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Annomauusn

Beseoenue. Ilpu BbIpaliuBaHUM BBICOKOPOCIIBIX CENbCKOXO3AHCTBEHHBIX KYJIBTYp (3€pHO-
BBIX Ha MO3JHUX (a3ax pa3BUTHs, KyKypys3bl, IIOACOIHEYHNKA U JIP.) UCIIONB3YIOT ILITaH-
rOBBIC OINPBICKUBATENH, OCHALICHHbIEC JBYX(DaKeIbHBIMH PACIBUINTEISIMU C HEU3MEHsI-
eMBIMH yIVIaMH HAKJIOHAa K BepTHKaIH (akenoB pacmbuia. Pabodas KMAKOCTh TAKUMHU
pacHbUINTEISIME 00J1e€ UHTEHCUBHO HAHOCHUTCSI Ha HAOETalolyl0 CTOPOHY JIMCTBEB pa-
CTCHHI, @ HHTEHCHBHOCTD IIOKPBITHS Pab0yeii )UIKOCTHIO PACTEHHUH C THUILHOW CTOPOHBI
cHmkaercsi. [IoBBICUTh KauecTBO 0OpabOTKHM KYJBTYp LITAHTOBBIMU OINPHICKUBATEISIMH
HO3BOJIMT YCOBEPLICHCTBOBAHHE UX PACIIBUINTEIICH.

Lenv uccneoosanus. DKCIEPUMEHTAIBHOE OINPENCICHUE AITOPUTMA M3MEHEHHUS YIVIOB
HaKJIOHa (aKesoB paciblia AByX(aKeIbHOro paciblINTENs, 00eCIeUHBAIOIIETO OAUHAKO-
BYIO HHTEHCHBHOCTb HaHECEHUsI paboueii JKHKOCTH Ha JUCThSI BBICOKOPOCIIBIX PACTCHUI.
Mamepuansl u memoout. ViccieoBaHUs IPOBOAWIM Ha CTEHJE, HAHOCS HOAKPAIICHHYIO
BOJly Ha HaOETaroLIyI0 U ThUILHYIO CTOPOHBI MaKeTa BEICOKOPOCIIOTO PACTEHHUS, BHIKYILIE-
rocs ¢ 331aBaeMOil CKOPOCTBIO. DKCIEPUMEHT BBIIOIHSIIN 110 METOIMKE ONTUMAIBHOTO
IUIaHUPOBaHUs. B kadecTBe mapamerpa ONTHMH3ALMU IPUHSIA Pa3HUIY MEXIY COIep-
JKaHHEM CJIeJIOB Kallelb Ha HaOerarouieil M ThUIbHOM CTOpOHAX MakeTa. BappupyembiMu
(axTopamu ObLIM YIIBI HAKJIOHA (haKeIOB paciblia U paboyasi CKOPOCTh ONPBICKUBATEIS.
Pesynvmamor uccneoosanus. AITOpUTM M3MEHEHHS ONTHMANIbHBIX 3HAYCHHI yIVIOB Ha-
KJIOHA (haKesIoB pacIblia B 3aBUCHMOCTH OT CKOPOCTH ONPBICKHBATENs ONpPECINIH, HC-
XOZIs U3 PAaBEHCTBA HYJIIO MEPBOi IPOM3BOIHON MapaMeTpa ONTHMHU3ALUU [0 3HAYCHHIO
9THX YIJIOB.
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Obcyarcoenue u 3axmouenue. COTIACHO aJTOPUTMY, C YBEIHUCHHEM paboueil CKOPOCTH
ompeIckuBaTens ¢ 1,2 1o 3,2 M/c ONTHMaIIEHBIN YTOJl HAKJIOHA K BEPTHUKAIH IIepeaHero da-
KeJla JINHEHHO u3MensieTcst ot 25 1o 21°, a 3agHero — ot 46,7 no 57°. Hanuuue anropurMa
MO3BOJUT 0O0CHOBATh TEXHMYECKOE 3aIlaHUE HA CO3/IaHKE TPOIIECCOopa s aBTOMaTHIe-
CKOT0 yNpaBJICHUS yIIIaMH HakJIOHA (pakeJIoB pacibiia pu paboTe ONPBICKUBATEIIS.

KitroueBble cj10Ba: BBICOKOPOCIIOE PacTEHME, MOJICBOM ONPBICKHBATENb, aJalTHBHbBIA
pacmsiIaTeNh, GopcyHKa, Paked pacmblia

Kongpnuxm unmepecog: aBTopsI 3asBISIIOT 00 OTCYTCTBUH KOH(INKTAa HHTEPECOB.

QDunancuposanue: ccieqoBaHue BHIOTHEHO B KypckoM ¢enepansHOM arpapHOM Ha-
YYHOM LIEHTpE B paMKax rocygapcteHHoro 3aganus Ne FGZU-2022-0005 u B 3anagHo-
KazaxcraHckoM arpapHO-TEXHHYECKOM YHHBEPCHUTETE MMEHH JKaHTHp XaHa B paMKax
mwiana HUOKP na 2020-2025 rr. «PecypcocbOeperaroniye TeEXHOJIOTHH U TEXHUYECKUE
CpEeICTBa BO3/EIBIBAHUS U YOOPKH CEIbCKOXO3IUCTBEHHBIX KYIBTYP B YCIOBHSX 3amal-
Horo Kazaxcranay.

Jna yumuposanusn: OnTHMU3AIMS MApaMETPOB aJANTUBHOIO PACIBUIMTEINS CEllb-
ckoxo3siiictBenHoro ompsickuBatens / WM. U. TI'ypee [u map.] // WmxeHepHBIE Tex-
Honoruu W cuctembl. 2024. T. 34, Ne 1. C. 72-87. https://doi.org/10.15507/2658-
4123.034.202401.072-087
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Abstract

Introduction. When growing tall-growth crops (cereal crops in late the phases of develop-
ment, corn, sunflower, etc.), there are used boom sprayers equipped with twin-fluid spray
cones with fixed angles of inclination to the vertical of the spray cones. The working fluid
is applied with such sprays are more intensively on the front side of the plant leaves while
the intensity of covering the plants from the back side with the working fluid decreases.
The development of the spray system will allow improving the quality of crop treatment
with boom sprayers.

Aim of the Study. The aim of the research is to determine experimentally the algorithm for
changing the angles of inclination of a twin-fluid spray cone that provides the same inten-
sity of applying working liquid to the leaves of high-growth plants.

Materials and Methods. The research was carried out on a test bench by applying colored
water to the front and rear sides of a tall-growth plant model moving at a specified speed.
The experiment was carried out according to the method of optimal planning. The diffe-
rence between the content of droplets on the front and rear sides of the tall-growth plant
model was taken as an optimization parameter. Variable factors were the spray cone incli-
nation angles and the operating speed of the sprayer.
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Results. The algorithm for changing the optimum values of the spray cone inclination
angles depending on the sprayer speed was determined based on the equality of the first
derivative of the optimization to zero parameter by the value of these angles.

Discussion and Conclusion. According to the algorithm, when the sprayer operating speed
increases from 1.2 to 3.2 m/s, the optimal angle of inclination to the front spray cone verti-
cal changes linearly from 25 to 21 degrees, and the rear one — from 46.7 to 57 degrees.
This algorithm will allow justifying the technical specifications to develop a processor for
automatic control of the spray cone inclination angles cones when the sprayer is operating.

Keywords: high-growth plant, field sprayer, adaptive spray system, nozzle, spray cone
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BBenenne

[To maraeM [IpOTOBOILECTBEHHON U CEIBCKOXO3sMCTBeHHON opranm3aiun OOH
(DPAO), ymepd OT COBOKYITHOTO BO3ICHCTBHS BPEIHBIX OPTAaHN3MOB Ha CEITECKOXO3SH-
CTBEHHBIE KYNBTYpPbI cocTaBisieT oT 25 10 40 %. be3 npuMeHeHnsT XUMHYECKUX CPENICTB
3aIUTHI paCTEHNH (TIECTUIUIOB) MUPOBEIE ITOTEPH YPOXKask yBEITUIMINCH OBl HAITOJIOBHHY,
a IIeHbI Ha MTPOIOBOJIBCTBEHHYIO MTPOAYKIIMIO BEIpOCTH ObI B 2—3 pasa. B Poccutiickoit
Oenepanuy NOTCHIUAIBHBIC TOTEPU YPOXkKasi OT BPEIHBIX OPTaHU3MOB B CPEIHEM COCTaB-
11101 25,7 % [1]. [lonoxkuTenbHbIe MOCIEACTBUS IPUMEHEHUS MTECTUIUIOB CKa3bIBAIOTCS
Y Ha MTPOU3BOUMBIX CEMEHAX, KOTOPBIE 00JIaIal0T MOBBIIICHHON SHEPTUEH MPOPACTaHUS
1 BcxoxkecThio [2]. [loaToMy MCTIONB30BaHKUE TIECTULIUIOB SIBJISIECTCS IEPCIIEKTUBHBIM
HampaBJIeHUEM COBPEMEHHOTO MUPOBOTO U OT€YECTBEHHOTO 3emienenus [3].

OmHako MHUPOKUNA CIEKTP CPEACTB XUMUUYECKOM 3aIUTHI CETbCKOX03SHCTBEHHBIX
KYJIBTYp IIPH BO3MOXKHOM HapYIIICHUH PErTaMeHTa UCIIOIB30BaHMUS IIPUBOINT K 3arpsi3-
HEHUIO OKPYKAIOIICH Cpellbl, YTO OKa3hIBaeT IKOTOKCHKOIIOTHUECKOE BO3/IEHCTBHE HA
JKUBBIE OpraHu3MEbI [4]. BeposITHOCT 3KOJIOTHYECKUX MPOOIeM TOCTAaTOYHO BEIIHKA,
TaK KaK B IIPOM3BOJICTBE MIPOIYKTOB MUTaHUS IpuMeHsieTcs 0oree 60 ThIC. XUMHYECKUX
peareHToB, B cocTaBe KOTOpbIx HaxoguTcst 90 % BpeaHbIx BewlecTs [S]. YcTaHOBIEHO
Pa3BUTHE TSKENBIX PECIHPATOPHBIX 3a00JI€BaHUH ¥ 00CITYKHBAIOIIETO IEPCOHAIA
BCJICAICTBUE HAPYIICHUS PEIIAMEHTA HCITOIb30BaHMS MECTHIIUAOB! [6].

Ha Beretupyromiye pacTeHust CpeCcTBa 3aUIUTHl HAHOCST NPEUMYIIECTBEHHO C IO-
MOIIBIO OIPHICKMBAHUS, IPUMEHSIS IIITAHTOBBIC OTPHICKMBATEIN C pA0OYUMU OpraHaAMHU
B BUJIC TUIOCKO(aAKENbHBIX paclbUIuTeNei ¢ popcyHkaMu, GopMupyromumu hakemnbt
pacmbiia padboueii KUIAKOCTU. 3a7adya ONPHICKUBAHUS COCTOUT B HOPMUPOBAHHOM
JIO3UPOBAHUHU PACTBOPOB pabouel KUIKOCTA U PABHOMEPHOM PACIpEiC/ICHUH €e 10

! Aunpeesa J1. C. XapakTepucTrKa pHCKOB IpH paboTe ¢ nectTHiaamy // BeCTHHK MOIOAEKHOM Hay-

KM AJNTaHCKOTO TOCYJapCTBEHHOTO arpapHOTro YHUBepcHTeTa : ¢0. Hayd. Tp. baprayn : PO Anraiickoro
T'AY, 2020. Ne 1. C. 54-58.
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MOBEPXHOCTH pacTeHuid. OTKIOHEHHE OT 3THX TPESOOBAHUI SBISACTCS MPUYUHON ITe-
pepacxonia mpernaparoB, MOBBIIIEHUS 3aTpaT Ha 00pa0OTKy MOCEBOB U HEraTUBHBIX
MOCJEICTBUM BO3JICHCTBHUS HA OKPYKAIOIIYI0 cpeny [7; 8].

Hannesxariee ucronHeHne TEXHOIOTHYECKOTO Mpoliecca B OONbIIEH CTENeHH 3a-
BUCHT OT COBEPIIICHCTBA KOHCTPYKIIUH PACIIBUIHTENEH, 00€CIIeYMBAIONINX COOIIOCHUE
TpebyeMoii paBHOMEPHOCTH HAHECEHUS TIPEIapaToB Ha 00pabaTeIBAEMyIO TIOBEPXHOCTh
¥ TOYHOCTH TO3UPOBOK [3; 9]. KimtoueBoii mpoOeMoit SBIsSETCS OTpaHUICHHBIA CPOK
cIry>x0bI pactsutuTeneid. Vix ¢popcyHKu B mporiecce padoThl H3HAIIMBAIOTCS U TTOJIeXKAT
CBOEBpEeMEeHHOI 3ameHe. [Ipn ucmmonb30BaHNN N3HOMIEHHBIX (POPCYHOK TIPEBHIIICHUE
HOPMBI pacxofia paboueii sxuakoctu gocturaet 30-60 % [10].

Lenb uccnenoBanus — SKCIIEPUMEHTALHOE OTIPEACIICHNE allTOPUTMA H3MEHEHHS YIIIOB
HAKJIOHA K BEPTUKAJIX (DaKeJIOB paciblia aJalTHBHOTO ABYX(aKEIILHOTO PACTIBLIIATEIS B 32~
BUCHMOCTH OT CKOPOCTH ITEPEMEILICHHUS OITPBICKUBATEIIS, 00CIICYMBAIOIIETO OTMHAKOBYIO
WHTCHCUBHOCTh HaHECEHUS paboueii )KUIKOCTH Ha HAOETAOIYI0 U ThUIBHYIO CTOPOHBI
JIUCTHEB BHICOKOPOCIIBIX PACTEHHM O X0y JBMKCHHUS ONPBICKUBAIOIIETO arperara. JTo
MO3BOJIUT 0OOCHOBATh TEXHUYECKOE 33/IaHKe Ha CO3JaHue Tpolieccopa IJisi aBTOMATH-
YECKOTO YIIPaBJICHUs yIIIaMH HaKJIOHA (paKkeJIOB pacIibuia MPH paboTe ONPBICKUBATEIS.

0030p auTEpaTYpPHI

CoBpeMeHHbIe KOHCTPYKITUH OTIPHICKUBATENEN OCHAIIAIOT PACIIBLIHTEIAMH 3apy0eKHOTO
npoussozctaa (Lechler, Lurmark, Tee Jet, Agrotop, Nozal, Albuz u ap.)* [11]. KagectBo
HaHECEeHUsI paboUei JKUIKOCTH Ha PACTEHHS OIIPE/IENIIeTCs pa3MepOM Karrellb, 00pa3yeMbIX
pacmbeutuTesnsvu [12]. bonbiioe 3HaYeHre UMEET CIIOCOOHOCTh Karelb MPOTHBOCTOSATh
MOTEPSIM TPETIapaToB OT HEKOHTPOJIUPYEMOTO CHOCA BETPOM, HAIIPSIMYFO 3aBUCHIMOTO OT
MaccHI Karelns padoueii sxxunkoctd [13]. st yaoBineTBopeHus: OONbITUHCTBA MTOTPEOHO-
CTel MpU ONPBHICKUBAHUH TIOCEBOB HAU00JIEE aKTyaJIbHbI KOMITAKTHBIE TUIOCKO(AKETbHBIE
MHXEKTOpHBIE pacnbutuTenu moxkoieHus IDK, popmupyromiye Tsokensie 5XuaKoCTHO-BO3-
JyUIHbIE KallIk, MeHee MoJBep)keHHbIe cCHOCY BeTpoM [14; 15]. Ilpu conpuxocHOBEHUH
C JINCTHSMH PACTCHHUM TaKWUe KaIUI TIOf JCHCTBHEM CONEPKAIIUXCS B HUX ITY3BIPHKOB
BO3JIyXa Jpo0sTCs U OoJiee paBHOMEPHO MOKPBIBAIOT 00pabaThiBacMyt0 TIOBEPXHOCTb.

PacnibuinTeny OIeBBIX OMPHICKUBATEIICH IPON3BOAAT OMHOGAKETHHBIMU U AByX(a-
kenpHBIMH. KagecTBo HaHeCeHus pabouei >KUAKOCTH OMHO(aKeTbHBIMA PACTIBLTHTEISIMHI
Ha PaCTEeHUS BEICOKOPOCIBIX KYIBTYp (3€pHOBEIE Ha MO3MHMUX (Dazax pa3BUTHA, KyKYpYy3Yy,
MOJICOTHEYHHK H JP.) CYIIECTBEHHO 3aBUCUT OT pabodueii CKOPOCTH OMPBICKUBATEIIS.

B npononbHO-BepTHKATBHOMN MIIOCKOCTH BEKTOP OTHOCHTEIBHOI CKOPOCTH Kallelb,
UCTEKAIOIMUX U3 (GOPCYHKH OTHO(DAKEIBHOTO PACIBUIUTENS, HAIPABICH BEPTUKAIBHO
BHH3. 3a CUET TOPU30HTAIBHON MEPEHOCHON CKOPOCTH OMPBICKUBATEINSI BEKTOP a0-
COJIFOTHOM CKOPOCTH Kallelb OTKJIOHSAETCS] OT BEPTUKAIH BIIEPE] IO XOIY JBHKCHUS
OIPBICKUBATEJIS U KaIlIx 00Jiee MHTEHCUBHO OCaXIAIOTCS Ha PACTCHUSX C HaOeraromien
cTopoHbl. COOTBETCTBEHHO, CTEIIEHb MOKPHITHSI KAaIUISIMHU THUTBHOM CTOPOHBI ITOHMKA-
ercst’. C yBeM4eHneM CKOPOCTH OTPBICKUBATENS PAa3HOCTh MEXIy HWHTEHCHBHOCTBIO

2 Txarancosa A. P., Mapmenos P. X., Xaxmeros JI. M. AHaiu3 coco60B ONpPHICKUBAHMS U THUIIOB PAcCbi-
nuTeneit // AxTyanbHbIe TpOOIEMBbl arpapHOil HAyKH: MPUKJIAJHBIC U UCCIICAOBATEIbCKUE aCTeKTHI : ¢0. Hayd. Tp.
Bceepoc. (namn.) Hayd.-ipakt. koHO. (04-05 despans 2021 r.). Hanpunk : PI'BOY BO Kabapauno-bankapckuii TAY,
2021. C. 140-143.

3 Typees U. U. Kak Hactpouts nosnesoii onpeickuparens? M. : AMA-TIPECC, 2013. 54 c.
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HaHECEHUs paboyYeii )KUAKOCTH Ha HAOETaOIIYI0 U THUIbHYIO CTOPOHBI PACTCHUN BO3-
pactaeT. CieICTBUEM ATOTO SIBJSIOTCA YXYALICHUE KaueCTBA ONPBICKUBAHUS PACTCHUIN
U CYLLECTBEHHbBIC YKOHOMUKO-OKOJIOTHUECKUE U3AEPKKH [16].

Jlydmme nokasareny KadecTBa ONPBICKUBAHUS 00eCTIeunBaroT ABYX(aKeIbHbIe
paCIBUTATENH, OCHAIIICHHBIE IBYMS (POPCYHKAMHU, HAIIPABJICHHBIMU BIIEPE]T 1 Ha3aJl 110
X0y pabouero nepeMenieHus OnphICKUBAOIIEro arperara. Hakion dakenos pacrbuia
K BEPTUKAJU B MPOIOJILHO-BEPTUKAIBLHOMN IJIOCKOCTH MOXKET OBITh CHMMETPUYHBIM.
Hanpuwmep, y pacneuuteneit TFA, TFLD, TFS (Utanus) oyt nepeaHero u 3aIHero
(akeoB yron HakioHa cocrasisiet 30°.

Ho 6o1ee 3 ek THBHBIMY SBISIOTCS TBYX(aKeIbHBIE PACTIEUTUTENN ¢ ACCHMETPHIHBIM
pacronoxenueM (hakeoB pacmsiia. Y pacusuinTenst TurboDrop® HeMenKoro mpon3BoaACTBa
nepennuit (hakesr HaKJIOHEH K BepTHKAIK Briepes o yrroM 10°, a 3aqHuii — Ha3a Mo
yrioM 50°. TIpu paboueM mepeMereHry ONPLICKUBATENS 3a CUET €r0 CKOPOCTH HAKIIOH
K BEPTUKAIIM BEKTOPa a0COTIOTHON CKOPOCTH Karlelb IS IepeaHel POPCYHKH BO3PACTAET,
a /IS 33/1Hel — yMeHbIaercs. Ha ontruManbHO# CKOpOCTH TiepeMeIeHnsT OTPBICKUBa-
TEJs OTH YTJIBI BRIPABHUBAIOTCA, B pabodast )KUAKOCTH C OAMHAKOBON HHTEHCHBHOCTHIO
HAHOCHUTCS Ha pacTeHMs Kak ¢ Haberarolei, Tak U ¢ ThUIBHOM CTOPOHBI*. Takum 06pasom,
JUTSE IBYX(DaKeTbHOTO pacbUINTENS CYIISCTBYET SIMHCTBCHHOE ONITHMAJIbHOE 3HAUCHHE
paboueii CKOpOCTH ONPBICKUBATEIIS, COOTBETCTBYIOIIEE PABHOMEPHOMY PACIIPE/ICIICHUIO
paboueli )KUIKOCTU Ha JTUCThIX BHICOKOPOCIHBIX PACTEHUIA.

Taxoke pennoKeHo yIiibl HakiIoHa (pakesoB pacmbiia AByX(hakeabHOH (OopCyHKH
OTIPENENSTh PACUETHBIM ITyTEM C YUETOM pabodeil CKOPOCTH OIPBICKHBATEIIS, CKOPOCTH
HCTEUCHUS Karesb padoueil )KUAKOCTH U3 TIepeaHei u 3aaHeil hOpPCYHOK, CKOPOCTH
W HampaBJieHHs BeTpa. PacyeTHbIe 3HaYeHUS 0003HAYCHHBIX TAPAMETPOB PEKOMEHTYETCS
OTKJIAJIbIBATh Ha IIIKaJIaX U3MEpeHui u puxcupoats [17].

Ho B npakTrvecknx ycIoBUsIX HaJIHM4YHE BapUaOeIbHBIX YKIOHOB Ha 00pabaThIBaeMbIX
TOJISIX HE TO3BOJISIET ONPBICKUBAIOIINM arperaraM padoTaTh ¢ HEM3MEHHOW paboueit
ckopocThio [18]. Kpome Toro, CKOpOoCTh TOCTYTATEIEHOTO TIEPEMETIIEHHS PACTIBLTATEICH
M3MEHSIETCS 110 MUPUHE 3aXBaTa IITAHTH ONPLICKUBATEIIS IIPH IIEPEMEIIICHIH arperara
10 KPUBOJIMHEUHBIM yUaCTKaM II0JIsI, UTO TaKXKE CKa3hIBACTCS HA KAYECTBE HAHECCHUS
paboueii xuaKocT Ha pactenus [19]. CraenoBareabHO, 1T KaXI0T0 3HAYCHUS Mepe-
MEHHOM CKOPOCTH JIBUKEHUS arperara JIOJDKHBI ObITh CBOU ONITUMAJIBHBIE YTl HAKJIOHA
K BEPTHKAIN (haKellOB paciblia.

PyuHas nepeHnactpoiika pacnbuUIMTENEH HA ONTUMAJIbHBIA PEXKUM B MPOLIECCE BbI-
MOJIHEHUS TIOJICBBIX padOT CO CPEJACTBAMH 3AIUThl PACTCHHI YBEIIMYUBACT 3aTPaThl
1 ce0eCTOUMOCTh ITPOM3BOAUMON MPOYKIIUH, @ CAMOE IJIABHOE — CO3/IAET MPEIIIOCHLUTKH
YIPpO3bI 37I0POBBIO 0OCITYKUBAIOIIETO TIEPCOHAIA OT BO3MOXKHOTO HEMOCPEACTBEHHOTO
KOHTAKTa C SITIOXUMHUKATaMHU.

[ToaToMy mpeioskeHa KOHCTPYKIUS aIAlTHBHOTO JBYX()aKeIhbHOTO PACTIBLIATEINS,
MIPEIIoIaraonasi aBTOMaTHYECKH U3MEHSIEMBIH TIOBOPOT (haKeJIOB pacblia B IMPOAOIb-
HO-BEPTUKAIBHOH IJIOCKOCTH B 3aBICHMOCTH OT paboUeii CKOPOCTH OIPHICKUBAIOIIETO
arperara [20; 21].

* T'ypee U. N. Kak HACTPOUTH MMOJIEBOM ONPHICKABATEND?

S Mocksun O. H. INoBsienne 3¢ GEeKTUBHOCTH TPOIIECCa ONPLICKUBAHKS PErYIMPOBAHUEM PACX0a

MECTUIUIOB // YCTIeXW MOJIOACKHON HAYKU B arpOIPOMBIIITICHHOM KoMIuiekce : ¢0. Tp. LVII crynen. Hay.-
npakT. koH(. Tromens : TAY Cesepnoro 3aypainbs, 2022. C. 20-25.
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MarepuaJbl 1 METOAbI

OKcIepUMEHTANIbHBIE UCCIIEA0BaHUs IPOBOAMIYN B 1a0OPAaTOPUN CEBOOOOPOTOB
M aJlanTUBHBIX arpoTexHonoruid Kypckoro gemepanbHOTo arpapHOro HayqHOTO IIEHTpa Ha
CTEH/IE, [I03BOJISIOIIEM [UIABHO U3MEHITh CKOPOCTh OIIPBICKMBAHMUS, JaBJICHUE pabodeit
KHUIKOCTH B HATHETaTeJIbHON MarucTpay 1 HAKIOH Ocel (hakesIoB pacIiblia aallTHBHOTO
IBYX(aKeJIbHOTO PacIblINTENS B IPOOIBbHO-BEPTUKANIBHOM IIockocTH. Vcrionp3oBanu
OTIBITHBIN 00pa3er paclblIUTENS B BUE OJI0Ka ABYX LIMPOKO PACIIPOCTPAHEHHBIX KOM-
MaKTHBIX WHKEKTOPHBIX II0cKopakenbHbIX pacnsuinteneil IDK kanubpa 03 (cunue)
CO IIEeNEeBBIMU (POPCYHKAMU®.

[Ipu npoBeneHnN SKCTIEpUMEHTA Ha ABUKYILYIOCS € 33/1aBAEMOW CKOPOCTBIO V JIEHTY
CTEH/a YCTaHABIUBAJIHN YCPEAHEHHBIH MaKkeT BBICOKOPOCIIOTO pacTeHus, (haza pa3BUTHUS
KOTOPOTO COOTBETCTBYET HEOOXOIUMOCTH 00padOTKH mecTuuaaMu (puc. 1).

Pacnbiiurens /

Sprayer ‘
i\
I\
< i\
‘ \
Oy 1Oy N
A X
I’ \ TeibHas cTOpoHA \
P maketa / The rear  \
2 \
I model side \
1 \ \
! L
1 \

1 \ HaGerarowas cropona  \
f \ makera / The front

/ L model side

Jlenra crenpa /
Test bench

Puc. 1. Cxema cTeHaa Juist HPOBEACHHUS SKCIICPUMEHTAIILHBIX HCCIIEIOBAHUI
Fig. 1. Scheme of the test bench for experimental research

AOpHC MakeTa B MPOAOJIEHO-BEPTHKAIBHON IIIOCKOCTH BIUCHIBAJICS B PaBHOOE-
JPEHHBIN TPEyrolbHUK BbIcOTOM 0,52 M ¢ yriom npu Bepuune £ = 19°. Han nenToi
Ha BbicoTe 0,75 M ycTaHaBIMBAJIM ONBITHBIM 00pasel agalTHBHOTO ABYX(aKeIbHOTO
PaCTIBUIUTEINS ¢ BO3MOXXHOCTBIO I3MEHEHHSI YITIOB HAKIJIOHA K BEPTHUKAIIN OCEeH (haKkeIoB
pacrmbuIa B IPOIOJIEHO-BEPTUKAIBHON TUNIOCKOCTH.

C Haberaromiei (CIUIOIIHBIE TUHUH) U THUTbHON (IITPUXOBBIE JIMHNUH ) CTOPOH MaKeTa
KpPENIN CMeHsieMbIe JTUCTHI Oenoi Oymaru gopmara A4, Ha KOTOpbIe PaCIBUTUTENEM
HaHOCWJIM MOAKpAIIeHHYI0 Boxy. Ilo ruiomanu cienoB kamenp Ha Oymare OLEHHUBAIH
CTeIeHb TMOKPBITUS pabodeli )KUAKOCTHIO JTUCTHEB ¢ Haberaromeld 1 ThIbHOW CTOPOH
pactenuid. [Jyis 3TOrO Crespl Kaneab CKAaHMPOBAIM U MOJyUYeHHBIE H300pakeHHus 00pa-
OareiBanu B mporpamme Adobe Photoshop CC, xoTopas otoOpaskana nHhOpMAIIHIO 110
NPOLICHTHOMY COIEP>KaHHIO IUIOLIAM CIIeOB Kallellb Ha 00padaTbiBaeMOM H300pasKeHHUH.

CooTHoOIIEHNE MEKTY AaBICHHEM padoyueii )KUAKOCTH U CKOPOCTHIO ONPHICKUBAHHUS
Ha BCEX BapMaHTaX UCIBITAHUM MOAAEPKUBATIOCH UCXO/S U3 TOCTOSHHOM 10351 BHECEHUS

¢ Typees U. N. Kak HACTPOUTH MOJICBOM ONPHICKUBATENE?
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paboueii xxuakoctu Ha ypoBHe O = 250 ni/ra. Takas mo3a Haubomnee pacrnpocTpaHeHa
IIpU BHECEHUU CPEACTB 3aIllUTHl PACTEHUI B IIPOU3BOACTBE CEIbCKOXO3IMCTBEHHBIX
KyJI6Typ. JJ1s mogepkaHus MOCTOSIHHBIM 3HaueHust () (Ji/Ta) pu U3MEHEHHH CKOPO-
CTH OIpbICKHBaTeNst V' (M/c) pacxoj] pabovero pacTBopa 4epe3 pacibUIMTEINb JTOJKEH
VIOBJIETBOPSTDH YCIOBHUIO :

q =0,003QV, n/muH. (D

Pacxon ¢ m3MeHsTH qaBieHneM p pabodyero pacTBopa B HarHETaTeIbHOM MaruCTpay.
B3anmocBs3b ¢ = g(p) yCTaHOBUIIN SKCTIEPUMEHTAIBHBIM TECTUPOBAHNEM HCCIIETYEMOTO
pacubumATens. Pe3yasraTsl TECTHPOBaHUS MPEACTABICHBI HA PUCYHKE 2.

s, 09 3,18
E 3 /A
< g
= .§ 2,54
:_E 251 ,/
=
g g2 s — |
22 2,05
Sq~! 8
g= o 1,86

=
:E = A
T oon 1,43
g E15 —
o <
25
gE 0,91
=
2
= 0.5

1 1,5 2 25 3 35 4 45 5

Jasnenue paboueil ;KUAKOCTH, aTM. /
Working fluid pressure, atm.

Puc. 2. BnusuHue napienus paboueil ®UJIKOCTH HA €€ PacXo]l Yepe3 PacIbLIUTENb
Fig. 2. The influence of working fluid pressure on its flow through the sprayer

JlaHHBIE TECTUPOBAHMUS C TOCTOBEPHOCTHIO R?= (0,99 anmmpOoKCHMHUPOBAIH YpaBHE-
HHeM Bropoi crenenu g =—0,072p? + 1,082p — 0,49 penieHne KOTOPOro OTHOCUTEITBHO

p UMEET BUL:
p="7,51{49,6-13,9¢q, atm. 2)

B ypaBuenue (2) moxctaBuiy 3Ha4eHNE ¢ U3 YCIOBUA (1) 1 OTYYIHITH B3aUMOCBSI3b
JTABJICHUS paboveil KHUIKOCTH CO CKOPOCTBHIO MEPEMEICHHS OTPHICKIBATEIS:

p=7,5149,6-10,4V, arm.

DKcnepuMeHT Tpex(akTopHbIi. BapbupyeMbIMHU B HCCIIEOBAaHUU (HaKTOpaMHu
BBICTYIWJIN yIJIbI HAKJIOHA K BEPTUKAIHM OCEH (PaKesIOB paciiblia PACIbUIUTEIS B IIPO-
JOJIHO-BEPTHKAJILHOM MIIOCKOCTH: 0, — IEPEIHETO; ¢, — 3a/IHeT0. PesxxuMHbIM hpakTopom
SIBUJIACh CKOPOCTH IIepeMeIeHusl J onpbIckuBaress. B kadecTBe mapamMeTpa ONTUMH3AIMH
UCIIONIL30BAIN pa3HHUIly 4Y Mexly colepKaHueM IUIOIIAIN CIICIOB Kalelb Ha MaKeTe
¢ HaOeraromei ¥ THIJILHOM CTOPOH.

7 Tam xe.
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[potecc paBHOMEPHOTO pacnpenelieH s padoyeii JKUIKOCTH ONPLICKUBATEIIEM, TIEpe-
MEIIAIOIIMMCS 10 HOJII0, JOCTATOUYHO CJIOXKHBIHN, M €r0 HEBO3MOXKHO OIMCATh IMHCHHOM
MOJIETIbIO BCJIENICTBHE €€ HealeKBaTHOCTH. [losToMy ucCmonb30Baiu 0ojiee CI0KHBIE
HenuHeiHbIe Mojiesu. OTBITHBIC JaAHHBIC MTOJTYYHIIH 10 METOAUKE MOJHOTO (PaKTOPHOTrO
MJIAHUPOBAHUSI SKCIIEPUMEHTA B BUJIE CHMMETPUYHOIO OPTOTOHAJIBHOTO IIEHTPAIbHO-
KOMITO3UIIMOHHOTO TJIaHa, MO3BOJISIIOIIETO MPEACTABUTh PE3YJbTAaThl UCCIIEI0BAHUMN
B BUJIE HEJIMHEWHOTO YPaBHEHUS PETPECCUH BTOPOTO MOPSIIKA:

AY =b,+b X, +b,X, +b, X, +b,X X, +b, X X, +
+by, X, X5+ b, X + by, X5 + by X5, %, 3)

rae AY — napaMeTp ontumusauuy; by, b, b,, ..., by; — k03 dunureHTs perpeccun; X,
X,, X; — KOMMpOBaHHBIE 3HAUCHUS j-X (PaKTOPOB, j = 1, 2, 3.

YpoBHM M HHTEPBaJIbI BAPHUPOBaHKS (PAKTOPOB yCTaHABIMBAIM HA OCHOBAHUH allpH-
opHOU nHpopManuH. VCconb3yss MHOTOWICHHBINA ITOJIMHOM B Ka4€CTBE MaTeMaTHIECKOM
MoJeNH, j-¢ (haKTOPHI KOTUPOBAJH 110 hopmyIre:

x, =20 4)
Ax;

J

riae X; — KoJoBoe 3HaueHue (GakTopa; X, — HaTypajbHOE TEKyIee 3HaYCHHE (aKTopa,
X,y— HyJIEBO} ypoBeHb (hakTopa; Ax; — HHTEPBAI BAPbUPOBAHHS (aKTOPa;
X =X,
_ 77 jmax jmin
Ax; = -5
TIE X000 Xjyin — MAKCUMAJIBHOE U MUHUMAIIBHOE 3HAYEHHE j-TO (pakTopa.
Pe3yabrartsl HcciienoBaHus
[Nocne xogupoBanust ypoBHHU (haKTOPOB MPUHUMAIOT 3HaUeHUS — M +1, a B KauecTBe
HYJIEBOTO YPOBHS BBICTYIAET LIEHTP MHTEpBasIa, B KOTOPOM IPOBOJUTCS SKCIIEPUMEHT
(tabm. 1).
ITo nanHOMY ITaHy BBITOIHEHO N = 15 ONBITOB B IByKPaTHON MOBTOPHOCTH (7 = 2)
(tabm. 2).

Tabnuma 1
Table 1
YpoBHM U HHTEPBAJILI BAPLUPOBAHHUS (PAKTOPOB
Levels and intervals of factor variation

O6o3naueHs / Ypo?{n B]apLFI?OBaHI/Iﬂ CI)aIfTO.pOB /
Designations evels of factor variation:
®daxropsl / Factors Kooosuie / Code
Konogeie / | Harypanbhsie / | —1,215 [-1,0] 0 [+1,0]+1,215
Code Natural Hamypanouwie / Natural
Yron HakiIoHA epeqHero Qakena / o, rpam. /
Front spray cone inclination angle X (lxl, deg. 0 3 15 27 30
Yron HakI0Ha 3aaHero (akena / o, rpaf. /
Rear spray cone inclination angle X (zxz, deg. 32 35 >0 65 68
Paboyast ckopocTh ONpBICKUBATENS / X V,m/c/
Sprayer operating speed 3 V, m/s 1,2 L4 22 30 3,2
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s HanIAJHOCTH Ha pUCYHKeE 3 TTOKa3aH BUJL CIIE/IOB Karlellb ¢ HaOeraromel U Thllb-
HOU CTOPOH MakeTa (BapuaHrt 6, Tad. 2).

Puc. 3. Cnenp! kanens ¢ Haberatomiel (a) u TeutbHOMU (b) CTOPOH MakeTa
Fig. 3. Droplets on the front (a) and back (b) sides of the model

CucreMarnyeckue OIMOKH UCKITFOUAIY TIOBTOPESHUEM OITBITOB B cnyqaﬁHOM TIOPSITIKE.
Jlucriepcus BOCHPOM3BOIMMOCTH SKCTIEPUMEHTA COCTAaBUIA §° AY Zs =331.

[IpoBepKy craTncTHYECKO 3HAYUMOCTH KO3 PHIIMEHTOB ypaBHEeHHU (3) HpOBOJlI/IJH/I C Io-
Morpio -kpurepus CteionenTa. Kpurndeckoe 3Hauenue ero (¢ > 2,13) BeiOupany mo tabd-
nrie® i urcna creneneii ceoooms N — 1) = 15 ¢ ypoBreM 3naunmoctn 0,05 (Tadm. 3).

[ocne nckimrodeHns He3HAYUMBIX K03((HULIMEHTOB MOIY4MIN YPaBHEHHE PETPECCHUH:

AY =4,07+2,73X, -1,86.X, X, —2,84X,X, —1,88X7 +4,75X2,%.  (5)

ypaBHGHI/Ie (5) IIPpOBCPHIIN HAa aICKBATHOCTD, OLICHNBAA OTKIIOHCHH: IIPCICKA3bIBAC-
MBIX PaCYCTHBIX 3HAYCHUH ImapamMeTpa onTUMU3aunu AY or OKCIICPUMCHTAJIbHBIX AY JJIA
KaXXaoro mu3 N onbITOB OCYHICCTBIIACMOI'O SKCIICPUMEHTA, UTO MMO3BOJIMJIO OIIPEACINTD
AUCTICPCUIO aICKBATHOCTHU JJId PAaBHOTO YK CJIa MapaUICJIbHBIX OMNBITOB 11O (I)OpMy.He:

rooe —\2 2
sizmg(AY—AY) =5 2521=56

re k — 9uciio 3HAaUUMBIX KO3(PHUIMEHTOB ypaBHEHHUS perpeccuu, k = 6.

8 CraricTHYecKie METO/IBI B HHYKCHEPHBIX HCCIIEOBAHMSX (JTA00PATOPHbIH PAKTHKYM) : y4ed. mocobue
Ui Texandeckux By30B / B. I1. Bopomiok [u mp.]. M. : Beicmast mikoma, 1983. 216 c.
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Tabnuma 3
Table 3
Ko3¢g¢puuuents! ypaBHeHus perpeccuu
Regression equation coefficients
Pacuernoe aCI;GHHZi oe t-KpUTEpHid 3HAYUMOCTH
Kosdduuuenr / | 3nauenue / | Jucnepcus / K?)TiJP;oTHHe‘imeK / CreroneHTa / KO3 PHUIIHCHTOB /
Coefticient Calculated | Dispersion Standard Student's Significance of
value deviati t-test coefficients
eviation
b, 4,07 1,89 1,37 2,96 3HaunM / significant
b, 2,73 0,30 0,55 4,97 3Ha4ymM / significant
b, 0,34 0,30 0,55 -0,62 He3HaunM / insignificant
b, -0,04 0,30 0,55 -0,06 He3HaynM / insignificant
by, —-1,86 0,41 0,64 2,90 3HaymM / significant
b, -1,16 0,41 0,64 -1,81 He3HaunM / insignificant
by -2.84 0,41 0,64 441 3Ha4nM / significant
by, -1,88 0,76 0,87 -2,16 3HaymM / significant
b,, 4,75 0,76 0,87 5,44 3HaunM / significant
b, -1,00 0,76 0,87 -1,15 He3HaynM / insignificant

AJIeKBaTHOCTh YPaBHEHHUS OLIEHUBAIIHM C IIOMOUIbIO [-KpUTEpHsl, pacdeTHOE 3Hade-
HUE KOTOPOTo:
2
Fo_ Su _56
P2 -
s> (AY) 3,31

TabnuuHoe 3HaYeHHe F-KpUTEpHs MpU CTeHeHsx cBoboxst f, =N -k =9
uf=N (r - 1) =15 (2 - 1) =15 1 95-IPOLIEHTHBIM YPOBHEM 3HAUMMOCTH COCTaBIISAET
F 6 = 2,59. T'unioresa 06 aieKBaTHOCTH MOZIENM IPUHUMAETCS, TaK KaK F, S F .

Takum 06pazoM, MOXXHO CyIUTb O COOTBETCTBUH TEOPETHUECKUX U IKCTIEPUMEHTAJIb-
HBIX 3HAUCHUI YIJIOB HAKJIOHA OCeH (POPCYHOK pacCHbLIMTENCH, TO eCTh ypaBHeHHE (5)
MPUMEHUMO JJIsl ONTUMHU3AIUHA KOHCTPYKTHUBHBIX M PEKMMHBIX TAPAMETPOB aalITUBHOTO
IByx(akeIbHOro pacnsuiutens. Mcnonab3ys ero, npu 3aiaHHoOR paboueil ckopocTH X,
OIIPEIEIIN ONTUMANIbHBIE 3HaUeHHS X; U X, U3 YCIIOBUS PABEHCTBA HYIIIO IIEPBOI
MPOU3BOIHON MTapamMeTpa ONTHMH3AIINH 110 3HAUYCHHIO ITHX YTIIOB:

OAY

=1,69.

=2,73-1,86.X, 3,76 X, = 0;

1

AY
a—=1,86X1+2,84X3—9,5X2=0. (6)
2
Pemienne cucremsl ypaBHeHUH (6) uMeeT BU:
X,=0,665-0,135X,; @)
X, =0,127+0,273X,.
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O0cy:xneHue u 3aKJII04eHne
B ypaBuenwus (7) moacTaBuiM COOTHOUIEHHS (4) M MONTYYHIIN aNTOPUTM H3MEHEHHUS
ONTHMAJIBHBIX HATYypaJbHBIX 3HAYEHUH (PaKTOPOB:

o, =27,4-2,03V, rpan.; (8)
o, =40,6+5,12V, rpan.

JluneiiHble B3anMOCBsA3U (8), MOMydYEeHHBIE 10 SKCTIEPUMEHTAIBHBIM JaHHBIM, TIPE-
CTaBJICHbI HA PUCYHKE 4.

60 57
55

Haxuton oceit dakenos pacnblia, rpaj. /
Tilt of spray jet axes, deg
S
S

35
30
25 2472
, 234
25 ~~—u____D___22D_>6__ 218 21
20 T T T T T —l— -D 1
1 1,6 g 24 2,8 32

Pabouast CKOPOCTb OIPBICKUBATENS, M/C
Sprayer operating speed, m/s

—0O— Ilepenuuii pacosututens / Front sprayer
—— 3anuuii pacnsutuTens / Rear sprayer

Puc. 4. Bausaue paboyeii CKOPOCTH ONPHICKMBATENIS HA BEIMYHUHY YIJIOB HAKJIOHA
K BEpTHKaJIM OCEil EepeIHero 1 3aHero (hakeaoB paciblia

Fig. 4. Influence of the sprayer operating speed on the inclination angle of the axes
of the front and rear spray cones to the vertical

W3 ux aHanu3a ciiemyert, 4To C MOBBIIEHHEM pabodell CKOPOCTH ONPBICKUBATEIS
ONTUMAJILHBIA YTOJI HAKJIOHA K BEPTUKAJIN OCH IepeHero (akena pacnblia o, yMEHb-
IIAaeTCsl, a 3aJHETO (1, — YBEITMUUBAETCSI.

J11s1 OLIeHKH COOTBETCTBUS DKCIIEPUMEHTAIBHO-PACUETHBIX Pe3ybTaToB (8) mocras-
JICHHOW 1IeNT! MCCIICA0BAaHNH MPOBENH JOTOIHUTEIBHBIN dKcTiepuMeHT. [1pu ckopoctu
OTIPBICKHMBATENS V' =2 M/C yCTaHOBWIM JaBiieHHE pabouei KUAKOCTH p = 2,1 aTM. YIIIbl
HAKJIOHA K BEPTUKAIIU ocell (pakesioB pacibuIa OpeaesTiIN T 3aJaHHOH CKOPOCTH TI0
HOMoTpamme: a, = 23.,4°; a,= 50,8° (puc. 4). Ilocie sxcriepuMeHTa B ABYKPaTHON TIOB-
TOPHOCTH MOJYYMIIH COJIEPIKaHKE TIONIA M CIIEJ0B Kallellb Ha MaKkeTe: ¢ Haberaromiei
ctoponsl — 19,1 %; ¢ TeumsHOU — 18,3 %. Pa3auma cocrasmser 0,8 % 1 B OTHOCHTEIIHFHOM
u3MepeHuu He npessimaet 4,5 %, 4To JaeT OCHOBaHHE YTBEPXKIAThb O NOCTHKEHUH
MIOCTABJICHHOH LIeNH MCCIEI0BaHUA.
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OKCcnepuMeHTaIbHO 000CHOBAH aNrOPUTM AJisi ONTUMHU3AIUHN YIJIOB HAKJIOHA
K BEpTUKaJM OCEH MepelHero u 3aJHero akejaoB pacmblia afanTHBHOTO JABYXda-
KeJIbHOTO HHXeKTopHOTO pacubuintens IDK kanmnbpa 03 mpu BHECEHUH IITAHTOBBIM
omnpeickuBareneM 250 n/ra paboueli xkunkoctu. CoOTIacHO alTOPUTMY, C YBEITUYCHH-
eM paboueli ckopocTH onphickuBatels ¢ 1,2 10 3,2 M/C yroj HaKkJIOHA K BEPTHUKAIU
nepenHero Qakena TMHEWHO u3MeHseTcs oT 25 xo 21°, a 3agHero — ot 46,7 mo 57°.
Hannuue anroputma HEOOXOAMMO AJISl MOATOTOBKHM TEXHMUYECKOTO 3aJaHUS IO CO-
30aHUIO IpolLeccopa i aBTOMAaTUYECKOTO MOAIEPKaHUS ONTUMAIBHBIX PEKUMOB
ONPBICKUBAHHUS B IIPOILIECCE BBHIIOIHEHUS PadOT MO 3alIUTE PACTEHUH. DTO MO3BOIUT
palMoOHaNbHO MCIOJB30BaTh JOPOTOCTOSIINE XMMHUYECKHE ITpenaparbl U CHU3HUTD
3arparbl HAa MPOU3BOJUMYIO PACTEHHEBOMUYECKYIO MPOAYKIHIo. [I03UTUBHEIM cien-
CTBMEM MUHUMH3ALUH MUCIOIb30BAHUS PECYPCOB ABISETCS IKOJIOTHUECKHUHA 3PPEKT
B BHU/IE TOHW)KEHHS YPOBHSI XUMHUYECKOTO BO3ACHCTBHS Ha 30POBLE 00CITYKHUBAIOIIETO
IIEpPCOHAJIa U OKPYXKAIOILYIO CPENy.
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