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Summary
The article presents theoretical results on determining optimal (best) parameters of a new wide-spread
sprinkler using the Rechtshafner method. The coefficients BO, Bi, Bij and Bii were obtained based on
experimental data and presented in form of a mathematica model, the significance of which was as-
sessed using the Student's test. For identifying the correctness of the experimental results obtained us-
ing the Fisher criterion studied the coefficients gave an error of 5%, which is quite acceptable. As a
result of the compromise solution task, we determined the optimal values of factors for the wide-cut
section sprinkler.
Abstract

Introduction. Design engineers are tasked with developing a new generation of irrigation equip-
ment using modern construction materials, with reduced energy consumption, with maximum au-
tomation, and a wide range of adjustable parameters when used for certain irrigation conditions.
The quality of irrigation with a sprinkler is characterized by the uniform distribution of irrigation
water over the area. To determine the quality of uniform distribution of artificial rain by wide-
span sprinklers, the coefficient of effective irrigation is used, which characterizes the uniformity
of the distribution of irrigation water in the irrigated area. Object. Wide-span pivot irrigation ma-
chine. M aterials and methods. Theoretical studies were carried out to determine the optimal pa-
rameters of a new wide-spread sprinkler using the Rechtshafner method. Results and conclu-
sions. The coefficients By, B, Bj; and B;; were obtained based on experimental data and presented
in the form of a mathematical model, the significance of which was assessed using the Student’s t-
test. To determine the correctness of the obtained experimental results using the Fisher criterion,
the studied coefficients gave an error of 5%, which is quite acceptable. As a result of solving the
compromise problem, we determined the optimal values that ensure uniform distribution of rain
with an effective irrigation coefficient of at least 0.8.
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AKTyaJIbHOCTB. [lepen nHXeHepaMU-POCKTUPOBIIMKAMHU CTAaBHUTCS 3a/ada pa3padboTarh Io-
JMBHYIO TEXHUKY HOBOT'O IOKOJICHHS C MCIIOJb30BAHUEM COBPEMEHHBIX KOHCTPYKLUMOHHBIX MaTepHa-
JIOB, C YMEHBIIECHHBIM SHEPTOMOTPEOICHNEM, C MAKCUMAIBHOW aBTOMAaTH3aMUEH, IIMPOKUM CIIEKTPOM
peryaupyeMbIX IapaMeTpoB IpHU HCIIOIb30BAaHUM Ul ONPEIEICHHBIX ycloBUl opomeHus. KauecTso
MIOJIMBA OKACBAJIBHON MAIIMHOM XapaKTEepHU3yeTcss pABHOMEPHOCTBIO PACHPEAEICHUSI OPOCUTENBHON
BOJIbI 110 Miomany. Jjst onpeneseHys KayecTBa paBHOMEPHOI'O PACIpeeeHUsl UCKyCCTBEHHOIO J10-
KIS TIHPOKO3aXBAaTHBIMU TOKIACBAIIGHBIMA MAIIHHAME HCTIONB3YIOT KO3 ummeHT 3¢ HeKTUBHOTO
IOJIMBA, XapaKTEPU3YIOUUH PaBHOMEPHOCTb paclpelesIeHss OPOCUTEIbHOM BOJBI HAa OPOIIAEMOM
yuactke. O0bekT. Illupoko3zaxBaTHas O0KIEBajbHAs MallMHA KPYroBoro aeicteus. Marepuanibl u
MeToabl. [IpoBeneHbl TeopeTHYecKre MCCICAOBAHUS IO OINPEACICHUI0 ONTHMAJIBHBIX HapamMeTpoB
HOBOI MIMPOKO3aXBaTHOM J0XKIeBaIbHON MaIIMHBI 10 MeToauke Pextmaduepa. Pe3yabTaThl U BBI-
Boabl. [lonyuyensl koapduuentsl By, Bj, Bj n Bjj Ha ocHOBaHMM SKCIEPUMEHTAIbHBIX IAHHBIX W
MIPEJICTaBIEHbl B BHUJIE MAaTEMaTHYECKOW MOJENH, 3HAYMMOCTh KOTOPBIX OIIEHHWBAJach MO KPUTEPHIO
CrpronenTa. [{ns BBISBICHHMS KOPPEKTHOCTH TOJIYYEHHBIX PE3YJbTAaTOB 3KCIIEPUMEHTA [0 KPUTEPHIO
Ouiepa usydaeMmblie Ko3(pQUIUEHTH! Jau HOrpemHOCTh 5 %, 4To BIOJIHE OmycTUMO. B pesynbraTe
peleHnss KOMIIPOMUCCHOM 3a/laud HaMH ObUTH OTIpeJIeNIeHbl ONTUMAaJIbHBIC 3HAYCHHUSI 00eCTIeYHBal0-
M€ paBHOMEPHOE pacnpeneneHue 10k ¢ koadduuuentom adgpdexruBHoro nonusa e menee 0,8.

Kniwouesvie cnoga: 0ooicoesanvhvie mMauwiunsl, napamempvl 00HCOeGANbHOU MEXHUKU,
KOHCMPYKYUU 00HCOEBALHOU MEXHUKU.

Hurnposanue. Kozuuckasa O. B., OpunnHnkoB A. C., bouapnukos B. C., Tpores C. B., bouapuuko-
Ba O. B., lleancoBa M. A., boposoii E. II. OnTumu3samus KOHCTpPYKTUBHBIX MapaMETPOB IIUPOKO3a-
XBaTHOM JOXaeBanbHOU TexHukH. HMzeecmus HB AVK. 2023. 4(72). 518-528. DOI: 10.32786/2071-
9485-2023-04-52.

ABTOpCKMii BKJIaJA. Bce aBTOpBI HACTOSIIEro MCCIIENOBaHHs MPUHUMAIH HEIMOCPEACTBEHHOE YJacTHE B
TUTAaHWPOBAHWH, BBHITTOTHEHNN WIIM aHAJIN3e JaHHOTO MCCIIeNoBaHus. Bce aBTopbl HacTodIIel cTaTbu O3HA-
KOMMJIUCH C TIPEICTABIICHHBIM OKOHYATEeIILHBIM BAPHAHTOM M OOOPHITH €To.

KondauxTt unTepecoB. ABTOPHI 3asBISIOT 00 OTCYTCTBHUH KOH(INKTa HHTEPECOB.

BBenenue. B Hactosiee Bpemsi Oosbiioe 3HadYeHHE B Poccum ynmensieTcss pa3BUTHIO
MEJHOPAINK, & UMEHHO pa3padOTKe HOBBIX PECYypCOCOEperaroiX TeXHOIOTHI, TEXHUUECKUX
CPEICTB M B YaCTHOCTH, HOBOH MOKIEBATHHONW TEXHUKHU, CIIOCOOHOM COCTAaBUTh KOHKYPEH-
o 3apyoexnoii [1, 2]. Tlepen nakeHepaMu-IpOCKTUPOBIIUKAMHU CTABUTCS 3a7a4a pa3pado-
TaTh MOJIUBHYIO TEXHUKY HOBOTO MOKOJIEHUS C UCIOIb30BAHUEM COBPEMEHHBIX KOHCTPYKIIH-
OHHBIX MaTEpPHAalIOB, C YMEHBIIEHHBIM SHEPrOMOTPEOICHHEM, C MAKCUMaJIbHOW aBTOMaTH3a-
[IMEH, MUPOKUM CIIEKTPOM PETYJIUPYEMBIX IMApaMETPOB MPHU UCTIOIB30BAHHUH IS OTIPEIEICH-
HBIX yCJIOBUHM opormieHus [3, 4]. ICTOYHUKHY BOJIBI [IJIs1 OPOIIEHUS UCIIOIB3YIOTCA, KaK MpaBHU-
J10, IOBEPXHOCTHEIE [5].
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[Tpu moGoM crocobe MmojuBa LENbI0 SBISIETCS BblAaya PacyeTHOM MOJIMBHONM HOPMBI
BOJIbI Ha KOHKPETHBIA OpOIIAEMBI Y4acTOK ¢ 00eCreueHHEeM COOTBETCTBYIOIIETO Ka4yecTBa,
9KOJIOTUYECKUX TPeOOBaHUI U PALlMOHATIBLHOTIO MCIOJIB30BAHMUS 3aTpauynuBacMbIX pecypcoB. Ka-
YECTBO IMOJIMBA JIOXK/ICBATHHON MAIIMHOW XapaKTEPU3YETCs PABHOMEPHOCTBHIO PaCIIpPEIeICHUS
OpPOCUTEIBHOM BOJIBI MO TUIOIAAu [6, 7]. TeXHHMUECKH OHA HOCTUTAETCsl paCCTAHOBKOM JIOXKII€e-
00pa3yIMX YCTPOUCTB (HOKIEBAILHBIX HACAJOK) HA BOJOIMPOBOISIIECM IOSICE JOXKICBATHHON
MAIllMHBI, TPUYEM PAJAUYC NEHCTBHUS MEXAY HUMH JIOJDKEH IEPEeKpBIBATH OPOIIAEMYIO ILIO-
1136, PaBHOMEpHOCTh pacmpeeneHus oK I Py padoTe T0KICBATLHONW MAIIMHBI TIO KPYTy U
PaBHOM PacCTOSIHUM MEXAY J0XKAe00pa3yloluMH YCTPOHCTBAMU M PAaBHOM JHaMETpe BOJO-
MIPOBO/ISIIIETO TMOsICa JOCTHTACTCS NU3MEHEHUEM MX pacxojia MPH YBEIMYCHUH TUAMETpa COIUIa,
TOT/Ia TUIOLIA/Ib OPOIICHUSI UMEET TpamnelnenaaabHyo GopMy, KOTopas paBHA CyMMe Tpareuui
COOTBETCTBYIOIIMX PACX0JI0B yuyacTka [8, 9]. Jlis onpeneneHus: kayecTBa paBHOMEPHOTO pac-
npeaeNeHus] UCKYCCTBEHHOTO JIOKIS LIMPOKO3aXBAaTHBIMHU JOXKAECBAJIbHBIMU MAIlMHAMU HC-
MOJB3YIOT KO3 uimeHT 3(h(HEeKTUBHOTO TOJIMBA, XAPAKTCPUIYIOIIUN PAaBHOMEPHOCTh pacipe-
JIeNIeHUs] OPOCHUTENBbHOM BOJIBI Ha opoimiaeMoM yyactke. [lo arporexHuueckum TpeOOBaHUAM
3Ha4YEHHE €ro JOLKHO ObITh He MeHee 0,7, a K03 PUIMEeHTH HeTOCTATOYHOTO U U30BITOYHOTO
nosmBa — He 6oxnee 0,15 kaxmpiii [10, 11].

Matepuanbl U MeToabl. lJis MPOBEACHUS WCCICIOBAHUS IO OMPEICIICHUIO OITH-
MaJNbHBIX (HAUTY4IIMX) THapaMeTPOB HOBOM MIMPOKO3aXBATHON JOXKIEBAJTbHON MAaIIUHbI
HaMU OBUI TIPOBEACH YeThIPEeX(aKTOPHBIM 3KCIEpUMEHT 1o Mmeroawke Pextmaduepa. s
BbIOpaHHBIX ()aKTOPOB Ha3HAUYaeM BEPXHUI, HIJKHUN U HYJIEBON YPOBHU U BEJIMYMHBI BapbH-
poBanwus (Tabimna 1).

Tabnuua 1 — YcioBus onsita
Table 1 — Experimental conditions

VpoBH# WNurepBan
dakTopsl BapbUpPOBa-
0 -1 +1 HUS, €
X1 — IMaMeTp TpyOONpoBoia, MM 150 100 200 50
X, — TUaMeTp HACaIKH, MM 2 1 3 1
X3 — JUIMHA y4acTKa, MM 18000 | 14000 | 22000 4000
X4 — PACCTOSIHHE MEXJIy HacaJKaMH, MM 2500 2000 3000 500

BBIXOHBIMU TOKa3aTeNIMU HOCTYXUIH Kodduiuentsl s3pdextuBHoro (Kad), us-
osrTounoro (Kuz6) u nenocrarounoro (Kuexm) nmonuBos.

[Monyuens! ko3dduiments! Bo, Bi, Bjj u Bjj Ha ocHOBaHMM PKCIIEpUMEHTATIBHBIX JaH-
HBIX W MpEeJCTaBJIeHbl B BHUJI€ ypaBHEHUs (1) 3HAUMMOCTh KOTOPBIX OLIEHUBANAach IO KpUTE-
puto Cterozenra [12, 13].

y=Bg + 2 BiX; + > BjjXX; +3 Byx{ (1)

Bo BHUMaHMe He TPUHUMATHCHh HE3HAYNMbIe KOY(D(DHUIIMEHTHI, BCICACTBUE YeTO HAMHU
MIPOBOIUIICS TIepepacu€T Ko PHUIIMEHTOB PErPECCHOHHON MOJIEIIH.
Ha oxoHuaTenbsHOM 3Tare Moay4eHbl ypaBHEHUS PETPECCUU B BUJIE KOJIUPOBKH:

Ka(ﬁ = 0,812 - 0,37X3 + 0,023X4 - 0,019)61)62 + 0,011X1X3 -
_0,018X1X4, - 0,04‘3X2X3 - 0,04‘8X2X4 - 0,0BBX3X3 -
—0,081x% — 0,113x3 — 0,09x2 — 0,086x2 @

K,,;s = 0,106 + 0,019x5 — 0,021x, + 0,021x.x, + 0,012x,x5 +
+0,019x,x, — 0,011x5x, + 0,022x% + 0,06x% + 0,035x2 + 0,046x2 (3)
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+0,018X1X4_ + 0,031XZX3 + 0,029XZX4_ + 0,04‘4‘X3X4, +
+0,059x% + 0,053 + 0,055x2 + 0,04x2 4
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Bepudukanusi monmydeHHBIX ypaBHEHHMH MpoBepsuiach mo kputeputo dumepa [12].
J151st BBISIBJICHHSI KOPPEKTHOCTU MOJMYYEHHBIX PE3yIbTaTOB IKCIEPUMEHTa 1o kpurepuio Ou-
mepa kodpduuuentsr Ka = 1,311, Kuzb = 0,944 u Kuen = 1,085 mganmu norpemsocts 5 %,
YTO BIIOJIHE JI0IIyCTUMO.

B Tabnuue 2 npencraBieHbl HAMTydlINe SKCIIEPUMEHTANIbHbIE TaHHBIE.

Tabmura 2 — Hammyumme 3HaueHns (GakTopoB
Table 2 — Best values of factors

Paxrop . Kputepuit I(ZHZI/IMI/B&]_[I/H/I - |
D 13 HEM
X1 08/150 0/150 —0,01/146,5
X2 0/2 0/2 0/2
X3 — 0,25/17000 — 0,24/17040 — 0,25/17000
X4 0,2/2600 0,21/2605 0,19/2595

HpI/IMe‘IaHI/ICZ B YHUCJIIUTCIIC — KO,I[PIpOBaHHLIfI BH]JI, B 3HAMCHATCJIC — paCKO,Z[I/IpOBaHHHﬁ BU .

CrangapTHBIHA BHI MATEMATHIECKON MOJIEIIH IIPEICTABIIEH yPABHEHUEM BTOPOTO HOPSIIKA:
_ 2 2 2 2
Y —Ys = By1x7 + Byax3 + B3zx3 + Byaxi (5)

rae Y — 3HaueHue KPUTEepUs ONTUMH3ALUU; Y s — 3HAUYCHUE KPUTEPHUS ONTUMM3AIINN B
3HaYUMOM TOuKe; X1, X2, ..., Xk — HOBbIE OCU KOOpPJMHAT, TOBEPHYThIE OTHOCUTEIBHO CTa-
PBIX X1, X2, ..., Xk; B11, B2z, ..., Bk — K09 pumreHTs perpeccun B kKaHOHUYECKOM popme.

Pe3yabTaTsl n 00cy:kaenue. B pesynbrare mpoBeeHHs] pacueToB, MOIYYEHBI KOI (-
(GUIMEHTHI perpeccun B cTaHaapTHON (opme Bi1, Boo, Bss, Bas 1 3HaueHus kputepus onTu-
MH3aIAH B 3HAYUMOM TOYKe Y'S.

[TpuBenem ypaBHeHus perpeccuu (2), (3), (4) x cranaapTHoi popme:

Yg,, — 0,818 = —0,054x} — 0,138x5 — 0,091x] — 0,085x; (6)
Yi,.c — 0,102 = 0,019 + 0,068x5 + 0,032x3 + 0,044x] (7)
Yk,., — 0,08 = 0,064x7 + 0,045x5 + 0,081x5 + 0,017x] (8)

Ha ocHoBanuu ypauenwuii (6), (7) u (8) MOXHO clenatrb BbIBOJ, YTO ONTHUMAaJIbHbIE
3HAYEHUs] KOOPAMHATHI IEHTPOB TIOBEPXHOCTEH HAMIYYITNX (aKTOPOB MPEICTABICHBI B BHJIE
YETHIPEXMEPHBIX 1apaboIOnI0B.

[IpencraBieHHble IByMEpHBIE CEUEHHs HA PUCYHKaX 1-6 naayT BO3MOKHOCTbH PELIUTh
KOMITIPOMHUCCHYIO 3a/1a4y C LIEJbI0 ONpeIeIeHUs] HAaTy4IlIuX MapaMeTpoB, rae K03 uIueHt
s} dexTrBHOrO MonmBa (K,p) ABISETCS OCHOBHBIM KPUTEPUEM ONTHMH3ALMH, a KO3 DUIEH-
TbI N30BITOYHOTO (Kj136) 11 HEmOCTaTOUHOTO (K ) TTOMMBOB — TOMIOTHUTEILHBIMH.

Bbutn BEIOpaHbI BApUAHTHI OIpE/IeNIeHHUs 3HAaYeHUs ()aKTOPOB IPH MaKCHMAaIbHOM KO-
s dunmente 3pGEeKTUBHOTO MOTUBA U MUHUMAIBHBIX KOd((dUIIMEHTaX HETO0CTaTOYHOTO M
U30BITOYHOTO TIOJMBOB.

VYpaBHEHUS! perpeccuy NMPUMEHUTEIBHO K BHIOPAHHBIM HaMHU (aktopam (X1) H (X2)
MIPEJICTaBJICHbI JBYMEPHBIM CEUEHHUEM MOBEPXHOCTU OTHOCUTEIBHO (aKTOpPOB (X3) U (X4), KO-
TOpbIe (PUKCHPOBAIHCH HA YPOBHSX ONTHUMAIBHBIX KPUTEPUIO OMTUMHU3AINH: X3 = — 0,25 1 X4
= 0,2, Torga onTUMaJIbHBIC 3HAYCHUS OyIyT HaXOIUThCs B mipeAenax: x1=— 0,2...+ 0,1 u x, =
-0,1...+ 0,1, (pucynok 1).
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Pucynoxk 1 — JIBymMepHOE ceUeHHUE I U3yUeHUs BIUSHUS TUaMeTpa TpyOOIpoBoIa U JUaMeTpa
Hacazgka rmpu Xz = — 0,25 n x4= 0,2) Ha 3HaueHus K0P dunrentoB sddexruBHOro (K,4), N306ITOTHOTO
(Kis6) 1 HemocTaTouHoro (Kie,) monusos
Figure 1 — Two-dimensional cross-section for studying the influence of factorsx1 and x2 at x3 = —
0.25 and x4 = 0.2 on the values of the coefficients of effective (Kef), excessive (Kins) and insufficient
(Kex) irrigation
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Pucynok 2 — JIBymepHoe cedeHue /Ui U3yUeHHsl BIUSHUS JuameTpa TpyOonpoBoa U AJIMHBI
ydacTka npu X = 0 u x4 = 0,2 Ha 3Hauenus koddunueHTon 3¢ dexruBHOrO (K,9),
n3061TouHOTO (K)135) M HEHOCTaTOUHOTO (Kyie ) TOTHMBOB
Figure 2 — Two-dimensional cross-section for studying the influence of the pipeline diameter and the
length of the section at x2 = 0 and x4 = 0.2 on the values of the coefficients of effective (Kef), exces-
sive (Kins) and insufficient (Kex) irrigation
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Ha ocHoBaHuMu pucyHKa 2 BHJIHO, YTO YpaBHEHUS PETPECCHU MPUMEHUTEIHLHO K BBI-
OpaHHBIM HamH ¢akTopaMm (X1) ¥ (X3) IPEACTABICHBI ABYMEPHBIM CEUECHHUEM ITOBEPXHOCTH
OTHOCHUTENIbHO (haKTOpOB (X2) U (X4), KOTOpble (PUKCUPOBAINCH HA YPOBHSIX ONTHUMAJIbHBIX
KPUTEPHIO onTUMU3aiuu: X3 = 0 u X4 = 0,2, TOr1a ONTUMAaJIbHBIC 3HAUCHHS OYAYT HAXOUTHCS
B npeaenax: x1=—0,2...+ 0,1 uxz3=-0,4...— 0,1.
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Pucynok 3 — JIByMepHOe ceueHne A1l U3yueHHs BIHUSHUS JUaMeTpa TPyOOpOBOAa U PacCTOSHUS
ME3KJly HacakaMH IpH X, = 0 1 X3 = — 0,25 Ha 3Ha4enus koddpunuentos s¢pdexruBaoro (Ksy),
n30b1TOUHOTO (K,135) M HepocTaTouHoro (K,e;) MONMBOB
Figure 3 — Two Two-dimensional cross-section for studying the effect of the pipeline diameter and the
distance between the nozzlesat x, = 0 and X3 = — 0.25 on the values of the coefficients of effective
(K¢), excessive (King) and insufficient (Ke) irrigation
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PI/ICYHOK 4 — ZIBYMepHOG CCUCHUC UIA U3YUCHU BIMAHUA JUaMETpa HACAAK! U JJIMHBI y4aCTKa IIpu
X1 = 0 1 X4 = 0,2 Ha 3HaueHus kodpPurmentos spdexrusHoro (K,gy), nsdsrrounoro (Kis) u
HenocTaTo9HOT0 (Kie,) MOIMBOB
Figure 4 — Two-dimensional cross-section to study the influence of nozzle diameter and section length
at x1 =0 and x4 = 0.2 on the values of the coefficients of effective (Kef), excessive (Kins) and
insufficient (Kex) irrigation
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Ha ocHoBaHuu pucyHka 3 BHJHO, YTO ypaBHEHUS PETPECCUU MPUMEHUTEIHHO K BBI-
OpaHHBIM HamH (akTopaMm (X1) U (X4) IPEACTABICHBI ABYMEPHBIM CEUYEHHUEM ITOBEPXHOCTH
OTHOCHUTENIbHO (haKTOpOB (X2) U (X3), KOTOpble (PUKCUPOBAIMUCH HA YPOBHSIX ONTHUMAJIbHBIX
KpuTeputo ontumuzanuu: x3 = 0 u x4 = -0,25, Torna onTuUManbHble 3HAUY€HUA OyIyT Haxo-
nuthes B npenenax: x1=—0,1...+0,1 uxqg=+0,1...+0,3.

Ha ocHoBanuu pucyHka 4 BHJIHO, YTO YpPaBHEHHS PETpEeCcCUU MPUMEHHUTEIHHO K BBI-
OpaHHBIM HamH (akTopam (X2) U (X3) IPEACTABICHBI IBYMEPHBIM CEUECHHUEM ITOBEPXHOCTH
OTHOCUTENBHO (DAaKTOPOB (X1) M (X4), KOTOpPBIE (PUKCHPOBATUCH HA YPOBHSAX ONTHMAIbHBIX
KpuTeputo ontTuMuzauu: X3 = 0 u x4 = 0,2, Torna ontuMaibHble 3HAYCHUS Oy TyT HAXOJUTHCS
B mipenenax: x3=—0,1...+0,l uxz=-04...- 0,1
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Pucynok 5 — JIBymepHOe ceueHHe /sl U3y4eHUs BIUSHUS (PaKTOPOB JHaMeTpa Hacalka U pacCTOSTHUS
MeXIy HacankaMu npu X; = — 0,01 u x5 = 0,02 Ha 3HayeHns kodddunuentos 3dpdpexrusHoro (K,y),
n30erTouHOTO (K, 155) 1 HEmocTaTOuHOTO (K10 ) TOTHBOB
Figure 5 — Two-dimensional cross section for studying the influence of factors of nozzle diameter and
distance between nozzles at x1 = — 0.01 and x3 = 0.02 on the values of the coefficients of effective
(Kef), excessive (Kins) and insufficient (Kex) irrigation

Ha ocHoBanuu pucyHka 5 BHJIHO, UTO YpaBHEHHSI PErpeCCUM NMPUMEHUTENIbHO K BBI-
OpaHHBIM HaMu (akTopaM (X2) U (X4) MPEICTaBIEHBI JABYMEPHBIM CEUEHHUEM IOBEPXHOCTU
OTHOCHUTENIbHO (aKkTOpOB (X1) U (X3), KOTOpble (UKCUPOBAIUCH HA YPOBHSIX ONTHMAJIBHBIX
Kputeputo ontumuzanuu: x3 = — 0,01 u x3 = — 0,02, Torna onTuManbHbIe 3HAYCHHS OYAYyT
HaxoauThes B penenax: x;=—0,1...+ 0,1 ux4=+0,1...+0,3.

Ha ocHoBanuu pucyHka 6 BHJIHO, UTO YpaBHEHHS PETPECCUU NMPUMEHUTEIBHO K BBI-
OpaHHbIM HaMu (hakTopaMm (X3) U (X4) NMPEACTaBIEHBl IBYMEPHBIM CEYEHUEM MOBEPXHOCTH
OTHOCHUTENBHO (haKTOPOB (X1) U (X2), KOTOpbIe (PMKCHPOBAIUCH HA YPOBHSX ONTHUMAJIBHBIX
KpuTeputo onTuMu3auu: X3 = 0 u x4 = 0, Torga onTuManbHble 3HaYeHHsI OyTyT HaAXOIUTHCS B
npeaenax: xo=—0,4... - 0,1 uxa=+0,1...+0,3.

Jl1s Toro uToObI 0OecTeuynTh MaKCUMaJIbHOE 3HaUeHHEe KodpuiueHTa 3hpekTuBHOTO
nomuBa (K, = 0,81) mpu MUHMMaNBHBIX 3HaYeHHAX KOd(duIneHToB u30bITOYHOrO (Kiss =
0,105) u menoctatounoro (Kye; = 0,085) monmBoB ciieyeT coueTaTh CASAYIOMNE HAMTYYIIINe
3HaueHus Qaxropos: x1= — 0,2...+ 0,1 (140...155 mm), x,=-0,1...+ 0,1 (1,9...2,1 mm), x3=
-0,4...-0,1(16400...17600 mm) 1 x4= + 0,1...+ 0,3 (2550...2650 mm).
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Pucynox 6 — JIByMepHOE ceueHUE I U3YyUEHUS BIUSHUS AJIMHBI YYaCTKa U PACCTOSTHUS MEXKIY
HacaJkaMu npu X; = 0 ¥ X, = 0 Ha 3HaueHus kodddunrenton 3pdexrrsHoro (K,4), n3661T04HOrO
(Kis6) 1 HepocTaTouHOro (Kie,) MONMMBOB
Figure 6 — Two Two-dimensional cross section to study the influence of the length of the section and
the distance between the nozzles at x1 = 0 and x2 = 0 on the values at x1 = 0 and x2 = 0 on the values
of the coefficients of effective (Kef), excessive (Kins) and insufficient (Kex) irrigation

3akiwuenue. B pe3ynbTare pelieHrs KOMIPOMUCCHON 3a/1add HaMU OBLIM OTPEICIICHBI OIl-
TUMAaJIbHBIE 3HaYeHUs (DAKTOPOB, B YACTHOCTH JUAMETP TPYOOIIPOBOJA, JJIMHA y4acTKa TPyOOIpOBO-
Aa, paCCTOAHUEC MCKAY HACaJKaMU, 06GCH6‘{I/IBaIOH.IPI€ PaBHOMEPHOC paclpCACIICHUC JOXKIAA C KO3(1)—
(unmeHToM 3P PEeKTUBHOrO ToJMBa HEe MeHee 0,8.

Conclusions. As aresult of solving the compromise problem, we determined the optimal val-
ues of the factors, in particular the diameter of the pipeline, the length of the pipeline section, the dis-
tance between the nozzles, ensuring uniform distribution of rain with an effective irrigation coefficient
of at least 0.8.
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Summary
The article presents an analysis of the actua water consumption for cleaning each zone of various techno-
logica operations during the operation of a milking parlor of the "Carousd" type in the conditions of an
operating farm. The data obtained can be used at the design stage to caculate the consumption of water
resources and the amount of sewage contaminated with manure that requires further storage and disposal.
Abstract

Introduction. The capacity of livestock complexes on an industrial basis is increasing, both in the whole
country and in the Leningrad region. In agriculturd organizations of the Leningrad region, the mgjority of
cows are milked in milking parlors. On large dairy farms, it is recommended to use automated rotating
milking parlors, the specific area of which, taking into account the holding area and galleries, is on average
8.8% of the animd placement area. These areas should always be kept clean and their washing is carried
out, as arule, after each milking. The purpose of the research isto anayze the actual water consumption for
cleaning each zone of various technological operations during the operation of a milking parlor of the
"Carousd" type in the conditions of an operating farm. Object. The object of research is the milking and
dairy unit. Materials and methods. The research was carried out during the operation of a milking parlor
with a Carousd-type ingtallation for 50 seats in an operating farm with an average milking herd of 1200
heads and triple milking. Water consumption was recorded every hour in automatic mode in various areas
of the milking parlor. The total area requiring cleaning was 925 m?. Results and conclusions. During the
monitoring, the average daily water consumption in the milking parlor was 33.5 m®. The main amount of
water (45.8%) is spent on cleaning the udders of animals and maintaining cleanliness in the milking parlor
during and after milking, 29.3% — on cleaning the pre-milking area and the area of entry and exit of animals
to the milking unit, 23.4% — on cleaning the sanitary zone and hoof treatment, 1.5% — on cleaning the
maintenance area (inner circle) of the milking machine. The average daily water consumption per unit area
when washing the floor and fences in different areas ranges from 5.6 to 49.3 1-/ (m*day), depending on the
washing zone and the degree of its contamination. The data obtained can be used at the design stage to cal-
culate the consumption of water resources and the amount of sewage contaminated with manure that re-

quires further storage and disposal.

Key words. manure-bearing wastewater, milking rooms, cleaning of milking rooms, water
consumption, milking plants.
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