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I/IH)KeHepHLle TEXHOJIOI'MH U CUCTEMBI
PELEH3UPYEMBII1 HayYHBIH KypHaJ OTKPBITOTO JOCTYyIa

Lenp HayyHOTO XypHajia OTKPHITOTO AocTyna «HKeHepHbIe TEXHOIOTUH U CHUCTe-
MBD» — 3HAKOMCTBO YHUTATENEH ¢ Pe3y/ibTaTaMi OPUTHHAIBHBIX HAYYHBIX UCCIICIOBAHUM
B 00JIaCTH arpoIpOMBIIIICHHOTO KOMITJIEKCa M MAIIMHOCTpOeHHs1 Poccru 1 3apyOekHBIX
cTpal. Muccus )XypHaia — CO3AaHie MEXIyHapOIHOH IUIOMIAAKK I HAy9HOH JUCKYC-
CHUH HCCIeoBaTelieli, 0OMeHa OIBITOM U IyOJTMKAIIMHY aKTyaJIbHBIX TOCTH)KEHUI B chepe
WHKEHEPHBIX CHCTEM U TEXHOJIOTHH.

KypHan ampecoBaH HcCleOBaTeNsiM M CIICIAAIUCTAM, Pa0OTaIONIMM B MAIlHHO-
CTPOEHMH U CEIBCKOM XO3SHCTBE, MPENofaBaTessiM, aCIUPaHTaM U CTYICHTaM BBICLIHX
y4eOHBIX 3aBEICHUI, a TaKkKe IIMPOKOMY KPYyTy YHUTaTeNeH, MHTEPECYIOLINXCS TIepCIIeK-
TUBHBIMH HalIPaBJIECHUAMH OTEYECTBEHHOH U 3apyOe:KHOI MHKECHEPHH.

Penakuus sxypHasia ocyniecTBIsIeT HayqYHOE pEelieH3UpOBaHKe (JIBYCTOPOHHEE cie-
[I0€) BCceX MOCTYNAIMX cTareil. Pykonuch crarbn HanpapisieTcsl Ha peLieH3upOBaHUEe
JUIS OLEHKH €€ HayYHOIo COAEp)KaHHs HECKOJIBKUM BEIYIIUM CHELUAINCTaM COOTBET-
CTBYIOIIETro MpoQuJIsi, IMEIOIINM HAayYHYIO CIIeIHATH3aINi0, Haubosee OIM3KYI0 K Te-
MaTHKe CTaTby.

Penakuus xypHana peanu3yeT NPUHIKIT HYJIEBOW TOJIEPAHTHOCTH K Tutaruatry. Mo-
HUTOPUHT HEKOPPEKTHOTO IIUTHPOBAHUS OCYIIECTBISAETCS C TOMOIIBIO CUCTEM «AHTH-
riaruar» u «iThenticate».

Pacnipoctpanenne — Poccuiickast @eneparnus, 3apyOeiKHbIE CTPAHBI.

2KypHan npenocrapisieT OTKPBITBII AOCTYII K ITOJHBIM TEKCTaM ITyOIMKaIui, HCXOAs
U3 CIEAYIOIIETO MPUHIMIA: OTKPBITHIH JOCTYI K pe3yJsTaTtaM HCCIeI0BaHUN Croco0-
CTBYET YBEIIMUCHHIO ITI00ATEHOTO 00MEHa 3HAHUSAMMU.

Kypnan BkmroueH B llepedeHb peleH3MpYEMBIX HAyYHBIX HM3IaHHHA, B KOTOPBIX
JIOJKHBI OBITh OITyOJIMKOBaHbI OCHOBHbIE HAayUHbIE PE3YJIbTaThl JUCCEPTALIMIA HA COMCKa-
HHUE yYeHOH CTENeHN KaHIu/1aTa HayK, Ha COMCKaHHE YUYEHOH CTENEeH TOKTOopa HayK 110
HayYHBIM CITEIIMaJIbHOCTAM M COOTBETCTBYIOIIUM UM OTPACIISIM HayKH:

1.3.2. [Ipubops! 1 METOBI FKCHIEPUMEHTAIBHON (U3UKH (TEXHUYECKUE HAYKH )

1.3.6. OnTrka (TeXHAYECKNE HayKH)

1.3.13. Dnexrpodusuka, dEKTPOPHU3NIECKUE YCTAHOBKU (TEXHUIECKUE HAYKH)

2.5.3. Tpenue n U3HOC B MaIIMHAX (TEXHUYECKHE HAYKH)

4.1.4. CagoBoAcTBO, OBOLIEBOACTBO, BUHOTPAAAPCTBO U JIEKAPCTBEHHBIE KYJIBTYpPBI
(TexHUYECKre HAayKH)

4.3.1. TexHOIOTHH, MAIIMHBI ¥ 000PYIOBAHKE AJIs arPOIIPOMBIIITICHHOTO KOMILJIEKCA
(TexHUYECKre HAyKH)

4.3.2. DIeKTPOTEXHOJOTHH, MEKTPOOOOPYIOBaHIE W SHEProCHAOKEHHE arporpo-
MBIIUIEHHOTO KOMITJIEKCa (TEXHUUECKUE HAyKH )

XKypnan nagexcupyercs 1 apxXuBUpyeTcs B 0a3ax JaHHBIX:
Web of Science Core Collection (ESCI)
Poccuiickom nuaexce HayuHoro nuutupoBanus (PUHLI)

Kypnan sBnsercs wieHom Open Access Scholarly Publishers Association (OASPA),
Directory of Open Access Journals (DOAJ), Committee on Publication
Ethics (COPE), Accounanuu Hay4yHbIX pegakTopoB U uzaareneii (AHPH), CrossRef
1 MEXIyHapOoIHOTo coo01ecTBa peren3entoB Publons

Marepwuaisl )XypHaia JOCTYITHBI 110 JinneH3uu Creative Commons “Attribution”
(«ATpubymmsi») 4.0 Bcemupnas
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Engineering Technologies and Systems
A peer-reviewed open access academic journal

The purpose of the open access academic journal Engineering Technologies and
Systems is to introduce the readers to the results of original scientific research in
the field of agroindustrial complex and mechanical engineering of Russia and fo-
reign countries. The mission of the journal is to create an international platform for
scholarly disputes of researchers, exchange of experience and publication of the ar-
ticles on current achievements in the field of engineering systems and technologies.

The journal is addressed to researchers and specialists working in mechanical
engineering and agriculture, teachers, postgraduates and students of higher educa-
tional institutions, and to a wide range of readers interested in advanced research
directions of domestic and foreign engineering.

The Editorial Board reviews (double-blind review) all incoming papers. The
manuscript of the article is sent for review to several leading specialists of the cor-
responding profile, who have scientific specialization closest to the subject of the
article, to evaluate the scientific content.

The Editorial Board follows the principle of zero tolerance to plagiarism. The incor-
rect citations shall be monitored with the help of Antiplagiat and iThenticate systems.

The journal is distributed in Russian Federation and other countries of the world.

The journal offers direct open access to full-text issues based on the following
principle: open access to research results contributes to the global knowledge sharing.

The journal is included in the List of the leading peer-reviewed scientific
journals and publications, where basic scientific results of dissertations for the
degrees of Doctor and Candidate of Sciences in scientific specialties and their re-
spective branches of science should be published (Higher Attestation Commission
under the Ministry of Science and Higher Education of the Russian Federation):

Instruments and Methods of Experimental Physics

Optics

Electrophysics, Electrophysical Installations

Friction and Wear in Machines

Gardening, Olericulture, Viticulture and Medicinal Plants

Technologies, Machinery and Equipment for Agroindustrial Complex

Electrotechnologies, Electrical Equipment and Power Supply of Agroindustrial
Complex

The journal is indexed and archived by databases:
Web of Science Core Collection (ESCI)
Russian Index of Science Citation

The journal is a member of Open Access Scholarly Publishers Association (OASPA),
Directory of Open Access Journals (DOAJ), Committee on Publication
Ethics (COPE), Association of Scientific Editors and Publishers (ASEP), CrossRef
and the international community of reviewers Publons

All the materials of the Engineering Technologies and Systems journal are available
under Creative Commons “Attribution” 4.0 license
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PEJAKIHIMOHHASA KOJUIETHUA

CenuH IleTp BacuibeBud — 2nasHblii pe0akmop, TOKTOp TEXHUYECKUX HayK,
npodeccop, PyKOBOAUTEIb BrICIIei IKOIBI pa3BUTHs Hay4HO-00pa30BaTeIbHOTO
norernuana ®I'BOY BO «MI'Y um. H. I1. Orapesa», ORCID: 0000-0003-3400-7780,
vice-rector-innov(@adm.mrsu.ru (Capanck, Poccuiickas ®eneparys)

JleBueB Auiekceii [laBinoBud — samecmumens 21asno2o pedakmopa, TOKTOP
TEeXHUYECKHX HayK, podeccop, 3aBeayIomui kadeapoi TerIoHEPreTHIEeCKIX CHCTEM
OI'BOY BO «MI'Y um. H. I1. Orapesay», ORCID: 0000-0003-2429-6777, levtzevap@mail.ru
(Capanck, Poccuiickas ®enepanust)

Topauna CBetiiana BUKTOPOBHA — omgenmcmeeHnHblll cekpemapb, KaHIUAAT NeJarorH4eckKnuX Hayk,
ORCID: 0000-0003-2265-418X, vestnik mrsu@mail.ru (Capanck, Poccuiickas ®eneparms)

Aanaxsepaues Cypxaii Parum oribI — JOKTOp OHOJOTHYECKHX HayK, akajJeMuK Poccuiickoit AkaniemMun
EcrecrBo3nanus, npodeccop kadenpst sxorornu 1 npupoponoisioBanust GI'BOY BO «MockoBckuit
TelarorMuecKii rocynapcTBeHHbIH yHuBepceuteT» (MockBa, Poccniickast deneparyst); mpodeccop xadenpst
necHo# nHxycTpru bapreiHCcKOro rocynapcreHHoro yausepcutera (bapremm, Typrs)

AcraxoB Muxauni BiaguMHpoBHY — JOKTOP TEXHUYECKHUX HayK, podeccop kadeapbl KOJIECHBIX
MaIlUH U npukiIagHoi Mexannku Kamyxckoro ¢punnana @I'BOY BO «MockoBckuii rocynapcTBEHHBIN
TexHHuecKuil yHusepcureT uM. H. O. baymana», ORCID: 0000-0001-8675-1611
(Kanyra, Poccuiickas ®exneparust)

ByaraxoB Anexceii ['puropbseBHY — JOKTOp TEXHHYECKUX HayK, Ipodeccop Kadenapbl IPOMBIIIIEHHOTO
u rpaxaanckoro crpourensctsa GI'BOY BO «lOro-3ananHslil rocy1apCcTBEHHbLI yHUBEPCUTET)
(Kypck, Poccuniickas @eneparis); npodeccop CTpOUTENHHOTO (GakynsreTa JIpe3IeHCKoro TeXHHIeCKOTo
yauBepcutera, ORCID: 0000-0003-4261-9840 (dpe3nen, I'epmanus)

I'epGep ¥Opuii BopucoBnY — TOKTOp TEXHUUECKHX HAyK, Tpodeccop, 3aBeayromuii kadenpoit
TEXHOJIOTUH ¥ 000PYyIOBaHHsI TPOU3BO/CTBA U IepepabOTKU MPOAYKIMH xkuBoTHOBoAcTBa DIAOY BO
«K®Y um. B. U. Bepraackoro», ORCID: 0000-0003-3224-6833 (Cumdepomnosb, Poccuiickas denepartust)

Yskens [datiden — Ph.D., mpodeccop, nexan I1Ixonsr sneprernky L[3sHCYCKOrO yHUBEpCUTETAa HAYKI
1 TEXHOJIOTUH, TUPEKTOp MekayHapoaHOH 00BeIMHEHHOMH 1a00paTOpUH MO SKOJIOTHIECKOH SHEPTreTHKE
Cya0B 1 KOHTpomo BeIOpocoB L3sacy, ORCID: 0000-0002-4110-2199 (Yxoubi3sH, Kurait)

Jumurtpos Bajnepuii IleTpoBHY — JOKTOp TEXHUYECKUX HayK, podeccop, 3aBenyronmii kapeapoit
ynpasnenus kagsectBoM PI'BOY BO «/loHcKoi rocynapcTBeHHbIH TEXHUYECKUN YHUBEPCUTETY,
ORCID: 0000-0003-1439-1674 (PoctoB-na-/lony, Poccuiickas ®enepauns)

Kauxun Cepreii lOpbeBHY — TOKTOp TEXHHYECKUX HayK, TIpodeccop Kadeapbl IKCILTY TaluH
TpaHCHOPTHBIX U TexHonorudeckux MamH @I'bOY BO «BopoHexckuii rocyaapcTBEHHbIH arpapHblii
yHHBepcuTeT uMeHu umneparopa Ilerpa I», ORCID: 0000-0002-1844-5011
(Boponex, Poccuiickas deneparis)

KenesnnkoBa Onbra EBrenbeBHa — KaHIUIAT TEXHUYECKUX HAYK, TOLEHT, AUPEKTOP
WuctutyTa snexrponuku u ceetotexHuku PI'BOY BO «MI'Y um. H. I1. Orapesa»
(Capanck, Poccuiickas ®enepanus)

Hrymnos Jleonna AnexkcanapoBHY — JOKTOp (GU3HKO-MaTeMaTHIECKUX HayK, IIPoQeccop, IIIaBHBIH
Hay4HbI coTpynnuk Hayuno-uccienosarensckoro nuctutyta Mexanuku @IAOY BO «HaunonanbHbii
uccienosarensckuii Hikeroponckuit rocynapctBeHHbIN yHuBepenteT uM. H. 1. JloGaueBckoroy,
ORCID: 0000-0003-3035-0119 (Hmxuuit Horopon, Poccuiickas deneparist)

Hcromuna Haranbs JleoHHA0BHA — TOKTOP (PU3UKO-MATEMaTHUECKHUX HAYK, HAYaIbHHUK OTJeIa
¢du3ndeckux Hayk Poccuiickoil akageMun HayK, 3aMECTHTENb aKaJeMHKa-CEKpeTaps 10 HayqHO-
opranun3auuonnoi pabore OOH PAH; npodeccop kadenps! ynpasnenus nanoBauusivu I'50Y BO
«MoOCKOBCKUIT aBUALIMOHHBIN HHCTUTYT (HALIMOHAJIBHBIN HCCIIEIOBATEIbCKUN YHUBEPCUTET)); TIIaBHbIH
penaKkTop Hay4yHO-TeXHHUECKoro xypHana «@oronukay, ORCID: 0000-0001-6008-1226 (Mocksa,
Poccuiickas deneparust)

Keuemaiikun Baagumup HukonaeBu4 — kaHIu1aT 5JKOHOMUYECKUX HayK, TOLEHT, AUPEKTOP
Py3aeBckoro nuactutyTa MamuaocTpoeHuss ®I'BOY BO «MI'Y um. H. I1. Orapeay,
(Capanck, Poccuiickas ®eneparms)

Korun Anexcanap BiaaguMupoBHY — TOKTOp TEXHUYECKHUX HayK, Tpodeccop Kadeapsl MexaHU3aUuu
nepepaboTKH cenbckoxo3siicTBeHHOH nponykunn @I'BOY BO «MI'Y um. H. I1. Orapesay,
ORCID: 0000-0001-8235-0052 (Capanck, Poccuiickas ®enepariust)
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Kycmapues ®@enop BacuabeBuu — Ph.D., nekan pusudeckoro dakynprera Yausepcureta Jlahoopo
(JTap6opo, Benukobpuranus); mpodeccop Komremka HCKyccTB U Hayk YHUBEpcUTETa Xamu(bl
(AGy-/1abu, OAD)

Kyxapes Ousier HukosaeBH4 — JOKTOp TEXHUYECKUX HAYK, IPO(eccop, peKTop
OI'BOY BO «len3enckuil rocynapcTBeHHbIH arpapublii yHusepcuret», ORCID: 0000-0002-3519-4066
(ITen3a, Poccuiickas deneparust)

JlobaueBckuii SIkoB IleTpoBHY — TOKTOp TEXHUYECKUX HayK, npodeccop, akanemuk PAH, nepsbrii
3amectutens qupexkrtopa PI'BHY «®enepanbHblil Hay4HbIN arpoMHKeHEepHbIN LeHTp BUM»;
akazeMuK-cekperaps OTaenenus cenbckoxo3saicTBeHHbIX Hayk PAH, ORCID: 0000-0001-7863-2962
(Mocksa, Poccuiickas ®enepanusi)

MukaeBa CBeT/IaHa AHATOJIbeBHA — JJOKTOP TEXHUYECKUX HAyK, JAOLEHT, podeccop Kadeapsl
anexTporuku ®I'BOY BO «MUPDA — Poccuiickuii TEXHOTOTUYECKUN YHUBEPCUTET,
ORCID: 0000-0001-6992-455X (MockBa, Poccuiickas deneparms)

Hecmusin Anapeii FOpbeBUY — TOKTOpP TEXHHYECKHX HAyK, IOLEHT, 3aMECTUTEIb AUPEKTOPA 110
Hay4HOH paboTe U HHHOBALMSIM A30BO-UepHOMOPCKOTO HHKEHEPHOTO HHCTUTYTA
OI'BOY BO «onckoii [AY», ORCID: 0000-0002-5556-1767 (3eprorpan, Poccuiickas deneparms)

OcTtpukoB Banepuii BacujibeBu4 — JOKTOp TEXHUYECKHUX HAyK, Ipodeccop, UPEKTOP
®I'BHY «Bcepoccuiickuil HayqHO-HCCIe10BATENbCKUNA HHCTUTYT UCTIOJIb30BAHUS TEXHUKHU
1 He(pTenpOAYKTOB B celbCKoM Xo3stiicTBe», ORCID: 0000-0003-2927-768X
(Tam6o0B, Poccuiickas denepanust)

IInorankos Cepreii AjleKCaHIPOBHY — JOKTOP TEXHUIECKUX HAyK, Ipodeccop Kadeapsl TeXHOIOrun
mammHocTpoeHnst I'BOY BO «BsiTckuil rocynapcTBeHHBII yHUBEPCUTETY,
ORCID: 0000-0002-8887-4591 (Kupos, Poccuiickast ®eneparms)

[poiTroB FOpuii HukonaeBuY — 10KTOp CEMBCKOXO3MHCTBEHHBIX HAYK, TIpodeccop Kadenpsl 300TeXHUKH
uMm. ripodeccopa C. A. Jlanmmuaa ®T'BOY BO «MI'Y mm. H. I1. Orapesay»
(Capanck, Poccniickast Deneparmst)

Pynuk ®@ennke SxoBaeBHY — JOKTOP TEXHUUECKHUX HayK, Ipodeccop Kadeapsl TEXHOIOTUI IPOITyKTOB
nuranus ®I'bOY BO «CapartoBckuii rocyqapCTBEHHbINH arpapHblii YyHUBEPCUTET
umernn H. U. Basunosay, ORCID: 0000-0001-8444-0115 (Caparos, Poccuiickas deneparivisi)

Pa6ouxnna IloanHa AHaTo/IbeBHA — TOKTOP (DM3MKO-MaTeMaTHUECKHUX Hayk, mpodeccop,
Hay4HBII PyKOBOANTENH JIAOOPATOPHH ONTHYECKON CHEKTPOCKOIHY JIa3ePHBIX MaTepHaoB
OI'BOY BO «MI'Y um. H. I1. Orapesay», ORCID: 0000-0001-8503-8486
(Capanck, Poccuiickas ®enepanus)

Cagnem Adnean-bagex Moxamen — TOKTOp HayK B 00J1aCTH KOMITBIOTEPHBIX TEXHOJIOTUH, 3aCITyKEHHBIN
npodeccop, pyKOBOAUTEIb UCCIEI0BATEIbCKHUX J1a00paToOpHii B 00JIACTH HCKYCCTBEHHOTO MHTEIUICKTa
¥ 3HaHU, podeccop (akybTeTa KOMIBIOTEPHBIX 1 HHOPMALMOHHBIX HayK yHHBepcuTera AjiH [llamc,
ORCID: 0000-0003-0268-6539 (Kaup, Eruner)

CuMISSHKHH ApKaJuii AHATOJILeBHY — IOKTOP TEXHUYECKUX HayK, Ipodeccop Kadeapbl TEXHUUECKON
skcruryaraiuu Tpancnopra ®I'bOY BO «Ps3anckuil rocynapcTBeHHbIH arpoTeXHOIOTMYECKUN
yausepeuteT M. [1. A. Kocteruera», ORCID: 0000-0001-9761-6183 (Psa3ans, Poccuiickas denepariis)

Ckpsaoun Baagumup AJiekcaHpoBHY — TOKTOP TEXHHYECKHUX HayK, podeccop Kadeapbl TEXHOIOTHi
u obopynosanus MamHOCcTpoeHust ®I'BOY BO «Ilen3eHckuil rocy1apcTBEHHBIN YHUBEPCUTETY,
ORCID: 0000-0001-7156-9198 (Ilen3a, Poccuiickas deneparust)

TapacoB EBrenunii MuxaiiioBu4 — JOKTOp TEXHHUECKUX HayK, mpodeccop, 3aBeayrounii kapeapoit
ABTOMATUKH, TEIEMEXaHUKH U CBA3H Ha xkene3HonopokHoM tpancnopre @PI'BOY BO «Camapckuit
TOCYIapCTBEHHBIN YHUBEpCUTET myTeit coodmienus», ORCID: 0000-0003-2717-7343
(Camapa, Poccuiickas deneparust)

®arpixoB IOpuii AaraMoBu4 — JOKTOp TEXHUYECKUX HayK, mpodeccop, 3aBenyronmii kapeapoi
WHXVHUPHUHTA TEXHOJIOTUIECKOro 000pynoBanust VIHCTHTyTa arpONHKEeHEPHH | IHIIEBBIX CHCTEM
Kanunaunrpaackoro rocynapcTBeHHOro Texanaeckoro yuusepcurera, ORCID: 0000-0002-8189-0433
(Kammaunrpan, Poccuiickas deneparis)

®enynoBa JInnusa Bsiueca1aBoBHA — TOKTOP TEXHUYECKHUX Hayk, podeccop PAH, 3aBemyrommii
9KCIIEPHMEHTAILHON KIIMHUKOH JIabopaTopuy GHOIOTNYECKH aKTUBHEIX BEIIECTB KHBOTHOTO
npoucxoknerns ®PI'BHY «DenepanbHblii HayIHBIH IEHTp MUIIEBBIX cicTeM UM. B. M. I'op6arosa» PAH,
ORCID: 0000-0003-3573-930X (MockBa, Poccuiickas ®enepanust)

HInmenoa Tamapa UabuHAYHA — JOKTOP TEXHUYECKHUX HayK, Ipodeccop kadenpsl GU3nKu
OI'BOY BO «MpkyTckuil HalMOHAIBHBIA UCCIE0BATENbCKUI TEXHUUECKH YHUBEPCUTET)
(Upxkyrck, Poccniickas ®enepanus)
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HccnenoBanue nBuKeHHus1 KiIyOHel kaprodesisi
HAa 3J1eBaTOpe ¢ UHTEHCU(PUKATOPOM cenapauuu

II. K. Tapxues '™, U. A. Yenencknii’, . A. FOxun?,
I. I. PamasanoBa’, U. II. Najaxues”’

! Poccutickuil 20Cy0apCcmeenHblil YHUSEePCUmem HapooHo20
xozaucmea umenu B. U. Beprnaockozo

(e. bPanawuxa, Poccutickas Dedepayust)

2 Pazanckuil 20Cy0apcmeentblil a2pomexHon0SU4ecKull
yuusepcumem umenu I1. A. Kocmwviuesa

(e. Pazanw, Poccutickas @edepayust)

™ pgadjiev@yandex.ru

Annomauusn

Bgseoenue. Ilpu yoopke kaprodeist Ha II0YBaX ¢ MOBBIICHHON BIAKHOCTBIO 3a0MBAIOTCS
3a30pBI MEXKIY IPYTKaMHU 3JIEBAaTOPOB, YMEHBILACTCS [TOJIHOTA CEeNapaliiy OYBbI, YBEIIH-
YHBACTCs OBPEXKICHHUE KITyOHel KapTodess u norepst ypoxkas. JlJist yiydiieHus KauecTsa
cerapanyy B JaHHOM HCCIIEI0BaHUU aBTOPHI MTPeUIaraloT HHTeHCH(HKATOp KapToderney-
6opouHoro kombaiiHa B BUJI€ JIONIACTHOTO TPAHCIIOpTepa. B oTiMuune ot npeaiecTBeHHI-
KOB OH PACIIOJIOKEH I10]1 paboy4eii BETBBIO MOJIOTHA OCHOBHOTO 3JIeBaTOPA.

Llenv uccneoosanus. Teopernyeckoe 000CHOBaHHUE JOMACTHOTO HHTEHCU(HKATOpa cera-
paiuu KaprodeneyoopouHOro arperara Ha IepeyBIaXHEHHBIX [IOYBAX C LICJIBIO CHIKE-
HUS TIOBPEKIaeMOCTH KiTyOHeit kapToderns mpu yoopke.

Mamepuanei u memooe:. [Ipoananm3supoBana paboTa MHTEHCU(HUKATOpa CeNapaliy C JIONacT-
HBIM TPAHCIIOPTEPOM, PACIIOIOKEHHOTO 1101 paboyeil BETBbIO OCHOBHOTO JIeBaTopa KapTro-
(eneydopoyHOro kom0OaiiHa ¢ yIpyruMH IIIOCKMMH JIONACTSMH, JBHXKYIIIMMHUCS HABCTPEdy
HOJIOTHY OCHOBHOTO 3J1eBaropa. JlonacTs MHTEHCU(UKATOpa, YCTAHOBICHHOTO 1O/ paboueit
BETBBIO HJIEBATOPA, AOJDKHA BBHIIONHATH (DYHKIMH TOJIKATENS TPU 3IHIaHHU ¥ TOTaJaHHN
KIIyOHEH B 3a30p MLy MPYTKaMH IpU yOOpKe KapToesst Ha nepeyBIaKHEHHBIX ITOYBAX.
Pesynomamur uccnedosanus. AHanu3 ABIKEHUs KIIyOHS OTHOCHTENBHO IpPYTKa MOKa3all,
9TO MPH 3aJaHHBIX TapaMeTpax U YCIOBHSX IIar JonacTel, paBHbIA 210 MM, obecrieunBaeT
aJICHHE IIaPOBOT0 KOMKA C IPYTKa 1 JIONACTH Ha JICHTY TpaHcnoprepa 6e3 ynapa. Bo u3be-
YKaHHe TPEHMS C MIPYTKaMH KITyOHeH 1 puMecei pacCTosTHHE MEX Ty JISHTOH TpaHcropTepa
HHTEHCHU(HKATOPa U NPYTKAMH JOJDKHO MPEBBIMIATh 3a30p MEXAy npyTkamu. IIpn 3aman-
HOM PacCTOSIHHH JICHTHI TPaHCIOPTEPA OT MPYTKa, paBHOM 30 MM, IIar JOMacTel ¢ TOYHO-
cTbI0 1 % onpenensieTcs CKOPOCTHIO JIONACTH B IBIKEHUH OTHOCHTEIBHO MPYTKA.

© TIaoxcues I1. U., Yenenckuii U. A., FOxun U. A., Pamazanosa I I, Iaoxcues U. I1., 2024
Kontent nocrynen mo nuuensuu Creative Commons Attribution 4.0 License.
53 This work is licensed under a Creative Commons Attribution 4.0 License.
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Ob6cyacoenue u saxmouenue. TIpOBEIEHHBIE TEOPETHIECKUE HCCIICIOBAHUS JIOMACTHOTO
MHTeHCU(UKATOpa cenapaiiu KapTodeieyOOpOUHOro arperara Ha mnepeyBlIaKHEHHBIX
MoYBax MOKa3alu ero 3QQPEeKTUBHOCTh, YTO MOATBEPXKICHO PE3yJbTaTaAMH TOJEBBIX
OIIBITOB.

Knrouesvle cnosa: nHTeHCUBUKATOP, CENapalysl OYBBI, IPYKUMHOM TpaHCIIOpTep, I0-
BpeKIeHHE KITyOHEH, KapTodenaeyOopouHble MAITHHEI

Kongpnuxkm unmepecog: aBTopsl 3asBISIOT 00 OTCYTCTBUH KOH(MIMKTAa HHTEPECOB.

Mna yumuposanun: ViccnenoBaHue IBIXKEHUs KiyOHeil kaprodens Ha sieBaro-
pe ¢ unteHcudukatopom cenapauuu / I1. U. Tamxues [u ap.] // UnxenepHble Tex-
Honoruu U cuctemel. 2024. T. 34, Ne 1. C. 10-25. https://doi.org/10.15507/2658-
4123.034.202401.010-025

Original article

Study of Potato Tuber Motion on the Elevator
with a Separation Intensifier

P. I. Gadzhiev*™, I. A. Uspenskiy®’, I. A. Yukhin?,

G. G. Ramazanova“, I. P. Gadzhiev®

“ Russian State University of National Economy

named after V. I. Vernadsky (Balashikha, Russian Federation)
> Ryazan State Agrotechnological University

named after P. A. Kostychev (Ryazan, Russian Federation)

* pgadjiev@yandex.ru

Abstract

Introduction. When harvesting potatoes from the waterlogged soils, the gaps between the
elevator bars become clogged, the soil separation efficiency decreases while damage to
potato tubers and yield loss increases. In this study, the authors propose a potato harvester
intensifier in the paddle conveyor form to improve the separation quality for specific con-
ditions. It is located under the carrying run of the main elevator apron.

Aim of the Study. The aim of the study is theoretical justification of the potato harvester
paddle intensifier for separating potato tubers from waterlogged soils in order to reduce
damage to potatoes during harvesting.

Materials and Methods. There was analyzed the work of the separation intensifier with
a paddle conveyor located under the carrying side of the potato harvester main eleva-
tor with flexible flat blades moving towards the main elevator apron. The intensifier
paddle, installed under the elevator carrying side, must act as a pusher when potato
tubers stick and fall into the gap between the elevator bars in harvesting potatoes from
waterlogged soils.

Results. The analysis of potato tuber motion relative to the bar has showed that under the
specified parameters and conditions the pitch of blades equal to 210 mm provides the
falling of the ball clod from the bar and blade on the conveyor belt without impact. In
order to avoid the friction of potato tubers and impurities with bars, the distance between
the intensifier conveyor belt and bars must exceed the gap between bars. When the dis-
tance between the conveyor belt and bar is equal to 30 mm, the blade pitch is determined
to within 1 per cent by the speed of a blade moving relative to the bar.

Discussion and Conclusion. The conducted theoretical studies of the blade intensifier of
potato harvester separation on overwatered soils revealed its high efficiency, which is
confirmed by the results of field experiments.

Keywords: intensifier, soil separation, pressure conveyor, potato tuber damage, potato har-
vesters
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Brenenne

B obnactu coBpeMEHHOT0 pacTEeHHEBOACTBA OJAHUM U3 BaKHEHIINX HaNpaBIICHUH
BBIPAIIUBAHUS CEIILCKOXO3AHCTBEHHBIX KYNBTYp SIBISETCS KapTodeneBoacTBo. Bosne-
nbIBaHKuEe KapTodens TpeOyeT 3HAYUTENbHBIX SHEPreTHUYECKUX U TPYILOEMKHX 3arpar.
Oxkono 60—70 % Bcex Tpymo3aTpaT MPU MPOU3BOJACTBE KAPTOGEIIS IPUXOAUTCS TOIBKO
Ha yOOpKy KITyOHEH.

Oco0eHHOCTH Pa3BUTHSI MEXaHU3UPOBAHHOW YOOPKH KapToQersi CBI3aHbI C KOHCTPYK-
1peit kaprodeneyOopOoYHBIX MAILHH, TaK KaK yCIOBUsI MX pabOThI pa3HOOOpa3Hbl U Tpedy-
10T CHEHHAILHOTO TOX0/a K KOHCTPYKIIUSM. B TeXHONOrnaeckoM rmporecce yOOpOUHbIX
MallvH BaXKHYIO POJIb UTPAET cenapalys MOUBbl, KOTOpask 3aKIII0YaeTCsl B €€ OTIIeTICHHH,
yAareHn:n OOTBBI, COPHSIKOB M TBEP/IBIX TIOYBEHHBIX IIPHMECEH, B TOM UHCIIe KaMHEH.

B cBsi3u ¢ 3TMM Ha 3Tare MPOEeKTUPOBaHUS KapToheneyOopouHBIX MAIlIHH COBEp-
IIEHCTBOBAHHE CEMapUPYIONMNX pabounx OpraHOB BCeTna SBISAETCS aKTyallbHOW 3a/1a-
4eil, 0cOOEHHO KOTZIa MAIIWHBI HE MPHUCIIOCOONEHBI K pa00Te B CIIOXKHBIX ITOYBEHHO-
KITUMAaTHYECKUX yCIOBHSIX.

PazHOOOpa3ne MOYBEHHO-KIIMMATHYECKUX YCIOBHU BO3JENbIBAHUS KapTodemns
MOATBEPKAAET aKTyaJbHOCTh BOMPOCa 00 YCOBEPIICHCTBOBAHIH CETAPUPYIOIINX pa-
00unX OpraHoB KapTodeneyOOpOUHBIX MAIINH, KOTOpbIe OyayT mprucnocoOeHs! pado-
TaTh MOBCEMECTHO.

ChoXHOCTh paboThI cenapUpyIONINX OPTaHOB 3aKI0YaeTcs B TOM, YTO cOAepKa-
HHUE KIyOHEeH B MOCTyMaloliel Ha 3J1eBaTop MOYBEHHO-KIIYyOHEHOCHOH Macce He mpe-
Beitmaet 2—4 %.

Tak, Ha cenapanMio MOYBHI CYIIECTBEHHOE BIIMSHHE OKa3bIBaeT ec¢ (DU3HUKO-Me-
xaamgeckuit coctas [1-3]. Ha mepeyBnaXHEHHBIX MOYBaX MPYTKOBBIC DJICBATOPHI HE
CTIPaBIISIIOTCS € OTHENICHUEeM KiyOHel kaprodens OT MouYBbl 0e3 JOTONHUTEIHHOM
WHTEHCH(HUKAIMH TTOCTYHAIOMIeH OYBEHHO-KIIYyOHEHOCHOH Macchl [4—6]. Ha mouBax
C TIOBBIIIIEHHOM BIIAYKHOCTHIO 00Pa3yrOTC TIIHWHBI, W3-3a YETO MPH YOOpke KapTodems
3a0MBAIOTCS 3a30pBl MEXAY NMPYTKaMH, YMEHBIIAETCS TONHOTA CEelapaIiiy, a TakkKe
YBEIMYMBAETCA TOBpPEXKIECHUE KITyOHEH, 9YTO B KOHEYHOM HTOTE MPHBOAMT K MOTEpPE
OopIoit yactu ypoxas [7; 8].

0030p uTEpaTYpHI

0O030p cOBpeMEHHOI Hay4HOU JUTEPATyphl, a TAKKE TEXHOJIOTHI yOOPKH KOpHE-
TUIOOB | KapTo(ens, cenapupyromux pabodux OpraHoB KapTogeneyOopOoYHbIX Ma-
IIMH NIMPOKO IMPEACTaBIeH B padOTax POCCHHUCKUX M 3apyOeKHBIX YUCHBIX. AHAIH3
MOKAa3bIBAET, YTO MOBBIIICHUE KayecTBa Cemapaiyy MOYBBI M YPOBEHb SKCILTyaTallu-
OHHBIX ¥ TEXHOJOTMYECKHX MOKa3aTeJieii BO MHOTOM 3aBHCUT OT WHTEHCH(HUKATOPOB,
YCTaHOBJICHHBIX Ha CEMapHpyIoIIuX 3meBaropax [5]. Pazpaboranbl criocoObl 1 cXeMbl
MHEBMATUYECKOTO, THIPaBIMIECKOTO M MEXaHWYECKOTO MPHUHIUMA JACHCTBHS HA TIO-
YBEHHBIC KOMKH TSI KPOIIICHIS TIOYBHI [4].
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[HoaTBepxkaeHo, uTo 3¢PEeKTUBHOCTD paboThl CeNapupyIolIero yCTporucTBa Ha-
OpSIMYIO CBsI3aHA C KOHCTPYKLKEH M MECTOM PACIOJIOKEHUsI CaMOr0 MHTEHCU(pUKa-
Topa B KoMmOaitHe'. DTo xapakTepu3yeTcs OTCYTCTBHEM WM HE3HAYMTEIBHBIM CO-
JIiep>)KaHHeM B BOpOXE HECeNmapHpyeMbIX MOYBEHHBIX KOMKOB U KOJUYECTBOM IOBpE-
JKICHHBIX KITyOHEH.

Xapakrep MOCTyHamoIed Ha cemapupyronme pabodre opraHbl Kaprodeneybo-
pouyHOTO KOoMOaiiHa KIIyOHEHOCHOW Macchl BO MHOTOM 3aBHCHT OT ITOYBEHHO-KIIMMa-
TUYECKUX YCJIOBH, B YaCTHOCTH, OT BIAKHOCTH MOYBHL. C IMOBBIMIEHHEM CKOPOCTH
KapTodeneyoopouHOi MaIIMHEI YBETUIHBACTCS TONIIHHA KITyOHEHOCHOTO IIIacTa Ha
cenapupyronmx padounx opranax [9; 10].

Ha ocHOBaHMY HaHHBIX MPOBEJCHHOTO aHAIIN3A CIIEAYET OTMETHTD, YTO IIPUMEHSIE-
MBbIE€ COBPEMEHHBIE KOHCTPYKIINU NHTEHCU(PHUKATOPOB B 3aBUCUMOCTH OT MECTa Pacro-
JIOXKEHUs B KOMOaliHe BIUSIOT HA CTENICHb ITOBBIIICHHS CENapaIiiy MOYBI U CHUKCHHE
NOBpekAeHus Kiyonei [11].

Hanpumep, naTeHCH(PHUKATOPBI, PACIIONOKEHHBIC HaJl pa0OYUM TOJOTHOM, HEJ0-
cTaroyHo 3(ppeKTUBHEI B citydae 3a0MBaHUS 3a30POB MKy MPYTKAMU AJIEBATOPA [IThI-
0aMu ¥ MEJIKUMH KITyOHSIMU.

s yny4iieHus KauecTBa cernapalny MouBbl aBTOPHI TAHHOM CTAaThbU MpejJiara-
I0T UHTEHCU(PUKATOp KapTodheneyOopouyHOro KomOaiHa B BUAE JIOMACTHOTO TpaH-
crioprepa, KOTOPBIH, B OTIWYHE OT MPEIIeCTBEHHUKOB, PACIIONOXKEH 1Mo paboueit
BETBBIO MMOJIOTHA OCHOBHOTO 3ieBaropa’ [12]. HTeHCHbUKATOp BBHIIIOIHEH B BUJIE
TpaHCIIOPTEPA C JIOMACTSIMHU, YCTAHOBJIEHHBIMU MOl HEKOTOPHIM yriioM. OH Bpaina-
€TCsl B CTOPOHY, MTPOTHBOTIONIOKHYIO BPAIIEHUIO CEMapupYIOIIEeTo diieBaropa Kap-
TodeneybopouHoro koMOaiHa, 4TO MO3BOJSET 3ALIMINATH 3a30PBl MEXAY IpPyTKa-
Mu ot 3aynumanus [13; 14]. OcHOBHas 3ajada JOMACTHOTO MHTCHCU(HUKATOpA — HE
JIONyCKaTh 3aJIMIaHUs MEXIy MPyTKaMu KoMmOaitHa npu yOopke Kaprodens u TeM
CaMbIM yMEHbIIATh MEXaHUYECKHE TOBPEKACHHS KIyOHEH KapTodens W MOoTepro
ypoxKas.

MarepuaJjbl 1 MeTOAbI

Bormpoc o Bo3aeiicTBHY JIONACTHOTO TPAHCIIOPTEPa CeMapupyoIIero 3IeBaropa Ha
MPOIIeCC Cemapalyy MOYBEI B KapToderneyoopodHbIX KoMOaliHaX M3ydeH C MpUMEHe-
HUEM METOJIOB TEOPETHUECKOW MEXaHUKH.

PaccmoTpuM mHTEHCH(HUKATOP Cemapaniy ¢ JOMACTHBIM TPaHCIIOPTEPOM, pac-
TIOJIOKEHHBIH TI0J] paboveil BETBHIO OCHOBHOTO 3JIEBATOpA, C YIPYTHMH IUIOCKUMH
JIOTACTAMH, IBIKYIIUMHCS HABCTPEUY IMOJOTHY OCHOBHOTO 3ieBaropa (puc. 1). Jlo-
MacTh UHTEHCU(HUKATOPA, YCTAHOBICHHOTO O] pabodeil BETBBIO AJIEeBATOPA, HOIIK-
Ha BBIMONHATH (PYHKIIMH TOJKATENS MPH 3aJIMITAHAH W TIOTIalaHuy KIyOHeH B 3a30p
MEXIy TPYTKaMHU.

! Cyznanesa I. ®@. TexHONOIHs cenapanyy IOYBEHHO-KapTO(EIbHOI0 BOPOXa ¢ 000CHOBAaHHEM KOH-
CTPYKTHBHO-PEXUMHBIX IIapaMETPOB 3JI€BATOPA ¢ KOMOMHUPOBAHHBIMH IPYTKAMU U HHTEHCH(DUKATOPOM :
JIUC. ... KaH]. TexH. Hayk. Pa3ansb, 2005. 169 c.

2 Jlunaroa M. A., Boperues C. H. O630p cenapupyromunx opranos kaprodesiey0opoyHbIX MaIiuH //
Marepuanst Beepoc. Hayd. koH(., mocBsimeHHON 80-JeTHIO co AHS poxxaeHus npodeccopa A. M. Jlonaruna.
2020. C. 133-138. URL: http://rgatu.ru/archive/sborniki_konf/12-13 11 19/sbor.pdf (nara obOparueHus:
15.02.2023).
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Bnaromaps moanep:KUBaIONIMM POJIMKaM MOXKHO IMPEHEOpedYh MPOrHOOM JICHTHI
TpaHCIOPTEPa UHTEHCU(HUKATOPA U MONEPEYHBIM IEPEMEIICHUEM JIOTIACTU-TOJIKATEIIS
B HAIIpaBJICHUHU, ICPICHANUKYIIAPHOM IVIOCKOCTHU JICHTBI, IIPpHU B3aHMOI[eI7[CTBHH TOJIKa-
Tens ¢ miactom [15-16].

Takum 00pa3oM, TOJIKATEIIb MOXKET B3aUMOJICHCTBOBATh TOJIBKO C TAKMMH YaCTAMHU
HaxoaAmuUXxcCsa MEXIAy COCCIHUMU NIPyTKaMn KHY6Heﬁ, KOTOPLIC BBICTYIIAIOT 3a IIPCIc-
JIBI TINTTOCKOCTH, Kacaromeﬁcsl MUWINHAPUYCCKHUX ITPYTKOB U Haxozmmef/'lc;[ o4 HUMMU.

Puc. 1. OcHOBHOI 371€BaTOp C MHTEHCU(UKATOPOM CeIapaiuu:
1 — MOJIOTHO OCHOBHOTO 3JIEBATOPA; 2 — MPYTOK OCHOBHOTO 3JI€BATOPA;
3 — ONIOTHO PE3UHOBOTO TPAHCIIOPTEpa UHTEHCH(UKATOpa; 4 — JIONAcTh;
5 — noaepKUBAIOIIUN POTUK

Fig. 1. Main elevator with separation intensifier:
1 — belt of the main elevator; 2 — bar of the main elevator;
3 — intensifier rubber conveyor belt; 4 — paddle;
5 — supporting roller

Beinenum nBe ¢aspl IBIOKEHHS KIYOHS B 3a30pe MEXIY IPYTKaMHU:

1) ABMKeHHEe HECBOOOTHOTO KIyOHS MPU OIpPaHUYCHUSAX, HAJIOKCHHBIX CBA3BIO
B BUJIC TIPYTKa;

2) nBUXKEeHUE CBOOOIHOTO KITyOHsI IOcie OCBOOOXKIICHUS OT CBSI3U, TO €CTh 0e3
KOHTAKTa C MPYTKOM.

BBenieM JONOMHUTENLHO CleAyIomue 0003HadeHus (puc. 2): ¢ — BpeMms, C; X, Y, —
KOOpAMHATHI HeHTpa Macc O, KiyOHs B cucteme koopauHar O x,y,, M; ¢ — TOJAPHBIHA
yron uenrpa macc O, kiyOHst B cucteme koopaunar O x,y, ¢ oTcuetom ot ocu O x,
¥ BO3PACTAHUEM B HAIPABJIEHUH TIPOTUB XO/1a CTPEJIKU YacCOB, Pajl; ¢, — MOJSPHBIA yro
B Ha4aJIbHBIH MOMEHT, paj; ¥ — yroj I0BOPOTa KJIyOHs BOKPYT OCH, IPOXOISIICH yepes
LIEHTP MacC KIyOHs mapaiesbHO MPYTKY € OTCYETOM OT OCH, TapajuienbHon ocu O x|,
¥ BO3PAaCTaHHMEM B HAIIPABJICHUH TIPOTUB XO/Ia CTPEJIKH 9acOB, Pajl; ¥/, — YroJjl IOBOpOTa
KIIyOHs B Ha4aJbHBII MOMEHT, paj; J — MOMEHT HHEPLHUH KIYOHS OTHOCHTENBHO OCH,
MPOXOAALICH Yepe3 UeHTP Macc KIyOHs MapajuledbHO MPYTKY, KT; i — KOA(GPHUIUEHT
TPEHHSI CKOJIBKEHHUS KIYOHs [0 pe3uHe MPYTKa M JIONACTH; M — Macca KIyOHS, KT;
N — BemMUMHA HOPMAJILHOM COCTaBIISIIOLIEH peakuuy npyTKa Ha kiybens, H; 7'— cua
TPEeHUsI MeXy KiyOHeM u ipyTkoM, H; P — Bec kiny0Ons1, H; g — yckopenue cBo6onHOTO
naneHus KiyOHs, m/c?; D, R — nuaMeTp u paauyc KIyOHs co cepruecKoil moBepx-
HOCTBIO, M; d, ¥ — IMAMETP H PauyC HUIMHIPHYECKOTO MPYTKA, M; /i — PacCTOsSTHUE
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MEX/Ty PYTKOM U JICHTOM PE3WHOBOTO TPAHCIIOPTEpa MHTCHCU(PHUKATOPA Celapaluu, M;
0. — yrojl HaKJoHa paboueli BeTBU MOJIOTHA 3JIeBaTOpa K TOPU30HTAIBHOMN MIOCKOCTH,
rpax; [ — mar nomacteid, M; Af — BpeMs IaJieHns Tella B BUJIE IIapa ¢ TIOJI0THA 3J1eBaropa
Ha JIEHTY TPaHCIOPTEPa MHTEHCH(UKATOPA CeNapaluy, C; v, v,— BEIMYMHA CKOPOCTH

COOTBETCTBCHHO Hp}ITKa U JI0ITaCTHu HpI/I HOCT}/HaTeJ'IBHOM JBUXCHHUU OTHOCHUTCIIBHO
KoMOaiiHa, M/c.

‘l
N e
0;

y

\ 4 JV
Puc. 2. Ilonoxenue KiIyOHS B 3a30pe MEXy NPyTKaMH Ha NEpBOU (a3e IBIKCHUS OTHOCHTEIEHO
npyTKa (a) 1 Ha BTopoii (ase aBmxenus (b) ¢ ykazaHueM AeicTBYIOIINX Ha KITyOEHb CHIL:
1 — kimyOeHb; 2 — IPYTOK; 3 — TPACKTOPHS LEHTPA Macc KITyOHs
Fig. 2. The position of the potato tuber in the gap between the bars in the first phase of motion relative
to the bar (a) and in the second phase of motion (b) indicating the forces acting on the potato tuber:
1 — potato tuber; 2 — bar; 3 — trajectory of the center of the potato tuber mass

[Ipu cocTraBieHnN ypaBHEHHH IBH)KEHHS KITyOHS] OTHOCUTEIBHO NPYTKa Ha TIEPBO
(aze HEOOXOAUMO pacCMaTpPUBATh J[Ba CIyuasi: ABHKEHUE KITyOHs 0e3 CKOJIbKEHUS C TIPYT-
KOM (TIepeKaThIBaHUE IO IPYTKY) ¥ JBIKEHUE CO CKOJIBKEHUEM OTHOCUTEIBHO TPy TKA.

Huddepennnanbabie ypaBHEHHs IBUKEHHS KITyOHS Ha IepBoii (paze B IEpBOM CITy-
yae 3aluIieM KaK ypaBHEHHUS IJI0CKOMapaieIbHOTO ABMIKCHHUS Tea B HHEPIIUATLHON
cucteme koopauHar O Xy, B TAKOM BHJIE:

mx, = N cos¢ — T sin ¢;
my, = Nsing +T cosp — P, (1)
J¢=-TR.

IlepBbIil BapuaHT HMEET MECTO, KOT/[a BRINIOIHAETCS yeiaoBue 7 < uN. B aToM cinydae
K ypaBHeHUsM (1) ciaeqyeT 10OaBUTH 1Ba aHAIUTHYECKUX YPaBHEHUSI CBA3U:

x, =(R+r)cose;
, 2

y, =(R+r)sine.
JlaHHbIE ypaBHEHUS HMEIOT IATh HEM3BECTHBIX (QYHKLMHA OT BpEMEHU X, V,, @, N, T.
s ux pereHus: HeoOXOAUMO JOOAaBUTH HAaYalIbHBIC YCIIOBHSA: B HAYAIbHBIA MOMEHT
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KIIyOeHb, BEITOJIKHYTBIN M3 3230pa MEXIY NPYTKaMH, IOKOUTCSI Ha 3J1€BaTOpe, TO €CTh
CIIpaBEJIUBBI PABEHCTBA:

(1)

TAC 3HAYCHUC ¢, YKa3aHHOC Ha PUCYHKC 3, HUMECT BUA:

=0 =P (p|t=0 - 0; 5C1 =0 0; y1|1:0 = 0’ (3)

@, = arctan

R+r

IToncrasnss BepaxeHus (2) B ypaBHeHus (1) u uckiroyast U3 TpexX MOITYYEHHBIX
ypaBHeHUH niepeMeHHble N 1 T, puIeM K 0JHOMY TudepeHInaIbHOMY YPaBHEHHIO:

[J+mR(R+r)]¢=-PRcose;

npu J = 2mR*/5, P = mg:

[7TR/5+r])p =—gcosp. 4)

X1

X2

O

Puc. 3. HauanpHoe monoxeHue KIyOHs B 3a30pe MEXAy MPyTKaMH Ha MEpBO (a3e TBUKCHHUS:
1 — xiry0eHb; 2 — IpyTOK

Fig. 3. The initial position of the potato tuber in the gap between the bars in the first phase of motion:
1 — potato tuber; 2 — bar

Pemenue muddepennpanpaoro ypaBaeHus (4) ¢ HaUalbHBIMHU YCIOBUAMU (3) MOXKHO
HaWTU YUCIEHHBIMU MeTofaMH. IIpu 3Tom

N/im=g sin(p—(RJrr)gbz; T/m=gcos<p/[7/2+5r/D] (9).
Pemenwue (5) /Uit peakTUBHBIX CHJI CIIPABEUIMBO B IIEPBOM CIydae, KOTa BBITION-
HAtOTCS HepaBeHcTBa N/m > 0, T/m < ulN/m.

16
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Ecnu B kakoii-to MomeHT N/m > 0, T/m > uN/m, To HEOOXOAMMO paccMaTpUBAaTh
BTOPOH CIIy4ai.

Bo BrOopoMm ciydae, kora KiIyOeHb ABIXKETCS MO IMIPYTKY CO CKOJIBKEHUEM, CIICTYeT
NPUHSATH PABEHCTBO:

T=uN.

Huddepennmansabie ypaBHEHNS ABHKESHHA KITYOHS Ha IIEpBOi (paze BO BTOPOM CITy-
Yae 3aMuiieM KaKk ypaBHEeHHs [I0CKONapauIeIbHOTO ABMKEHUS Tella B MHEPLHAIbHOMI
cucreme koopaunat O x,y, B TAKOM BUJIE:

mx, = N cos¢ — uN sin ¢,
my, = Nsing + uN cosp — P; (6)
Ji/ =—uNR.

K ypaBuenusm (6) ciemyer 706aBUTh aHANUTHIECKUE YPAaBHEHUS CBS3H (2).

IIsate ypaBHenui (6), (2) IMEIOT NATh HEU3BECTHBIX QYHKIMA OT BPEMEHHU X, V',
@, N, . JInsg ux pemeHns HeoO0X0nUMO T00aBUTh Hada IbHbIE YCIIOBUS: B HAYAJIbHBIN
MOMEHT C OTCUETOM BpeMeHU OT ) MoJIoJKeHNe M CKOPOCTh IIEHTPa Macc KIIyOHS clie-
JTyeT IPHUHSTH KaK penienne ypaBHeHui (1), (2) B MOMEHT Hauaja CKOJIbKEHUS, KOTIa
N/m >0, T<uN.

[oncrasnss Beipaxenus (2) B ypaBHeHus (0), IOCIIe UCKIIOYEHUS U3 TPEX MOIy-
YEeHHBIX YPaBHEHHH MepeMeHHOM N puaeM K cleayIonuM IByM auddepeHnnaabHbmM
YpaBHEHUSIM:

m(R+r)(ﬁ :—/,tm(R+r)(b2 —P(COS(P—/JSin(P);
Jy :—M[Psin(p—m(R+r)(/52]R,

ampuJ=2mR*5, P= mg:

(R+r)p=—p(R+r)p* —g(cosp—pusing);

.. , . 7
(2R/5)w=—,u[gs1n(p—(R+r)(p2]. )

Pemenne nuddepennmanbHbIX ypaBHEHHH (7) MOYKHO HAWTH YMCIEHHBIMUA METOAAMH.
HauanpHble yciioBus U1 IEPEMEHHON Y COBNAAAIOT C YCIOBUAMM Ul IEPEMEHHOH ¢
B MOMEHT OKOHYaHUsI IBIKEHUSI HA IEPBOH (paze 06e3 CKOJbKEHHsI OTHOCUTEINILHO IIPYTKA,
TO €CTh B IIepBOM citydae. IIpu aTom

N/m=gsinp—(R+r)¢’. (8)

[epBas daza nBrkeHMs 3aKaHUYUBAETCS, KOTa Ha 3TOH (aze BBITIONHACTCS Hepa-
BeHCTBO N/m < 0. Ecnin HepaBeHcTBO N/m < 0 IMeo MecTo Ha MepBoi (pase ABMKEHUS
B IIEPBOM CIIy4ae, TO BTOPOI CIIy4ail paccMaTpuBaTh HE HYXHO, TO €CTh IepBas ¢asa
3aKaHYMBACTCS B IIEPBOM CITydae.

Technologies, machinery and equipment 17



I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 34, Ne 1. 2024

Ha BTOpoii da3ze, HaurHas ¢ HYJI€BOTO MOMEHTa BpeMEHH, LIEHTP Macc KITyOHs JBU-
JKETCsl Kak cBOOOHAsI MaTepualibHas TOUKa:

X, =X, + X0 ©)
V1= +J./10t_gt2 /2,

€ X, ¥, ¥ X|05 Y} — KOOPIAMHATHI M IPOEKLIMH CKOPOCTH LEHTPA MACC KIYOHS 110 0CAM
Ox, 1 Oy, B MOMEHT OKOHYaHHUS NIEPBOM (a3bl JBUKEHHUS, KOTOPBIE 3AIMILEM B BUJIE
npeoOpa3oBaHHEIX (HOpMy (2), KOrIa BEIUYHHBI ¢, ¢ MPUHAMAIOT 3HAYCHHUS @, o Pio
U @y , ¢, COOTBETCTBEHHO:

X =(R+r)cos,;
Vi =(R+7)sing,;
Xy = _(R + ’”)ﬁbm sin@,y;

Yio Z(R"'V)‘/"lo COS Py-

MoOMEHT BpeMeHH, KOIia KIIyOeHb COPUKOCHETCA € JIGHTOH TpaHCIopTepa, oIpe-
JeNsieTcs U3 yCIOBUSL:

v, —xtga+(h+r—R)/cosa <0. (10)

3a BpeMs At majeHus KIyOHS Ha JICHTY TPAHCIOPTEpa JIOMACTh MePEeMECTHTCS
OTHOCHUTEIBHO KITYOHS BIOJb JCHTHI M MOJIOTHA TPAHCIIOPTEpa Ha paccTOsHUE /.
YYuThIBast, 4TO CKOPOCTH JIONACTH OTHOCHTENHHO KIIyOHS BAOJh pabovero mojoTHA
aJeBaTopa CKJIaJBIBAETCS M3 CYMMBI BETUYMH CKOPOCTEH TOYEK JIOMACTH U MPYyTKa
3IIeBaTOpa OTHOCHUTEIHHO KoMOaliHa, 3aluIIeM BhIpaKeHUE 1T MUHUMAJILHOTO mara /
JIOTIacTe! Tak:

at’ +bt,+c, =0. (11)

Bropas ¢a3za aBukeHHs KIyOHS 3aKaHYMBACTCS B MOMEHT BBITIOJHEHHS YCIIO-
Bus (10). IToxcrasnas Beipakenus (9) koopauuar x,, y, B paBeHcTBO (10), 3anummem
YPaBHEHHME JUISl ONPE/ICTCHUs BPEMEHH ¢, IBMKCHUSA KITyOHs Ha BTOpOH (ase B Takom
BH/IC:

at,’ +bt,+c, =0, (12)
e
a,=g/2; b =X,tgo — 305 ¢, = Xotga — v,y —(h+r—R)/cosa.

Pacuer koopJMHAT IEHTpa MIAPOBOTO MEIKOTO KITyOHS MIIM KOMKA TTOYBBI TIPH €T0
JBIDKCHUH Yepe3 3a30p MEX[y MpyTKaMH 3JIeBaTtopa Ha nepBoi daze nmo auddepen-
IUaTbHBIM ypaBHeHHIM (4) u (7) 1 Ha BTOpo# (a3ze mo ypaBHeHHsM (12) mo3BomseT
MOJIEJIMPOBaTh JBUKCHUE TOUKM HAa KOMIIBIOTEPE U aHAJIM3UPOBATH TPAEKTOPUHU €€
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JBIDKCHMsS. AHAaTN3 ypaBHEHUH ABMKEHUS TIO3BOJISIET CAENATh BHIBOJ O TOM, UTO BpEMsI
najeHus 1apa Ha JICHTY TpaHCIopTepa U3 Ha4ajJbHOTO MOJOKEHHUs, IPH KOTOPOM HIap
OTMpPAETCsl Ha PYTOK U JIONACTb, MPH 33aHHOM PACcCTOSHUU OT JICHTHI 10 IIPYTKa dJie-
Baropa u 3aJlaHHOM K03(p(QUIeHTe TPEeHHS KOMKA C IPYTKOM HE 3aBUCHT OT CKOPOCTEH
TOYEK JIOMIACTH U TPYTKA, a 3aBUCHT TOJILKO OT TuaMeTrpa mapa. CiejoBaresibHo, B COOT-
BeTCTBUH ¢ (hopmynoii (12) mar / monacte yBeTHMUNBaETCS MPSMO MPONOPIIOHATBHO
YBEJINYEHHUIO CKOPOCTH TOYKHU JIONACTH B ABMKEHUHM OTHOCHUTEIBHO IpyTKa. IlosTomMy
IPU pacyeTe MUHUMAJIBHOTO IIara JIOMACTH CKOPOCTh €€ TOUKU OTHOCUTEIIBHO MPYTKa
clleqyeT Ha3Ha4aTh MaKCHMaJIbHON U3 PacUETHBIX 3HAUEHHUH MPH Pa3HBIX YCIOBUIX
9KCILTyaTaliH.

Jns ouenku mara / nonacteld mHTeHCU(pUKaTopa cenapanuu no Gopmyne (11)
ya00HO paccMaTpUBaTh ABMKEHUE LEHTPA Macc KIyOHS OTHOCHUTENBHO JIOMACTH
W JICHTHI TpaHCHOpTepa HHTeHCHpUKaTopa. B cBsA3aHHOI ¢ J0MacThi0 CUCTEME KO-
opaunar O,x,y, ypaBHEHHs [BHKCHUS LEHTpPa KIyOHs Ha 00eux (asax samuimem
Tak (puc. 2b, puc. 3):

X, =x,cosa+y sina +(U€ +U,.)t;
(13)

y, =—x,sina +y,cosa+h+r,

IJIE X, ¥, — KOOP/IMHATBI IBMXKYIIETOCS EHTPA KIyOHst B cucteme koopaunar O x v .
MomeHT BpeMeHH Af, Koraa KiyOeHb B BUJIE IIapa COMPHUKOCHETCS ¢ JICHTOM TpaH-
croprepa, OnpeessieTcsl U3 CIEeIyOUIEr0 YCIOBHS:

»,—R<0.
IIpu sToMm dopmyna (11) mpumer Takor BUA:
[=x, (At)—x2 (0).

MunnMaIbHBIA mar / 1onactedl paBeH PasHOCTH aOCIKCC X, KOHIEBBIX TOYEK Tpa-
EKTOPHUH [IEHTPA KOMKa TP JIBUKCHUH €r0 OTHOCUTEIBHO JIONACcTH (pHC. 4a).

Pe3ysnbTarhl nccie10BaHus

AHanu3 peweHus nuddepeHunanbHbIX ypaBHEHUH IBIKEHUS KIyOHs ((opma
KIIyOHS MoJpa3yMeBaeTcs B BUAE IIapa) OTHOCUTENbHO NPyTKa OKa3all, YTo MpH JTU-
ameTpe KiyoHst 25 MM 1 30 MM UMEIOT MeCTO 00a Citydas IBHIKEHUS Ha TIEPBOH (aze.
CHauana map nepeKkaTblBaeTcs 0 IPYTKY, 3aTEM CKOJIB3UT 110 HEMY C 3aMeIJICHHBIM
BpallleHUeM U TIOCJie CX0/ia C MPYTKa Ha BTOpoi (haze JBUKETCS KaKk CBOOOJHOE TEIO
(puc. 4b, 3).

Pacuersl mokazanu, 4To MpH 3aJJaHHBIX MapaMeTpax U YCIOBHUSX IIar JOMAcTeH,
paBHbIi 210 MM, o0ecTieauBaeT MaieHHE MIAPOBOTO KOMKA C TIPYTKA ¥ JIOTIACTH HA JICHTY
TpaHcropTepa 0€3 CTOIKHOBEHHSI CO CIIETYIOIICH JIonacThio (puc. 5).
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Puc. 4. Tpaexropuu ABMXEHUS LIEHTPa LIapa pa3HOro nuaMmeTpa D yepes 3a30p

MEXTy NPYTKaMH 3JIEBATOPA M 3aBHCUMOCTH €T0 KOOPMHATEI V), OT X, PH JIBHKCHHH
OTHOCHTEIILHO JIONACTH (@) U KOOPAHHATHI ¥, OT X, HPH JIBIKCHUU OTHOCHTENLHO NpyTKa (b):
1-D=15mm;2-D=20mm;3—-D=25mm;4 - D =30 Mmm

Fig. 4. Trajectories for motion of the center of a ball of different diameters D

through the gap between the elevator bars and the dependence of its coordinate y, on x,

when moving relative to the paddle (a) and the coordinate y, on x, when moving relative to the bar (b):
1-D=15mm;2-D=20mm; 3-D=25mm; 4—-D=30mm

[, MM / [, mm

210 /\

209,5 /
209 /
208,5

Z

0 10 20 D, mm /
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Puc. 5. PacuerHas 3aBUCMMOCTh MUHMMAJIBHOTO L1ara / jomnacreii ot quamerpa D
mrapa Ipy CKOPOCTH JIONIACTH OTHOCHUTENIBHO NpyTKa 2,9 M/c

Fig. 5. The estimated dependence of the minimum pitch I of the paddles on the diameter D
of the ball at a blade speed relative to the rod of 2.9 m/s

Kak MOxHO BUIETh Ha rpaduKe, IPEACTaBICHHOM Ha PUCYHKE 5, 3aBUCHMOCTb IlIara
OT IMaMeTpa 1apa, u3MeHeHue auamerpa ot 15 MM 10 30 MM IPUBOAUT K YBEIUYEHHIO
mrara Ha 2 MM, 4To coctasisier 1 %. Takum o0pa3oM, pu 3aJaHHOM PACCTOSHUH JICHTHI
TpaHCHopTepa OT MpyTKa, paBHOM 30 MM, 1ar jjonactel ¢ TouHocThio 1 % onpenensercs
CKOpOCTBIO JIOTIACTH B JBMKEHUU OTHOCHUTENBHO MPYTKA.

1 moATBepKACHUS TEOPETHUECKUX HUCCIEAOBAaHUM OBUIM MPOBEICHBI MOJICBBIC
UCTIBITaHUS] MOAEPHU3UPOBAHHOTO KapToderneydopounoro kombaiina KITK-2-01, ocha-
IIEHHOTO JIONACTHBIM HHTEHCH()HUKATOPOM CEeNapUpyIOIIEro 31eBaTopa.
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Pe3ynbrarhl HEKOTOPBIX OCHOBHBIX CPaBHUTEIHHO-TIONEBBIX UCCIICAOBAHUI MTPHUBE-
IeHsl B Tabaume 1.

Tab6nuna 1
Table 1
ArporexHuyeckue nokasaresi padornl komoaiina KIIK-2-01
Agrotechnical performance of the combine harvester KPK-2-01
KIIK-2-01

C OKCTIEPUMEHTAIIBHBIM
KIIK-2-01 /| pabouum opranom /

IMoka3arenn / Indicators KPK-2-01 KPK-2-01 with
experimental working
body
Ckopoctb koMOaiiHa, M/c / Harvester speed, m/s 0,84 0,86
ITonHoTa BHIKaNbIBaHUsA KiyOHeH, % / Efficiency of digging 97.8 98.9

potato tubers, %

OcraBieHo Ha MOBEPXHOCTH, % /

Left on the surface, %
B ToM umcie: / including: - -
HE 0TOpBaHO OT 00TBHI / not torn off from the tops
Bcero noreps / total losses 2,2 1,1

UYucrota B Tape, %: / Purity in container, %:
B TOM ymcie: / including:

KiIyOHH / potato tubers 88,9 97,8
mouBa / soil 10,1 1,3
pacTHTeIbHBIE OCTaTKH / plant remains 1,0 0,9
INommora cemapanumn, % / Separation efficiency, % 85,2 93,5
Topexnenus kiryoneit, % / Damage to potato tubers, % 4,5 2,8

O0cy:x1eHue U 3aKJII04eHne

Hccnenoranue nokasao, 4To 1ar jomnactel, papHeiid 210 MM, oOecrieunBaeT najieHue
HIapPOBOT0 KOMKA C MPYTKa U JIONIACTH Ha JICHTY TpaHcIopTepa 0e3 yaapa co ciaeayroei
nonacteio. M3mMenenue nuamerpa ot 15 MM 10 30 MM IPUBOJNT K YBEIUYECHHUIO I1ara Ha
2 MM, yTo coctarisieT 1 %. Takum o0pa3om, Mpu 3aJaHHOM PACCTOSHUH JICHTHI TPaH-
cropTepa ot mpyTka, paBHoM 30 MM, mar Jiomacteil ¢ TO4HOCTBIO 1 % ompenemnseTcs
CKOPOCTBIO JIOTIACTH B JBMYKEHUH OTHOCHUTENBHO MPYTKA.

Ha ocroBanrmnu Tabmuiis! 1| MOXKHO clieiaTh clieayloniee 3aKitodeHne. HemoBpexxneHabe
Ki1yOHH cocTaBisitoT 97,2 %, noBpeskaeHHble Kiyonu — 2,8 %. brnarogaps ycraHoBieHHOMY
TPaHCIIOPTEPY C JOMACTHBIM HHTEHCU(PHKATOPOM HE HaOIIOIAIOCh 3aJIMTIAHNS ITPOCBETA
Mexay npytkamu. [loBpexxaenus kiayOneil ymenbiatorcs Ha 38 %. D10 mpoucxonut
3a CYET BBITAIKMBAHUA KITyOHEH 13 3a30pOB MEXKAY COCETHUMH MIPYTKAMH, IPH CITydae
€CJIM KITyOHU 3aKpbIBaIOT 3230Pbl M TPAHCTIOPTHPOBAHKE OTCEMAPUPOBAHHBIX PHMeEceii
0e3 3aKJIMHMBAHMA UX MEXITY JIOMACTHIO U MPYTKoM. OTCYTCTBHE 3JIMIIAHUS IPOCBETa
MEXAY HMpyTKaMU MO3BOJUIIO YBEIUYUTH pab0dyi0 CKOPOCTh MOJAEPHU3UPOBAHHOTO
rkombOaiina KITK-2-01 ¢ 0,84 m/c ma 0,86 m/c.

Takum 00pa3om, pe3yNbTaThl MOJIEBBIX UCCIIEIOBAHNI TOKa3aIIN BRICOKYIO () (EKTHB-
HOCTB paboTsI KapTodeneyoopoanoro kombaitHa KITK-2-01, ocHaIeHHOTO JI0TTacTHREIM
nHTeHCcH(rKaTopoM. Clie0BaTeTbHO, TEOPETUIECKUE TTPEATOCHITKH TTOATBEP IUIHCH.
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BiusiHMe yriia HAaKJI0HA pelIeTKH
HA 3P PeKTUBHOCTH NMpeABAPUTEILHOM
cenapanuy 04YeCaHHOI0 BOpoxa

B. B. Hukutun, B. H. O:xepeibes™

bpsanckuil cocyoapcmeennvlil azpapHulii yHugepcumem
(c. Koxuno, Poccutickas ®edepayust)

™ vicoz@bk.ru

Annomauus

Beeoenue. AxtyanpHOI HaydYHOH U IPaKTUUECKOH 3a1a4deld siBsieTcss 000CHOBaHUE BBIOO-
pa HanboJee MepCIeKTHBHOTO BapHaHTa yCTPOWUCTBA JUIS IIPEIBAPUTENHHON ceraparun
0Y€CaHHOTO BOPOXa, a TAK)Ke ONTUMHU3ALHS €T0 KOHCTPYKIHUH.

Lenv uccredosanus. OneHKa BIMSHUS yIiIa HAKJIOHA PEIIeTKU Ha 3()(EeKTUBHOCTH Tpen-
BapHUTENBHON CEMapaliy O4eCaHHOTO BOPOXa.

Mamepuanet u memoosi. MUHIMH3UPOBATh IIOCTYIUICHNE CBOOOIHOTO 3epPHA B MOJIOTHII-
Ky MOKHO MOCPEJICTBOM JINOO PEIMIeTYaToro AHUIA HAKIOHHOW KaMephl, 1100 TOpU30H-
TaJIFHOTO yCTpoiicTBa mpenbapabanHoro Ttuma. [ BeIOOpa ONTHMAILHOTO BapHaHTa
KOHCTPYKI[MH CETapHpyIONIEro yCTPoicTBa ObLT CIUNTAHUPOBAH U MPOBEJEH JabopaTop-
HBII 9KCTIepUMeHT. MccnenoBanus MpoBOAMINCE B ABa 3Tana. B mepBoii cepun sxcnepu-
MEHTOB KOPITYC 3JIeBaTOpa yCTaHABIMBAIN TOPU30HTAIIBHO, a BO BTOPOH — 1of yIiioM 45°
K ropusoHTy. IllnpruHa oTBepCTHI pemIeTIaToro AHUINA UMENa YeThIpe YPOBHS BapbHpO-
Banust (6, 8, 10 1 12 MM), a CKOPOCTH CKPeOKOBOTO TpaHCTOpTEpa cocTassiia 3 m/c. B ka-
yecTBe 00BEKTa MCCIIeIOBaHNs OBUT BEIOPAH OYECAHHBIH BOPOX O3UMOM IIIEHUIIEI COpTa
«MOCKOBCKas 56». BnaxkHocTh 3epHa coctasisia 12 %.

Peszynemamer ucciedosanus. YCTaHOBICHO, YTO C yBEJUYCHHEM IIMPHHBI OTBEPCTHH
pelieTyaToil MOBEpXHOCTH MHTEHCHBHOCTh CEMapalniy CBOOOJHOIO 3€pHA MOBBIIIAETCS.
MakcumansHas poryckHas cmocooHocTh (90 %) yCTpoicTBa COOTBETCTBYET TOPU30H-
TaJIbHOMY TIOJIOXKEHHIO PEIIEeTYaToro AHUINA SKCIIEPUMEHTAIbHOH YCTAHOBKU U IUPHHE
otBepcTHit b = 12 MM. DKcTpanomsnus rpaguka yObIBaHHS CBOOOIHOTO 3€pHA CBUIETEIIb-
CTBYET O TOM, UTO JJIsl 0OeCHedeHH s TOJTHOTO BBIAENEHHSI CBOOOTHOTO 3epHa JJIHHA CeTa-
pupyromIel pereTky 1ooKHa ObITh He MeHee L = 0,9 M.

Obcyorcoenue u 3axniovenue. VICionb30BaHNE TOPH30HTAIBHON PEIIETKH MO3BOMSET I10-
BEICUTB CETapUPYIOIIYI0 CIIOCOOHOCTh YCTPOWCTBA, a Tak)Ke CHU3UTH €r0 METaIoeM-
KocTb Ha 14-16 %.

Knrwouegvie cnoesa: 3epHoy0OpOUHBII KOMOAiiH, 0uec pacTeHHii Ha KOPHIO, CBOOOIHOE 3ep-
HO, OYECaHHBII BOPOX, CeMapUpyIomast permeTka

I(oudmukm unmepecoe: aBTOPLI 3aBIAIOT 00 OTCYTCTBHUU KOH(i)J'II/IKTa HUHTEPECOB.

Eﬂazodapnocmu: AaBTOPbI BBIPpAXKAKOT IMPU3HATEIIbHOCTh aHOHUMHBIM PEIICH3CHTAaM, 00b-
€KTUBHBIC 3aME€UaHUA KOTOPBIX CIIOCOOCTBOBAJIN MOBBIIICHUIO KAYECTBA CTAaThH.
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Influence of the Grid Inclination Angle
on the Efficiency of Preliminary Separation
of the Combed Heap

V. V. Nikitin, V. N. Ozherelev **
Bryansk State Agrarian University
(Kokino, Russian Federation)

" vicoz@bk.ru

Abstract

Introduction. A highly topical scientific and practical task is to justify the choice of the
most advanced variant of the device for pre-separating the combed heap and to optimize
its design.

Aim of the Study. The study is aimed at testing the effect of the grid inclination angle on
the effectiveness of pre-separating the combed heap.

Materials and Methods. 1t is possible to minimize the separated grain flow into the
threshing machine either by means of a feeder house grid bottom or by means of a hor-
izontal separating device, located directly in front of the threshing drum. To select the
optimal design of the separation device, there was planned and conducted a laboratory
experiment. The study was carried out in two stages. In the first series of experiments,
the elevator body was installed horizontally, and in the second series — at an angle of
45° to the horizon. The width of the grid bottom openings had four variations (6, 8,
10 and 12 mm), and the speed of the scraper conveyor was 3 m/s. A combed heap of
the winter wheat variety Moskovskaya 56 was selected as the study object. The grain
moisture was 12%.

Results. According to the results of laboratory studies, it was found that with an in-
crease in the width of the grid surface openings, the intensity of separating grain
increases. The maximum device throughput (90%) corresponds to the horizontal posi-
tion of the grid bottom of the experimental installation and the width of the openings
b = 12 mm. Extrapolation of the separated grain decreasing graph indicates that to
ensure complete separation of grain, the length of the separating grid should be at
least L =0.9 m.

Discussion and Conclusion. The use of a horizontal separating grid allows increasing the
device separation efficiency and reducing its metal content by 14—16%.

Keywords: combine harvester, combing of standing crops, separated grain, preliminary
separation, separating grid
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Beenenne

OmHuM 13 BOXXKHEUINIUX MTOKA3aTeNIeH CTPAaTErnIecKoi YCTOWIMBOCTH TOCYAapCTBa
SBJISIETCSl 00beM Mpou3BoIUMOro 3epHa'. Poccuiickasi 3epHOBasi OTPacib BMECTE CO
BCEM CEJIbCKUM XO0351ICTBOM IPOIIIJia 3a IOCIEIHUE ACCATHICTHS OOJIBbILON Iy Th Yepe3
paluKaibHble HHCTUTYLIMOHAIbHBIE IPe00pa30BaHus K IOJIHOLEHHOMY PBIHKY. Jlaneko
HE BCE Ha 3TOM IIyTH ObUTO OJHO3HAYHO IMO3UTHBHBIM, OAHAKO, Yke B 2020 . 00beM
MIPOM3BOACTBA 3epHa NPeBBICHI B 1,26 pa3a COOTBETCTBYIOILMII IOKa3aTelb Haubomee
ycneriHoit coBerckoi mstiiaetku (1976—1980 rr.)?. CpeaHsis ypoxkaitHOCTh 3epHa yBe-
JIMYUIIACh B J1Ba Pa3a, 4YTO CBUJIETEIBCTBYET O Ka9Y€CTBEHHBIX N3MEHEHUAX B HAyYHO-TEX-
HUYECKOM 00€CTIeUeHIH OTPACIH U O 3HAYUTEILHOM MOBBIILICHUH €€ TEXHOJIOTHYeCKOTO
ypoBHs. B 2022 1. BasioBoii c6op 3epHa mpeBbicuil 150 MitH T, BeaeacTeue yero Poccus
BBIIILIA HA €T0 CPEHEYIIIeBOE TPOM3BOJCTBO Ha YpOBHE | T Ha YeTIOBEKa, YTO Ka3aloCh
HelocTIKUMBIM etrie 30 et Hazas.

OpmHMM W3 TIIaBHBIX YCIOBUI MHTEHCHU(IHUKAIIUN 3€PHOBOTO IIPOU3BOACTBA SBIISETCS
ero obecredeHHOCTb BRICOKOA((HEKTUBHONW YOOPOUHOM TEXHUKON. 3a MOCTCOBETCKUI
HEPHOJL MBI ITPOIUIN ITAIBI OPUEHTALMY Ha UMEBILIMIACS TEXHUUECKHUH 3a/1e, a 3aTeM Ha
MacCCOBBIM UMIIOPT 3epHOYOOPOYHBIX KoMOaitHOB. [Ipn 3TOM ymanoch B 3HAYMTEITLHOM
CTEIEHU COXPAHUTD U aJalTUPOBATh K COBPEMEHHBIM YCIOBHSAM OT€UECTBEHHOE KoMOaii-
HOCTPOEHHE, KOTOPOE TeNephb ACTUT POCCUHCKUI PHIHOK C MHOCTPaHHBIMU OpeHIaMu.
Tak, B 2019 r. 3aBoj «Poctcenbmann Beimyctun 78,8 %, a «bpsackcensmam» — 10,42 %
0T 00IIEPOCCHHCKOr0 MPOM3BOACTBA KOMOalHOB. B 2022 1. TpeTnii Mo 00beMy BBIITYCKa
3epHOYyOOpOoUHBIX KoMOaiiHOB B Poccuu 3aBon «Kiaac-Boctok» B KpacHonmape moman
noJ| caHKuKu EBpormnelickoro coro3a, ero najabHeIas nepcrneKkTrBa oka He oIpeese-
Ha®. 3HaYUTEIbHBIC TPOOJIEMBI UMEIOT MECTO U C MIMIIOPTO3aMEIICHHEM HHOCTPAHHBIX
KOMIUIEKTYIOIINX Ha OTEYECTBEHHBIX MPEANPHUATHUIX, KOTOpbIe 10 2022 T. ObUIH KPETKO
BCTPOEHBI B TEXHOJIOTHYECKHE LIEMOYKH C 3apyOeKHBIMU TTApTHEPAMHU.

Kpome opranmzanmoHHO-3KOHOMHYECKHX MPOoOJieM B KOMOAfHOCTPOEHUH €CTh
HEpelIeHHbIe HAyYHO-TEXHUYECKHe acieKThl. CTpeMiIeHne MaKCUMaIbHO yBEIHUYUTh
MIPOM3BOIUTENIEHOCTH 0OMOIIOTA TIPUBETIO K ee pocTy y kombaitHa RSM-161 mo 40 /4,
TOT/Ia KaK y COBeTCKOro npemmecTtBeHHNKa («/oH-1500b») oHa cocraBimsina Tonbko 14 1/4.
Bcenencraue 3TOro CyImecTBeHHO YMEHBLIAETCSI HEOOXOAMMOE YHCII0 KOMOaiHOB. BTophiM
CJIC/ICTBHEM SIBIISIETCS] HOTPEOHOCTD B O0JIee BHICOKOH YPOXKaHOCTH 36PHOBBIX KYJIBTYP.
Tak, kombaitn LEXION ¢upmer CLAAS TpebyeT 11 cBoeil onTUManbHOR 3arpy3Kd
ypoxaitHocTh He Hike 70 1/ra. O4eBUAHO, UTO MPU CpeHEeN ypOKaHHOCTH POCCHHCKIX
noseit mopsaka 25-30 1/ra Takasi BBICOKOIIPOU3BOAUTENIbHASI TEXHUKA HE OKYITUTCA.

B cBsi31 ¢ 3TUM P yUEHBIX MIPeJUIaraioT periaTh BONpOC ONTUMHU3AINY TTapKa 3ep-
HOYOOpPOYHOM TEXHUKH IYyTEM €€ 30HaJIbHOM Tu(PepeHIIMAIINYT U aTalTalluy K MECTHBIM
YCIIOBHSIM 32 CUET IIepexo/ia Ha CEMb KJIAaCCOB KOMOAITHOB C BapbUPOBAHNEM TIPOITY CKHOM
CIOCOOHOCTH MOJIOTHJIKH B Tipefenax oT 3 mo 12 xr/c [1-3]. IIpu nanbomnee HU3KOM
YPOXaMHOCTU MOXKET OBITH OIIPAaBAAHHBIM IIEPEXO] HAa PAa3AeNIbHYI0 YOOPKY C HCIONb-
30BaHHEM JKaTOK C TMTOPIIHOHHBIM cOpOoCcCOM XJIeOHOM MaccHl [4; 5].

! Antyxos U. A., Bactorur A. C. 3epro Poccun. M. : SKOHJIC-K, 2002. 432 c.

2 Cenbckoe xo3siictBo B Poccun. M. : Poccrar, 2021. 100 c.

3 PacrenueBozcTBo [Anexrponnsiii pecype]. URL: https://agrobook.ru/blog/user/olga-shupta/nemeckaya-
pressa-zapodozrila-claas-v-narushenii-sankciy-protiv-rossii (qata oopamienus: 23.06.2023).
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3HauuTEeNbHBIC PE3EPBBI COBEPILICHCTBOBAHMUS MPOIecca YOOPKHU 3epHA COACPIKUT €T0
ouec Ha kopHIo. [Tockonbky 10 70 % 3HEprozarpar B MOJOTHIIKE PacXOIyeTCs Ha Iepe-
TUPAHUE U PA3PBIB COJIOMBI, HCKIIIOUEHUE YKAa3aHHOTO TEXHOJIOTHYECKOTO KOMIIOHEHTA
U3 TIPOIIECCa B PE3YIBTATE UCIIOIB30BAHUS 0Ueca TIO3BOIUT YMEHBIITUTH YHEPTOEMKOCTh
obmorora B 1,42 pasa’ [6; 7]. IIpu cTabHIIbHOM pOCTE IIEH HA YHEPTOHOCHUTEIH 3TO
CYIIECTBEHHBIN CITOCOO MOBBIMIEHUST SKOHOMHUYECKOH 3((EKTUBHOCTH TIPOU3BOICTBA
¥ YMEHBIIICHUs cebecTonMocTh 3epHa [8—10].

HecMmoTtps Ha 04eBUIHYIO NEPCIEKTUBHOCTh 0YECA HA KOPHIO €ro MNPaKTHYECKOE
HCIIOJI30BAHUE IO PSAAY IPUUMH CACPKUBAETCA. Bo-nepBbIX, HENb3 CUUTAThH 3aBEp-
LIEHHBIM MPOLECC ONTUMU3ALMN KOHCTPYKLIUU OYEChIBAaTENE U UX OTACNbHBIX dJe-
MEHTOB, O Y€M CBHUJICTEIbCTBYIOT MHOTOUHCIICHHbIE HAy9HbIE ITyOINKAIIUH ITOCICIHIX
net [11-13]. B yacTHOCTH, AJI1 YMEHBIICHUS JHEPTOEMKOCTH O4eca IpejiaraeTcs uc-
MIOJIB30BATh MOIepedHble Konebdanus rpedeHok [14—16]. Bo-BTopbIX, ouecaHHbIN BOPOX
conepxut 10 80 % cBOOOMHOrO 3epHA, KOTOPOE MOCTYMAST B MOJIOTUIILHBIHN 3a30p, I7Ie
MOIBEPraeTcs TEXHOJIOTMIECKH HEMOTHBUPOBaHHOMY BO3/IEHCTBUIO Onueit OapabaHa.
B pesynbrare pe3ko Bo3pacTaeT CTeNeHb APOOIEHUS 3epHa U MOTPEOIIeTCs U3MUIIHE
10 10 kBT MOIIIHOCTH BUIaTes’.

PamukanpHO pemuTh MpooeMy MOTIIa ObI IPEIBAPUTENBHAS CEeTIapays O9€CAaHHOTO
BOpOXa JI0 €ro MOCTYIUICHHS B MOJIOTHJIKY C LIEJIBIO BBIAEIEHUS M3 HETO CBOOOIHOTO
3€pHa U HaIpaBJICHUsI IOCIEAHETO HETIOCPEICTBEHHO HA OUMCTKY, MUHYS MOJIOTHJIBHBII
anmnapar. CineayeT OTMETUTh, YTO CUHTE3UPOBAHO U UCIBITAHO HECKOJIBKO BAPUAHTOB
CEMapUpyIOLUX YCTPOHUCTB, KOTOPBIE CIPABIAIOTCS € MOCTaBICHHON 3anauei [17; 18].
B cBsi3u ¢ 3TUM aKTyallbHOUW HAyYHON M MPAKTHYECKOM 3a/auel siBisieTcss 000CHOBa-
HUe BbIOOpa Hanbollee MEPCIEKTUBHOTO BapHAHTa YCTPOMCTBA IS MPEIBAPUTEIHHOMN
cernapaiii 04eCaHHOT0 BOPOXa, ONTUMHU3ALIUS €r0 KOHCTPYKIIUH.

O030p TuTEpaTYpPHI

Urto0bl cienarh 0CO3HAHHBIN BEIOOP ONTHUMAIBHOTO BapUaHTa KOHCTPYKIIMH Ce-
MapHUpPYIOIIEro yCTPOiicTBa 1iesieco00pa3Ho, BO-NIEPBHIX, YETKO YCTAHOBUTH MPEIENbI
BapbUPOBAHUSI OCHOBHBIX IapaMETPOB OYECAHHOTO BOpPOxa. Y PasHBIX aBTOPOB OHHU
BapBHUPYIOTCS B MHUPOKUX Tpeaenax. Tak, comepkaHne CBOOOTHOTO 3epHa B BOPOXE
MOYKET MEHATHCS B Tpeaenax ot 60 mo 85 %, obopBaHHBIX KOsOCkeB — OT 10 10 25 %,
a COJIOMUCTBIX KOMIIOHEHTOB — OT 7 110 25 %°. IIpu 5TOM CJieiyeT MOMHHTb, YTO [ITUPOKHE
TIpEeJIeITbl BApbUPOBAHUS ITapaMETPOB BOPOXA MOTYT OBITH O0YCITOBIIEHBI KAK KOHCTPYK-
TUBHBIMU OCOOCHHOCTSIMHU OY€CHIBATENEH, TaK U Pa3HBIMU MTapaMeTpaMH UX HACTPONKH.
YBenu4yeHrne 4acTOThI BPaIllEH!Us O4eChIBaroIIero 6apadaHa criocoOCTBYET POCTY JTOITH
CBOOOIHOTO 3€pHA, HO HAPS/Y C STUM BO3PACTACT U BEPOATHOCTH IPOOICHHS MPOTYKITHH .
3aBUCST KaueCTBEHHBIE MOKa3aTeu oueca 1 oT hopmbl rpedeHok [19]. [lonoxuTensnoe
BJIMSTHHE Ha IPOIIECC 04eCca MOXKET 0Ka3aTh JOTOIHUTEILHOE COOOIICHUE UM MOTIEPEUHBIX
kojieOanuii [ 14]. Henmb3st UTHOPUPOBATH U BIMSIHUE HA PE3YJIbTaT COCTOSIHUS arpo)oHa.

*Tlycteirnn M. A. Teopust 1 TEXHOJIOTHYESCKHI pacdeT MONOTHIIBHBIX yeTpoiicts. M. : OTI3CEJIBXO3I' M3,
19485 ?‘Iilil/lTI/IH B. B. CoBepiieHCcTBOBaHHE TEXHOJIOTHYECKONH CXEMBI 3epHOYOOpOUHOro KoMbaiHa
u Halé)alrwéli(;q))l?es €ro pabo4nX OpPTaHoB : JHC. ... A-pa TEXH. HayK. bpsHCk, 2021. 350 c.

7 Casmn B. 0. OGocHoBanwe PaLMOHABHBIX TAPAMETPOB H PEKUMOB PAOOTHI IPHIIEITHOTO OYECHIBAFOIIIETO

YCTpOWCTBA JUIsl yOOPKHU 3ePHOBBIX KYJBTYp : aBTOped. JHc. ... KaHI. TeXH. HayK. Boponex, 2011. 22 c.
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Tak, HampuMep, B paMKax OJHOTO MCCIeJOBaHHs PH paboTe Ha pa3HBIX MOJSIX COAep-
JKaHWE B BOPOXE CBOOOIHOTO 3epHA BapbUPOBAIOCH OT 69,4 1m0 82,7 %8,

KacarenbHo ctenenu apoOneHus 3epHa OTMETHM, YTO IIPU UCIIBITaHUH KaTku «Cia-
BsiHKa YAC» ero conep:kanue B OyHkepe komOaiiHa He MpeBhICIIo 2 %, TOra Kak ImpH
ucnosb3oBanun sxatku JKOHTY-6 atoT nokaszarens yBenuauiics 10 2,63 %°. B Hammx
HCCIICAOBAHUSIX OIS IPOOJICHHOTO 3epHAa B OyHKepe BpeMeHaMu Tpromkanack k 5 % [20].

ABTOpaMH HACTOSIIIEH CTaTbU OBLIO BBIIBICHO, YTO MCIBITAHUS O4EChIBATEIS
C MpeBapUTeIbHOM cenapanneii cBOOOJHOTO 3epHa CBUIACTEIBCTBYIOT O IOMUHHUPYIO-
el poiTi B yKa3aHHOM HETaTHBHOM SBIICHHH MOJOTHIILHOTO Oapabana [18]. B cBs3u
C 9THM 33/1a4a JAJIbHEHILEeT0 UCCIIEA0BaHNs CBOANTCS K BBIOOPY Hanbosee npuemMsaeMoro
KOHCTPYKTHUBHOT'O PELLICHHUS CENapUpPYyIOIIEro yCTpOHCTBa.

HawnGonee MHOrOUnCIeHHBIE KOHCTPYKTHBHBIE PEIICHHS MPEIOararoT CHaOKeHne
HaKJIOHHOM KaMepbl pelieTyaTsiM AHuIIeM. [Ipu 3ToM pa3nudus cBOIsATCS K CIOCo0y
MOJJa4M BBIIETIEHHOTO U3 BOPOXa CBOOOHOIO 3€pHa Ha OYUCTKY. ECTh BapuaHT, B KOTO-
POM IS 3TOH TeTTH UCTIONB3YeTC s TOTOTHUTENbHBIN CKpeOKOBbIN TpaHcmopTep [21; 22].
B kauecTBe anpTepHAaTHUBbBI YKa3aHHOMY TPAHCIIOPTEPY MOTYT CIIYXKHUTh HAKJIOHHBIE
mrHeku [23-25].

Bropas rpynna TeXHHYECKHX PELICHUH MpeArnoiaaraeT pa3MeleHUe BCen 3a o4e-
CHIBAIONTUM O6apabaHOM JOMOJIAYUBAIOIIETO, CKBO3b PEIICTKY MOa0apadaHbs KOTOPOTO
CBOOOTHOE 3€PHO JJOIKHO MPOCHIATHCS BHUA3 U OTBOTUTHCS [26]. CyIecTByeT HECKOIBKO
AQHAJIOTWYHBIX TEXHUYECKHX PEIICHNUH, 001a1aronyX o0IMMH HeJoCcTaTKaMu. Bo-TiepBbIX,
JIOMOJIa4YMBAIOIIEe yCTPOHCTBO, pa3MEIICHHOE B HAKIIOHHON KaMepe, JONOIMHUTEIbHO
BO3JIEHCTBYET Ha IIOTOK 3€PHA, BHI3bIBAS €T0 U3JHIIHEE APOOIEHUE U CIIOCOOCTBYSI 3TUM
HEPALMOHAIILHOMY PAacXO1y SHEpTHU. Bo-BTOPBIX, TOMOIHUTENBHBIN BEC TEPETPYKAET
nepeIHuii MOCT KoMOaifHa 1 yXy[IIIaeT ero ynpasisieMocTb. Kpome Toro, 1omkHa ObITh
CYILIECTBEHHO YCUJIEHA KOHCTPYKIHSI OCTOBA MOJIOTWIIKU. HeraTuBHbIE TOOOYHBIE SIBIICHUS
NpY TaKoi MOJIEPHU3AIMH KOMOaliHa MOTYT MPEBBICUTH MO 3HAYUMOCTH TIOTYyYaeMBbIii
OT Hee TOJIOKUTEIbHBIN dPPEKT.

TpeTbs rpymna TEXHUYECKUX PEIICHUH MPEANoaracT pa3MeleHUE CEeapupyro-
IIET0 YCTPOMCTBA HEMOCPEICTBEHHO TIEPE] MOJOTIIIFHEIM O6apabaHoM WM BMECTO
Hero [27; 28]. C ToukH 3peHHs ONTUMHU3AINH TEXHOJIOTHIECKOTO TIPoIiecca U CI0KUB-
LIErocs! TPaJANLMOHHO PaclpeiesieH s Beca MEXIY MOCTaMH KoMOaliHa Takoe KOMIIO-
HOBOYHOE PELIeHUE NPenodTUTENbHO. OHAKO TPHU 3TOM HEOOXOANMO CABUraTh Ha3ak
MOJIOTHJIbHBIN OapabaH 1 yKOpauuBaTh COIOMOTPSC U3-32 PAAUKAIBHOTO YMEHBIICHUS
MOCTYIUICHHUS Ha HETO COJIOMHCTON Macchl. Takum o0pa3oM, KoMOaiH JOJKEH OBITH
MOJBEPTHYT PaUKaIbHOMN IEPEKOMIIOHOBKE.

C TOYKM 3peHHs MpUHIKIA pabOThl YKPYITHEHHO MOXKHO c(DOPMUPOBATH JIBE aJIbTEP-
HAaTUBHBIE TPYIIIBI TEXHUYECKUX peLIeHU. B nepBoii cemapanus ocylecTBIsIeTCs Ha
HAKJIOHHOH pelIeT4aTo MOBEpXHOCTH, a BO BTOPOI — HAa TOPHU30HTATIBLHOM HITH OJN3KOH
K TOPU30HTAIIBHOM [29]. Hapsiay ¢ conocTapieHneM BECOBBIX M KOMIIOHOBOUHBIX ACTIEKTOB

8 Yepesikos 1. B. CoBepiieHCTBOBaHHUE Mpoliecca yOOPKU 3epHOBBIX KYIBTYp KOMOaitHOBBIM 04ECOM :
aBToped. awc. ... KaH.. TexH. Hayk. PoctoB v/, 2020. 22 c.

? arka Tpancdopmupyemas odechiBaromias HasecHas JXOHTY-6 [Dnexkrponnsiii pecypc]. URL:
https: //skmis.ru/test/test_result/2013/test prijom2013/zernouborochnaya technika/gatka gontu 6.html
(nara obpamenus: 23.06.2023).
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KOHKYPHPYIOIINX KOHCTPYKTUBHBIX pEIICHUH L1e1eco00pa3HOM SIBISETCS OLIeHKa B~
HUSI Ha CKOPOCTh CeMapanyy NpOCTPaHCTBEHHON OPUEHTALMH CeapupyIOIIeH PeleTKH.

Ecnu 3a Onmmkaiimmii aHanor 1o NIpUHIMITY paOdoThl MPUHATH OYHKEPHBIE YCTPOWCTBA,
WCIIOJIb3yeMble U1 HaKOIUIEHUS M KPaTKOBPEMEHHOTO XpaHEeHUs 3e€pHa, TO CKOPOCTh
€r0 UCTEYEHUS U3 OTBEPCTUH IIPU pa3HON IPOCTPAHCTBEHHON OpUEHTALIMY ITOCIIEIHUX
CYIIIECTBEHHBIM 00pa3oM m3MensieTcs. Tak, mpu 60KOBO# pasrpy3ke OyHKEpa CKOPOCTh
UCTEYCHHMS 36pHA BBIPAYKAETCS CIEAYIOIIEH 3aBUCUMOCTBIO:

Vo=V -sina, (1)

IJIe 0 — MOJIOKEHHE BBIITYCKAIOIIETO JIOTKA [0 OTHOIICHUIO K TOPH30HTAIBLHOM MIIOCKOCTH,
rpaj; V — BepTHKaJIbHAs COCTABISIONIAs CKOPOCTH UCTEYCHUSI 3epHa, M/C.

C Touku 3pCHUA 3aKOHOB Ir'UApPaBINKHU, CKOPOCTh UCTCUCHHUS CBIIYUCTO MaT€puraia
MOXKET OBITh OTIpE/IeICHA CIIEAYFOLIMM 00pa3oM:

V25 h, @)

IJie /1 — KOOpAMHATA BBICOTHI CTOJI0A CHITYYETO MaTepuaa, M; g — YCKOpEHHUE CBOOOHOTO
najeHus, M/c*; A — koadduimeHT uctedeHus, Bapbupyronmii B npenenax 0,2—0,65'.
[Iupokwe npeaensl BApLUPOBAHKSI BETUIMHBI KO3 duireHTa A 00yCcIoBICHBI TEM,
YTO pa3HbIE CHITYYNe MaTepUaIbl HE MOTYT OBITH COTIOCTABHMEI II0 CBOMM I1apaMeTpam,
OTIPENEIISIFOIIIAM CKOPOCTh UCTEUEHYISI, TTIABHBIM M3 KOTOPBIX SIBIISIETCS YTOJI BHYTPSHHETO
tpenus ¢''. C 3TO# TOYKU 3pEeHHs UCTEUCHUE U3 OTBEPCTUI YHCTOTO 3€pPHA HE BIIOJIHE
COOTBETCTBYET [0 XapaKTepy U NapaMeTpaM aHaJIOTHYHOMY MPOLIECCy sl 04€CAHHOTO
3€pPHOBOTO BOPOXa, B KOTOPOM KPOME 3€pHa MPUCYTCTBYIOT JETKUE IPUMECH U COJIOMHU-
CThIE KOMITOHEHTHI. boree Toro, kKak ObLIIO YCTAaHOBIIEHO paHee, IPH UCTEUSHIH MEITKAX
KOMITOHEHTOB 04€CaHHOTO BOPOXa, IIepeMenIaeMoro CKpeOKOM TPaHCTIOpTepa 110 MOBEPX-
HOCTH PEILIETKU, UMEIOT MECTO JIBI)KCHUE HAKIIOHHBIX CIIOEB U KaUCHHE 3€PEH BHYTPHU
KaXKJI0T0 COoCKaib3bIBarowiero cios [ 19]. Ecnu ke paccmarpuBaTh CKOPOCTh UCTEUCHUS
MEIKIUX KOMIIOHEHTOB OY€CaHHOTO BOPOXa KaK CPEIHECTATUCTUUYCCKUI MMOKa3aTemb,
¢dopmyna (1) CBUAETENBLCTBYET O MPUHITUIHAILHOM MPEUMYIIECTBE TOPU30OHTAIBHOM
OpHUEHTAIINH PEIIETKH, TOTJa KaK BETUIHHY YKa3aHHOTO MTPEUMYIIEeCTBa MOXKHO OTIpe/ie-
JIUTH TOJBKO SKCTIEPUMEHTATBHBIM ITyTEM, YEMY U TIOCBSIIICHO HACTOAIICE HCCIIEIOBAHNE.
MarepuaJbl 1 METOAbI
JlaboparopHas ycTaHOBKA MTPEICTaBIIsIIa COOOH KOJIOCOBOM 3JIEBATOP 3€PHOYOOPOU-
Horo kombaitaa K3C-1218 «ITAJIECCE GS12» (puc. 1), CMOHTHPOBaHHBIN C BO3MOXK-
HOCTBIO PETYIHPOBKH €T0 MOJIOKEHUS B TOPU30HTATIBHON TNIOCKOCTH. J1J1 IpOoBEACHUS
WCCIIEIOBAHNH HMKHSAS CTEHKa KOpITyca dJieBaropa Oblia JEeMOHTHPOBaHa, 2 BMECTO Hee
YCTAHOBJIEHO CMEHHOE HKCIIEPUMEHTAIIBHOE PEIIETO C MPOAOITOBATHIMU OTBEPCTUSIMU,
JUTMHA KOTOphIX cocTaisiia 900 mM. [lox pemeTyarbiM THUIEM YCTaHOBKY ObLiIa CMOH-
TUPOBaHA €MKOCTh JUIsl cOOpa M HAKOILICHUsSI BOPOXa, MPOIIEAIETO CKBO3b OTBEPCTHSL.
CKopocTh CKpeOKOBOTO TPAHCIIOPTEpa YCTaHABIHUBAJIACH MMOCPEICTBOM YaCTOTHOTO
npeobpazoBarens «Becnep» E2-8300 [17].
"~ 193cmkoBP. JI., Tpunernu I I1., Mcaes B. C. Bynkeprsie ycrpoiicta. M. : ManmHocTpoenue, 1977. 225 c.
"Bomnomun B. E. DneBaropsl u ckiaabl: MeToguyeckue ykazanus. OpenOypr : OT'Y, 2019. 53 c.
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Mertoauka nmpoBeneHus J1a00paTopHBIX HKCTIEPUMEHTOB Oblia cienytouieid. [locie
BKJIIOUCHHSI YCTAHOBKH BHYTPB KOpITyca dJIeBaropa MmojaBascs ouecaHHbIil BOPOX, CO-
nepxaruit 80 % coboaHOTO 3¢pHA, 10 % 000pBaHHBIX KOJIOCKOB U 10 % coomsr [18].
Ero nomada B nmepecuere Ha IUPUHY AIEBaTOpa COOTBETCTBOBAJIA TPOMYCKHO CIIOCO0-
HOCTH MOJIOTHJIKH cepuitHoro kombaitna K3C-1218 u cocrarisiia 1 kr/c. [Tocie aToro
YYUTBIBAJIaCh CyMMapHas Macca BOpPOXa, MPOLIEALIEr0 CKBO3b OTBEPCTHUS PEILETKH,
IyTEeM B3BEILMBAHUSI U CyMMHPOBAHUS IIPOX0/1a U3 YETBIPEX CEKIUI ChEMHOM EMKOCTH.
ITpu 3TOM (huKCHpPOBaIM M Maccy CXO/a ¢ HOBEPXHOCTH peleTku. B kauecTBe oObekTa
uccienoBaHus OblI BEIOPaH OYeCaHHBIA BOPOX O3MMOM MIIEHHIIBI COPTA «MOCKOBCKAs
56» [30], oroOpaHHbIH Ha y4eOHO-OMBITHOM I0JIe BpsIHCKOTO rocynapcTBEHHOTO arpap-
HOTI0 yHMBepcHuTeTa. BinaxkHocTh 3epHa cocTasiana 12 %.

Puc. 1. DkcriepuMeHTanbHas ycTaHOBKA: 1 — pama; 2 — KOpITyc 31eBaTopa; 3 — CMEHHAs! peleTka;
4 — eMKOCTB A7 COOpa ¥ HAKOIUICHUS] CBOOOIHOTO 3€pHA; 5 — 2JIEKTPOJIBUTaTeNb; 6 — IeMHas epeaaya;
7 — mpeobpa3oBarenb yacToTHbIN «Becnep» E2-8300

Fig. 1. Experimental setup: 1 — frame; 2 — elevator body; 3 — replaceable grid;
4 — container for collecting and accumulating separated grain; 5 — electric motor; 6 — chain transmission;
7 — frequency converter Vesper E2-8300

HWccnenosanus npoBOAMINCH B JiBa 3Tana. B nepBoli cepuu SKCIIEPUMEHTOB KOPITYC
aneBaTopa ObIT YCTAaHOBJICH TOPH3OHTAIBLHO, @ BO BTOPOI — MO YIIIOM 45° K TOPU30HTY.
[IuprHa OTBEPCTHI PEMICTIATOTO JHUIIA UMEIa YEThIPE YPOBHS BapsupoBanws (6, 8, 10
u 12 MM), a CKOPOCTh CKPeOKOBOI0 TpaHcIopTepa cocrapisuia 3 m/c. [Ipu 3ToM BeIGOP
WHTEPBAJIOB BAPbUPOBAHUS MIHUPUHBI OTBEPCTUH PEIISTYATOrO THHUIA O0YCIOBIICH He-
00XOMMOCTBIO HCKITFOUCHHS MPOXO0J1a KOJIOCOBOM YaCTH YpOXKasi TPYU FrapaHTUPOBAHHOM
cemnapanuu cBoOOIHOTO 3epHA. Kakplii BApUAHT OIBITa IPOBOJUIICS B IMATUKPATHOM
MTOBTOPHOCTH.
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Pe3yabTaThl Hcci1e10BAHUSA
[To pe3ynbraram JIaOOPAaTOPHBIX HCCIEAOBAHMIA TTOJTydeHa 3aBUCUMOCTE MTPOX0/Ia
CBOOOIHOTO 3€pHA OT IIMPUHEI OTBEPCTHH CeMapupyroIel pemeTku (puc. 2).

100+ 90 -
Se 97 Se 8-
d‘o N m,‘o .
z 9 90 z 9 80
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[lIupuna otBepcTuii, Mm / [lInpuna orBepcTuii, Mm /
Opening width, mm Opening width, mm
a) b)

Puc. 2. BnusiHue UPUHBI OTBEPCTHI CENapUpyIOIEH pereTku
Ha IPOXOZl CBOOOTHOTO 3epHa: a) KOPITYC JIeBAaTOPa YCTAHOBICH TOPU3OHTAIBHO;
b) Kopiryc »eBaropa yCTaHOBJIEH MO YIIIOM 45° K TOpH30HTY

Fig. 2. The effect of the width of the separating grid openings on the passage of separated grain:
a) the elevator body is installed horizontally;
b) the elevator body is installed at an angle of 45° to the horizon

[TonyueHHble TaHHBIE CBUAETEILCTBYIOT O TOM, YTO C YBEJIMUECHHUEM LIUPHHBI
OTBEPCTHH pelIeT4aToil HOBEPXHOCTH UHTEHCHUBHOCTD Celapalud CBOOOAHOTO 3epHa
noBblIaeTcs. BHayane QyHKIUS pe3Ko BO3pacTaert, a 3aTeM, JOCTUTHYB HEKOTOPOit
KPUTHYECKOW BETMUMHBI (IIMPUHBI OTBepcTHH b = 10 MM), HHTEHCUBHOCTD CeTapaluu
YBEITUYNBACTCSl HECYIIECTBEHHO. DTO MOXET OBITH 00YCIIOBICHO TEM, YTO HEOOMOJIO-
YEHHBIE KOJIOChSI YACTUYHO MEPEKPHIBAIN OTBEPCTHS CENapUpPYIOIIEeH PEIIeTKH, BCIE/-
CTBHE Y€ro YMEHbIAJach IJIOMAAb UX <OKUBOTO cedeHus». [Ipu sToM mocrtyrmienue
KOJIOCOBOH (hpakuyy O4eCaHHOTO BOPOXa BO BCEX BAPMAHTAX OIBITOB B €EMKOCTb JUIS
cOopa 1 HaKOIICHUSI CBOOOIHOTO 3epHa HE HAOIONAI0Ch.

Kpome Toro, ycTaHOBIEHO, YTO B TOPU30HTAIILHOM MOJIOKEHUHN CETIapUPYIOLIas pereT-
Ka obecrieyrBaeT Mpoxo/] CBOOOAHOTO 3epHa B nHTepBase 64—90 %, a B HAKIIOHHOM (I10]]
yrioM 45° k Topu3oHTY) — 55—78 %. CrnenoBaresibHO, pa3sHHULIA MEXy CeapupyIoIIei
CIOCOOHOCTBIO y CPaBHUBAEMBIX BAPHAHTOB NPOCTPAHCTBEHHON OpPUEHTALMH pelleTya-
TOTO THHINA COCTaBisAeT nopsiaka 15—16 %. Takum 0O6pazoM, MakcUMalbHAs TIPOIYCKHAS
crocoOHOCTH (90 %) COOTBETCTBYET TOPU30OHTATEHOMY TTOJIOKEHHIO PELIETYaTOTO JHUILA
9KCIIEPUMEHTAIFHON YCTAHOBKH U IIUPUHE OTBEPCTHH b = 12 MM.

[o pe3ynbraram 1a00paTOPHBIX UCCIIEAOBAHUN OCTPOCHBI rpaduKy yOBIBaHHS CBO-
0o1HOTO 3epHAa 1O JUTMHE Cenapupylomieit pemetku (puc. 3, 4). Uto kacaeTcst HATHIHs
cBOOOTHOTO 3€pHA, CXOIIETO C CENapUpYyIOIIeH PEeIIeTKH, TO, BO-TIEPBBIX, CEMapaIius
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C TapaHTUPOBAHHBIM PE3yabTaTOM HEBO3MOXxHA [31; 32]. Bo-BTOpHIX, IMEETCs pe3epB
IUTsl yBEIMYEHUS cTerleHu cenapanud. O0 5TOM CBUACTEIBCTBYET XapaKTep JTUHUU
TPEH/a, TOCTPOSHHOTO MO OCTATKY 3€pHa B BOPOXE MO Mepe MPOXOXKICHHUS KaXKI0U 13
YeThIpeX eMKOCTEH, pa3MElICHHBIX T0J] cenapupyromeii pemerkoii. ClieoBarenbHo,
JUTSL TOCTHOXKEHHUSI pe3ynbTara, npuonmxkaromerocs k 100 %, cieayer yBelTU4UTh JITHHY
cemapupyromieit pemetku [33; 34].

DKCTPamoNIAIIS IMHAN TpeHaa (prc. 5) MO3BOIIIIA CIIPOTHO3UPOBATH MUHUMAJTEHO
JIOTYCTAMYIO JUINHY TIep(hOpUPOBAHHON PEIIETKH, HEOOXOJUMYIO JUTSI TIOJTHOTO BBIZE-
JIEHWsI CBOOOTHOTO 3epHa B SKCIIEPUMEHTAIBHON YCTaHOBKE.
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Puc. 3. I'paduk yObiBaHus cCBOOGOAHOTO 3€pHA IO AIMHE CEMAPUPYIOLIEH PEIICTKH
IIPY TOPH30HTAILHOM PaCIOIOKEHNH HJIEBAaTOpa: a) MIMPUHA OTBEPCTHil b = 6 MM;
b) mmpuna orBepetHs b = 8 MMm; ¢) mmpuHa orBepeTst b = 10 Mm; d) mumpuna orBepeTHs b = 12 MM

Fig. 3. The graph of the decrease of grain along the length of the separating grid
with the horizontal location of the elevator body: a) the width of the openings b = 6 mm;
b) the width of the openings b = 8 mm; c) the width of the openings b = 10 mm;

d) the width of the openings b = 12 mm
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Puc. 4. I'paduk yObiBaHus CBOOGOJHOTO 3€pHA MO JUIMHE CENapHUpyOLIeil pemeTkn
TIPH PACTIONIOKEHUH KOPITyca 3JIeBaTopa Mmoj yriioM 45° K TOpH30HTY: a) IIMPHHA OTBEPCTHS b = 6 MM;

b) mwupuna orBeperHs b = 8§ MM; ¢) mmpHHa otBepeTHs b = 10 Mm;
d) mupunHa otBepeTHa b = 12 MM

Fig. 4. A graph of the decrease in free grain along the length of the separating grid
when the elevator body is located at an angle of 45° to the horizon:
a) the width of the openings b = 6 mm; b) the width of the openings b = 8 mm;
c) the width of the openings » = 10 mm; d) the width of the openings b = 12 mm

Io pesynbraTam SKCTPANONAIUY (PUC. 5) MOTYYSHA 3aBUCMOCTb JUTUHBI CEMapH-
pYIOILeH pelieTKy OT IIMPUHBI ee oTBepcTuil (puc. 6). OHA CBUIETENBCTBYET O TOM,
YTO C YBEITUYCHUEM IIIUPUHBI OTBEPCTHI JJTHHA PEIISTYATON TTOBEPXHOCTH CHHKACTCS.
[Tpu 3TOM JIJIMHA PEIIeTYATOTO JHUIIA B TOPH30HTAILHOM IOJIOKECHUU JIOJKHA OBITH HE
meree 0,9 M, a B HakimoHHOM — 1,01 M.

CrnenmoBaTenbHO, UCTIOJIb30BAHUE TOPU30HTAIBHOMN CEMapUpYIOIICH PEIIeTKH MO3BO-
JISIET, B CPABHEHHUHM C €€ HAKJIOHHBIM TOJIOKCHUEM, CHU3UTh METAJNIOEMKOCTh YCTPOWCTBA

Ha 14-16 %.
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Fopu3oHTanbHoe pacnonoxeHne peLleTki/
Horizontal grid arrangement

Cp:=-79.824-L + 100.29 = 0 solve ,L — 1.256

Cy = -98.459-L + 99.507 = 0 solve ,L — 1.011

C3:=-108.27-L + 96.912 = 0 solve ,L — 0.895

Cy4 = -113.49-L + 100.48 = 0 solve ,L — 0.885

HaknoHHoe pacnonoxeHne peweTku/
Inclined grid arrangement

Cs = —68.512-L + 99.899 = 0 solve ,L — 1.458
Cg := —83.463-L + 101.65 = 0 solve ,L — 1.218

C7:=-92.405-L + 98.718 = 0 solve .L — 1.068
Cg:= -96.43-L + 97.514 = 0 solve,L — 1.011

Puc. 5. Onpenenenne MUHUMAIBHO JOITyCTHMOM JUIMHEI IIep(OpUpPOBaHHON perreTky B rporpamme Mathcad
Fig. 5. Determination of the minimum allowable length of a perforated grid in the Mathcad program
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Puc. 6. 3aBHCUMOCTD JUTHHBI CEapUPYIOLIEH PeIIeTKH, He0OXOIMMON
JUISL TIOJTHO# cenapalny CBOOOHOTO 3epHa OT IIHPHHBI €€ OTBEPCTHIl: a) KOPITyC 3JieBaTopa yCTaHOBJICH
TOPU30HTAJIBHO; b) KOPITyC 3J1€BaTOpa yCTaHOBJIEH MO/ yIIIOM 45° K TOPU30HTY

Fig. 6. Dependence of the length of the separating grid for complete separation of grain
on the width of its openings: a) the elevator body is installed horizontally;
b) the elevator body is installed at an angle of 45° to the horizon

Taxum 00pa3om, Ui MUHUMH3ALUH METaJUIOEMKOCTH KOHCTPYKIMH YCTPOICTBa,
00€CTIeYHBAIOIIETO MPEIBAPUTEIILHOE BBIIETICHHE CBOOOIHOTO 3epHa, LIeTIeco00pa3Ho HC-
TH0JIb30BATh TOPH30HTAIBHYIO CETIAPUPYIOLLYIO PELICTKY C ITUPUHOM OTBEPCTHH b = 12 MM.

O0cy:x1eHue U 3aKJII0YeHne

AHanmM3 SKCIIEPUMEHTAIBHBIX JAHHBIX CBHUICTEIBLCTBYET O TOM, YTO MPHHATOE 32
aHasior OOKoBoe McTeueHue 3epHa u3 OyHkepa (popmyna 1) He oTpaxkaeT CUTYaIHIO
B ITOJIHOM Mepe B cilydae cemapanuu odyecanHoro Bopoxa [35]. Ilpu yrie HakioHa
BBIXOJTHOTO OTBepcTHs OyHKepa B 45° ero mpoIrycKHas CIOCOOHOCTh TOJKHA ObLiia ObI
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yMeHbUINThCs Ha 41 %. B peanbHOCTH cTeneHb YyMEHbIIEHUsI IPOIYCKHOM CIOCOOHOCTH
OKa3ajiach Ha ypoBHE TOJIbKO 15—-16 %.

Jnst oObsICHEHHS TAaKOW 3HAYMTENHHON PAa3HUIBI B OKUAACMOM H (aKTHYECKOM
pe3ynbsraTax Obljla CHHTE3MpPOBaHa HOBasi MOJIENb MPOIlecca, CyMMUPYIOIIAsi THITOTE3Y
00 ucTedeHnu 3epHa u3 OyHKepa ¢ TMOJYyYEeHHOMN paHee THIIOTe30i COCKaIb3bIBAaHUS
€ro HaKJIOHHBIX cJIoeB (puc. 7). OObeAMHEHHAS TUIIOTE3a MPEIIoNIaracT, 4To 4acTh
KOMITOHCHTOB TIPOCHITIAIOTCS CKBO3b OTBEPCTHSI BEPTHUKAILHO (TI0 CTpenkam 4), n3-3a
YeTo MPOMYCKHAS CIOCOOHOCTH B 3TOM KOMIIOHEHTE 3aBHCUT OT TOPH30HTAIBHOH MPO-
€KIMH pa3Mepa BBITYyCKHOTO oTBepcTHs B, [Ipy HakioHe pemera Ha yron o IMpUHA
TIPOIYCKHOTO CE€YEHMUs YMEHBIIAETCS 10 pasMepa B, = B -cosa (puc. 7b).

Bropas yacTh KOMIIOHEHTOB 0YECAHHOTO BOPOXa COCKAIb3bIBAET B OTBEPCTHE O]
YIJIOM €CTECTBEHHOIO OTKOca ¢ (1o crpeikam 5). CrenoBaresibHO, TPaBOMEPHO Hpes-
TIOJIOXKHTB, YTO MPOITYCKHAS CIIOCOOHOCTH OTBEPCTHS ISl BTOPO IPYIIIBI KOMIIOHEHTOB
UCTEYEHHS IPONOPLIHUOHATIbHA IONIEPEYHOMY CEUEHHIO HAKIIOHHOTO 3€pHOBOTO ITOTOKA.
[Ipu ropu30HTAILHOM Pa3sMENICHHH PENIETA MOTIEPEYHBIA pasMep OTBEPCTHS paBeH B,
(puc. 7a), a ipu HaKIOHHOM perete — B, (puc. 7b).

=2\
2/ 3 1

Puc. 7. Cxema ucTedeHHs: OUECAHHOTO BOPOXa U3 OTBEPCTHUS PEIIeTa:
a) TOPU30HTAJIIBHOT0; b) HAKJIOHHOTO; 1 — OTBEepcTHE; 2 — CKPeOOK TpaHCIOpTepa;
3 — ouecaHHsbIH BOpoX; 4, 5 — JOMHUHHUPYIOIME HATIPABIECHHUS JIBIKEHHS BOPOXa

Fig. 7. The diagram of the combed heap outflow from the grid opening: a) horizontal;
b) inclined; 1 — opening; 2 — conveyor scraper; 3 — combed heap;
4, 5 — dominant directions of heap movement
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IIpennoxeHHas runore3a aJeKBaTHO OIMUCBHIBACTCS CIAEAYIOIIUM SMIMPUIECKAM
YPaBHEHUEM:

1 sin ¢
. +b. ,
Ccosa cos(a + ¢ — %)

rae @ u b — goneBoe yyactue KOMIOHEHTOB C BEPTHKAJILHBIM U HAKIIOHHBIM MPOXOAOM
CKBO3b OTBEPCTHUE PEILIETa; / — OTHOIICHUE TPOIYCKHOM CITI0COOHOCTH TOPH30HTAILHOTO
Y HaKJIOHHOTO pelera.

Ecnu mpuHATE, 4TO BEPTUKAIEHOE M HAKIIOHHOE ITPOXOXKICHUE KOMITOHEHTOB Yepe3
OTBEPCTHsSI PABHOBEPOSTHBI, TO YPABHEHHE IPUMET CIICTYFOIIUH BUJ:

=da

)

1 1 sin ¢
w=- + : )
2| cosa cos(a + ¢~ )

J1sl OLIeHKH YMCIICHHOTO 3HAa4€HHs COOTHOIICHUS £ TIPUMEM, YTO YTOJl () €CTeCT-
BEHHOI'0 OTKOCA ISl OuecaHHoro Bopoxa paseH 60°. Torna npu yriie o= 45° u=1,152.
Pesynbrart, nomy4yeHHbIH 3KCIIEPUMEHTAIBHO, OJM30K K 3HAYCHHUIO MCCIIeyeMOro Ia-
paMeTpa, BEIYMCICHHOTO TI0 SMIupHryecKkoil hopmyne. Ilpu yBennueHnn yria HakjaoHa
pemera 1o 60° x4 yBennuusaercs a0 1,5. [Ipy yMeHblIIeHNH yIila HAKJIOHA BETUYNHA U
ymensbiaetcs. [Ipu a = 0° u = 1. Tak, npuHsATas TUNIOTE3a U AMIIUpUYecKas Gopmyna
aJIeKBaTHO OTpa)karoT XapakTep Ipoliecca.

Ha ocHoBaHuM npuBeIEHHOTO BBILIE aHATTN3a MOXHO CIENaTh CIeTyIOIIHe BEIBOJIBI.
Bo-nepBbIX, MaKCUMAaJIBbHBIH MPOXOJT CBOOOIHOIO 3epHA Yepe3 OTBEPCTHS CerapUPYIOIIeH
pemeTku coctasisieT 90 % mpu ee rOpU30HTATHPHOM TOJI0XKCHUH U IITUPUHE OTBEPCTHI
b =12 MM. Bo-BTOpPBIX, 3KCTPAOJSIIMS JIMHUU TPEHIA CBUAETEIBCTBYET O TOM, YTO
U1 00ecrieueHusl IOJTHOTO BBIAETICHUSI CBOOOIHOIO 3€pHA, COAEPIKAILEr0oCs B 0YeCaH-
HOM BOpPOXE, IJIMHA CEeTapUpYOIIeH PemeTKH T0hkHa ObiTh He MeHee L = 0,9 m. J{ns
3TOr0 HEOOXOANMO YKOPOTHTH HA COOTBETCTBYIOILYIO BEJIMUMHY JJIMHY COJIOMOTpsica
U CMECTUTh Ha3aJ MOJOTHJILHBIN OapabaH, 0CBOOOANB MECTO IJIsi MOHTaXKa Cerapu-
pyIOLIEro ycTpoiicTsa. B-TpeThux, HCIONb30BaHNE TOPU30HTAIBHON CeNapupyromen
PELIETKH MO3BOJIIET CHU3UTH METANIOEMKOCTh YCTpolicTBa Ha 14—16 % (B cpaBHeHUH
C €€ HaKJIOHHBIM ToNokeHueM). [1oaBo/st UTOTH, TakXkKe X04eTCs OTMETUTh, YTO Jallb-
HelIne nccie0BaHus 1e1eco00pa3Ho MPOBECTH Ha JPYTUX 3€PHOBBIX KYJIbTypax MpU
BapbHPOBAHNH BIAXKHOCTH OYECAHHOTO 3€PHOBOTO BOPOXa.
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B IEPBUYHOM CEMEHOBOACTBE 3¢PHOBBIX KYJIbTYP

M. E. Yaniasirun™, K. A. Crenanos

DedepanbHblil HAYUHbIL azpouHdiceHepubitl yenmp BUM
(e. Mocxea, Poccutickass @edepayust)

™ misha2728@yandex.ru

Aunomayusn

Bseoenue. 11lnpoko pacnpocTpaHeHHast B HACTOSIIEE BPeMs TEXHOJIOTHS PONU3BOICTBA
CEJEKLHOHHBIX CEMSIH CBsI3aHa C PYYHOH MEXOIEPA[HOHHON MepeBaikoil OOIbIINX 00b-
€MOB MEIIKOTaphl, 4TO CO BPEMEHEM BBI3BIBAET MOBPEXKICHHE CaMOH MEIIKOTAphl M yXy/I-
IaeT yCIOBHS XPAHEHUs 3epHA. B CBSA3M C 3THM BO3HHKAeT HEOOXOIUMOCTh B CO3/IaHUH
MHOTO(YHKIIHOHATEHOTO JKECTKOTO KOHTEHHEepa, KOTOPHIH 00eCIeunT SKOHOMHUYECKYTO
3 QeKTUBHOCTD XpaHEHHs CEMEHHOTO 3€pHa 3a CUET TePMETHYHOCTH U KOHTPOJIS BHY-
TPEHHEH cpenbl.

Lenv uccnedosanus. TIpeioKUTh KOHCTPYKIMIO MHOTO(YHKIIHOHAIBHOTO KOHTEitHepa
UTSL IEPBUYHOTO CEMEHOBOJICTBA 36PHOBBIX KYJIETYP C 000CHOBAaHHEM IO KPUTEPHSIM TeX-
HHUKO-3KOHOMHYECKOH 3()(GEKTHBHOCTH B CPAaBHEHHUH C NMAJUICTOMECTOM H MEIIKOTapOH.
Mamepuanet u memoosi. J]J1s1 OIEHKN BIVSTHUS COKpAIEHHST MEKOIIePAI[HOHHOI ITepeBa-
K1 0OMBIINX 00BEMOB MEIIKOTAPEI M OTEPh CEMSH B IIEPBUYHOM CEMEHOBOJICTBE 3€PHO-
BBIX KyJIBTYp OBLT IPUMEHEH TOCYJapCTBEHHBIH CTaHAAPT SKOHOMHUYECKOH OIIEHKH Cellb-
CKOXO35MCTBEHHOHN TEXHUKHU. B KauecTBe uccienyemMon ceabCKOX03s1iCTBEHHON KYJIBTYPbI
HCTIONB30BAINCH ceMeHa MIeHnIbl. O0cTyKuBaromeil TeXHUKOIH OB IPHHATHI CENeK-
LHOHHO-CEeMEeHOBOAYecKuit komOaiin Wintersteiger Delta ¢ muprHo# 3axBara jxatku 2 M,
CHCTEMOH 3aTapyBaHHs CEMSH B MEIIKH WM 3epHOBBIM OyHKepoM 1,5 M, Tpaktop «be-
napyc-622» ¢ nonynpunenom 1I1TC-2, rensdep anexrpuueckuit TOR CD1 10916, xoH-
BEKTHUBHbIE 36pHOCYIIIIBHBIE YCTAHOBKU Ha 0a3e 3epHOCyIIHIKH JIoTKoBoH CJI-0,3x2.
Pesynomamer uccneoogéanus. ABTOpaMH CTaThbH OblTa NMPOBEAEHA OLEHKA TEXHUKO-IKO-
HOMHYECKOH 3P ()EKTHBHOCTH IPHUMEHEHNS MEIIKOTapEl 1 MHOTO(YHKIIMOHAIBHOTO KOH-
TeifHepa Ha TEXHOJNIOTMYECKUX OMepaluix yOOPKH, TPAHCIIOPTHPOBKU M CYIIKH CEMSH.
Taxk, npu rooBoM ycitoBHOM o0beMe padot B 400,7 T SKOHOMHSI COBOKYITHBIX 3aTpar Je-
HEXKHBIX CPEJICTB IS CEJIEKIIHOHHO-CEMEHOBOAYECKOTO KoMOaiiHa COCTABIISET B CPETTHEM
117,9 ToIC. py6. CHMKEHNE ceOeCTOMMOCTH BBINOJTHEHUS paboTel — 32,8 %, cpok OKy-
MAeMOCTH COCTABIIAET 2 ToJa, CHIDKEHHE MOTPEOHOCTH B OOCTYXKHMBAIOIIEM IEpCOHAle
u B koMOalfHax He BEIIBIEHO. [Ipy 5TOM CHIKeHHE NOTPEOHOCTH B HCTOYHHMKAX PHEPTUN
coctaBmio 32,3 %.

Obcysrcoenue u 3axniouenye. YCTaHOBIEHO, YTO BO BPEMsI TEXHOJIOTHYECKHX OIEepaIlii
yOOpKH, TPAHCTIOPTUPOBKU M CYIIKM HAMITyYIlIUe MOKa3aTelH oOecreynBaroTCcsl B IMpo-
W3BOJICTBE CEMsH C IPUMEHEHHEM MHOTO(YHKIHMOHAJIHHOTO KOHTEHHEpa B YCIIOBHSIX
CIIEIYIOIIMX TIOKAa3aTeNeil yaeapbHoro rpysoobopora, p: U, = 800 1/km% L, = 0,15 km;
b=0,01 xm; L, = 0,5 kM, HaduanpHas BIAKHOCTH ceMsH — 21 %. B mponecce ucmons-
30BaHMs JIAHHOTO KOHTEHHepa CHMXKaeTCsi ceOeCTOMMOCTh BBINOTHEHHUS paboT, a TaKkke
NOTPeOHOCTE B 00CITY>KHBAIOIIEM IIePCOHAJIe, HCTOYHUKAX YHEPTUH U TEXHUKE.
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Technical and Economic Efficiency
of Using Multifunctional Containers
in Primary Seed Production of Grain Crops

M. E. Chaplygin™, K. A. Stepanov

Federal Scientific Agroengineering Center VIM
(Moscow, Russian Federation)

™ misha2728@yandex.ru

Abstract

Introduction. A very common technology of pedigree seed production is associated with
manual in-process transshipment of many sacks that over time results in damaged sacks
and in worsening of grain storage conditions. In this regard, there is a need to design
a multifunctional rigid container, which will provide cost-effective storage of seed grain
through the airtightness and control of the indoor environment.

Aim of the Study. The study is aimed at designing a multifunctional container for primary
seed production of grain crops with justification according to the criteria of technical and
economic efficiency in comparison with pallet spaces and sacks.

Materials and Methods. The state standard for economic evaluation of agricultural
machinery was applied to assess the impact of reducing in-process transshipment of
many sacks and seed losses in primary seed production of grain crops. Wheat seeds
were used as the seed-producing crop under study. As service equipment there were
used Wintersteiger Delta plot combine with a cutterbar working width of 2 m, seed
bagging system or grain hopper 1.5 m?, Belarus 622 tractor with 1PTS-2 semi-trailer,
TOR CDI1 10916 electric telpher, and convective grain drying units on the basis of
SL-0.3x 2 tray dryer for grain.

Results. The authors of the article have estimated the technical and economic efficiency
of using sacks and multifunctional containers in technological operations of harvesting,
transporting and drying grain. With the annual notional volume of work in 400.7 tons, the
saving of total money costs for a plot seed combine-harvester averages 117.9 thousand
rubles. The reduction in the cost of work performance is 32.8%, payback period is 2 years;
the decrease in the need for service personnel and harvesters is not revealed. At the same
time, the reduction in the need for energy sources is 32.3%.

Discussion and Conclusion. 1t has been determined that during technological operations
of harvesting, transporting and drying, the best seed production performance is when us-
ing the multifunctional container with the following indicators of specific cargo turnover,
p: U;=800 t/km? L = 0.15 km; b = 0.01 km; L, .= 0.5 km, initial humidity of seeds is
21%. In the process of using this container, the production cost, need for service personnel,
energy sources and machinery are reduced.
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Beenenne

B cootBercTBHU ¢ JIOKTpUHOW NPOJOBONBCTBEHHOM Oe3omacHocTr Poccuiickoit
Denepanun’, 6€30MaCHOCTD B YKa3aHHOW 00JIACTH OMPENENIACTCS HHANKATOPAMH MPO-
JTIOBOJILCTBEHHOW HE3aBUCUMOCTH. B HacTosIee BpeMs MIIIEHUIA U TYMEHb 3aHUMAa0T
IJIaBHOE TTOJIOKEHHE B CIICKE OCHOBHBIX KYJBTYp. YCPEIHEHHBIN MIOKa3aTeNb He3alln-
IIEHHOTO CEKTOPa MPOOBOIbCTBEHHOM He3aBUCHMMOCTH B 2022 T. orieHnBaeTcs B 25,6 %7,
B 2018 — 28,7 %°, B 2014 — 37,2 %".

IToBeimeHue 3¢hPEeKTUBHOCTH MPOU3BOJACTBA CEMSIH HA YPOBHE CEIEKLNOHHBIX
XO3SHCTB M CEMEHHBIX 3aBOJIOB 3aKJIIOYACTCS B IIMPOKOW MOJICPHU3ALMU TEXHOIOTUU
MPOU3BOACTBA CEJIEKIIMOHHBIX CEMSIH. B MEpBHYHOM CEMEHOBOACTBE MOXHO BBIJC-
JIUTh YETHIPE ONEpaLrH, KOTOPbIE C MPUMEHEHNEM TMOKON MEIIKOTaphl BHITOTHIIOTCS
HeadexTrBHO. K TaKOBBIM OTHOCSTCS: MHOTOKpATHAsI py4YHasl IEpeBaJIKa CEMsIH, IPH
KOTOpOW MOBpEKAAeTCA MEUIKOTapa U TEPSAIOTCS CEMEHa; KOHTPOJIb COCTOSHUS CEMSH
IO BIAYKHOCTH; CYIIIKA CEMSH JI0 KOHAMIIMOHHOM BIaKHOCTH, a TaKXKe XpaHEHUE CeMSIH
C KOHTPOIIMPYEMBIMU PEKMMaMH XpaHeHus1. Heo0X0IMMO OTMETUTD, YTO KOHTPOJb BIIAXK-
HOCTH M PEKUMOB XpPaHEHHS B CIIydae ¢ HaXOXK/IeHHEM CEeMsTH B MEIIKOTape 3aTpyJHEH.

Taxum 00pa3zoM, 3aMeHa MEIIKOTAPbl HA MHOTO(YHKITHOHAIBHBIN KECTKUI KOHTEH-
Hep Ul IEPBUYHOIO CEMEHOBOACTBA 3€PHOBBIX KYJIBTYp — BaxkHas 3afada. [Ipu stom
HCKJIIOYAIOTCS] TEXHOJIOTHYECKNE HEIOCTATKH MELIKOTAPbI, HOSBIISETCS] BO3MOXHOCTD
3aMEHBI PyYHOTO TPYyAa MPH IEPEeBATIKE CEMsIH, OIPY3Ke U Pa3rpy3Ke Tapbl Ha BBICO-
KOoaBTOMaTH3upoBaHHbBIH [1; 3]. B xauecTBe uccieayeMoil KyabTypbl ObUTH TPUHSATHI
CeMeHa MIIEHUIIBI, 3aHIMatone 45 % MOCEeBHBIX IUIOMAAeH 1 00bEM PBIHKA CEMSH
B 7,4 MIIH T°, 4TO MOXKET ITO3BOJIHMTH MEPEPACHPEACTUTh OCBOOOIUBINYIOCS TEXHUKY

' O6 yrBepxaenun JJOKTPUHBI IIPOIOBOIBCTBEHHON Oe3omacHocTr Poccuiickoit Deneparmu [nek-
TpoHHBIH pecypc] : Yka3 [Ipesunenrta PO ot 21 suBaps 2020 . Ne 20. URL: https://base.garant.ru/73438425/
(mara obpamenus: 04.11.2023).

2 PactenneBoacTBO B Poccun: ypoxaii 2022 roja, MMIIOPTO3aMEIIEHHE, CTATHCTHKA MO SKCIIOPTY
[OnexTponnsrit pecypc]. URL: https://delprof.ru/press-center/open-analytics/rastenievodstvo-v-rossii-
urozhay-2022-goda-importozameshchenie-statistika-po-eksportu/11 (mara oopamenus: 04.11.2023).

3 JTa4HUKH ¥ arpapuy CTOJIKHYTCS € Mpo0iieMaMH HM3-3a U30BITOYHOTO KOHTPOJISI HMIOPTa CEMSH
[2nexrponnsiii pecypc]. URL: https://www.interfax.ru/russia/703920 (nara oopamenus: 04.11.2023).

4 Kybanb 3a 5 51eT miaHupyeT H30aBUTHCSI OT UMITOPTHBIX ceMsiH [ Dnexrponusiii pecypc]. URL: https:/
rostov.rbe.ru/rostov/25/09/2015/560560e19a79476d67122b54 (nata obpamienus: 04.11.2023).

5 MenepanbHas ci1yx0a rocy1apcTBEHHOH CTaTHCTHKH. [I0CeBHBIE MIIONIAH, BaIOBbIE COOPBI M YPO-
XKAMHOCTb CEIbCKOXO3AHCTBEHHBIX KYIbTyp B Poccuiickoit denepaunu B 2022 rony (mpensapuresbHble
nanHbIe) [DnekTponHsii pecype]. URL: https://rosstat.gov.ru/storage/mediabank/29 cx predv 2022 .xlIsx
(nara obparenus: 04.11.2023).
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U JIIOfIeH Ha MPOU3BOACTBO KYJIBTYP C HEJOCTATOUHBIM MOKa3aTesieM MPOJOBOJIBCTBEH-
HOW He3aBHCHUMOCTH. [I[puMeHeHne pa3pad0TaHHOTO TEXHOIOTHYECKOTO KOHTEeHHepa
00OCHOBBIBACTCS M0 KPUTCPHUSIM TEXHUKO-IKOHOMHYECKOH 3D (HEKTUBHOCTH B CPaBHEHUHN
C TTAJJIETOMECTOM M MEIIKOTapOH.

0030p TUTEpaTYpPHI

[[Iupoxoe onrcanre BOZMOKHOCTEH KOHTEHHEPHU3AITUH IPy30IIepepadOTKH MPH 3a-
MEIIeHNH TPy/a KaluTajloM, BOIUIOIIEHHOM B 000pyIOBaHHUH, IPEACTABICHO B paboTe
I. Bayapcokca, JI. Kiocca®. OCHOBbI KOHCTPYHUPOBaHHSI KOHTEHHEPHON YIAKOBKH JIJIsI
MOTPY30YHO-Pa3TPY30UHBIX M TPAHCIIOPTHO-CKIAICKAX PabOT CeThCKOXO3SICTBEHHBIX
TPY30B C OLIEHKOW BIUSHUS KOHCTPYKIIMHA Ha YIKOHOMHUYECKYIO0 d3PPEKTHBHOCTD MPEJI-
crasieHsl B padore I. M. TperssikoBa, . B. 'oprommHckoro’.

ATPOTEXHOJIOTHH U CEITHCKOXO3SICTBEHHBIE KYIBTYPhI KaK O0BEKT KOHTESHHEPU3aIH
uccliieoBanbl B pabotax A. 0. M3maiinosa [4; 5], H. E. Eprtomenkona, P. K. KypbaHno-
Ba [6], A. C. Uynkosa [7; 8], rae o00cHOBaHa SKOHOMUYECKas 3P(HEKTUBHOCTD MTPUME-
HEHUSI QIANITUBHBIX TEXHHUYSCKUX CPEACTB TPAHCIIOPTHOMW JIOTUCTHKY Ha 0a3¢ CMEHHBIX
Ky30BOB, 00€CIICUMBAIONINX MPABHIBHYIO paOdOTy C arpOTEXHOIIOTHUSIMH MTPOU3BOCTBA
CEIbCKOXO03MCTBEHHON ITPOAYKLMH.

B pa6ore H. M. JlatbimeHok [2] KoHTEHHEp HCTOIB3YyEeTCSl B KAYECTBE BBIJICIICH-
HOHM eTWHUIIEI XpaHeHHs 3amaca. [Ipr 3ToM KOHCTPYKITHS KOHTeHHepa o0ecreunBacT
HSKOHOMUYECKYIO 3(()EeKTUBHOCTH XpPAaHEHHS CEMEHHOTO 3epHa 32 CYET TePMETUIHOCTH
Y KOHTPOJIA Ta30BOH Cpeflbl BHYTpH KOHTeitHepa. [Ipeanochuik 1 mepceKTHBBl pas-
BUTHS KOHTEHHEPU3AIUHN CEIThCKOXO3SICTBEHHBIX KYIBTYp HCCIIEIOBAHEI TAKXKE B PAJIE
Ipyrux pador [9-18].

Hacrosimas crares nmpeanokeHa aBTOpaMu Kak JOMOJIHEHHE K PadoTaM HCCIleIoBaTe-
JIel KOHTEHHePHU3aluu TPAHCIIOPTHOTO 00ECIICUCHNUS 36PHOBBIX KYIIBTYp. BMecTe ¢ aTum
Hay4YHBI HHTEPEC MPEACTABISICT IPUMEHEHUE KOHICIIUN aJalTUBHBIX TEXHIUYECKUX
CPEJICTB B YCIOBUSIX OTPAHUYCHHUN TIEPBUYHOTO CEMEHOBOICTBA, I7IE TOI0BOM YCIOBHEIM
00beM pabot coctapisierT MeHee 1 Thic. T. O0beM OYHKEPORB CENEKIIMOHHO-CEMEHOBOIUEC-
CKHMX KOMOAHOB MEHBIIIE 00beMa yke 000CHOBAHHBIX IS TIPOIOBOJIECTBEHHOTO 3¢pHA
KOHCTPYKLMI CMEHHBIX Ky30BOB. [IepeBo3KH periaMeHTUPYIOTCS 3aKOHOM Poccuiickoil
Denepanun «O ceMEHOBOICTBE»®, a CyIlka ceMsiH OTpaHUYCHA PEIETbHOM TeMIepary-
poii HarpeBa B 40—45 °C u nipeaebHON HEPAaBHOMEPHOCTBHIO BIAXKHOCTH CEMSIH T10CTIe
cymku B £1,5 %. [1pu 3ToM HE0O0X0aMMO 00ECTIEYNTh YUCTOTY TBOPYECKOTO CEIEKITHOH-
HOTO TIPOIIECCa, COXPAHHOCTh U KU3HECTIOCOOHOCTh CEMSIH Ha BCEX TEXHOJOTHUECKHUX
oreparusix Ipou3BoACcTBa. [IpuMeHeHre qoporocTosAIIe TEXHUKH TTPU CPABHUTEIBHO
HEOOJBIINX 00beMax padoThl MOOYKIACT UCCIAENOBATh BO3MOXKHOCTA 000CHOBAHHUS
KOMIUIEKCHOTO TIOBBIIICHUS TIPOU3BOUTEIBHOCTH TEXHOIOTHUECKOTO 000PYIOBAHUS’.

¢ Bayspcokc 1. JIx., Kitoce 1. JIx. JIorucTHKa: HHTErpUpOBaHHast b moctaBok. M. : Onumn-bus-
nec, 2017. 640 c.

" Tpetbsikos I. M., TopromuHckuii Y. B., Toprounmuckuii B. C. KoHTelHEPHO-TPaHCIIOPTHBIE CHCTEMBI
B arponpoMbIIIIeHHOM koMmutekce. M. : Komoc-IIpecc, 2002. 224 c.

8 O cemenoBozcTBe [InekTponHbIi pecypc] : 3akon Poccuiickoi Menepanmu ot 22.12.2021 Ne 454-D3.
URL: https://base.garant.ru/403332751/ (mata ob6pamenus: 04.11.2023).

® TOCT 46-72-78. IlapamMeTpbl OMBITHOTO MOJIS, CXEMBI TI0CEBA U TPEOOBAHMUS K TUITAXY MOCEBHBIX
1 yOOPOYHBIX MAIINH B CEJIEKIINH, COPTOUCTIBITAHUH ¥ IEPBUYHOM CEMEHOBOJCTBE 3€PHOBBIX M 36pHO00-
60BBIX KyJIbTyp. [lapaMeTphl 3JIeMEHTOB ONBITHOTO MOJIS 110 ATanaM pabort : nara BBeneHus 1978-01-01.
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Amnanus padot Takux aBTopoB Kak JI. A. [lectpsakos, A. U. BypesHos, C. B. Brnacosa,
9. B. XKannun, A. 0. U3smaiinos, M. JI. Kptokos u A. B. Tonyokosuu [19-26] nokasai,
YTO aKTyaJIbHBIM TEXHHYECKUM pPEIlICHuEM U criocoboM, Hanbosee MoiHo obecreunBao-
MM KOMIUIEKCHOE MOBBIIIEHNE POU3BOAUTEIHHOCTH ITPOU3BO/ICTBA CEMSH, SIBIISETCS
CMEHHBIN CYIIHIBHO-TPAHCIIOPTHBIM KOHTEHHEP, KOHCTPYKIIMS KOTOPOTO MUHUMH3UPYET
MIEPEBATIKY CEMSTH TIPH TTOTPY3KE U pasrpy3ke, a Takke 00ecrieunBaeT N30S0 CEMSIH OT
BHEIITHEW Cpe/Ibl TPH AOCTYIIE areHTa CyIKH. MOITyTbHOCTh U 3aKPBITOCTh KOHCTPYKIIHN
TIO3BOJIIJIA 3AJI0KUTH (PYHKIIHIO peBepca KOHTEHEpa, HCIONB3YOTYIOCS, HAIPAMeED, TIPH
nepechIanny ceMsH. Vcrop30Banne peBepca B POIECCe CYIITKH TT03BOJSIET YBETHINTh
Pa30BO BBICYIIMBAEMBIi ClIOi'’ U, CIIEIOBATENILHO, PA30BYIO 3arPy3KY 3€PHOCYIIHIKH
Y TPAHCIIOPTHBIX cpencTB. HepocTarkoM Takoi KOHCTPYKITUU SIBISIETCS HApYIIIEHUE
KadecTBa TEXHOJIOTHYECKOTO MPOIecca CYIIKY U XpPaHSHUS CEMSIH B KOHTEHHEpax u3-3a
OTCYTCTBHS BO3MOXXHOCTH 0TOOpa MpoO ceMsIH U3 KOHTelHepa, HaXoAsIIerocs B mrabe-
JIe UJTU B TIEPEBEPHYTOM IOJIOKEHHUU. Takke He HaliieHa 3aBUCUMOCTD, TI03BOJISIOIIAs
paccuuTarh BpeMsi peBEPCUBHON CYIIKH ceMsiH. Takum 00pa3oM, MOXKET SBISTHCS pa-
UOHAIIBHOM pa3paboTKa MHOTO(QYHKIIMOHATIBHOTO KOHTEHHEpa AJIsl TPAHCTIOPTUPOBKH,
CYIIKH, XpaHEHUS, TIOTPY3KH U Pa3TPy3KH CEJICKIIMOHHBIX CEMSH 3€PHOBBIX KYIBTYP
C YCTpaHEHHEM KOHCTPYKTHBHBIX HEIOCTAaTKOB MPOTOTHUIIA.

MartepuaJjbl 1 MeTOAbI

B mporecce nccnenoBanus ObuT pazpaboTan MHOTO(MYHKIIMOHAIBHBIH KOHTEIHED
JUTSL IEPBUYHOTO CEMEHOBOJICTBA 3€PHOBBIX KYJIBTYP, Ta0apUTHI KOTOPOTO COCTABHIIA
1000x995x820 MM, a BMecTEMOCTh — 0,5 M>. OH BKITIOYaeT KapKac ¢ 6OKOBBIMH CTEH-
KaMu, iep(OpupOBaHHbBIE JHUIIE U KPBIIIKY, BOBMOXXHOCTh IKCILTyaTaIlHH C CEJICKIIN-
OHHO-CEMEHOBOIYECKUM KOMOAITHOM, BUJIOUHBIM ITOTPY3YHKOM, TeIbGEPOM, PYHKITUIO
BpalllcHHS KAHTOBATEJIEM B TIPOIIECCE CYIITKU WK MEPECHIanns CeMsH U3 Hero (puc. 1).

Puc. 1. MHOroh)yHKUHOHAIBHBIN KOHTEHHED YISl IEPBUYHOTO CEMEHOBOJICTBA 3€PHOBBIX KYJIBTYP
Fig. 1. Multifunctional container for primary seed production of grain crops

B kadecTBe TeXHUKH OBIIM MCHOIB30BaHBI TAKHE MAIINHBI KaK CEJICKIIHOHHO-Ce-
MeHoBomuecknit kombaiiH Wintersteiger Delta [27; 28] ¢ mmpuHO# 3axBaTa KaTKH 2 M
U CHCTEMOii 3aTapUBaHKsI CEMSIH B MEIIKH (1100 3epHOBBIM OyHKepoM 1,5 M?), TpakTop

19 Vkonos B. C. Cy1iika ceMsiH B KAMEPHBIX CYIIHIIKAX C peBEPCUBHOM moadeii Bosyxa // Teopus U Tex-
HHKa CYIIKH 3epHa: TPpy/Abl Hay4HO KoH(pepeHunu 15—17 anpenst 1969 . — M : BHUN3, 1969. C. 181-190.
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«benapyc-622» ¢ nomynpuuenom 1IITC-2, tensdep anexkrpuueckuidt TOR CD1 10916,
KOHBEKTHBHBIE 36pHOCYLIMIIBHBIEC yCTAHOBKH Ha 0a3e 3epHOCYIIMIKH JT0TKOBO# CJI-0,3X2.
OCHOBHEBIE HCXO/IHBIE TAHHBIE OIICHKU SKOHOMHYECKOH () (PEKTHBHOCTH MPE/ICTABICHEI

B Tabmure 1.
Tab6numna 1
Table 1
Hcxonnbie JaHHBIE OLleHKH IKOHOMHYecKo¥ 3¢ (heKTHBHOCTH
Cost-effectiveness baseline
YucnoBoe 3HaueHHE
Ha OIEpALUHX 110 aHAJIOTHYHO# (HOBO#T)
TexHuke / Numeric value
%?gggl/ Ommcanne / Description for analog (new) technology operations
V6opxka / Tpancriop- Cymika /
Harvesting THDOBKA / Drying
Transporting 4
1 2 3 4 5
Acw; KomigecTBO 0CHOBHOTO M BCTIOMOTaTEIIBHOTO MIEPCO- 1 3/1 2/1
Hasa (MeXaHHU3aTopbl ¥ BCIIOMOTaTellbHbIe paboune),
00CITyKHBAIOIIEr0 CaMOXOAHYI0 TeXHIUKY MTA 3a
1 4. CMEHHOTO BPEMEHH Ha i-M BHJC pabOThI, Yel. /
Number of main and auxiliary personnel (machine
operators and auxiliary workers) servicing self-
propelled equipment of MTA per 1 h. of shift time
in the i type of work, people
W IIpousBomutensHOCTh TexHUKH MTA 3a 1 4. cMeH-  Pacuer / Pacuer / Pacuer /
HOTO BpeMeHH Ha i-M Buze paboTsl, /4 / Equipment Calculation Calculation Calculation
productivity of MTA per 1 h. of shift time in the i
type of work, t/hour
T, Yacopast orurara Tpy/a 00CITyKUBAOIIETO IIepcoHana 187,5 187,5 187,5
k-o#t kBanudukammu, py6/den / Hourly wages of
service personnel with & qualification, ruble/person
n, Kosdpunument, yuuteiBaromuii ypoBeHb COLUAITB- 1,302 1,302 1,302
HBIX OTYHCIIEHHH OT 3apILIaThl, pEIIaMEHTHPYEMBIX
3aKOHOZIATEIbCTBOM KOHKPETHOTO roCynapcTaa /
Coefticient that takes into account the level of social
deductions from wages regulated by the legislation
of a particular state
g VYrenpHBIN pacxoa MOTOPHOTO TOIUIMBA (31eKkTpo-  Pacuer / Pacuer / Pacuer /
9Hepruy, rasa), kr/T / Specific consumption of motor Calculation Calculation Calculation
fuel (electricity, gas), kg/t
11, Ilena TorumBa (3JIEKTPOIHEPTUH, Trasza), pyo/Kr 42 42 5,5
(xBt*u) / Price of fuel (electricity, gas), ruble/kg (kWh)
K,,, Koadouumenr yyera ieHsl cMa304HbIX MaTEPUATIOB / 1,25 1,25 1
Lubricant price factor
by, Lena j-oii Texuuku (6e3 HAC), HAE / Price of j 13 000 000 2 170 000 419 000
equipment (excluding VAT), national currency
K, 3HaueHHEe OTYHCIICHUH Ha PEMOHT H TEXHUYECKOEe 2,43 0,98 1,5

00CITy>)KHBaHHE OT LIeHBI j-0if TexHuku Ha 100 u. ee
PpaboTHI, MPHHATHIC B KOHKPETHOM rocyaapcTse, % /
Value of deductions for repair and maintenance from
the price of j equipment per 100 h. of its operation,
adopted in a particular state, %
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Oxonuanue mab6n. 1/ End of table 1

2

Km./'

Ry

&r

cXMj
CcXMj

N*

Tex;

KoadduireHT nemnonp30BaHusi CMEHHOTO BpEMEHH
J-Oii TEXHUKOH 3a MepHoJ KOHTPOJIBHBIX CMEH /
Coefficient of use of shift time by j equipment for
the period of control shifts

KoaddunmeHT roToBHOCTH j-0if TEXHUKH O OTepa-
TUBHOMY BpeMenH / Readiness ratio of j equipment
by operational time

KoadduineHT TeXHHUECKOTO HCITOIb30BaHMUS j-OU
TEXHUKH, OMPEEISIEMbIil [0 JaHHBIM UCIIBITAaHUI
Ha HanexxHocTh / Coefficient of technical use of
j equipment, determined according to reliability
testing data

3HayeHHEe aMOPTH3ALIMOHHOTO pecypca, j-il TEXHUKH, 4. /
Value of depreciation life of j equipment, h.

VYnenbHBIH pacxoj f-ro BCIOMOTATEJILHOTO
Marepuana, Kr/t / Specific consumption of f aux-
iliary material, kg/t

LleHa eAMHULBI f~TO BCIIOMOTaTEIbHOTO TEXHOIOTH-
4yecKoro Marepuaina, pyo/kr (m, wr.) / Unit price of f°
auxiliary technological material, ruble/kg (m, pcs.)

VposkaitHOCTB npoptyKimu, T/kM?/ Product yield, t/km?

Ilena cemenHoro Marepuaina, pyo/t / Price of seed
material, ruble/t

OTHOCHTEIIbHAS TOJIEBas BCXOXKECTb CeMsH, % /
Relative field germination of seeds, %

ATpOTEeXHUYECKUH CPOK BBIINOJIHEHHUS i-T'O BUAA
paboThI, IpUHATHIN B 30He, AHEH / Agrotechnical
period for completing the i type of work adopted
in the zone, days

Bo3MmorkHOE Bpemst paboThl TEXHUKH B CYTKHU Ha i-M
Bujie paboThl, 4. / Possible operating time of equip-
ment per day in the i type of work, h.

TomoBoli yciioBHBIN 00beM i-r0 B paboOThI, T /
Annual conditional volume of the i type of work, t

Yucio cMeH paboThl 00CTy)KUBAIOLIETO IIepCoHaIa
B TEUEHHE CYTOK (11enoe uncio), mrt. / Number of work
shifts of service personnel during the day (integer), pcs.

Llena j-it cenpxo3mammmunsl, HIE / Price of j agri-
cultural machine, national currency

Yucno j-x cenbxozmarmi B MTA, mit. / Number of
j agricultural machines in MTA, pcs.

Heo6xoauMoe KOIMYecTBO TEXHUKH Ha i-M BUJE
pabotel, wT. / Required amount of equipment for
the i type of work, pcs.

3 4 E
0,7 0,7 0,7
0,97 0,97 0,97
0,98 0,98 0,98
2548 11132 3600

20+25/25 20+2,5/2,5 20+25/25

25+ 1000/ 12 000

400-800 400-800 400-800

17 000 17 000 17 000
Pacuer / Pacuer / Pacuer /
Calculation Calculation Calculation
60 20 20
8 8 24
400,75 400,75 400,75
1 1 3

0 200 000 215000
0 1 1
Pacuer / Pacuer / Pacuer /

Calculation Calculation Calculation

HOro KoinuectBa NV,
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I[J'If[ pacyucTa ToKa3arelei MMPOU3BOAUTCIIBHOCTU TCXHUKHU WCMI., a TaKXe€ €€ HOTpe6—

X,
r
Nr = y,IHT.,

Tex; Fr
J

Ha FO,I[OBOﬁ yc.]'[OBHBIﬁ 00BeM COPTOB NPHUHATO YPAaBHCHUC!

(1)
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rae F;, T — ronoBoit Gaktuueckuii 00bEM i-ro TEXHMYECKOTO CPEACTBA; 3HAYECHUE F;
HPUHATO B pacdeT Ha OCHOBAHHH IIJIaHA [I0OCEBOB 3€PHOBBIX VIHCTUTYTa CEMEHOBOACTBA
u arporexHonoruii Beepoccuiickoro uncruryra Mexanuzanuu «MICA BUM» [29].
Jlnst pacuera notpe6Horo konuuectsa Ny, MPUHATOTO B pacyeT kombaiina npu
HCIIONIb30BaHUI MENIKOTaphl ypaBHeHue (1) OyaeT BBIIIAAETh CIIEAYIOIMM 00pa3oM:

N, = y , IIT. (2)
KM W -t -n -n

oM, 'K c™M arp,

Jns pacdera npou3BOAUTENBHOCTH W, TPUHATO YPAaBHEHHE:

_ 3,6"1K'(1_7M)'Tr'kx T/q (3)
) T

rae ¢, — NpOIycKHasi CHocoOHOCTh KoMOaiiHa, ¢, = 2,69 Kr/c; y,, — k03 PULHEHT Bapu-
aluy nonavu xjaeoHoit maccel, y, = 0,15; k. — K03 HULIUCHT, YIUTHIBAIOIINI COCTOSHHE
ybupaemoro xsedocros, k. = 0,95; ¢ — OTHOILIIEHHE MacChl COIIOMBI K Macce 3epHa, € = 0,8;
7 — KO3((PUIUEHT UCTIONb30BaHNSA BPEMEHU CMEHBI IIPU UCIOIb30BaHUH MEIIKOTapPhI
paccuuThIBaeTCs 1o popmyie:

t

.

oofite) 0
K

rae ¢ g, — BCIOMOraTelbHoe BpeMs, £, = 1,2 4.; £, — BpeMs CMEHBI ollepaTopa KoMOaii-

Ha, f, = 8 u.; T, — K03 duMenT paboTE KoMOaiiHa IPH UCIONB30BAHUH MEIIKOTapHI,

OTHOCSIIIUNCS TOJIBKO K HAMOJIOTY 3€pHA, ONPEACIISACTCS CISIYIOIIUM 00pa3oM:

t
M _ 63
Ty, = I‘T, (5)
1
rae £, 4. — BpeMs Ha yOOPKY 10 MOJTHOTO 3aIlloJHEeHUs OyHKepa 36pHOM ONpeAeisIeTCs

COOTHOILICHUEM
Vs-p-(1+3,)
03 = M . T q"
3,6-q, - K

n

(6)

rae Vi, M? — 00beM OyHKepa; p — HaChIIHAs IUIOTHOCTH MiIeHuIpl, p = 0,715 t/m%; 6, —
BBIXOJl IOOOYHOMN ITPOLYKIIUHU [0 OTHOILEHUIO K OCHOBHOH, 0, = 0,9; K — ko3 puriueHt
YMEHBIIIEHHS IPOIYCKHOH criocoOHOCTH KoMmOaiiHa, K, = 1.

Bpewmst unkiia kom0aiina mpu MCHONb30BAHMH MENIKOTAPHI /, MPENCTABIAET COO0H
CyMMY:

M M
L =loy +ligpu, T o 9o (7

TIE f105., — BPEMSL, 3aTpauyrBaeMoe KOMOAITHOM Ha MIPOXOXKJECHUE TIOBOPOTOB:

— R)(XK ) Z nl‘lOB (8)
tnoa.uKz - >
v L
MoB
t63 ' v63
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IIT. — O0IIIee KO-
=233 Wr; v, —

rae R, KM — IIyTb XOJIOCTOTO X0/a KoMmOaiiHa, R,, = 0,04 xkMm; Y1,
JMYECTBO MOBOPOTOB Ha mone. [Ipu mmpune nmonst B, = 0,48 kM; Y n

oB

CKOPOCTB IIPOXOXKIEHHS TOBOPOTOB, v, . = 4,4 kM/4; L — nnuHa roHa, L = 0,05-0,25 xm;
Vg, — CKOPOCTb TIPH KOMOAHHUPOBAaHHY, Vy, = 4,2 KM/4. Vg,.

M M
1), —BpeMms pasrpysku cems, f; = 0,03 4. (puc. 2a, 2b).

p!

) e - i o
Pwuc. 2. Ilorpy3o4Ho-pasrpy3odHsie pabOTHI Ha ONepauy yOOpKH,
TPaHCHOPTHPOBKH U CYIIKU C IPUMEHEHUEM MEIIKOTaPhI

Fig. 2. Handling operations during harvesting, transporting and drying of grain with the use of sacks

VienbHbIi pacxo MOTOPHOTO TOIUTMBA IIPU UCIIONIB30BAHUH MEIIKOTAPHI g7, ., OIpe-
nensiercs o opmye:

G, -1

= ——* Kr/T, 9
8r,, V. p KIVT, )

rue Gr,, Kr/4—4acoBoii pacxon TorumBa. s komOaiina Wintersteiger Delta G, = 11,87 kr/u.

Jlnst pacdera npousBoMUTENbHOCTH W, ¥ IOTPEOHOTO KOMMYeCTBa N, TIPUHATOTO
B pacueT TpaHcnopTHoro cpeacTsa (TC) Ipu MCMOIB30BAHUH MEIIKOTAPHI TTOTYYHM T10
dopmyie (1) ypaBHeHHE MTOTPEOHOTO KOJTHUECTBA TPAHCIIOPTHBIX CPE/ICTB:

N = = , IIT. 10
TeX, W t -1 -n HIT. ( )

T ™ arp,

Jns pacuera W,  OPUHATO ClIEAyIOIIEeE YPaBHEHHE:

MT.M

M cm.,
TIM. .nyn-r.nm 'an.yu ’ tT~M
10
W = ; , T/4, (11)
om0,
TIE My iy, — MAKCHUMAIIBHOE KOJIMYECTBO MAJIETOMECT, pa3meniaeMbix B Ky3ose TC,

OTIPECIIAIONICECS B COOTBETCTBUH C i-BapHaHTAMH Pa3MEIICHUS TIPU IIPOIOIHHOM,
TONIEPEYHOM M KOMOMHHUPOBAHHOM PA3MEIUEHHH My iy, = 3 IIT.; My, — KOJIHYECTBO
YTIaKOBOK HA MAJIJIETOMECTE, My, . = & IIT.; q,tfy“ — BMECTHMOCTb €IMHUIIBI yITakoBKH. [1pn
KCIIOJIb30BAHUH MEIIKOTaphl qZ_y“ =0,05T; L (bakTHUeCKas JTUTETFHOCTh CMEHBI
ONEePaTOPOB TPAHCIIOPTUPOBKH, ley g, = £, — 1,

T oben*

52 Texnonoeuu, mawunsl u 060py00saHie



Vol. 34, no. 1. 2024 ENGINEERING TECHNOLOGIES AND SYSTEMS .

Bpems nuxiia TC npu HCNONb30BaHMH MEMIKOTAPI £, paccMaTpuBaeTcs o Gopmyiie:

=t +1 +1, -n,_ +t +1 +1, +t +1, ,4, (12)

1y Pr-KIl, 3r-3T 3r3 3r, 3r-KIl 4 KII-B3,5 B34 B3-pry; prg’

TA€ tyr ynyy> 9. — IPOIOIKUTENBHOCTD nepeesna TC oT MecTa pasrpy3ku 10 Kpas MojIs
(6e3 rpys3a).
Bpewms nemkenust TC mpu mog0ope rpysa ;. ., ONPEIEISIETCS COOTHOIICHUEM:

i 1077 L

_ k=1..24
tar-srﬂ - > 9oy (1 3)
vsrfsr

rae z dP™ — nons MpoWIEHHOTO MyTH Yepe3 24 Gnuskaiiiiue TOYKH 3arpy3KH (s

k=1..24
TPEX NaJUIETOMECT 110 8 IPy30BBIX €MHUL), JuInHA roHa L = 50-250 m, mupuHa 3axsara

JKaTKU 3epHOyOOopouHOoro kombaiina B, = 1,25-2,3 m [30]:

> df™™* =2,36-0,006L, + 0,868, — 0,002, - B,. (14)

k=1..24

Virar — CKOPOCTB MEPEIBIKEHUS MEXKY TOUKAMU 3arPy3KH, V,. .= 10 KM/4.; £, , — TIpO-
JOJKUTENBHOCTD 3aIrPy3KH, t,, = 0,012 u. (puc. 2¢); n,, — koIM4YecTBO onepanuil 3a-
rpy3ku TC 3a eAMHUYHBIN UKL, 7, = 8; £, gy 9. — IPOIOIDKUTENHHOCTE epee3na TC
MECTa 3arpy3Ky K Kparo o (II0 CTEPHE, C TPY30M); L g5, . — IIPOJIOIDKUTEIBHOCTD
nepees3na TC ot kpast OJIs A0 ITyHKTA B3BELIUBAHUS (C IPY30M); fy; s — IPOIOIDKUTENb-
HOCTb B3BEIIMBAaHUSA IPy3a U 0OPMICHHS COMYTCTBYIOIINX JOKYMEHTOB, £y, « = 0,06 u.;
Ly prr7> 4. — TIPOJIOJKUTENBHOCTD Nepee3aa TC oT MyHKTa B3BEIIMBAHUS 10 MECTa pas-
IPY3KH (C TPY30M); Z,, s — IPOAOIKUTENBHOCTD pasrpysku TC, £, = 0,014 u. (puc. 2d).

YnenbHbIi pacXox MOTOPHOTO TOTUTHBA TPAHCIIOPTHOTO CPEICTBA TIPH HCIIONB30BAHIH
MEILKOTaphl gy, , ONpeneseTcs no popmyse:

& = - , KI/T, (15)

™™ M M
TR CURL (A
rae Gy, — 4acoBoil pacxof ToruMBa Aj1st Tpakropa «benapyc-622», G, = 14,3 xr/u.
ITpu pacuere npou3BoAUTENBHOCTH W, 1 MOTPEOHOTO KoindecTBa NV, TPUHATON

3epHOCYLIMIIKH C UCIOJIb30BAaHUEM MEIIKOTaphl NOIy4uM 1o ¢opmyne (1) ypaBHeHHE
NOTPEeOHOTO KONNYECTBA TPAHCIIOPTHBIX CPEACTB!

FEr
T _ y
]\[TexCM - c , IIT. (16)
eMg, e “hey narpc
I[H}I pacydeTa WCMcAM IIPUHATO YPABHCHHC!
t
cM.b,
Gmm' ™
LlC
Woo == (17)
[GYRON

9,
w
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rae G,,, — pa3oBas 3arpy3Ka BJIa)XHOTO 3€pHa B 3epHOCYIIMIKY, Gy, = 0,4 T foy 0, 9. —

(baKTquCKa;I JUTATEJILHOCTh CMEHBI OTIEPATOPOB CYIIKH, Loy g = L — Logen-
Bpewmst iukiia Cymku mpu UCIONb30BAHUHN MATKOH Taphl tffc orpeaensaercs no hopmyie:

M M M M
Al S T T (18)
et | — HPOOJIKUTEIBHOCTH 3arPy3KH 36PHOCYLIMIIKH [PH HCTIONB30BAHHH MEILIKOTAPBL,
M .« 4M

ty =0,06u. (puc. 2e); 7)), , 9. — BPEMs CYIUKH CEMSH B CTALIMOHAPHOM CIIOE OIpe/e-

iy’
JIIeTCS U3 COOTHOIICHMS [7]:

= —Du= U B (19)
. a-(far—ecp)'f'ﬂ'hn

rae U, U, KT BJI/KT cyX. MaTepuajia — Ha4aJbHOE U KOHEUHOE BJIATOCOACPIKAHUE CEMSIH,
U, =0,25-0,43 xr Bi/kr cyx. marepuana, U, = 0,16 Kr BI/KT cyX. Marepuaia; » — Te-

mIoTa mapoobpasoBanus Biary, » = 2 730 xx/kr; H — BeicoTa cios cemsH, H = 0,3 m;

Bt
o — k03 hUIMeHT TermIooTaaun, o ~ 17, 5270(:; t,. — TEMIIEpaTypa arcHTa CyIIKH,
M .
ta = 40 °C; 0., — HauanpHas cpelHss Temueparypa cemsH, 0, < 25 °C; f— ynenpHas
MTOBEPXHOCTH CEMSH, f =~ 3 M?*/KT.

7 — OIS TETUTOTHI, TIOMIE/IIIas Ha UCTIapeHHe BIard, PaCCYUTHIBAETCS IO POpMyIIe:

n=2 Br, 20)
O
e O, — pacxoj Telula Ha UCTIapeHHE BIIary IIPY UCIIOIb30BaHUH TEXHOJIOI MY MSTKOM Taphl.
0, :Gm[(rJrcn-tar)—cB-Hcp], 21)
rae G,, — KOJIM4eCcTBO UCIapsaeMOi BIIard B IPOLIECCE CYLIKH:
W, -W.
G,=G ~103~( i K),Kr, (22)

Bl BIL3 W

rae W, W,, % —HadanpHasi 1 KOHEYHAs BIAXHOCTb 3epHa, W, =20-30 %, W, =14 %; c, —

K K
TEIIOEMKOCTb BOZISTHOTO Tapa, ¢, = 1,97 KIX, ¢, — TeTUI0EMKOCTb BOJIBL, ¢, = 4,19 KX,
kr - °C Kr-°C
Oy, KBT — 001mmii pacxoy Teruia Ha CyIiKy:
QZ = QW + Q3 + Q]‘[7 KBT: (23)

rae O, — pacxol TeIia Ha HarpeBaHHe 3epHa B 3ePHOCYIIIIIKE PACCUNTHIBACTCS CIIEIY-
IOIITIM 00pa3oM:

0,=G.,-c,(-0,),xBr, (24)
e GQ3 — MacCcCa BBICYIICHHOTI'O 3€pHAa B 3CPHOCYHINIIKE IPECACTABIIACT CYMMY:
G, =085(G,,-G,) kr; (25)
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7€ ¢, — TeII0EMKOCTh 3€pHA PACCUUTHIBAETCS 10 (hopMyie:

cs=O,01~WH~cB+O,01-(100—WH)~cC,ﬂ, (26)
KT -°C

I7ie ¢, — TEIUIOEMKOCTh CyXOro BellecTBa 3epHa. J{ist 3epHa MIICHHULIbI yAeIbHAS TEIUIO-
KX
€MKOCTB CyXOro BEIECTBa ¢, = |, 25670(:; {, — TEMIIEpaTypa 3epHa B KOHIIEC CYIIKH,

KT
t,=40 °C.
[Torepu Tema B OKpy>Xaroliyto cpexy O, BEIYMCIUM CIEAYIOIUM 00pa3oM:

O,=0,1-0,, xBr. (27)

Beicora norpanuuHoro ciost cemsig A, = 0,35 M.
ITponomKHUTENBHOCTD Pa3TPy3KH 3€PHOCYIIHIKH TIPY HCIOIb30BaHUH MEIIKOTAPbI
M
th. = 0,07 4. (puc. 2f).
VaenbHbIN pacxos AMEKTPOIHEPI U IPH UCIOIb30BAHIN MEIIKOTAPbI g7, OIpese-
aseTcs 1o Gpopmye:

M
g = Gg’u KB/1, (28)
BJI.3
rae Gy, — 4acoBOM pacxol MIEKTPOIHEPruM Ui 3epHOCyImIKY JoTkoBoi CJI-0,3x2,
Gy, = 14,4 xB1/u.
Pacuer npousBoputensHoctn Wy, M MOTPEOHOTO KomuuecTBa N, TPHHATOrO
B pacueT KomMOaiiHa MpH UCMOIL30BAHUN MHOTO(YHKIIMOHATIHHOTO KOHTEHHEpa OTIIH-

yaercst yuetoM Bpemenn oxxunanusi TC. Torna popmyna (7) mpumer BUx:

XK.

K _ K
e =loy Fliogu, T o, o s (29)

K pacueTam mpuHHMMAaIOTCS YHCICHHBIE 3HaYeHHUs 00beMa OyHKepa Vs = 1,5 M3,
BpeMsl Pa3rpy3KH CEMsH MPH UCIOIB30BAHUU MHOTO(YHKIIMOHAIBHOTO KOHTEHHEpa
tt =0,009u. (puc. 3a). OcTanbHbIC YHCIOBIC 3HAYCHUS TPUHUMAIOTCS WIACHTUYHBIMU

Py

IIpu pacyeTax € UCIOJIb30BaHUCM MCIIKOTAPHI.

Puc. 3. Ilorpy3ouHo-pa3rpy3o4nsie pabOThI Ha ONepaly yOOPKH, TPaHCIOPTHPOBKH,
CYILIKH ¢ IPUMEHEHHEM MHOTO(QYHKIMOHAIBHOTO KOHTEHHEpa

Fig. 3. Handling operations during harvesting, transporting and drying of grain
with the use of a multifunctional container

Pacuer npousBogurensHocTy W, 1 OTpeOHOrO KOstMuecTBa N, TIPUHSTOIO B pac-
geT TC npH UCTIONB30BaHUM MHOTO(YHKIIMOHATBHOTO KOHTEHHEPa OTIANYACTCS yUeTOM
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BPEMCHH OXKUJIaHUS HAMOJIOTa ceMsiH komOaitHoM. Torma gopmyna (12) mpumeT Bu:

=t +1,  +t +t,. +t +t +t, +t +t ,4., (30)

1, Pr-KII [ KIT-3T 3 3l 3r-KIl 5 KIT-B3 ¢ B3, B3-PI' g pryg’

TOE foxy, 9. — IPONOIKUTENBHOCTH IpeObiBanusl TC y monst B 0KUAAaHUN HAMOJIOTA
3epHa KOMOaHOM. loxyy IPUHAMACTCSI PABHBIM HYIIO, €CHH fprny T Lansrgs 1 Laracngs T
T tanssng T Loy T Losprng T Tprro < Lose T tnongs (VI Lo s IPUMEHSIETCSI OOPATHOE YCIIOBHE);
tanargzs 9. — TIPOJIOJDKUTEIBHOCTD Tepee3na TC oT kpas moist 10 MecTa 3arpy3ku (1o
crepHe, 6e3 Tpy3a ™™ ~ 0,5, 1, = 1, Vi = 9,2 KM/); IPOJOIKHTETBHOCTE 3arPy3KH
tyes = 0,009 u. (puc. 3a); nponomxuTenbHOCTH nepeesna TC oT MecTta 3arpy3ku A0 Kpast
HOJISA Ly onies = tensress Lanng, 9- — IPOAOIDKUTENBHOCTD nepeesna TC oT kpast o 10 IyHKTa
B3BEIIMBAHHUA (C TPY30M Vi = 16,8 KM/4); £;, 5, 9. — IPOJOIKUTENLHOCTD B3BEILIUBAHUS
rpy3a 1 0OpMIIEHHS COITyTCTBYIOMINX JOKYMEHTOB, t,,,= 0,06 4; £, ., 4. — IPOAOII-
JKUTENBHOCTH Tiepee3na TC OT MyHKTa B3BEIIMBaHUS IO MECTa Pasrpy3Ku (C Tpy3oM,
Vaspr = 16,8 KM/4); TpopomkuTenbHOCTh pasrpysku TC ¢,.,= 0,007 u. (puc. 3b, c). K pac-
4eTaM TAKKe IPUHUMAIOTCS! YUCIIOBBIE 3HAYCHHUS My, =1 WIT; G, = 0,4 1. OcrajbHbIe
YHUCIIOBBIC 3HAUCHUS MPUHUMAIOTCS UJCHTHYHBIMH TIPU PacyeTaxX C MCIIOJIb30BaHUEM
MEIIKOTApPBI.

Pacuet npoussonurensuoctu W, 1 N0TpeOHOTO KonmyecTBa N, TPUHATOM
B pacyeT 3epHOCYIIMIKU IPU UCIOIb30BAHMH MHOTO(YHKIMOHAILHOTO KOHTEHHEepa
OTJIMYACTCS BPEMEHEM 3arpy3Kd M pa3rpy3KH, a TAK)KEe BPEMEHEM CYIIKH, ITOCKOJIBKY
B €¢ Ipoliecce MpUMEHseTCs peBepc citost ceMstH. Toraa ypasuenue (19) mpumer Bum:

K —
Ly, = by + bwy + byn+ byw, ., + b,wn +
2 2 2
+ b13w0wpeB + b23nwpeB +b,wy +byn + b33wpeBa 4., (31

TIE Wy, 1, W, — HadallbHasl BIIAXKHOCTb CEMsIH, %o; KOJIMIECTBO [IEPEBOPOTOB KOHTEHHE-
pa, e1.; MOMEHT BJI&XXHOCTH TIepeBOpOTa KOHTeiHepa, %.

Huist onpenenetnst Ko3QUUMEHTOB PErpecchy YPaBHEHNS PEBEPCUBHOMN CYIIKHU £,
B COOTBETCTBHH C Pa3paboTaHHON KOHCTPYKTOPCKON JOKyMEHTAIMeN ObLT MCTIONB30BaH
CTEH] KOMIUIEKTa CYUIMJIbHO-TPAHCIIOPTHOTO 00OPYAOBaHMS, a TAKKe OB IPOBEICH
TPEXypOBHEBBIN SKCIIEPUMEHT 10 11aHy bokca-benkena''. VicnbITarenbHbIA CTEHT
COACP)KUT MaHMITYJISITOpP-KaHToBaTeNb (1), mepenBmXHOM KOHTEHHep U1 «Our-0sra
(2), XoHTelHEep CYIIHIBHO-TPAHCTIOPTHBIH (3), KOHTEHHEPHYIO TETUIOBEHTIIIAIIMOHHYIO
ycTaHOBKY (4) (puc. 4). B konTeliHepe pa3menieHa sipoBas miieHnna «Pumay. Jlnamna3zons
BapbUPOBaHUs (HaKTOPOB MPUBEACHBI B Ta0IHIIE 2.

[Nocne npeobpazoBanmii MOTYUYHIN YpaBHEHUE pacyeTa BpeMEHH PEBEPCUBHOMN CYILIKH:

Loywp, = 11,78 =1,05w, — 0,017 - 0,05w,,, —0,005w,n + 0,03w,, 4. (32)
AJIEKBaTHOCTb YPAaBHEHUsI perpeccuu 1o kpureputo Ouepa: F,
F ... < 1. YpaBHeHue a/leKBaTHO Ha BCEX YPOBHSIX 3HAYMMOCTH.

pacy

= 0,94. TIpu

acy

! TInaun skcniepumenta bokca-benkuna [Anexrponnsiii pecypc]. URL: http://mdop.sourceforge.net/
help pe/index_ru.html
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Puc. 4. UcnpitarenbHblil CTEH KOHTEHHEPHOTO CYIIMIBHO-TPAHCIIOPTHOTO 000PYIOBaHUS
Fig. 4. Testing stand for container drying and transporting equipment

Tabnuma 2
Table 2
Jlnana3zonsl BapbupoBaHus GaKTOPOB IKCIIEPHMEHTA CYIIKH CeMSIH
Variation ranges of seed drying experiment factors

o w..., Yo — MoMeHT
Wy, %0 — HauanpHas n — KonnaectBo BJIa)I?IE;OCTI/I eDeBONOTA
®axkTops! / BIT&XKHOCTbH CeMsH / MepeBOPOTOB KOHTEIHEpa / o PEBOD
v o ; KoHTelHepa / Moment
actors Initial seed Number of container o :
. . of humidity of container
moisture flips overturn
Juanazon
Bapﬁ"po‘*a““"/ 20...25...30 2..4..6 14...16...18
ange of
variation

OueHka HEPaBHOMEPHOCTH CEMSH I10 BIQKHOCTH MOCTIE CYIIKH B KOHTPOJIBHBIX
TOUKAX I10 BbICOTE cI0s1 60 CM He MoKa3alia MPEBBIICHUH JOMyCTUMON HepaBHOMED-
HoctH £1,5 %.

K pacueram Taxke NpHHAMAIOTCS YuCioBble 3Hadenus ;= 0,007 4., 77 = 0,04 4.
(puc. 3d). OcranbHbIe YUCIOBBIE 3HAYCHUS IPUHUMAIOTCS HICHTUYHBIMY IIPU pacdeTax
C UCIIOJIb30BAaHUEM MEIIKOTApPBbI.

ITpon3BOANTENBHOCT M HOTPEOHOE KOJMYECTBO MPUHATOTO B pacyeT komOaiiHa,
3€PHOCYLIMIIKH C IPUMEHEHHUEM MEIIKOTaphl 1 MHOTO(YHKIIMOHAJIBHOTO KOHTEIHe-
pa MOTYT M3MEHSATHCS B 3aBUCMOCTH OT BHEIIHHUX yCJIOBHH. Vicronb3ys mapamerp
YICIIBHOTO TPY30000pOTa p, KOTOPBIIl MOKAa3bIBACT HAIPY)KEHHOCTH ILIeYa MEPEBO3KH
«TIO0JIE-TOK» TTOTOHHBIM YPOXKaeM C 4acTH OIS MIMPUHOH 1 M, BO3MOXKHO TpaduIecKH
WJUTIOCTPUPOBATH U3MEHEHUS TPOU3BOAUTEIHLHOCTH W, Wesnes Wesanes Wesine @ Ny
N o Noew o Ni

TeXq \ TeXp *

Mg.m?

W, = £(p); (33)
N, = f(p); G4
p= Ui . Lr b L]}T, T-KM, (35)
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e U, T/KM? — ypoxkaiiHOCTB KyabTypsl, U, = 400-800 1/kM?; L, KM — JUIMHA TOHA,
L,=0,05-0,25 xm; b — mmpuHa enMHAYHOTO y4acTka o, b = 0,01 xm; L — nnvHa
ydacTka «mone-tok», L = 0,5-1,5 km.

Torna nsMeneHne MPOU3BOAUTENLHOCTH KomMOaina W, » Wey M N, Ny, 110
dbopmymam (2), (3) u (29) ¢ yaetom (33)—(35) MOXKHO TPOWILITIOCTPUPOBATH TAK, KaK
MOKa3aHO Ha PUCYHKE 5.

W, t/a/ W, t/h
3,0
2,5
2,0
1,5 N ——
1,0
0,5

0,0
0,10 0,15 0,20 0,30 0,40 0,45 0,50 0,60 0,75 0,90 1,00 1,20 1,35 1,50 1,80 2,00 2,25 3,00

p,T'kM / p, t-km

N sl
S /, NG =~ - = < NN
& o N= ¥’ )
-~

W, t/a/ W,th
3,0

2,5
2,0
1,5
1,0
0,5
0,0

-

0,10 0,15 0,20 0,30 0,40 0,45 0,50 0,60 0,75 0,90 1,00 1,20 1,35 1,50 1,80 2,00 2,25 3,00
p, TKM/ p, tkm
Puc. 5. I'padukn n3MeHEHUs IPOU3BOAUTENFHOCTH CEIEKIIMOHHO-CEMEHOBOIUECKOTO

komOaiina Wintersteiger Delta mpu ncrons3oBaHHE MenIKoTaps! Ha 50 KT 1o IIeHune (CBepXy)
1 MHOTO(YHKIIMOHAJIBHOTO KOHTeHHepa (CHHU3Y)

Fig. 5. Graphs of changes in productivity of the Wintersteiger Delta plot harvester
using a sack for 50 kg of wheat (top) and a multi-functional container (bottom)

Heckonpko nuHMA Ha rpadukax MpencTaBiIsiOT CO00H MaKCUMallbHBIE (JIMHUS
MaKCHMaJIbHOM TOJIHHBI), MUHUMAaJIbHbIE (JINHUS MUHUMAJIbHOM TOJIIMHBI) U CPEAHNIE
3HaYCHMs (LITPUXOBAs JINHUS CPEIHEHN TONIIMHBI) IPU TOBTOPSIOIUXCS 3HAYCHUSAX p
xomOuHauusivu U, L, L. BHyTpH TnHUIA MaKCUMaJIbHOTO 1 MUHUMAJIBHOTO 3HaYCHUS
IPOU3BOJUTENLHOCTH 00pa3yeTcs 001acTh 3HAYEHUH (PyHKLNY, a IO TPOMEXKYTOYHOM
JMHUY — Ipeo0iajarolye 3ueHus Ipou3BoauTenbHOCTH. Torna n3MeHeHue npou3Bo-
JUTENbHOCTU KoMOaitna W, 1 W,  MOXHO ONHUCAaTh YPaBHEHHUSIMHU:

MK.M

W. =089+226L +4,67U,-10*, 1/u; (36)

CMK.M
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W,, =L(1858-28,5L -2,7L, )~

CMy

~U,(424,4 - 0,16U, - 562,5L, +92,5L,,))- 10" + (1,47 - 0,38L,, ) L., - 1,25, 7/4. (37)

Nl 1 N 10 3a1aHHBIM HCXOHBIM JaHHBIM BCETaa PaBHoO 1.
V3meHeHne Npou3BOUTEIBHOCTH U HOTPEOHOTO KOJIMYECTBA TPAHCIIOPTHBIX CPEJICTB
Wesen B Wengio Ny 1 Ny 10 dopmynam (10, 11) u (30) ¢ yuerom (33-35) moxHO
IPOMIUIIOCTPUPOBATH TAK, KaK MOKAa3aHO HA PUCYHKAX 6 U 7.
Wsmenenune W, u W,  MOXHO ONUCATh ypaBHEHUSIMMU:

W, =2917-0.878-L -0.514- L, 1/9; (38)

W, =1(262-41,49L —3,56L, )

~U,(659,75-0,27U, - 837,91L_—126,68L,_.)-10~ -
-L (2,26+0,64L . )-1,94, 1/u. (39)
gV, T/a/ W, t/h

4,0
3,5
3,0
1,5
1,0
0,5
0,0
0,10 0,15 0,20 0,30 0,40 0,45 0,50 0,60 0,75 0,90 1,00 1,20 1,35 1,50 1,80 2,00 2,25 3,00
p, T'kM/ p, t-km
W, t/a/ W, t/h
4,5
4,0
35 \/’
3,0 \/
25 \/
2,0
1,5
1,0
0,5
0,0
0,10 0,15 0,20 0,30 0,40 0,45 0,50 0,60 0,75 0,90 1,00 1,20 1,35 1,50 1,80 2,00 2,25 3,00

p, T'kM/ p, t-km
Puc. 6. I'padukn n3MeHEHUS IPON3BOAUTEIHFHOCTH TPAHCIIOPTHOTO cpescTBa «bemapyc-622y»
¢ nonynpuuenoM 1IITC-2 npu ucnonb3oBaHUK MeMIKOTaphl Ha 50 Kr 1o HueHuIe (CBepxy)
1 MHOTO()YHKIIMOHAJIBHOTO KOHTEHHepa (CHU3Y)
Fig. 6. Graphs of changes in productivity of Belarus 622 tractor with 1PTS-2 semi-trailer
when using a sack for 50 kg of wheat (top) and a multifunctional container (bottom)
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miT. / pe.
3

2

| g g é
0
0,100,150,200,300,40 0,45 0,50 0,60 0,75 0,90 1,00 1,20 1,35 1,50 1,80 2,00 2,25 3,00
p, T'kM/ p, t-km

P u c. 7. ['paduk n3meHeHus moTpeOHOro KOJIMYECTBA B TPAHCIIOPTHOM cpencTBe «bemapyc-622»

¢ nonynpuuenoM 1TITC-2 npu ucnonab3oBaHUU MeIIKOTapbl Ha 50 KT 110 MIIEHUIIE
1 MHOTO(YHKIIMOHAJIBHOTO KOHTEHHepa

Fig. 7. Graph of change of required amount in Belarus 622 tractor with 1PTS-2 semi-trailer when using
a sack for 50 kg of wheat and a multifunctional container

I'padmueckoe HIUTIOCTPUPOBAHNE N3MEHEHUS MTPOU3BOAUTEIBHOCTH U IOTPEOHO-
O KOJIMIECTBA 3€PHOCYMHIKE Woyy s Weye o B Niexe o Nrex,, IO GopMynam (16), (17)
u (32) mpoBOAMIOCH B 3aBUCMOCTH OT HauaJIbHOM BIaXXHOCTH ceMsiH w,. Ha pucyHke
8 (a, b) mokazano usmenenue Wey, ., Weue, 1 Ny, 5 Ny TIDH CyLIKE B CTALMOHAPHOM
cioe (ITpUXoBas JIMHUS) U ¢ TPUMEHEHHEM peBepca Ciosl (CIUIONIHAS JTHHHS) TPH
HaunOonee 3¢ GEeKTUBHOM 10 BPEMEHHU CYILKU PEKUME peBepca n = 6 MepeBOpPOTOB
uw,, = 18 %. Tonoso# ycnoBubili 00beM paboT Onepanuu CyUWKH U3MEHSETCs
B 3aBHCHUMOCTH OT Ha4yaJbHOHN BJIaXXHOCTU U MPOMIIIOCTPUPOBAH Ha PUCYHKE 8C,
IpU KOTOPOM MOXET COXPAHSITHCS MOJIOKUTENbHASI PEHTAa0eIbHOCTh OT BBIPYUKH
TOTOBOM MPOAYKIUHU MPH UCIOIB30BAHUH MEIIKOTAPHl IPH PHIHOYHOH I[EHE CeMsIH
17 ThIC. PYO/T.

N3menenue W,

CMc.Mm

u W, . MOXKHO OIHCATh YPABHEHUSMHU:

W —-0,146+ 221 /e, (40)
W,

W, =-0,269+ 2284 (41)
o W,

B xoxe nccnenoBaHus Take Obljla MPOBEACHA OLEHKA BCXOXKECTU CEMSIH
B cooTBeTcTBUU ¢ 'OCT 12038-84 «CemeHa CenbCKOXO3SMCTBEHHBIX KYIBTYP.
Metoabl onpeneneHuss BCXOKECTH» Mociie 9 MecAleB XpaHEeHUs] B KOHTEHHeEpe
W B MeIIKax IJs moiydeHus mokasarens I, (puc. 9). Cemena XxpaHuimuch B co-
orBercTBUU ¢ TyHKTOM 6 'OCT 52325-2005 «CeMeHa cenbCKOX03ACTBEHHBIX
pactenuii. CopToBble U TOCeBHBIE KauecTBa. OOmME TEXHUYECKUE YCIOBHS»
B BEHTHJINPYEMOM MOMEIeHUH NMpH TeMmneparype oT +12 no +23 °C u oTHOCH-
TeNbHON BIaXHOCTH Bo3ayxa 50—70 %. 3HaueHUs SHEPTUHU IPOPACTAHUSA U BCXO-
KECTHU IMPHUBEJCHBI B Tabiuie 3.
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Puc. 8. I'paduk u3MeHEeHUs MPOU3BOAUTEIHLHOCTH (), HOTpeGHOro Konmuectsa (b)
¥ TOJIOBOTO YCIIOBHOTO 00beMa padoT (C) 3epHOCYIIIIKN Ha 0a3e 3epHOCYIIMIKH
notkoBoit CJI-0,3X2 nmpy McHoNIb30BaHMN MEIKOTaph!l Ha 50 KT 110 NIeHuIe (IITPUX0oBast JIMHHS)
U MHOTO(YHKI[HOHAJILHOTO KOHTelHepa (CILIOLIHAS JINHUS)
Fig. 8. Graph of change of productivity (a), required amount (b) and annual equivalent
performance (c) of grain dryer on the basis of tray grain dryer SL-0,3x2 when using a sack for 50 kg
of wheat (dashed line) and multifunctional container (continuous line)
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Puc. 9. IlpopoieHnslie ceMeHa IpoBOH MIIEHUIBI «PrMay, XpaHsIuecs B MeLIKax (CJieBa)
¥ MHOTO()YHKIIMOHAJIBHOM KOHTeIfHepe (cripaBa)

Fig. 9. Spring wheat sprouts Rima stored in sacks (left) and multifunctional container (right)

Tabnuma3
Table3
IToka3aTe/iu JHEPIrUM NPOPACTAHMUA M BCXOKECTH CeMsIH sIpoBOii meHnubl «Pumay,
XpaHALIUXCH B MELIKAX H MHOTO()YHKIHOHAJbLHOM KOHTeiiHepe

Indicators of germination energy and germinating ability of the spring wheat Rima,
stored in sacks and in a multifunctional container

Cpoxk xpaneHus / 3 mecsima/ | 6 mecsites / | 9 mecses /
Storage time 3 month 6 month 9 month
DHeprus npopacTaHus,
BCXOXKECTh, % / Germination
energy, germinating ability, %
Memiok / Sack 98 /98 92/96 89/91
Konreitnep / Container 98 /98 94 /97 96 /97

[IpuBeneHHbIE NCXOAHBIC TAHHBIE OBUINM MCIOJIB30BAHbI IS OLIEHKU TEXHUKO-
9KOHOMHMYECKOH 3((EeKTUBHOCTH NPUMEHEHHSI MHOTO(QYHKIMOHAJIBHBIX KOHTEHHE-
POB B IEPBHYHOM CEMEHOBOACTBE 3€PHOBBIX KYJIBTYP B CPaBHEHHUHU C MEILIKOTapoOil
B cooTBeTcTBHU ¢ 'OCT 34393-2018 «TexHuka ceabCKOX03sMCTBeHHAss. MeToabI
IKOHOMHUYECKOW OLCHKU» 2.

PesyabTarsl Hccie10BaHUSA

Paccmotpum rpaduku n3MeHeHHs moKa3aTesiel CpaBHUTENbHON Y KOHOMUYECKON
3} PEKTUBHOCTH Ha TEXHOJOTUYECKHX Olepanusix YOOpKH M TPaHCIOPTUPOBKHU
B 3aBHCHUMOCTH OT yJelbHOTO Tpy3000opora (puc. 10—12). [Ipu 3ToM KOHTYpHI
rpaMKOB COOTBETCTBYIOT KOHTYpaM rpa)MKoB M3MEHEHHUS MPOU3BOIUTEIHHOCTH
MPUHATON B pacueT TEXHUKU M CYLIKH CEMSH B 3aBHCUMOCTH OT Ha4aJbHOM BIIaXK-
HoctH cemsiH. Ha pucynkax 10 a, 11 a, 12 a npexnctaBineHsl rpa@uku H3MEHEHUS
SKOHOMHH COBOKYIIHBIX JCHEXHBIX CPEICTB Ha rofoBoH (paxTudeckuii oobeM Ha
TEXHOJIOTMYECKOH onepanuu yOOpKH, TPAaHCIIOPTHUPOBKHU M cymku. Ha pucynkax

2TOCT 34393-2018. TexHuka CeabCKOXO35HCTBEHHAsA. MeToIbl SKOHOMHYECKOM OLIEHKH : JaTa
BBeaeHus 2019-09-01.
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10 b, 11 b, 12 b (IUTpUXIYHKTHPHAS JTHHUS) MPEACTABICHBI rPpadUKH U3MEHEHHS
CHHMDKEHHSI ce0ECTOMMOCTH BBINIOJIHEHUS pabOThl Ha TOAOBOI YCIOBHBIH 00beM
400,7 T Ha TEXHOJIOTUYECKOH onepanuu yoopku, Tpancrnoptuposku u 20—130 T Ha
onepanuu cyinku. Ha pucynkax 10 ¢, 11 ¢, 12 ¢ npencraBieHbl rpaduKu H3MEHEHUS
CPOKOB OKYIIa€MOCTH KalMUTaJIOBIOKCHUN HA TOJI0BOM ycIIOBHEIHN 00heM 400,7 T Ha
TEXHOJIOTHYECKOH omepanuu yoopku, TpancnoptupoBku u 20—130 T Ha onmepanuu
cymku. Ha pucynke 12 (b, mTpuxoBas JUHHS) MpeacTaBieH rpaguk n3MeHEHU
CHM)KCHHMSI TOTPEOHOCTH B OOCITYKHMBAIOLIEM IIEPCOHAJIE HA TEXHOJIOTUYECKOM oI1e-
panuu cymku. Ha onepaunn yoopku CHHKEHHE OTPEOHOCTH B 0OCITYKUBAIOLIEM
IEepCOoHaje OTCYTCTBYET, HAa OIEPALNH TPAHCIIOPTUPOBKH OHO MOCTOSHHO U PaBHO
66 %, a Ha onepanuu cymku — 33 %. Ha pucynkax 10 d, 11 d, 12 b (cromnas
JUHUS) TPEACTaBICHbI rpaduKi U3MEHEHHUSI CHUKEHHUS! TOTPEOHOCTH B UCTOYHU-
Kax HEpTHH Ha ro0BoH yciaoBHBINH 00beM 400,7 T HAa TEXHOJIOTUYECKOH Onepanuu
yoopku, TpancnopTupoBku 1 20—130 T Ha omepanuy CyLIKU.

py0./ rub p.1TEM /p, tkm
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32829228 R8888R2388
200 000 S oSS TS~~~ — el e
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C OO O OO OO OO ™ m vt (o o B o0l .45
p, kM /p, - %
a) b)
/
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4’0 O N O OO VM OO MmO O WO oo VMmO
3,5 R e en, S S A, S0 B O e (o O B 99 Sl e
,;0 UOOOOOOOOOO ~~~~~ AN AN
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Puc. 10. ITokasarenu cpaBHATENHEHOIN SKOHOMIYECKOH 3P (HEeKTHBHOCTH IPUMEHEHHS

MHOTO(YHKIMOHATBHOTO KOHTEHHEPa B CPABHEHHH C MEMIKOTapOi
pu yOOpKe CeNeKIIMOHHO-CeMEHOBOIUeCKUM KoMbaiiHoM Wintersteiger Delta

Fig. 10. Indicators of comparative economic efficiency of using a multifunctional container
in comparison with sacks during harvesting by the Wintersteiger Delta plot combine
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Puc. 11. Ioka3arenu cpaBHUTEIHLHON SKOHOMUIECKOH (P PEKTHBHOCTH IIPHUMEHCHHUS
MHOTO()YHKI[MOHAJIBHOTO KOHTEHHEpa B CPAaBHEHUH C MELIKOTAPOM IPH IIEPEBO3KE TPAHCIIOPTHBIM
cpeacteoM «benapyc-622» ¢ noxynpunenom 1I1TC-2

Fig. 11. Indicators of the comparative economic efficiency of using a multifunctional container
in a comparison with sacks when transporting by Belarus 622 tractor with 1PTS-2 semi-trailer

Cornacno rpaguxam (puc. 7, 8, 10, 11, 12), npu roqoBoM ycioBHOM 00beMe paboT
400,7 T ’KOHOMUS COBOKYITHBIX 3aTPaT ACHEXKHBIX CPENICTB ISl CENEKIIMOHHO-CEMEHO-
BO/IYECKOT0 KOMOaifHa IPH MCTIOIb30BaHIH MHOTO(YHKIIHOHAIBHOTO KOHTEHEPa B 3aBHU-
CHUMOCTH OT yIEIBHOTO Ipy30000poTa cocTaBisieT B cpenteM 117,9 Tric. py0., CHIDKEHHE
ce0ecTONMOCTH BBITIOTHEHHUS paboThl — 32,8 %, CpOK OKyaeMOCTH — 2 TO/1a, CHIKEHHE
HOTPEOHOCTH B OOCIIY>KHBAIOIIEM [IEPCOHAJIEC HE BBIABICHO, HCTOYHUKAX IHEPTUH —
32,3 %, cHIKeHUe OTPeOHOCTH B KOMOAfHaX HE BBISBICHO. DKOHOMHS COBOKYITHBIX
3aTpar AEHEXXHBIX CPEICTB VIl TPAHCIOPTHOIO CPENCTBA IIPU UCIIOIb30BaHUN MHOTO-
(YyHKINOHAIBHOTO KOHTEHHEPA B 3aBUCUMOCTH OT YAEJIBFHOIO IPy30000pOTa COCTABIISET
B cpenHeM 67,6 ThiC. py0., CHIDKeHHE ceOECTOMMOCTH BBITOJIHEHUS padoThl — 49,5 %,
cpok okynaemocTy — 0,2 rofa, CHUKeHHE MOTPEOHOCTH B 00CITY)KMBAIOIIEM TIEPCOHATIE —
66 % 1 ucTouHNKax Hepruu — 27,5 %, CHIKeHHe MOTPeOHOCTU B TPAHCIIOPTHBIX CPEl-
ctBax — 41,6 %; 5KOHOMUS COBOKYITHBIX 3aTpaT ACHEKHBIX CPEICTB IS 36PHOCYIINIKH
C IPUMEHEHNEM MHOTO(YHKIIMOHATIBHOTO KOHTEHHEpa P TOJJ0BOM yCIOBHOM 00beMe
padot 20—130 T B 3aBUCHMOCTH OT Ha4aIbHOH BIAYKHOCTH CEMSTH COCTABIISET B CPEAHEM
306,5 ThIC. pYyO., CHIXKCHUE Ce0ECTOMMOCTH BBITIOIHEHHST paOboThI — 46,2 %, CPOK OKY-
nmaemocTH — 0,8 Toa, CHIKeHNE MOTPEOHOCTH B 00CITy)KHUBaroteM nepconaine — 33,3 %
Y UCTOYHHUKaX 3Hepruu — 12,8 % cHikeHne norpeOHOCTH B 3epHOCYIIIIIKax — 20,5 %.
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Puc. 12. Iloka3arenu cpaBHUTENBHOI SKOHOMHYECKOH 3(PPEKTHBHOCTH KOHBEKTUBHOM CYITKH
3epHOCYIINIKOM Ha 6a3e 3epHOCYIIMIKY J0TKOBOI CJI-0,3X2 ¢ mprMeHeHneM peBepCupyeMoro
MHOTO(YHKIIHOHATEHOTO KOHTEHHEpa B CPABHEHHUH C CYIIKON B CTAI[MOHAPHOM CII0€
C IPUMEHEHUEM MEIIKOTaphI

Fig. 12. Indicators of comparative economic efficiency of convective drying by grain dryer
on the basis of the SL-0,3x2 grain dryer tray with the use of reversible multifunctional container
in comparison with drying in a stationary layer with bagging

I'paduxu pucyrkoB 10—12 yka3pIBarOT Ha TO, YTO POCT MPOU3BOIUTEIILHOCTH MTPH-
HATOH B pacyeT yOOPOUHO-TPAHCIIOPTHOM TEXHHUKH MOBBIIAET FOA0BON (PaKTHUECKUH
00beM eMHUIBI TEXHUKU 1, COOTBETCTBEHHO, 3aTPaThl HA CAMHUILY TEXHUKH.

O0cy:x1eHue U 3aKJII04eHne

VYnanoch BBISICHUTB, YTO CHHXKAETCS CE0ECTOMMOCTD BHITTOTHEHUS pabOThI Ha TOJI0-
BOW YCJIOBHBII 00beM PaboT, CPOK OKYNAEMOCTH KallUTalOBIOKEHUH W OTPEOHOCTD
B MICTOYHHKAX SHEPTUH, OTHAKO, U3MEHEHNE IKOHOMUH 3aTPaT MOXKET HE ABJIATHCS MPSIMO
MPOTOPIHOHATFHBIM H3MEHEHHIO MPOU3BOAUTENLHOCTH. [IpH ynensHOM Tpy30000poTe
p =1 TK-M 3KOHOMHS 3aTpaT NPHU MEHbLIEH IPOU3BOAUTEIBHOCTH IIPEBBILIAET SKOHOMUIO
3aTpar npu OoNbIIeH IPOU3BOAUTEILHOCTH, XOTS Pa3HHUIIA CTAHOBUTCSI MEHEE 3aMETHOM
o Mepe 0000IIeHNS IToKa3aTee SJKOHOMHIECKOH AP PEKTHBHOCTH: OT SKOHOMHUH 3aTpaT
Ha €AMHUILY TEXHUKU 0 CPOKA OKYNAEMOCTH KallUTaJIOBIOXKEHUI. DTO MOXKET OBbITh
CBSI3aHO C T€M, YTO IIPUPOCT MPOU3BOANUTEIEHOCTH YOOPOUHO-TPAHCTIOPTHON TEXHUKH OT
nepexoia K MHOro()yHKIIHOHAJIbHOMY KOHTEHHEpY B YCIIOBHSIX ITOKa3aTeNei yaeabsHOTo
rpy30000poTa, 00eCcIeuMBaOIINX MEHBLIYIO SKCILTYaTal[HOHHYIO TPOU3BOJUTEILHOCTD,

Technologies, machinery and equipment 65



I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 34, Ne 1. 2024

BBIIIIE TI0 CPABHEHHUIO C YCIOBUAMH MOKA3aTeleH yIebHOrO ITpy30000poTa mpu OobIen
C-)KCHJIyaTaHI/IOHHOﬁ IMPOU3BOAUTCIIBHOCTH. OI[HaKO 1 B 3TOM CJIydac MHOI'OC 3aBUCUT
OT OTACIIbHBIX HOK&?;E{TGJIGIZ, N3 KOTOPBIX COCTABJIACTCA CPAaBHUTCIIbHAA SKOHOMHWYCCKaA
s¢dexTuBHOCTH. HanpuMep, 3KOHOMUS 3aTpaT Ha OILIaTy Tpy/a IPU TPAHCIIOPTUPOBKE
Ha TO/I0BOH (paKTUUECKUI 00bEeM, KOTOpast 3aBUCUT OT H3MEHEHHS IIPOU3BOAUTEIBHOCTH
TPAHCIIOPTHOTO CPEACTBA, KyAa BXOIUT MaUIETOMECTO Ha 8 MEITKOB MJIM MHOTO(YHK-
MHOHANBHBIN KOHTeHHEp, TIpH p = 0,9 — 1 T-KM U3MEHSIOTCSI, YTO TIOKa3aHO Ha PUCYHKE
13 a. DKoHOMUS 3aTpar Ha rOpIOYe-CMa309HbIe MaTepHAIIbl N3MEHSETCS, YTO TIOKa3aHO
Ha pucyHKe 14 b, a PKOHOMHS 3aTpar OT MOTEPh CEMSTH N3MEHSIETCS TaK, Kak MMoKa3aHo Ha
pucynke 14 c. B cBoro ouepesb, 3KOHOMUS 3aTpar Ha BCIIOMOTaTeNIbHbIe MaTeprajbl Ha
TOI0BOH (haKTHUYECKUI 00BEM, KOTOPBIE HE 3aBUCAT OT U3MEHEHUSI IPOU3BOIUTEILHOCTH
KoMOaifHa, I3MEHSIOTCS TaK, Kak MoKa3aHo Ha pucyHke 14 d. U3MeHeHMs 2)KOHOMUY 3a-
TpaT Ha PEMOHTHO-00CITYKHBAIOIIHE Pa00THI 1 aMOPTU3AIUIO HA TOJ0BOM (PaKTUUIEeCKHUI
00BeM paBHBI HYTI0. KoHTYpBI rpaduKoB COOTBETCTBYIOT KOHTYpaM rpadukoB H3MEHEHHUS
MMPOU3BOAUTCIBHOCTH U 9KOHOMUH 3aTpatT HpHHHTOﬁ B paCu€T TCXHUKU.

pyo. / rub. pyo. / rub.
60 000 4000

40 000 —_——

2000 /
20 000 0
0 -2.000 0.9~ l

0,9 1 -4 000
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c) d)

Puc. 13. dparmeHTh H3MECHEHHUS SKOHOMHH 3aTpaT Ha OIUIaTy TpyaAa (a), ToprUYe-CMa30uHbIe
marepuaisl (b), OT MOTepb CeMsH (C) U BcrioMoraresibHble Marepuainsl (d) Ha ronoBoil hakTHyecKuid
o0BveM paboT TpaHcnopTHOTO cpenctBa «benapyc-622» ¢ nomynpunenom 1IT1TC-2

Fig. 13. Fragments of changes in labor cost savings (a), fuels and lubricants (b), from seed losses (c), and
support materials (d) on the annual actual volume of work of Belarus 622 tractor with 1PTS-2 semi-trailer

OTMe4eHO NOBBIIIEHNUE TOTPEOHOCTH B MOTOPHOM TOILIMBE HA TEXHOJOTHUYECKOI
oTIepaIi TPAHCIIOPTHPOBKHY B Ananaszone p = 0,1—0,2 T-kM ¢ npuMeHeHneM MHOTO(YHK-
LIMOHAJIBHOTO KOHTeHHepa. 11oBbleHne MOXKET OBITh CBA3aHO C MEHBIIUMHU IPOOEraMu
TC npu nogbope Memkoraps! B none nepemeiiearneM TC METogoM MpoxoxaeHus omu-
JKaWIINX TOYEK U UCKITIOYCHHUEM MIPOCTOEB 110 CPABHEHHIO C MPSIMBIM B3aUMOEHCTBHEM
KomOaliHa 1 TpaHCcTIOpTHOTO cpenctsa [19]. OTMeueHo moBbINIeHHE MOTPEOHOCTH B 3JIEK-
TPOSHEPTUH Ha TEXHOJOTMYECKOM ONepalvy CYIIKH B TUana3oHe HayaJlbHON BIaXXHOCTH
cemsiH 28-30 % ¢ npuMeHeHHEM MHOTO(YHKIIMOHAILHOTO KOHTEHHEPa, HO 000010 uii
MoKa3areslb ce0ECTOMMOCTH BBITIOIHEHHUS PaOOTHI MIOKAa3hIBAET CHUYKEHHE COBOKYITHBIX
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3arpar. [loBbIIIeHHE MOXKET OBITh CBS3aHO C IIUPKYJIALKEH HEKOTOPOTO KOJTMYESCTBA BIIard
B CJIOE, KOTOPOE HE yCIEBAeT MOKUHYThH CJION /10 OYEPETHOIO peBepca KOHTEHHepa, 3a
CUCT 4YCTro YBCIIMYMBACTCA BPEMs CYILIKHU 0 KOHI[I/I]_[I/IOHHOI\/'I Bla)kKHOCTH. B COBOKYIIHO-
CTH HaWJIy4YIlUe TOKa3aTeau 00eCIIeUUBAIOTCS B IIPOU3BOICTBE CEMSIH ¢ IPUMEHEHUEM
MHOTO()YHKITOHAIEHOTO KOHTEHHEPA M ¢ 00CITY>KUBAIOIICH KOHTEHHEP TEXHUKOH C HaH-
OOJTBIIIEH SKCIUTYaTaIIOHHOMN TPOM3BOAUTEIEHOCTEIO (MCKITFOUCHUEM SIBJISICTCS TUAIIa30H
p =0,9—1 T-KM, TIpA KOTOPOM HaHOOJIBITIAsi COBOKYITHAS YIKOHOMUYECKast 3PPEKTHBHOCTE
JIOCTHTACTCS ¢ MCHBIIICH MPOU3BOAUTEIHPHOCTRIO TIPEACTABICHHON TEXHUKH ) (pHC. 14).

p, T'kM/ p, tkm  ;er/ years
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Puc. 14. I'paduky H3MEHEHNS COBOKYITHOTO CHIDKEHUSI Ce0ECTOMMOCTH padoT 1mo yOoopke,
TPaHCHOPTHUPOBKE, CyILIKe (a), CpoKa OKYNaeMOCTH MHOTO(QYHKIIMOHAJIBHOIO KoHTeiHepa (b), CHIKeHUs
MOTPeOHOCTH B 00CITYKUBaroIeM riepcoHare (c), Tomiuse (d), mekTposHepruy (e)

Fig. 14. Graphs of changes in the cumulative reduction in the cost of harvesting, transporting, drying
(a), the payback period for a multifunctional container (b), reducing the need for maintenance personnel
(c), fuel (d), electricity (e)

[Nokasarenu yaenpHOro Ipy30000poTa pucyHKa 14 nipeicTaBieHsl B Tabnuiie 4, cpeau
KOTOPBIX HAaHOOJbIIIAs SKOHOMIYecKast 3(HEKTUBHOCTD 38 CYET CHIKEHHS CE0ECTOMMOCTH
BBITIOJTHEHUST pa0OT, CHUYKCHHSI TOTPEOHOCTH B 00CTYKHBAIOIIEM TIEPCOHAJIE, UCTOY-
HMKax 3HEepruu U TexHuke odecneyena npu U, = 800 1/km?*; L= 0,15 km; b = 0,01 xm;
L,.=0,5 xm, HadanpHOH BiaskHOCTH ceMsH 21 % (p = 0,6 T-km).

Tabnauna4d
Table4

Ioka3arenu yaeanHoro rpyzoobopora U, L, b, L, o6ecneunBaioniue HaudoIb1IyI0
IKOHOMHUYECKYIO 3P (PeKTHBHOCTH ¢ MPUMEHEeHHEM MHOT0()YHKIMOHAJIHLHOTO KOHTeiiHepa

Indicators of specific cargo turnover U, L, b, L, _, that provide the greatest economic efficiency
with the use of a multifunctional container

N[1]2]3]4]5]6]7]8]9Jwo]mn]12]13[14]15]16]17]18
p 0,1 0,15 02 03 04 045 05 06 07 09 1 12 135 1,5 1.8 2 225 3
U, 400 600 800 400 800 600 400 800 600 600 400 800 600 600 800 800 600 800
L, 0,05 0,05 0,05 0,15 0,05 0,15 0,25 0,15 0,25 0,15 0,25 0,15 0,15 0,25 0,15 0,25 0,25 0,25
b 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01
L. 05 050505 1 05050505 1 1 1 15 1 15 1 15 15

n-T

Taxoke B TaOnuie 4 KypcCUBOM OTMEUYEHBI IOKA3aTeNIN YIEIbHOTO I'py30000poTa
p = 1 T-KM, IIpH KOTOPBIX MEHBIIAS B JAHHBIX YCJIOBHAX HPOU3BOIUTEIBHOCT TEXHUKU
o0ecrieunBaeT OOJIBIIYI0 SKOHOMHUYECKYIO 3 PEKTUBHOCTS.
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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.

© Iypees U. U., Hypanun B. H., Myxmapoe M. V., Kocmwouenkosa O. H., 2024
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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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Optimization of Parameters of Adaptive Spray System
for Agricultural Sprayer
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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.

Agricultural engineering



I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 34, Ne 1. 2024

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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OmnpenesieHue reoMeTpuYECKUX NAPAMETPOB
CTPYH BOJbI B 3aBUCHMOCTH OT BHJ1a GOPCYHKH
U pe:xxumMa padoThl CTPYH

A. B. llyrenxo™, JI. O. Xopt

DedepanvbHblil HAYUHBLL a2poundceHepHblll yenmp BUM
(e. Mockea, Poccuiickas Dedepayust)
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Annomauus

Beeoenue. B crathe onmcaH npouecc pacCMOTPEHHUSI TEOMETPHUYECKHX NTapaMeTPOB CTPYH
BOZIBI B 3aBUCUMOCTH OT €e pekrMa paboThl 1 BHAa GOpcyHKH. B paMkax mccienoBanus
THAPaBINIECKOH 00pabOTKH MOYBHI B IIPUCTBONBHBIX 30HAX BO3ZHHMKIA HEOOXOAMMOCTD
W3YYUTh NapaMeTphbl CTPYH IIPU pa3iIMYHBIX BHAAX Hacalok. TpeGoBaJloch OIpEeInTh
reOMETPUIECKHE MapaMeTPhl MOTOKA BOABI AJISI pAcueTa IIOMAIH ONEPETHOTO CeUCHUS
U OIIPEZENICHHUS CTPYKTYPHBIX 0cOOEHHOCTE (hopMHUpOBaHus CTpyH. [laHHBIE XapaKTepu-
CTHKU BaXKHBI A7 MOJHOIEHHOTO OIMMCAHUS, MOCIEIYIOIET0 HCCIEOBAaHUS U pacdeTa
JIEWCTBUS CTPYH BOABI IIPH TMAPABINYECKOW 00paboTKe MOYBBI. Takke OHM IO3BOJISIOT
U3Y4UTh peanbHyIo (GOpMYy U CTPYKTYpPy CTPYH IPH Pa3IUIHBIX BUAAX (HOPCYHKH.

Lenv uccnedosanus. OnpeneneHue reOMETPUUECKUX T1apaMeTPOB CTPYHU BOJbI B 3aBUCH-
MOCTH OT BUAa GOPCYHKH U PEKHMa pabOTHI CTPYH.

Mamepuanet u memoosi. J{j1s perieHns 3a1aHHOH 11e11 ObLT pa3paboTaH CTeH I, IPeCTaB-
JISIOIIUI cOOOH MOACTaBKY HA YETHIPEX OMOpax, K KOTOPOH 3aKperuieH afanTep MoAaro-
IIeif MarucTpany anmnapara BEICOKOTO JaBJIeHHs CO CMEHHBIMH (popCyHKaMH (HacaaKaMH).
Jns pukcanmy nonoxeHus U GOPMBI CTPYH BOIBI C ONPEICICHHON YaCTOTOH MCIIOIB30-
Baslack kamepa Basler acA1920. Taxoke ObUI HCHOJIB30BAH amIapar BEICOKOTO JABJICHUS
¢ MakcUMaJbHBIM aBieHneM P = 140 MPa u pacxogom QO = 360 n1/4. B xauecTBe Hacagok
HCTIOB30BAINCH: CTaHAApTHAS HacaJgKa C INIOCKOHM cTpyeil, cTanmapTHas TypOoHacaka,
TypOoHacaaka pa3paboTaHHON KOHCTpyKuuH. Ilo momydeHHBIM (oTorpadusaMm u3Meps-
JIICh TEOMETPUYECKIE TapaMeTPhl CEUSHUsI CTPYH BOIBI. [IpOBOAMIICS aHAIN3 CTPYKTYPHI
CTPYH IPH Pa3HBIX PEKUMaxX PaOOTEL

Pesynomamor ucciedoeanus. Yaanoch BBIACHUTB, YTO BPALIAIOMIMIICSA IIOTOK BOIBI, CO-
31aBaeMbli B TypOO(OpCyHKe COOCTBEHHOH pa3paboTKy M CTaHAAPTHOU TypOOOpCyHKe,
pas3buBaeTcsi OT OBICTPOTrO BpamieHHs, 00pa3yst KOHYC, IDIONa b CEYSHUs] KOTOPOTro CO-
CTaBJIAET KPYT M BO3JECHCTBYET HA IIOBEPXHOCTH MOYBHL. J{JIs TIIOCKOH CTPyH XapaKTepHa
IIPSIMOYTOJIbHAST popMa CeUeHUsL.

Obcyarcoenue u 3axniovenue. PopcyHKa MpeIoKEHHOW KOHCTPYKIUH TTO3BOIISIET CO3AATh
CTPYIO BOZBI HAMOOJBIIEH IUIOMAIH, YTO JOJDKHO 00ECHEUNTh YBEINYECHHE IUPHHBI 3a-
XBaTa ¥ KauecTBa 00pabOTKH MOBEPXHOCTH MOUYBHI B IPUCTBOIBHBIX HacaXkAeHMIX. [laH-
HOE HCCJIEI0BaHKE TAKKe I03BOJISIET IPOAHANIM3UPOBATH CTPYKTYPY CTPYH B IIpoIiecce ee
padoTsL.

Kniouesvie cnoga: ruapooOpaboTKa MOYBHI, TPHCTBOIBHBIE 30HBI, HHTCHCHUBHBIE Cabl,
MYJIBIUPOBaHUE, (OPCYHKH, FEOMETPUIECKHE ITapaMeTPhl CTPYH BOJBI
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Determination of the Water Jet Geometric
Parameters Depending on the Type of Nozzle
and Jet Operation Mode
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Abstract

Introduction. The article describes the process of considering the geometric parameters of
water jet depending on a water jet operation mode and nozzle type. Within the framework
of the study of hydraulic soil treatment in the under-tree zones, it became necessary to
study the water jet parameters when using different types of nozzles. There was need to
determine the geometric parameters of water flow for calculating the cross-sectional area
and determining the structural features of the water jet formation. These characteristics are
important for a complete description, subsequent study and calculation of water jet action
during hydraulic soil treatment; they also allow studying the real shape and structure of the
water jet when using different types of nozzles.

Aim of the study. The study is aimed at determining the geometric parameters of the water
jet for different nozzles including turbo cutters located at different heights.

Materials and Methods. To solve this problem, there was developed a test bench, on
four pillars, to which the adapter of the supply line of the high-pressure apparatus with
replaceable nozzles is fixed. To fix the position and shape of the water jet with a certain
frequency, a Basler ace acA1920 camera was used. There was also used a high-pressure
apparatus with a maximum pressure of P = 140 MPa, a maximum flow rate of QO =360 1/h.
A standard nozzle with a flat jet, a standard turbo nozzle, and a turbo nozzle of the
developed design were used. The geometric parameters of the water jet section were
measured from the photographs obtained.

Results. From the photos obtained, it can be seen that the rotating water stream entering
the turbo nozzle of its own design and the standard turbo nozzle disintegrates from rapid
rotation, forming a cone, the cross-sectional area of which is a circle, and affects the soil
surface. A flat jet is characterized by a rectangular cross-section.

Discussion and Conclusion. According to the results of the study we can draw the
following conclusions, the nozzle of the proposed design allows creating water jets of the
largest area, which should provide an increase in the working width and, as a consequence,
an increase in productivity and quality of soil surface treatment in mainline plantations.
This study will also make it possible to analyze the structure of the jet during its operation.

Keywords: soil hydrotreatment, tree trunk zones, intensive gardens, mulching, nozzles,
geometric parameters of the water jet
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Beenenne

B pamkax uccnemnoBaHusi THIPOOOPAOOTKH MTOYBEI OT COPHOM PaCTUTEIBHOCTH
B TIPHCTBOJILHBIX 30HAX BO3HUKJIA HEOOXOMMOCTh PACCMOTPETh MapaMeTpPhl CTPYH BOJIBI
TP pa3INIHBIX BUIAX Hacanok [ 1—4]. Jlanasni MeTom 00paboTKH MOKHO paccMarpu-
BaTh KaK OJHY W3 aJIbTCpHATUB TepOHIIHIaM WITH MEXaHHIECKOi 00paboTKe MOUBHI [5].
CIOKHOCTBIO peai3alliiy TOTO METOIA ABISAETCS HEOOXOANMOCTD CO3/IAHNUS CTPYH BOJIBL,
CMOCOOHOH HAJEKHO pa3pymaTh 3aJ€pHEINbI TTOYBEHHBIH TOKPOB TIIYOMHOM 10 Tpex
CaHTUMETPOB [6], YTHETask COPHYIO PAaCTUTENBHOCTh U 0OECIIeunBas MIMPUHY 3aXBaTa
pabouero oprana nopsiaka 300450 MM. OCOOEHHOCTBIO THAPOOOPAOOTKH SBISETCS
COCpenoTOUYEHHOE BO3/IEHCTBYE Ha Y3KUH Y4aCTOK IIOBEPXHOCTH MOYBHI [ 7], BEI3BIBAIO-
nree aeopMalru CKaThsl, CABUTa M MECTHOTO PACTSKEHUS TTACTa IIOYBBI, KOTOPBIE 110
(opMe CHIIBHO OTIIMYAIOTCS OT BO3JEHCTBHH, OKa3bIBAEMBIX MEXaHUIECKUMH OPYIUSIMH.
HemanoBaxxHbIME (paKkTOpaMu SIBISIOTCS U PEKUMBI paboTHI cTpyH Boasl [8]. Tak, HAKIOH
BOJIHOM CTPYH K TIOBEPXHOCTH MOYBBI H3MEHSET HE TOJBKO CHITY ISHCTBUSI CaMOM CTPYH,
HO U TUTONIAh €€ BO3JCHCTBHSI Ha MOYBY. Takke U3MEHSETCS HanpaBieHue nedopma-
I[IMX TTOYBBI C CKATHS HA CABUT WJIM Jaxe pacTsokenue'. Vi3aMeHeHne Biia BO3ISHCTBHS
CTPYH 3HAUYUTENHHO BIIMSAET HA CIOCOOHOCTH MOYBBI CONPOTHUBIIATHCS pa3pyieHno [9].

O0603HaYMM OCHOBHBIE TE€OMETPHUECKHUE TMAPaMETPBI CTPYH, HEOOXOAMMBIC IS
oTpeieTIeHHs TUTOIAAN CEYSHHSI M CTPYKTYPHBIX OCOOCHHOCTEH (POPMUPOBAHUS CTPYH
BOJIBI TIPY PA3JIMYHBIX BUAAX (POPCYHOK: HMIMPUHA U TONIIUHA — JJIS MPSAMOYTOJIBHOTO
cedeHus, muametp — s kpyniioro [ 10]. JlaHHbIe mapaMeTphl BaXKHBI 1T KOPPEKTHOTO
OTMCaHMs, UCCIECAOBAHNS M pacueTa ISHCTBUS CTPYH BOABI IPH MHIPO0OpadboTKe moy-
Bbl. OHHU MO3BOJISIOT U3YYHTh peaIbHYI0 (GOPMY U CTPYKTYPY CTPYH NP PazIHuHBIX
BUAax (POPCYHKH, B TOM YHUCIIE TIPH TYpOO Ppe3ax 1 UX ABMKECHUH B COCTaBE arperara.

IeomeTpryecKie XapaKTEPUCTHKH CTPYH OTPENCISIOT IJIOMIAh €€ CeUSHHS, YTO
SIBJISIETCS] OJTHUM U3 KJIIOUEBBIX TApaMETPOB, YCTAaHABIMBAIONINX JIABICHHE CTPYH BOJBI
Ha MTOBEPXHOCTH ITOYBHI, YTO 3HAYUTEIHHO BIHUAET Ha 3(PEKTUBHOCTH THAPOOOPAOOTKH.
OpHako 3HaYeHHe JAHHOTO TapaMeTpa T0CTaTOYHO CIIOKHO U3MEPUTh, TAK KaK OOBITHBIC
CpeJICTBa U3MEPEHUs JINHEHHBIX pa3MepOB HE MPUMEHUMBI JJIs CTPYH BOIBI. 3a/ada
YCIIOKHSETCS TaKXKe UCTIONb30BaHUuEeM Typ0o (hOpCYHOK, B KOTOPBIX KOHYC PaCIbLTHBA-
HUS CO3/1a€TCs BpAIIAOIIEHCS CTPYei BOABI, YTO MOTHOCTHIO UCKITIOYAET CTaHIapTHHIE
METOIB! u3MepeHus pazmepos. [Ipu 3Tom HE0OX0ANMO 000CHOBATH U U3YUUTH HOPMY
BO3IEICTBUS CTPYH Ha MOBEPXHOCTH MOYBHI IIPU UCTIOJIB30BaHUH TYPOO POPCYHOK, TaK
Kak (popMa CTpyH MPH KOHTaKTe ¢ oOpadaTkiBaeMOi MMOYBOW HEU3BECTHA.

0030p TuTEpaTYpPHI

B Hacrosimee Bpemst pazpyienue u 00paboTka Marepuana cTpyeH sKHAKOCTH TpuMe-
HSCTCS B PA3IMUHBIX OTpacisax sSkoHOMHKH. Tak, B padote W. 1. Mypaiiosa rccieayercs
MPUMEHEHHE BBICOKODHEPTETHUECKUX CTPYH BOJBI JUISl IOATOTOBKH M PE3KH MICHOM
npoxykiuu [7]. B pabote /1. A. FiBaHOBa ONMHCHIBAETCS MPUMEHEHNE CTPYH BOBI JIJIS
pa3pyIieHnus KepaMUIeCKUX MaTeprualioB JOKaIbHBEIM TepMoyaapom [11]. Ilupokoe
MpUMeHEeHNe JaHHBIA METOJ MONyYHII PU TUApooOpa3uBHON pe3ke metaiios [12].

! CoxpaHeHHe II0JI0PO/IHS OPOLIAEMBIX MOYB ITYyTEM CHI)KCHHS HEraTHBHOTO BO3ACHCTBHS N0 s [IM
«®Dperar» / A. B. PycunoB [u np.] // AkTyanbHble MpoOIeMbl YCTOWYNBOTO Pa3BUTHS CEIBECKUX TEPPUTO-
pwii 1 kaapoBoro obecrieueHus AIIK: mar-ie1 MexxayHap. Hayd.-nipaktud. koHG. 2021. C. 236-243. URL:
https://rep.bsatu.by/handle/doc/14177 (nara oopamenus 25.01.2024).
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I'unpoabpas3uBHas pe3Ka MPUMEHSIETCS M B TOPHOM NPOMBILIUIEHHOCTH. MaTtemaTndyeckue
MOJIEJH MPOoIiecca U ero apamMeTphl OMUCAaHBI B OJJHOM U3 M3y4YEeHHBIX Hamu padot [13].
B crarbe [14] onuchIBalOTCSI TEXHOJIOTHU COBMEIICHHUS Jla3epa U ruapoadpa3uBHOMN
PE3KH TS CO3MaHusl 00padaThHIBAOIINX MAIIHH.

[IpruMEeHUMOCTh TEXHOJIOTUU THAPOOOPAOOTKH MPUCTBOJIBHBIX 30H CaJOBBIX
HacaXJIeHUU MOJITBEpPXKIAeTCs B HcciuenoBanuu [15], rae ncrnons3oBaHne arperara
runpoobpadoTku Caffini Gras Killer moka3zamo cxoxyio 3pheKTHBHOCTh C MEXaHHU-
YeCKUMH MeTofgaMu o0padoTku. Takke TuapooOpadboTka paccMaTpruBaeTCs KaK OHa
U3 KOJIOTMYHBIX aJIbTEPHATHB IPUMEHEHHUS XUMUYECKHUX CPEACTB OOPBHOBI ¢ COPHOI
PACTUTENBHOCTBIO B MPOMBIIUIEHHBIX cafax [16; 17]. OHa MoxkeT paccMaTpuBaThCs
M KaK JeHCTBEHHBIH criocol 60pbObI ¢ copHOl pacTuTeabHOCTHIO [18]. B paborax
psiaa 3apyOeKHBIX aBTOPOB 00OCHOBBIBACTCS MEPCIEKTUBHOCTh TEXHOJIOTHH yTHE-
TEHHS COPHOU PAaCTHTENBHOCTH TMAPOOOPaOOTKOM, ONMUCHIBAETCS UCIIOJIB30BaHUE
ruapoadbpa3suBHOTO METOZA AJIA Cpe3a COJIOMBI MIIECHHIIBI. A Takke pa3padoTka,
pacder ¥ pe3yNbTaThl HCTIBITAHUS YCTPOHCTBA THAPOOOPaOOTKH MEKIYPSANIA PHUCO-
BBIX KYJIBTYp, OMUCAHUE CTIOCOOHOCTHU CTPYH BOJBI M THIP0adpa3uBHOI 00pabOTKH
K pe3Ke pa3iINYHbIX CEIbCKOX03IHCTBEHHBIX MAaTEPHAIIOB U METO/IbI TIOBHIICHUS UX
s dekruBHOCTH [19-22].

0O030p nuTEpaTyphl IOKA3bIBAET BAXXHOCTD N3YUEHHSI CTPYKTYPBbI CTPYH BOZBI U TIPO-
recca ee GOpMHUPOBaHUS NIPU PA3IUYHBIX BHIaX (hopcyHok. Hampumep, B pabote [23]
MOKa3aHo BIMsAHHUE (hopMBl IITyIIEpa Ha (POPMHUPOBAHHUE CTPYKTYPHI CTPYH BOIBI U I10-
CIICAYIOILYIO CHITy BO3AEHCTBH. Tarxke HayKoil akTMBHO M3Y4aeTcsl BIUSHUE (HOPMBI
HAaCaJKU U OTBEPCTHUS HA CTPYIO BOABI IPU pa3Iu4HON Temneparype [24; 25].

MarepuaJibl © MeTOAbI

s peuienust qanHoU 3aga4m ObLT pazpaboTaH cTeHa (puc. 1), mpeAacTaBIsIOIINd
co00¥ OICTaBKY Ha YETHIpeX OMopax, K KOTOPOH 3aKperuieH aganTep MoJarolei Maru-
CTpaJIH amrmapara BRICOKOT'0 JaBJIeHHUs CO CMEHHBIMU Haca/ikaMu. Kperuienue aganrepa
MO3BOJISIET MEHSITh BBICOTY pacronokeHnus popcyHku. Ha moncraBke pasmeliiena pelika,
MIO3BOJISTIONIAS 3aKPETUISTh CTAIBHYIO JTMHEHKY B TUIOCKOCTbD JISHCTBUS CTPYH BOJBI U3
(opCyHKH.

s hukcanuu moaoKeHus U GOopMBI CTPYH BOJBI C 3aJaHHON YaCTOTON HUCITONh-
3yercs kamepa Basler ace acA1920. OHa MO3BOJIIET MOTYyYaTh BEICOKOKAYECTBEHHOE
BHJe0 ¢ gactoit 1o 1000 kagpoB B CEKyHAIY, JAaHHBIA PEXXUM CHEMKH U OB UCIIOb-
30BaH B HaleM HuccienoBanuu. Kamepa pacnosnarangach nNeprneHIuKYISIPHO OCH CHM-
METPUHU CTPYH BOABI U NEPIECHANKYIAPHO U3MEPUTEIILHOM OBEPXHOCTH JTUHEHKH Ha
paccTossHuH, HEOOXOTUMOM ISl TTOJTyYeHHs] OJTHOLEHHOM KapTUHKHY U KaueCTBEHHOM
(OKYCUPOBKH KaMephl.

st uccnenoBaHmiA MCIIOTB30BAJICS allapaT BBICOKOTO AABJICHUS C MAKCHMATbHBIM
nasienueM P = 140 MPa, makcumanbubrii pacxon Q = 360 /4.

B kauecTBe HacaJ0K HCIIOIB30BAINCH CTAHIAPTHAS C TUIOCKOH CTpyeH, cTaHAapTHAS
TypO0 Hacanka (puc. 2) u TypOo Hacaaka pa3padoTaHHON KOHCTPYKITHH (puc. 3).

HccnenoBanme nmpoBoauTcs cieayromuM oopasoM. [lonkirouenHas k ammapary
BBICOKOTO AaBJIeHUs (POpCyHKa 3aKpeIIsieTcsl Ha CTeHI, IMHEHKa BBICTaBIsIeTCA Ha
3aJaHHYIO JUIMHY OT cpe3a CoIla.
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Puc. 1. YcrpoiicTBo cTeHaa U1l H3MEPEHHSI TEOMETPUUECKUX TapaMeTpOB CTPYH BOABIL:
1 — moncraBka; 2 — mogaroIasi MarucTpaib anmapara BEICOKOTO JIaBIeHHs CO CMEHHBIMHU (DOpCYHKaMH;
3 — cranpHas IMHEHKa; 4 — Kamepa
Fig. 1. Test bench design for measuring geometric parameters of water jet:

1 — stand; 2 — supply line of the high-pressure device with replaceable nozzles;
3 — steel ruler; 4 — camera

Beepuas ctpys / I'pssesas Qpesa /
Fan jet Mud mill

ettty

Pwuc. 2. Bunsl uccnenyemsix GopcyHOK
Fig. 2. Types of nozzles investigated

[anee 3amyckaeTcs mojada BOAbI U CheMKa Kamepbl. biarogaps npoeunpoBaHuio
M300paXKeHNs MePICHANKYIISPHO JIMHEHKE MTOTy4aeTCsl U3MEPUTh FeOMETPUIECKHUE Tapa-
METPBI CEUYEHHUS CTPYHU B KaXKIBI MOMEHT ee padoThl. Takke qaHHBINA METOJ [O3BOJISIET
3aukcupoBaTh PabOTy POPCYHKHU B JHUHAMUKE.
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033

P

a)
Puc. 3. Ceuenue popcynku TypOo Hacaaku pa3paboTaHHOI KOHCTPYKIUH (),
cedeHne GOPCYHKU CTaHAapTHOH TypOo Hacagku (b)

Fig. 3. Section of the turbo nozzle of its own design (a), section of the standard turbo nozzle (b)

Pe3yabTarsl necaeaoBaHus

[Inomans cedeHust cTpyH BoAbI pa3paboTaHHOH TypOo GOpCyHKHM OOMbIle CTaHAAPT-
Hoi. ITpu BeicoTe 3 cMm — Ha 47 %, npu BeicoTe 5 — cM Ha 53 %, pu BeICOTE 7 CM — Ha
16 %, ipu BeIcOTE 9 cM — Ha 5 %, Tipu BbIcoTe 11 cM y cTranaapTHOU TYpOO (GOPCYHKH
IUIOIIA/Th CEUSHUSI CTPYH Oouibliie Ha 5 %.

ITocne npoBeneHUsT UCCIENOBAaHUS 110 ONMCAHHOM BBIIIE METOJIUKE IOJIyYECHHBINA
BHJIEOMaTepHal ¢ MOMoIII0 mporpaMMel Free Video to JPG Converter kampupoBaics
C COXpPaHEHUEM OTHAEJIbHbIX N300paxeHuil. [1o momy4eHHbIM H300paXEHUAM U3MEPSIINCh
reOMEeTPUIECKIE ITapaMeTPhl CEYeHHS CTPYH BOJIBI, HAIPHMED, IIMPHHA CTPYH (pHucC. 4).

Puc. 4. 3smepenne MUPHHBI CEUSHUSI CTPYH BOABI JUTS INTOCKOH (pOpCyHKH
Ha BBICOTE 9 CM OT cpe3a HacaJKu

Fig. 4. Measuring the cross-section width of a water jet for a flat nozzle
at a height of 9 cm from the nozzle cut
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3HaueHHE MUPUHBI CTPYH BOJBI (UaMeTpa KOHyca B U3MEPSIEMOM CEUCHUU IS
CTpYH, UMEIOIIUX KPYTJIOE CECUCHUE) MOIYYaeTCsl HAXOXKJECHUEM CPEIHEIr0 U3 MATH
3HaueHuit. Takxke HaMu OB IPOBENCH aHATU3 CTPYKTYPHI CTPYH HaA Pa3HBIX pe-
XKHUMax paboTel. BaxXHBIM 3iieMeHTOM 00pabOTKH pe3yabTaToB OBUIO ompeeIeHue
3¢ HeKTUBHOM HIMPUHBI CTPYH 0€3 yueTa €e KPaeBbIX yUaCTKOB, KOTOPbIEC HE HMEIOT
3¢ HeKTUBHOrO BO3AEHCTBHUSA Ha 00padaThiBaAeMyI0 OBEPXHOCTh. JlaHHBIE 001aCTH
0TOpachIBAIMCH COTVIACHO KOHYCY PACHbLICHHS, KOTOPBIA OCTaBIISIET CJIE HA OTIOP-
HOU MOBEPXHOCTH. J[J151 TOTOKA BOJIBI C CEYEHNUEM B BHJIE KpyTa U3MEPSIICS TUAMETP
JIAaHHOTO CEYCHHS.

B pesynbrare uccnenoBaHus ObLIH MTOTyYeHBI JaHHEBIE, yKa3aHHbIE B Ta0muIe 1.

Tabnuma 1
Table 1
Pe3yabrarnl H3MepeHUsl IMPUHBI CTPYH
Results of measuring the jet width

Bricota ot
cpesa coruia
¢dopcyHKH, cM /
Height from
the nozzle
section, cm

Hlupuna, MM /
Width, mm

Bricota ot
cpesa coruia
¢dopcyHKH, cM /
Height from
the nozzle
section, cm

HIupuna, MM /
Width, mm

Bricota ot
cpesa coruia
¢dopcyHkH, cM /
Height from
the nozzle
section, cm

lupuna, MM /
Width, mm

Paspaborannas Typ6o

Cranpapraad 1ypGo dopcynka / ¢dopcynka / Developed turbo

Standard turbo nozzle

dopcyHka miockas /
Flat nozzle

nozzle
11 56 11 48 11 41
9 44 9 41 9 38
7 32 7 26 7 32
5 30 5 19 5 28
3 22 3 16,8 3 22

Jost myqiielt Bu3yanusanuu oHu 0(OpMIICHBI B BUJE rpaduka 3aBUCUMOCTH ILIMPHHBI
3axBara (DOPCYHKH OT BBICOTHI 3aMepa (puc. 5).

Kak BugHO U3 rpaduka (puc. 5), paspaboranHas TypOoo GOpCyHKa UMEET aHAIO-
THYHBIHA ¢ TypOodpe3oii pasmep npu BeicoTe 00padoTku 11 cMm. OgHAKO 3HAYUTEIHHO
BBIMTPHIBACT B IIMPHUHE IPH YMEHBIIEHUH BEICOTHI H3MEPEHUS 10 3 CM, IPUOIIKASCh
Mo MHUpHHE K (POPCYHKE C MIOCKOH cTpyeid. [lomydyeHHbIi pe3ynbTar Mmo3BoNIsSeT yT-
BEpKIaTh, YTO MpU Hanbosee F3PPEKTUBHBIX 3HAUEHUSIX BHICOTHI 00pabOTKH paspa-
O0oranHas Typ0o dopcyHKa OyleT UMEeTh OOJIBIIYIO IUPUHY 3aXBaTa U MOBBIIICHHYIO
MPOU3BOJUTEIHLHOCTD [26].

Hcxons U3 mpelCTaBICHHBIX BBINIE JAHHBIX, BEIYUCIAM IUIOIIAH BO3IEHCTBUS
CTPYH BOIBI Ha MIOBEPXHOCTH MTOYBHI (pHC. 6).
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The distance of measuring the width of the jet
——@opcynka m1ockas / Flat nozzle
~——Typ6odpesa / Turbofreeze
CBos dopeynka / Its own nozzle

Puc. 5. I'paduueckoe npeacraBieHue pe3yabTaTOB U3MEPEHHS IHPHHBI CTPYH HA Pa3HOM BBICOTE
Fig. 5. Graphical representation of the results of measuring the width of the jet at different heights

b)
Puc. 6. Crpykrypa cTpyu y pa3paboranHoi Typ6o dopcyHku (a) u cranaaptHoit Typ6o dhopcynk (b)
Fig. 6. Jet structure of a developed turbo nozzle (a) and a standard turbo nozzle (b)

Ha ocHoBannu nonmy4eHHbIx hotorpaduit (puc. 6) BUAHO, UTO BPAIIAIOIINICS TOTOK
BOJIbI B pa3paboTaHHOi TypOo (hOpCYHKE U CTaHIAPTHOH TypOO (GOpCyHKE pa30ouBacT-
sl OT OBICTPOTO BpAICHUs, 00pa3ys KOHYC, IUIONIAb CEYCHUSI KOTOPOTO COCTABIISIECT
KPYT, ¥ BO3JIEHCTBYET Ha MOBEPXHOCTH MOYBBI, IIO3TOMY TS TAHHBIX (POPCYHOK OyIem
UCIOJIb30BaTh opmyiy [27]:

S =, (1)

rae S — mionaas BO3AeHCTBISI CTPYH BOIBI Ha MOBEPXHOCTD, MM2, & 7' — PAJNYC OCHO-
BaHMS KOHYCA PaCIbUICHHS CTPYH, MM.

JIJ1st TUTOCKO# CTPpYH XapakTepHa MpIMOyToiibHas Gpopma cedeHust (prc. 6), mo3TOMy
pacuet OyzeT BECTHCH 1o cieayromei gpopmyie (2):

S=ab, (2)

rie S — oAb BO3NCHCTBHS CTPYH BOJIbI Ha TOBEPXHOCTh, MM? ; @ — IIMPHHA CTPYH, MM; b —
TOJIIMHA CTPYH, MM. B pe3yisrare BbIUHCIEHHNI Oy YeHBI CIICAYIONIHE PE3yIBTaThl (Talu. 2).
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Tabnuma 2
Table 2

MMosydennasi miomaab ce4eHUus CTPyH
The resulting cross-sectional area of the jet

Bricora ot cpe3a coruta popcyrku, cM /
Height from the nozzle section, cm

®dopcynka mnockas / Flat nozzle

3cm
5cm
7 cm
9cMm
11 cm

Bericota ot cpesa coruta popcyHKH, cM /
Height from the nozzle section, cm

3cm
5cm
7 cm
9cm
11 cMm

Bricora ot cpesa comna ¢popcyHkH, cM /
Height from the nozzle section, cm

3cm
5cm
7 cMm
9cm
11 cm

ITnomwane, mm?/ Area, mm?  [lupuna, mym / Width, mm

182 22
270 30
328 32
492 44
840 56

CranpaprHas Typ6o ¢opcyHka /
Standard turbo nozzle
TInomane, mm? / Area, mm?  Illupuna, mm / Width, mm

201 16
284 19
531 26
1134 38
1590 45

Pazpaborannas Typ6o dopcyHka /
Developed turbo nozzle
ITnomane, mm?/ Area, mm?  [lupuna, mym / Width, mm

380 22
616 28
804 32
1195 39
1521 44

Hanee npeacrasneH rpaduk, BU3yaTH3UPYIOIIUH MTOTyYeHHBIE PE3yIBTaThl (pHc. 7).

1800
<. 1600

£ 1400

=

2y 1200

22 1000

5% 800

28 600

O <

S5 400
22200

SE 7

E

= 3cm
=

5cm 7 cm 9cm 11 c™m

PacrostHMe M3MepeHns MUPUHBI CTPYH /

The distance of measuring the width of the jet

=®opcynka miockas / Flat nozzle
"Typ6odpesa / Turbofreeze
Csos dopcynka / Its own nozzle

Puc. 7. T'paduk 3aBUCUMOCTH IUTOMIAIN BO3IEUCTBUS CTPYHU BOMIBI OT BBICOTHI CTPYH
Fig. 7. Graph of dependence of water jet impact area on jet height
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Kak BumiHO U3 rpaduka, WIomaab BO3ACHCTBHS CTPYH BOJBI Y IIOCKOH (OPCYHKH
MEHBIIIC OCTAJILHBIX BapuaHTOB. HanbobIias e 1miomiaas CTpyH JOCTUTACTCS Y pa3-
paboTaHHO# TypOO (HOPCYHKH.

O0cy:x1eHue U 3aKJII04eHne

C nomotipto paspaboTaHHON TypOO (HOPCYHKH BO3MOXKHO CO3/1aTh CTPYH BOZbI HAUOOIb-
reun IJI0IIaau, 9YTo obecrieynBaer YBEIIMYCHUE HINPUHBI 3aXBaTa, IOBbINICHUE ITPOU3BOIN-
TENBHOCTHU U KauecTBa 00pabOTKN MOBEPXHOCTH MOYBHI B IPUCTBOIIBHBIX HACAXKICHHSIX.

Pe3ynbraThl JaHHOTO HCCIIC0BAaHHS MO3BOJISIOT MPOAHATM3UPOBATH CTPYKTYPY CTPYH
B TIporiecce ee paboThl. Y BceX BUIOB (POPCYHOK CTPYs pa30MBACTCs HA MEITKUE KaTlTH,
00pasys 30Hy 00pabOTKH MOBEPXHOCTH O3 BBIJCICHHBIX 30H COOPAHHOTO CTPYKTYPH-
POBaHHOTO TOTOKA YKUIKOCTH. TaKKe OIBIT MMOKAa3bIBALT, YTO IUIOINAAb 00padaThiBaeMoi
MMOBEPXHOCTH 3aBUCUT HE TOJBHKO OT BBICOTHI PACIIOIOKEHUsST (POPCYHKH H JIABICHUS
BOJIbI, HO U OT yIu1a (pakeia pacipuia Cornia.
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Annomauusn

Beeoenue. TlpenorBpamieHne 3arpsA3HEHHS OKPYKAIOIIEH Cpeabpl, BKIIOYAs BOIHBIC
00BEKTHI, OMOTCHHBIMH 3JIEMEHTaMH (a30TOM K (ocopoM) MpU MX BBIHOCE C CEIILCKO-
XO3SHCTBEHHBIX YTOOUA C BO3MOXKHBIMH CTOKAaMH SIBIACTCS aKTyalbHOW MpoOiemMoit
COBPEMEHHOH arpOMH)XEHEPHOW HayKH, KOTopas TpeOyeT CBOEBPEMEHHOIO DPEIICHUS.
HccnenoBaHUsIMH yCTAaHOBJIEHO, YTO BBIHOC OMOTEHHBIX PJIEMEHTOB IPOMCXOAUT B pe-
3yJIbTaTe TeOXUMHIECKUX MPOIECCOB, BHECEHHS Ha I10Jie YIOOpEeHHH U HHBIX (paKkTOpOB.
B 37011 cBA31 MaTemaTHIeCcKOe MOJETMPOBAHHE MPOIecca BHIHOCA OHOTEHHBIX YJIEMEHTOB
C CeJILCKOXO3SHICTBEHHBIX YTOAUH U BO3MOKHOTO MX HOIAaHKs B BOJHBIE OOBEKTHI SIBIIS-
€TCs aKTyaJIbHOM 3a/1aueil arpOMHKEHEPHBIX HCCIIEI0OBAHUH.

Llenv uccnedosanus. CMOIEIMPOBATh U CIIPOTHO3UPOBATH IIPOLIECC BO3MOKHOTO BEIHOCA
OHMOTEHHBIX JJIEMEHTOB C CEIbCKOXO3SHCTBEHHBIX YTOANI B BOJOEMEL.

Mamepuanet u memoost. TIpn IpOBECHUH NCCIIEA0BAHNS IPHMEHSIINCH H3BECTHBIE METO-
JIbI MOZIETTMPOBAHMS; METOIMKA PACcUeTa BHIHOCA OMOTE€HHBIX BEIIECTB B BOJXOEMBI C CEMb-
CKOXO3SIICTBEHHBIX YTOAWii (¢ OIOpoli Ha MUHUMANBHBIH 00BbEM HCXOIHOU HH(pOpMAIHN)
JUTSL TIPOTHO32 3BTPO(UPOBAHUS BOAHBIX OOBEKTOB; arpOXUMHIECKUAE METOIUKH, YIUTHI-
BaIOIUE CTPYKTYpPY U Pa3Mephl MOJEBBIX U CEJIbCKOX03AHCTBEHHBIX ILIOLIAeH, yporkaii-
HOCTb KYJIIBTYD, BBIHOC OHOTCHHBIX JIEMEHTOB C yPOXKaeM.

Peszynemamut uccnedosanus. Ha ocHOBe aHann3a JIMTEpaTyphl U SKCIIEPTHOH OLIEHKU OBLT
000CHOBaH IepedeHb HanOoJIee 3HAUMMBIX TI0Ka3aTeneil, BIMAIOINX Ha IPOLECC BHIHOCA
asora 1 pocdopa. Pazpaboransl MaTeMaTHIeCKUE MOJIEIH IS ONIPEIENICHUS ¥ IPOTHO3H-
POBaHUSI MOCTYIUIEHNsI OMOTEHHBIX JIEMEHTOB C CEIBCKOXO3SHCTBEHHBIX yTOAUN B BOA-
Hble 00BEKTHI. YCTAaHOBJICHBI BECOMBIE ITOKA3aTENH, BIUSIONINE Ha KOIHIECTBO HOCTYILIe-
HHS OMOTEHHBIX JIEMEHTOB, a8 IMEHHO KOJTMIECTBO BHECEHHBIX Y00OpeHuii, 00beM BiIary,
BJIAarOEMKOCTh ITOYBHI, IUTONIA/b OIS, ITyOnHa 06padoTku u np. [IpuBenen npumep pac-
4yeTa KOJIMIECTBA OCTYIIICHH OMOTEHHBIX SIEMEHTOB B BOIHbBIE OOBEKTHI ITPU HHTEHCHB-
HOCTH BbINaJIeHUs 0caskoB 50 MM B TeUCHHE yaca.
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Obcyorcoenue u 3axmoyenue. CyIHOCTb IPEUIOKSHHBIX MaTeMaTHIECKUX MoJieliel CBO-
UTCSA K CHHTE3y MHOTOYHCIICHHBIX TOKa3aTelel B CIIOKHOM IIpoIiecce BEIHOCA OMOTEH-
HBIX 2JIEMEHTOB U X BIMSHUS HA Ka4ecTBO BOJbI. [Ipe/ioxkeHHbIe MaTeMaTH4ecKie Mo-
JIEJTN TTO3BOJISAT IIPOTHO3UPOBATH BEIHOC OMOTEHHBIX HIIEMEHTOB C CEIbCKOXO3SIHCTBEHHBIX
yTOIui, pa3pabaThiBaTh U BHEAPSTH TEXHUKO-TEXHOJIOTMUECKHE PELICHHs, IPEeJOTBpallia-
IOLINE 3arpsi3HEHIE OKPYKAIOLIEeH Cpebl.

Kniouesvle cnoga: cenbcKOX035HCTBEHHBIE Yroabs, 00paboTka MOYBEI, OHOTEHHBIC 3Ie-
MEHTBI, BOIHbIE OOBEKTHI, arpo(pu3nuecKue CBOHCTBA MOYBBI

Kongpnuxkm unmepecog: aBTopsl 3asBISIIOT 00 OTCYTCTBUU KOH(INKTAa HHTEPECOB.

Jlnsa yumupoeanus: MoaenupoBaHie U MPOTHO3UPOBAHNE BIHOCA OMOTEHHBIX JJIEMCH-
TOB C CEJIbCKOXO3SIMCTBEHHBIX YIOANH B 3aBUCHMOCTH OT arpo(hu3NYeCcKUX CBOICTB MOY-
Bel / H. . JIxa660poB [u ap.] // UmkenepHble TexHomoruu ¥ cuctemsl. 2024. T. 34, Ne 1.
C. 101-114. https://doi.org/10.15507/2658-4123.034.202401.101-114

Original article

Modeling and Forecasting the Removal
of Biogenic Elements from Agricultural Lands
Depending on the Soil Agrophysical Properties

N. L. Jabborov‘, A. P. Savelyev’*“, A. V. Dobrinov¢,

A. M. Zakharov4, 1. I. Zhuikov*

¢ [nstitute for Engineering and Environmental Problems

in Agricultural Production (IEEP) branch of Federal Scientific
Agroengineering Center VIM

(Saint Petersburg, Russian Federation)

b National Research Mordovia State University

(Saransk, Russian Federation)

™ thsap52@mail.ru

Abstract

Introduction. Environmental pollution prevention, including prevention of water
bodies, with nutrients (nitrogen and phosphorus) when they are removed from
agricultural lands with possible runoff is a topical problem that requires a timely
solution. The studies have found that the removal of nutrients is a result of geochemical
processes, fertilization, and other factors. In this regard, mathematical modeling of the
process of removal of nutrients from agricultural lands and their possible entry into
water bodies is an urgent task.

Aim of the Study. The study is aimed at modeling and predicting the process of possible
removal of nutrients from agricultural lands to water bodies.

Materials and Methods. When conducting the study, there were used well-known
modeling methods. They are the methods for calculating the removal of nutrients from
agricultural objects into water bodies, based on the minimum amount of initial information
for predicting the eutrophication of water bodies and agrochemical methods taking into
account the structure and size of field and agricultural areas, crop yields, and removal
nutrients with the harvest.

Results. Based on an analysis of the literature and expert judgment, a list of the most
significant indicators influencing the process of nitrogen and phosphorus removal was
justified. There have been developed mathematical models to determine and predict
the input of nutrients from agricultural lands to water bodies. There have been found
significant indicators influencing the amount of input of nutrients, such as the amount
of applied fertilizers, the volume of moisture, soil water capacity, field area, depth of
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cultivation, etc. There is given an example of calculating the amount of input of nutrients
into water bodies with a rainfall intensity of 50 mm per hour.

Discussion and Conclusion. The essence of the proposed mathematical models comes
down to the synthesis of numerous indicators in the complex process of removal of
nutrients and their impact on water quality. The proposed mathematical models make it
possible to predict the removal of nutrients from agricultural lands and to develop and
implement technical and technological solutions to prevent environmental pollution.

Keywords: agricultural land, tillage, biogenic elements, water bodies, soil agrophysical
properties
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Beenenne

CHuxeHHe BBIOPOCOB a30Ta u Gpocdopa Hepa3phIBHO CBA3aHO C pa3pabOTKOi
¥ OCBOCHHMEM METOJIOB U CPEACTB OINPEACICHUS U OLICHKU KOJIUYECTBA MOCTYTUICHUS
JaHHBbIX OHMOTE€HHBIX DJIEMEHTOB C CEIbLCKOX03SIMCTBEHHBIX YI‘OILI/II\/'I B BOJIHBIC O6’beKTbI.
OCHOBHBIMH UCTOYHHKAMH BLIHOCA 3arpsA3HAIOIINX BCUICCTB ABJIAIOTCA MalllHU, CEHO-
KOCBI, TIaCTOMIIIA, 3AJICIKH, 3EMJIH, 3aHIThIe MHOTOJCTHUMHU HACAKICHUIMH, (ePMbI
¥ KOMMYHaJIbHO-OBITOBBIE OTXO/BI U3 HACEIEHHBIX ITYHKTOB.

Bompocs! BeIHOCA OMOTEHHBIX 3JIEMEHTOB U3 KHBOTHOBOJYECKHUX (DepPM M KOMILIEK-
COB, a TaKXe MpoliieMa palliOHAIHHOTO U SKOJIOTHUYECKH 0€301MacHOTO pa3MenieHus
dbepM JOCTATOYHO XOPOIIO M3YUYCHBI B pab0TaX OTeUeCTBEHHBIX YUueHbIX!. MU moj-
pOOHO paccMOTPEHBI MPOIEeCcCHl (POPMHUPOBAHUS U JUHAMUKH OMOTEHHOUN HArpy3KH
Ha BOJIHBIE 0OBEKTHI, 000CHOBAHKI ITOIXO/bI K H3y4YeHHI0 rpoOieMsl. [1o pe3ynpraTam
WCCJICIOBAaHUM YYCHBIMU pa3paboTaHbl METOJNMKH OLICHKH OMOTCHHOM HarpysKH,
ctopmupoBaBIICHCS MO BIUSHUEM PUPOHBIX M AHTPOTIOTCHHBIX (PAKTOPOB, MPaK-
TUYCCKUC PEKOMCHAAIIUU IO ONTHUMAJIbHOMY HNPOCKTUPOBAHNIO JKUBOTHOBOAUCCKUX
(depM U KOMILJIEKCOB, CHCTEM MOHUTOPHHTA U YIPABICHUS MO YAAJICHUIO, XPAHEHUIO
Y TTOATOTOBKE K MCTIOJIB30BAaHUIO HABO3A.

CymiecTByIone KIAaCCHIECKHUE METOTUKHY B TIEJIOM TIO3BOJISIOT OMPEIEITUTD YTEUKY
azota u (ocopa ¢ IIOMIAIOK CKIAINPOBAHAS MUHEPATBHBIX H OPTaHUYECKUX YIO-
OpeHUH U 110 CTaTUCTHIECKOH HH(pOpMAIMH TS KaXKA0TO aIMIHACTPATUBHOTO paiioHa
BO0COOpa YCTAaHOBUTH TIOTOJIOBBE KUBOTHBIX, PACCUUTATh BBIXO/ HABO3a, COJEPKAHIE
Y BBIXOX a30Ta U ¢ocdopa ¢ 0TX0laMH, PACCUUTATh BEIHOC OMOTEHHBIX 3JIEMEHTOB
C CeIIbCKOXO3SHCTBEHHBIX YTOIUH B THAPOTpahUIECKYIO CETh C yUETOM SKCIUIUKAIIUU
YIOIUi U ypOXKaHOCTHU CEIbCKOXO3IUCTBEHHBIX KYIBTYP.

! Meroauuecknue peKOMEHAAINH 110 TEXHOJIOTHYECKOMY MPOCKTHPOBAHHUIO CHCTEM YAAJICHHS U MO~
TOTOBKH K UCIOJIb30BaHUIO HaBo3a u mometa. P/I-ATIK 1.10.15.02-08 / Muncenbxo3 P®. M., 2008. 93 c. ;
PexomeHmarmm 1o 060CHOBAHHIO SKOIOTHYECKH 0€30MacHOr0 pa3MerieH s ¥ (yHKIHOHUPOBAHHUS KUBOT-
HOBOJUYECKUX W NTHIEeBoxdeckux npennpusituii / A. FO. bproxanos [u ap.]. CII6. : UADIIL, 2015. 48 c. ;
boituenxo 3. A., Uysa I. A., Typ O. I1. IIporHo3upoBanue conepkaHust OHOTeHHBIX JIEMEHTOB B CTOKE
C CEIbCKOXO03sCTBEeHHBIX yroauii // Arpoxumust. 1985. Ne 5. C. 73-79 ; Xpucanos H. U., Ocunos I K.
VYnpasienue 3BTpodupoBanreM BogoeMos. CII6. : ['mapomereonsaar, 1993. 276 c.
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Bospocumii noBceMecTHBIN HHTEPEC K 00ECTICUSHUTIO IKOTIOTUIECKOM 0e30MacHOCTH
TEXHOJIOTHHA ¥ TEXHUYECKUX CPEICTB IIPOU3BOICTBA CEIbCKOXO35ICTBEHHOM TPONYKLIUU
TpeOyeT COBEpIICHCTBOBAHUS CYIIECTBYIOLINX METO/IOB MTOMCKA HOBBIX MOAXOIOB U TEX-
HUKO-TEXHOJIOTHYECKUX PEIICHH, 00eCTIeYNBAIONINX CHI)KEHIE BBIHOCA OMOTEHHBIX
JJIEMEHTOB C CEJILCKOXO35HCTBEHHBIX YTOIUN.

Lens nccnenoBanust — MOJEIUPOBAHNE U MPOTHO3UPOBAHNE BHIHOCA OMOTEHHBIX
3JIEMEHTOB C CEJIbCKOXO35HCTBEHHBIX YrOAuil B 3aBUCUMOCTH OT arpou3nuecKux
CBOMCTB MOYBBI.

O0630p uTEpaTypHI

OpnHo¥ U3 aKTyaJIbHBIX IPOOJIEM COBPEMEHHON HAYKH SIBIAETCS 00eCIeYeHne 3Ko-
JIOTHYECKOH 0€30MacHOCTH TEXHOJIOTHH M TEXHUYECKUX CPEICTB MPOU3BOJACTBA CENb-
CKOXO3AHCTBEHHO! MPOonyKIMU. Bo Bcex 30Hax 3emieaenus HanOobIIyI0 3HAYUMOCTD
npruoOpeTH BONPOCH CHIYKSHUS WIIH TIPEJOTBPAIIEHHSI BBIHOCa OMOT€HHBIX 3JIEMEHTOB
C CETbCKOXO035ICTBEHHBIX yroauii. Bmecte ¢ TeM ydueHbIMU OoJiee MOApOOHO N3yUYEHEI
BOIIPOCHI BBIHOCA a30Ta, (ochopa U Kaus pacTCHUSIMU U UX COACPIKAHUE B KYJIBTYPHBIX
Y COpHBIX pacTeHusx [1-3].

Y4eHbIMH UCCIIE0BaHBI 0COOEHHOCTH BIHUAHUS PEXIMOB MHHEPAIBHOTO TTUTAHUS
Ha ypOoxKail 1 BBIHOC 3JIEMEHTOB IUTAaHUSI MAaTOYHOM CaXapHOU CBEKIIBI, BbIPAILIMBAEMOM
METOJIOM IITEKJIMHTOB Ha OPOIICHUH B 30HE HEYCTOWIMBOTO yBIaxHEeHUs [4]. [Ipencras-
JICHBI PE3yJIbTaThl U3YUEHHUS BIMSHNS MUHEPAIBHBIX yIOOpEHHH, TOCaeIeHCTBUS HaBO3a
Y COBMECTHOIO UX BIIUSIHUS HA YPOKatHOCTh U Ka4e€CTBO 3€pHA O3UMOM MIIEHULIBI [5].
OnucaHbl pe3ynbTaThl OIBITA 10 BIUSHUIO Pa3JIMYHBIX 03 MUHEPAJIbHOTO IUTAHUS Ha
JMIMHAMHUKY COJepKaHMsI 001Iero a3ora, ¢ocdopa u kanus B maxotHoM cioe (0-20 cm)
Cepoil JECHOM TAKEIOCYINIMHUCTOM MOYBHI B yclIoBUAX tora LlenTpansHoro Heuep-
HO3eMbs [6]. BelnomHeHa olleHKa Macchl IEPEHOCUMBIX TPaHCTPAHUYHBIMU peKaMH
Oacceitna 3anagHoit [IBunsl (pp. 3anannas Jsuna, Kacruisa, CBonbHs, YeBsaua, Yina)
BaJIOBOTO a30Ta U BanoBoro ¢ocopa Ha Tepputoputo Pecriyonuku benapych [7]. Boi-
SIBJIEHO, YTO ME)KI'0JIOBbIE M3MEHEHHS MACChl BBIHOCA OTIPEENAI0TCS IPEUMYILECTBEHHO
00BEMOM PEYHOTO CTOKA. DTO MO3BOJIMJIO OLIEHUTh BBIHOC BAJIOBOTO a3ota u (ocdopa
B TOZBI PA3TUYHON BOTHOCTHU C UCIIOJIB30BaHUEM JTAHHBIX O cpenuux 3a 2011-2016 rT.
KOHLIEHTPALUSIX OMOTCHHBIX JIEMEHTOB.

ABTOpamu pa0doT fnaHa o0IIas OLEHKA MOCTYIUICHUS B OKPYXKAIOLIYI0 CPELy OTXO-
JIOB KMBOTHOBOAYECKOTO MIPOM3BOACTBA U BHECEHHUS] OPIraHUYECKUX U MHUHEPAJIBHBIX
ynoOpeHuit Ha uccienyemoii Tepputopuu [8]. BeisiBieHo, 4To B myHKTax oTO0pa npod
BOZIbI CKJIA/IBIBACTCSl YMEPEHHO HAIIPsHKEHHAS SKOJIOTHYECKask CUTyaLlsl B CBSA3U C MEpU-
OJJMYECKUM CBEPXHOPMATHBHBIM MOCTYIUIEHHEM OHMOTEHHBIX 3arps3HSIOLUINX BEIECTB
B UCCIIelyeMble BOOHbIE 00BeKThl. Pa3paboTana MeToauKa onpeneieHus OMOTeHHOM
HArpy3Ku CelbCKOXO35HCTBEHHOTO MPOU3BOACTBA Ha BOIHBIE OOBEKTHI [9], KoTOpast
MIPY3BaHa PEIINTh MEPBOCTENEHHYIO 33/1a4y OIPEeeIeHNs POIX pa3IMYHbIX HCTOUHUKOB
(TakuXx Kak MOBEPXHOCTHBII CTOK, 3p03Usl, TPYHTOBBIE, [IOUBEHHBIE, IPEHAKHBIE BOHI,
ocakieHue u3 aTMocQepsl) B Mpoliecce MOCTYIUICHHST OMOTEHHBIX BEIIECTB C POCCHH-
CKOM yacT BogocOopHoro 6acceitna banTtuiickoro mopsi. JlaHa orieHKa MOCTYIUIEHUS
azota u ocdopa B BOIHBIE OOBEKTHI C CETLCKOX03IUCTBEHHBIX yroawii [ 10] B mpenemax
JacTHOTO BomocOopHoro Oacceitna peku Hapsrl B iepuon ¢ 2006 mo 2018 1. Jlan ananm3
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NPUYMHEI 3arpsi3HeHHs HBITBEHCKOTO BOAOXpaHMIKIIa OMOTeHHBIMH BEILIECTBAMH, IPH-
BOAALIMMHU B YCTIOBUSIX 3aMEJICHHOTO BOIOOOMEHA K €T0 3BTPOHKAIMU. ABTOpAMH Ha-
YUYHBIX paboT pacCMOTPEHBI OCHOBHBIE HCTOYHUKH 3arpsI3HEHHS BOJHBIX 3KocucTeM [11],
NpUBEIEHBI IPUMEPHI (PaKTOPOB HETaTHBHOTO BIUSHUS HAa BOJHBIC OOBEKTHI. YCTaHOB-
JIEHO, YTO PacCPEIOTOYCHHBIH CTOK C CETbCKOXO3SHCTBEHHBIX TEPPUTOPHUNA OKA3bIBACT
HEeTaTUBHOE BO3JICHCTBHE Ha IIOBEPXHOCTHBIE BOIHBIE OOBEKTHI, YBEJIHMUNBAs COAEPKAHNE
B MX BOJax OMOTEHHBIX BemiecTs?. [Ipu N3ydeHUH THAPOIKOIOTHUECKOTO COCTOSHHUS
BOJTHBIX 9KOCHCTEM YCTaHOBIEHO [12], 9To yBenmniueHrne 00beMOB XO3IHCTBEHHON JIes-
TETHHOCTH O3 BOTHBIX OOBEKTOB 00YCIOBIUBACT YXYAIICHNE HX THIPOXUMUIECKIX
XapaKTepUCTHK, M3MEHEHHE KOTOPhIX MOXHO pacCMaTpHBaTh B KaU€CTBE OCHOBHOTO
WHANKATOpa HETaTHBHOTO BIIMSHUS HAa BOIHYIO cpely. B nuTeparypHBIX HCTOUHUKAX
MIPUBENIEHBI PE3YIBTaThl MOHUTOPHHIOBOTO UCCIIEIOBAHMS BIUSHHSA CEIbCKOXO3SMCTBEH-
HOT'O UCIIONB30BaHUs Ha cofepKaHue OOIIero yriepoaa, a3ora u pocdopa B BEPXHUX
TOpU30HTaX MOYB pa3zHoro reresuca [13]. BesiBneno, yto npobiaema 3BTpoUpOBaHUS
BOJIHBIX OOBEKTOB SIBISCTCS OJHOM M3 HauboJee cephe3HbIX KakK Ha II00aJbHOM, TaK
Y Ha pernoHanbHOM ypoBHsX [14]. KirouersiM (hakTopom sBTpodukaiuu B benapycu,
M0 MHOTOJIETHUM JIaHHBIM MOHHMTOPHWHTA, SIBISIETCS COAEpXKaHNe B BOJIE COETNHEHUH
¢docdopa. B padore byreko A. A. u Pogpkuna O. U. [15] npencraBieHsl pe3ynbTaThl
MOHUTOPHUHTA TUAPOXUMHUUYECKOTO COCTaBa Boj Majoil peku [Ipumopckoit, 1aHa xapak-
TEPUCTUKA KaueCTBa BOJABI, PACCYMTAH BEIHOC MHUHEPAIBHEIX (opM azoTa u pocdopa
co crokoM peku B Kanununrpanckuii 3anuB bantuiickoro mopst B 2021-2022 rr. lana
OIIeHKa BO3MOYKHOTO CHHYKEHUS BRLIHOCA OMOTEHHBIX DJIEMEHTOB C BOIOCOOPOB IPUTOKOB
Ky#0pImeBcKoro BOAOXpaHWININA 32 CYET BHEIPEHHUS HAWIIYUIINX JOCTYIHBIX TEXHO-
JIOTHH CeNTbCKOXO03SIMCTBEHHOTO MTPONU3BO/ICTBA’. BBISBIICHO, YTO KOINYECTBO BHECEHHBIX
B TIOYBY a30Ta U Gocdopa B cocTaBe MUHEPATBHBIX U OPraHUYECKUX YAOOPEHUH AT
OOJBIIMHCTBA aAMHUHUACTPATUBHBIX PAilOHOB M3y4aeMOro peruoHa HHUXKe MOTpeOHO-
CTH PacTUTENBHBIX KYJIbTYp B OMOT€HHBIX 3JIEMEHTaX. TO MPHUBOIUT K MTOCTETICHHOMY
00€/THEHUIO TI0YB MUTATEIbHBIMH BEIECTBAMH M CHIKCHHIO PHCKA MUTPALIMH 3TUX
3JIEMEHTOB B BOJHBIE OOBEKTHI [16].

Y4eHbIMH TIPETTOKEeH MaKpOPETHOHATBHBII METO/ 151 ”HTETPUPOBAHHOTO YIIPaB-
JIEHUS ¥ KOHTPOJIS BEIOPOCOB a30Ta M pochopa B pe3yiIbTaTe aHTPOIIOTCHHOTO BO3ICH-
CTBUS Ha OKPYKAIOIIYIO CPEy, PACKPHIBAIOIINN ITEPCTIEKTHBBI CHUKEHUSI OMOTEHHOMN
Harpy3KH Ha BOTHBIE OOBEKTHI [17].

PaccmoTpensr MeTonpl U cpenicTBa u3BNedeHus a3ota 1 (hocdopa u3 cTouHbIx Box [ 18],
npeIokeHbl A(h(HEeKTUBHBIE CIIOCOOBI YIAICHUs MUTATEIbHBIX BEIIECTB U3 CTOUYHBIX
BoJ [19], METOIBI OMOIOTHYECKOTO YIAICHUS a30Ta U3 CTOYHBIX Bog [20].

Ha ocHoBe ananu3a nurepaTypHbIX HCTOYHUKOB M SKCIIEPTHON OLIEHKH B KaueCTBE
OCHOBHBIX U HauboJiee 3HaYMMBIX MTOKa3aTelel OLICHKN BEIHOCA OMOTEHHBIX SJIEMEHTOB

2 NanuenxoBa O. A., Kanamnunkosa O. A. VICTOYHHKH aHTPOMIOT€HHOTO BO3IEHCTBHSI HA BOJHBIC
akocucTeMsl / Cpena, OKpy»Karolasi 4eJioBeKa: IPUPOIHasi, TEXHOTeHHas!, COllMallbHast : MaT-11bl X Me-
JKAyHAp. Hayd.-TipakT. KoHQ. (29 anpens 2021 ., ©. bpsuck). bpsiack : M3a-so BIUTY, 2021. C. 211-215.
EDN: PHNNYG

3 MIupuxosa A. H., [IerkoBa H. H. BeiHoc GHOreHHBIX BemecTB co cToKoM peku [Ipumopckoii B Ka-
JUHUHTpajckuil 3anmuB // Bantuiicknit Mmopckoit popym : mar-nb1 X MexayHap. bantuiickoro Mopckoro
tdopyma. T. 3. (26 centsaops—01 oxts6ps 2022 ., . Kanuauarpan). Kamuanarpan, 2022. C. 248-255.
EDN: CNWMTL
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B BOJIHBIE OOBEKTHI ObLIM YCTaHOBJICHBI: KOJIMYECTBO BHECEHHBIX YIOOpeHui (a3ora
u Gocdopa) B OYBY IPHU BO3CIILIBAHIH CEIbCKOXO3SMMCTBEHHBIX KYJIBTYp, 00bEM BIIarH,
TMOJTHAS BJIATOEMKOCTh TOYBHI, IJIOIIA/Ib MOJIs, [TyOHHa 00pabOTKH.

MarepuaJjibl H METOIbI

[Tpu npoBeneHNM UCCICA0BAHMI UCIIONB30BAIMCH U3BECTHBIC METOIbI MOJICIMPOBAHMS
1 METOJIMKA pacyeTa BHIHOCA OMOTECHHBIX BEIIECTB B BOJOEMBI C CEIbCKOXO3SIMCTBEHHBIX
00BEKTOB (C OTIOPOM HAa UMEIOIIUNCS MUHIMAIIEHO HEOOXOMUMBIH 00heM HCXOIMHOM WH-
(dhopMaIm) 11 IPOTrHO3a IBTPOGUKAITAH BOTHBIX 00BEKTOB, a TAK)KE arPOXUMHUICCKIC
METO/IMKHY, YYUTHIBAIOIINE CTPYKTYPY U pa3Mephl MOJIEBBIX M CEIhCKOX03SICTBEHHBIX
TUIOMIA/IeH, YPOXKaHHOCTh KYJIBTYP, BRIHOC OMOTEHHBIX 3JIEMEHTOB C YPOXKAEM.

PacdeTsl 1o onpeaeneHno BO3MOXKHOTO KOJTMUECTBA BHIHOCA OMOT€HHBIX 3JIEMEHTOB
C MalTHHU I0Maabio 1 ra mpu BeinageHuu ocaakoB 50 mm (uiu 500 m*/ra) B uac
W pa3IMYHbIX 3HAYEHUSIX TTyOrHbI 00padoTKH mouBsl (5, 20 n 30 cM) npou3BeacHb Ha
OCHOBE CTaTUCTHUYSCKHX JIaHHBIX, cOOpanbiXx B CeBepo-3amnaaHoi yactu Poccuu.

HccnenoBanusi mpOBOAMINCH B YETHIPE ATAIa;

— MepBBIN BKITIOYAI B ce0s aHAIM3 UCCIeAOBaHM 110 BOIIPOCY BBIHOCA a30Ta U (oc-
¢dopa ¢ cenbCKOXO3SMCTBEHHBIX YIOIUT;

— Ha BTOPOM 3Tarle UCCIeIOBaHUM OBLTH yCTaHOBJICHBI HAN0O0JIeE BECOMBIE ITOKa3a-
TEJH, BIIUAIONINE Ha KOJTUICCTBO BRIHOCA a30Ta U Gocdopa;

— TpeTuii mpeaycMaTpruBall MOIETUPOBAHKE TIPOIIecca BHIHOCA OMOTEHHBIX JIIEMEHTOB;

— Ha YETBEPTOM 3Talle Ha OCHOBE CTATUCTHUYECKUX TAHHBIX MMPOU3BEEHBI PACUETHI
T0 BBIHOCY OMOTEHHBIX 2IEMEHTOB NPH (PUKCUPOBAHHOM 3HAYEHUH BBITIAICHUH OCAJIKOB
MIPH Pa3IMYHBIX 3HAYCHUSAX TITyOUHBI 00PaOOTKH MTOYBHI.

Pe3yabrarhl ucciie10BaHus

Mooenuposanue npoyecca nocmynienus dbuoeennvix snemenmos. Ilo pesynpraram
SKCIIEPTHOM OIICHKH W aHalln3a JINTePaTyphbl ObLIM YCTAHOBJICHBI HAaN0OJIEe BECOMbIC
MOKAa3aTeH, BIUSIONINE Ha BBIHOC a30Ta U (hocopa ¢ CeIbCKOXO3SHCTBEHHBIX YTOMIA,
TaKhe KaK KOJUYECTBO BHECEHHBIX YI0OpEeHHMIt, 00bEM BJIard, BIarOEMKOCTh TOYBHI,
IOk TIOJIs, TTyOrHa 00pabOTKH U Jp.

Ha pucynke 1 mpejicraBieHa cxema, OKa3bIBaOIIAs B3aUMOCBSI3b BBIHOCA a30Ta
1 dhocdopa ¢ IpyrumMu 3aBUCIIIAMA OT HETO TTOKA3aTEISIMH.

J1J1s KOTMYeCTBEHHOM OIIEHKH U COTIOCTaBIIEHHsI 0a30BOTO (JIOITyCTHMOTO) 3HAYEHHS
BBIHOCA OMOTEHHBIX JIEMEHTOB C TEKYIIIMM 3HAYEHHUEM B KadeCTBE KpUTEPHs ObLT BEIOpaH
MMHHMYM KOJIMYECTBA MOCTYTIIEHHs a30Ta U hocdopa B BomHbIE 00BEKTHI AL, —> min.

HWcxons u3 IpoBeEHHOTO aHaJH3a, MOXKHO TOBOPUTH O TOM, YTO KOJIMYECTBO BBIHOCA
azora u pochopa CymeCTBEHHO 3aBUCUT OT J03bI BHECEHUS yIOOpeHHMIA, 00beMa BIIATH,
BJIArOEMKOCTH, TITyOUHBI 00paOOTKH, TUIOTHOCTH U TIOPUCTOCTH TIOYBBI, TUTOIIA U OIS
1 MOXET OBITh BBIPAKEHO (hOPMYIIOH:

Ay = f(NNPa 0, W', F, h), @8

rae N,, — KOJIN4ecTBO BHECEHHBIX ynoOpeHuii (a3ota u ¢pocdopa), kr/ra; O, — oobeM
Biaru, M°; W" — monHas BIaroeMKOCTh MOYBHEI, %; F — IIIOIAab 0o, M2, i — [1yOuHa
00paboTKH, CM.

106 Aepoundicenepus



Vol. 34, no. 1. 2024 ENGINEERING TECHNOLOGIES AND SYSTEMS .

‘YrpapisieMble (HOpMUPYEMBIE)
Bosaciicteus / Controlled
(normalized) impacts

OCHOBHOI#1 KpUTepHii /

O0o0LIenIbIe HHoKa3arem /

The main criterion Generalized indicators

TDI0THOCTH TTOYBEI /
Soil density: p
Jlo3a BHecenust yioOenuii / The

MuHUMYM KOJIUYECTBA
TIOCTYIUIEHHS a30Ta U pochopa
B BOJIIILIE OOLEKTLI /

IIpuembl 06pabOTKY OYBHI /
Soil treatment techniques

KommaectBo npoxomoB MTA /

The minimum amount of dose of fertilizer application: Number of MTA passes
nitrogen and phosphorus NPK 11y6una 06paboTKu 110UBbI /
entering water bodies O6beM Bitaru / Moisture Depth of tillage
volume: O, Jlo3a, Tvin 1 arperarnoe

A e in Baroemxocts mouBsI / Soil
moisture capacity: W™
IImomans mois / Field area: F
T'iry6uiia 06paboTKY IOYBEI /
Depth of tillage:
ITopucrocts nouBs! / Soil
porosity: X,

0p

cocrosaue yaoopenuii / The
dose, type and aggregate state
of fertilizers
IIpueMsl 1 cIocoObI BHECEHUS
ynobpennit / Methods and
methods of fertilization

Puc. 1. Cxema B3auMOCBSI3U KpUTEPpUSI MUHUMYMaA KOJIMYECTBA MMOCTYIIJICHUST OHOTEHHBIX DJICMEHTOB
B BOJIHBIC 00BEKTHI C APYTUMHU 3aBUCAIIUMHA OT HETO NMOKA3aTeIIIMU

Fig. 1. Diagram of the relationship between the criterion for the minimum amount of nutrients entering
water bodies and other indicators that depend on it

KomnmuecTBo OHOTEHHBIX 2IEMEHTOB C 1 Ta CeTbCKOX03HCTBEHHBIX YTOIHA, KOTOPOe
MOXET IOCTYIIUTh B BOIHBIE OOBEKTHI, MOXKHO PAcCUUTaTh 10 GopMmye:

A]IVP =0 W yp» KT, 2)

rae O — BEJIMYMHA [OTEPH BOJBI Ha cOpoc, M*; y,, — comepKaHue (KOHLICHTPALIHs)
asora u pocdopa B cToke?, Kr/m>.
Bennunny norepu Boasl Ha cOpoc O MOXKHO OIIPEACTUTD U3 BHIPAKECHUS:

QH = QB T yno MS’ (3)

rae O, — KOIM4ecTBO BOJbI, MoAaHHOH Ha 1 ra (aTMocdepHBIe 0CaIKH UK OPO-
CUTENbHBIE BOIbL), M*; O, — KOJIMYECTBO BJIArH (BOJIbl), KOTOPOE MOMKET yAEPIKATH
mousa, M>.

Konuuectso Bnaru Q

ymw

KOTOPOC MOXKET YACPKATh [TOYBA, ONIPECACIIACTCA U3 BLIPAKCHUA:
0, = 107 W™ Fh, W2, (4)

rae W' — momHast BAaroeMKOCTh MOYBHI, %; F — MJIOIIa b Mojs, M2, i — rryOuHa obpa-
OOTKH IOYBBI, CM.

4 HopMatHBBI Mpe/IebHO JOMYCTUMBIX KOHIICHTPAIMIl BPEIHBIX BEIICCTB B BOJAX BOJHBIX 0OBEKTOB
PBIOOXO3SCTBEHHOTO 3HAUCHHS [ DNeKTpoHHBIH pecypce] : [IpunoxkeHne k nprukasy MUHHCTEPCTBA CETECKOTO
xo3stiicTBa PO ot 13 nex. 2016 1. Ne 552. URL: https://base.garant.ru/71586774/53t89421bbdat741eb2dle
cc4ddb4ce33/#friends (nara obpammenus: 06.10.2023).
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3HaueHue COACPIKAaHUC a30Ta U q)oc@opa MOXHO OIpPCACIUTD 11O (1)OpMyJ'IC:
1B pact ucI ajuc
(Ny =V =V =Wy — Ve ) +

’f;;'Q;l 9KF/M39 (5)
+(Np =V» =VE)

Yyp =

r7ie N, — KOJIM4eCTBO BHECCHHBIX Ha | Ta a30THBIX yIOOpEHUIA, KT'; N, — KOJIMYECTBO BHE-
cennbix Ha 1 ra pochopHbIx ynobpenuit, kr; Vy"” — BbIHOC a30Ta ¢ 1 ra B HOANOYBEHHbIE
TOPHU30HTHIL, KT; V7*" — BBIHOC a30Ta ¢ 1 ra pactenusimu, kr; V™" — yneryunBanue a3ota
B BUJIC aMMHaKa U 3aKHUCH a30Ta, KOTOPOE 3aBUCHUT OT TEMIIEPATyPhl U BIIAKHOCTHU MOY-
BBI, KT. [ToTepr a30Ta 13-3a ylieTy4HBaHUs B CPEIHEM COCTABISIOT 15 % OT BHECEHHOTO’
ero konmuecTsa; V' — norepu azora ¢ 1 ra B npouecce agcopOuu, kr; V," — BeIHOC
docdopa ¢ 1 ra B moAmoYBeHHbIC TOPU3OHTHI, KT; V™" — BeiHOC hocdopa ¢ 1 ra pa-
CTEHHUSIMH, KT; f, — K0OO(GPUIMEHTS, yUUTHIBAIOIINI BIMSHHAE arpOTEeXHHYECKOro (oHa
Ha KOHIIEHTPAIINIO OMOTCHHBIX BEHIECTB B CTOKE.

[MosHas BIArOEMKOCTh COOTBETCTBYET COCTOSIHUIO MOJTHOM HACHIIIIECHHOCTH MOYBBI
BOJIOM, KOTJIa €10 3aMOJHEHBI Bce MOphl. Ee BeMMUnHA 3aBUCUT OT MOPUCTOCTH TIOYBEI
W paccuMThiBaeTCs mo Gpopmyne’:

wh=—, (6)
p}'l
rae W — momHas BIaroeMKocTb (B % OT CyXoii mouBkl); P — mopuctocTs (B % 0T 00beMa
HOYBBI); p, — INIOTHOCTB MOYBEI (I/cM?).

[TosHast BIAaroeMKOCTh IMOYBBIS 0OBIYHO KosteOeTcs B npeaenax 40-50 %.

B HOpMATHBHBIX JOKYMEHTaX MPEACIBbHO JOMYCTHMAst KOHIIEHTpaIUs® a30Ta 1 (oc-
¢dopa B Bogax BOTHBIX 0OBEKTOB PHIOOXO3SICTBEHHOTO 3HAYCHHUS cOCTaBsteT 1 Mr/am?
i (0,001 xr/m?), 4TO CreayeT y4uThIBaTh IPU ONPEISIICHUH TOKa3aTes AJIVP II0 BbI-
paxenuro (2).

CKOpOCTh MEPEIBUKCHUS )KUIKOCTH CKBO3b TOJIILY MaCCHBa IOYBBI OIIPECIIACTCS
o opmye'’:

w

V=K, -S-gradl =102 -K,-p, - S g";’dl , /e, (7)

rie K, — koodpduument Gunbrpanuu; K, — KoO3pPUIMEHT IPOHUIIAEMOCTH, M* HJIH CM’;
(k03(hhUIIHIEHTOM POHUIIAEMOCTH HA3bIBAIOT (PU3UYECKYIO BETHUMHY, KOTOpas XapaK-
TEpHU3YyeT CIOCOOHOCTh BEIECTBA MPOITYCKATh JKUIAKOCTH U T'a3bl; IPU HEU3MEHHBIX

5 SIronuu B. A., XKykos IO. I1., Ko63apenko B. 1. Arpoxumus / ITox pen. b. A. fAroauna. M. : Kornoc,
2002. 584 c.

¢ BeIHOC OMOT€HHBIX DJIEMEHTOB € BOAOCOOPOB MalbiX pek pecnyonuku Tarapcran / O. H. Vpbanosa
[u mp.] // Bectauk Yamyptckoro yHuBepcutera. 2015. T. 25, Bemm. 4. C. 45-52.

7 PYKOBOJICTBO IO OMPE/ICIICHUIO arpOrHAPOJIOrHYECKUX CBOWCTB mouBkL. PJ] 52.33.219-2022 / ®T'BY
«BHUUT'MU-MII». O6uunck, 2023. 121 c.

8 Ucaenxo B. A., Top6ynos M. 0. BoxHo-(pu3nueckue CBOMCTBA OYBBI K MX H3MEHEHHUE TIPU Pas3ind-
HBIX TEXHOJOTHUSIX 00pa0dOTKH MOYBHI B ceBooOoporte // Bectruk Kypranckoit [CXA. 2012. Ne 4. C. 16-19.

? TlpenenbHo ponyctimMble koHIeHTpamu (ITJIK) XUMHUYEeCKHX BELIECTB B BOJAE BOJHBIX 0OBEK-
TOB XO3SHCTBEHHO-IIUTHEBOTO U KYJIBTYPHO-OBITOBOTO BOJOINOIB30BaHMS: | MTHEHUUECKHE HOPMATHBBI.
I'H 2.1.5.1315-03 / Mun3zapas Poccuu. M., 2003. 214 c.

"TOCT 25584-2016. I'pyutst. MeTozp! 1abopatopHOro omnpeseseHus kodbduipenta GuisTparmu :
nara Beeaenus 2017-05-01. M. : Crangaptundopm, 2016. 19 c.
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BSI3KOCTH U TPAIUEHTE NABJICHUS C POCTOM KO3 PHULIHEHTa TPOHUIIAEMOCTH CKOPOCTh
¢unbTpanuu yBeIUUMBaeTCs); S — MIOIAaAs MOMEPEUYHOTO CEYCHHs TPyHTa, Yyepe3
KOTOPBIH MPOXOJIUT BOJA; gradl — rpalueHT Hamopa; p, — IIOTHOCTh BOJBI, T/CM?;
7 — BABKOCTH BOJBI.

I'unpaBnuueckuil rpaiueHT i — HAMIOPHBIA TPAAUEeHT — Oe3pa3MepHas BeIMYHHA
MMOTEPh HAIOpa Ha €IUHHUIIC JTUHBI TMYTH ABUXEHUS KUIKOCTH (puc. 2). OTpaxkaet
CTENeHb CONMPOTHUBIICHHS CPEJbI TIPH IBIKEHUH BOABI. B MnHaAMUKe MOA3EMHBIX BOJ
TUAPABINYECKUHA TPAINeHT (Ibe30METPHUUECKHI YKIOH) MPOIIOPIHOHAIEH CKOPOCTH
(GUIBTpauy ¥ B 3aBUCHMOCTH OT T€OJIOTHYECKOTO CTPOSHHS U COCTaBa IMOPOJ U3Me-
HSIETCSI B OCHOBHOM OT COTBIX JIO THICSYHBIX JIOJIEH €IMHHUIIBI.

A
V.

L
Puc. 2. Cxema ompe/elieHus THAPABINIECKOTO TpaueHTa!!
Fig. 2. Scheme for determining the hydraulic gradient!

CKOpOCTh ABM)KEHHUS BOJBI 3aBUCUT OT YKJIOHA TIOBEPXHOCTH MOJIs. 3HAUE€HUE TH-
JpaBIMYECKOro rpaJeHTa [ pABHO OTHOLICHMIO IIOTEpH Hanopa H = H, — H| K JyiHe
nyTH GuIbTpalmu L u Beipakaercs'':

H
S (8)
L L
Bpewms, Tpebyemoe 115t BRIHOCA U3 OMpenesIieHHOH miomany a3oTa u gpocdopa,
MOXXHO PacCuuTarh 1o Gopmye:
(3600 Ay, - h- F)
tBbIH _ NP (9)
NP T s
(I/o6 .QB ' pw 'a)k)
rie A, — KonM4ecTBo a3ora u Gochopa, KOTopoe MOKET MOCTYIHUTh B BOAHBIE 00BEK-
Thl, KI/Ta; ' — momanp moius, ra; 4 — nryouHa oOpaboTKU MOUBBL, cM; V ; — CKOPOCTb
HepEBHKCHHS )KUIKOCTH CKBO3b TOJIIY MACCHBA ITOYBBI, CM/C.; O, — 00beM BIIaru, M?;
p,, — INIOTHOCTb BOJIBI, KI/M?; », — KOHLEHTpauyst NP B )UAKOCTH.
Heo0xonuMo OTMETHTh, YTO JIJIs TIOJTHOTO BhIHOCA a30Ta U docdhopa Tpedyercs,
utobbr W 2 20,.

11 JTeoutses H. E. OcHoBbI Teopun Quprparuu : yueb. mocobue. M. : 3a-Bo LleHTpa MpUKIaIHBIX
MCCIeI0BaHUN TIPH MEXaHUKO-MaTeMaTnieckoM (akynsrere MI'Y, 2009. 88 c.
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[IpennoxeHHas: aBTOpamMu JaHHOW CTaThbU MaTeMaTHuecKas Mofelb (2) U ee co-
crapisitomue (3), (4) u (5) ABIAIOTCS pe3yIbTaTOM JAILHEHUIIEr0 COBEPIICHCTBOBAHUS
MOJICITMPOBAHHUS CIIO)KHOTO MIPOIECCa BHIHOCA OMOTEHHBIX AJIEMEHTOB C CEIbCKOXO-
3s1CTBEHHBIX yronui. [IpeaoskeHHas MareMaTudecKkasi MOJIENb, 110 CPABHEHUIO C UC-
MOJIb3yEMBIMH B HAyYHBIX KPyTrax MOZEISMH, OMUCHIBAET MPOLIECC C YIETOM ILIOIIA TN
CENbCKOXO3UCTBEHHBIX YTOAM, ITyOnHBI 00pabOoTKH, MOPUCTOCTH, BIArOEMKOCTH
Y IPYTHX arpo(u3mdecKux CBONCTB ITOYBEI.

C ucrnosnp3oBanneM BeipaskeHHH (1)—(9) ObUM IPOU3BENECHBI PACUETHI TI0 OTIPEICIICHHTO
BO3MOKHOTO KOJTMYECTBA BEIHOCA OMOTEHHBIX AIIEMEHTOB € TAITHH TUIOIa 6o 1 ra mpu
BbINaicHuH ocaakoB 50 MM (wam 500 m*/ra) 3a yac U pa3IUYHBIX 3HAYCHHUAX [ITyOHHBI
00pabotku mouBkl — 5, 20 1 30 cMm.

[Ipu pacuerax NpUHATH HAYAJIbHBIE YCIOBHSI: MEPEYIJIOTHEHHBIN CIIOM MOYBBI
HaXOIUTCS HIDKE ITyOUHBI ee 00paboTKH, conepxkanue a3oTa B mouse — 30 kr/ra, pochopa —
120 kr/ra, oOmmas koHIeHTpaius a3ora u Gpocdopa B 1 M* Boxsl coorBetcByet 0,21 KI.

O0cy:xneHue u 3aKJII0YeHne

Pazpaborana Maremarmyeckast MOZIEITb ISl ONIPe/eTIeH s M IPOTHO3UPOBAHUSI BEIHOCA
OMOTEeHHBIX 3JIEMEHTOB B 3aBHCUMOCTH OT arpopu3NIeCcKUX CBOUCTB MO4BHI. CyITHOCTh
MPEUIOKEHHON MaTeMaTHYeCKONH MOJIENT CBOIUTCS K CHHTE3y MHOTOYHMCIICHHBIX TTOKa-
3arenedl U MX B3aMMOJEUCTBUS B CIIOKHOM TIPOIIECCE OIEHKH CHIDKEHUS HETaTHBHOTO
BIIMSIHASI OMOT€HHBIX 3JIEMEHTOB.

Pe3ynbrarsl pacyeToB, COOTBETCTBYOIINX BBIMAACHUIO 0cagkoB 50 Mmm/4 (500 m*/ra),
MIOKa3aJu, YTo IpH DTyOuHe 00paboTKH /2 > 13,7 cM 1o4Ba MOITHOCTHIO MOXKET YAEPKUBATh
BJIAry, IIPY 3TOM HE MPOMCXOUT €€ CTOK 3a peiesbl 0. OTCyTCTBYET BBIHOC OMOTCHHBIX
3JIEMEHTOB C OIS, TO €CTh Ay, = 0.

[Tpu rimyOune oOpaboTku /4 < 13,7 cM KOMMYECTBO HAKOMHUBIIEHCS BOABI B IOYBE
MIPEBBIIIAET TOJHYIO €€ BIarO€MKOCTb, ¥ POUCXOIUT CTOK M3JUIIHEN BIIArH C IOJIA.
UeMm MeHbIle TTyOMHA 00pab0TKH, TeM OO0JIbINE OyIeT BEIMYMHA CTOKA U3JIHIITHEH BJIary,
B KOTOPOi coaeprkaTrcsi OMOreHHbIe AIeMeHThI. [Ipr 3ToM KOHIleHTpauus OMOTeHHBIX
3JIEMEHTOB B CTOKE OyaeT OoJiblie, ecliid yI0OpEeHHsI BHECEHBI Ha MIOBEPXHOCTh MU
HE3HAYUTENbHYI0 IIyOuHy. [Ipy rmyO0OKOM BHYTPHUIIOYBEHHOM BHECEHHH YIOOpEHUI
WX KOHIIEHTpanus OyIeT CHIKAThCS.

Ipu rmy6uae 06padoTkw - = 10 cM 00beM U3NUIIHEH BIIard, KOTOPAast CTEKAET C MOJI,
cocrasisiet 136,0 M>. B 3TOM citydae KONMYECTBO OMOTEHHBIX HIEMEHTOB, KOTOPOE MOXKET
OBITH BEIHECEHO C BOJOM, COCTABUT A}’W, <285xrclra.

ITpu 06paboTKe MOYBBI HA TIIYOWHE BCETO /1 = 5 CM C MOJISI MOXKET cTeKaTh 426,5 M3
W3JTHIIHEH BITArH, 4TO PUBOIHT K BEIHOCY GHOTEHHBIX 2EMEHTOB 110 A, < 89,5 kr ¢ 1 ra.

Io 3HaueHusAM A, MOXHO CyIUTh 00 YPOBHE KOJOTHUECKOH OMAacHOCTH BHIHOCA
OHMOTEHHBIX JIEMEHTOB C TIOJIS.
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Annomauusn

Bsedenue. CoBpeMEHHOE CEIILCKOXO35HICTBEHHOE TIPOU3BOJICTBO OCHOBAHO Ha IPUMEHE-
HHUH PecypcocOeperaronyx TeXHOJIOTHil IIPOM3BOJCTBA PACTCHHEBOAIECKOH TPOIYKIIHH.
BasKHBIM 2JIEMEHTOM JJaHHBIX TEXHOJIOTHIl SBJISETCS IPUMEHEHHE MUHEPAJIBHBIX Y100pe-
HH, pABHOMEPHOCTH BHECEHHUS KOTOPBIX YACIAIOT 0c000€ BHUMAaHHE.

Lenv uccnedosanus. COBepLICHCTBOBAHHE TPOLIECCa BHECCHNSI MUHEPAIBHBIX U H3BECT-
KOBBIX YIOOpEHHH ITyTeM pa3paboTKH MHEBMOLEHTPOOESKHOTO paboyero opraxa.
Mamepuanst u memoosi. B TEOPETHUECKUX UCCIIENOBAHUAX HCIIONB30BAINCE TIOJI0KCHUS
MaTeMaTHKH M TEOPETHIECKOH MEXaHUKH. DKCIePUMEHTAIbHBIE UCCIIEIOBAaHUS IPOBOAN-
JIMCh Ha TOJUTOHE MHCTUTYTA MEXaHUKH U S9HEPTeTHKH MOPIIOBCKOTO rOCyIapCTBEHHOTO
yHuBepcutera. OIeHKy KadecTBa pabOThI arperara, OCHAIEHHOTO SKCIIepUMEHTAIbHBIMU
pabounmu opranamu, nposoauian cortacHo [OCT 28714-2007.

Pesynemamut uccnedosanus. B nensx 6onee Ka4eCTBEHHOTO PACIIPECIICHHUS 110 TIOBEPX-
HOCTH TI0JI1 MHHEPAIBHBIX YIOOpPEHHi, HEOIHOPOAHBIX IO TPAaHYJIOMETPUYECKOMY CO-
CTaBy, IPEUIOKEH pabouuii opraH, MPUHIUI pabOTHI KOTOPOTO OCHOBAaH Ha CyMMapHOM
HCIOJIb30BAaHUM MEXaHWYECKOTO U MHEBMAaTHYECKOTO BO3ACHCTBHUS HA YaCTHI[BI BHOCUMO-
ro Marepuaia. lcrnonbp3oBanue pa3paboTaHHBIX PabOYHX OPTaHOB MO3BOJSIET YBEIHINUTD
PaBHOMEPHOCTh BHECEHHS yaoOpeHuii Ha 17,6 %.

Obcyscoenue u 3axmovenue. B pesyaprare MPOBEICHHBIX UCCICIOBAHUN J0Ka3aHa d¢-
(heKTHBHOCTH MPHMEHEHUSI pa3paboTaHHOTO IMHEBMOLCHTPOOEKHOTO pabodyero opraHa,
MO3BOJIAIOIIETO YBEIMYUTh PABHOMEPHOCTh PACIPENeIeHHs MUHEPAIbHBIX U N3BECTKO-
BBIX YIOOpCHHUIA.

Kniouesvle cnosa: MuHepansHble yroOpeHus, pabouuii oprad, paBHOMEPHOCTh BHECEHUS,
KHHETHYeCKasi SHepIus, SKCIIEPUMEHTAIbHBIN arperar, Xapakrep pacipeesieHus

Kongpnuxkm unmepecog: aBTopbl 3asBISIIOT 00 OTCYTCTBUM KOH(IIUKTA HHTEPECOB.
Jna yumupoeanus: I1oBbIIIEHNE pAaBHOMEPHOCTH BHECCHHSI MHHEPAIBHBIX U U3BECTKO-

BEIX ynoOpenuii / B. A. OBuuHHUKOB (1 1p.] // NHXeHEepHbIE TEXHOIOTHH U CHCTEMEI.
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Abstract

Introduction. Modern agricultural production is based on the use of resource-saving tech-
nologies for agricultural production. An important element of these technologies is the use
of mineral fertilizers and special importance is given to the uniformity of applying them.
Aim of the Study. The study is aimed at improving the process of applying mineral and lime
fertilizers through the development of a pneumatic centrifugal working body.

Materials and Methods. For the theoretical studies, there were used the principles of ma-
thematics and theoretical mechanics. The experimental studies were carried out at the
testing ground of the Institute of Mechanics and Energy of Mordovia State University. The
quality assessment of the operation of the unit equipped with experimental working bodies
was carried out in accordance with GOST 28714-2007.

Results. To better distribute mineral fertilizers of heterogeneous granulometric composi-
tion over the field surface, there has been proposed a working element, the operating
principle of which is based on the total use of mechanical and pneumatic effects on the
granules of the agricultural inputs. The use of the developed working bodies makes it pos-
sible to increase the uniformity of fertilizer application by 17.6%

Discussion and Conclusion. As a result of the conducted study, there has been proven the
effectiveness of using the developed pneumocentrifugal working body, which makes it
possible to increase the uniformity of distribution of mineral and lime fertilizers.

Keywords: mineral fertilizers, working body, uniformity of application, kinetic energy,
experimental unit, pattern of distribution
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BBenenmne

ObecnieueHre HaceJIEeHMsI MPOIYKTaMH MUTAHUS BO MHOTOM 3aBHCHUT OT MTPOU3BO/I-
CTBa 3€pHA, TAPAHTUPYIOIIETO MPOIOBOIBLCTBEHHYIO 0€30IacHOCTh cTpaHbl'. KauecTBo
1 00BEMBI 3€pHAa, B CBOIO O4Y€PEAb, 3aBUCAT OT 0OJIBIIIOTO KOJIMYECTBA TEXHOJIOTHYECKUX
orepartiii, IpOM3BOANMEIX Ha BCEX CTAIHSIX €r0 MPOU3BOACTBA’.

'O6 yrBeprkaennn JIOKTpUHBI IPOIOBOJILCTBEHHO#M Oe3oracHocTi Poccuiickoii @eneparyu [ eKTpOHHbIN
pecype] : Ykas Ilpesunenta PO or 21 saB. 2020 . Ne 20. URL: http://kremlin.ru/acts/bank/45106 (mara
obpatenus: 06.10.23).

2 Tonsiackast H. A. TIoBbIIeHHE SKOHOMUYECKOH 3()(EKTUBHOCTH TIPOM3BOJICTBA 3¢pPHA HA OCHOBE
ONTUMM3ALUH UCIIOJIb30BAaHUSI PECYPCOB : JHC. ... KaHJ. 9KOH. Hayk. Kusarunusno, 2012. 153 c.
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Ha ceronusimnuii 1eHp BHECEHNE yTOOpEHUH — OHA U3 BaYKHEHIITNX ONepaLuii B Ie-
PEeAOBBIX TEXHOJIOTUAX IIPOU3BO/ICTBA CEIbCKOX03HCTBEHHBIX KYNBTYP, OKa3bIBaIOIas
BIIMSIHUE Ha KaYE€CTBEHHBIE KPUTEPHH MoTy4aeMoro ypoxkas [ 1-3]. Heobxonumo takxke
MOMHHTB, YTO BHECEHHE YIOOPEHHI NMPUBOIUT K BOCCTAHOBJICHUIO TUIONOPOANS 10Y-
BbI’ [4—6]. JlanHbIi 23 dexT BecbMa BaKECH B BOIIPOCE COXPAHEHHS M BOCIPOU3BOICTBA
TUTOIOPOIKS TI0YB BBUIY HX JErpajallii BO MHOTHX pernonax Poccun* [7; 8].

IIpouecc BHeceHnst ynoOpeHHi, KaKk ¥ HHBIE OTepalni, He0OX0IUMO MTPOBOANTH
B CXKaThIe CPOKHU, CTPOrO COOIIIOast arpOTEXHUYECKUE TPEOOBAHHS" .

B nacrosmee Bpems 1Mo npuanHe cBoel 3¢ (HEeKTHBHOCTH, YIOOCTBa BHECEHUS
U XpaHEHUs] HauOOJIbIlIee PacCPOCTPAHEHUE MOJYYHIIH MUHEPAJIbHbBIC YI0OpCHHS®.
K ocHOBHBIM TpeOOBaHUSAM, MPEABSBISIEMBIM K TAKOTO POia YAOOPEHUSIM, OTHOCSTCS
HX pacchluaToCTh, CTOMKOCTH K CIEKHBAaHUIO U IPaHyJIOMETpUUYECKUI cocTas [9].

ITo pesynbraram ucciaenoBanuid ycranosieHo [10—12], uro B mpoiiecce BHECEHUS
MUHEpaIbHBIX YI0OpEHUH C pa3HBIM T'PaHYJIOMETPUUYECKHM COCTaBOM BO3pacTacT
HEPaBHOMEPHOCTb MX PACIIpe/IesIeHus M0 TIOBEPXHOCTH 1o (puc. 1), 4To HETaTUBHO
CKa3biBaeTcs Ha 9PPEKTUBHOCTH MX MIPHUMEHEHUSI.

[ToaToMy mccrenoBanus, MOCBALIICHHBIE MMOBBIMIEHUIO PABHOMEPHOCTH BHECEHHUSA
MUHEPaJIbHBIX W U3BECTKOBBIX YIOOPEHH, SBISIOTCS aKTyalbHBIMH H HMEIOT BaXKHOE
HAayYHO-TEXHHYECKOE U XO3IHCTBEHHOE 3HAYCHHUE IS arPOTIPOMBIIINIEHHOTO KOMITIEKCa
CTpPaHBI.

O0630p uTEpaTypHI

s BHECeHUsT MUHEpAJIbHBIX yNoOpeHU MPUMEHSIOT BCEBO3MOXKHBIE pa3Opa-
CBHIBATEJIM PA3IMYHON KOMIIOHOBKH U OoCcHalleHusA. OObeAUHSIIOMNM UX JIIEMEHTOM,
KakK MPaBuUJIO0, SIBISAETCS LEHTPOOEKHBIH padounii opran, COBEpIICHCTBOBAHHUIO
KOHCTPYKTUBHO-TEXHOJOTHYECKIX MapaMeTPOB KOTOPOTO yAeIseTcsi 0co0oe BHH-
manue [13-19].

Kak ormeuatoT MHOTHE HcclienoBare, pabovast IMpUHA BHECEHUS U KaYeCTBO pac-
npeieseHus yToOpeHnH 3aBUCST OT BBICOTHI YCTAHOBKH pabovero opraHa, ero yrioBoi
CKOPOCTH, yIJIOB pa3MEIICHHU JIOAaTOK U MX HAKJIIOHAa OTHOCHUTENFHO ropu3onTa [18; 20].
Hawnbonee mpocThIM B peamu3aiiii CiocoO0M SBISIETCA H3MEHEHHE YTIIOBON CKOPOCTH,
OJTHAKO JIOKa3aHO, 9TO Ha BRICOKMX 000pOTax pabodero oprana MporuCXOANT IOBPEkKIE-
HUe JacThIl ynoopenuit [15; 21].

Psig npyrux y4eHbIX, yTBepkK/aas O HEBO3MOKHOCTH TIPEICKa3aTh TPACKTOPHIO JIBH-
JKEHUS YaCTHUI] U3-32 UX HETIPABHILHOM (hOPMBI, UCCIIEIOBAIIN MECTO TIOIaur YAOOpEHHIA
Ha pa0ouuii opraH kaKk OCHOBHOH (haKTOp, OKa3bIBAIOIIMI BIUSHHUE Ha X pacIipeielieHue
o nmoBepxHoctu mous [17].

* Tokapes V1. B. AHaJIU3 TEXHUYECKUX CPEACTB ISl BHY TPHIIOUBEHHOTO BHECEHHUS TPAHYITHPOBAHHBIX
MHHEpaJIbHBIX ynoopenuit / Mononoli yuenstid. 2019. Ne 48 (286). C. 89-91. URL: https://moluch.ru/
archive/286/64412/ (nara oopamenus: 06.10.2023).

4 Cprues B. I. JluHaMHKa H3MEHEHHSI, ITYTH BOCIIPOU3BOJICTBA U COBEPIICHCTBOBAHNE METOJIOB OLICHKH
iogoponus moys EBporetickoii wactu Poccun : muc. ... o-pa cenpxos. Hayk. M., 2000. 328 c.

5 Kitennn H. Y. CenbcKoX03s1CTBEHHBIE U MENHOpaTuBHbIe MaiuHbl. M. : Konoc, 2003. 464 c.

¢ benuuckuit A. B. PazpaboTka TEOpHUH U TEXHUYIECKHX CPEACTB [UIS TIOBEPXHOCTHOTO BHECEHHSI
MHHEpaJIbHBIX YIOOPEHUI 1 METIMOPAHTOB : JIWC. ... I-pa TexH. Hayk. Ka3ans, 2005. 398 c.
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HepaBHoMepHOCTh BHeCeHUs1 yA00peHmii /
Non-uniform application of fertilizers

CHIDKEHHE OKYITaeMOCTH
yno6penuii / Decrease in the cost
recovery on fertilizers

3arpsisHEHHE OKPYKaroIei cpe/pl /
Environmental pollution

VxyaieHne 3arpsi3HeHne
HenoGop KaueCTBEHHBIX TPYHTOBBIX BOJ 3arpssHeHue
GHOJIOTHYECKOTO rokasaresneit BCIIEJICTBHE PYHTOBBIX
ypoxkast / Shortfall ypoxas / 2po3uH / Box / Groundwater
in biological yield Deterioration Groundwater contamination
in crop quality contamination
indicators because of erosion
Heoanopoanocts O — Hakonnenne
CTPYKTYPBI yposKast / 2 HUTPATOB B ypoKae /
: xie6oB / Lodging i
Heterogeneity of of corn cereals Accumulation
the crop structure of nitrates in the crop
CHixeHue CHmxeHue 1T ‘
otepu
TEXHOJIOTMYECKHX | | GHOJOrMYECKUX omaﬂpn - Cemiieie
o / o / Yp P MPOU3BOJAUTENILHOCTH
CBOHTTB YPON@Z / | |CBOHCTB ypoxkas yGopxke / yOOPOUHBIX MaILIKH /
Reducec Reduced Crop losses [Reduced productivity
technologxcal biological during of harvesting
properties properties harvesting machines
of the crop of the crop

CyMMapHbIe U31epKKH /
Total costs

Puc. 1. CymmapHbIe H30ep)KKH OT HEPAaBHOMEPHOTO BHECCHUSI MHUHEPAIBHBIX yIOOpEHUIA
Fig. 1. Total costs from non-uniform application of mineral fertilizers

ComacHo MHeHuto Kynemmosa B. M., 17151 NOBBIIIEHNS KA4€CTBA BHECEHUS] MUHEPAJIbHBIX
yaoOpeHuid JOCTaTOYHO MCIIONB30BaTh KOHIIEHTPHUPOBaHHBIE TYKH, 00JIaJatoIIie BBICO-
KUMH (DU3HKO-MEXaHHIECKIUMH CBOMCTBAMH, C OHOPOIHBIMH I10 pa3Mepy YacTHL[AMH .

OpnHaxo, Mo CTaTUCTUKE, OOJIBIIAsI YaCTh UCTIONIB3YEMBIX B CEIIBCKOXO3IHCTBEHHOM
MPOU3BOJCTBE yIOOPEHUIA BCIEICTBUE pa3HBIX IPHYMH HE COOTBETCTBYET BhILICYKa3aH-
HBIM TpeOoBaHuAM. [103TOMY, IO MHEHHIO psiia yUeHBIX, TAKUE COCTaBBI JIy4lle BHO-
CHUTDH yCTpOﬁCTBaMH, OKa3bIBalOIIMMH ITHEBMOMEXaHNYECKOC BO3I[€I>'ICTBHC Ha 94aCTUIllbl
BHOcUMOTO Marepuaia [10; 22].

MarepuaJjbl 1 MeTOAbI

W3 ananu3a nurepaTypHBIX UCTOYHUKOB CIIEAYET, YTO OCHOBHBIMH (paKTOpamu,
BIIMAIOLIMMHY Ha MPOLECC BHECEHUS MUHEPAIbHBIX YIOOPEHUH, SIBIAIOTCS a3pOANHa-
MHYECKHEe CBOWCTBA rpaHyn® u ux mMacca. Tak, MpU paBHBIX YCIOBHX 0ojiee KPYITHBIE
YaCTHUIIBI, COUIS ¢ paboyero oprana, COBEpIIAIOT CBOOOIHBIN ITOJIET B BO3AYITHOH cpezie
W JICTST JaJiblle, Y4eM MeJKHE (TbUIEBUAHBIE), paclpeeIeHue KOTOPBIX IPOUCXOIUT

7 KynemroB M. C. TexHOJOTHS 1 IITAHTOBAasi MAIIIWHA [UTSl BHECEHHSI TBEP/IBIX MUHEPAIBHBIX YIOOPSHHH
JIAC. ... KaHJI. TeXH. HayK. Ps3anb, 2016. 166 c.

8 AHaJu3 a’poJAMHAMUYECKUX CBOWCTB MHUHEpaIbHBIX ynoOpenuii / 10. H. Poranbckas [u ap.] //
TexHuueckoe M KaJpoBoe oOecriedeHre HHHOBAMOHHBIX TEXHOIOTHI B CEIbCKOM XO3SHCTBE : MaT-JIbl
MexayHap. Hay4.-TIpakT. KoH(. B 2 4. Y. 2. (24-25 oxta6ps 2019 ., r. MuHck). MuHck : BIATY, 2019.
C. 84-85. URL: https://rep.bsatu.by/handle/doc/9564 (mara obpamenus: 06.10.2023).
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B HETIOCPEICTBEHHON OJIM30CTH OT MCIOJHUTENBLHOTO 3JeMeHTa (pabouero oprasa).
Bce 3T0 mpuBOIUT HE TOJIBKO K YBEIIMUYEHUIO HEPaBHOMEPHOCTH BHECEHHUS YIOOPCHHUH,
HO Y K CHIDKEHHUIO TIPOM3BOJIUTEIILHOCTH MAIIMH B CBSI3M C YMEHBIICHHEM pabodei
HIMPUHBI 3aXBaTa arperara’.

Ecnu BHOCUTB yi00peHus, HEOJHOPOIHEIE 110 CBOEH CTPYKTYpE, C UCTIOJIb30BaHUEM
SHEPrHy BO3AYIIHOTO IMOTOKA, TO JaTbHOCTh MOJETa MEIKHX YacTHII, TI0 CPABHEHUIO
C KPYITHBIMH, 00JTaTAalOIAMHU OOJIBIIEH MacCcoi, HA000POT, YBEITHMIUTCS.

CrnemoBaTensHO, AU YBEITMYCHUS KadeCTBa BHECEHUSI MUHEPAIBHBIX yIOOpeHuit
C pa3HBIM TPaHYIOMETPHUECKHM COCTAaBOM HEOOXOAMMa KOMOWHAIIMS MEXaHUIECKOTO
Y THEBMAaTUYECKOTO BO3ACHCTBUS Ha YaCTULbI BHOCUMOTO MaTepuana [23].

Ha ocHoBaHuMM BBIEN3II0KEHHOTO HAMU pa3paboTaHa dKCIIepUMEHTAIbHAs 1a00paTop-
HO-TIOJIEBAsl YCTaHOBKA (PHUC. 2), coCTOsIIIast U3 OyHKepa Ik MUHEPAITbHBIX U H3BECTKOBBIX
ynoOpeHuii 1, NPUBOIHBIX 3IEMEHTOB 2 M paboyuero Moyisi, OCHOBHBIMH OpraHaMH KOTOPOTO
SIBITSIIOTCS LIGHTPOOEKHBIH IUCK 3 U JIOMACTHOM BEHTHIISITOP 4, 3aKPBITHINA KoxkyxoM. [IpruBoz
JIICKA ¥ JIOTIACTHOTO BEHTUIISITOPA OCYIIECTBISIETCS OT Basia 0Tbopa MorHoctd (BOM)
TpakTopa. OTAMIUTETBHON 0COOCHHOCTBIO ITPUBO/IA SBISIETCS TO, YTO YaCTOTA BPAIICHHUS
JIICKA Y BEHTIJIATOPA Pa3IMuHbI OJaroqapsi HAJIMYHIO JOTOJHUATEIBHOTO PEAYKTOpA.

KoHCTpYKTHBHOE pellieHUe HCITOTHUTEILHOTO IIEMEHTa, UCTIONh3YeMOTO0 B TAHHOU
YCTaHOBKE, TIOATBEPKIAeHO mateHToM PD Ha mone3nyto momens [24; 25].

Puc. 2. DxcnepuMeHTaNbHasK 1a00PaTOPHO-TIONIEBAst yCTaHOBKA!
1 — OyHKep; 2 — 2JIeMEHTHI IPUBOAA; 3 — EHTPOOCKHBII IHCK; 4 — JIONACTHOH BEHTHIATOP

Fig. 2. Experimental laboratory-field installation:
1 — bunker; 2 — drive elements; 3 — centrifugal disk; 4 — blade fan

° Cemamikus A. H., Koctpurun A. A., Munorinaa E. A. TTHEBMOLIEHTPOOEKHBII almapar Juist BHECE-
HHS U3BECTKOBBIX yI00peHui // DHeproadheKTHBHBIE U pecypcocOeperaronye TeXHOIOT I U CHCTEMBI
Mar-1sl MexyHap. Hayd.-1ipakT. KoH®. (22 Hos0ps 2019 1, . Capanck). Capanck : U3n-Bo Mopnos. yH-Ta,
2018. C. 42-46. EDN: YUGDRR
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[Ipouecc paboThl SKCIIEPUMEHTATBHON YCTAHOBKH MPOTEKAET CIIETYIOINM 00pa3oM.
Ha nepBoM sTane ynoOpeHust U3 OyHKepa CaMOTEKOM IMOJAIOTCS Ha BEPIIMHY KOHYycCa
HEHTPOOESIKHOTO paboyero opraHa M BIOJb He€ HANpaBJIsAIOTCS K JIOMACTsAM JIHCKa.
Ha Bropom atare B Touke cXo/1a ¢ AMCKa YacTUIIbl YIOOPEHUH, IOIy4InUB HEKOE YCKope-
HUE, JOMOJHUTEIHHO MOIXBATHIBAIOTCA BO3IYIIHBIM IIOTOKOM, CO3/1aBa€MbIM JIOTIACT-
HBIM BEHTHJIATOPOM, U PACTIPEEISIIOTCA 110 MTOBEPXHOCTH 1OJIsA. CKOPOCTH BO3IYIITHOTO
MOTOKA PETYIUPYETCS B 3aBHCHUMOCTH OT TPaHyJIOMETPHYECKOTO COCTaBa BHOCHMOTO
Marepuala, Ho He HHKe CKOPOCTH CXOJIa YaCTHI] C IIOCKOTO JHCKA.

Pe3yabrarhl ucciie10BaHusA

OO01mas KHHeTHYeCKasi YHEPTrus, coo0IIaeMasi YacTHIle B MOMEHT CX0Jia C IIEHTPO-
0exHOTO paboyero oprana, COCTaBHT:

Eon = EH.ZI. + EB.H.’ (1)

rae E, , — KWHeTHYecKas dHeprus neHTpobexHoro naucka, Jx; £, — KHHeTHYECKas
SHEPrusi BO3AYLIHOTO MOTOKa, JIX.

Ha nepBoMm sTare nepeMelieHne 4acTrul] MHHEPAIbHBIX yIoOpeHuid mo pabouemy
OpraHy IMPOHMCXOIUT 3a CYET KHHETUYECKOI YHEPTHH IIEHTPOOEKHOTO JTNCKA, KOTOPYIO
MOKHO TIPEACTaBUTh B BUJIE CyMMBI IBYX JABM)KCHHIA: MOCTYNATEILHOTO — CO CKOPOCTHIO
v,, PABHOH CKOPOCTH LICHTPA MHEPIMH; ¥ BPAIATeIbHOIO — C YIIIOBOI CKOPOCTBIO @
BOKPYT MTHOBEHHOM OCH, MPOXOJISIICH Yepe3 IEeHTp nHepuu'’:

mv?  Jo®
+7

2 2 @

rae J — MOMEHT MHEPIIUH YaCTUIBl OTHOCUTEIHHO OCH BPAIICHUS, MPOXOASIICH Yepe3
€ro IEHTP Macc, Kr/M?,
Y4uTeIBas, 4To

ELL}ZL =

Uoxkp.
0=—>, 3)
R
[ U, — OKPYIKHAsI CKOPOCTh LEHTPOOEIKHOIO IUCKA, M/C; R — pajinyc IEHTPOOEKHOTO
JIMCKa, M; BEIpaKeHHE (2) MPUMET BUA:

_mu; | Jve

EL[.,EL 2
2 2R

4)

Ha Bropom 3Tare Ha 4acTuIlBI yIOOpEHUH BO3AEHCTBYET BO3MYITHBIA TOTOK, KOTOPHIH,
Kak ¥ J1000€e IBIKYIIeecs TeNo, 00JaiaeT KWHETUYECKOW SHEpPTruel, paBHON

pVui.k
2
2
I7ie p — IIOTHOCTh BO3yXa, KI/M’; J — 00bEeM BO3LYIIHOTO OTOKA, M*; U,  — CKOPOCTh
BO3JIyIITHOTO MOTOKA, M/C; k — IIONPABOYHBIA KOI(PPHIIUEHT.

EB.I'L = (5)

10 Tetmad A. A., SIBopckuii b. M. Kypc ¢usuku : Y4e6. mocobue st BTy30B. 4-€ u3i., ucmp. M. :
Bricmas mikoina, 2002. 718 c.
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3Ha4YeHUE MOMPABOYHOTO KO (UITUEHTA yueTa KOJIeOaHUH CKOPOCTH BO3IYIITHOTO
IMOTOKA K OMpPEACIAIOT J'H/I6O OKCIICPUMCHTAJIBHO, J'II/I6O C IOMOLIbIO CIICHHUAJIBHBIX pe-
CYPCOB.

B urore o01ias KuHeTHYECKas JHEPTHs, COOOIIaeMast YaCTHIIE TIPH CXO/IE C pabodero
oprana, Oymer paBHa

mv? J Uﬁ,{p, pVUén.K
+ +
2 2R? 2

U3 BeIpaxkenus (4) cienyet, 4TO KMHETHYECKast JHEPTHUS U, KaK CIEACTBUE, Aajb-
HOCTb TI0JIETa YACTHI MUHEPAIbHBIX YIOOPEHUH 3aBUCAT OT a0CONIOTHOW CKOPOCTH
Uq (Ua = 5}1 + 501<p. + 63.11.).

HpeI[BapI/ITeJIbHBIe HUCIbITaHUA arperara, OCHaIllCHHOT'O 3KCIICPUMEHTAJIbHbBIM
pabo4rM OpraHoM, IMPOBOAMIIN IIPH CUMMETPUYHON CXeMe BHECECHHS yI00pEHHH COITIACHO
neiictByrormemy TOCT 28714-2007".

3a HepaBHOMEPHOCTH pacupeneiieHus yaoOpeHnui Ha o0rieit u pabodueli mupuHe
BHECEHHS MPUHUMAITHN KO3 PHUITHEHT BapHaIliy MACCHI yIIOOPEHHIA, ITOTABIICH B OTIENb-
HbIe KOHTelHeph!l pazmepom 1,00%0,25%0,15 M, ycTaHOBIEHHBIE Ha OOIIYIO IIHPHHY
B CIUTOLTHOM PAJI MEPIICHIUKYISIPHO K HAIPABICHHUIO IBHKEHHUS MAIIMHHO-TPAKTOPHOTO
arperara (puc. 3).

Eo6m. = (6)

Puc. 3. ®parMeHT 3KkCIepIMEHTAIbHBIX UCCIEA0BAHUI
Fig. 3. Fragment of experimental studies

'TOCT 28714-2007. MatuHs! [isi BHECCHHS TBEPABIX MUHEPAIBHBIX YI00peHuid. MeTOIbI HCTIBITAHHH
nara Beegenus 2009-01-01. M. : Crangapturdopm, 2008. 39 c.
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Pesynbrarel uccnenoBanuii (Ha mpuMepe BHECEHUST HUTPO(POCKH) MPEACTABICHBI
Ha pUCYHKe 4.

154
144
13+
- 124+ 1
=2 14+ N_|/
< & 104 I V 2
-
== 9T /
52 gL - n
g
2 7 1 / x
28 61 1 \
sE st / N
= e 4
E< 31 =l N
= )4 / NG N
1+ l/ ] \\
ry NS FURY %= o rn 1 I I P P P P A O
-14-13-12-11-10-9-8 -7-6 54-3-2-1 1 23 45 67 8 9 1011 12 13 14
[l upuna Buecenus B, m / Application width B, M
P uc. 4. Xapakrep pacupenesieHuss HAITPOGOCKH:
1 — cepuiiHblii arperar; 2 — 3KCIIepUMEHTANIbHBIN arperar
Fig. 4. The nature of the distribution of nitrophoska: 1 — serial unit; 2 — experimental unit

HWcxons u3 pe3ynsraToB (puc. 4) mpeaBapuTeNbHBIX HCCIETIOBAHAN XapaKTepa pac-
MpeaeseHuss HUTPO(OCKH SKCIIEPIMEHTAIBHBIM arperaTtoM, JIeaeM BBIBO: Oaromaps
HAJMYUIO BO3AYIIHOTO MTOTOKA MPOM3OILIO Mepepacipe/Ie]ICHHe YacTH MBUIEBHIHBIX
YaCTHII C IIEHTPAILHOM 30HBI K TIepr(epHm.

O0cy:xneHue 1 3aKJII0YeHHe

B pesynbrare npoBeneHHBIX UCCIIENOBaHUH 000CHOBaHA KOHCTPYKIIHS ITHEBMOIICH-
TpOOEKHOTO paboyero opraxa.

Hcnonb3oBanue pa3pabOTaHHBIX MTHEBMOLEHTPOOEKHBIX pa0OYUX OPraHoB MO-
3BOJISIET YBEIUYHUTH PABHOMEPHOCTH pacipeieeHIsI MUHEPATbHBIX U N3BECTKOBBIX
yaoOpeHuii 3a cuer nepepacupeneeHnust YacTH MEJIKHX YacTHUI] OT eHTPaIbHON
30HBI K iepudepun. brnarogapst nanHoMy (akTy, paBHOMEpPHOCTB paclpeeIcHIs
noBeImaerca Ha 17,6 %. Pabouas muprHa BHECCHHS MPH 3TOM IPAKTUYECKUA HE
MEHsIeTCs, TaK KaK 110 KpasM CeKTopa pacceBa pacronaratorcs 0oyiee KpynHbIe ya-
CTHUIIBI, TaTbHOCTH IOJIETa KOTOPBIX 3aBUCUT B OCHOBHOM OT HEPTHH, COOOIIaeMOit
MIEHTPOOCIKHBIM JHUCKOM.

B 3aBHCHMOCTH OT XapaKTepUCTUK BHOCHMOTO MaTepuaia IS TOCTH)KeHHS He-
00X0IMMOTO pPa3roHa YacTHI] MOTYT OBITh HUCIIONB30BaHbI Pa3INYHbIe KOMOMHAITIT
KOHCTPYKTHBHO-TEXHOJIOTHUECKUX TAPAMETPOB KaK IIEHTPOOESIKHOTO pabodero opraxa,
TaK ¥ JIONACTHOTO BEHTHIIATOPA.

Takum 00pa3zom, OCHallEHHE CEPUIHBIX MAIIWH JJIsl BHECEHUS MUHEPaIbHBIX
yaoOpeHnit pa3paboTaHHBIMU THEBMOLIEHTPOOEKHBIMU paOOYMMU OpraHaMH TTO3BOJIUT
paciupUTh CIEKTP UX IMIPUMCHCHUS.
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3asenennvlii 6K1a0 asMopos:

B. A. OBUNHHUKOB — HAYYHOE PYKOBOZCTBO, (OPMY/IHPOBAaHHE OCHOBHOM KOHIIETILIMY UCCIIEIOBAHNS,
(hopMHEpOBaHUE BHIBOJIOB, I0pPabOTKA TEKCTA.

H. A. XKanuuH — mutepaTypHBbIil ¥ TATEHTHBIN aHAIIN3, TPOBECHHE JTa00PAaTOPHBIX UCCIIeNOBaHMI, 00-
paboTKa pe3yNbTaToB SKCIIEPUMEHTA, IOArOTOBKA HAYaIbHOTO BAPHAHTA TEKCTA M PEAAKTUPOBAHKE TEKCTA.

A. 1. KomoioB — npoBeeHue 1a00paTOPHBIX UCCIICIOBAHUH, BU3yaIU3anisl TEKCTA.

E. C. 3pIkMH — KpUTHUECKUN aHAIIM3.

W. 10. TiopuH — uTepaTypHBIil U IATCHTHBIH aHaIN3, 00paboTKa Pe3yIbTaToOB UCCIICIOBaHUI.

Bce asmopul npouumanu u 0006punu okonuamenbublii 6aPUAHM PYKORUCU.
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Haquo-TeXanecmle OCHOBBI pa3pa60TKn
YCTAaHOBKH ¢ HHAYKIIMOHHBIM HATPE€BOM

AJIs1 IACTEPU3aIUN MOJIOKA
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Annomauusn

Bseoenue. IHIYKIIMOHHBIA HATPEB SIBISETCS OAHON U3 IPEIIOYTUTEIHHBIX TEXHOIOTHH
Harpesa JUlsl POMBIIUICHHBIX, MEJUIIMHCKUX U OBITOBBIX CHCTEM, IIOCKOJIbKY UMEET Psifl
MIPENMYIIECTB Mepe]] TPAIUIIMOHHBIMA MEeTOIaMH Tiepenaun Tema. K qoctomncTBam or-
HOCATCS 9HeproddPeKTUBHOCTD, OBICTPOTA HArpeBa, OE30MaCHOCTb, YUCTOTA Mpoliecca,
Majas MeTaIOeMKOCTb, a TaKKe IPOCTOTa KOHCTPYKIMU M TOYHBIH KOHTPOJIb TeMIIepa-
TYpbI HarpeBaeMoro celpbsi. OCOOEHHO aKTyallbHA yCTAHOBKA C MHAYKIIMOHHBIM HarPEBOM
Ut pepMEpPCKUX XO3SHCTB, IepepadaThHIBAIOINX MOJIOKO U MPON3BOASAIINX Pa3INIHbIE
MPOYKTHI HA €70 OCHOBE.

L]env uccneoosanus. Co3nanue yCTaHOBKH JIMTETEHOH MAacTepU3aIN MOJIOKA C HCIIONb30-
BAHHEM HarpeBaeMoi HHAYKIIMOHHBIMH TOKaMH €MKOCTH, a TaKkKe MoJ00p ONTUMAaTbHBIX
YCIIOBHH pabOTHI CO3AaHHOTO MPOTOTHIIA.

Mamepuanvt u memoost. JInst pa3pabOTKH OCHOBHBIX Y3JIOB MPOTOTHIIA YCTAHOBKH Iac-
TepU3aliy MOJIOKA ¢ HHAYKIMOHHBIM HarpeBoM OBLIO IpHMeHeHo 3D-moxenupoBanue
B CHCTeMe aBToMaTu3upoBaHHOTO npoekTrpoBanust «KKOMITAC-3D». EMKOCTb A71s CBIPBS,
MeIllaJIKa ¥ KpBIIIKa U3rOTOBIICHBI U3 HepkaBeromux craneil mapok AISI 304 u AISI 430.
WHpykTop nmpencrapiseT co0oil Kapkac U3 MOJIMMEPHOTO MaTepuala co CIHPAJIEBHIHO
PAacIIOIOXKeHHBIM B HEM JIMTIEHApaToM. KopIryc mpoToTHna yCTaHOBKH M3TOTOBIICH 3
AIIOMHHHEBOTO KOMIIO3UTHOTO Martepuaina. Pa3paboTka 1 omiajka JIEKTPOHHONW CXEMBbI
CHJIOBOH YaCTH IPOTOTHIIA YCTPOHCTBA MIPOBOAMIACH B IIPOTPAMME JUIS TPOESKTHPOBAHUS
Proteus 7.10. Jlnst n3roToBneHHs CUIOBOM YacTh GI0Ka IeHepaluy MMEeKTPOMarHUTHOM
WHAYKIIUU UCIIOJIb30BaJics MUKpOoKoHTposuiep Mega 2560. KonTpons perynupyemoit
TEMIIEPATYPhl OCYIIECTBIISICS € TOMOIIBIO BOTOHEIPOHHUIIAEMOT0 1aTYNKa TEMIIEPATyPhI
DS18B20. [lyst BU3yanu3anuy pacrpoCcTpaHeHUs TEIIIOBOTO OIS IT0 TOBEPXHOCTH CTEHOK
€MKOCTH MPUMEHSJICS TEMI0BH30P.

Pesynomamut uccnedosanus. IlpuBeieH BHEITHUN BU CXEMBI IIPOTOTHIIA Pa3padaTHIBAEMOTO
YCTpPOICTBA ITUTEIBHOM MACTEPU3ALIMH MOJIOKA C HHIYKLIMOHHBIM HarpeBoM 00beMoM 75 J1.
JlaHo 060CHOBaHHE B COCTaBe yCTAHOBKH HEOOXOIUMBIX IEMEHTOB U NCIIOTHUTEIBHBIX
MEXaHHM3MOB [IJIsl TACTEPH3allii MOJIOKA B EMKOCTH, HArpeBaeMoit MHAYKIIMOHHBIMU TOKAMH.
IMpuBenens! cxema pa3pabOTaHHOH CHIIOBOI YaCTH YCTaHOBKH U PE3YNBTaThI €€ HCITBITaHNIT
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Food systems

TIPY HarpeBe eMKOCTEH U3 Pa3INIHBIX MaTepHAIOB. Takxke B pe3ylsTaTe JAHHOTO HCCIIEI0-
BaHUs pa3paboTaH aJrOPUTM ISl yrpasieHus padotoit u PID-peryanpoBanus nporecca
MacTEepPHU3aUH MOJIOKAa B SKCIEPUMEHTAIBHON YCTAaHOBKE Ha 0a3e MHKPOKOMITBIOTEpA
Raspberry Pi. [IpuBenens! rpaduKy NepexoHbIX MPOLECCOB MPU N3MEHEHUH KO3 HHIH-
enToB PID-perynupoBanus Temneparypsl.

Oobcyorcoenue u 3aknovenue. B xone UCIIBITAHUH NPUHIUIIA HHIYKIMOHHOTO HArpeBa Ha
HEP)KaBEIOIMUX CTAJISIX PA3HOTO COCTaBa CAENAH BBIBOJ, YTO IS 3 (HEKTUBHOCTH HarpeBa
€MKOCTH HeoOXxouMa HakjaJaKa U3 (peppoMarHUTHOU CTajH, HaBapuBaeMasl II0OBEpPX OC-
HOBHOW €MKOCTH U3 ITUILEBOI HeprKaBetomiei cranu. PazpaboranHas ciucteMa HHIYKTOPOB
MO3BOJIMJIA CO3JaTh MIPOTOTHUII YCTAHOBKH C JABYyMsl 30HAMHU HarpeBa B 3aBHCHMOCTH OT
00beMa 00pabaTHIBAEMOTO CHIPhS, YTO AKTYaJIBHO JUIS MaJbIX KPECThIHCKUX (PEePMEPCKUX
XO3SIHCTB, 3aHUMAIOLIUXCS [IepepadOTKON MOJIOKA U ITPOU3BOACTBOM IPOIYKTOB MUTAHUS
Ha €ro OCHOBE.

Kniwueeswvie cnosa: aBTOMAaTU3anus, macTepusarop, I/IH,I[yKL[I/IOHHHﬁ HarpeB, MOJIOKO,
MUKPOKOMITBIOTEP, UHIAYKTOP

Konghnuxkm unmepecog: aBTopbl 3asBISIIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.

Jna yumupoeanus: HayaHO-TeXHHYECKHE OCHOBBI pa3pabOTKH YCTAaHOBKH C MHIYKIH-
OHHBIM HarpeBoM [uid nactepu3anuu monoka / E. H. Hesepos [u ap.] // MmxeHepHbIe
texHonoruu u cucremsl. 2024, T. 34, Ne 1. C. 128-144. https://doi.org/10.15507/2658-
4123.034.202401.128-144
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Scientific and Technical Basis for the Development
of an Induction Heating Unit for Milk Pasteurization

E. N. Neverov"’, A. A. Vladimirov, P. S. Korotkih,
E. V. Nikolaeva, A. N. Porokhnov

Kemerovo State University

(Kemerovo, Russian Federation)

™ neverov42@mail.ru

Abstract

Introduction. Induction heating is a preferred heating technique for industrial, medi-
cal and consumer systems, because it has a number of advantages over traditional heat
transfer methods. The advantages include energy efficiency, heating rate, safety of ope-
ration, cleanliness of the process, low metal consumption, simple design, and precise
control of the temperature of the heated raw materials. An induction heating unit is
especially important for farms involved in processing of milk and producing milk-based
products.

Aim of the Study. The study is aimed at developing a prototype unit for long-term pas-
teurization of milk using a container heated by induction currents and at selecting optimal
operating conditions for the developed prototype unit.

Materials and Methods. There was used 3D modeling in the KOMPAS-3D computer-
aided design system to develop the main components of a milk pasteurization prototype
unit with induction heating. The container for raw materials, stirrer and lid are made of
stainless steel AISI 304 and AISI 430. The inductor is a frame made of polymer material
with a litz wire arranged in a spiral manner. The body of the prototype unit is made of alu-
minum composite material. The developing and debugging of the electronic circuit of the
prototype unit power part was carried out with the use of the design program Proteus 7.10.
The microcontroller Mega 2560 was used to make the power part of the electromagnetic
induction generation unit. The controlled temperature was monitored by using the water-
proof temperature sensor DS18B20. A thermal imager was used to visualize the propaga-
tion of the thermal field over the surface of the container walls.
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Results. The structure diagram of the developed prototype unit with induction heating
for long-term pasteurization of milk is presented. The article gives grounds to the use of
the necessary elements and actuators in the unit for pasteurization of milk in a container
heated by induction currents. There are presented a diagram of the developed power part
for the prototype unit and the results of testing it when heating containers made of various
materials. An algorithm has been developed to control the operation and PID regulation of
the milk pasteurization in an experimental unit with the use the Raspberry Pi microcom-
puter. The graphs of transient processes when changing the coefficients of PID tempera-
ture control are presented.

Discussion and Conclusion. When testing the induction heating principle on stainless
steels of different compositions, it has been concluded that for the efficiency of heating the
container, there is required a ferromagnetic steel pad welded on top of the main container
made of food-grade stainless steel. The developed system of inductors made it possible
to create a prototype unit with two heating zones depending on the volume of processed
raw materials that is important for small farms engaged in processing milk and producing
milk-based products.

Keywords: automation, pasteurizer, induction heating, milk, microcomputer, inductor
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Beenenne

TpaauIMOHHBIM METOOM, HCIIONB3YEMBIM ISl TEPMUIECKO 00pabOTKH KHUIKUX
MUILIEBBIX IPOAYKTOB, SIBISIETCS IACTEPU3ALINSL, TEXHOIOI U KOTOPOH pa3pabarsiBanach
IECATHUICTUSIMA U SIBIIACTCA dYPHEKTUBHBIM B YKOHOMHUYHBIM METOJIOM 00pabOTKH
B IIMILEBOM [TPOMBIIUIEHHOCTH. DTH METOJbl B OCHOBHOM OCHOBAaHbI HA KOHBEKTHBHOM
Y KOHIOYKTHBHOM Iepenaye Teria, Py KOTOPOH TeruioBast SHeprusi epefaeTcs OT ropsi-
4eld cpenbl K 0osiee XOJIOJHOMY MPOAYKTY, YTO MPUBOIUT K OOJBIINM TEMIEpaTyPHBIM
rpagleHTaM.

s TepMuydeckoit 00padOTKH MUILEBOTO CHIPbst (MOJIOKA, COKa, MOPCa, [PKEMa U 1Ip.)
B TIMLIEBOH MPOMBIILICHHOCTH IPHUMEHSIOT YCTAHOBKHU C TIPOMEKYTOUYHBIM TETJIOHOCH-
teneM. Tak, Haubosee pacpoCTpaHEHHBIMU ITPOMEKYTOUYHBIMUA HOCHUTEIISIMH SBJISIFOTCS
BOJITHOM Tap WJIM BOZA, KOTOPbIE YCIOXKHSIIOT KOHCTPYKIHIO. [13-3a 3TOr0 BO3HUKAIOT
CJIOKHOCTH C aBTOMaTH3allMel TEXHOJIOTHYECKOTOo Ipoliecca, YBeIUIMBAIOTCS Macca
¥ TabapuThl YCTAaHOBKH, TPEOYIOTCS 3aTpaThl HA 00CTYKHUBAHUS JIOTIOTHATEIHLHOTO
000pyI0BaHMs1, HAIIPUMEp, IAPOBOTO KoTIa. Takxke HENOCPENCTBEHHO MIEPe/t TEIUIOBOI
00pabOTKO# caMOTo CHIPhS HEOOXOMMMa PHEPTHS TS TTOYUCHHS TTapa Wik HarpeBa BOIHI.
ITo Toit mpuuMHE B HacTOAIIEE BpeMsI IIPOIODKAETCs pa3paboTka BEICOKOA(PPEKTHBHBIX
YCTPOKNCTB C YNyUIIEHHBIMH TEXHUYECKIMHU XapaKTEPUCTUKAMH.

0030p uTEpPaTYpHI

Takue TexHoNMOrMM 00pabOTKU NPOLYKTOB KaK YAbTpa3BykoBas [ 1; 2], nHppakpacHbIM
1 ynsTpaduoneToBeIM oOmydeHus M [3; 4], kaBuTanust 5], BEBICOKUM JAaBjieHuEM [6],
COJTHEUHOM sHeprueit [7] u npyrue [8; 9] He MOTYyUNIM MIMPOKOTO PaclpOCTPaHEHUs
WM HaXOAATCS Ha CTaJWW MCCIENOBAaHUS U pa3padoTKu. TakkKe MpU MOUCKE HOBBIX
CIOCOOO0B MacTepU3alMU BAKHO YUYUTHIBATh UX BIMSHHE HA KOMIIOHEHTHI IHUIIEBOTO
CBIPbS, MUIIEBYIO IEHHOCTh U OMOJIOTHYECKU aKTHBHBIC coequHeHus. B padote [10]
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aBTOpaMU IPUBEIECHBI HETEPMUUECKUE METO/IBI MACTEPU3ALMH U CTEPHIIN3ALMH MOJIOKA,
a Tak)Ke UX BO3ACHCTBHE Ha MUKPOOPTAHU3MBI, OMOJIOrMYECKHIE BEIECTBa U (PU3UKO-
XMMHYECKHE CBOMCTBA MPOIYKTA.

[lepcneKTUBHBIM METOIOM KOHIAYKTHBHOM Mepeayy Teria SBISETCS MarHUTHO-
WHAYKIIMOHHBIN HAarpeB, KOTOPBIHA MHUPOKO puMeHsieTcs B ObITy [11; 12], B numeBoit
¥ MeTaJUTypTru4ecKoil mpomeinuieHHOCTH [13; 14], a Takxke B JOPOKHOM CTPOHUTEIb-
ctBe [15].

Vcnonp30BaHKe TaKOTO METOa HArpeBa IEMOHCTPUPYET B IIPOLiECcCE MTacTepU3aLuu
BBICOKYIO 3HEPro3((eKTUBHOCTh, OBICTPBIN HAarpeB, 0€30MaCHOCTh, YUCTOTY, MAIyIO
METAJUIOEMKOCTh, IPOCTOTY KOHCTPYKIMH M TOYHBIH KOHTPOJIb TEMIIEPaTyphl Harpe-
BaeMOTO ChIpbsl. Kak O€CKOHTAKTHBIN METO MPSIMOTO HarpeBa Marepraia OH OCHOBaH
Ha JDKOYJIEBOM HarpeBe M MarHUTHOM THcTepe3nce. JJaHHble MEXaHU3MBI BBI3BIBAIOT
HarpeB 3a CUYeT HEPaBHOMEPHOTO PacIpeAeICHUs TOKa B 00IaCTH MPOBOASILETO MaTe-
puana u3-3a 00pazoBaHUs IEPEMEHHOTO MAarHUTHOTO TTOJIS.

B paborax [16; 17] npuBeneHo 000CHOBaHNE KOHCTPYKTUBHBIX MapaMeTPOB IS
MIPOTOYHOTO MacTepH3aTopa HHAYKLIMOHHOTO THIIA ¢ BeIAep)kuBareneM. OnHako paboyas
4acToTa AJAHHOTO mactepu3aropa coctasisieT 50 [, u ero KOHCTPYKIMA IpeAnoIaraet
MCTIOJIh30BaHNE B IIPOMBIIIJIEHHBIX MacITabax.

A. A. baraes u C. O. bobposckuii [18] Ha 0CHOBE PHEPTETHUECKOTO U dKCEHEpTe-
TUYECKOr0 aHaJIM3a, CPABHUB M1aCTEPU3aTOPhI MOJIOKA THIIA «BOASIHOM Hap — MOJIOKOY,
HacTepyu3aTop HHAYKIMOHHOTO THIIA M TACTEPU3aTOP TEPMOCU(OHHOTO THIIA, OTMETUIIH,
YTO NMEPCHEKTUBHBIM HaNpaBICHUEM HCCIICOBAHUMN SIBISETCS COBEPLICHCTBOBAHUE
YCTaHOBKH C MHAYKLIMOHHBIM IPUHLIXIIOM paboThl. 3apyOeskHbie aBTOpHI [19] B cBOoEM
MCCIJIEZIOBaHUY 1O TepMudeckoit 00padoTke 500 1 KIryOHUYHOTO JKeMa yCTaHOBUIIH,
YTO AJI1 CUCTEMBI C UHIYKIIMOHHBIM HarpeBaTeleM 3aTpauiBaeTCs MEHbIIE SJHEPTUU
Y DKCEHEPTUHU, HEXKENH I CUCTEMBI JIEKTPUUYECKOT0 HarpeBareis ¢ BOASHON py-
OalKoM.

[IpenmymiecTBa MHIYKIIMOHHOTO HATPEBA H €TO BIHMSHUE HA (PU3UKO-XMMUYECKHE
CBOMCTBA MPOYKTAa MTOKa3aHbl B pabOTax, ONHICHIBAIOIINX CTEPUIIU3ANNIO coKa KuBH [20],
s05109HOTO coKa [21], macTepu3aruio coka ryaBsl [22], ToMaTHOH macTs [23], SUIHBIX
OenkoB [24]. ABTOopamu nccienoBanus [25] mokazana 3¢ GeKTUBHOCTD BHEAPCHUS TEX-
HOJIOTMY MHAYKLIHMOHHOI'O Harpesa Ipy NacTepu3aliy MOJIOKA Ha 3aBOJE.

B paborax [26—28] onmchIBarOTCSl YHUBEpCATbHBIC MHYKIIOHHBIE CHCTEMBI, KOTOPbIE
NPUMEHSIOTCS B IUIIEBON MPOMBILUICHHOCTH. B Takux cucremax B KauecTBe OCHOBHBIX
3JIEMEHTOB MCIOIb3YIOTCS MHAYKIMOHHBIC KaTYIIKH, OJIOK TUTAHUS BBICOKOBOJIBTHOTO
reHepaTopa, MUKPOKOHTPOJIEP U KoJieOaTenbHBIH KOHTYP.

C uenbro noBbieHUs 3QHEKTUBHOCTH yNpaBieHus paboToil anmnapaToB MUIIEBHIX
MPOU3BOJCTB B PAa3JIMYHBIX TEXHOJOTHYECKUX Mpolieccax aBTopaMu B padoTax [29]
UCTIOJB3YETCS aBTOMATH3AIM, KOTOpask O3BOJISIET OCBOOOJUTH YEJIOBEKa OT BBIMOJI-
HEHMS pyTHHHBIX 3aJ1a4, MMOBBIIIAsA IPOU3BOIUTEIBHOCTE ero Tpyaa. Kpome toro,
aBTOMAaTHYECKHE yCTPOICTBA MUHUMHU3UPYET yYacTHE YeJIOBEKa B TOM WJIM MHOM
nporecce, MUHUMHU3UPYIOT BEPOSTHOCTH OMIHUOKH B ONPEAEIIEHNN PA3THYHbIX BEJIH-
YuH. ABTOMAaTHYECKHE CUCTEMBI I'OPa3/l0 TOUHEE U CBOEBPEMEHHEE PearupyoT Ha
M3MEHEHMSI T€X WM MHBIX IapaMeTpOB.
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ABTOMaTH3aLMs TEXHOIOTHUYECKHUX MTPOIIECCOB C ucnons3oBanneM PID-konTposuiepa
Ha 0a3e MUKPOKOMITBIOTEPA, ONUChiBaeMasi B paborax [30-31], sBisieTcs HE MPOCTO T0-
JIe3HOH, HO ¥ HE3aMEHUMOH B IIpeJylaraeMbIX CIIydasix, Koraa HeoOX0AUMO YUUTHIBATE
60IIBII10€ KOTMYECTBO ITapaMeTPOB TEXHOIOTHYECKOTO MPOIecca 1 MAKCUMAIBHO TOYHO
HX MIOAACPIKUBATH B IIPEACIax 3a4aBaCMbIX BEJINYUH.

B nccnenoBannsx [32—34] onuchIBaOTCS YCTPOWCTBA TTACTEPU3AITIN MOJIOKA C MC-
noas3oBanuemM PID-koHTposiepa, rjie B OTIWYHUE OT PyYHOI'O MM aBTOMaTHYECKOTO
yrpasiedusi PID-perynupoBaHue mo3BoisieT MOBBICUTh Kau€CTBO MacTEPU30BAHHOTO
MOJIOKa 1 ¢ 00Jiee BEICOKOH BEPOSTHOCTHIO YHHUTOXKUTH OAKTEPHH, KOTOPBIE HAXOIATCS
B CBIPOM MOJIOKE.

MarepuaJjibl 1 METOAbI

OCHOBHOH YacThIO MPOTOTHIIA YCTAHOBKH SIBIIIETCS PE30HAHCHBIN KOJe0aTeIbHbIN
LC-xoHTyp, B cOCTaB KOTOPOT0 BXOAUT EMKOCTb MTAaCTEPU3ALMH, HHIYKTOPBI, OTBEYAIO-
[IUE 32 HATPEB YCTAHOBKH, M CHJIOBAs 4acCTh.

B kxauectBe Marcpuaia JJid U3roToBJICHUA €MKOCTH, MCUIAJIKNA U KPBIIIKA ObL1a
BbIOpaHa MCIoIb3yeMas ISl IPOM3BOACTBA MHILEBOTO 00OPYIOBaHUS HEPKaBEIOIIas
ctais Mapku AISI 304 (poccuniickuit ananor mo 'OCTy — crans mapku 08X18H10)
ayCTEeHHTHOTO KJlacca ¢ TOJMIIMHOM cTeHOK 2 MM. OHa MMeeT yneabHOe SIEKTPUIECKOe
conpotusieHne 0,73 MKOM'M ¥ OTHOCHUTEIHHYI0 MATHUTHYIO TIPOHUIIAEMOCTH OKOJIO
0,8—1, 9TO MOKAa3BIBaE€T OTCYTCTBUE CIIOCOOHOCTH HEP)KABEIOIINX CTaJeH K HaMarHh-
YEHHOCTH B OTJINYHE OT eppoMarHuTHBIX. Toku DyKo, HABOAUMBIE HHIYKTOPOM Ha
MMOBEPXHOCTh METaJINIa, BOZHUKAIOT B (PEPPOMArHUTHBIX MaTepHasax, o3TOMY I JO-
KaJIM3allii MeCTa WHIYKIIMOHHOTO HAarPeBa K eMKOCTH IPUBAPEHBI IJIACTUHBI TONIIHMHON
2 MM u3 Hepxasetowier cranu Mapku AISI 430 ¢pepputHOTo KIacca.

WupyxTop npeacrasiseT co0oi KapKac CO CIIUPAJIEBUIHO PACHIONOKEHHBIM B HEM
MpoBosioM. Takoe pacronoKeHHe OCTaBIsAET Ha OBEPXHOCTH KapKaca MaKCUMaJIbHO
BO3MOKHOE CBOOOTHOE TIPOCTPAHCTBO, COBMECTUMOE C €r0 pa3MepaMy U YHCIOM BUTKOB
JJIA IPOXOXKACHUA CUJIOBBIX JIMHUI MarHUTHOTO IoJis. Takke IIpY TaKOM pacCIOJIOKCHHUU
CHJIOBBIC JIMHUU NIEPEMCHHOTI'O MAarHUTHOT'O ITOJIAA HE IIPOHU3BIBAIOT ITPOBOJHUK, YMCHb-
nias IBJICHUE caMOHarpeBa MHAyKTopa. [Ipu paBHOMEpHOM HarpeBe LMJINHAPUYECKON
E€MKOCTH ISl CHIPhs KApKac HHIYKTOpPa IOBTOPSIET €€ TPOQIIIb.

I'enepupyemoe mepemMeHHOE DIIEKTPOMArHUTHOE TIOJIe TPOXOIUT Yepe3 KapKac
1 KOHIIEHTPUPYETCs Ha BHEIITHEH MOBEPXHOCTH HAKJIAIKN U3 PeppUTHON HeprkaBeromIen
cranu. TakuM 06pa3oM, BUXPEBBIE TOKH PaCTIPe/eNISTIOTCS Ha TOBEPXHOCTH HAKIIAZOK Ha
MWIMHIPAYIECKON eMKOCTH, U BBIJIEJICHHE TeIlIa IPOMCXOAUT B OCHOBHOM Ha IUIOIIA !
10 BHEUTHEMY MIEPUMETPY HHAYKTOpA.

B xadyecTse npoBo/ia s HHIYKTOPa ObLT BBIOPAH MHOTOXKMIJTBHBINA METHBIN TIPOBOIT —
JIMTHEHAPAT, ITOCKOJIBKY OH OTIIMYaCTCA BBICOKOM FI/I6KOCTI)IO u HpOCTOTOI>'I YKiIaJabIBaHUs.
Takxe, Kak U3BECTHO, MPH MOBBIIICHUH YaCTOTHI TOKAa BOSHUKAET CKHH-3((deEKT, TO ecTh
MIPOUCXOIUT CMEIIEHNE TOKA K TOBEPXHOCTH MPOBOIHMKA, U3-32 KOTOPOTO YBEIUIMBAECTCS
CONpOTUBJIEHHE. B IUTHEHIpATE ke TOK IMPOXOAUT I10 MOBEPXHOCTHOMY CJIOK KaXI0M
JKHJIbI, TAKUM 06pa30M YBCIIMYMBACTCA IUIOIIAAb IPOTECKAHMA TOKa U YMCHBIIAOTCA ITOTCPH.

Kapxkac mis nHAyKTOpa BEITTONTHEH U3 TIOJIMMEPHOTO MaTepraia, BRIOPAaHHOTO HCXO/S
M3 OCHOBHOTO IMMapaMeTpa — TeMIeparypbl dKcIuryaraui. [JJanHeii kapkac odpasy-
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€T JOTIOJTHUTENBHBIN CJIOH, KOTOPBIM MCKIIIOYAeT BEPOATHOCTH KOPOTKOTO 3aMBIKaHUS
JUTLEHpaTa ¢ METAIIINYECKOM EMKOCTBIO.

Kopnyc mpoToTnmna ycTpoiicTBa macTepu3alui U CHIOBOTO OJIOKa U3TOTOBIICH U3
AJTIOMHHHEBOTO KOMITO3UIIMOHHOT0 MaTepuaa. J{Js Termon30a il eMKOCTH HCTIONb-
30BaJIM THOKYIO Kay4yKOBYIO TEIUTOM3OJISAIMIO TONIIIMHON 6 MM.

Pa3paboTKy OCHOBHBIX 3JIEMEHTOB IIPOTOTHIIA TIPOBOIMIIM € MCTIOIb30BaHneM 3D Mo-
JISTAPOBAHUS B CUCTEME aBTOMaTH3UPOBaHHOTO poekTupoBanus « KOMITAC-3Dy. Jlns
M3TOTOBJICHUS] OCHOBHBIX JJIEMEHTOB M Y3JI0B IIPOTOTHUIIA HCIIOIb30BAIMCh COBPEMEHHbIE
na3epHsle ppe3epHble U alAUTHBHBIE TEXHONOTHU. Pa3paboTKy 1 OTIaaKy 3JIeKTPOHHOM
CXEeMbI CHJIOBOM YaCTH MPOTOTHIIA YCTPOWCTBA aBTOPBI HACTOSILIETO UCCIIEA0OBAHUS IIPO-
BOJIWJIM B IIporpamme Juisl mpoektuposanus Proteus 7.10. J{1s1 U3roToBIeHUs CHIIOBOM
yacTu 0J10Ka reHepaLiy SIEKTPOMarHiTHOH HHAYKIMH HCIOJIb30BaI MUKPOKOHTPOJLIED
Mega 2560 na 6a3e iardopm Arduino Mega 2560 u Iskra Mega. Kontpons perynu-
pyeMoii Temmeparypbl OCYIIECTBIISIICS € MTOMOIIBIO BOAOHEIIPOHUIIAEMOTO JaTuynKa
temniepatypsl DS18B20, ang BU3yanu3anyuy pacpoCTpaHEeHHs TEIJIOBOIO MO MO
MOBEPXHOCTH CTEHOK €MKOCTH IPUMEHSIIH TEIJIOBHU30D.

J7ist HanMcaHust TporpamMM yIipaBlieHUsI paboToi MTPOTOTUIIA [TACTEPH3aTOPa Ha SI3BIKE
nporpamMupoBanusa Python va mukpoxommsioTepe Raspberry Pi nconszoBanacs cpena
paspabotku Thonny ¢ COOTBETCTBYIOMUMH OMOTHOTEKAMH.

Pe3yiabTaThl necnenoBaHus

BHemrnuii BU cXeMbl IPOTOTHIIA Pa3padaThIBAEMOTO yCTPOUCTBA IS HACTEPU3ALN
MOJIOKa MHAYKLIHMOHHOTO TUIa 00beMOM 75 J1 MPEACTAaBIICH HA PUCYHKE 1.

Puc. 1. Cxema npororuna nacrepusaropa: 1 — 6ak nacrepusaropa; 2 — peppoMarHUTHbIC HAKIAAKH;
3 — cTou I pa3MeIeHus TacTepru3aTopa; 4 — KOPITyC; 5 — 3IIEMEeHTHI KOpITyca; 6 — KPBIIIKa,;
7 — MHIYKTOPBI; 8 — KpeIUIeHUe UHAYKTOpa; 9 — 010k naHenu ynpasieHus; 10 — croiika; 11 — memainka;
12 — anexkrpomoTop; 13 — Termon3omAnInoHHas pyOarka
Fig. 1. Diagram of a pasteurizer prototype: 1 — pasteurizer tank; 2 — ferromagnetic pads;
3 — table for the pasteurizer; 4 — body; 5 — body elements; 6 — cover; 7 — inductors; 8 — inductor
mounting; 9 — control panel block; 10 — stand; 11 — stirrer; 12 — electric motor;
13 — thermal insulation jacket
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B xoze BBINMONIHEHHS] KOHCTPYKTOPCKHUX PabOT OBLIO MPUHSTO PelIeHHE 00 UCIONb-
30BaHMM CHCTEMBI MHIYKTOPOB U3 JIBYX MapajuIeIbHO COETMHEHHBIX nap. Takoe pacmo-
JIO’KEHHUE TI03BOJISIET KOHTPOJIMPOBATH 30HY HArpeBa, OMycKas TEXHHIECKU pa3paboTarh
YCTaHOBKY MacTepU3allMi MOJOKa C pa3HBIMU OOJIACTSIMH HarpeBa B 3aBHCHUMOCTH OT
00bemMa 00pabaThIBAEMOTO ChIPhS, YTO AKTYaJIbHO JIJISl MAJIBIX KPECThIHCKUX QepMep-
CKHX XO3HCTB, 3aHUMAIOIINXCS NepepadOTKOW MOJIOKa M MMPOMU3BOICTBOM IPOTYKTOB
MIUTaHWsI HA €TO OCHOBE.

B mpouecce uccienoBanus Opuia pazpaboTaHa cUIIOBasl IUIaTa JUIsl CONPSDKEHUS
YpOBHEH CHUTHaJIOB B MUKpOKOHTposuiepe (manee — MK), Oblii co3maHbl cXeMbl Apaii-
Bepa Kirouel Ha noieBbix TpaHzuctopax IGBT. B ocHoBe cuioBoii yacTu nmporoTuna
ycTpoiicta HaxonuTcss MK Mega 2560, KoTOpBIi KOHTPOIMPYET aHAIOTOBBIE CUTHAJIBI
narunka temmeparypsl cpensl (TSRED), natunka temnepatypsl emxkoctu (TMAIN),
naryrka Temrnepatypsl ¢ Tpanzuctopa IGBT (TIGBT), 3amaeT curnan mupoTHO-UM-
nynscHoi Monymsiun (LLIMM) anst yripaBieHuUs! MOIIHOCTBIO BRIXOJHBIX TPAH3UCTOPOB
(PWM IGBT). MK npu HeoOX0MMMOCTH BKJIIOYAET BEHTHIISTOP OXJIAKICHHS TPAaH3HUCTOPOB
IGBT (FAN) u B ciiyuae omu0ku nogaeT 3BykoBoii curaan (BAZZER). Ha pucynke 2
nokaszaHa ()yHKIMOHAJIbHAs OJOK-CXeMa CHIIOBOTO MOJIYJIsl POTOTHITA YCTPOUCTBA JIJIsI
nacTepu3aluy MoJoKa.

AC m
ooy (7| AC P L0 & IGBT [+ VIGBT |-
DC
Jpaiisep IGBT / 1IGBT —
AC Driver IGBT
DC+18V+5V [ ]
t —
[[ZlT“ll/lK BU TIGBT
toka / HF current
Sensors MuxpokoHT-
posutep
Mega 2560/ ||
FAN k— Microcontroller TMAIN
Mega 2560
BAZZER [ < TSRED

P uc. 2. OyHKIMOHATBHAS OIIOK-CXeMa CHIIOBOTO MOMYJIS IPOTOTHIIA ACTepU3aTopa
C MHIYKIHOHHBIM HarpeBOM

Fig. 2. Functional block diagram of the power module of the prototype pasteurizer
with induction heating

Ha nnare nuranus Bxox nepemeHHoro Toka 220 B mpeoOpasyercs B HanpsiKe-
HHE C MaKCUMaJIbHBIM 3HaueHueM 10 300 B MocTOBBIM BhIlIpsiMUTeaeM. B monyne
ACDC gob6asnsercsa 18 B u 5 B. LC-unnykTop nutaercs oT uctrounuka mo 300 B
JUISL CO3JaHUSI MAaTHUTHOTO TOJISl U HarpeBa €eMKOCTH MacTepu3aluu 3a cuet Jxo-
yJeBa Termia.
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st 060cHOBaHMS BEIOOpA MapKH CTaJH, HEOOXOJUMOM [Tl U3TOTOBJICHUS] EMKOCTH
Y OCYUIECTBJICHUS MPUHLIUIIA WHAYKIIMOHHOTO HArpeBa, ObLIN MPOBEIEHBI NCIIBITAHMS
reHeparopa ¢ UCIOJIb30BaHHEM B KaueCTBE Harpy3Ku eMKOCTH U3 HepKaBelollel cra-
JU pa3HbIX Mapok. Ha pucyHnke 3 moka3aHbl pe3yabTaThl H3MEHEHHS COPOTUBICHUN
Y MHAYKTUBHOCTH IIPY H3MEHEHUH CUITBI OT | 10 25 A nipy UKCHPOBaHHOM 3HAYCHUH
pe3onancHoit gactotsl f =40 k[ 't Ha peppomaruuTHoii (AISI 430) n HEeppoMarHuTHOM
(AISI 304) emKxocCTSIX.

3 . —
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Puc. 3. I'padukn n3menenns 3nadeHus conporusienus (R) u magyxrusaoctu (L)
HpH paboTe reHepaTopa ¢ HCIOIb30BAHHEM HAarpy3KH — EMKOCTH M3 Pa3HBIX MaTepuajoB

Fig. 3. Graphs of changes in the value of resistance (R) and inductance (L)
when the generator operates using a load — a container made of different materials

HedeppomarautHas eMKOCTh HE UMEET TMCTEPE3UCHBIX MOTEPh, HO MMEET OT-
HOCHTEINbHBI yPOBEHb MAarHUTHON MPOHHUIIAEMOCTH, TPUOIU3UTEIHLHO PaBHBIHN 1.
CooTBeTcTBeHHO, Ha 3HaueHus R u L HedeppomarauTHOro Marepuana eMKOCTH HE
TIOBJIMSITN TIPUJIOKESHHBIE 3HAUYEHUSI CHIIBI TOKA (TI0 CpaBHEHHIO ¢ (heppOMarHUTHBIM
MaTepHaioM).

Ha pucyHke 4 nokaszasbl pe3y/IbTaThl HCIIBITAHUN pa0O0THI TACTEPU3aTOpa C MHAYK-
LIUOHHBIM HATPEBOM U C ITyCTOMH €MKOCTBIO IPHU OMpPElCICHHBIX 3HAYCHUSIX OCHOBHBIX
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BenuuuH U, R, L u 1. 13 pucyHKa BUAHO, 4TO IO JaHHBIM ChEMKU C TeroBu3opa Testo
875-11 uaet a3 PeKTUBHBIN HArpeB CTEHOK EMKOCTH, H3TOTOBICHHOH U3 HepKaBetouen
cranu Mapku AISI 430.

U =300V

I=10A
0y, N/

OA; \/

L =80uH

o
b &
\

R=3.3Q

50 ps

a1°c

Puc. 4. Pesynbrarsl HCIIBITAaHUN paOOThI ACTEPU3ATOPA C MHAYKIIHOHHBIM HATPEBOM
MPU ONTUMAJIbHBIX 3HaUE€HUSX OCHOBHBIX BennunH U, R, L u I

Fig. 4. Results of testing the operation of a pasteurizer with induction heating at optimal values
of the main quantities U, R, L and |

Taxum o6pazom, B paboueM MpOTOTHUIIE [T ToTydeHus 3P PEeKTHBHBIX TeMmepa-
TYPHBIX HHTEPBAJIOB B Pa3HBIX 00IACTIX €MKOCTH ITacTepU3aTopa HAMH HUCIIONb3YETCs
MeTaJJIMYecKasi HakJaJKka 13 HepkaBerowe crainu ¢pepputHoro knacca (AISI 430),
HaBapuBaeMas IOBEPX OCHOBHOM €EMKOCTH, U3TOTOBIEHHON U3 MUILEBON HEpKaBeroIEeH
cranu (AISI 304).

Jns ynpasnenus pabotoit ycranoBku PID-perynupoBanus nporecca nactepusaun
1 JUIS1 B3aUMOZCHCTBHSA C pa3INUHbIMU eT0 epr()epUHHBIME YCTPONCTBAMH, JaTYHKAMHU,
M3MEPSIOMIMMH pa3TU4HbIe TapaMeTphl acTepU3allii MOJIOKa, UCTIONb30BaIl MUKPO-
kommbioTep Raspberry Pi. Conpsbkenne Mukpokomibiotepa Raspberry Pi ¢ Arduino
Mega 2560 wmu Iskra Mega npoBoaniy ¢ moMoIpo HHTepQeiica BBoJa U BHIBOAA 00-
mero HazHadeHus (GPIO). Jlannsrit uaTEpdEiic mo3BoseT mporpaMMaM 0OMEHNBATHCS
C BHEUIHMMH 110 OTHOILEHHUIO K MUKPOKOMIIBIOTEPY yCTPOIICTBAMU HU3KOYPOBHEBBIMU
IU(POBBIMH CUTHAIAMH, YCTAHABINBATh COCTOSHUE BBOZIA U BBIBOZA, & TAK)KE YPOBEHb
CHUTHAJIa B MOMEHT YTEHUSI WM 3aIHCH.

Ha pucynke 5 yka3aHbl 2 pa3jIM4HBIX NIEPEXOAHBIX MIPOLECCa PETYIUPOBAHUS
TEMIIepaTypOi OTHOCHUTENBHO 3a7aBaeMoil TeMrepaTypsl ycraBku 65 °C, He00Xo-
auMoi ang nactepuszanuu 50 11 celpbs. M3 skcriepuMeHTa cieayeT, 4To B TEUEHUE
30 MMH. IPOUCXOAUT HAarpeB CHIPbS 10 TEMIEPATYPhl YCTABKH, Aajie€ YCTaHOBKA
MEPEeXOAUT B PEKUM BBIIEPKKH. B mepBoM cinydae nmonbopa koadpdunuentos PID-
peryinupoBaHus HaOIIOAACTCS CHILHOE YBEIIMYEHHUE CTaTUCTUYECKON OIMMOKH 3a
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CYET HEONTUMAJIBHBIX KO()PUIUEHTOB, TEMIIepaTypa MOCiIe BbIX0Aa Ha PEKUM
BbIiepuBaHus (65 °C) oTHOCHTENBHO yCTaBKH Ha 5—7 °C mpeBbllaeT 3aJaHHOE
3HayeHue. Bo BTopom cityyae perynnpoBaHHie MPOUCXOIUT IJIaBHO, IIPU ONTUMAIb-
HBIX 3HaueHUAX kod(pdunuentop PID-perynupoBaHus craTUCTHUECKasl OMHNOKa
TeMmIneparypsl He npessimaet 3 °C.

80

70

=\
6 o~ N\

—— Temmneparypa ycraBku / Set point

—— Kp=0,1;Ki=0,5;Kd=0,1.
40
— Kp=02:Ki=0,1;Kd=0,01.

30

20 T g
0 10 20 30 40 50 60 70

t, MUH / t, min
Puc. 5. I'paduku nepexomaHbIX MPOIECCOB MPU U3MEHEHUH K03 (UINEHTOB
PID-perynupoBanus TeMieparypsl
Fig. 5. Graphs of transient processes when changing PID temperature control coefficients

ANTOpUTM PErynupoBaHUs IPOLECCOM NTACTEPU3ALMU MOJIOKA B 3KCIIEPUMEHTATIb-
HOH yCTaHOBKE IIPEACTaBJIEH Ha pucyHKe 6. [locne BKIOUEHUs yCTAHOBKU IIPOXOAUT
ee MHUIMaIu3alus — IpoBepka 0a30BBIX HapaMETPOB, HECOOTBETCTBUE KOTOPBIX
C IPENYyCMOTPEHHBIMH 3HAYCHUSIMH HE MO3BOJISIET MPOBOAUTH MPOLIECC MacTepu3a-
nuy. TakuMu napaMmeTpaMu SBJISIOTCS TOK U HalpsDKEHUE MUTaHMs, T0JaBacMble Ha
MHAYKTOP, a TaKXKe CKOPOCTh NepeMEIINBAaHMs U TEMIIEpaTypa nacrepuzannuu. Eciou
3THU MapaMeTphl HE COOTBETCTBYIOT IIPEyCMOTPEHHBIM 3HAYEHUSAM, YCTAaHOBKA IIEpe-
3amycKaercs.

[Ipu cOOTBETCTBUM BBEACHHBIX JaHHBIX IIPOUCXOIUT 3alyCK SKCIIEpUMEHTA MacTe-
pH3aIMK MOJIOKa, CIeyeT MOCTOSHHBIN aHAIN3 TaHHBIX, TOJyYaeMbIX C IaTYUKOB, U UX
BBIBOJ HA 3KPaH MaHEN! YIPaBICHHUS.

Ecnu Ha IpoTsHKeHNN BCETO SKCIIEPUMEHTA BCE H3MepsieMbIe TaHHBIE HE TPEeBHIIIa-
0T JIOITyCTUMBIX IIPEENIOB, SKCIIEPUMEHT 3aBEPIIAETCS B INTATHOM PEXUME, NaHHbIE
3aIIUCHIBAIOTCS B (hailiibl, a HEKOTOPBIE BBIBOAATCS Ha 3KpaH. [locne okoH4YaHus u3Me-
peHuil B OkHO «MeHI0» BRIBOAUTCA rpaduK 3aBUCUMOCTH TEMIIEpaTyphl IACTEPU3aLUU
ot BpemeHu. [locie nmoctpoeHus rpaduka NpOUCXOAUT €T0 CoXpaHeHue B popmare
n3obpaxenus PNG, ¢opmupyercst oT4eT 3KcriepuMeHTa.
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Hauano / Start

Bxmouenue / Power On

BBoz 1aHHBIX ceaHca
KcnepuMenTa /
Experiment session data input

v

Bri6op chipbs 1 ero oobema /
Choice of raw and its volume

CooTBeTCTBHE BBEICHHBIX IAHHBIX /
Entered data conformance

Her/No

3anuch napamMeTpos
aBapHItHOTO cOObITHS /

Emergency event 3
parameters record CoxpaHeHHE BBEICHHBIX JIAHHBIX M PEKHMA Konen / End

perynupoBanus / A
T Saving of entered data and regulation mode
Asapuiinblii ocranos / + DopmupoBanue otyera /
Emergency st ” Pr—— el 0 y
ergency stop | e espeimen | Report forming

A + T

BbiBojl H3MepseMbIX
napamerpos / . KOHTpOIIb H3MEPACMBIX JTaHHBIX / 3anncey
Measurable data B Measurable data control JIaHHBIX /
output Data
record
COOTBETCTBHE H3MEPACMBIX 3aBepuicHue
JIAHHBIX BBC/JICHHBIM NapamMeTpam / IKCHepUMenTa /
Conformance of measurable data to Experiment
entered parameters finish
A

Puc. 6. Anroput™ peryJaupoBaHus Ipolecca NacTepu3aliii MOJIOKa B 9KCIIEPUMEHTAIIbHOH YCTaHOBKE
Fig. 6. Algorithm for regulating the milk pasteurization process in an experimental unit

O0cy:x1eHue 1 3aKJII0YeHHe

Pa3paboTaHo KOHCTPYKTHBHOE PELICHUE PACIIONOKEHHS OCHOBHBIX 3JIEMEHTOB
Y Y3JI0OB [ YCTAaHOBKH JUIUTEIBHON MacTepU3alMU MOJIOKA C MHIYKIIMOHHBIM Ha-
rpeBoM. B xolie uCnbITaHUN IPUHIUIIA UHAYKIIMOHHOIO HAarpeBa Ha HEPKABEIOLIUX
crainsx pasHoro coctaBa AISI 304 u AISI 430 mpu BEIOpaHHBIX 3HAUYEHUAX OCHOBHBIX
BenuunH U, R, L u | u puxcupoBanHOM 3HaueHUU pe3oHaHCcHOW yacToThl 40 k11
CI€CJIaH BBIBO, YTO AJId OCYHICCTBJICHUA BO3HUKHOBCHUA MHAYKIIUOHHBIX TOKOB Ha
MMOBEPXHOCTH EMKOCTH HeoOxoamma Hakiianka u3 geppomarautaoit ctamu AISI 430,
HaBaprBaeMas TOBEPX OCHOBHOM €MKOCTH, U3TOTOBIICHHOM W3 MHUILEBON HEP)KaBEIO-
et cranu AISI 304, npuMeHsieMoi B MUIEBON POMBIILIEHHOCTH. Hcrionas30Banue
CHUCTEMBI HH{YKTOPOB, MOBTOPSIOMINX IUJIMHIPHUYECKIH TPOPUITh EMKOCTH, II03BOJIN-
JI0 CO3/1aTh MPOTOTHIT YCTAHOBKH JIByMSI 30HAMHU HarpeBa B 3aBUCUMOCTH OT 00beMa
00pabaTpIBaEMOTO CHIPHS.
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B mpouecce BeimonHeHus padboTh OblIa pa3padoTaHa CHII0Bas I1aTa Uil CONPsHKEHHS
ypoBHel curnanoB B MK, coznanbl cxeMsl JipaiiBepa Kitoueil Ha T0JIEBBIX TPaH3UCTOpax
IGBT. Takke pa3zpaboTan aqroputm Ajs ynpasieHus padoroii u PID-perynupoBanust
npolecca nacTepu3alii MOJIOKa B SKCIIEPUMEHTAIILHON YCTaHOBKE Ha 0aze MHKpO-
komrnbroTepa Raspberry Pi, Ho3BoJISIIOIIEro yUUTHIBATE TAPaMETPhI TEXHOIOTHYECKOTO
nmpouecca 1 MaKCUMaJIbHO TOYHO UX IMOAACPKUBATH B NIPCACIIaxX 3a4aBa€MbIX BEJIMUNH.
ITomoOpanb! onrTUMaNbHEIE 3HAUeHMS KodhdurmerToB PID-perymipoBanus, ¢ TOMOIIBIO
KOTOPBIX BO3MOJKHO YACP)KUBAaTh 33JaHHYIO TEMIEpaTypy acTepU3alluy, ClIOCOOHYIO
3¢ GEeKTUBHO HENTPAIH30BaTh BCE MATOTEHHBIE OAKTEPHH.
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Abstract

Introduction. Control of the presence of subsurface defects in products from composite
materials is necessary for verification of products after release from production and in the
process of operation.

Aim of the Study. The purpose of the presented work is to estimate the parameters of sub-
surface defects using local laser thermography, suitable for quality control of both small
objects and suspicious areas of large objects with curved surfaces.

Materials and Methods. The laboratory setup on which this work was carried out includes
a robotic arm, a COX CG640 thermal imager and a 3 W laser. The method was tested on
a fiberglass sample with introduced delamination defect simulations located at different
depths below the surface. By means of computer modeling rational parameters of thermo-
graphic control were selected, providing reliable detection of the defect at a depth of up to
3 mm under the surface of the composite sample.

Results. Numerical modeling of surface temperature field induced by moving focused
laser beam was carried out using COMSOL software package. It showed that laser beam
with 3 W power moving at 5 mm/s provided the thermal contrast sufficient to detect
the defects at the depth up to 3 mm. The obtained experimental data are in satisfactory
agreement with numerical modeling both qualitatively and quantitatively. Experimen-
tal data were used to construct a regression model for determining defect depth based
on the maximal thermal contrast and the time interval between heating and the contrast
maximum.
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Discussion and Conclusion. The results obtained in this work allow us to propose a tech-
nique for detecting defects in fiberglass plastics and estimating their depth. The coefficient
of determination for the obtained regression model was found to be equal to 0.95, and the
mean square error of the metric was no more than 0.016 mm?. The use of a robotic arm
to scan objects will make it possible to investigate objects with complex curved surfaces.

Keywords: laser scanning thermography, non-destructive testing, composite materials, fi-
nite element analysis, mathematical modeling
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Annomauusn

Bseoenue. KOHTpoab HanW4Ks MOAMOBEPXHOCTHBIX A€()EKTOB B H3ICIUAX U3 KOMIIO3H-
[HOHHBIX MATEPUATIOB HEOOXOMM ITPH BepU(DUKALUY H3IEIIHI [TOCIIE BBITYCKA 13 IPOU3-
BOZICTBA H B IIPOLIECCE IKCILTyaTaLlIH.

Lens uccnedosanus. Perierne HayIHON MPOOIEMBI OLIEHKH TApaMETPOB MOATIOBEPXHOCT-
HBIX Ie(EKTOB IO pe3yNbTaTaM TOYCUHO Ta3epHO TepMOTrpaduu, IPUTOAHOM JJIsI KOHT-
POJIs KadecTBa Kak MaaorabapUTHBIX U3/IENHA, TAK U MPOOIEMHBIX yIaCTKOB KPYIIHOra0a-
PHUTHBIX 00BEKTOB C KPHBOJIMHEWHOMN TTOBEPXHOCTHIO.

Mamepuanvt u memoowi. JlabopaTopHasi yCTaHOBKA, Ha KOTOPOUM IPOBOAKITHCEH UCCIIEN0-
BaHMs, BKJIFOUasIa B ce0s1 poO0Ta-MaHUIY/STOpa, TeIUIOBH3HOHHY 0 Kamepy COX CG640,
HCTOYHHK JIA3ePHOTO BO3AEHCTBHS MOIIHOCTHIO 10 3 BT. OOBEKTOM HCCIIeI0BAHUS SBIISIT-
Csl TECTOBBIM 00pa3el U3 CTeKJIOYINIeIUIaCTHKA, COep KAl UMUTANK AedeKTa ThHa
«paccIoeHney, PacoNOKEHHbIE Ha Pa3IMYHOM PACCTOSIHUY OT MOoBepXxHOCTH. Ha ocHOBa-
HUHM MaTeMaTH4eCKOr0 MOJICIMPOBAHNUS MOA00PaHbI pAIIMOHATBHBIC PEKUMBI IPOBENCHHS
TepMOTrpapuIecKoro KOHTPOIIs, 00eCIeYnBaOIINe HaIe)KHOE BhIsIBIeHHE NedekTa B Moj-
MOBEPXHOCTHOM CJIO€ (710 3 MM) KOMITO3UIITHOHHOTO Marepuara.

Pesynemamul ucciedosanusi. B xone MCCIEROBaHHS MPOBENCHBI YHCICHHBIE PACUETHI
TEMIIepaTypHOTo HOJIsl TOBEPXHOCTH TECTOBOTO 00pa3lia ¢ MCHOJIb30BAaHUEM ITaKeTa IpH-
kiaagaeix nporpamM COMSOL mocrie TeroBoro BO3ASHCTBUS ABMIKYIIIUMCS JIa3ePOM.

IIpubopoer u Memoobl IKCnepUMEeHMATbHOU PUIUKU
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Pe3ynbrarsl pacueToB MO3BOJIMIIN ONPEIEIUTh PALIMOHAIBHYIO CKOPOCTb 5 MM/C JBHKE-
HUS J1a3epa MOIIHOCTEIO 3 BT, obecneunBaromnyto TpeOyeMblil TeMIIepaTypHBIii KOHTPACT
s neexToB ¢ n1yOMHOHU 3aneranus 10 3 MM. [loiaydeHHbIE SKCIIEPUMEHTAJIbHBIE TaH-
HBIC YIOBJICTBOPUTEIBHO COBMNAJAIOT C YUCICHHBIM JKCIEPUMEHTOM KaK KadyeCTBEHHO,
TaK U KOJIMYECTBEHHO. [IpH 3TOM pe3ynbraThl SKCIIEPUMEHTOB MO3BOJIMIN ONPEACIUTH
PErpecCHOHHYIO MOZEINb Ul pacyeTa MIyOUHbI 3ajeranus Jedexra o MakCUMalbHOMY
TeMIIepaTypHOMY KOHTPACTy U BPEMEHH JOCTH)KEHUSI ITOT0 KOHTPACTA.

Obcyoicoenue u 3axmoderue. Pe3ynbTarhl, MOTy4CHHBIC B XOIE MCCIICAOBAHUMN, TO3BOIIIN
HPEUIOXKHUTD aJTOPHTM OOHAPYKEeHUs 1e(DEKTOB B U3ACIUAX U3 CTCKIIOYIICIUIACTHKA, 4 TAKKE
DIyOnHy 1X 3ajieranus. Kosdduument nerepMuHanmm ais mory4eHHONH perpecCHOHHON MO-
Jneny okasasicst paBHbIM 0,95, a merpuka MSE (cpenusist KBagpaTndeckasi OlmMOKa) CocTaBHIIa
ne Gostee 0,016 mm?. Micnionb3oBaHne poOOTa-MaHHITYIISITOPA UIsL CKAHUPOBAHHUSI U3IEIIHS T10-
3BOJIUT B Oy/IyIlleM KOHTPOJIMPOBATH U3IEIHS CO CIIOKHOIM KPHBOIMHEHHOM TOBEPXHOCTHIO.

Kniouesvie cnosa: nazepras ckaHupyomias Tepmorpadus, Hepa3pyLIaroLyil KOHTPOIIb, KOM-
MO3UIMOHHBIC MATEPHAIIBI, KOHEIHO-IEMEHTHBIN aHAJIM3, MATEMATHIECKOE MOJICIIMPOBAHUE

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

bnazooapnocmu: ViccnenoBaHue BBIONHEHO 3a CUET TpaHTa PoccHIICKOro Hay4HOTO
donma Ne 20-19-00602 ¢ ucnosnb3oBanueM obopynosanus [IKIT TamGoBckoro rocyaapcet-
BeHHOTO yHHBepcutera nMeHn [. P. Jlep>kaBuna u LIKIT «Po6ororexuuka» TamOoBckoro
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Introduction

Composite materials are suitable for manufacturing lightweight and durable products,
so they can be used in aircraft and automotive industries, and for a renewable energy
sector. At the same time, these materials are subject to increased reliability requirements,
making the task of detecting internal defects at different stages of manufacturing and
operation especially relevant [1]. The defects such as delamination and fiber damage in
the material can lead to reduced mechanical properties including strength and stiftness,
resulting in a potential risk of structural failure.

To detect internal defects, non-destructive testing (NDT) methods are usually used.
In the case of composite materials, the scientific and technical literature provides in-
formation about a variety of NDT methods for assessing the quality of materials and
detecting defects. Infrared thermography [2], ultrasonic [3] and thermoacoustic tests [4],
X-ray inspection [5] are just some of the methods used to inspect products made from
composite materials. Each of the above methods has its own advantages and disadvan-
tages and associated areas of application. One of the most common methods is ultrasonic
testing, which allows for accurate detection of internal defects, their position and size.
The use of phased arrays and machine learning methods have significantly expanded
the information content of the method and the accuracy of testing [6; 7]. However, this
method has a drawback — there is a blind spot near the surface of the product. In ad-
dition, this method is demanding in terms of the quality of the test object surface and
the presence of lubricant. Therefore, for such defects as delamination, lack of glue, and
the defects located at a depth of 0 to 3 mm, it is advisable to use methods that are free
of these disadvantages. Thermographic methods of active testing, which have recently
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been developed significantly, can be used as such [8; 9]. These methods are based on
a specially organized thermal effect on the product material and subsequent registration
of the temperature field of its surface, the distortion of which indicates the presence of
internal inhomogeneities in the material. These inhomogeneities can be caused by em-
bedded elements, which are known in advance, and by defects that need to be detected.
Halogen and xenon lamps, lasers, a flow of hot air or liquid, and thermoacoustic emis-
sion and dissipation of mechanical energy during friction or impact are used as a source
of thermal influence [10—12]. Additionally, there are known the methods involving the
direct cooling of the tested product surface [13].

The use of incandescent lamps, in particular halogen lamps, which are most widely
used in thermographic testing, makes it possible to heat quickly a large area of the test
object and detect defects by the presence of anomalies in the non-stationary temperature
field. However, in our opinion, the use of such lamps is not always advisable for several
reasons. Firstly, the lamps do not provide uniform heating of the test object with a curved
surface. Secondly, it is necessary to use various types of screens to protect against glares
caused by the reflected infrared light of a hot lamp and its fittings from the surface of an
object. In this regard, it makes sense to use local heating of the sample using a laser with
the power necessary to achieve a given temperature contrast of the defective zone and
a thermal imaging camera with a sensitivity threshold better than the temperature contrast
of the defect in the thermal imaging image. The camera can be fixed relative to the test
object, or move along with the source being at a certain distance from it [14; 15]. To
increase efficiency of testing, you can use several laser radiation sources placed at a fixed
distance from each other (from several mm to several cm), or a laser beam deployed in
a line [16]. In addition, the use of a robotic manipulator as a tool for moving the laser
makes it possible to maintain a given direction of the light flux relative to the normal to
the surface and, thus, ensure uniform heating of the sample along the movement trajec-
tory. If there are any structural inhomogeneities in the material, temperature anomalies
zones occurring on its surface will be recorded using a thermal imaging camera. To
detect the defects, researchers use technical vision systems based on machine learning
technologies [17], and classical image processing tools [10].

Laser spot thermography has a higher sensitivity to surface and subsurface defects,
but low productivity, so it is advisable to use it for additional inspection of product
problem areas detected by other inspection methods, or for inspection of small-sized
products. In the article by Rellinger T. and co-authors [18], it was shown that laser
thermography in combination with other methods is a more reliable method than all
currently known ones.

As the thermography analysis shows, the decisive effect on the effectiveness of testing
is exerted by the choice of rational operating parameters when organizing the thermal
effect on the test object, and the velocity of the thermal effect point on the surface of the
sample. Thus, to measure these parameters, it is necessary to use numerical simulation
of the temperature field on the sample surface that makes it possible to select acceptable
testing parameters to ensure its effectiveness.

During a thermographic monitoring, it is important not only to find defects, but also
to measure their boundaries and occurrence depth. Concerning long-pulse thermal effects
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caused by the energy of halogen lamps, there are many studies devoted to determining
the monitoring effectiveness and the occurrence depth of defects [19-21]; however, no
similar studies has been found for the method of laser point thermography. To solve the
problem of measuring defect parameters using the results of laser point thermography,
it was necessary to do the following:

1) through using mathematical modeling, select rational modes of thermographic test-
ing that ensure accurate detection of a “delamination” type defect in the subsurface layer
of the composite material;

2) develop an installation and verify the monitoring method using a test sample;

3) develop a model to estimate the occurrence depth of defects, an algorithm for
testing and data processing.

Literature Review

In the article by Jiao D. and co-authors [16] it is proposed to use a method of la-
ser point thermography [18] for testing surface cracks with a small opening width, for
which the linear laser scanning method produces blurred shapes and low temperature
contrast. The proposed analytical models of the temperature field on the surface of the
test sample show that the temperature gradient at the heating point is influenced by the
distance from the crack to the heating point, and the ratio of the sample material thermal
conductivity coefficients and the substance filling the crack. The low thermal conductiv-
ity of the crack material makes it difficult to transfer heat through it that when scanning
with a point heat source, leads to a sharp change in the temperature gradient. Thus, in
the temperature distribution along the sample scanning line, where the trajectory of the
heating spot intersects the crack, higher temperature fluctuations will be observed. Jiao
D. and co-authors in their article [16] propose to restore the shape and location of the
entire surface crack in the product after repeated laser scanning of the sample surface
in different directions. However, the author did not consider the possibility of using this
method to detect subsurface defects.

In the article by Ibarra-Castanedo C. and co-authors [22], there was studied robotic
line scan thermography (LST) for testing the aerospace industry products. The method
involves line-by-line heating of a part with simultaneous obtaining of a series of ther-
mograms using a thermal imager, which, together with a heating source, moves over
a stationary sample. The robotic method enables to inspect large areas of objects under
monitoring, following the “relief” of their surface with high accuracy and scanning
velocity [14; 15]. The drawback of this method is inability to determine the occurrence
depth of the defect, because the thermal imager moves with the heat source and records
the areas temperature field concurrently after heating.

When using laser scanning thermography, an urgent task is to increase temperature
contrasts. This is necessary to obtain information about the texture of the defect area,
highlight the defect boundaries and increase the difference between the defect area and
defect-free areas of the material. Contrast enhancement techniques typically involve
converting sample surface temperature maps [23] or adjusting temperature distribution
histograms [24]. However, when using these methods, noise in thermal images increases
resulting in loss of defect information. That is why recently, special algorithms have
been developed. For example, in the article by Li Y. and co-authors [25], a method for
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increasing the contrast of a thermal image with homomorphic technology was proposed.
The essence of this technology is to perform a non-linear transformation of a thermal
image with the result that the non-additive factors making up the image become additive
to facilitate processing with increasing contrast in the frequency domain.

Some methods are based on preprocessing the data from defect-free areas in the
infrared range [26]. The study results have shown that this method effectively reduces
the effect of uneven laser energy distribution on the defect detection efficiency and
improves the quality of information about internal defects. Moreover, the combination
of the proposed preprocessing method with pulsed phase thermography and principal
component analysis algorithms improves the ability of laser infrared thermography to
detect defects inside aircraft carbon fiber reinforced plastics .

In this regard, we can conclude that in general, scanning thermography is extremely
sensitive to the monitoring process parameters. Therefore, the study and justification of
optimal modes of active thermal effect on the surface of samples through using numeri-
cal modeling for the correct and reliable operation of algorithms for post-processing
temperature fields is an urgent task.

Materials and Methods

To select rational modes of the thermographic monitoring process, there were
carried out numerical calculations of the temperature field of the virtual test sample
surface. The equation of unsteady thermal conductivity (Fourier-Kirchhoff law) for
a three-dimensional temperature field [27] was used to simulate the temperature field
in the sample using the finite element method. The heat source was described in ac-
cordance with the equation’:

—n-quO-f(O,e)een, (D)
where P, is rated laser power, W; f(O,e) is a function that considers the direction and
degree of heat release irregularities in the laser beam-heated area; O = O(x, y, z, t)are
coordinates of central laser focusing point at the current time 7; e is vector quantity
describing the radiation direction in relation to the body surface; » is the normal vector
to the sample surface; ¢ is the heat flow vector.

Inside the heating spot, heat release occurs according to the normal distribution law,
which corresponds to the equation?:

£(0.¢)= 2;62 exp[— d j; )

20°

Jetz-o)

el

; 3)

where d is the set of points inside the laser beam at the current time; o = 2.5 mm is the laser
beam standard deviation with respect to the central laser focusing point coordinate.

! Yilbas B.S. Laser Heating Applications: Analytical Modelling. Elsevier; 2012.
2 Ibid.
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External heat transfer is convective heat transfer on the side walls in accordance
with the criterion equations of natural convection on horizontal and vertical walls?,
and radiant heat transfer on the side walls of the plate in accordance with the Stefan-
Boltzmann equation:

—n-q=8c7(T4 —T4), 4)

amb

where T =20 °C is the ambient temperature.

As a modeling object, we considered a plate made of fiberglass in the shape of a par-
allelepiped of size 150x40x10 mm. When modeling, the following material properties
were: heat capacity ¢ = 1 369 J/(kg-K), density p = 1 900 kg/m?, thermal conductivity
0,3 W/(m-K). The internal cavity in the form of a parallelepiped of size 10x10x1 mm,
located in the central part of the plate, was considered as a defect (Fig. 1).

Defect

Laser radiation

50

0 Direction of laser movement
Fig. 1. Amodel sample, mm

During the simulation, the heating spot moved along the middle line of the top
face along the length of the sample long side. The following velocities for the laser
beam moving were set: V, =5, 10 and 15 mm/s and the defect occurrence depth
defppn = 0.5; 1;1.5; 2; 2.5 mm.

As a result of numerical modeling, there were found the data of temperature distri-
butions on the surface of the sample along the laser scanning line. As an example there
is given the temperature distribution (Fig. 2) across the red line (Fig.1) of a test sample
containing a defect located at a depth of 1 mm. It can be seen that the presence of a defect
significantly distorts the temperature field in the vicinity of the central point x =75 mm.
In this case, after the heating spot passes over the defect, the temperature difference
(temperature contrast) between the defective and defect-free zones reaches its maximum.

For the velocities of the heating spot movement along the surface of the sample in
the range from 5 to 15 mm/s, the values of temperature contrasts were calculated; plot-
ting the dependences shown in Figure 3 reveals that the most acceptable laser velocity
can be determined to be 5 mm/s for a laser power of 3 W and a defect depth of 1 mm.

3 Kasatkin A.G. [Basic Processes and Devices of Chemical Technology : Textbook for Universities].
Moscow : Al'yanS; 2009. (In Russ.)
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Fig. 2. Temperature of the sample surface along its length at different times (s),
defr}epth: 1 mim, V,aser =5 mm/s
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Fig. 3. Temperature contrasts on the defective sample surface at a depth
of 1 mm, 2 mm and 3 mm, for different laser velocities

The criteria to select the operating parameters for monitoring are the temperature
contrast of the surface above the defect (reliably detected by a thermal imager), and the
temperature of the sample material, which should not exceed 100 °C.

Thus, the results of numerical modeling indicate the advisability of choosing a ve-
locity of 5 mm/s, which provides a temperature contrast of at least 4 °C and heating the

sample no more than 80 °C.
152
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To check the adequacy of the numerical calculations, there were carried out ex-
perimental studies of a control sample made of fiberglass / (Fig. 4), which is a plate
200%350 mm and 5 mm thick. This sample had artificially created “delamination” type
defects, because in it during the manufacturing process, there were placed titanium
plates in a fluoroplastic shell at different depths (between 1 and 3 mm), which were later
removed. Two groups A and B were formed, each containing six defects in the form of
trapezoids, differing in size.

Group A defects with bases of 15 and 10 mm and a length of 50 mm had a depth
of 1.2; 1.1; 2.3; 1.3; 1.0; 2.3 mm (according to Fig. 4 from left to right); and group B
defects with bases of 5 and 10 mm and a length of 50 mm had a depth of 1.1; 3.1; 2.2;
1.2; 3.0; 2.1 mm respectively.
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Fig. 4. Test sample sketch

The studies were carried out using a robotic complex consisting of a 5-axis robotic
manipulator, the working part of which was a laser with adjustable power up to 3 W
and a wavelength of 405 nm.

The basis of the robotic complex is a training and research manipulator with a spherical
service area PASKAL DELTA 5X-ARMDUINO (manufactured in Chelyabinsk (Russia).
The Delta 5X robot (Fig. 5) belongs to the class of manipulators equipped with a direct
computer testing system of the PCNC (Personal Computer Numerical Control) class.
The robot control unit 3 receives data from the computer 5, interprets it and controls the
movement of the working body 2 (laser) of the manipulator /, energized by the power
supply 8. The thermal imaging camera 6 COX CG640 is used to obtain information
about the temperature field of the control object 7. It has uncooled long-wave bolometric
detector with a resolution of 640x480 pixels, temperature sensitivity of no more than
30 mK, lens with a focal length of 20 mm and manual focusing.

9,
w
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The laser power is controlled by a Type 4 Arduino controller via its Pulse Width
Modulation (PWM) output.

Fig. 5. Experimental setup ‘

The thermal effect point moved from the laser along the sample surface at a given
velocity by solving the inverse problem of kinematics and trajectory control.

During testing, the laser beam moved at a velocity of 5 mm/s along the surface of
the control sample perpendicular to the long axes of the defective zones, thus scanning
a set of defects with different depths. In addition, due to the trapezoidal shape of the
defects at different laser passes, the trajectory of the heating point intersected the defects
along segments of different lengths.

Based on thermal images recorded by a thermal imaging camera, thermograms were con-
structed using the developed software. To filter random noise, thermograms were smoothed
using the convolve method from the NumPy library of the Python programming language.

Results

Figure 6a shows a typical thermal image frame when scanning the surface of a test
object with a subsurface defect. In this case, the product surface (Fig. 6b) is inhomoge-
neous, which causes anisotropy of thermal properties.

t, °C
—194.79

87.18

79.56
71.95
64.34
56.72
49.11
41.50
33.88

26.27
a) b)

Fig. 6. Temperature trace of a laser heating spot when passing through
the product defect zone (a) and a photograph of the product material surface (b)
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Based on the data obtained, the dependences of temperature on time and coordinate x
in the defective (Fig. 7) and defect-free (Fig. 8) areas were revealed. The visible distortions
of the temperature peaks at the moment of the heating spot passage of the sample area
are explained by the inhomogeneity of the surface structure and thermal anisotropy of
the material, which includes fibers with different emissivity degrees (Fig. 6b).
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Fig. 7. Thermograms at various times in the vicinity of the defect B4 (Fig. 4)
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Fig. 8 Thermograms at various points in time in the defect-free area

Of particular interest is the time dependence of the temperature difference in the
defective and defect-free areas of the sample after passing through the laser heating spot,
since the value of the maximum temperature and the time to reach this temperature are
signs of the defect depth [28]. Fig. 9 shows the experimentally obtained dependences of
temperature 7, on time 7 for the defective area B4 and temperature T, for the defect-free
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are. During and after heating, the temperature difference is determined by surface het-
erogeneity and is uninformative for the model of the dependence of the defect depth

AT(r) =T)(r — A7) — T'(2),

where Az is an interval between the start of heating at the points at which temperatures 7,
from 7' are measured. The cooling rate of the material depends on the presence of a de-
fect. The smaller is the depth of the defect, the earlier and more significantly the rate of
temperature change decreases, and the greater the temperature contrast (Fig. 9) between
the defective and defect-free areas of the sample. To determine the defect depth from ther-
mographic data, one can use analytical solutions obtained by solving a complex inverse
problem of thermal conductivity or using the results of numerical calculations [13; 14].
The latter requires significant computing power and time. To estimate the defect occur-
rence depth, an estimation obtained using multivariate regression analysis is often suffi-
cient. For a model that allows predicting the defect occurrence depth using the empirical
data, we formed training samples consisting of the values of variables (predictors) and the
values of the quantity being determined (in accordance with Table 1).
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Fig. 9. Dependence of the temperature difference on time in the defective 7.
and defect-free 7| areas of the sample after passing the laser heating spot of defect B4 (Fig. 4)

Temperature values T, and T, for constructing thermograms were taken as the ave-

rage from an area of 20%20 pixels of the thermal image of the heating spot temperature
trace (Fig. 6a).

Table 1
Training sample structure

Ne Maximum temperature | Time to reach maximum

oC ¢ Depth of defect #, mm | Defect width w, mm
o emperature, 7., S

1 6.64 3.9 1.2 7.1

2 5.54 4.2 1.1 6.6

3 0.74 13.7 3.0 7.0

4 0.8 14.0 3.1 7.2
30 4.05 5.01 2.2 12.1
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As aresult of applying the nonlinear multivariate regression algorithm from the
“Sklearn.linear_model” library of the Python programming language, a regression mo-
del was obtained that has the form:

h=-0.24-T}ux +0.04-7 0 +0.045-w+2.31, (5)

where /4 is predicted value of the defect occurrence depth. At the same time, the quality
metrics of the regression model were equal: coefficient of determination R*=0.95, and
the mean square error MSE = 0.016 mm?. Model verification on the test sample also
showed satisfactory results (Fig. 10).

251

Prediction, mm
(3%
=
\

1.0 ~
100 125 150 175 200 225 250 275 300
Depth of occurrence of the defect, mm

Fig. 10. Scatter diagram for the regression model for determining the defect depth of the
(* means predicted values; + means a model)

The results obtained during experimental studies made it possible to propose and
implement the following algorithm for detecting and determining the occurrence depth
of defects.

1. Determining scan paths for a product made of composite materials to identify
defects with different orientations;

2. Calculating control actions on the robot manipulator drives to implement the
specified scan paths;

3. Scanning a product with a laser at a constant velocity along specified scan paths;

4. Constructing thermograms for scanning lines filtered from random noise using
the “np.convolve” method based on temperatures obtained 10 s after passing the hea-
ting spot (Fig. 11). Thermograms for this time value will be informative for subsurface
defects of the product located at depths of up to 3 mm.

5. Determining local amplitude values T (i = 1, 2,..., n) obtained thermograms and
finding time values 7, after passing the heating spot, when these amplitudes become
maximum and equal 7, . By valuesz, and 7,  the defect depths are found using
the regression model (2).
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Fig. 11. Thermograms obtained for different times after passing the heating spot

6. The boundaries of defects are determined by local maxima of the first derivative
according to the x coordinate for the obtained thermogram (Fig. 12). As experiments
have shown, the measuring error in the defect width based on the maximum and mini-
mum of the first derivative does not exceed 5% if the occurrence depth is up to 1 mm,
and 10% if the occurrence depth is from 1 to 3 mm.
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Fig. 12. Thermogram for A4 defect (v = 25 mm) after 4 s
interval since heating beam passage
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Fig. 13. The first derivative of the distribution 7 (x) according to the x coordinate
to determine the defect boundaries

Discussion and Conclusion

The paper discussed a robotic complex, which implements the method of dynamic
scanning thermography using the local thermal effect of a laser on the test object. The
experimental studies carried out to identify subsurface defects of the “delamination”
type have shown high sensitivity and the ability not only to determine the presence of
a defect, but also to determine its boundaries and estimate its occurrence depth. The
method is suitable for testing small-sized products, and for more careful monitoring of
problem areas of large-sized objects made of composite materials [14]. The experiments
have shown that at the initial stage of the thermal process, the surface structure of the
product is of great importance that makes it possible to record surface defects, but at
the same time, makes it difficult to detect subsurface defects. To detect such defects ac-
curately, it is recommended to cover the surface of the test area with matte black paint.
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HNudopmanus 1711 aBTOPOB U YHTATEICH

Hayunslit ;xypHan «HXeHepHbIE TEXHOIOTUH U CUCTEMBD) ITyOITMKYET OPUTUHAIIBHBIE HAYYHBIE HCCIIE-
JIOBaHMSI, CIIOCOOCTBYIOIINE PAa3BUTHIO HAYKH B 00IaCTH MH)KCHEPHBIX CUCTEM U TEXHOJIOTUH.

Kypnan BxitoueH B IlepedeHb perieH3UpyeMBIX HAayUHbBIX U3IaHUH, B KOTOPHIX JOKHBI OBITH OIYy-
OJMKOBaHBI OCHOBHBIC HAay4HBIE PE3yJIBTaThl JUCCEPTAIMil Ha COMCKAaHWE YYEHOH CTeleHH KaHAWaara
HayK, Ha COMCKaHHE yYCHOH CTEIeHH JOKTOPA HAyK MO HAyYHBIM CIIEIHAIBHOCTSIM U COOTBETCTBYIOIIHM
UM OTpacCisiM HayKH:

1.3.2. IIpnOophI 1 METORBI SKCIIEPUMEHTAIBHON (DH3UKH (TEXHIIECKHUE HAYKH)

1.3.6. OnTuka (TeXHUYECKHE HAyKH)

1.3.13. Dnexrpodu3uka, MeKTpoGU3NIECKHE YCTAHOBKY (TEXHUUECKUE HAyKHN)

2.5.3. TpeHue 1 M3HOC B MAIIMHAX (TEXHUYECKHE HAYKH)

4.1.4. CanoBoncTBO, OBOLIEBOICTBO, BUHOTPAIAPCTBO U JIEKAPCTBEHHBIE KYJIBTYPhI (TEXHUUECKUE HAYKH)

4.3.1. TexHoMOrMHM, MAIIHMHBI 1 000PYIOBAaHKE VTS arpONPOMBIIIIICHHOTO KOMIUIEKCA (TEXHUYECKHUE HAYKH)

4.3.2. DIeKTPOTEXHOJIOTHH, SEKTPOOOOPYIOBaHHE U SHEPrOCHA0KEHHE arpONpPOMBIIIICHHOTO KOM-
IUIeKca (TEXHMIECKHe HayKH)

He nomyckaercst HanpapiIeHNE B PENAKIHIO YKe OITyOMKOBAaHHBIX CTAaTel MM CTaTeH, OTIIPABICHHBIX Ha
IMyOJIMKAIHIO B IPyTHE XKypHAIEL. B cirydae oGHapy:KeHHsI OTHOBPeMEHHOM MOIAYH PYKOIHCH B HECKOIBKO
M3/1aHUI ONy0JIMKOBAHHAS CTAThs OyAeT peTparupoBana (0TO3BaHAa U3 ne4yaTu). MOHUTOPHHT HECAHKIIHO-
HHMPOBAHHOTO [IUTHPOBAHUSI OCYIIECTBISIETCS C IOMOIIBIO CHCTEM «AHTUIIIaruam u «iThenticatey.

JKypHan npuBeTcTByeT CTaThH, IMEIOIIHE ITOTEHIHATEHO BEICOKIH MMITAKT-()aKTOp W/HITH COAeprKaline
Marepual O 3HaYUTEIbHBIX JOCTI)KEHUSX B YKa3aHHBIX HarpasieHusx. Oco0oe BHUMaHKE CIIeyeT yAeIUTh
KadecTBy HepeBosa. JKemarensHo, YT0ObI OH OBLT BEIITOIHEH HOCHTENEM aHIIMICKOTO SI3BIKA.

Ipu MOATOTOBKE CTaThH K MyONUKAINH B XKypHane «HXeHepHbIe TEXHOIOTUH U CHCTEMBD» HE00X0-
JIMMO Y4YECTh CIISTYIONHE TyHKTHI:

1. Ykazars YJIK.

2. 3aroJI0BOK CTaThH JJOJKEH KPAaTKO U TOYHO OTPaXKaTh COJEPIKAHUE CTaThU, TEMATUKY U PE3yIbTaThl
HPOBEJICHHOTO UCCIENOBAHUSL. [Ipu6ooumcs Ha pycckoM U AHIUNICKOM A3bIKAX.

3. AunoTtamms (200-250 c0B) BHITONHAET QYHKIUIO PACIIMPEHHOTO HAa3BaHUS CTATHH U MOBECTBYET
0 ee coziep>kaHu. B Hell OIKHBI OBITh YETKO 0003HAYEHBI CIIEIYIONIHE COCTABHBIC YaCcTH:

1) Beenenwue (Introduction);

2) lens crathu (Aim of the Article);

3) Marepwuains! 1 Metoxs! (Materials and Methods);

4) Pesynbrarsl uccnenosanus (Results);

5) O6¢cyxnenue u 3akmouenue (Discussion and Conclusion).

TIpusooumcs na pycckom u QHUICKOM A3bIKAX.

4. KnroueBble ciioBa (5—10) sBISIOTCS HOMCKOBBIM 00pa3oM HayyHOH cTaThu. B CBs3M ¢ 3TMUM OHH
JIOJDKHBI OTPa)kaTh OCHOBHEIE ITOJIOKEHYS, TOCTIKEHUS, PE3Y/IbTaThl, TEPMUHOIOTHIO HAYIHOTO MCCIIEA0Ba-
HUSL. [Ipugoosamces Ha pycckom u an2IuiicKom A3bIKax.

5. baarogapuocTu. B 3TOM paznene ciaenyer ynoMsHYTh JItOfIeH, MOMOTraBIIMX aBTOPY MOJITOTOBUTH
HACTOSIIYIO CTaThIO, OPraHU3alNH, OKa3aBIIre (PHHAHCOBYIO MOIICPKKY. XOPOIINM TOHOM CUHTAETCS BEI-
paxkeHue OJIaroapHOCTH AaHOHUMHBIM PeLIeH3eHTaM. [Ipugooamces Ha pyccKom U aHeIUCKOM A3bIKAX.

6. OCHOBHOIi TEKCT CTAaThH M3JIaraeTcsl Ha PyCCKOM HIIM QHIJIMHCKOM SI3BIKAX.

1) Beenenne — moctaHOBKa HAydyHOH NPOOJIEMBI, €€ aKTyalbHOCTD, CBSI3b C BKHEHWIIMMH 3a/1adaMH,
KOTOpBIE HEOOXOIMMO PEeLINTh, 3HAYEHUE JUIsl PA3BUTHS OIPEEICHHOI 0Tpacin HayKH WM NPaKTHYECKON
JeATEIHOCTH.

2) O630p nuTeparypsl. HeoOxomumo onucars OCHOBHBIE (IIOCIEAHHE IO BPEMEHH) MCCICIOBAHUS U
IMyOJIMKanK, Ha KOTOPBIE OIMPAETCsI aBTOP; COBPEMEHHbIE B3INI/IBI Ha NMPOOJIeMy; TPYIHOCTH NP pas3pa-
60TKe JAHHOH TEMBI; BBIICIUTH HEPELIEHHBIE BOIIPOCH B IIpeeax 00ImeH mpoOieMbl, KOTOPBIM MOCBSIIECHA
CTaThsl.

3) Marepuansl 1 MeToAbl. B 1aHHOM pasiene ONMHMCHIBAIOTCS MPOIECC OPTaHU3aIMU SKCIEPUMEHTa,
NPUMEHEHHbIC METOIMKH, UCIIONb30BAHHAS alllaparypa; JAaloTcst MoApoOHbIe CBeleHH 00 00beKTe uccie-
JIOBaHMSI; YKa3bIBaeTCsl MOCIEIOBATeIbHOCTh BBITOJHEHHS HCCIIEOBAaHNUS M 0OOCHOBEIBAeTCS BHIOOP HC-
MOJTb3YEMbIX METOIOB (HAOMIOIEHNE, OIPOC, TECTHPOBAHHUE, SKCIIEPUMEHT, Ja00PAaTOPHBIH OIIBIT U T. 11.).

4) Pe3ynbrarsl Hcciaen0BaHus. ITO OCHOBHOW pasJied, Leb KOTOPOTro — PH IMOMOIIY aHai3a, 00001ie-
HUS ¥ pa3bICHEHUSI TAHHBIX JOKA3aTh paOOUyIo THIOTE3y (TUIOTe3bl). Pe3ynbraTs! JOMKHBI OBITH N3IIOKEHBI
KpPaTKo, HO TIPU 3TOM COJIEPKaTh JOCTATOYHO MH(OPMAIIMH JJIsI OLIEHKU CAETAHHBIX BHIBOIOB. TaKoKe TOMK-
HO OBITH 000CHOBAHO, TIOYEMY I aHaJIM3a ObLIN BEIOPAHbI IMEHHO ATH JAHHEIE.
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5) ObcykieHre U 3aKIIIOUCHUE. B 3aKIF0UeHHH CYMMUPYIOTCS PE3YJIbTaThl OCMBICTICHHS TEMBI, Jeia-
I0TCsI BBIBOJIBI, 00OOIIECHHS U PEKOMEH ALY, BBITEKAIOIIIE U3 PabOThI, TOIYEPKUBACTCS UX MPAKTHYECKASL
3HAYUMOCTb, @ TAK)KE ONPEICIAIOTCSI OCHOBHBIC HANPaBJICHHUS [Tl JalbHEIMIIero HCCaeI0BaHus B 3TOH 00-
JIacTH.

7. Cnucok Jurteparypbl (opopmisiercss B coorBercTBuH ¢ Tpedosanmsmu ['OCTa P 7.0.5-2008).
CcpuiatbCsi Hy’)KHO B TIEPBYIO OUepellb Ha OpPUTHHAIBHbIE HCTOYHUKY U3 HAyYHBIX JKYPHAJIOB, BKIFOUCHHBIX
B TI00aJIbHBIE MHACKCHI IUTHPOBaHus. JXKenarenpHo nenosb3oBarh 3040 ncroynukoB. 3 HUX 3a moclnen-
Hue 3 rofa — He MeHee 20, HHOCTpaHHBIX — He MeHee 15. Cnenyer ykaszate DOI nnu agpec noctyna B cetu
Unrepuer. Ogopmnsemces ha pycckom u aHTUICKOM A3bIKAX.

8. 00 aBropax. ®.1.0., oprannzanusi(u), agpec opranuzanun(if) (Tpedyercs ykasarb BCe MecTa pa-
0OTBI aBTOPA, B KOTOPBIX BBIIOIHSUIMCH UCCIIENOBAaHUS (IIOCTOSIHHOE MECTO, MECTO BBIITOIHEHHS IIPOCKTa U
Ip.)), IOIKHOCTH U yaeHoe 3Banue, ORCID, Researcher 1D, snekrponHas modra, TeseoH, MOYTOBBII agpec
JUISL OTIIPABKU @BTOPCKOTO IK3EMIUIAPA. [Ipusooumcst Ha pycckom u aHeIUICKOM A3bIKAX.

9. 3asBIeHHBIH BKJIa aBTOPOB. B KoHeI pykonncy HeoOXOAMMO BKIIFOYUTE IPHMEUAHNS, B KOTOPBIX
pazbsicHsieTcs pakTHYeCKHi BKIIa]] KaXKI0T0 COABTOPA B BBIOJIHEHHYIO paboTy. [Ipusooumcs Ha pycckom u
AHRTUTICKOM SA3bIKAX.

10. Texuuueckoe oopmiaenue.

1) Penakumst mprHHUMaeT TEKCThI, coxpaHeHHbIe B (opmare .doc, .docx, .rtf. XKenarenasHo ncmonb30BaTh
mpudt Times New Roman, kernb 14 u mHTepBan 1,5 cTpokn. PaccraHOoBKa MEpEeHOCOB BPYYHYIO HE JIOIY-
CKaeTcs. 3alpelaeTcsl UCIONIb30BaTh JBOHHBIE MPOOENBbI B TEKCTE, & TAKXKE BBIIOIHATH OTCTYNBI (KpacHas
CTPOKa), UCIIOJIb3Ysl IIPOOEIIBL.

2) ®opMynbl HAOMPAIOTCS COYETaHHEM OCHOBHOTO Iipu(Ta U mprdTa Symbol (MckirodeHne s Ipooei,
cyMM, KBazparHoro kopssi) B Microsoft Equation 3.0 (Pegakrop dhopmyin B Microsoft Word) um Math Type 6.
Jlarunckue 3Haku B hopMyntax ¥ 0003HAYEHMSX (KaK B TEKCTE, TaK U Ha PUCYHKaX) HaOHParoTcst KypCHBOM.
DopMyIIBI HyMEPYIOTCS B KPYIIBIX CkoOKax. HymepoBarh ciemyeT TosbKo Te ()opMyIibl H ypaBHEHHs, Ha KOTO-
PpbIe €CThb CCBUIKA B OCIIEIYIONIEM H3JIOKESHUH.

3) Bce Ha3BaHMS, OMIMCH U CTPYKTYPHBIE SJIEMEHTHI rpad)UKOB, TaOMHI, CXeM H T. 1. 0QOPMILIIOTCS Ha
PYCCKOM U aHIJIMHCKOM S3bIKaX.

4) PucyHKky MOTyT OBITH IIPEJICTABIEHBI B PACTPOBOM MIIH BEKTOPHOM (hopMaTe ¢ pa3pelieHIeM He HIDKE
300 dpi. OHE DOKHBI IOMYCKaTh PENaKTHPOBAHUE TEKCTa M BO3MOKHOCTH M3MEHEHHMs pa3mepoB. Bcee rpa-
(ryeckue aHHBIE TTOMEIIAIOTCSl B TEKCT CTAaThH, a TAKXKE BBICBUIAIOTCS JIOMONHUTENIBHO B BUE OTACIBHBIX
Gaiinos. PazHOXapaKTepHbIe HUTIOCTPALMH HEOOXOIMMO IIPHBOUTH K SAMHOMY CTHIIIO rPad)IecKoro Ucron-
HEeHHs, coOmozias eauHooOpasue ux odopmiieHns. I'padukn, cxembl n 1UarpaMMbl HEOOXOAUMO OGOPMIIATH
B Microsoft Excel.

Ipu nozjaye cTaTby B PEAAKIIMIO aBTOP COIVIALIACTCS C MOJIOKEHHUAMH MPHIIAraeMoro JIMIEH3HOHHOTO
JIOroBOpA.

BaxkHBIM 3TaroM B mporecce 0T0opa CTaThU SBISIETCS pelieH3upoBanue. B xxypHane «HKeHepHbIe
TEXHOJIOTHH U CHCTEMbD» NPHHSITO «/IBOIHOE clernoey (PeleH3eHT U aBTop He 3HAIOT UMEH JPYT pyra) pe-
LIEH3NpOBaHue cTaTell. PerieH3eHT Ha OCHOBAaHNY aHaIM3a CTAaThH NIPUHAMAET PEIISHIE O PEKOMEH AN ee
K IyOJIMKALMH WK O €€ OTKJIOHEHHH. B cilydae HecoriacHs aBTopa CTaThu ¢ 3aMEYaHUSIMHU PELICH3CHTA ero
MOTUBHPOBAHHOE 3asBJICHUE PACCMATPHBACTCS PEAAKIIMOHHO KOJUIeTHel.

IMonuTHKa peIaKIIOHHO# KOJUIET UK )KypHana 6a3iupyeTcs Ha COBPEMEHHBIX IOPHANYECKHX TPeOOBaHHU-
SIX B OTHOILIEHWU KJIEBETHI, aBTOPCKOI'O IIpaBa, 3aKOHHOCTHU U IU1arvara, noaacpKuBact KO}IBKC OTHUKHU HAy4-
HBIX ITyOMuKammii, copMyanpoBaHHEI KoMHuTeTOM 1O STHKE HayYHBIX ITyOIHMKaIMi, ¥ CTPOUTCS C YIETOM
STHYECKUX HOPM pabOThl PEIAKTOPOB M M3AATENCH, 3aKperieHHbIX B Koaekce MoBeieHHs 1 PYKOBOISIINX
NPUHIMIAX HAaWIydIleld MPpaKTUKK JUTs pelakTopa sxypHaia u Kojekce moBeneHus i H3aaTelis JKypHaa,
paspaboranHbx Komurerom mo mybnukanmonHoit atuke (COPE).

«/HKeHepHbIe TEXHOJIOTUH U CHCTEMBD» — XYPHAJI OTKPBITOTO JOCTYIIA, TO €CTh BCE COACPKAHNUE HAXO0-
JIATCS B CBOOOTHOM JOCTYIIE OECIUIaTHO IS TT0IB30BATeNs B COOTBETCTBHU ¢ omnpenenenneM BOAI oTkpeI-
TOTO JocTyna. Marepuassl KypHaia JocTynHbl 1o jmieH3nn Creative Commons “Attribution” («Atpuly-
uusi») 4.0 Bcemuphast.

XKypHan pacrnpocTpaHseTcs 10 MOAINCKE, 3asBKaM BBICIINX YUeOHbBIX 3aBEICHHMIl, YUpeKaCHUN 00pa-
30BaHMs M OTAENBHBIX JinIL. [ToamucHoi nuaaekc — 70539.

Cenun Iletp BacunbeBny — maBnblid pegaxrop. Ten.: +7 (8342) 23-32-60.

JleBues Anexceil IlaBnoBud — 3amecTuTeNb NNIaBHOTO penakTopa. Tem.: +7 (8342) 25-41-01.
lopnunra Ceernana BukropoBHa — OTBETCTBEHHEBIH cekpeTaph. Tem.: +7 (8342) 48-14-24.
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