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Pegpepam. Paccmompenwvi 8onpocvl  obecneyenuss OOCMAMOYHLIX ONOPHO-CYENHBIX CEOUCMS
wupokozaxeamuol 0odicoesanvrol mawiunsl (M) « Kybanv-JIK1» 015 pabomul Ha CLOANCHBIX NO penbedy
YUACMKAX 3G CYem NOGbluleHUs HeCyweli Cnocobnocmu nousennol nosepxnocmu. Ommeuaemcs, 4mo npu
V6EeNUUEeHHOU UHMEHCUBGHOCMU 00JICOsl U, COOMGENCMBEHHO, NOGLIUEHHO20 JIYICE0OPA306aHUSA 6 30HE
0BUDICEHUsL XOOO0BLIX CUCMmEM, HAbNI0O0aemcs UHMEHCUGHOe Kojleeobpaszosanue, eedyujee K u3eudy
6000np0GOOsIEc0 mMpybONPOBOOaA U, 6 KOHEUHOM cueme, K CpadamvlGaHuio CUCMEMbl 3aAuUmel.
Vkazaunoui nedocmamox Hecamugno ompasxcaemcs Ha KodIp@uyuenme UCHONb30EAHUA CMEHHO20
8peMeHu U, c1e008amenvHo, Ha odwel npousgodumervhocmu padomvr JM. [ ezo ycmpanenus
nPeOodCceno UCNOAb306AMb NOCIYNAMENbHOE CHUdICEHUe UHMEeHCUgHocmu nodadu 600wl [IM, umo
npusedem K NOBGbIWEHUIO HeCcywux ceolicme nousvl. Onpedeneno, 4mo npu pabome HA CKIOHOBbIX
yuacmkax UHMeHCUBHOCMb 002ic0s 8 Konyegou uacmu /M cocmagnsem 0.4 mm/mun. SxcnepumeHmanbHo
VCMAHOBAEHO, YMO CHUNCEHUSI UHMEHCUBHOCIU O0ICOS MOJICHO O0OUMbBCA 3A CHEm YMEHbUEHUS PaAcXo0d
000ICOeBANIbHbIX  ANNAPAMOS, d MAKdiCe NOCPeOCMBOM Yeenuyenus niowaou pacnviia cmpyu. s
cHudceHuss unmencugnocmu 00 0.3 mm/Mun npeonodicena yCmanogka pezyaupyiowux ycmpoticms. Ho
YCMaHoGieHo, 4mo oOanvheliuee pe2yiuposanue 3HAYeHUl UHMEHCUBHOCU O00J4COSl 02PaAHUNUBACICS
MAKCUMATLHO OONYCMUMOU ONUHOU YMEHbUIEHUS PAOUYCA NOAUBA 00ICOEBATbHLIMU annapamamu. Jis
CHUICEHUSL UNMEHCUBHOCTNU 001051 00 (.2 MM/MUH, nPednodicena yCmanoeKka paccekameneli CmepHesoco
MUna Oas pacnvlia CMpYu O00HCOEBANbHbIX annapamos. Ananus IKCHepUMEeHMANbHbIX OAHHbIX NO
3a6ucuMocmu Hecyweli CnocoOHOCMU NOYEbl OM UHMEHCUGHOCTNU 00JICOSL U GENUUUNBL NOBEPXHOCHHO20
CMOKA NOKA3AJl, YMO NpU NOCMYNAMENIbHOM CHUIICEHUU UHMEHCUBHOCIU O0NCOS. Pecyupyiouumu
YCMPOUCMEaMU U pacceKamensimu 00ecneuueaemcs nosvlienue Hecyuel cnocobrnocmu nouswst ¢ 43 — 47
xlla 6e3 ycmpoiicmg pezynuposanusi, oo 72 — 82 klla ¢ numu. B romeunom cueme, obecneyerue
00CMAamoOYHbIX ONOPHBIX CBOUCME N0380a5em 000umvcs npousgooumenvrou pabomer M «Kybano-
JIK1» Ha cKIOHOBbIX yUacmKax.

Knwouegvle cnoea: 0o0oicoesanvhas — Mawuna,  NPOU3BOOUMENbHOCHb — pabomul,  Hecywas
CnOCOOHOCMb, pezynupyloujee YCmpoucmeo, paccexamenb Cmpyu; pacxoo, UHMEHCUGHOCMb 00ICOsL,
COJICHBLIL penbeq.
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Abstract. The issues of ensuring sufficient support-coupling properties of the Kuban-LK1 wide-
sprinkler sprinkling machine (SM) for working on difficult terrain areas by increasing the bearing
capacity of the soil surface are considered. It is noted that with increased rain intensity and, accordingly,
increased puddle formation in the zone of movement of running systems, intensive rutting is observed,
leading to a bend in the water supply pipeline and, ultimately, to the operation of the protection system.
This drawback has a negative impact on the shift time utilization rate and, consequently, on the overall
performance of the SM. A progressive decrease in the intensity of the SM water supply is proposed to be
used to eliminate it, which will lead to an increase in the bearing properties of the soil. It was determined
that when working on slopes, the rain intensity at the end of the SM is 0.4 mm/min. It has been
experimentally established that a decrease in the intensity of rain can be achieved by reducing the
consumption of sprinklers, as well as by increasing the spray area of the jet. Installation of control
devices is proposed to reduce the intensity to 0.3 mm/min. But it has been established that further
regulation of rain intensity values is limited by the maximum allowable length of the decrease in the
irrigation radius by sprinklers. The installation of stubble-type spreaders for spraying the jet of sprinklers
is proposed to reduce the intensity of rain to 0.2 mm/min. An analysis of the experimental data on the
dependence of the soil bearing capacity on the intensity of rain and the magnitude of surface runoff
showed that with a progressive decrease in the intensity of rain, control devices and dividers provide an
increase in the bearing capacity of the soil from 43-47 kPa without control devices to 72-82 kPa with
them. Ultimately, the provision of sufficient support properties makes it possible to achieve productive
operation of the Kuban-LK1 DM on slope areas.

Keywords: sprinkling machine; work performance; load bearing capacity; control device; jet
divider; consumption; rain intensity; complex terrain.

Jnsa nurupoBanus: Psasanues AU, 3azyns A.H., Escee E.IO., Antunos A.O. Onenka Hecymien
cniocoonocTr 1ouBsl npu nonuee M «KYBAHbB-JIK1» yuactkoB Ha cioxHoM pensede // Hayka B
HentpasnbHoit Poccun. 2023. T. 63, Ne 3. C. 32-39. https://doi.org/10.35887/2305-2538-2023-3-32-39.

For citation: Ryazantsev A., Zazulya A., Evseev E., Antipov A. Assessment of the bearing capacity
of the soil when watering DM “Kuban-LK1” on sloping areas. Nauka v central'noj Rossii = Science in the
Central Russia: 2023; 63(3): 32-39. (In Russ.) https://doi.org/10.35887/2305-2538-2023-3-32-39.

Beenenne. Illupoko3axBaTHas MJOXKIAeBaibHas TexHuKa, Hampumep M «Ky6Gans-JIKI1»
(pucyHok 1), paGoTaromiasi B IBIDKEHUU 0 KPYTY, 3aHUMaeT OoJiee 15% o0BeMOB mapka 0K/1eBadbHBIX
mamuH. OJiHAaKO, HECMOTPS Ha 3HAYMTENIbHBIC MPEUMYIIECTBA €€ HCIOJIb30BAHUS, MMEETCS W Pl
HeocTaTtkoB. Tak, MO pe3ynbraraM HMCCIeOBaHHH, BBISIBICHO CHIDKEHHE MPOU3BOAMTENILHOCTH pabOThI
«Ky06anp-JIK1» Ha cloXHBIX NO penbedy ydacTkax. DTO CBSI3aHO CO 3HAYUTEIBHBIM CHIDKCHHEM
Hecyliel CIOCOOHOCTH OpOIIAeMOi IOBEPXHOCTH B pailoHE NpoxXojia IMOCIEAHMX TENEKEK MAIIUHBbI,
BCJIC/ICTBHE TIEpPEYBIIAKHEHNUS IOYBEHHOW TIOBEPXHOCTH B €€ KOHIEBOI yacTH. IHTeHCMBHOE OyKkcoBaHHE
XO/OBBIX CHCTEM, IPUBOAUT K M3rH0y TpyOONpOBOAA M, B KOHEYHOM CUETE CpadaThIBAaHWIO aBapHHHOM
3aIIUTHl. YKa3aHHOE OTPaXKAaeTCs Ha YMEHbUICHHH KOd((HULHEHTa HCIONB30BaHuUs BpeMeHH cMeHbl (K., )
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[3, 6, 10].

CrnemoBarenbHO, I OOCCIICYCHUS MPOU3BOMUTCIBHON W HAICKHOW pabOThl MAIUHEI,
HEOOXOIMMO YBEIWYCHHE HECYIIMX CBOWCTB IOYBEHHOW IOBEPXHOCTH B 30HE IBIDKCHHS MOCICTHEN
TENEKKH.

Pucynox 1 — O6uwmii Bun JIM «Ky6aub-JIK1» npu pabote Ha CKIIOHOBOM y4acTKe.

Marepuaibl u MeToabl. Hecyiast ciocoOHOCTb MOYBBI Py, SIBISETCS COBOKYITHBIM MOKA3aTeleM,
OTPaXKAIOIINM CBOWCTBA MMOYBBI, 3HAYCHHUS KOTOPOH, OMPEACISAIOTCS IO MPEACTAaBICHHOW IMITUPHUYCCKOM
3asucumocty (1) [7, 9]:

Ponn = Pogn — (1.4 X m3S5 + 8 x 1.01™Mer) )
rae: Py,, —Hecymas cooCcoOHOCTh OpONIaeMOil MOBEPXHOCTH 10 HonuBa, klla; my,., — BenuuuHa
JIOCTOKOBOM HOPMBI MOJTUBA, M/ra; M, — BEIMYHHA CTOKA, MM/MHH.

Hcxoist w3 aHamu3a TEOPETHUYECKHX KCCIICJOBAHUM, MOKa3aTeleM, BIUSIONMM BEIUYUHY

JIOCTOKOBOW MOJIMBHON HOPMBI H, CJIEIOBATEIHHO HA HECYIIYIO CIOCOOHOCTh MOUBHI TOCIe moiBa (P,

SIBJIICTCSI HHTEHCUBHOCTH MOXSt P (2):
_60%Q

> )
rae: Q — perynmpyemblil pacxoj AOKAEBAIBHOTO ammapara, Jj/c; S — peryaupyemas IUIONIaJb
JIOKJIEBAJBHOTO armapara, M.

Kak BumHO 13 3aBucuMocTH (2) yimydIIeHHs] YCJIOBHI IO MOBBIMICHHIO HECyLIeH CIIOCOOHOCTH
mouBsl pu padore M «Kybaup-JIK1» Ha CIOXKHBIX MO penbedy ydacTKaX BO3MOXKHO O0ECHCYUTH
peryaupoBaHHEM I0J1auu (MHTEHCHUBHOCTH) BOIBI JOXKAEBAJbHBIMH ammapaTraMy, 3a CYeT YMEHbIICHHS
uX pacxoaa @ U yBeJIHMUEHHs IUIOIAIH PACIIBIIa CTPYH S.

Hcxons u3 Tpadudeckoil 3aBHCHMOCTH (PUCYHOK 2) HeCylled crmocoOHOoCcTH oOpabaThiBaeMoi
MOBEPXHOCTH OT BEJIMYMH JOCTOKOBOI HOPMBI ITOJIMBA M CTOKA, IPH IIOJIMBE MAIIMHHON HOpMOW m, =
500 m*/ra, mist cpeHeii BogonpormmaeMocty moussl (P = 60 MM), BeTHYHHA TOCTOKOBOI HOPMBI Myocrs
JUISL MHTEHCHBHOCTH p = 0.4 MM/MUH cocTapiset 350 M°/ra, 970 06yCIaBIMBACT, COIIACHO 3aBHCHMOCTH
(1), cHmwKenue Hecymel crocoO6HocTH mouBbl Py, co 180 klla no 90, IMOMONHATENEHO, 32 CYET CTOKA
M, = 150 M%/ra — 10 45 Kla.

IIpu wunHTeHCHBHOCTH k¢ monmBa p = 0.3 MM/MUH, TPUCYIIEH BHIPOBHEHHOMY pelnbedy,
obecrieunBaeMOi MOCPEACTBOM PETYJIMPYIONINX YCTPOWCTB Ha CKJIOHOBBIX yyacTkax (mareHT P
Ne2770811), BenmuurHa 1OCTOKOBOI HOPMBI M HECyIel CllocOOHOCTHU TI0UBBI COOTBETCTBEHHO BO3pacTaeT
710 450 m%/ra u 70 kIla [2, 4].

B menmsx coxpaHeHHs, OTPETYJIMPOBAHHBIX II0 PACXOJy W HAIOpy, MapaMeTPOB JOXEBAIBbHBIX
anmnaparoB, B KOHIEBOH 4yacTu Mamuusl (Q = 1.6 — 1.7 n/c, H = 0.30 — 0.32 MIlIa), a1 UCKITIOYCHUSA
elle MMEIOIIErocs CTOKA BENMUHHON Me, = 50 M°/ra ompenenseMoro HAKJIOHHOH MOBEPXHOCTBHIO,
MOBEIIIEHHS Hecymei criocooHocTr mouBkl 10 80 klla u Gonee, HEOOXOIUMO CHI)KEHUE MHTEHCHBHOCTH
noxas jgo p = 0.20 MM/MuH.
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1, 2, 3 — UHTEHCUBHOCTb JOXs P cooTBeTCTBeHHO, 0.20; 0.3; 0.4 MM/MUH.
PucyHok 2 — 3aBUCHMOCTh HECYIIEH CIIOCOOHOCTH MOYBBI OT BEJIMYHMH JOCTOKOBOH HOPMBI MOJIHBA
1 CTOKA.

DTOro MOXXHO JOCTH4Yb, YBEJIMYCHHUEM IUIOIIA/M paciblia CTPYH pacceKaTeseM J0XKIEBabHOTO
anmapara (pucyHok 3) (mateHT P® Ne276732), oOyciaBIMBAarOIIUM CHIDKCHHE CPEIHETO0 3HAYCHUS
nHTeHCUBHOCTH 104 ¢ 0.3 1o 0.2 mm/muH [1, 5].
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Pucynok 3 — Bononposoasiiuii y3en 105KAeBalbHOIO annapara.

C 1eIbI0 OLICHKU HECYIIeH CIOCOOHOCTH MOYBBI B 3aBUCHMOCTH OT OMOPHO-CIIEITHBIX CcBO¥cTB JJM
«Ky06anp-JIK1» Oblmu TpoBeneHB Ja0OpaTOPHBIE DKCIEPUMEHTAIbHBIE HCCIIENOBAHUS, ONMpeaesieMbIe
KAQ4C€CTBCHHBIMHU XapaKTepI/ICTI/IKaMI/I JOXK IS (BeJ’[PI‘-IPIHOﬁ HOHHBHOﬁ HOpMBI, JOCTOKOBBIX €€ 3Ha‘-IeHPII>i,
WHTEHCUBHOCTHIO MTOAaYU U IPYTUMH).

MonenmupoBaHue W3MEHEHHs HeCyIlel CIOCOOHOCTH IIOYBBL, MOCPEACTBOM PEryIHPOBAHUA
WHTEHCUBHOCTH JOXIIS M pacIblia CTPYH AOXKIeBaibHBIX amnapaToB JIM «Kybaus-JIK1» u ee BnusHuA
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Ha ONOPHO-CICTIHBIC CBOWCTBA MAIIWHBI, OCYIICCTBISIOCH Ha Ja0OpaTOpPHO  yCTaHOBKE,
MpPEJICTABISIIONICH 000 TMOYBEHHBIH KaHanm (PUCYHOK 4, a), HAa OCHOBE MCTOJUKU OLCHKHU
(hyHKIMOHATBHBIX TOKa3areneH, yrBepkaeHHON Muncenpxo3oM Poccum (CTO AMCT 11.1 — 2010.
HcnbiTanus cenbCKOX031HCTBEHHON TEXHUKU. MalllMHBl U YCTAHOBKH JOKIEBajJbHbIE. METOAbI OLIEHKH
(hyHKIMOHATBHBIX MToKa3zateneit) [§]. OmeHka Hecymeld ciocOOHOCTH IMOYBHI MMPON3BOAMIACE C TIOMOIIHIO
CaMOIIOTPYKHOT'O IOYBOMEpa-TieHeTpoMeTpa, mareHT PO No209931 (pucynoxk 4, 0).

a 0
a — MOYBEHHBIH KaHau; O — IIOYBOMEP-TIEHETPOMETD.
Pucynox 4 — O6opynoBanue AJsl 1a00paTOPHBIX UCCIESJOBAHUM.

Pe3yabTaThl M 00cyxkaeHue. Pe3yiabTaTbl UCCIEAOBAHUN MO BBIABICHUIO 3aBUCHUMOCTH HECYIIEH
CMOCOOHOCTH TOYBHI (CYTVIMHOK, TOJIe MOATOTOBJICHHOE MOJ MOCEB) MPU Pa3IMYHBIX HOpPMax MOJIMBa
(300; 400; 500 M3/ra) OT CpefHEHl HWHTCHCHUBHOCTH JOXIsA TMPEACTaBICHbl B Tabmume 1 wu
MPOMUTIOCTPUPOBAHEl TpaUyecKoil 3aBHCHMOCTBIO (PHUCYHOK 5) W ONHCaHBl PErpEeCCHOHHBIM
BEIpakeHUEM (3):

Do =55+ 275xm-1.8996E — 14 X p-750 x m? -1.3101E-14 X m X p +

+2.9436E-17 X p? ©)

Tabmuna 1 - [okazarenu Hecyeil cmocOOHOCTH MOYBEI OT PEXXMUMA TTOJIUBA (THIT MOYBBI — CPEIHUI
CYTJIMHOK; arpo()oH — 11oJie, IOArOTOBJICHHOE 1101 IOCEB)

TlonuBHast HOpMa,

3 300 400 500
m, m”/ra

Cpennsist
HHTEHCHBHOCTD 0.2 0.3 0.4 0.2 0.3 0.4 0.2 0.3 0.4
JOX]IsL, P, MM/MHH

Benuunna croka,

3 0 0 0 0 0 50 0 50 150
m,,, M°/ra

Hecymas
CII0COOHOCTD 93 93 93 86 86 75 82 69 43
[TOYBEI
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Pucynok 5 — I'paduik 3aBUCHMOCTH HECYIIYIO CIOCOOHOCTH MOYBBI OT 3HAUSHHUH TOCTOKOBOM
[IOJIMBHOM HOPMBI U MHTEHCUBHOCTH 10K,

Kak BHIHO U3 pUBENIEHHBIX JAaHHBIX, B [[EJIOM, TP YBEJIMYCHUH 3HAUEHUS NOJIMBHOI HOpMEI ¢ 300
3
1o 500 M°/ra Hecymas cnocOOHOCTH MOYBHI yMeHbInaercs. [Ipn 3TOM HauMeHblee ee 3HAueHHe JUI
3 N
TUTIOBOTO pexkuma o0Opabotku (m = 500 m“/ra) u cpemHedl WHTEHCUBHOCTH ero moxadu (p = 0.4

3
MM/MUH), 32 CYET YBEITHYCHHOTO IMIOBEPXHOCTHOTO CTOKa (M., = 150 m’/ra), cocraBmser okoino 43 xI]a.

CHIWXEHHE CpelHell MHTEHCHBHOCTH JIOXKAA, 3a CUET PEryJMpoBaHUs pacxona, Ao 0.3 MM/MMH n
yIYyYIIeHUs] pacibuia CTPYH AOXKAeBalbHOro anmapata, 10 0.2 MM/MUH, 0OEecredmso JIMKBUAALMIO
nosepxHocTHOTO ctoka 100 u 50 M*/ra ¥ noBBIIICHHE HECYIIMX CBOICTB mouBkI 10 69 u 82 klla.

Kax moxazanm ucciieoBaHus, MOBBIIIEHHE Hecymeld crmocoOHoctu mouBbl ¢ 43 klla go 82 klla
MO3BOJIMJIO YMEHBIINTH KojeeoOpa3oBaHHe MakeTHOro obpasma tenexkn [IM «Kybaus-JIK1» ¢ 0.28 —
0.30 mo 0.10 — 0.13. Tlosmy4yeHHbIE 3KCHEPUMEHTAIbHbIE JAHHBIE COTJIACYIOTCS C TEOPETHYECKUMHU,
pPacxoKIIeHUs COCTaBIAIOT He Oosee 3.5%.

3akaiouenue. [Ipy yBenMYeHUH MOJMBHOW HOPMBI, Ha CIOXHBIX IO penbedy ydactkax, ¢ 300 mo
500 M>/ra Hecymas CroCOGHOCTB MOYBBI YMEHBIIACTCS M MPH MHTEHCHBHOCTH IOJAYH PAcTBOPA Pep

0.4 MM/MuH (BelHYMHA CTOKA My, = 150 M*/ra) oHa cocraBisier B mpenenax 43 — 47 klla. IIpu stom, 3a
CYET peryJMpoBaHUs pacxojia U paclblia CTPYH A0XKAEBAJIBHBIX alapaToB U, KaK CIEICTBUE, CHIXKEHUE
CpeIHel HHTEHCUBHOCTHU JNOXAs, cooTBeTcTBeHHO 110 0.30 m 0.20 MM/MUH, 00ecIieYrBaeTCs MOBHIIICHHE
HECYIMX CBOMCTB MOYBEHHOI MOBEPXHOCTH B KOHIIEBOW YacTH MalIUMHbI, COOTBETCTBEHHO J10 0.72 1 0.82
kl]a.

To ecTh, HCXOAS M3 COOTBETCTBHS CPEIIHETO JABJICHUSA XOJOBBIX CHCTEM HocieaHux Tenexek (0.70 —
0.80 kIla) [11] momy4eHHBIM I[OKa3aTeNsM HECYLICH CIMOCOOHOCTH TOYBBI, MOXHO 3aKIIOYUTh O
JIOCTaTOYHOCTH UX OMOPHBIX CBOMCTB U 00ECTIEUCHUH TUTAHOBOM MPOU3BOIUTEIHHOCTH Pa0OTHI MAIITUHBI.
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