oueHkn Ge30TKa3HOCTU B KayecTBe BXOAHbIX AaHHbIX. Hanpumep,
Ana pacyeTa HeobXOAMMbIX 3an4acTer Npu aKcnnyaTauum obbekta He06X0AMMO 3HAHWE UHTEH-
CMBHOCTM OTKa30B 0ObEKTa U AONYCTUMOro Nepuoaa npocTos.
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Heo6xoaMMo OTMETUTb, YTO Ha PasnMYHbIX CTaaMAX XU3HEHHOro uuMkna obbekTa Aans
OLeHKM nokasaTenb 0e30TKasHOCTU MOoryT OblTb 3agaH pasnMyHbiMKM crnocobamu, Hanpumep B
BUae: cpeaHas HapaboTtka oo otkasa (MTTF), cpeaHas HapaboTka mexay oTtkaszamu (MTBF),
NPoOOOIKNTENBHOCTL Be30TKasHOoM paboThkl, BpeEMS A0 OTKasa.

Ormrrusaprzacgs

. AHanus
COCTABRY 3andacTel

Clnenka DetonacHocTh
AHAIHI PHOKA

”.’F:t!l][]’l‘lﬂilllllﬂ NporpasimMbl
DEI0TKA3HOCTH

AHATNE BIIOB B OCHET-
craniil orkaton (FMEA)

JoKyMEHTATBHBI dHa-
TH3 POSKTa
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PucyHok 1 — MeToabl, ncnonb3ytoLine B Ka4ecTBe BXOAHbIX AaHHbIX OLEHKY 6e30Tka3HOCTH
Figure 1 — Methods using reliability assessment as input data

C uenblo onpefeneHns HageXXHOCTU U 6e30TKas3HOCTU paboTbl KanenbHUUbI NpU pas-
HbIX AMameTpax, B 3aBUCMMOCTU OT MYTHOCTU MOMMBHOW BOAbI, MPOBOAWICA NMOMEBOW OMbIT.
YCTaHOBNEHO, YTO paboTOCNOCOOHOCTb KanemnbHULbl C MyTHOCTbK MonmBHOW BoAbl 2,0 r/n
npu nameHeHun gnametpos oteepcTtus ot 1,0 oo 2,0 MM NOBbILLAETCS COOTBETCTBEHHO C 58
80 96 % (pucyHok 2).

C uenbto onpeaeneHnst HageXxHocTM n 6e30TkasHOCTU paboThl NPU pasHbIX guameT-
pax KanesnbHWLUbl HamMX1 NPOBOAUIICS NOMEBOW OMNbIT B 3aBUCMMOCTU OT MYTHOCTU MOSIMBHOWN
BoAabl. [lNa uccnefoBaHMa NpuMHMManu Tpu BapuaHTa AnameTtpa kanenbHuubl: 1) d =1,0 mm;
2)d =1,5 mm; 3) d =2,0 mm. [Npun 3TOM Ha BCeEX BapuaHTax MyTHOCTb MOMIMBHOW BOAbI COCTa-
Buna 2,0 r/n. CnegyeT oTMETUTb, YTO KPYMHOCTb TBEPAbIX YacTuL BO BCEX OMNblTax He npe-
Bbllwana 1/3 yacTtb guameTp KanenbHULUbI.

Ha ocHoBe nonyyeHHbIX AaHHbIX (PUCYHOK 2) MOXHO OTMETWUTb, YTO MpU OuameTpe Ka-
nenbHuupl d =1,0 MM BEpoOATHOCTb 6e30TKasHOM paboTbl CUCTEM KamnenbHOro OpoLLEHUs B 3aBU-
CMMOCTM OT MYTHOCTM BoApbl HaxoguTes B npegenax 0,58-0,99, a npu d =1,5 mm — P(t) = 0,80-1,0.
MMpn 3TOM, YeEM BbILLIE MYTHOCTb BOAbI, TEM HMXE BEPOATHOCTb 6e30TKasHon paboTbl. C yBenu-
YyeHnem guameTpoB kanenbHuubl oT 1,5 Mm go 2,0 MM BeposaATHOCTb 6e30TkasHon paboTbl Ka-
nenbHULpBl nameHsieTca B npegenax P(t) = 0,91-1,0. 3Tu gaHHble Gonblue, YEM PEKOMEHAYEMbIN
HaymeHnko UN. N. n Tokap A. U. koadbduumeHT HagexHocTn 0,798, T. e. KOahPUUNEHT HaOEeXHO-
CTV B DOMbLUMHCTBE CIly4yaeB paBHAETCS UM NPUBAMXKEH K eguHULE.

Taknm obpasom, NonyyYeHHble JaHHbIE MOKa3bIBAKOT, YTO BEPOATHOCTb Ge3oTkasHom pa-
0O0Tbl KanenbHULbl B OCHOBHOM 3aBUCUT OT AMaMeTpa MONIMBHONO OTBEPCTUS U MYTHOCTU OPOCK-
TenbHOW BOAbI.

Ha ocHOBe nony4eHHbIX pe3ynbTaTOB YCTAHOBMIEHO, YTO MOBbIWAs 3JKCMyaTauMOHHYHO
HaAEXHOCTb CMCTEM KaresbHOro NoivBa MOXHO Yy4dLLUTb KAYeCTBO U HAOEXKHOCTb €€ 3NIEMEHTOB.

MoaBoasa uTor, MOXHO OTMETUTL, YTO BCE BUAbI OTKA30B MOXHO pas3genuTb Ha TPU OCHOB-
Hble rpynnbl. Ha ocHOBe NpoBe4eHHOro aHanm3a CyLeCcTBYyHoLWasl CTPYKTypHas cxema Hamu Obina
OOMNOSMHEeHa Kak YeTBepThI AreMeHT — YenoBeyeckui hakTop (PUCYHOK 3).
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PucyHok 2 — Mpadhmyeckasi 3aBUCUMOCTb BEPOATHOCTU 6e30TkasHon paboThl

npu pa3HblX anameTpax KanerbHUubl B 3aBUCUMOCTU OT MYTHOCTU BOAbl

Figure 2 — Graphical representation of the probability of failure-free operation

at different dropper diameters depending on the turbidity of the water
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PucyHok 3 — CTpyKTypHas cxema hakTopoB BIIUSIOLLMX Ha NPOAOIIKUTENBHOCTD

6e3aBapuNHON aKcnyaTaumum CMCTEMbl KanenbHOro OpoLUeHnst
Figure 3 — Structural diagram of factors influencing duration
trouble-free operation of the drip irrigation system

[anee ona aBTomaTtusauum n ans nonyvyeHna OOCTOBEPHbIX CBeOeHun ¢ NnpMMEeHeHnem
KanenbHOro nonuBa HaMmM B XOA4e WccrneaoBaHWUn 6y}:l,yT pewaTbCA KOHKPETHbIE npakTun4veckne
3ajayun, a MMeHHO nony4veHme OOCTOBEPHbIX cBeaeHun o TeKywemMm BOOHOM peXxumme noYBbl U
HeobGxoaMmocTM nonvea Ans paCTeHMVI. CprKTypa CUCTeMbl NO HawemMy MHEeHWUIO COCTaBlideT
Ha6op [aT4YMKOB HeobxoauMbIX Ans nonyyeHund CBeEeHUr No COCTOSIHMIO MOYBbLI U paCTeHMVI Ha
OCHOBaHWUKN, KOTOPbIX 6y,u,eT npon3seneHbl aHann3 n olueHKa I'IOJ'Iy‘-IEHHOVI Mchopmau,mm.

Ha ocHoBe aBTOMaTU3NPOBAHHbLIX TEXHOMOMIN UCronb3oBaHNe I/IH(bOpMaLlVIOHHbIX cu-
CcTeM sBnsieTcst Hambonee nepcneKkTnBHbIM HanpaeleHnem no noBbIlLeHUnto Sq.)(beKTI/IBHOCTI/I
ynpaBneHuaA CEeITbCKOXO3SANCTBEHHbIM npon3BocTBOM. OTK cuctembl OaOT BO3MOXHOCTb pewartb
CaMbleé pa3Hble 3aJa4dyn, B TOM 4Yucne MH(bOpMaLI,I/IOHHy}O nogaepXxkKy NpUHATUA peLUGHVII7I, MOHMU-
TOPUHI COCTOAHUA MOCEBOB N arpoTeEXHN4YECKNX orlepau,mﬁ, a Takke UX nnaHnpoBaHue.
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PacnonoxeHne 0aT4MKOB CTPYKTYPUPOBAHO M MOXET MMETb KOHdurypauuto OByx pas-
NYHbIX dbopMm aAns 9 n 13 eanHul. BapuraHTbl CXeMbl pacrnonoXeHNs 4aTYMKOB Ha y4YacTke Mnons
npeacTaBneHbl Ha PUCYHKe 4.

B uenom, noctynatowime B 6a3y AaHHbLIX CBEAEHMUS B OCHOBHOM OyayT oTpaxaTtb paboTy
NMONMMBHOWM CUCTEMbI M MoKasaTenu BOAHO-U3MYECKMX CBOMCTB noyBbl. CnegoBaTensbHo, Yepes
AaT4YnKM B aBTOMaTUYECKOM pexmnme no 6ecrnpoBOAHbLIM KaHanam cBsisn byaet cobupaTtbcs oc-
HOBHas MHGOpMaUMss Ha KOMMbIOTEP, M NPeobpas’oBLIBATLCA B YAOOHYK AnNs BOCNPUATUS
HarnagHyo oopmy [8].

B xope nccnegoBaHUs YyCTaHOBMEHO, YTO COBPEMEHHOe pas3BuMTWE MoOOoKM oTpaciv He-
BO3MOXHO 6e3 BHeapeHusi KoMMNIiekca aBTOMaTU3NPOBAHHbLIX TEXHOMOMIA, KOTOpble MOBbILWAoT
NpOn3BOANTENBHOCTL TPYAA, COKpALLAT pacxodbl M CHMKalOT cebecToMMOCTb Ha BO34enNbIBa-
HUSA CENbCKOXO3ANCTBEHHbIX KynbTyp. C TOYKM 3PEHUST HAyKU NpuW 3TOM MOBLILLAETCSA 3KOSOro-
9KOHOMUYecKkas 3apHEKTUBHOCTb UCMONb30BaHUS KanenbHOro nonmnea.

o, o, Q. o, o, Q,
0. Q,

o o. 0. o, o. 0.
A B O, L T

o, O O, o, O O .

PucyHok 4 — BapuaHTbl CXeMbl pacnofioXXeHnst 4aT4YMKOB Ha yyacTke nonsd: 1-13 gatyumkm
Figure 4 — Options for the layout of sensors in a field area

3akntoyeHune. B 3aknioyeHne MOXHO OTMETUTb, YTO NPU MYTHOCTWM MOMAMBHOMW BoAbl 2,0 r/n
paboTocnocobHOCTL C yBENUYeHeM auameTpoB kanenbHuubl oT 1,0 Mm go 2,0 MM ynyywaeTcs co-
oTBeTCTBEHHO OT 58 00 96 %. C nsmeHeHmem gnameTpos kanenbHuubl oT 1,0 Mm o 1,5 mm BeposAT-
HocTb 6e30Tka3HoM paboTbl KanenbHUubl n3meHseTca B npegenax P(t) = 0,58-1,0, a npu nameHeHnn
ot 1,5 mm go 2,0 mm P(t) = 0,80-1,0. 3T gaHHble Bonblue, Yem pekomeHayembin HaymeHko U. U. un
Tokap A. U. koadduumeHT HagexHocTn — 0,798. YuuTbiBas BCe 3TO HEODXOANMMO OTMETUThL, YTO Ny-
TEeM NOBbLILLEHNS JKCNIyaTaUMOHHOW HaAEeXHOCTM CUCTEM KanerbHOro nonmeBa MOXHO ynydwaTtb Ka-
YeCTBO M HAOEXHOCTb €€ 3IEMEHTOB.

Conclusions. In conclusion, it can be noted that with irrigation water turbidity of 2.0 g/l, perfor-
mance improves from 58 to 96% with increasing dropper diameters from 1.0 mm to 2.0 mm. With a change
in the diameters of the dropper from 1.5 mm to 2.0 mm, the probability of failure-free operation of the drop-
per changes within the range P(t) = 0.80-1.0. These data are greater than the recommended reliability co-
efficient of 0.798. Taking all this into account, it is necessary to note that by increasing the operational relia-
bility of drip irrigation systems, it is possible to improve the quality and reliability of its elements.

Bubnuorpacunyecknin cnucok

1. AnueB 3. I'. iayyeHne napameTpoB U HAAEXHOCTU CUCTEMbI MArNIOUHTEHCMBHOIO OPOLLEHUA Ans paboThbl B
YCINOBUAX FOPHOTro 3emnenenus B AsepbangxkaHe. MexayHapoaHbIl KypHan aKkcrnepuMeHTansHoro obpasoaHus. 2016.
Ne 10-2. C. 196-200. https://expeducation.ru/ru/article/view?id=10632.

2. Axvepos A. [1. T'mapaBnuyeckue napameTpbl TPyGUaTbIX YBRaXHUTENEN pasnunyHbiX KOHCTPYKLUMIA. M3BecTns
HWXHEeBOMKCKOro arpoyHMBEPCUTETCKOrO KOMMIEKCa: Hayka 1 Bbicllee npodeccnoHansHoe obpasoBaHume. 2019. Ne 4
(56). C. 381-389.

3. Axmepoe A. [1., IxamanetanHosa E. 3., LLkoga B. A. lNokasateny HageXXHOCTU U OCHOBHbIE BUAbl OTKa30B
3MeMEeHTOB CUCTEM KanernbHOro opoLueHus. M3BecTnss HUXXHEBOMKCKOro arpoyHMBEPCUTETCKOrO KOMMIEKca: Hayka u
BbicLlee npodeccunoHansHoe obpasoBaHune. 2018. Ne 2 (50). C. 303-310.

4. Bacunees C. M., lkypa B. H., ltaHbko A. C. KanenbHble opocuTenbHble cUcTeMbl: yuebHoe nocobuve. M.,
2019. 179 c.

5. Kyp6aroB C. A., bopogpides B. B., JlbitoB M. H. ®yHKUMOHanNbHasi cxema aHanusa AaHHbIX U BbipaboTku
YyNpaBnsiiOLLNX PELLEHUN HA OCHOBE FeOMHMOPMALMOHHOW CUCTEMbI yNpaBreHns opolleHneM. Mpobnembl passuTUsi
AlK pernoHa. 2018. Ne 4 (36). C. 65-70.

6. Mupuxynasa L. E. O kayecTBe, HaAEXHOCTU OPOCUTENBHBIX CUCTEM U O MPOrHo3e yulepba OT CHWXKEHWUs
YPOBHs1 HaaéxHocTu. [oknaabl BACXHWUI. 1977. Ne 12. C. 33-35.

7. Haymenko W. N., Tokap A. N. OueHka HagéxHocTn paboTbl kanenbHuy. Menuopauus 1 BogHOe X03SMCTBO.
1986. Ne 65. C. 84-87.

269



sxxkk H3BECTHAS ¥¥k¥kkx

HH>XHEBOAXCKOIO ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA: P 1 (73)’ 2024
HAYKA H BBICIIEE TIPOPECCHOHAABHOE OBPA30BAHHE

8. Hukonaenko A. H., KasokuH A. A. KoHuenuusa passntusa nHOoOpMaLMoHHO-aHaNnnTUYeCckon CUCTeMbl «Menu-
opauwusi». MpupogoobycTpornctao. 2019. Ne 3. C. 6-13.

9. Hoswukosa W. B., llyHesa E. H., 'pmuan A. B. Cpeacrea 1 TEXHONMOrMmM BOAONOArOTOBKY AN KanenbHOro opoLue-
HWS CenbCKOXO3AMCTBEHHbIX yrogui. HayuHbin xypHan Poccuiickoro HAW npobnem menvopaumu. 2019. Ne 3 (35). C. 1-17.

10. OBumHHUKOB A. C., BovapHukoB B. C., TpoHes C. B., Mewwepskos M. I1., BoyapHukosa O. B., HecmusHos U. A.,
BopobbeBa H. C. OnTMm3aums OCHOBHbIX NapameTpoB TpybyaTbiX OpOCUTENBHBIX cUcTeM. M3BecTmsa HuxkHeBomKckoro ar-
POYHMBEPCUTETCKOro Komnnekca: Hayka v Bbicluee npodeccuoHansHoe obpasosaHume. 2018. Ne 2 (50). C. 303-309.

11. PorayeB A. ®., MenuxoBa E. B. KomnbloTepHoe mogenvpoBaHue u napametpusauns B cpege MathCAD
KOHTYPOB YBMaXXHEHUS MPWU KanernbHOM opolleHun. N3BecTtns HUKHEBOMKCKOro arpoyHMBEPCUTETCKOrO KOMMMeKca:
Hayka v BbicLLee npodeccrmoHanbHoe obpa3oBaHue. 2021. Ne 4 (64). C. 367-378.

12. WraHeko A. C., LWkypa B. H. Cnoco6 rpadoaHanMTu4eckoro nocTpoeHns oMepTaHns KOHTYPOB KanenbHOro
yBnaxHeHns noysB. HayuHbii >xypHan Poccuickoro HUW npobnem menuopauum. 2018. Ne 1(29). C. 67-85.
http:www.rosniipm-sm.ru/archive?n=526&id=531.

13. Akhmedov A. D., Borovoy E. P., Khodiakov E. A. Water-saving technologies for vegetables in the south of
Russia. IOP Conf. Series: Earth and Environmental Science: Conference on Innovations in Agricultural and Rural devel-
opment . 2019. V. 341. 012105.

14. Karimi B., Karimi N., Shiri J., Sanikhani H. Modeling moisture redistribution of drip irrigation systems by soil
and system parameters: regression-based approaches. Stochastic Environmental Research and Risk Assessment.
2022. No 36. Pp. 157-172.

15. Ovchinnikov A. S., Borodychev V. V., Lytov M. N., Bocharnikov V. S., Fomin S. D., Bocharnikova O. V., Vo-
rontsova E. S. Optimum control model of soil water regime under irrigation. Bulgarian journal of agricultural Science.
2018. Ne 24 (5). Pp. 909-913.

References

1. Aliev Z. G. Study of the parameters and reliability of a low-intensity irrigation system for work in mountain
farming conditions in Azerbaijan. International Journal of Experimental Education. 2016. No 10-2. Pp. 196-200.
https://expeducation.ru/ru/article/view?id=10632.

2. Akhmedov A. D. Hydraulic parameters of tubular humidifiers of various designs. News of the Nizhnevolzhsky
Agro-University Complex: science and higher professional education. 2019. No. 4 (56). Pp. 381-389.

3. Akhmedov A. D., Dzhamaletdinova E. E., Skoda V. A. Reliability indicators and main types of failures of el-
ements of drip irrigation systems. News of the Nizhnevolzhsky Agro-University Complex: science and higher profession-
al education. 2018. No. 2 (50). Pp. 303-310.

4. Vasilyev S. M., Shkura V. N., Shtanko A. S. Drip irrigation systems: textbook. M., 2019. 179 p.

5. Kurbanov S. A., Borodychev V. V., Lytov M. N. Functional diagram of data analysis and development of
management decisions based on a geographic information system for irrigation management. Problems of development
of the regional agro-industrial complex. 2018. No 4(36). Pp. 65-70.

6. Mirtskhulava T. E. On the quality, reliability of irrigation systems and the forecast of damage from a decrease
in the level of reliability. Reports of VASKhNIL. 1977. No 12. Pp. 33-35.

7. Naumenko I. I., Tokar A. I. Assessing the reliability of the operation of droppers. Reclamation and water
management. 1986. No. 65. Pp. 84-87.

8. Nikolaenko A. N., Kavokin A. A. Concept of development of the information and analytical system “reclama-
tion”. Nature Management. 2019. No 3. Pp. 6-13.

9. Novikova I. V., Luneva E. N., Gritsay A. V. Means and technologies of water treatment for drip irrigation of agricul-
tural land. Scientific journal of the Russian Research Institute for Land Reclamation Problems. 2019. No 3 (35). Pp. 1-17.

10. Ovchinnikov A. S., Bocharnikov V. S., Tronev S. V., Meshcheryakov M. P., Bocharnikova O. V., Nesmi-
yanov |. A., Vorobyova N. S. Optimization of the main parameters of tubular irrigation systems. Proc. of the Lower Volga
Agro-University Complex: science and higher professional education. 2018. No 2 (50). Pp. 303-309.

11. Rogachev A. F., Melikhova E. V. Computer modeling and parameterization in the MathCAD environment of
humidification contours for drip irrigation. News of the Nizhnevolzhsky Agro-University Complex: science and higher
professional education. 2021. No 4 (64). Pp. 367-378.

12. Shtanko A. S., Shkura V. N. Method of graphic-analytical construction of the contours of drip moistening of
soils. Scientific journal of the Russian Research Institute for Reclamation Problems. 2018. No 1 (29). Pp. 67-85.
http:www.rosniipm-sm.ru/archive?n=526&id=531.

13. Akhmedov A. D., Borovoy E. P., Khodiakov E. A. Water-saving technologies for vegetables in the south of
Russia. IOP Conf. Series: Earth and Environmental Science: Conference on Innovations in Agricultural and Rural devel-
opment . 2019. V. 341. 012105.

14. Karimi B., Karimi N., Shiri J., Sanikhani H. Modeling moisture redistribution of drip irrigation systems by soil
and system parameters: regression-based approaches. Stochastic Environmental Research and Risk Assessment.
2022. No 36. Pp. 157-172.

15. Ovchinnikov A. S., Borodychev V. V., Lytov M. N., Bocharnikov V. S., Fomin S. D., Bocharnikova O. V., Vo-
rontsova E. S. Optimum control model of soil water regime under irrigation. Bulgarian journal of agricultural Science.
2018. Ne 24 (5). Pp. 909-913.

UHdopmauumsa o6 aBTopax
OBuMHHMKOB Anekcet CeMeHOBUY, JOKTOP CEMNbCKOXO3SNCTBEHHbIX HayK, npodeccop, akagemuk PAH, 3aBegyrownii kadpea-
pon «MpuknagHas reogesusi, NpupoaoobycTpoicTBO 1 Bogonons3oBaHve», PrBOY BO Bonrorpaackuit FAY (Poccuiickas de-
aepaums, 400002, r. Bonrorpag, np. YHuBepcuTeTCckuiA, 4. 26), e-mail: volgau@volgau.com
AxmenoB Ackap [>kaHrup ornbl, JOKTOP TEXHWYECKUX Hayk, npodeccop, PrEOY BO Bonrorpagckuii FAY (Poccuiickas de-
aepauus, 400002, r. Bonrorpag, np. YHuBepcuTeTckuid, a. 26), e-mail: askar-5@mail.ru
Nunckun Omutpun OmutpueBud, acnupant, Pre0Y BO Bonrorpagckuin FAY (Poccuiickaa ®Pepepauus, 400002, r. Bonro-
rpag, np. YHuBepcuteTckui, 4. 26), e-mail: mityalipcky@yandex.ru
Ba6aeB xxaBug dnbxaHoBuY, acnuparHt, Pr60Y BO Bonrorpaackuit FAY (Poccuiickas ®epepaumsi, 400002, r. Bonrorpag,
np. YHuBepcuteTckun, a. 26), e-mail: dbabaev1996@yandex.ru

270


mailto:askar-5@mail.ru

sdokkk H3BECTHS +xxkk

HH>XHEBOAXCKOIO ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE TIPOPECCHOHAABHOE OBPA30BAHHE

N 1 (73), 2024

Author’s Information
Ovchinnikov Aleksey Semenovich, Doctor of Agricultural Sciences, Professor, Academician of the Russian Academy of Sci-
ences, Head of the Department of Applied Geodesy, Environmental Engineering and Water Use, Volgograd State Agrarian
University (Russian Federation, 400002, Volgograd, Universitetsky Ave., 26), e-mail: volgau@volgau.com
Ahmadov Askar Jangir, Doctor of Engineering Sciences, Professor of Volgograd State Agrarian University (Russian Federa-
tion, 400002, Volgograd, Universitetsky Ave., 26), e-mail: askar-5@mail.ru
Lipskiy Dmitriy Dmitrievich, graduate student, Volgograd State Agrarian University (Russian Federation, 400002, Volgograd,
Universitetsky Ave., 26), e-mail: mityalipcky@yandex.ru
Babaev Javid Elkhanovich, graduate student, Volgograd State Agrarian University (Russian Federation, 400002, Volgograd,
Universitetsky Ave., 26), e-mail: dbabaev1996@yandex.ru

DOI: 10.32786/2071-9485-2024-01-31
ANALYSIS OF THE TECHNICAL LEVEL OF GRASS STRIP SEEDING MACHINES
IN THE TURF OF THE MPTD FAMILY

'Fedorova O. A., 'Ryadnov A. I, 2Tekushev A. Kh., 2Chaplygin M. E.,
*Revenko V.Yu., 2Davydova S. A.

1Volgograd State Agrarian University
Volgograd, Russian Federation
’Federal State Budget Scientific Institution «Federal Scientific Agroengineering Center VIM»
Moscow, Russian Federation
3 Federal Research Center «V. S. Pustovoit All-russian scientific research institute of oil crops»
Krasnodar, Russian Federation

Corresponding author E-mail: alex.rjadnov@mail.ru

Received 10.11.2023 Submitted 12.12.2023

The research work was carried out in accordance with the topic of the state task No. FGUN-2022—-0007
To develop innovative complexes of machines with elements of robotics for breeding and seed
production of cereals, legumes and oilseeds using electrophysical methods of exposure

Summary
Currently, weak technical equipment remains a deterrent to highly efficient harvesting of high-quality feed,
the renewal of agricultural machinery lags behind the rate of its disposal by 3..4 times. The article
discusses the results of research on agrotechnical and energy indicators of machines for strip sowing of
grasses in the turf of the MPTD family, developed on the basis of the FSAC VIM.
Abstract

Introduction. The development of feed production is a strategic direction in the development of rational
nature management in agriculture in Russia. Natural and seeded forage lands are one of the main sources
of feed for livestock. However, significant areas of hayfields and pastures, both in terms of yield and the
quality of grasses growing on them, do not meet the requirements of animal husbandry: low productivity of
natural forage lands — 7...13 kg/ha of dry matter, unsatisfactory condition of natural lands, extensive system
of grassland management, etc. The average annual rate of degradation of grass stands continues to
increase due to the lack of advanced technologies and machines for improving forage lands. One of the
options for surface improvement of pastures and hayfields is strip processing of sod and planting grasses in
the treated strips. Object. The object of research is the machines developed on the basis of the FSAC VIM
for strip sowing of grasses in the turf of the MPTD family. Materials and methods. The necessary
calculations were carried out on the basis of well-known dependencies of efficiency theory and
mathematical analysis, optimization methods, and probability theory. Field research was carried out in
accordance with current methodological requirements and standards. Results and conclusions. The
analysis of agrotechnical and energy indicators developed on the basis of FSAC VIM machines for strip
sowing of grasses in the turf of the MPTD family on the basis of field tests was carried out. As a result, the
use of special grassland equipment is justified, which provides an increase in productivity and improvement
of the species composition of the herbage of cultivated and natural forage lands with an increase in the
yield of grasses by 1.8...2.5 times and a reduction in the consumption of fuel and lubricants by 30...40%.
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