[TYTU TTOBBIIIEHN A D®DPEKTUBHOCTHU OPOIHAEMOI'O 3EMJIEJIEJINSA, Ne 3(71)/2018
Mamepuanvt kongepenyuu

13 ®dopmupoBaHre yposkasi OCHOBHBIX CEIbCKOXO3AHCTBEHHbIX KynbTyp / SI. Baiiep
[u np.]; mep. ¢ vemnr. 3. K. bnarosemenckoii. — M.: Konoc, 1984. — 368 c.

14 KopoBuH, A. U. Pactenus u skctpemanbhbie Temnepatypsl / A. U. Koposun. — JL.:
I'mppomereonsnar, 1984. — 271 c.

15 dy6enok, H. H. ManonnTeHCHBHOE NOXKAeBaHUE KapTodens B yciaoBusX rora Poc-
cun: monorpadus / H. H. Jlybenok, B. B. boponsrueB, P. A. Ueuko; PTAY — MCXA
uM. K. A. Tumupsizea. — M.: [Ipocnekr, 2017. — 176 c.

16 Arpo6aza [DnexTpoHHBIi pecypc]. — Pexxum pocrtyma: https:agrobase.ru, 2018.

17 HoBukoga, 1. B. Bogonorpebienne u pexxum oporieHus kaprodenst B PocToBckoit
obnmactu: aBToped. muc. ... kaHua. c.-X. Hayk: 06.01.02 / HoBukoBa MuHa BukTopoBHa. —
Hosouepkacck, 2006. — 28 c.

YK 631.674.5

C. M. Bacuanes, 1O. E. J/lomamenko, M. A. JIsiikoB
Poccuiickuii Hay4HO-HCClIe0BaTEIbCKUI HHCTUTYT Mpo0iaeM Menropaiuu, HoBouepkacck,
Pocculickas @enepanns

ONTUMMU3AIMS PABOTHI TOXKJIEBAJIBHOW MAIIIMHBI 3A CYET
INPUMEHEHUS BOOJOCBEPEIAIOIIEN ITOJJUBHOM HOPMBI

Llenvio uccnedosanuss AGNANACL ONMUMUIAYUSL PAOOMBL O0IHCOEBANLHOU MAUUHDL
3a cuem npumeHeHus: 00ocoepezarowell NOIUSHOU HOPMbL, KOMOopas obecnedum coKpaweHue
3ampam noIusHou 600vl. B oannoii cmamve npedcmasneHa memoouxa, paspadomaHHasl
A. I1. Jluxayesuuem, nossonarowas onpedeiums 3ampamvl NOIUGHOU 600bl NPU OPOULEHUU
CEeNbCKOXO3ANUCMBEHHBIX KYIbMYP 00HCOCBANbHBIMU MAUUHAMY, PAOOMAIOUWUMU HA HECKOlb-
KUX no3uyusx. Imo oaem 803MOICHOCHb NOBbICUMb 3P HeKmusHocms pabomvl 00HCOe8aNb-
HOU MEXHUKU U ONMUMUSUPOBAMb pAOONY OPOCUMENbHOU CUCTEMbL 8 YETLOM.

Kniouesvie cnosa: opouienue, 00x#c0e8aNbHASL MAWUHA, NOJUBHASL HOPMA, B000NO-
mpebienue, 3ampamal.
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OPTIMIZATION OF THE SPRINKLING MACHINE OPERATION
BY MEANS OF WATER-SAVING IRRIGATION RATE APPLICATION

The aim of the study was to optimize the sprinkler’s operation by applying a water-
saving irrigation rate that would reduce irrigation water costs. A methodology developed by
A. P. Likhatsevich which makes it possible to determine the irrigation water costs during irri-
gation of agricultural crops by sprinkling machines operating at several positions is present-
ed. This makes it possible to increase the efficiency of the sprinkler technique operation and
to optimize the irrigation system operation as a whole.

Key words: irrigation, sprinkler, irrigation rate, water consumption, costs.

BBenenne. Ha coBpeMeHHOM »dTame Menuopaiusi Mpu3BaHa o0ecrnedynBaTh paruo-
HaJIbHOE HCIOJb30BaHUE MPUPOJHOTO MOTEHIMANA CEIIbCKOXO3SUCTBEHHBIX YrOJIUM, MOBBI-
[IEHUE UX MPOJAYKTUBHOCTH, YCTOWYMBOCTH U DKOJIOTHYECKOW Oe3omacHOoCTH. OpoleHrne Kak
AJIEMEHT THAPOTEXHUYECKOW MENIHOpalMy MOBBIIIAET TUIOJOPOAUE MOYBBI 32 CUET yIpaBiie-
HUS BOJHBIM, BO3AYIIHBIM U MUTATEIBHBIM PEKHUMaMH, YTO TMO3BOJISAECT JUHAMUYHO Pa3BH-
BaTbCsI CEJIbCKOMY XO3sUCTBY [1, 2].

JloxneBaHue Kak Crioco0 OpOIIEHHUS CEeIbCKOXO3UCTBEHHBIX KYJIbTYp OO€CIeunBaeT
pacTeHus TOCTYMHOW BIAroi Mo MPUHIUITY APOOJICHUS TOTUBHOM BOJBI HA OT/ICIbHBIC KATLITH
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B ONTHMAJIBHOM KOJIMYECTBE, YTO CIIOCOOCTBYET €€ MEPEBOAY B COCTOSIHUE TTOYBEHHOM BIIary,
ATO MO3BOJISIET PABHOMEPHO pACHpeleNUTh €€ MO IUIoaau u riayouHe. Jlocturaercss 3To
3a CYET TaKUX IapaMeTPOB J10’K/I€BaIbHON MAILMHBI, KaK HAIlOp U pacXxo[l, a B COBOKYITHOCTH
CO CKOPOCTBIO MEpeMeIleHUs] MAIIMHbI I BPEMEHEM JOKIEBaHUS JaeT BO3ZMOXXKHOCTh pea-
JM3AIMA PA3IMYHBIX TOJIUBHBIX HOPM. D((PEeKTHBHOE NCTIOIH30BAHNE TOKACBATBHBIX MAIINH
o0ecrnieunBaeT paBHOMEPHOE yBJIakHeHHE 0e3 o0pa3oBaHUs CTOKa 3a c4eT 3p(HEeKTUBHOM IO-
JIMBHOM HOPMBI, KOTOpasi 00ecreunBaeT MoJIydeHHe MaKCUMalbHOU puOaBku ypoxast [3—5].

KonunuecTBo BosbI, HEOOXOAMMOE OPOIIAEMOI KyJIbTYpPE, 3aBUCUT OT INIyOHHBI KOpHE-
00UTaEMOT0 CII0S TIOYBHI, 0COOEHHOCTEH KYIbTYphI U (ha3bl €€ pa3BUTH, MEXaHUYECKOTO CO-
CTaBa 1 BOJHO-()U3MUECKHUX CBOMCTB MOUBHI, CI0c00a M Ha3HAUEHUS MOJIMBA U JIp.

B coBpeMEeHHBIX YCIOBHSAX MPU OCTPOM JIe(PHUINTE TPUPOIHON BOJBI U BHICOKOM IMO-
TpeOHOCTH B CEIbCKOXO3SUCTBEHHOW Menuopanuu TpeOyeTrcs BHEApPEHUE TaKUX CUCTEM U
CIoCcOO0B OPOIICHHUS, KOTOPBIE CITIOCOOCTBOBAIIA ObI SJKOHOMUU BOBL. JlOXkKICBaHHE KaK OJUH
U3 BHUJIOB OpPOIIEHHS TO3BOJSET COKPAaTUTh IMOTpedJieHne MpUpPOIHOM BOAbI B 5—6 pa3
10 CPAaBHEHUIO C IOBEPXHOCTHBIM IIOJUBOM [6].

Marepuan u mMeroabl. PaboTa H0KIeBaIbHON MaIMHBI HAa HECKOJBKHX ITO3HITHSIX
00ycioBJIeHa OOIBIINM KOJTUIECTBOM XOJIOCTHIX MEPEMEIIECHHH, TAKUX KaK TPAaHCIIOPTUPOBKA
C TIO3UIIMH Ha TIO3UIMIO M XOJOCTOM X0/ Ha MO3UIIMU J0 MOJOKEHUs, yIOOHOTO ISl TPaHC-
noptupoBkH. Hamuune xomocToro xo/1a 00yclIOBIMBAET YBEIUUYECHHUE 3aTpaT MOJMBHOM BOJBbI,
TaK KakK IepeJl TPaHCIOPTUPOBKOM Ha JPYTyIO0 MO3UIKI0 HEOOXOAUMO MPOU3BECTH COPOC BO-
JIbI U3 JI0XKIEBAIBHOM MaIuHEbI [7].

B cBs3u ¢ 3TUM crieflyeT CHU3UTH MOTpeOJIeHne pecypcoB 10 MUHUMYMa, HE YMEHb-
masi KOJIMYECTBO BOJBI, HEOOXOIMMOE pPACTEHUSM, U HCKII0Yas BPEIHOE BO3JICHCTBUE
Ha moyBy. /lyig pacuera MUHUMHU3AIMK 3aTPaT MOJUBHOM BOJBI MCIIOJIB3YEM METOJIUKY, pa3-
pabotannyto A. I1. JIuxaneBnuem, OCHOBaHHYIO Ha MPUHIUIIE MUHUMU3ALIMU 3aTpaT Ha Opo-
HIEHUE 32 CYET ONTUMM3ALUU PEKUMOB OpOIIeHHUS [§].

PesynbraTsl U 00cyxnenue. ONTHMU3ALNIO SKCIUTYaTallHOHHOTO PEXUMa OPOLICHUS
MO>KHO MPEICTaBUTh B BH/JIE:

iRZ (AY)"' - min, 1)

z=1

z
rae ZRZ — CyMMa yJIeNbHBIX 3aTpaT (Ha eIMHUILY TUIOaan) Beex ( Z ) pecypcoB, MOTpeds-
z=1
eMBIX IIPH OpPOIICHHH, py0./Ta;
AY — npubaBka yporasi Ipy OpOIIECHHUH, 1/Ta.

z
DR =R, +R,+R +R +R,+R,y, ()
z=1

rae R,, —3arparsl Ha BOLY, py6./M3;

R, — 3aTpaThl Ha 3JIEKTPOIHEPruIo, pyo./kBT u;
R, —3aTpaThl Ha TOIIMBHO-CMa304YHbIC MAaTEePUAIIbI, PyO./KT;
R, —3arparsl Ha TEKYIIUI PEMOHT, pyo0.;
R, —3arparbl Ha pabouyro cuiy, pyo./den.-4;
R,y — cenbCcKoX03giCTBEHHbIE 3aTPaThl, PyO.
R, =c,|M +nlamy +Amg+Amt, )|, 3)
e C,, — SKBHBAJIEHTHI eAUHHIIEI BoAbl, Mx/M> umu py6./m>;

M — opocuTenbHas HOpMa, M-/Ta;
N — KPaTHOCTB TIOJINBA, Ta/TIOJIHB;
An/lM — MOTCPU BOJABI IIPU TCXHOJIOTHYCCKUX OIOPOKHCHHAX JIO)I(JIeBaﬂBHOﬁ MallInHBI
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B IIPOLIECCE MOCIIEIOBATENBHOIO I10JIMBA YYaCTKOB B PACUETE HA €IMHUILY TUIOLLA/IH, m>/ra;

Am_, — mortepu BOJbl B IIpoliecce IOJMBA U3 OPOCUTENBHON CETH 3a €IMHHIlY BpeMme-

HH, M/
! — TOJIHOE BpeMsi, HEOOXOUMOE ISl TTOJIMBA €IMHMITBI TUTOIIAAH, BKITFOYAs TEXHOJIOTH-
YECKHUE TIepee3 bl C TIO3UIUH HA MTO3UIHUIO, 9/Ta;

Am, — TOTepH BOIBI B IPOLECCE IOJIMBA M3 NOXKACBOro obnaka 3a CAMHHIY Bpeme-

HH, M/

f, — BpeMs, 3aTpayeHHOEe Ha HENOCPEICTBEHHBIN MOJIMB €IUHULBI IIomany (0e3 yuyera

XOJIOCTBIX TIEPEE3/I0B), u/Ta.

PaccmarpuBas mpuBeIeHHBIE 3aTpaThl, HEOOXOAUMBIE ISl PEATM3ALNN IKCILTyaTalH-
OHHOI'O0 pEXUMa OpOILIEHMs, CIENyeT CBECTH K MHUHHUMYMY BCE€ HCIOJb3yEMbIE Ha IOJUB
pecypchlL.

OpocurenbHas HOpMa MPHU BO3pacTaHUM HOPM IOJMBA NMPHOIMKAETCA K JEPHUIUTY
BJIaro3aracoB, a MpU WX CHIDKEHHH — K JeQuIuTy Bojonorpednenus. Orcioga obOpasyercs
CBSI3b BOJIOTIOTPEOJICHUS CEIbCKOXO03SIMCTBEHHON KYJIBTYPHI C HOPMOM OpPOILEHHS, IPH STOM
HOJTYYHM:

M =]1; +vm, 4)
rae [p — nebunur BoAONOTPeOIEHUS CEIbCKOXO3SMCTBEHHOW KyIbTYpBI, XapaKTEPU3YIO-
IMH 3aCyIIMBOCTE TO1a, M>/Ta;

V — KO3 QHUIHUEHT MPOMOPIIHOHAIEHOCTH, UMEIOIIMKA Pa3MEPHOCTh KOJMYECTBA MOJMBOB,
IIT.;
m — HOpMa MoJIuBa, M>/ra.

KosdduuueHT npornopruuoHaIbHOCTH TAK)K€ MOXKHO Ha3BaTh M KOJIUYECTBOM JIOTIOJI-
HUTEJbHBIX IIOJMBOB Ui MEPEKpHITHS JepUuuIUTa BOJONOTPEO]ECHUS, YTO BBITEKACT U
U3 ypaBHEHUS:

n= & +v. (5)
m

[TocKOMBbKY CEembCKOXO3SHCTBEHHBIE U3ICPKKH HE 3aBUCAT OT BEIHMYMHBI TOJHMBHOM

HOPMBI, TO ypaBHeHHUE (1) MOXKHO MpeICTaBUThH B O0JIee MPOCToil popme:

d Z

% ZRZ :0, (6)
|m=mR

d* (&

W ZRZ >0, (7)
|m=mp

IJie Mp — PECypcocOeperarolas BEMMIMHA TTOIMBHON HOPMBI, M°/Ta.
Pemas ypaBuenus (6) u (7) u moACTaBUB BMECTO 0O0IIei CyMMBI (2) TONBKO 3aTpPaThI
BOJbI Ha opolieHue (3), Moay4yuM HOPMY IOJIMBA, IPU KOTOPOM MPOUCXOAUT HauOOJbIIas

9KOHOMHS NOJIMBHOM Boabl. Jlis 3Toro pacnumieM ypaBHeHHE (3) ¢ y4eTOM 3aBHCHMO-
creii (4) u (5):
_ e
R,=c, | v+—= (m+AmM +Amct+Amgtn).
m
ITonHoe BpeMsi, HEOOXOAMMOE AJIS MOJIMBA €IUHULBI IUTOMAIH, CI1araeTcs U3 IBYX CO-
CTaBJIAIOLIMX:
t=t,+t,,
riae t, — BpeMs, 3aTpauuBaeMOe Ha XOJIOCTBIE IIEPETOHBI IIPU MOIMBE €AUHULIBI MIIOIIAIH, €C-

JIM TaKOBBIC HGO6XO)II/IMI)I 10 TCXHOJIOT'HUH I10JIMBA, g/ra.
B cBoro 04epeab B COOTBCTCTBUU C MPHUHATBIMU 0003HAYCHUSIMU:
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Amy,
_ t— —Am,

n

-1

rae (Jy — 4YacTb pacxoja, nojaBaeMas OT HACOCHOM CTaHUUM K JAHHOMU JO0KAEBAJIbHOU Ma-
IIMHE, M°/d.
BBeneM B pacuer W3BECTHBIN MOKAa3aTeNb, YUUTHIBAIOUINI MOTEPU BOJIbI HA HCHIAPEHUE
W3 JIOKIEBOT0 00JIaKa:
Oum
e Oy — PacxoJl A0KIEBATBHON MAIMHBL, M>/4.
C y4eToM MOCJIeTHETO PaBEHCTBA U3 3aBUCUMOCTH (&) TOTydnMm:

_ m+Amy

tn
POu

CJ'Ie,I[OBaTeJ'IBHO, MMOJIy4uM:

R, =cw(v+&) Amt, +(m+AmM) Oy
m BQM_

W3 ypaBHeHus (6) nomyuum:

d&:CwQH V_H_g AmM+BQMtxAmc

H606X0,[[I/IM06 YCJIOBUC MUHHUMYMaA (6) 3aTpaTt BOJAbI HA OPOIICHUEC BBITIOJIHACTCA, CCIIN:

m,, = Ae A’“MJ”}BQMAMc )
v )

w
H

rze m,, —HOpMa OJTHOTO IOJIMBA, IIPH KOTOPOU 3aTpaThl BOJIbI HA OPOLIEHUE MUHUMAIIBHBI, JI/C.
ITpoepum BhInOIHEHKE YCn0BUS (7):

2
d sz ) CWQH3 Ay +BOyt, X% | 0.
dm BOwm Oy

O003Ha4YMM OTHOIIIEHUE ,ZLC(I)I/ILII/ITB. BOZ[OHOTpe6J'ICHI/I$I K KOJIMYECTBY INECPCKPBIBAIOIINX
IMOJIMBOB ITPUBCACHHBIM }le(i)I/IIII/ITOM BO}IOHOTpe6J'IeHI/I$I CEIIbCKOX 03 CTBEHHBIX KYJIBTYp:

e =Hg/v.

Torma Bonoc6epera}omaﬂ IMoJIMBHAsI HOpMa ONPCACINUTCS 11O (I)OpMYJ'ICI

m,, = || Amy +1 Am, BOu
H

W3 storo cienyer, uto BojocOeperaromias MojauBHAs HOpMa ompenensercs aeduin-
TOM BOJOINOTPEOICHUS 32 OPOCUTENBHBINA MEPHOJ], OTHOLIEHUEM pacxoja J0Xk/IeBalbHOI Ma-
LIMHBI K PaCXOy HACOCHOM CTaHLIUHU, ITIOTEPSIMU BOJBI U3 OPOCUTENIBHOU CETH 3a BpEMS X0JIO-
CTBIX IEPEMEIIECHUN T0KACBAJIBHONW MAIKMHBI, TEXHOJOTMYECKUMU MOTEPSAMHU U3 MAIIUHBI U
NOTEPSIMU M3 JTOKAEBOTO obnaka. [TomuBHas HopMma OyaeT MHHHMAIBHOW, eciu OydyT Hc-
KJIFOUYEHBI XOJIOCTBIE NIEPEMEILECHHS U TPAHCIIOPTUPOBKA C IMIO3ULUU Ha MO3ULUIO.

3arpaThl BpEMEHH Ha XOJOCTYIO TPAHCHOPTHPOBKY MAIUHBI ¢ TO3UIMHM HA MO3UIMIO
OIIPEIEIAIOTCS KaK:
t,=10000/1V,

rae 10000 — mmoniaae, coorBeTcTBYIONIas 1 ra, m>/ra;
| — nyMHA KphUIa T0XKIeBATLHOW MAIIIMHEI, M;
V' — ckopocTh XomocToro nepeesaa, M/d;
3anaTBI Ha CHyCK BOAbBI U3 BOI[OHpOBOI[SIHlI/IX pr6 I10CJIC 3aBepmeH1/1$[ IIoJIMBa 10XK-
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JEBATHHBIMU MAaIllTMHAMHM Ha HECKOJBKUX MO3UIUSAX TO3BOJSIOT YCTAHOBHTH BCE HEOOXOIHU-
MbI€ MOKa3aTeNu i ONpeeeHns BogocOeperaronieil moJuBHOM HOPMBI, KOTopasi U odecrie-
YUT COKpaIlleHUE NOTPEOHOCTH B IPUPOJIHOM BOJIE.

BeiBoapbl. [Ipy onTtumuzaiyy BoIOMONIB30BaHUSI HA OPOCUTENFHBIX CUCTEMAax B LIEJIOM
CIIeIyeT YYUThIBaTh P (akTopoB. [lommBHAS HOPMA — OJMH U3 AJIEMEHTOB, KOTOPBIE TOMOTa-
0T MOBBICUTH 3(PPEKTUBHOCTH pabOTHI TOKAECBATHLHON TEXHUKH, YTO JA€T BO3MOKHOCTh OMNTHU-
MHU3HPOBaTh pabOTy BCEH OPOCUTENBHOM CHUCTEMBI. PacyeTsl Mo 1aHHON METOAMKE MO3BOJISIIOT
ONTUMU3UPOBATH PaOOTY JOKAEBATHHON MAIIMHBI HA HECKOJIBKUX MO3UIUSAX, YTO CIIOCOOCTBY-
€T COKPAIICHUIO MOTPeOJIEHHsI BOJHBIX PECYPCOB B OpOIIaeMOM KOHType. B manbHeiimem 310
JIACT BO3MOKHOCTH Pa3padoTarh 3PPEKTUBHYIO CHCTEMY BOJIOTIONIB30BAHUS B paMKax (pyHKIIH-
OHHPOBAHUS OPOCUTEIHHOM CHCTEMBI OT BOJ103a00pa 10 OPOIIAEMOTO yIaCTKa.
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