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Annoranusa. Ilenp wucciemoBanumii — paspab0TKA KOHCTPYKIMH M ONTHMU3AILMSA IIapaMeTPOB
PabOTHI M PACCTAHOBKH BIOJIbL TPYOOIIPOBOOA MOMKIEBAILHOM MAIIMHEI CIIPUHKIEPOB ¢ IHA(PPArMOBBIM
3aIIOPHBIM MEXAHM3MOM. B crarbe pacCMOTPEHBI KOHCTPYKIIAS M TEOPETHYECKHe IIPEIIIOCHLIKI
CIPUMHKJIEpa ¢ AuadparMoBBIM 3aIlOPHBIM ojeMeHToM. JlaHa pacxomHo-HAIIOPHAS XapaKTePHCTHKA
CIIPHUHKJIEPA C YYETOM JHaMeTpa OTBEPCTUs JHA(pPArMOBOIO 3aIll0PHOI0 MEXaHM3Ma U OIPEJIeSIEHHOIO
TIOJIOMKEHUA MUKpOIBHMraresis. llpemcraBieHo pacipefeseHre BOOLI IIPH YCTAHOBKE CIIPHHKJIEPOB
HA CIOYCKHBIX TPyOAaX IMIPHMIIOBEPXHOCTHOIO IIOJIMBA, 4 TaKKe CIPHHKIEPOB, YCTAHOBJIEHHBIX
HEIOCPEICTBEHHO Ha  TPyOOIIpOBOJAE MAIIMHBI ¢ JUadparMOBBEIM  3AIIOPHBIM  9JIEMEHTOM
c maroM 2 u 3 M.
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Abstract. The purpose of this article is to develop a design and optimize the operating parameters and
placement of sprinklers with a diaphragm shut-off mechanism along the pipeline of a sprinkling machine.
The article discusses the design and theoretical background of a sprinkler with a diaphragm shut-off
element. It provides the flow-pressure characteristic of the sprinkler, taking into account the diameter
of the diaphragm shut-off mechanism and the specific position of the micro-engine. The article presents
the distribution of water when sprinklers are installed on the discharge pipes of surface irrigation, as well
as sprinklers installed directly on the pipeline of a machine with a diaphragm shut-off element with a 2-
and 3-meter step.
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Beenenue. B Poccru mutoria s mesmmopupye-
MBIX ILTOMIAMIEH cocTaBJIsIeT Iopsanka 9,4 MJIH Ta.
910 MeHee 5% TMalIHMA, KOTOPBIE O00ECIIEUYNBAIOT
110 25% 0T Bcero yposxasi. Y poskaiHOCTb OPOIIIAEMOr0
1 ra o 5 pas Bere, ueM Ha Odorape [1].

OcHOBHOM Tp0o0JIEMOI SIBJIETCS MaJioe KO-
JIMYECTBO HOBBIX OITBITHO-KOHCTPYKTOPCKHX pOC-
CHICKIX Pa3pab0TOK M IIPOM3BOACTBA TEXHITIECKIX
CPEeJICTB TIOJIHMBA, a TAKKEe HAJNIKe 3HAUUTETHHOTO
KOJIMYECTBA MHOCTPAHHBIX MIpou3BoguTeseit. Tex-
HUKA 7K€ II0JIUBA «COBETCKOIO IIEPHOIA» YCTYIIAeT
MHOCTPAHHBIM aHAJIOraM II0 aBTOMATH3AIMH IIPO-
11eccOB paboThl 1 (PYHKIMOHAJY, 3a4acTyio He OT-
BEUAeT 9KOJIOTMYECKMM TPeOOBAHMAM — B YACTHO-
CTH, XapaKTepU3yeTcsl BBICOKOH WHTEHCHBHOCTHIO
TI0JTBA.

OmuyM W3 HAIpaBJIEHHI COBEPIIEHCTBOBA-
HUST KOHCTPYKITAN CIIPUHKJIEPOB SIBJISIOTCS TEXHU-
YeCKHe PeIeHNs C BO3MOKHOCTHIO KOHCTPYKTHB-
HOTO PEeryJINPOBAHIS XapaKTEPUCTHE CIIPUHKIIEPA.
970 TIOATIPY KUHEHHbIe TIepOPHUPOBAHHBIE TUCKH,
TIePEKPHIBAIOIIME TPOXOHOE CEUYEHHE ITOJTHOCTHIO
WA YACTUYHO; IIITOKH, YACTUIHO ITePEKPHIBAIOIIIE
COILIA; 3JIEKTPOMATHUTHEIE KJIATIAHEI, YCTAHABIIMBA-
eMble Ha BXOJIe B CIIPUHKJIEP MJIA B OTBOJAX IIPHIIO-
BEPXHOCTHOTO II0JINBA, IIPUMEHIEMbIE IJIS «TOUHOr0
mosmBa» [2, 3].

[Tomo0HbBIE yCTpOMCTBA ITO3BOJISIIOT MEHSTH
PaCXOIHO-HATIOPHbIE XaPAKTEPHUCTUKY JOKIA, pa-
JIAyC 3aXBaTa JO/KIEM W MHTEHCHBHOCTH IIOJIABA.

Puc. 1. O0masa cxema cnpuHkiepa:
1 — xopryc; 2 — aradparMoBLIi 3aIIOPHBIIA
MexXaHu3M; 3 — nedrekTop; 4 — BTYJIKA;
5 — HOYKKH KpEIUIeHNs; 6 — IaTpyOoK;
7 — KOpIIyc IPUBOMIA; 8 — MUKPOIIIATOBHIN JBUTATEIH

Fig. 1. General scheme of the sprinkler:

1 —Dbody, 2 — diaphragm locking mechanism,

3 — deflector, 4 — bushing, 5 — mounting legs,

6 —nozzle, 7 — drive housing, 8 — microstep motor
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OJIEKTPOMATHUTHBIE KJIATIAHBI IIO3BOJIAIOT IIepe-
KPBIBATh IIOCTYILICHIE BOIbI, YTO MOKET TPeOOBATE-
CsI IIPY TOUHOM IIOJIVBE.

BaskmbiM  HampaBiIeHWEM — HICCJIEIOBAHUL
¥ KOHCTPYKTHBHBIX Pa3pab0TOK SIBJISETCA obecrie-
YeHMe TOBBIIEHNS PABHOMEPHOCTH TToJmBa [4-12].

[ess McememoBammit: pa3paboTKa KOHCTPYK-
IV ¥ OITHUMM3AIMSA IIApaMeTPoB PabOTHI M pac-
CTAHOBKH BI0JIb TPYOOITPOBO/IA JTOMKI€BAJTHHOM Ma-
TITAHBI CIIPUHKJIEPOB ¢ AUA(PArMOBLIM 3aTIOPHBIM
MEXaHI3MOM.

Marepuajipl 1 METOOBI HCCJIETOBAHUIA.
Paspaboraunsie cupurkieps! (puc. 1, 2) mpencras-
JISTIOT COOOM KOPILYC, HOKKM KPEIUICHWS BTYJIKH,
B KOTOPYIO YCTAHABJIMBAIOTCS CMEHHBIE Jed)IeKTo-
PEI, 11 TradyparMOoBHIL 3aTIOPHBINA MEXAHU3M, TIPHBO-
JUMBIH B JIEMICTBHE ITATOBBIM JIBUTATEJIEM.

JlnadparMoBeil 3aIOPHBIT MEXaHM3M IIO-
3BOJIAET IPAKTUYECKH OeCCTyIIeHJYaTO H3MeHATH
IIPOXOJHOE CEUEHMe COILIA, COOTBETCTBEHHO MEHSIS
pacxXomHO-HATIOPHBIE XapakTepuctuku. [lpu aTom
yeM OoJIbIlle IUIACTMH B JuadparMoBOM Mexa-
HHM3Me, TeM Oojiee TLJIABHO MeHSIeTCS JuaMeTp,
u 1o ¢opMe MHOTOTPAHHME CTAHOBUTCSA OJIMIKe
K OKPY?KHOCTH.

IIpemmaraemerni  guadparMeHHBIA  3aII0p-
HBIM MexaHu3M nMeer 8 miactud. [uamerp orep-
CTHSI MOSKHO M3MEHSTD IIIArOBBIM JBUTATEJIEM OT 5
10 12 mm. Bostbiitee KOJTMuecTBO TIACTUH SABJIAETCS
HeTIeJIeC000PA3HBbIM BBH/TY CJIOKHOCTH KOHCTPYKITAN
¥ CHIDKEHMST HAEKHOCTHA PAOOTEHL.

[ Lmormans cevenwst, obpasyemoro quadpparmo-
BBIM 3ATIOPHBIM MEXAHM3MOM, MOKHO OIPEJIeJTUTh
reoMeTpUYeCKH (PrC. 3) II0 BEIPAsKEHUIO, M:

Szn{[x’3 sin(oc’2)]+[\/r2 —(reos(a,)-z,)* —rl]—B}2 , (1)

e (B dopMysie M Ha PHUCYHKE) CIEAYIOIpe O0003HAUCHUS:
X,/ — CTOpOHA TPEYTOJbHUKA, M; O, — YIOJI TPEYTOJIbHUKA;
I — pagryc OTBEPCTHS B HAYAJIHHOM ITOJIOMKEHUH, OIPEeIesIs-
eMBI KaK CyMMa 3HAQUeHWW I, U T,; O, — BHyTPEHHHAN YIOJI
TPEeyTobHUKA B HAYAIBHOM IIOJIOMKEHUN, TPaJ.; Z, — OTPE3OK
X, B HAUAJIBHOM IIOJIOXKEHWH, M; I, — OTPe30K pajiuyca B Ha-
YAJIEHOM TIOJIOMKEHWH, M; B — IMpHHA KPOMKM B HAYAJILHOM
TIOJIOYKEHVI, M.

leomeTpuueckne mapaMerpsl M3MEHSIIOTCS
B IIpOIIeCCe JBUYKEHIS IUTACTHH, TO €CTh PAOOTHI JH-
aparMoBoro 3aIOpPHOro MEXaHU3Ma.

Pacxom depes orBepcTHe THIpaBIMYECKH
oIIpemesIsaeTcs Kak, M/ c,

q=CSV2gH, 2)

rne H — pabounii mamop, m; C — koadpuipmenT pacxona.

Torma

q =C1t{[x3 sina2]+[\/r2 ~(reosa, -2,)* —rlJ—B}2 2gH. (3)

22/
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Puc. 2. JluadpparmoBsiii 3aiopHbIi MEXaHU3M CIPUHKIIEPa
Fig. 2. Sprinkler diaphragm locking mechanism

Pruc. 3. 'eomerpudeckas cxema quadgparMoBoro 3arfOpHOro MexaHuama
Fig. 3. Geometric diagram of the diaphragm locking mechanism

PeayabraTe! u ux o0Cy:xaeHUe. JKCIIepy-
MeHTAaJIbHbIe MCCIIeI0BAHIS BRITIOYAIIH B Ce0s:

— oIpezesieHre PacXoIHO-HATIOPHBIX J1abopa-
TOPHBIX XapaKTEPUCTUR CITPUHKIIEPA HA CTEHIIE;

—OIIEHKY PABHOMEPHOCTH PACIIPeIeIeHIs
OCAJTKOB TIPY YCTAHOBKE CITPHHKJIEPOB C yIIpaBJIe-
HHEeM MUKPOIIATOBBIM IBUTATEIEM HETI0OCPEICTBEH-
HO Ha TPYOOIIPOBOIE MIHU-MOIEIIN JOKI€BAJIHLHOLM
MAIIMHLI KPYTOBOTO MOEHCTBHSA M CTAHIAPTHEBIX
CIIPUHKJIEPOB Ha TPYOKaxX IIPUIIOBEPXHOCTHOTO
TIOJIVBA.

Jly1a mpuBoOa B JefiCTBHE MEXaHM3Ma paspa-
OOTaHHBIX JTOMKIEBATEIEH WCIIOIb30BAJIACH TLIAT-
opma Arduino. MuKpoIIaroBeIi ABUTATEH MOJIE-
s 28BYJ-48. Penyxrop 1:64.

Pacxomro-HatopHast XapaKTePUCTUKA
CIIPUHKJIEpA C YYEeTOM JuaMeTpa OTBEPCTUS Ha-
(hparMoBOrO 3aTIOPHOTO MEXAHM3MA B OIMPEIEesIeH-
HOM TIOJIOYKEHWH MUKPOJBUTATESI IIPEICTABICHA Fig. 4. Sprinkler, replaceable deflectors

Puc. 4. Cipunkiiep, cmeHHsbIe 1e)IeKTOPHI

Kypaenesa J1.A., BennH .M., MaBpunosckas H.B. OueHka ka4ecTBa nonvea CAPUHKIIEPOB ¢ anadparmMoBbiM
3arnopHbIM MEXaHN3MOM
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Puc. 5. PacxomHo-HanmopHas XapaKTePHUCTUKA CIPUHKIIEpa
C y4€TOM JuaMeTpa OTBepCTUA quad)parMoBOro 3amopHOro MeXaHmu3Ma
B OIIPEIEIEHHOM II0JIO:KEHUU MUKPOIBUTATEIIS

Fig. 5. Flow and pressure characteristics of the sprinkler taking into account
the diameter of the diaphragm locking mechanism opening in a certain position
of the micromotor

Ha pucyHke 5. Ha Bxome B TpyOoIpoBon ycraHas-
muBasiock masienue 0,15 Mlla. Jlmmua wmamm-
HBI— 10 M.

Bricora ycranoBrm Hapg 3emiieil cocTaBIIsIA
0,9 m. Cmennble IedIeKTOPHL: IVIAOKHIL (ABTOP-
CKMI1), ¢ IpoHosbHBIME Haceurkamu (Komet).

OKCIIepHUMeHTAJILHEIE HCCIISIOBAHMS IIPOBO-
JIAJIVCE JIJIST CJIEIYTOIIX YCJIOBIIA:

— CrpuHEKJIephI YCTAHOBJIEHEI HA YCTPOMCTBAX
IIPUIIOBEPXHOCTHOIO IIOJIMBA. JrameTphl comia —
5 vm. ITIar paccraHOBKY CIIPUHKIIEPOB — 2 M.

— CrpuHKIIEpEI ¢ MEMOPAHHBIM 3ATTOPHBIM
yerpoiicrBoM. edpmexTop 6asosbri. JJuamerpsr com-
aga—5wvm. Har—2 m 3 m.

— CrpuHKIepEl ¢ MEMOPAHHBIM 3ATIOPHBIM
yerporictBoM. JledtekTop ¢ IIpomosIbHBIMK HACEY-
kamr. {mamerpsl corma — 5 v [ar — 2 m 3 m.

emr saxmouamack B TOM, YTOOBI IIOJIY-
YMTb YYACTOK ITOJIMBa JIMHON 10 M ¢ THOJTHBIM
TIEPEKPBITHEM 30HBI IIOJIMBA 110 OOKOBOM JIMHFIM.
Jnamerp TpyOorpoBoga cocraBisr 126 mm. Tpe-
OyeMoe KOJIMYECTBO CIPUHKJIEPOB MU JUAMETP
COILTA CTAHIAPTHBIX CIPHMHKJIEPOB WK IUAMETP
OTKPBITHSI 3AIOPHOT0 MEMOPAHHOIO MEXaHU3-
Ma IOAOMPAJINCh B 3aBHUCHMOCTH OT OIIPEIesIeH-
HOTO Ha JIa0OpATOPHOM CTEHEe paauyca 3axBa-
Ta JOKIEM W IIOJyYeHHOM pPacXO/ITHO-HAIIOPHOMU
XapPaAKTEPUCTHELL

ITockoIBKY HCIIBITAHMS IIPOBOIVIINCH HA OfI-
HOITPOJIETHOM MUHM-MOJIEJIN T0MKIeBaTHbHOM MaIlti-
HBI, JUAMETP OTBEPCTHS CIIPUHKJIEPA BI0JIb TPY0O-
IIPOBO/IA He M3MEHSJICS M COCTABJIA B OIBITAX 5 MM.
VeranasmmBaimch JeIeKTophl 0a30BOM MOIesIHn
¥ C IIPOJOJILHBIMI HACEUKAMM. BhIcoTa yCcTaHOBKM
CIIPMHEKJIEPOB HA TPyOaX IPUIIOBEPXHOCTHOIO IIOJIH-
Ba cocrasiszia 0,9 m.

Zhuravleva L.A., Benin D.M., Gavrilovskaya N.V. Evaluation of the quality of sprinkler irrigation with a diaphragm
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[lempio OBLIO TONyYeHHE YYACTKA TIOJIU-
Ba JmHOA 10 M C IOJIHBIM IIEPEKPBITHEM 30HBI
IoJTMBa 110 OOKOBOM JMHWH. PaccTosHus Mesxmy
CIIPUHKJIEPAMHI B OIBITAX COCTABIAIM 2 W 3 M.
Jumamerp TtpyoOompoBoma — 126 mm. Tpebyemoe
KOJIMYECTBO CIIPUHKJIEPOB U JUAMETD COILIA JIJIS
CTAHIAPTHBIX CIPUHKJIEPOB M OAAMETP OTKPHI-
TSI MEMOPAHHOTO MeXaHM3Ma TOJ0MPAJIHCH B 3a-
BHCHIMOCTH OT OIIPEIEJIEHHOI0 Ha JIabopaTOpHOM
CTEH/Ie pajaudyca 3axBaTa W PACXOIHO-HATIOPHOM
XapaKTePUCTUK.

ITocKoJIBKY MCIIBITAHISA IIPOBOMYIINCE HA OfI-
HOIIPOJIETHON MIHI-MOIEIIH JOKIeBAILHOM MAIITH-
HBI, JUAMETP OTBEPCTHSA CIIPHUHKIIEPA BI0JIb TPYOO-
IIPOBOJIA HE U3MEHSLICS 1 COCTABJIAII B OIBITAX 5 MM.
YeranasmuBaimics gedieKTophl 0a30BOM MOIe
¥ ¢ KaHABKaMM. BEBICOTa YCTAHOBKM CIPHHKJIEPOB
HA TPyOax IIPUIIOBEPXHOCTHOTO IIOJIMBA COCTABJIAIIA
0,9 m (prc. 6.)

Beicora ycTaHOBKM CIIPHHKJIEPOB HEIIOCPEI-
CTBEHHO Ha TPYOOIIPOBO/IE IO IeBAILHON MUHI-MO-
JeJIr cocTaBsaia 1,6 M.

PaspabatbBaembre auadparmMoBbie CIIPUH-
KJIEpHI IIPY YCTAHOBKE HA MHOTOITPOJIETHBIE JOKIe-
BaJIbHBIE MAIIMHEI JIETKO PEryJIMPYIOT IIPOXOIHOE
OTBEPCTHE IIIATOBLIM ABUTATEEM M, B YACTHOCTH,
SIBJISTFOTCS YIOOHBIMI [1JI51 MCTIOJIb30BAHIS IIPH JFIc)-
epeHIpPOoBaHHOM MOJIHBE.

[Tosyyennsie pe3ysbTATHI HHTEPIOJIMPOBA-
HEI C IIOMOIIBI0 IIPOrPAMMEOr0 o0ecrieueHmns Surf-
er (puc. 7-9).

PesynwraTel mccirenoBaHMii moKasasm, 9To
caMa KOHCTPYKTHBHAS MOIEIH J1e(DIEKTOPHOIO
CIIDUHKJIEPA MMeeT HeIOCTATKN C IO3UIINH PAaB-
HOMEPHOCTH pACIIpeIeSIeHus 0K JTO TeH-
JIEHITUSL  pacIIpeie/ieHuss OOJIbINe YacT BOIBI

D
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Puc. 6. Murn-moness ok aeBaIbHOM MAIIAHBI

Fig. 6. Mini sprinkler

110 TaJIbHEeMY PaIycy OT OCH, B TO BpeMs Kak 00-
JIACTh BOKPYT OCH TIOJIyYaeT MEHbIIlee KOJTUUYECTBO
BOJIBL

I[To mepe yBenvueHHST pPACCTOSHHUS MEK-
Oy CIPUHKJEpaM{ 3HAYeHWsA KoaduImeHTa

AHAMETP S5 MM,
paccTosHIe 2M ; AR 2 170

JHaMeTp 5 MM
paccrosHne 3M

Puc. 7. Pacupenenenue ocagxos
IIpU YCTAHOBKE CIIPUHKJIEPOB
HA CIIyCKHBIX TpyOdax
MPUIIOBEPXHOCTHOTO IOJIABA

Fig. 7. Distribution of precipitation
when installing sprinklers
on the drain pipes of near-
surface irrigation

3anopHbIM MEXaHN3MOM

omaopoaHocTy KprcTnanceHa I BeexX CIIPHHEKIIE-
POB YMEHBIIIAJINCH, OCOOEHHO JJIS CIPHUHKJIEPOB,
YCTAHOBJIGHHBIX HA TPYOKAaX IIPHIIOBEPXHOCTHOIO
mosimBa. [logo0mHbIe crcTeMbI TPEOYIOT YUATITEHHbBIX
CXEM YCTAHOBKH.

JnaMeTp SMM =
paccTosHue 2M ;

[uaMeTp SMM
paccrosiHIe 3M

Puc. 8. Pacnpenenenue ocaaxkos
pU YyCTAHOBKE CIPUHKJICEPOB
C ,[[I/Iad)paI‘MOBI)IM 3aIIOPHbIM ME€XaHHN3MOM
HA TPyOOIIPOBO/i€ MAIINHBI,
nediekTop ¢ HaceYKaMu

Fig. 8. Precipitation distribution
during sprinkler installation
with diaphragm locking mechanism
on the machine pipeline, notched deflector

Xypasnesa JI1.A., bennH .M., MaBpunosckas H.B. OueHka kayecTsa Nonvea CNpUHKIEPOB ¢ anadparMoBbiM



JIaMeTp SMM
paccTosgHne 2M

auaMeTp 5 MM
paccTosHIe 3M

}{7 M 0

Puc. 9. Pacuipenenenue ocaakos
IPU YCTAHOBKE CIPUHKJIEPOB
¢ nuadparMOBHIM 3aMMOPHBIM MEXaHU3MOM
Ha TPyOOIIPOROI€E MAIINHEIL,
nedIeKTOP € MPOIOJIEHBIMI HACEIKAMU

Fig. 9. Precipitation distribution during
sprinkler installation with longitudinal notches
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BriBoarnl

CrpuEraepbl ¢ MeMOPAHHBIM —3AOPHBIM
MEXaHN3MOM H JehJIEKTOPOM C KAHABKAMM, yCTa-
HOBJIEHHBIE HA TPYOOIIPOBOIE MAIIIMHEI, IIOKA3AJIN
MEHBIIIYIO UyBCTBUTEILHOCTE K YBEJIMUSHIIO PACCTO-
SIHIST MESKITY CIIPHHKJIEPAMI.

B 11e710M paBHOMEPHOCTH CIIPUHKJIEPOB, YCTa-
HOBJIGHHBIX HA TPYOOIIPOBOIE MAIIMHBL, 3HAYM-
TeJILHO BEIIIIE, OTHAKO HeOOXOMMMO YUNTHIBATE, UTO
IIOTEPY BOILI HA MCIAPEHNEe W CHOC BETPOM TAKKE
OyZIyT BHIIIIE.

NaBecTHO, UTO yeTaHOBKA IeIIEKTOPOB C IPO-
JIOJTBHBIMU HACEUKAMHU HECKOJIBKO CHIYKAET IT0TEPH
HA HCIIAPEHHe W CHOC BETPOM 3a cueT hopMHUpye-
MBIX IUIOTHBIX CTPYEK, IIPOTHUBOCTOSIIMX BJIMSHIIIO
BeTpA.

PeromernmoBaTe MOmOOHYI0 KOMILIEKTALIHAIO
st mrdppepeHIIMPOBAHHOIO IIOJIMBA MOKHO IIPH
HEBBICOKO PACIIOJIOMKEHHOM TPYOOIIPOBOIE HA II0-
BEPXHOCTBIO IIOYBBL, TO €CTh JJIA II0JIMBA HM3KHMX
KyJIBTYP WIH JIJIsI PETHOHOB, T/e IIpeobsagaer 6es-
BETPEeHHAs IOroza.
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