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I/IH)KeHepHLle TEXHOJIOI'MH U CUCTEMBbI
PELEH3UPYEMBII1 HAyYHBIH KypHaJl OTKPBITOTO JOCTYIIA

Lenp Hay4HOTO KypHaIa OTKPHITOro noctyna «MHxeHepHbIe TEXHOIOTUH U CHCTe-
MBD) — 3HAKOMCTBO YMTATEJICH C pe3y/bTaTaMi OPUIMHAIBHBIX HAyYHbIX HCCIICIOBAHUM
B 00J1aCTH arponpoMBIIIICHHOTO KOMIUIEKCa U MAIMHOCTPOeHNS Poccnyt v 3apyOeKHBIX
cTpaH. Muccus )KypHajla — CO31aHHE MEKAYHAPOAHON TUIOLIA KK JUTs HAyYHOM TUCKYC-
CHUH MCCIIEIOBATENICH, 0OMEHA OITBITOM U IyOJIMKAIMY aKTyalIbHBIX TOCTHXKEHUH B chepe
WHKCHEPHBIX CUCTEM U TEXHOJIOTHH.

JKypHan agpecoBan vcciieIoBaTeNsIM U CIICIHATNCTaM, Pa0OTAIOIMM B MallIHHO-
CTPOEHMU U CEIbCKOM XO3AHCTBE, IPEToaaBaTelisiM, acllIpaHTaM U CTyACHTaM BBICLINX
yueOHBIX 3aBEJICHU, a TAKIKE IMUPOKOMY KPYTY YUTATENICH, HHTEPECYIOIIUXCS IIEPCIIeK-
TUBHBIMH HaIIPaBJICHUSAMH OTEYECTBEHHOH U 3apyOe:KHON MHKCHEPHH.

Penaxmus )xypHaia oCylecTBIsSET HAyYHOE PELIEH3NPOBAaHKE (JIByCTOPOHHEE CIIETIOE)
BCEX MOCTYNAIOIINX cTarei. PyKomuch crarby HalpaBisieTCsl HA peLiEH3UPOBaHUE IS
OLICHKH €€ Hay4YHOTO COZIepKaHusl HECKOIbKIM BEIYIIUM CHEMAIICTaM COOTBETCTBYIOIIETO
npouIIsl, IMEIOIINM HayuHYIO CTICIUaIN3aLHio, Hanbosee OIMN3KyI0 K TEMaTHKE CTaTbU.

Penakmus sxypHana peaqusyeT NPUHLINII HYJIEBOM TOJIEPAHTHOCTH K IUIaruary.
MOHHUTOPUHI HEKOPPEKTHOTO LIUTUPOBAHUS OCYLIECTBIISETCA C MIOMOILBIO CUCTEM
«Antumnaruar» u «iThenticatey.

Pacnpoctpanenme — Poccuiickas ®enepanus, 3apyOeKHbIC CTPAHEI.

JKypnan npemocTaBisieT OTKPBITHIA JOCTYII K IIOJTHBIM TEKCTaM Ty OIUKAINA, HCXOJIS
U3 CJICIYIOIETO IPUHIIMIIA: OTKPBITHINA JOCTYII K pe3yJbTaraM MCClleJOBaHUi cr1oco0CT-
BYET YBEJIMUCHHIO INI00AJIEHOTO OOMEHA 3HAHHUSIMHU.

Kypnan BrimtoueH B [lepeueHnb perieH3upyeMbIX HayYHBIX H3IaHUM, B KOTOPBIX JOJKHBI
OBITh OITyOJIMKOBAaHBI OCHOBHBIC HAayUHBIE PE3YJILTaThl IUCCEPTAILINI HA COMCKAHUE YYEHOH
CTEIICHN KaH/IW/aTa HayK, Ha COMCKaHUE YUCHOW CTENCHM JOKTOPA HayK IO HayYHbIM
CHENHAIBHOCTSIM U COOTBETCTBYIOLIUM UM OTPACISIM HayKH:

1.3.2. IIpuGopsl 1 METOMBI AKCIIEPUMEHTATBHON (PU3UKHU (TEXHHYECKUE HAYKH)

1.3.6. OnTuka (TeXHUYEeCKHe HayKH)

1.3.13. Dnexrpoduznka, HeKTpopU3nIecKre YCTAaHOBKH (TEXHHYECKIE HAyKH)

2.5.3. TpeHune 1 U3HOC B MalIiHaX (TEXHUYECKUE HAyKH)

4.1.4. CanoBoaCTBO, OBOLIECBOJCTBO, BUHOIPAIapCTBO U JICKAPCTBEHHBIEC KYJIBTYPHI
(TeXHUYEeCKHe HayKH)

4.3.1. Texnonoruu, MalvHbI ¥ 000PYIOBAHUE [JIS arPOIIPOMBIIIIIEHHOTO KOMILIEKCA
(TeXHUYeCKre HayKH)

4.3.2. DNEeKTPOTEXHOIOTHUH, JIEKTPOOOOPYIOBAaHNE U SHEPrOCHAOKEHHE arpoIpo-
MBIIIEHHOTO KOMITJIEKCa (TEXHUUECKUE HayKH)

Kypran uHIEKCUpYeTCs U apXUBHPYETCs B 0a3ax TaHHBIX:
Web of Science Core Collection (ESCI)
Russian Science Citation Index (RSCI)
Poccwuiickom nHekce HaydHoro nutupoBanus (PUHLI)

Kypnan sBisercs uneHom Open Access Scholarly Publishers Association (OASPA),
Directory of Open Access Journals (DOAJ), Committee on Publication
Ethics (COPE), Accounanuu HayuHbsIx penakropo u usnareneid (AHPU), CrossRef

MarepuaJibl )KypHaia J0CTyIHbI 1o guien3un Creative Commons “Attribution”
(«Atpubynmsi») 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 foreign countries.
The mission of the journal is to create an international platform for scholarly disputes of
researchers, exchange of experience and publication of the articles on current achieve-
ments in the field of engineering systems and technologies.

The journal is addressed to researchers and specialists working in mechanical en-
gineering and agriculture, teachers, postgraduates and students of higher educational
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 manu-
script of the article is sent for review to several leading specialists of the corresponding
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 Doc-
tor and Candidate of Sciences in scientific specialties and their respective 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 Science Citation Index (RSCI)

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

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

Cenun IleTp BacuiibeBuY — 2nasnoitl pedakmop, TOKTOp TEXHUUECKHUX HayK, mpodeccop,
pyKoBOIUTENL BEICIIEH IITKOIBI pa3BUTHS HAyYHO-00pa30BaTEILHOTO IOTEHIIHATIA
HaruoHa bHOTO HCClieJoBaTelIbcKoro MOpI0BCKOIO TOCYAapCTBEHHOTO YHHBEPCHUTETA,
ORCID: https://orcid.org/0000-0003-3400-7780, vice-rector-innov@adm.mrsu.ru
(Capanck, Poccuiickas @enepanus)

JleBueB Auiekceii [laBiaoBuY — samecmumens 21asHo20 pedakmopa, TEXHUUSCKUX HayK, mpodeccop,
3aBeyIoIui Kaderpol TerIodHepreTHIecKuX cucteM HaroHabHOTO HCCIen0BaTeNbCKOTO
MopmoBckoro rocynapctBeHHoro yHusepcutera, ORCID: https://orcid.org/0000-0003-2429-6777,
levtzevap@mail.ru (Capanck, Poccuiickas deneparmst)

Yarkud Muxauia HukonaeBuu — savecmumens 21aeHo2o pedakmopa, TOKTOP TEXHHYECKUX
HayK, mpodeccop kaderpbl MOOMIIBHBIX SHEPIeTHIECKUX CPE/ICTB M CEIIbCKOX03SHCTBEHHBIX
MammH nmenu npogeccopa A. 1. Jlemanknaa HaroHansHOTO HCCIE0BATENBCKOTO
MopnoBckoro rocynapctBeHHoro yausepcutera, ORCID: https://orcid.org/0000-0002-3758-7066,
chatkinm@yandex.ru (Capanck, Poccuiickas ®eneparivisi)

TI'opauna Exarepuna IlaBinoBHa — omeemcmeennblii cekpemaps pelakliii HayYHBIX )KypPHAJIOB
HanmonaasHOTo Mccie1oBaTesIbckoro MopIoBCKOro rocy1apCTBeHHOTO YHHBEPCHUTETA,
vestnik_mrsu@mail.ru (Capanck, Poccuiickas deneparms)

Aunaxsepaues Cypxaii Parum oribl — JOKTOp OHOJTOTHYECKHX HayK, akaJeMHK Poccuiickoit AkazemMun
EcrectBo3Hanms, npodeccop kadenpbl 3KONOTHU 1 PUPOIONONIB30BaHNs MOCKOBCKOTO 11€Iarornyeckoro
rocynapcTBeHHoro yHUBepcutera (Mocksa, Poccuriickas deneparst); npodeccop kaheapsl 1ecHoi
nHaycTpun bapreiHcKoro rocynaperBeHHoro yausepeurera (baptoin, Typrms)

AcrtaxoB Muxaui BiaguMHpPOBHY — TOKTOP TEXHUYECKHUX HAYK, Ipodeccop Kadeapsl KOJTEeCHBIX
MalIiH U MPUKIaaHoi Mexanuku Kamysckoro guinana MoCKOBCKOTO rOCYAapCTBEHHOTO
TexHUUYecKoro yuusepcurera umenu H. O. baymana, ORCID: https://orcid.org/0000-0001-8675-1611
(Kamyra, Poccuiickast @eneparmsi)

Bynrakos Ajexceii I'puropbeBuY — JOKTOp TEXHHYECKUX HAyK, Hpodeccop Kadeapsl MPOMBIIILICHHOTO
U rpakaHckoro crpoutenbcTa FOro-3amaanoro rocynapersennoro yuusepcurera (Kypcek, Poccuiickast
Denepanusi); mpodeccop CTpouTeabHOro haxyibreTa J[pe3aeHcKoro TeXHHYECKOro YHHBEPCHUTETA,
ORCID: https://orcid.org/0000-0003-4261-9840 ([Ipe3nen, ['epmanns)

T'epoep FOpmii BopucoBHY — TOKTOP TEXHUYECKUX HAyK, Ipodeccop Kadeapsl TEXHOIOTHH
1 000py0BaHKS IPOM3BOACTBA U IepepadOTKH MPOTYKINH )KHUBOTHOBOACTBA KpbIMCKoTO (heneparbHOro
yHuBepcutera umenn B. W. Bepuaackoro, ORCID: https://orcid.org/0000-0003-3224-6833
(Cumdeponons, Poccuiickas Demeparis)

Ysxenn Jlaiidpen — Ph.D., npodeccop, nekan [1Ikonsl sHepreTrkn [[3sHCYCKOro YHUBEpPCHTETA HAYKH
1 TEXHOJIOTUH, TUPEKTOp MeKTyHApOHOM 00BEAMHEHHO JTab0PATOPHH MO SKOJIOTHIECKON SHEPreTHKe
CyHOB 1 KOHTpoTro BEIOpocoB L[3sHcy, ORCID: https://orcid.org/0000-0002-4110-2199 (Uxsnb13sH, Kuraii)

JumutpoB Basepuii IleTpoBuY — TOKTOp TEXHUYECKHUX HayK, Ipodeccop, 3aBeTy O
kadenpoil yrpaBieHus KadecTBOM JJOHCKOTO rocy1apCTBEHHOIO TEXHHYECKOTO YHHBEPCHUTETA,
ORCID: https://orcid.org/0000-0003-1439-1674 (PoctoB-Ha-/lony, Poccuiickas deneparis)
Kauxun Cepreii lOpbeBHY — TOKTOp TEXHUYECKUX HayK, Tpodeccop Kadeapbl IKCILUTY TAUH
TPAHCHOPTHBIX U TEXHOJOTUUCCKUX MaIINH BOPOHEKCKOT0 rocyapCcTBEHHOTO arpapHOro
yHHEBepcuTeTa nMeHn ummneparopa Ilerpa I, ORCID: https://orcid.org/0000-0002-1844-5011
(Bopounex, Poccuiickas ®enepanms)

Kenesnnkona Oabra EBrenbeBHa — KaHAUAT TEXHUYECKUX HayK, JIOLEHT, AupeKTop MHCcTHTYTAa
SIIEKTPOHUKH U CBETOTEXHUKH HarmoHaIsHOTO HecaenoBaTenbeckoro MopioBCKOro rocy1apCTBEHHOTO
yauBepcutera (Capanck, Poccuiickas deneparist)

Hrymnos Jleonua AsekcaHApPOBHY — JOKTOP (pU3NKO-MaTeMaTHIECKUX HAyK, IIPO(eccop, 3aBe Ty IO
kagenpoit TKOM MNUTMM HaumonansHOro nccieqoBarenbckoro Himkeroponckoro rocyaapcTBEHHOTO
yauBepcutera umenn H. 1. Jlo6auesckoro, ORCID: https://orcid.org/0000-0003-3035-0119
(Hmwxuuit Horopon, Poccuiickas deneparust)

Hcromuna Haranbs JleonnaoBHa — TOKTOp (U3MKO-MaTeMaTHUECKAX HAyK, HAYAIBHHUK
oraena ¢puznueckux Hayk Poccmiickoil akageMun HayK, 3aMECTUTENh akaJeMHUKa-CeKpeTaps
1o Hay4HOOpranu3annoHHoi padore O®H PAH; npodeccop kadeaps! yrnpaBieHns] HHHOBAIUSIMA
MOCKOBCKOTO aBHAIIOHHOTO HHCTHTYTa (HAIMOHAIBEHOTO MCCIIEIOBATEIbCKOTO YHHBEPCHTETA); TIIABHBII
penaKTop Hay4HO-TeXHHYECKOTO KypHaia «Poronmnka», ORCID: https://orcid.org/0000-0001-6008-1226
(Mocksa, Poccuiickas ®enepanns)
Keuemaiiknn Baaguvup HukosaeBny — kaHIUIaT SKOHOMHYECKUX HAyK, JOLEHT, TUPEKTOP
Py3aeBckoro MHCTUTYTa MalIMHOCTpOeHHsT HarnonansHOro nceienoBaresbckoro MopioBCKoro
rocynapcTBeHHOTO yHUBepcuTeTa (Capanck, Poccuiickas deneparis)
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Korun Anexcanap BiaaguMHpoBUY — JOKTOp TEXHUYECKHX HayK, podeccop Kkadenps
MEXaHH3aIUU NepepadOTKH CeTbCKOX03IHCTBEHHOM MpoayKuny HalmoHarbHOTO HCCIeJOBaTeIbCKOTO
Mopnaosckoro rocyaapctseHHoro yausepcurera, ORCID: https://orcid.org/0000-0001-8235-0052
(Capanck, Poccuiickas @eneparms)

Kycmapues ®@enop BacunnseBuu — Ph.D., nexan ¢usnueckoro ¢paxynsrera Yausepcutera Jlap6opo
(JIap6opo, BenuroOpuranus); mpodeccop Komremka HCKyccTB 1 HayK YHUBEpcHTETa Xamu(bl
(AGy-/Tabu, OAD)

Kyxapes Oger HuxonaeBH4 — JTOKTOp TEXHHYECKUX HayK, Ipodeccop, pexrop [lenszenckoro
rocymapcTBeHHoro arpapaoro yausepcurera, ORCID: https://orcid.org/0000-0002-3519-4066
(ITen3a, Poccuiickas denepariust)

JlobaueBckmii SIkoB IleTpoBHY — TOKTOp TEXHUYECKUX Hayk, podeccop, akagemuk PAH,
NepBbIN 3aMeCTUTENb JupeKkTopa deaepanbHOr0 HaydHOro arpouHXKeHepHoro nentpa BUM;
akaieMuK-cekperapb OTIeIeHns cenbCKoX03aiCTBeHHbIX Hayk PAH,

ORCID: https://orcid.org/0000-0001-7863-2962 (Mocksa, Poccuiickas deneparust)

MukaeBa CBeTjiaHa AHATOJILEBHA — JIOKTOP TEXHUUECKHUX HAYK, OLEHT, TIpodeccop
kadenpsl anekTporukn MUPDA — PoccHiicKoro TeXHOJIOTHUECKOTO YHUBEPCUTETA,
ORCID: https://orcid.org/0000-0001-6992-455X (Mocksa, Poccuiickas Deneparimsi)

Hecmusin Anapeii FOppeBHY — TOKTOp TEXHHUECKHX HayK, mpodeccop Kadeapbl TEXHOIOT Uit
U CPEJICTB MEXaHM3AIUH arpoNPOMBIIIIEHHOTO KOMIUIEKCa, 3aMECTUTEIb TUPEKTOpa
10 Hay4HOH paboTte 1 HHHOBAIMAM A30B0O-UepHOMOPCKOTO HHIKEHEPHOTO HHCTHTYTa JJOHCKOTO
rocynapcTBeHHoro arpapuoro yausepcurera, ORCID: https://orcid.org/0000-0003-3473-8081
(3epHorpan, Poccuiickas ®enepanmsi)
OcTpuxoB Banepnii BacuiabeBu4 — TOKTOp TEXHUYECKHUX HaykK, Ipodeccop, TUPEKTOp
Bcepoccuiickoro HayTHO-HCCIIEOBATEIHCKOTO HHCTUTYTA UCTIONb30BAHMS TEXHUKN
1 HepTenpoayKTOB B cenbekoM xo3stiicTBe, ORCID: https://orcid.org/0000-0003-2927-768X
(Tam0OoB, Poccuiickas ®eneparms)

Inornuxos Cepreii AjnekcaHIpoOBHY — TOKTOP TEXHUYECKUX HayK, Ipodeccop
Kadeaphl TEXHOJIOTHH MAIIHHOCTPOCHHST BSITCKOTO rOCyIapcTBEHHOTO YHHBEPCHTETA,
ORCID: https://orcid.org/0000-0002-8887-4591 (Kupos, Poccuiickas deneparust)

HpsiTkoB FOpuii HukonaeBuY — TOKTOP CEIBCKOXO3IHCTBEHHBIX HAYK, MPodeccop Kaeapsl
300TeXHUKU UMeHH Ipodeccopa C. A. Jlanmmua HaroHansHOTO HCCae0BaTeNbCKOTO
Mopaosckoro rocynapcrsenHoro yausepcurera, ORCID: https:/orcid.org/0009-0006-4344-4383
(Capanck, Poccuiickas @enepanus)

Pymuk ®@ennke SIkoBiIeBUY — JOKTOP TEXHUYECKHUX HAYK, Mpodeccop kadeapsl TEXHOIOT Ui
npoaykToB nuTanus CapaToBCKOTO TOCYIapCTBEHHOTO YHHUBEPCHTETA TEHETUKH, OMOTEXHOJIOTHI
n nrxenepun umenn H. W. Basunosa, ORCID: https://orcid.org/0000-0001-8444-0115
(Caparos, Poccuiickas ®eneparis)

Psioouxnna [ommHa AHATO/IbEBHA — JIOKTOP (PM3HKO-MAaTEeMAaTUICCKUX HayK, podeccop,
HayYIHBIH PyKOBOAMUTENH JJAOOPATOPHH ONTHYECKON CHIEKTPOCKOIHH JIa3ePHBIX MaTepHaIOB
HanmoHnapHOTO HCCITeI0BaTeILCKOTO MOPIOBCKOTO TOCYIapCTBEHHOTO YHUBEPCUTETA,
ORCID: https://orcid.org/0000-0001-8503-8486 (Capanck, Poccuiickas ®enepanusi)

Cajnem Adnean-bagex Moxamen — TOKTOp HayK B 001aCTH KOMITBIOTEPHBIX TEXHOJIOTUH, 3aCITyKEHHBIH
npodeccop, pyKOBOAUTENb HCCIEA0BATEIbCKUX JTa00paTOpHil B 001aCTH HCKYCCTBEHHOTO HHTEIIEKTa
1 3HaHUi, npodeccop dakynpreTa KOMIOBIOTEPHBIX U HH(MOPMAIIMOHHBIX HayK yHHBepcuTeTa AiiH [llamc,
ORCID: https://orcid.org/0000-0003-0268-6539 (Kaup, Erumner)

CUMASHKUH ApKaauii AHATOIbeBHY — JOKTOP TEXHUYECKUX HayK, mpodeccop Kadenpbl
OMOMEXaHHKH U €CTECTBEHHO HAay4HBIX TUCHUILINH Poccuiickoro yauBepcurera cropra «['LIOJIMDK»,
ORCID: https://orcid.org/0000-0001-9761-6183 (Mocksa, Poccuiickas deneparust)

Cxpsadun Biragumup AJjiekcaHAPOBHY — JOKTOP TEXHUUECKUX HAyK, Mpodeccop Kadeapsl
TEXHOJIOTU ¥ 000PYNOBaHHs MALIMHOCTPOCHUS [IeH3EHCKOro rocy1apCTBEHHOTO YHHBEPCUTETA,
ORCID: https://orcid.org/0000-0001-7156-9198 (Ilensa, Poccuiickas denepariis)

Tapacos EBrenunii MuxaiijioBu4 — 10KTOp TEXHHYECKHUX HayK, Ipodeccop, 3aBeAYIOIIUI
kadenpoii aBTOMaTHKH, TeIEMEXaHUKH U CBSI3H Ha JKeJIe3HOI0POXKHOM TpaHcropTe Camapckoro
roCyapCTBEHHOT0 yHUBepcuTeTa mmyteit cooduienus, ORCID: https://orcid.org/0000-0003-2717-7343
(Camapa, Poccwmiickas deneparust)

®enynoBa JInaus BsiueciaBoBHA — JOKTOp TEXHUYECKUX HayK, npodeccop PAH, 3aBenyrommii
9KCIIEPHUMEHTAILHON KIIMHUKOH JTab0opaTopuy OMOJIOrNYeCKH aKTUBHBIX BEIECTB )KHBOTHOTO
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Pedaxyuonnas cmamows / Editorial

Ha rpanunne npouJioro ¢ rpsiiymum.
Kypuaa «AH:KeHepHBbIE TEXHOJOIHU U CUCTEMbI»
ormeuaer 35-i1erue!

On the Border Between the Past and Future.
The Journal “Engineering Technologies and Systems”
Celebrates its 35™ Anniversary!

Tot

He nouumari

Cebs cmosiuum

Tonvko 30eco som, 6 cyujem,

B nacmoswen,

A 8o0bpasu cebs uoywum

I1o epanuye npouinoco ¢ epsaoyuum.

JI. Mapmuinos

B atom romy xypHan « IHKeHepHBIE TEXHOIOTHH U CHCTEMBD) OTMEJAET CBoe 35-JeTwe.
[Tpumnuto Bpemst MO3paBUTh KyPHAJ C €ro JOCTHKEHUSIMH 1 BKJIaI0M B 00JIaCTh MH-
JKeHEpHUH, HO, YTO eIlle BaKHee, 3aIITHYTh B OyyIee.

Kypnan ocnoBan B 1990 r. HanmoHanbHbIM HccenoBaTeIbcKuM MOpOBCKUM
TrOCyAapCTBEHHBIM YHUBEPCUTETOM (Jlajiee — YHUBEPCHUTET) MO/ Ha3BaHueM «BecTHuk
MopnoBckoro yHUBepcuTeTa». Perienre o ero u3nanuu ObLJIO MPUHSTO HA 3aceia-
Huu xosueruu l'ocynapcrBenHoro komuteta CoBeta MunuctpoB PCOCP no genam
W3/1aTeIbCTB, NONUrpaduu U KHUKHOM TOProBiH (BBINKMCKA U3 MpoTokoma Ne 17
0t 26.09.1989 r). [1pukaz Ne 363 00 opranu3zanuu U3JaHus MOIITHMCcaH MUHICTEPCTBOM
BBICIIIETO ¥ CPEAHETO CIeanbHOr0 o0pa3oBanus 26.10.1989 1. [maBHBIM pegakTopoM
YTBEPAMIIN PEKTOpa YHHUBEPCHUTETA, 3aciyxkeHHoro aesrens Hayku PCDOCP, mpodec-
copa A. W. Cyxapesa (1990-1992 rr.). B 1992 1. pemakIimoHHY0 KOJUICTHIO KypHaa
BO3IIABUJI pekTop YHHBepcutera, mpodeccop H. I1. Makapkun (1992-2009 rr.).

C MOoMeHTa OCHOBaHUS >KypHaJ U3/1aBajicsl B Me4aTHOM (GopMare, B OTKPBITOM
JOCTyTIe U OecIIaTHO JUIs aBTOPOB. B HeM MmyOIIMKOBAINCH Pe3ysIbTaThl BAKHEHIITHX
HAy4HBIX HCCIIeI0BAaHUN, IPOBOANMBIX B YHUBEPCUTETE M0 BCEM HAYYHBIM CIIeLIHab-
HOCTSIM. 3aj1auy JKypHaJIa ONPeAessUINCh UACSIMU UHTETpallui OTpaciieil Hay4qHOTo
3HAHHS, HICTOPHYECKUM KOHTEKCTOM U OBUIH CBSI3aHBI C 3aJJa4aMH rOCY/IapCTBa B TOJIbI
NepecTpPONKH BhICIIEH KOl OTINYNUTENBHON YepTON MEPBBIX JIET U3AAHUS KypHaIa

© Cenun I1. B., 2025
Konrent nocrynen no ymuensnn Creative Commons Attribution 4.0 License.
3 This work is licensed under a Creative Commons Attribution 4.0 License.
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CTaJI0 OTCYTCTBUE YETKOW CTPYKTYPHI: TIaBHOW LENbI0 OBUI0 MAKCHMAIBHO OXBAaTUTh
BCE HaIPaBJICHUsI HAyYHO-MCCIIE0BATEIbCKON NESTEILHOCTH YUCHBIX YHUBEPCUTETA.
Kaxprit HoMep Jaenmics Ha pyOpUKH, B KOTOPBIX TIEYaTaIuCh PE3yIIbTaThl HCCIISIOBAHUH,
MIPOBOUBIIIMXCS Ha Pa3HBIX (pakynpreTax. OHAKO 10 Mepe pa3BUTHS YHHUBEPCUTETA,
YCIOKHEHHUS €70 CTPYKTYPbI IPOUCXOFIIA U TU(PepeHIHaIHs eANHOTO paHee KypHaa.
C 2006 1. «BecTHHK MOpPIOBCKOTO YHUBEPCHTETA» CTAIT IETUTHCS Ha CEPUH, TTOCKOJIBKY
KaKIBIH (DaKyIbTeT CTPEMIUICS MPEIIOKATD YUTATENSIM BCE OOJbIee KOIMIECTBO
nH(GOpPMAIMN O TIPOBOANMBIX HCCIIEOBaHUAX. MHOTHE CTYAEHTHI M aCIIMPAHTHI By3a
OITyOJIMKOBAJIA CBOM TIEPBBIE HAYYHBIE TPY/AbI HAa €r0 CTPaHMIIAX.

B 2009 1. penakiimoHHYI0 KOJUICTHIO JKypHAJIa BO3MIABII PEKTOP YHUBEPCHUTETA,
norieHT C. M. Boosun (2009-2021 rr.). [louck onTUMaibHON MOAETH pa3MeEIICHUs
MaTepHaoB B KypHAJIC U TEMaTHYECKON CTPYKTYPBI MPHUBEI K CYKCHUIO TEMAaTHKH
¥ U3MEHEHUI0 Ha3BaHus u3nanus. B 2019 1. sxkypHai momy4ns cBoe HeIHELIHEe Ha3BaHUE
¥ BBILIET Ha HOBBIM YPOBEHb MEXXYHAPOAHBIX CTAHIAPTOB, IPAKTUKYEMBIX pelaKuei
Hay4YHBIX KypHaJI0B YHUBepcuTeTa. Mi3menenue reorpaduu aBTOpOB CBUACTEILCTBYET
0 TOM, YTO >KypHaJ BC€ B OOJBIIEH CTEIeH! MpHUBIIEKaeT K ceOe BHUMaHNE MUPOBOU
HAyYHOH OOIIECTBEHHOCTH.

B 2021 1. mmaBHBIM peIakTOpOM Ha3HA4YeH JTOKTOP TEXHUYECKUX HayK, Ipodeccop,
PYKOBOAMTENHh BhICIIel MIKOIBI Pa3BUTHS HAyYHO-0OpPa30BaTEIbHOTO MOTEHIIHATIA
HarmonanpHOTO HiccIe10BaTehecKoro MOPAOBCKOTO TOCYIApCTBEHHOTO YHUBEPCUTETA
I1. B. Cennn (2021 — o nacrosmiee BpeMs). CBUAETETLCTBOM HAyYHOH 3HAYUMOCTH
JKypHaJIa sSIBJISICTCS €ro MHJEKCaIUs B Mex1yHapoHoi 6a3e Web of Science (ESCI),
«benom cniucke» (CMHUCOK HAayYHBIX KYpPHAJIOB, CO3JaHHBIN B LENAX oOecredeHus
MOHHMTOPUHTA U OLEHKHM MyOJIMKAIIMOHHOW akTUBHOCTH), Russian Science Citation
Index (RSCI), HaumonanbHoi 6nbnuorpaduyueckoii 6ase naHHbIX «Poccuiickuii nHAEKC
HayyHoro nutupoBanus» (PUHIL), SHERPA / Romeo, 0a3e xypHallOB OTKPBITOTO
noctyna DOAJ u Bimodenue B IlepedeHs perieH3upyeMbIX Hay4qHbBIX M3/1aHU, B KO-
TOPBIX JOJDKHBI OBITH OITyOIMKOBaHBI OCHOBHBIE HAyYHBIE PE3YIBTAThI IUCCEPTAIIHA Ha
COWCKaHNE YYCHOH CTETIeH! KaHIuAaTa HayK, Ha COMCKAaHNE yUYeHO! CTETeHH JJOKTOpa
Hayk (rrepedenb BAK).

Kpowme Toro, >xypHai BeIcTymaeT ydacTHukoM acconnanun OASPA, mapTHepcTBa
CrossRef, Komurera mo mybmkanmonsoit atuke COPE, mpodheccronansHoro coodmiecTsa
«Acconmanus Hay9HbIX peakTopoB u uznarenein» (AHPI), uto cBumeTenseTByeT 0 cooT-
BETCTBHH PEAKIIMOHHON MOJMTHUKY KypHAJA BBICOKUM MEKITYHAPOIHBIM TPEOOBAHUSIM.

Ha npotsbxkenun 35 neT W3MEHMIOCh MHOTOE: OIHO ThICSUEJIeTHe CMEHUIIO JPY-
roe, CTpaHa craja APYroi, HO JKypHaJ COXPaHWIJI CBOU NE€PBOHAYAIbHBIE MPUHLIUIIBL:
OTKPBITBIH JOCTYI K pe3yibTaTaM HCCIeI0BaHUH, CIOCOOCTBYIONINH yBEINYCHHIO
100aIbHOTO OOMEHa 3HAHUSIMU, TIOJJICP>KKaA CO CTOPOHBI HAYYHBIX IIKOJI YHUBEPCHUTETA
U COJICHCTBUE PACIIPOCTPAHECHHUIO TIEPEIOBBIX HAYYHBIX 3HAHUH.

Lenp HAyYHOTO JKypHAJIa OTKPHITOTO TocTyTa « TH)KeHepHbIE TEXHOIOTUN U CHCTE-
MBI» — 3HAKOMCTBO YHTATENeH C pe3ylIbTaTaMi OPUTHHAILHBIX HAYYHBIX HCCIICAOBAHHN
B 00JIaCTH arponpOMBIIIIEHHOTO KOMITIIEKCA M MAIlTMHOCTpOeHHs Poccnu 1 3apy0exHbIX
ctpas. OH npejyaraeT y4eHbIM | IPaKTHKaM MEXIYHAPOJHYIO TUTOIIAAKY IS HAyIHON
JIMCKYCCHH HCCIieloBaTesiel, 00OMEeHa OIBITOM M ITyOIMKAIMN aKTyalbHBIX JTOCTHKEHHUI.
Kypnax agpecoBaH rccieoBaTessIM 1 CIIEUANIMCTaM, paboTaIOIINM B MAITHHOCTPOCHUH
Y CEJILCKOM XO3SHCTBE, PENOAaBaTeNsiM, aCIIMPAHTaM M CTYIEHTaM BBICIIHX y4eOHBIX
3aBEICHUH, a TaKKe IIMPOKOMY KPYTy UMTaTeNel, MHTepeCyONMXCs NepCeKTHBHBIMU
HarpapJICHUSMH OTEUECTBEHHON U 3apyOCKHON WHKEHEPHH.
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JKypHan crmocoOCcTBYeT pacpOCTPAaHEHUIO HAYYHBIX TEOPHUIA, PE3YIILTaTOB UCCIIEIO0-
BaHWI ¥ TIPE/ITIOKEHUM, a TAKIKE OTBITA B 00JIACTH MHKCHEPHBIX TEXHOJIOTHH HE TOJIBKO
Onarogapsi BBICOKOKQYECTBEHHBIM CTAThsIM, ITyOIMKYEeMbIM B JKypHaJe, HO U HallleMy
AKTHBHOMY MPHUCYTCTBHIO B COIIMATBHBIX CETAX U CO3IAaHHUIO HOBOTO MPOCTPAHCTRA JIJIsI
He(POPMATBHOTO 00CYKACHUS TEM KypHAa.

Penakius xxypHaia oOCyIIeCTRISICT HAyYHOE PELICH3UPOBAHUE (JIBYCTOPOHHEE Clie-
1oe) BCeX MOCTYMAIIIUX cTareil. PyKomnuch cTaThb HalpaBisieTcs Ha pelieH3uPOBaHUE
JJI1 OLICHKHW €€ HAYYHOI'O COACPKAaHUA HECKOJIBKUM BEAYIIUM CIICUaInCTaM COOT-
BETCTBYIOIIETO NMPOGUIIs, UMEIOIIUM HAYYHYIO CHEIHaIN3aliio, Hanboee OIU3KYI0
K TEMATUKE CTAaTbH.

Kypnan npemocTaBnsieT OTKPBITBIH TOCTYI K TIOTHBIM TEKCTaM MyOIMKaLUi, UCXOAS
U3 CIEeIYIOUIETO IPUHIKIA: OTKPBITBINA JOCTYII K pe3yJbTaTaM UCCIIE0BaHUH ClIOC00-
CTBYET YBEIIMYCHUIO TI00ATLHOTO OOMEHa 3HaHMsIMH. [Ipu 3TOM pemakius KypHaia
peau3yeT MPUHIUI HYJCBOH TOJIEPAHTHOCTH K TUIATUATy ¥ OCYIIECTBIISIET MOHUTOPUHT
HEKOPPEKTHBIX 3aMMCTBOBaHHIA.

BesycnorHo, 00beM pelaeMbIxX KYPHATIOM 337184 CTAHOBUTCSI BCE OOJBIIIE, TOCKOIBKY
JIMHAMIYHOE PA3BUTHE HAYKH 00CCIICUNBACT OTPOMHBIN MTOTOK HH(POPMAIHH, TpeOyromei
aHanu3a U 000OIIeHNs, TaK)KE BO3PACTAIOT TPEOOBAHMS K Ka4ECTBY MyOJIMKYEMBIX
MarepuanoB. OJJHAKO KOJIEKTHB KypHana «HKeHepHbIe TEXHOJIOTHHA H CHCTEMBD)
YCIIENTHO CIPABIISIETCS ¢ COBPEMEHHBIMHU BBI30BaMU Oarofapst npodeccnoHamnmy
COTPYAHUKOB. MbI OjarofapHbl aBTOpaM, PElEH3EHTaM, PEIaKTOpaM, U3AaTeisiM
M YUTATEJISIM 3a UX MOCTOSHHYIO Mo KKy. Heo0XomumMocTh cMOTpeTh B Oyyiiee
00s13BIBaCT BCEX YUYAaCTHUKOB PEIaKIMOHHO-U3/IaTEIHCKOTO Mpoliecca MOCTOSHHO
AHAJIM3UPOBATH CEPbE3HBIC HayUHBIE IPOOIEMbI, C KOTOPBIMH MBI CTAJIKUBAEMCS B HACTOSIIIIEE
BpeMsi, (OPMYJIUPOBATh MPEATI0KEHUS, TPOBOJUTH UCCIIEIOBAHUS, KOTOPHIC TIOMOTYT
MIPOJIOJKATh COBEPIIICHCTBOBATh MH)KCHEPHBIE TEXHOJIOTUH U cucTeMbl. [lomiepxxuBarb
BBICOKHI Hay4YHBI YPOBEHb KypHAJla — OJlHA U3 OCHOBHBIX 3aJ1a4 PEAaKIIMOHHON
Koyierud. JIOCTHKEHUE YCIIeXOB JKypHalia MPEICTABISIEeTCSl HAM BO3MOXKHBIM 38 CUET
MPUBJICYCHUS B KAYECTBE aBTOPOB BBICOKO IUTHPYEMbIX YUCHBIX, PACHIUPCHUS OIS
Mpo0JieM U IMyOIUKalui aKTyaJbHOTO XapaKTepa, HEYKIOHHOTO COOMIONEHNUS HOPM
MyOJIMKAIOHHOM ATUKH, TOCTOSHHOTO BHUMAHHS K KQ9eCTBY ITyOITUKaINi.

Cnacubo ecem 6am 3a nooodepicky!
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Abstract

Introduction. The need to increase productivity of grain harvesting equipment and minimize
crop losses has given rise to the increasing use of axial-flow combines (rotary harvester).
The efficiency of harvesting operations depends on correct setting of the adjustable har-
vester parameters allowing full use of its design capabilities. For this reason, it is relevant
to study the problems of optimal adjusting the working tools of a harvester operating in
various environmental conditions.

Aim of the Study. The study was aimed at developing an approach to the choice of optimal
values for the adjustable parameters of the rotor type grain harvesters.

Materials and Methods. Harvesting quality indices, adjustable parameters, and environ-
mental factors are interdependent, so there has been used a linguistic approach to the de-
scription of the subject domain. Information about environmental conditions, the harvester
technical state, interrelations between parameters and harvesting indicators is fuzzy that has
led to the application of the theory of fuzzy sets to solve the problem of optimal choice of
the adjustable parameters. The procedure of fuzzy logic inference has been performed in
Fuzzy Logic Toolbox (MatLab) package.

Results. There are presented the results of the developed approach to the problem of opera-
tional presetting adjustable parameters of a rotary harvester when harvesting various grain
crops under different environmental conditions. The problem solution concept has been
developed on the basis of the fuzzy logic formalism. A linguistic description of the problem
has been given. Models of the considered features in the form of membership functions are
proposed, which adequately take into account the external conditions in which the harvester
operates. Basic and extended term sets have been identified. The optimal models have been
selected on the basis of the consistency analysis of fuzzy expert knowledge using the indica-
tors of general and pair consistency of the models. The results of the solutions obtained have
been illustrated. On the basis of collected and analyzed expert information there has been
created a base of fuzzy expert knowledge including the fuzzy production rules for 12 adjust-
able parameters of TORUM harvester. Different combinations of the values of environmen-
tal factors have been considered, for which there has been given an inference about specific
values of the adjustable parameters.

© Dimitrov V. P, Nurutdinova 1. N., Borisova L. V., Papchenko A. A., 2025
Konrent nocrynen no nunensun Creative Commons Attribution 4.0 License.
=mmm This work is licensed under a Creative Commons Attribution 4.0 License.
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Discussion and Conclusion. The practical significance of the research carried out lies in
the creation of a basis for an intelligent information system to help a rotary harvester
operator in making decisions on choosing adjustable parameter values when harvesting
various grain crops. The use of such a system in field conditions in combination with sen-
sors for continuous monitoring of harvesting conditions and an automated image analysis
system will allow for a prompt response to changing conditions, significantly increase
work efficiency and reduce decision-making time. The implementation of such systems
will significantly reduce the information load on the operator, as well as use operators
with little practical experience during harvesting. The development of such information
systems creates the preconditions for increasing the level of automation of intelligent con-
trol of a grain harvester and is an important stage in the implementation of the approach to
unmanned control of a harvester.

Keywords: rotary grain harvester, adjustable parameters of a grain harvester, preliminary
setting of working tools, axial flow threshing and separating device, linguistic approach,
membership function, production rules, fuzzy inference
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AHnHomauusn

Bgeoenue. HeoOX0muMOCTb MOBBILICHHS TPOM3BOAUTEIBHOCTH 36PHOYOOPOUHOM TEXHUKU
¥ MUHAMH3AIAU TIOTEPh ypokas 00ycIIOBMIIA Bce OOJbIlee MCHONB30BaHNEe KOMOaHOB
C aKCHaJIbHO-POTOPHBIM MOJIOTHJIBHO-CENapHUPYIOIUM YCTPOHCTBOM. D((HEKTUBHOCTH
yOOpOYHBEIX PaboT OmpenenseTcs NMPaBIIBHOCTHIO HACTPOHKH PErylIupyeMBIX Mapame-
TpOB KoMOaiiHa, MO3BOJISOLICH MOIHOCTHIO HCIIOIB30BAThH €r0 KOHCTPYKTUBHBIE BO3MOXK-
HOCTH. B CBSI3M ¢ 3THM akTyanbHBIM SIBISIETCS MCCIIEOBAaHUE MPOOIEM ONTHMAIbHON
HACTPOWKHM paboumx opraHoB kombOaiiHa, QYHKIMOHHPYIOLIETO B PA3INYHBIX BHELIHHX
YCIIOBHSX.

Lenv uccneoosanus. Pazpabotka nomxosa K BIOOPY ONTHMAJIbHBIX 3HAUYSHUI perynupye-
MBIX ITapaMeTPOB 3epHOYOOPOIHBIX KOMOAITHOB POTOPHOTO THIIA.

Mamepuanvr u memoowi. Ilokasarenn kadecTBa yOOPKH, peryiHpyeMble MapameTpsl
U BHEITHHE (aKTOPHI CBSA3aHBI HEOAHOZHAYHBIMH IIEPEKPECTHBIMA B3aNMO3aBHCHMOCTS-
MH, YTO OOYCJIOBHJIO MCIOJIb30BaHUE JIMHIBUCTHYECKOTO TOAX0Aa [UISl ONMCAHUS MpeN-
MeTHOH obmactn. MH(opManus o BHENIHMX YCIOBHSAX, TEXHHYECKOM COCTOSTHUM KOM-
GaiiHa, B3aMMOCBSI3IX MEXy IapaMeTpaMHu U MOKa3aTeliiMU YOOPKH B OCHOBHOM HOCHT
HEYETKHH XapakTep, 3TO ONPEAENIIIO IPUMEHEHHE TEOPUH HEUSTKUX MHOXKECTB JUIS pe-
IIHNUs] 3a[]a49M ONTHUMAJIBHOTO BBIOOpa peryaupyeMbix mapamerpoB. IIporeaypa Heder-
KOTO JIOTHYECKOTO BHIBOJA 3HAYEHWH IapaMeTpoB BHIMONHsIAch B makere Fuzzy Logic
Toolbox (MatLab).
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Pesynomamur  uccnedosanus. IlpencraBieHsl pes3yibraThl pa3pabOTaHHOIO IMOIXOIA
K TpoOiieMe ONepaTWBHON IMPEABAPUTEIFHON HACTPOHKH PETYIHPYEMBIX ITapaMeTpOB
komOaiiHa POTOPHOTO THIIA NMPU YOOpKE 3epHOBBIX KYJIBTYp JUIS PA3IMYHOIO CIIEKTpa
BHEIIHUX ycnoBuii. Ha ocHOBe hopmamni3mMa HEUETKOH JIOTHKH OCTPOCHA CXeMa pellie-
Hus 3a7aud. JlaHO JMHIBHCTHYECKOE omMcaHue 3agadu. IlpennoikeHsl Monenu paccMa-
TPUBAEMBIX NPU3HAKOB B BHAE (QYHKIMI MPHHAUISKHOCTH, aJIEKBATHO YYUTHIBAIOIINE
BHEIIIHUE YCJIOBHS, B KOTOPBIX (ByHKIIHOHUPYET KoMOaiiH. YcTaHOBJIEHBI 0a30BBIE U pac-
MIMPEHHBIE TepPM-MHOXeCcTBa. ONTHMalbHBIE MOJETH BHIOPAaHBI HA OCHOBE aHAIN3a CO-
[JIACOBAHHOCTU HEUETKUX DKCIIEPTHBIX 3HAHMH C UCIIONB30BAaHHMEM MOKa3aTesei oOreit
Y TapHOM COINIACOBAHHOCTH MOJIENIeH. Pe3ynbTarhl OMy4eHHBIX peleHui IPOMILITIOCTPHU-
poBanbl. CoOpaHa U NpoaHaIM3UpOBaHa IKCHEepTHas MH(POpMALUs, Ha OCHOBE KOTOPOM
co3maHa 0a3a HEUETKMX SKCIICPTHBIX 3HAHWH, BKJIIOYAIOMIAS PABHIIa HEIETKOH MPOIYK-
un Ut 12 perynupyeMsix napamerpoB kombaiina TOPYM. PaccMorpens! pasznnyHbie
KOMOHMHAIWY 3HaYeHUH BHEITHUX (haKTOPOB, AT KOTOPBIX MPHUBEACH BBIBOJ] KOHKPETHBIX
3HAUCHUH perylnupyeMbIX 1apaMeTpoB.

Obcyarcoenue u 3axniovenue. IIpakTudeckast 3HAUMMOCTD BBITOJHEHHBIX HCCIICOBAHUN
3aKJII0YAETCsl B CO3JaHMH OCHOBBI MHTEIUICKTYAJIbHOH WH(OPMAIMOHHOW CHCTEMBI IS
MOMOIIM OTlepaTopy KoMOaifHa pOTOPHOTO THIA B MPUHATHU PEUICHHI 1O BHIOOPY 3HA-
YEeHHH PeryInpyeMbIX IapaMeTpoB MpH yOOpKe pa3sIMuHbIX 3epHOBBIX KynbTyp. [Ipume-
HEHHE TaKOH CHCTEMBI B MOJIEBBIX YCIOBHUSX B KOMIUICKCE C JAaTYNKAMHU HETIPEPHIBHOTO
MOHHTOPUHTA YCIOBHH YOOPKH ypOXKasi M aBTOMAaTH3UPOBAHHON CHCTEMOM aHajIm3a U30-
Opa’KeHHH MO3BOIUT ONEPATUBHO PEarnpoBaTh Ha M3MEHEHNE YCIOBHUH, CYIIECTBEHHO MO-
BBICHUT Pe3yJIbTaTUBHOCT pabOThI M COKPATUT BpeMsl IPUHATHS penieHnid. BHenpenue ta-
KHX CHCTEM ITOMOKET 3HAUYUTENIFHO CHI3UTh HH()OPMAIMOHHYIO Harpy3Ky Ha oreparopa,
a TaK)Ke MCIIOJIb30BaTh BO BpeMsl yOOPKH MEXaHM3aTOPOB C MaJIbIM HPAKTUYECKHM OIIbI-
TOM paboTHl. Pa3paboTka momoOHBIX HHPOPMAIMOHHBIX CHCTEM CO3MAeT MPEAIOCHUIKH
MOBBIIICHUS] YPOBHS aBTOMATU3aLUK HHTEIUIEKTYalbHOTO YIIPaBICHUS 36PHOYOOPOYHBIM
KOMOAWHOM W SIBISETCS Ba)KHBIM 3TAllOM Peai3aliy MOAX0Aa K OECIMIOTHOMY yIIpaB-
JICHUIO KOMOaltHOM.

Kntouesnie cnosa: 3epHOyOOpPOUHBIA KOMOAaltH POTOPHOTO THIIA, PEryINpyeMble apame-
TPHI 3epHOKOMOaliHa, HACTPOWKa pabouNX OPraHOB, AKCHATBHO-POTOPHOE MOJIOTHIIBHO-
cerapupylolee yCTpOHCTBO, JMHIBUCTHYECKUH ITOAX0J, (YHKIMH IIPHHAUICKHOCTH,
MPOAYKIMOHHBIE IPABUIIA, HEUETKUI TOTHUECKUI BBIBOL

Kongpnukm unmepecos: aBTopsbl 3asBISIOT 00 OTCYTCTBUH KOH(INKTA HHTEPECOB.

nayumuposanusn: Tumurpos B.I1., Hypyrnunosa M.H., bopucosa JI.B., [Taruenko A.A.
TexHONOTHs HACTPOHKH PabOYMX OPraHOB POTOPHOTO KOMOaifHa Ha OCHOBE HEYETKOTO
MojienupoBanus. Muowcenepuvie mexnonoeuu u cucmemsl. 2025;35(1):13-29. https:/
doi.org/10.15507/2658-4123.035.202501.013-029

Introduction. Ensuring food security is one of the major tasks of agriculture.
Harvesting and preserving crops have an important role in solving this problem. First
of all, this concerns harvesting of grain and grain legumes, while one of the main tasks
is high-quality harvesting with minimal losses. In this area, continuous improvement
of harvesting equipment takes place [1]. Thus, in recent years, the use of grain har-
vesters with axial-flow threshing and separating device (AFTSD) has been increased.
The advantages of this type of the harvesters are higher throughput capability, lower
percent of grain crushing [2], and ability to operate in more weedy fields compared to
the harvesters of classical design [3]. It should be noted that there is carried out con-
tinuous design improving of the harvesters with AFTSD [3; 4], including to expand the
range of harvested crops [5; 6]. Thus, high-performance harvesters with AFTSD are
becoming more widely used, and this is the reason why relevance and importance of
optimal setting of their adjustable parameters are increasing. Effective operation under
various environmental conditions requires adequate adjustment of the working tools
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of the harvester that is based on information about the harvesting factors, performance
indicators, and technical condition of the machine. The interrelations between these
groups of characteristics are complex and ambiguous, and the information itself is dif-
ferent and fuzzy. In addition, the operation in field conditions requires quick response to
changing conditions of harvesting, while the errors in setting parameters of the harvester
result in grain losses, reduced productivity, and increased fuel consumption [7], that is
the inherent design capabilities of the harvester are not used fully. The same is true for
the subject of study in this article — 7" class harvesters with AFTSD — TORUM 740.

The aim of the present paper is using fuzzy logic to develop an approach to the
choice of an optimal preliminary setting of the adjustable parameters of grain harvesters
with AFTSD. The suggested approach is aimed at increasing the harvester productivity
and minimizing losses while harvesting. The results of the study are the basis of the
intelligent information systems (IIS) to help the operator in making decisions on the
choice of values for the adjustable parameters of a rotary harvester.

Literature Review. The central problem during harvesting is minimizing crop losses.
As is known [8], experienced operators have approximately 1.5 times higher productivity
of the harvester, and low overall losses. However, not all the operators have qualification
high enough to set the parameters, which comply with the harvesting conditions. The so-
lution to the problem of optimal choice of the values of the harvester adjustable param-
eters under different harvesting conditions (which can change rather often per day) is the
development of 1IS suitable for solving the assigned problems [8; 9]. These systems will
make it possible for the operators of different qualifications to solve this problem properly.

Over the past few years, the IISs have been successfully used in various areas of
agricultural complex for decision-making, including the problems of managing complex
technical systems using contemporary approaches such as fuzzy modelling, neuron nets,
and automated control systems [9-11].

In solving the problem of increasing productivity of harvesters and optimizing their
characteristics we can distinguish two main lines. The first one is further improving of
the design of a harvester and its individual units, subsystem, and elements. In [7], the
results of comparative studies of energy and harvesting efficiency indicators of rotary
harvesters with different design solutions are presented showing the feasibility of using
such harvesters. There are conducted the studies on making changes to the design of
AFTSD elements [6; 12], which make it possible to increase productivity and quality
when harvesting various crops. The second line of the study is the improvement of the
performance characteristics of a harvester by optimizing modes of operation. The pa-
pers [12—14] present the results of selecting operation modes and setting such parameters
as rotor speed, amount of clearance between a rotor and a concave etc. when harvesting
various crops on the basis of the models constructed on the empirical data. In [15], there
we obtained and analyzed empirical dependencies of fuel consumption and a harvester
parameters setting when harvesting wheat, barley, oats with various humidity and yields,
and there was presented a very significant effect of even small changes in harvesting
conditions on the setting parameters and indicators of harvesting quality.

As already mentioned above, the productivity of harvesters depends largely on
the operator qualification, which is not always sufficient to assess the environmental
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conditions and the corresponding choice of the adjustable harvester parameters. In this
case, a promising direction is reducing the role of the operator while operating the
harvester during field work [8]. This constituent part of design and technological solu-
tions can be implemented through introduction of intelligent information systems in
combination with automated systems for monitoring the state of environmental fac-
tors [8; 16]. Fuzzy models are used for creating these systems [11; 17; 18]. Nowadays,
the expediency of using fuzzy logic for solving the problems of intelligent control
does not raise doubts and is successfully applied, including for solution of the prob-
lems in the agro-industrial complex. The range of such problems is rather wide,
including weeds identification, assessment of yields, assessment of the soil quality,
increase of crop productivity, and efficiency of using fertilizers and others [19-21].
In [22-24], the application of this approach to the problem of assessing the values
of the harvester adjustable parameters is justified.

This approach has been applied in this article to develop the method of choosing
optimal adjustment parameters for the grain harvesters with AFTSD.

Materials and Methods. The proposed approach to the development of a method
for preliminary setting the adjustable parameters of classic drum-type grain harvesters
is presented in [24]. However, rotary harvesters have significant design and technologi-
cal differences, so it is necessary to develop a scheme for solving this problem for the
harvesters with AFTSD.

On the basis of the principle of decomposition, we will divide the problem facing the
decision maker (in this case, the operator) into several subproblems. One of the subprob-
lems is assess the values of environmental factors and performance indicators defining
the next subproblem of parameters choosing. It is reasonable to consider the solution of
each subproblem as a decision-making procedure under the conditions of uncertainty.
In field conditions, it is advisable for the operator to have in advance a certain set of
strategies for his actions in the form of a sequence of certain procedures. In the absence
of these strategies, the risk of making incompetent decision on assessing environmental
factors of harvesting and choice of adjustable parameters values increases for the operator.

We should also note that most part of the factors to be assessed is difficult to be ac-
curately measured, for example, such factors as plant stand density, humidity or grain
dockage. To identify these factors, it is necessary to apply the methods of formalized
assessment by experts.

Making decisions about setting parameter values is based on fuzzy logic inference,
and the process of solving the problem itself incorporates three stages: fuzzification,
composition, and defuzzification. Figure 1 presents a detailed diagram of the process for
solving the problem under consideration. Let us analyze in detail the stages of the solution.

The stage of fuzzification consists in a linguistic description of the problem condi-
tions. The environmental factors that are essential for the problem under consideration
are identified. The set of these factors is denoted as X:

X={X, X, ..X},
where 7 is a number of factors.

The output variable in this problem, the adjustable parameter of the grain harvester,
will be denoted by Y.
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Next, a qualimetric evaluation of the carrier scales is performed, basic and extended term
sets of the linguistic variables (LV) are determined, membership functions pX are defined:

WX: X — [0, 1].

Identification Estimation

of the problem . of consistency Model of the
parameters Fazzification of fuzzy knowledge subject domain

. X
Y —
: m ) ViR ok = omposition n
infestatio 0 m4é

L B 1.l[maxu,,(x)dx
- LI 1 1,2,k Y
) Lodging 0 <?
Y ¢
§
ici iti 1 f
‘f\ Fuzzy logic inference Defazzification Initial values o

adjustable parameters
PP uﬁk,y,)AAuAk,(x» ! P

Harvester speed

(Iy/Y/uB . )dy/) (IHB'(y/Y/)d}'j)
Deductive

/ Rotor speed
inference ) N /

If 4, th B; D 1r—7 > LI
A— trir; ’ o . Clearance between
B— true. 0 t a straw beater and
: )’15 Y a concave

Fig. 1. Scheme of making the solution of the problem under consideration

Source: hereinafter in this article all figures are compiled by the authors of the article.

Typical functions were used to carry out parametric identification. Among the possible
types of functions, a standard set of functions of triangle and trapezoidal forms (Table 1)
are often used to construct the membership functions (MFs). This choice is acceptable
for further use in Fuzzy Logic Toolbox (MatLab) application software package and is
understandable for experts when estimating parameters of the functions. It should be
noted, that it is possible to use other types of functions that satisfy the requirements for
forming MF, for example, a Gaussian function.

Table 1

Type of membership function

When constructing membership functions, the following typical functions were used
(parameters a, b, ¢ and d were assigned separately for each factor and parameter of the machine)

Extreme left term Middle term Extreme right term
0, if x<a;
1, if x<a; 9 ifa<x<c 0, if x<a;
c—a —a .
u(x) = ,ifa<x<b; wx)=11, ifc<x<d;, Wwx)= , ifa<x<b;
— -a
0, if x>b. b2X e d<x<b; 1, if x>b.
b-d
0, if x>b.
18
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Let us detail the issues of constructing the MF. The type of the MF is set axiomatically
taking into account the requirements for symmetry, monotonicity, and other properties
of the simulated attribute, its semantic content. For our problem it is a physical meaning.

The parameters of the MF are determined by experts, so the parameters
meaning should be clear. First of all, the set of values of the MF carrier must be
clearly determined, in which MF is of 0 and 1, for example, for central terms it is
necessary to determine the values x , x,, x,, such that for all x, u (x) = 1, and for all
x<xandx=>x, p (x)=0.

The formal representation of the terms of the linguistic variables on the real R axis is
determined by their physical meaning. Let us denote lower and upper boundary of the set
inf X=x"and sup X = x", and the term, characterized by the carrier located to the left on the
real axis will be numbered by a lower number. Ordering of the set 7 obeys the expression:

(VT € T)(VT, €T)(i > j < (Bx € C)(Wy € C)(x > ¥)).
The term-sets of the MF under consideration should satisfy the conditions:
b (x) =1, ne (X")=1;
(VT e T\{T, )0 < SUP K, (1) <1);
(YT, € T)3x € X)(p, (x) =1);
(VB)3x" € R)(Vx € X)(x' < X <x")).

When constructing the terms in this article, all the mentioned above conditions were
fulfilled and normal fuzzy sets with height of d = 1 were considered

Parametric identification includes determining the optimal number of the MF values —
terms, their carriers, and the MF parameters. The result of structural identification is
a scheme of the problem solution (Fig. 2). Furthermore, it should be noted that this scheme
corresponds to the direct problem, which consists in determining the optimal values of
the adjustable parameters depending on the values of the harvesting factors, i.e. input
variables are the harvesting factors, and the output ones are the adjustable parameters
of a harvester. For the second, inverse problem, it is necessary to structure relationships
between the adjustable parameters and the quality indicators of the harvester operation when
the input variables are the adjustable parameters, and the output ones are the indicators
of the quality of operation.

Input variables Output variables

X:[x],xz,..xn} Y:{y,,yz,-.-ymj
&
GD

Resulting variable
is the value of the
adjustable
parameter

Operator/unit
of value
setting

C=<X. R..R; G>i=T,n

n>

Fig. 2. Result of structural identification of the subject domain
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The power of the set of the problem variables, which are parameters or factors, is
determined by the specifics of the problem. In the problem under consideration, the
powers of the sets of input and output attributes are different. Obviously, they depend
on the type of crop, and in more general context, on the type of a harvester.

In solving the problem of inferring the output variable value using fuzzy logic,
significant importance is given to expert information. Expert estimates of the param-
eters for membership functions are tested for consistency, for that reason, matrices of
consistency indicators and matrices of fuzziness indices are calculated characterizing
the pair consistency, as well as additive and multiplicative indicators of overall consis-
tency of models [24]. Equally important is the contribution of experts to the creation of
a base of production rules that serve as the basis for fuzzy logic inference of the value
of the output parameter.

The selected product model has the form:

i: A= B; (F),

where i is the name of the fuzzy product; 4 = B is the kernel of production, 4 is an
antecedent, B is a consequent, = is a logical implication operator; F is the validity
coefficient of the product, by default it is selected equal to one. The text form of the
product kernel has the form: IF “4 ” and “4,”, THEN “C,”.

The system of fuzzy statements must satisfy the requirements of linguistic non-
redundancy, completeness, and noncontradiction that is one of the conditions for
the adequacy of subsequent decisions.

Letus denote by 4; u B, the statements <I3W is ay, > and <By is Oty]_>, where a,,
is the corresponding values of the terms of the output LV.

With a given system of logical statements for the values of input attributes, the
values of the output parameter Y are such set YO(I) , for each element of which y € ¥;"
the output scheme:

7). y D \.
[v: (IF4, THENB )
A’ — true;
B’ — true.

M

Has the most degree of truth W,,, of the fuzzy rule modus ponens, which is defined
by the expression:

pop (1) = min{L[1=py, W)+ 11, ()]sl =y, W) 411, (0]
The value Mﬁ,g,(l) is the degree of truth of the modus ponens rule for a fuzzy system
of expert statements, it reflects the degree of consistency of the value y"' of the output

parameter Y to the value w' of the generalized input parameter W when specifying
expert information by the fuzzy system:
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o <if A,, then EI>,
O =1L <if A,, then §2>,
. <if A,, then E’m>.

Thus, the decision inference mechanism is based on a model of the given subject
domain which is represented by a composition of fuzzy relationships of semantic spaces
of input and output parameters. In general case, the expanded form of the fuzzy logical
inference for the considered system of knowledge has the form:

Hp = XZX( 1 () AR (X, V).

The defuzzification process consists in converting the fuzzy inference into a clear
number, in this case, into a parameter definite value which is suggested to the operator
for decision-making. There are a number methods which make it possible to inter-
pret a fuzzy value as a specific numeric value. The center of gravity method is applied
more often than others. In this case, the center of gravity is determined as a weighted
average value of all the values in the domain of determining the membership function.
Thus, as a result of the fuzzy inference, the fuzzy number is converted into a clear
number. Defuzzification is the final step in the process of fuzzy inference and makes
it possible to obtain a specific numerical value based on a fuzzy result, which can be
used to make decisions or control the system.

Results. Adaptation of the stages discussed above to the solution of the problems of
preliminary setting of a rotary-type grain harvester allows us to associate the method of
solution with the previously used for setting the harvester of classical type under fuzzy
harvesting conditions [24].

On the basis of our own practical experience of operation of this-type harvesters,
analysis of the literature references [12—14], and expert information about the features
of grain harvesting, groups of harvesting factors and AFTSD parameters and the reap-
ing part were identified as semantic spaces [25]. A fragment of the list of these groups
is presented in Table 2.

Table 2
Input and output linguistic variables
Ne Name of LV Tuple Universal
scale
1 2 3 4
Input LV
1 Yield (Yi) (for wheat) <Yi, hkg/ha{Very small, Small, Average, Large, [10-80]
Very large}>
2 Plantstand lodging (Lod) <Lod, % {Upright, Low, Average, High}> [0-40]
3 Plant stand density (Den) <Den, number of stems {Rarefied, Below [100-1 000]

average, Average, Thick}>
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End of Table 2
1] 2 | 3 4
4 Grain humidity (GH) <GH, % {Dry, Medium-humid, Humid}> [10-22]
Weed infestation of plant stand <WI, % {Absence, Small, Average, Big}> [0-0]
(WI)
6 Strawiness (S) <8, % {Small, Normal}> [40-60]
Output LV
1 Harvester motion speed (HTS)  <HTS, km/h {Very low, Low, Average, High, [2.5-11]
Very high}>
2 Rotor Speed (RS) <RS, rev/min {Very low, Low, Below average, [600-1 100]
Average Above average, Very high}>
3 Horizontal reel extension (HRE) <HRE, mm {Insignificant, Below average, [20-70]
Average, Far}>
4 Clearance between rotor rasps ~ <CRRCR, mm {Small, Average, Big}> [15-20]
and concave rasps (CRRCR)
5 Drift angle of turns of a concave < DATCTP, location {At the beginning, In the [0-38]
threshing part (DATCTP) middle, At the end}>
6 Drift angle of turns of a concave < DATCSP, location {At the beginning, In the [0-56]
separating part (DATCSP) middle, At the end }>
7 Clearance between a straw < CSBC, mm {Small, Average, Big}> [10-35]
beater and a concave (CSBC)
8 Cleaning fan speed at rated <SFSRES, rev/min {Very low, Low, Below [600-900]
engine speed (CFSRES) Average, Average, Above average, High}>

Let us consider a technological process of harvesting grain crops. We will define
X, Y — vectors of environmental factors, adjustable parameters accordingly, and the
vector of quality indicators B.

The components of the vector X are the environmental factors influencing the
harvesting process of spiked cereals are presented by the following sets: X, — yield;
X, — grain humidity; X, — dockage; X, — strawiness; X, — lodging; X, — plant stand
density etc.

The components of the vector Y are adjustable parameters of the reaping part and
threshing machine are presented by the following sets: Y, — harvester travel speed;
Y, —rotor speed; Y, —horizontal reel extension; Y, — clearance between rotor rasps and
concave rasps; Y — drift angle of turns of the concave threshing part; Y, — drift angle
of the turns of the concave separating part; ¥, — clearance between the straw beater and
the concave etc.

As a result of the analysis of the considered sets, there have been identified envi-
ronmental factors that are essential for this problem, adjustable and design parameters
of the harvester. The corresponding linguistic variables have been determined.

Practical experience when harvesting agricultural crops, analysis of scientific pa-
pers [12—14], and design features of the harvester made it possible to establish scales
of carriers identified by LV representing input and output parameters of the problem.
For example, Figure 3 presents boundaries of the terms for the adjustable parameters
of the harvester taking into account characteristic features of the harvested crops.
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Clearance between additional sieve combs (mm):

Crop (i):
— Wheat 8-12 mm
. ° Barley 9-13 mm
—e Rye 11-13 mm
—o Sunflower 6-8 mm

01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 mm

Cleaning fan speed at rated engine speed (rev/min):

Crop (i):
——e Wheat 740-870 rev/min
—e Barley 600-720 rev/min
—e Rye 720-840 rev/min

Sunflower  610-650 rev/min

0 100 200 300 400 500 600 700 800 900 1000 (rev/min)

Fig. 3 Boundaries of the terms of the adjustable parameters

As a result of modelling the subject domain, there were determined membership
functions for all 9 environmental factors and 12 adjustable parameters. As an example,
there is presented a linguistic description of one of the environmental factors — “plant
stand density” of wheat and one of the adjustable parameters — “rotor speed”. Formally,
the description of LV is presented as follows:

<Den_wheat % {Rar, Ba, Av, Th}, [100-1 000]>,
<RS sunflower, rev/min {VL, L, BA, A, AA, VH}, [220-560]>.

When formalizing, standard functions of trapezoidal and triangle forms were used.
The parameters of the functions were determined by 5 experts having practical experi-
ence in field work. To describe environmental factors of harvesting, 2-term, 3-term,
and 4-term models were used.

It should be noted, that an increase in the number of terms when describing input
factors significantly increases the number of production rules of the knowledge base,
i.e. the power of the set of rules increases. Increasing the number of rules can lead to
flaws in knowledge base creating.

Examples of MF diagrams are presented in figure 4. Figure 4a presents the results
of the analysis for the harvested wheat crop with a yield of approximately 50 cent-
ners per hectare, Figure 4b presents the results for sunflower. To determine the MF,
arithmetic mean of experts estimates were used which is justified by a high degree
of consistency of expert knowledge. We also obtained original results for other
crops: rye, barley, oats.
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Fig. 4 Type of membership function for linguistic variables:
a) environmental factor; b) adjustable parameter

Construction of the generalized MFs of inputs and output faces the question of the
values of the weighting coefficients of the parameters specified by various experts.
By default, these coefficients are assumed equal, and then the MF parameters are actu-
ally determined as arithmetic mean of the values given by the experts. This approach
can be regarded as an initial approximation, but it requires justification. In cases when
experts of different qualification are involved, and if experts use various indirect means
for assessment, it is advisable to use one or another form of ranking information ob-
tained from different experts. For example, Fishburne numbers or other types of linear
order relations can be used. In this case, the ranks of experts can be determined a priori
(for example, according to their qualifications), or a posteriori (for example, depending
on consistency indicators). The examples of membership functions presented in Figure 4
are constructed under the condition that all experts have the same weight.

At the next stage of solving the problem (Fig. 1) the consistency of expert infor-
mation was estimated. Here are some calculated values of the additive coefficient & of
overall consistency. Thus, for LV “grain humidity” £ = 0,898, and for LV “harvester
travel speed” k£ = 0,796. For all input attributes and output parameters the values of
coefficient £ belong to the segment [0,765; 0,912]. These values make it possible to
assert that the proposed term sets describe the sets of input attributes and adjustable
parameters quite well and can be used for further construction of a fuzzy model of the
solution inference.
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The results of the linguistic description of input and output parameters made it pos-
sible to formulate the system of production rules that form the core of the knowledge
base. It should be noted, that reducing the number of terms of input linguistic variable
from five to three has resulted in significant reduction in the volume of the knowledge
base and did not affect the adequacy of the subject domain model that is confirmed by
the diagrams of three-dimensional response surfaces constructed in the Fuzzy Logic
Toolbox (MatLab) application software package. Figure 5 presents for illustration two
surfaces obtained on the basis of the system of 96 production rules for the output vari-
able Harvester travel speed when harvesting wheat-50. A fragment of the system of
production rules is presented in Table 3.

: o7k 20
Grain humidity 20 Strawiness Yield Grain humidity

a) b)
Fig. 5. Response surfaces of dependency of the harvester travel speed on
a) grain humidity and strawiness; b) grain yield and humidity

Table 3
Fragment of the production rules base

Ne Antecedent Consequent

36 <Yield is “small” and Weed infestation is “small” and Grain humidity is <Speed is average>
“humid” and Strawiness is “normal”>

37 <Yield is “small” and Weed infestation is “average” and Grain humidity is <Speed is high>
“dry” and Strawiness is “small”>

38 <Yield is “small” and Weed infestation is “average” and Grain humidity is <Speed is high>

“dry” and Strawiness is “normal”>

95 <Yield is “very large” and Weed infestation is “large” and Grain humidity is <Speed is very low>
“humid” and Strawiness is “small”>

96 <Yield is “very large” and Weed infestation is “large” and Grain humidity is <Speed is very low>
“humid” and Strawiness is “normal”>

The analysis of the system of production rules carried out in MatLab (Fig. 5) confirmed
the correspondence of the constructed fuzzy model of attribute relationships to the subject
domain under study. All states of the system are described by the rules, the premises of
which have a non-zero degree of membership. There are no contradictions in a system
of rules when the rules have similar premises and mutually exclusive consequences.
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The monotonous nature of the surfaces confirms a sufficient degree of objectivity of the
production rules. Therefore, the created system of fuzzy rules can be used for fuzzy logic
inference of the adjustable parameters. For example, in Fuzzy Logic Toolbox (MatLab)
package, using the “center of gravity” method with the following input variable values:
wheat yield 50 ¢/h, weed infestation 20%, grain humidity 13%, and strawiness 60%,
the recommended harvester travel speed value was 5 km/h.

Thus, the approach created on the basis of expert estimation of environmental fac-
tors of harvesting, allows us to obtain necessary setting parameters of the harvester that
correspond to the state of environment and the crop being harvested.

Discussion and Conclusion. As a result of the study, an approach has been
developed to solve the problem of choosing the adjustable parameters of the rotary
harvester depending on the environmental conditions of harvesting and the harvested
crops. The use of linguistic representation of knowledge and fuzzy logic algorithms
for the problem solution corresponds to the requirements of system analysis. As a re-
sult, the constructed models adequately take into account environmental conditions in
which the harvester operate, and mutual relations between the main elements of the
system. A formal description of the subject domain has been made (parametric and
structural identification has been made) that fully corresponds to the real conditions
of the harvester operation. On the basis of expert estimation, membership functions
for all studied LVs (9 environmental factors and 12 adjustable parameters) have been
identified, basic term sets and limits of change in basic variables have been determined.
The performed analysis of consistency of expert fuzzy knowledge confirms the adequacy
of the adopted models.

A base of fuzzy production rules was made, on which the fuzzy logic inference of
expert system for setting working tools of the TORUM harvester is based. A model
example of the values inference of the harvester adjustable parameters in the Fuzzy
Logic Toolbox (MatLab) is given.

The proposed approach is relevant for a wide range of harvesting equipment and
various crops. Technical difficulties in using this approach can arise when there are a large
number of factors that need to be taken into account. When the power of the set of
input variables is large, the number of rules for fuzzy production increases that leads
to extensive work on entering the rules into the program. In this case, the use of neuro-
fuzzy networks is promising; the implementation of this approach is also available in
the MatLab environment.

Thus, the result of the study is the creation of a basis for the IIS to help the operator
of the rotary-type harvester in making decisions on choosing values of the adjustable
parameters when harvesting various grain crops. In addition to preliminary setting, the
next problem is to develop a mechanism of correcting parameters in case of detecting
inadequacy of the initially set parameters to the changed harvesting conditions, which
manifests itself in deviating harvesting indicators from the specified values. This defines
one of the lines for further studies. Another promising line is increasing automation
for measurements of the values of harvesting factors and quality indicators for direct
connection with the IIS that will increase the efficiency of its application.
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Annomauusn

Beeoenue. MHOrOUHCIICHHBIC HCCIIEIOBAHUS TIOKA3a/IHu, YT0 00pabOTKa U IOJIMB PACTEHUH aK-
TUBUPOBAHHOW BOJIOW ONArOMPUSITHO BIHMSIIOT HA UX POCT U YPOXKAHHOCTD, TOITOMY CIOCOOBI
1 METOJIbI TIOITOTOBKY TAaKOM BOJBI BECbMa aKTyallbHbL. B naHHOM paboTte nccnenyercs crnocoo
MOJI'OTOBKM KaTOJIUTA M AHOJUTA B TaK HA3bIBAEMOM IIPOTOYHOM DJIEKTPOAKTHUBATOPE, KOTO-
PBII yCTaHABIMBACTCSA B aBTOMAaTH3MPOBAHHON CHCTEME IIOJINBA PACTCHUI B YCIOBHUSX TEILINI]
U OTKPBITOI'O I'pyHTA. Bona JUIs TTOJIMBa paCTeHVIﬁ JOJIDKHA UMETh peKOMCH}IyeMbIﬁ B JaHHBIX
YCIIOBHSIX BOJOPOIHBIN MOKa3aTellb, MOITOMY HEOOXOIMMO YCTAHOBHTbH aJCKBaTHYIO CBSI3b
MEKIY PEKUMOM paboThl M pabOYMMHM MapaMeTpaMH 3JIEKTPOAKTUBATOPA C OAHOW CTOPOHBI
U TOKa3aTesIeM YpOBHS BOAOpOJA B BOJAE C Apyroil. B Hacrosiiee Bpemst BONPOC pa3paboTKH
aJIeKBaTHOW MaTeMaTHYECKOM MOJIENIN aKTUBALUH BOJIBI B IIPOTOYHOM 3JICKTPOAKTHBATOPE Tpe-
Oyer u3ydeHus. B crarbe nmpeuioxxeHa MaTeMaTH4ecKkast MOJielib, B KOTOPOH YCTaHOBJICHA CBSI3b
MEXy MOKa3aTeJieM YPOBHSI BOIOPO/A B BOJIE, PE)KUMOM aKTHBAIIUK U IapaMeTpaMH MpoToy-
HOTO 2JIEKTPOAKTHBATOPA.

Lenv uccnedosanus. Iopeienne 3pGEKTHBHOCTH MOIMBA 32 CYET PAMOHATIBHBIX TAPAMETPOB
1 peXuMa paboThl IPOTOYHOTO JIEKTPOAKTHBATOPA, 00ECIICUNBAIONIETO 33 JaHHbII [TOKa3aTelb
BOZIOPO/Ia KATOJIMTA WM AHOJIMTA Ha OCHOBE MAaTeMaTHYECKOH MOJENH ero paboThl.
Mamepuanvt u memoow. Pacuet mapaMeTpoB aKTHBUPOBAHUS BOABI B AJICKTPOAKTHBATOPE OCY-
IICCTBISUICS. C MOMOIIBI0 MAaTeMaTHYECKOM MOJETH JJICKTPOAKTHBAILMU BOJABI B MPOTOYHOM
9IIEKTPOAKTUBATOPE HA OCHOBE IPUMEHEHHS METOIOB (DH3MYECKOW U DNEKTPUUECKOW XUMHUH
C WCIOJIb30BaHHEM AU ((epeHINATBHBIX YPAaBHEHUI W pacyeTOB B CpeJie MPOrpaMMUPOBAHHS
Lazarus. DKcriepuMeHTBI 7151 OLICHKHU aJIeKBaTHOCTH MOJIEINH MPOBOIMIINCH HA Pa3pabOTaHHOI
SKCIIEPUMEHTAILHOH yCTaHOBKE.

Peszynomamor uccnedosanus. Pa3paboTaHbl MaTeMaTnyeckass MOJCNb aKTHBUPOBAHUSI BOJBI
U OKCHEPUMEHTAIbHAsl YCTAaHOBKA, MPEAHA3HAYCHHAs I TPOBEPKU aJE€KBATHOCTH MaTeMa-
TH4eckoi Monenn. OOOCHOBaHBI (OPMYIIBI, YCTAHABIUBAIOIINE CBSI3M MEXIY BOIOPOIHBIM
MOKa3aTeNeM aKTUBHPOBAHHON BOJIbI, TApaMeTPaMH MMPOTOYHOTO IEKTPAKTUBATOPA M Hapame-
TpPaMH €ro pexuma padoTbl, HEOOXOJUMBIMH ISl pa3pabOTKH aBTOMAaTHU3MPOBAHHON CHCTEMBI
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MOJIMBA PACTeHUH. YCTaHOBIICHO, YTO MaTeMaTHYecKas MOJe]b aKTHBUPOBAHHUS BOJbI B HJICK-
TPOAKTUBATOPE MO3BOJISIET OLUEHUTh BOJOPOHBIN MOKa3aTellb C MOrPEIIHOCThIO MeHee 5 %
MIPU Pa3HOCTH MOTEHIIMAIOB MEXAY 3ekTpoaamu He Bbiie 125 B. ITpu stom pabora Toka Ha
HarpeBaHUe U MPOU3BOJICTBO SAMHHUIIBI BEIIECTBA KATOJINUTA TIPH 3aTAHHOM TTOBBILICHUH BOJIO-
POJIHOTO MOKA3aTesIsi TEM HMKE, YeM MEHbILE IIPOM3BOAUTENILHOCTb KaTOAHOM Kamepsl. Teope-
THYECKUE MCCIICIOBAHMS MTOKA3aJIM, YTO TIPU 33JlaHHOM M3MEHEHHH BOJIOPOIHOIO MOKa3aTelis
MOII[HOCTh TOKAa, PacxojlyeMasi Ha HarpeB KaToJUTa, BO3PACTaeT MPSIMO TPOMOPLHOHAIBHO
KBAJIpaTy MPOM3BOAUTENBHOCTH KAaTOAHOH KaMepbl, a YHEPrOEMKOCTb MPOU3BOJCTBA SIUHH-
LBl KATOJIMTA BO3PACTACT MPSIMO HPOIMOPLUOHAIBHO TPOU3BOJUTEIBHOCTH KATOAHOM KaMephl.
DKCIIEpUMEHTAJILHO MOATBEPKACHO, 4TO 3HaueHue pH n3MeHsercs napajuielbHO ¢ W3MEHe-
HHUEM TeMIIepaTypbl aHOJIHMTA M KAaTOJIMUTA, IPSMO IPOINOPLHOHAIBHO PAa3HOCTH IOTCHIINAIOB
MEX/Iy SJIEKTPOZaMH, 0OPAaTHO MPOIMOPIHOHAIBHO MPOU3BOAUTEIBHOCTH Kamep. IIpu 3Tom
MPOU3BOANUTENFHOCTD KATOAHOM KaMephI ¢ 33/IaHHBIMH TTapaMeTPaMHU LeJIeco00pa3HO yCTaHaB-
JMBATh HE BbIIIE 15 J1/4, a TemMIiepaTypy noJrBa KaroJutoM — He Bbiiie 25 °C.

Obcyacoenue u 3akmovenue. PazpaboTaHHash MaTeMaTH4ecKass MOJENIb IOATOTOBKH BOJIBI
B HPOTOYHOM 3JICKTPOAKTUBATOPE MOXKET CIY)KUTh OCHOBOM aBTOMAaTH3MPOBAHHON CHCTEMBI
MOJIMBA PACTEHHUH, B KOTOPOH TpeOyeTcs: 00eCeunTh NOAXOISIMNA PeXUM padOThI B 3aBHCH-
MOCTH OT 3aJIAHHOTO YPOBHSI BOJOPOIHOTO TIOKA3aTelsl BOJIBI.

Knrouegvle cnosa: >nexTpoakTUBATOp, aKTHBHPOBAHHAS BOJA, MOKA3aTelb BOAOPOAA, YpO-
BeHb pH BOJIBI, aHONNT, KATOIHT

Kongpnukm unmepecog: aBTopbl 3asBIAIOT 00 OTCYTCTBUH KOH(IINKTa HHTEPECOB.
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Abstract

Introduction. Numerous studies have shown that treating and watering plants with activated
water have a beneficial effect on their growth and productivity that is why procedures and
methods for preparing such water are very relevant. This work examines the method of pre-
paring catholyte and anolyte in the so-called flow-type electroactivator, which is installed in
an automated system for watering plants in greenhouses and open ground. Water for water-
ing plants should have the pH index recommended for these conditions, so it is necessary
to establish an adequate relationship between the operating mode and operating parameters
of the electroactivator, on the one hand, and the pH index of water, on the other. At present,
the issue of developing an adequate mathematical model for water activation in a flow-type
electroactivator requires studying. The article proposes a mathematical model in which there
is established relationship between the pH index of water, activation mode and flow-type elec-
troactivator parameters.

Aim of the Study. The article is aimed at increasing the efficiency of an automated system for
watering with activation of water in a flow-type electroactivator.

Materials and Methods. The calculation of the water activation parameters in the electroactiva-
tor was carried out using a mathematical model of the water electroactivation in a flow-type

Electrical technologies and equipment 31


https://doi.org/10.15507/2658-4123.035.202501.030-048
https://doi.org/10.15507/2658-4123.035.202501.030-048

g;l?} WHXXEHEPHBIE TEXHOJIOTMW U CUCTEMBbI Tom 35, Ne 1. 2025

electroactivator based on physical and electrical chemistry methods using differential equa-
tions and calculations in the Lazarus programming environment. The experiments to assess
the adequacy of the model were carried out on a developed experimental facility.

Results. There have been developed a mathematical model of water activation and experi-
mental facility to test the adequacy of the mathematical model. There are substantiated the
formulas determining relationship between the pH index of activated water, parameters of
a flow-type electroactivator and electroactivator operating mode parameters necessary for de-
veloping an automated plant watering system. It has been found that the mathematical model
of water activation in an electric activator allows estimating the pH index with an error of less
than 5% when the potential difference between the electrodes is not higher than 125 V. In this
case, the work of the current to heat and produce a unit of catholyte substance for a specified
increase in the pH index is less, the lower the productivity cathode chamber is. Theoretical
studies have shown that for a specified change in the pH index, the current power spent on
heating the catholyte increases in direct proportion to the square of productivity of the cathode
chamber, and the energy intensity of producing a catholyte unit increases in direct proportion
to the productivity of the cathode chamber. It has been confirmed experimentally that the pH
index changes in parallel with changes in the temperature of the anolyte and catholyte, direct-
ly proportional to the potential difference between the electrodes, and inversely proportional
to the performance of the chambers. In this case, it is advisable to set the productivity of the
cathode chamber with the specified parameters no higher than 15 I/h, and the temperature of
watering with catholyte no higher than 25°C.

Discussion and Conclusion. The developed mathematical model of water preparation in
a flow-type electroactivator can serve as the basis for an automated plant watering system,
in which it is necessary to ensure a suitable operating mode depending on the specified the
pH index of water.

Keywords: eclectroactivator, activated water, hydrogen index, water pH level, anolyte,
catholyte
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Beenenue. [TonuB 1 006paboTka pacTeHUi aKTHBUPOBAHHOW BOJOW OKa3bIBAIOT
OnmaronmpusATHOE BO3ICHCTBUE HA PACTCHUS U CIIOCOOCTBYIOT UX POCTY U MOBLIIICHUIO
ypoxaiHocTH [ 1; 2], M03TOMY CIIOCOOBI M METO/IBI TIOATOTOBKH TAKOH BOJIbI BECbMa aKTy-
anbHEI [3; 4]. PaboTa mocesiieHa ncciieI0BaHIIO CII0c00a MOTOTOBKH aKTHBUPOBAHHOMN
BOJIBI B BHJIC KaTOJIUTA M aHOJINTA B TaK HA3BIBAEMOM IIPOTOYHOM JIEKTPOAKTHUBATOPE,
MpeIHa3HAYEHHOM I YCTAaHOBKH B aBTOMATH3UPOBAHHON CHCTEME ITOJIMBA PACTCHUN
B YCITIOBHSIX 3aKPBITOTO M OTKPBITOTO TPYHTOB. Bosia 171st onmuBa pacTeHuii 10KHA IMETh
PEKOMEHTyeMBbIii B JAHHBIX YCIOBUSIX BOJAOPOIHBIN MOKA3aTeIh, TOATOMY HEOOXOTUMO
YCTaHOBUTH aICKBAaTHYIO CBS3b MEXKAY PEXKUMOM pabOThl X pabOuNMU TTapaMeTpaMu
ANIEKTPOAKTUBATOPA C OJTHOW CTOPOHBI M MTOKa3aTeieM ypOBHS BOIOPOJIa B BOJIE C APY-
roi. B HacTos1iee BpeMst BOIIpoC pa3pabOTKU aJIeKBaTHOW MaTEMaTHYECKOH MOJIEITH
AKTUBAIIMH BOJIbI B TPOTOYHOM JJICKTPOAKTUBATOPE TPEOYeT N3yUeHUsI.

Llenbio uccnemoBaHus SBISETCS OLEHKA PAllMOHATBHBIX MApaMETPOB U PEKUMaA
paboThI IPOTOYHOTO AIEKTPOAKTHBATOPA, 00CCIICUMBAIOIICTO 3aaHHBIN TOKA3aTelb
BOJIOPOJIa KATOJINTA WIIM aHOJMTA HA OCHOBE MAaTEMATUYECKOW MOJIEIH €ro paboThl.
st moCTIKeHHs TIeM HaMU pa3pa0oTaHa MaTeMaTudecKas MOJCIh aKTUBUPOBAHUS
Bonbl. [Ipy 3TOM BBIBEZIEHBI (DOPMYITBI, YCTAHABIMBAIOIIUE CBSI3b MEXKIY BOJOPOIHBIM
MoKa3aTesieM aKTUBUPOBAHHOM BOJIBI, TapaMeTpaMH MIPOTOYHOTO DJIEKTPAKTHBATOPA
¥ TITapaMeTpaMH €Tro pekuMa paboThl. DTO MTO3BOJIMIO OOOCHOBAThH PallMOHATHHEIE

32 Onexmpomexnonozauu u 21eKkmpoo6opyoosanie


https://doi.org/10.15507/2658-4123.035.202501.030-048
https://doi.org/10.15507/2658-4123.035.202501.030-048

Vol. 35, no. 1. 2025 ENGINEERING TECHNOLOGIES AND SYSTEMS ggl_‘}\

napamMeTpbl aKTUBATOpa U PEKUM paboThl, 00eCIeUnBAIOIINE 3aJaHHBIH TOKa3aTelb
BOJIOPO/Ia KAaTOJIMTA WM aHOJIMTA, PEKOMEHIyeMbIH IS TTOJINBA JAHHOTO pacTEeHUs
B OTIPEICIICHHBIX YCIOBHIX [5].

O030p auTeparypsl. Mcrnonabs3oBanne akTHBUPOBAHHOM BOAIBI 17151 TIOJIMBA O1aroT-
BOPHO BIIUSET HA pacTeHus. [lonuB canara akTHBUPOBAHHOM BO/IOH MO3BOJISAET ITOBBICUTh
ero ypoxxaiiHocThb oT 17,7 10 36,6 % [6]. O0paboTKa pacTeHUHN 3JTEKTPOXUMHUECKUMU
AKTMBUPOBAaHHBIMU PACTBOPAMHU MHAYLHUPYET UX YCTOMYMBOCTH K OOJIE3HSM U Bpenu-
temsiM [7; 8]. Hapsamy ¢ o0paboTKO# pacTeHHI 3J1eKTPOaKTHBHPOBAHHBIMH PACTBOPA-
MU COBPEMEHHBIM METOJIOM JIe3MH(EKINN pacTeHuid cIyXUT o3oHupoBanue [9; 10].
[Tpu 3TOM 002 3TUX METO/a IOTIONHSIOT APYT Apyra. [[oluB ceMsiH TOMaToB KaToIHOM
BOJIOM (KaTOMUTOM) yYBETHYMBAET WX mpopacranue Ha 11 %, a aHomHO Bomo# (aHO-
muToM) — Ha 73 % B CpaBHEHHH C IOJMBOM BOIONPOBOIHOW Bojow [11]. Oxanm u3
3¢ PEKTUBHBIX CIIOCOOOB MOATOTOBKH aKTHBUPOBAHHOW BOJBI B MPOLIECCE €€ UCIONb-
30BaHMS JAJIS TTOJIMBA CITYKUT pa3/elIeHUe ee Ha JBa TIOTOKa C MPOITyCKaHWEM Yepes JIBe
pazaeneHHble MeMOPaHOil KaMephl IIPOTOYHOIO AIEKTPOAKTUBaTOpa. M3yueHune Bonpoca
TEOPETHUECKOr0 00OCHOBAHUSI CBSI3M MEXKy BOIOPOIHBIM MIOKA3aTeJIeM B KaMmepax JJist
MOATOTOBKH aKTHBUPOBAHHOHM BOJIBI, MApaMETPaMH aKTUBATOpa U PEKUMOM pPabOThI
OCYIIECTBIISIETCS] METOIaMK (PU3UUECKON U DIICKTPUUECKOM XMMUH M HE YYUTHIBACT MO~
BIDKHOCTHU NOTOKA. [Ipy 3T0M B prznueckoii xuMun nokasaresb BOJOPOAA ONPEAeIIieT s
Yepe3 KOHIEHTPALMH HOHOB BOIOPO/IA B KaMepax', a B AMIEKTPHUUECKON XMMUH — Yepe3
IUIOTHOCTH KOMITOHEHTOB CMeCH?. YCTaHOBJICHHE CBSI3H MEXK/Y dTUMH KOHICTIIHAMH
MIPECTABISAETCS BaXKHBIM BompocoM. [Ipeanaraemelie B HacTosmee BpeMst pacueTHbIe
(dbopMyIIbl 3aBUCHMOCTH ITOKa3aTeJsl BOLOPOJA B KaMepax akTUBaTopa OT padouux
napamMeTpoB HENOCTaTOUHO 0OOCHOBAHBL. Tak, HEJb3s IPU3HATH JOCTATOYHO COCTOS-
TEJILHOW UCXOIHYIO (OpMyIy ISl pacueTa CKOPOCTH MOHOB IIPU UX JBMKEHHU Yepe3
MeMOpany [12]. Taxoke 6e3 T0IKHOTO 000CHOBaHMS TIPEJTIOKEHA (POpMYyJIa 3aBHCUMOCTH
MOIIHOCTH TOKa OT Pa3HOCTH IIOKa3aTesel BOLOPOa B KAMEPE aKTUBATOPa Ha BBIXOJE
u Bxoze [13]. AnanoruuHas ¢popmylia 3aBUCHMOCTH MOIITHOCTH TOKa B AKTUBATOpPE OT
Pa3sHOCTH MOKa3aTesiel BOIopoaa B KaMepe UCIob3yeTcs 0e3 10CTaTOuHOTO MOATBEP-
xaenus [14]. TpeOyeT 1opaObOTKH U aaropuTM pacueTa rmapameTpoB akrusaropa [15].

Cy1mecTByoImue yCTaHOBKH AJIs OTy4eHUS Ae3UH(DUIHMPYIOLINX PACTBOPOB UMEIOT
psa HenoctatkoB. Hampumep, yerpoiicTtsa [16; 17], conepskariye oaHy 3IeKTpOXUMUIe-
CKYIO sIYEHKY, BBIMOJIHEHHYIO U3 3JIEKTPO/IOB, Pa3MEIIEHHBIX B AJIEKTPOJHBIX KaMepax
1 pa3JelieHHbIX MEXy co0oii quadparmoit. Henocrarkamu Takux yCTPOMCTB SBISIFOTCS
UX CJIOKHOCTb, HU3KHE IPOU3BOIUTEIBHOCTD U Ie3NHPULUPYIOILEe ASHCTBHE MOTY-
YaeMbIX PacTBOPOB. YcTpoiicTBo [ 18] amst momydeHus 1e3nH(QUIMPYIOIIETO pacTBOpa,
cozieprKalliee MMEKTPOXUMHUYECKYIO STUEHKY, BEITOIHEHHYIO U3 BEPTHUKAIBHBIX CTEPHKHEBBIX
3JIEKTPOJIOB € MOJYNPOHHUIIAEMOH TuadparMoil, pa3aesstonieii sueiky Ha aHOJIHYIO
Y KaTOJHYIO KaMephbl, TEHEPATOP 030HA ¢ KOMIIPECCOPOM, UIMEET HEJOCTAaTKU: OTCYTCT-
BUE KOHTPOJISI KOHIIEHTPALIMK 030HA PACTBOPA M BOAOPOAHOTO €r0 MOKA3aTesl, pyYHOe
€e peryJIMpoBaHue, NEPUOIUIHOCTb pabOThl YCTPOHCTBA, OTCYTCTBHE 00€33apakKuBaHUs
pacTeHni 1 aBTOMaTHYECKOTO MOJIMBA AJIsl CTUMYJISILIUKM U YCKOPEHUS poCTa.

! Hotomen JIx. Dnekrpoxumudeckue cucteMsl. M. : Mup, 1977. 464 c.; Jlesuu B. I. ®usuko-
XUMHYeCKast THAPOJHMHAMUKA. 2-€ U3/1., JOIL. 1 nepepad. M. : TUDOMII, 1959. 700 c.

2 Cenon JI. 1. Mexanuka crutonrHoit cpessl. M. : Hayka, 1970. T. 1. 492 c.; Tepu I'. T. Dnexkrpoxu-
must. HoBble Bo33penust / ep. ¢ anri. B. lllepbaxosa. M. : Mup, 1983. 232 c.
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[Ipennaraemoe HaMH TEXHUUYECKOE PELIEHHE — YCTaHOBKA T'€HEpallMu BOJIBI C 3a-
JTAHHBIMH BOZOPOJIHBIM [TOKa3aTeIeM U YPOBHEM HachIILEHHs 030HOM [19] — ycTpanser
BBISIBJIGHHBIE HEJIOCTATKHU U TO3BOJISET MTOyyaTh KaueCTBEHHBIE MTOKa3aTesIn pacTBoOpa
JUTsL Ie3UH(EKINH, CTUMYIISIIIUA POCTA U TIOJINBA BBIPAIIMBACMBIX PACTECHHH.

MarepuaJjnbl M1 MeTOAbl. TeopeTHUecKue NCCIe0BaHus POBEACHBI METOIAMH
MEeXaHUKH CIUIOIIHBIX cpejl, GU3NIECKON XUMUH U SIIEKTPHUECKON XUMHUU.

OKCTIEpUMEHTHI 17151 OLIEHKH aJIeKBaTHOCTU MOJIEIIH IPOBOJMIINCH HA Pa3pabOTaHHON
HKCTIEPUMEHTAIILHON YCTaHOBKE [15] — kKamepe 2IIeKTpoaKTHBAIIMH BOABI IPOTOYHOTO
aNeKTpoakTuBaropa (puc. 1a). BogoponHslil mokaszaTenb aHOINTA U KaTOJINTA Opesie-
nsuies pH-metpom mapku YIRYT EZ-9908 (puc. 1b).

a) b)
Puc. 1. Kamepa aekTpoakTuBaIyii BOJbI IPOTOYHOTO JIEKTPOAKTUBATOPA:
a) anekTpoaktusarop; b) pH-metp YIRYI EZ-9908

Fig. 1. Water electroactivation chamber of flow-type electroactivator:
a) electroactivator; b) pH meter YIRYI EZ-9908

Hcemounux: dororpaduu cuenanst M. V. BenoBbIM Mpu MCHBITAHUSIX NIEKTPOAKTUBATOPA B J1a00-
paropuu kadenpsr apromarusanun 1 podorusarmu PIAY — MCXA nmenn K. A Tumupsizesa B 2023 1.

Source: photographs were taken by M. 1. Belov when testing an electroactivator in the laboratory
of the Department of Automation and Robotization of the Russian State Agrarian University — Moscow
Timiryazev Agricultural Academy in 2023.

Pa3HOCTH MOTEHIIMATIOB MEXKTy DIEKTPOJAMH B IKCTIEPUMEHTAX yCTaHABINBAIACh
peoctatoM. [Ipon3BOAUTENBHOCTh aHOAHON WIIM KaTOJHOM KaMepbl peryinupoBaIach
BBIITYCKHBIM BEHTHJIEM M PETUCTPUPOBAIIACH C TOMOIIHIO MEPHOU IMOCY/IBI C H3BECTHBIM
00beMOM V' 1 ceKyHAoMepa, KOTOPBIM OIIPENEeNsIOCh BpeMs At HANlOJTHEHUST MEPHOU
nocynsl. [IponsBomurensHOCTE (0, 1/9) paccunThIBajIach Mo clenyroliei popmyiie:

0 =3600 V/At, n/a.

Pe3yabrarel uceenopanus. Ha pucynke 2 npeacrasieHa yCTaHOBKA TeHEpa-
LN BOJBI, TO3BOJIAIONIAS 3a/1aBaTh 3HAYEHMsI BOAOPOJHOIO MOKAa3aTeNlsl U ypOBEHb
HachlIeHNs 030HOM [5]. OCHOBHOM 3a/aueii pH MOATOTOBKE aHOJIUTA WM KaTOJINTA
C 33JJaHHBIM BOJOPO/IHBIM [TOKA3aTeNIEM CITY>KUT aBTOMAaTHYECKOE PETYIHPOBAHHE dIIEK-
TpoaBmxkymeit cuibl (DC) ncTouHMKa MUTAHUS U MPOU3BOAUTEIBHOCTH KaTOAHON
W aHogHOU Kamep. st perieHus 9Toi 3aaaun Obula pazpaboTaHa MaTeMaTH4ecKast
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MOJEJIb AIEKTPOAKTUBALUU BOJBI, YCTAHOBJIEHA CBA3b €€ BOJOPOAHOIO MOKA3aTeNs
¢ OJIC ucroyHMKa MUTaHUSI KOHCTPYKTUBHBIMU ITapaMeTpaMiu aKTHBAaTOpa U MPOU3BO-
JIUTENBHOCTBIO aHOJHOU U KaTOJHOU Kamep.
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Pwuc. 2. YcraHoBka renepanuy BOABI C 33laHHBIM BOTOPOIHBIM TOKa3aTeneM
1 33JJaHHBIM YPOBHEM HACBHIIICHUS] 030HOM:

1 — XpaH noga4yu BoAbl; 2 — ICTOYHMK PETYIUPYEMOro HaNpsDKeHUs; 3 — 3JIEMEHT CPaBHEHUS
BOZIOPOZTHOTO TT0Ka3arens pH oT naTumka u 3aanHoro; 4 — 650k 3aganust pH; 5 — 3anuBHBIE 0TBEpCTHS;
6 — KJIEMMBI TMOAKIFOYCHUA UCTOYHUKA [TMUTAHUA K DJICKTPOAAM; 7 — KpbIlIKa KaMEpbl akKTUBaTOpa,

8 — kamepa akTuBaTopa; 9 — 31eKTponsl; /() — moayHenpoHuLaemas nuadparma; // — katogHas Kamepa;
12 — anonHast kamepa; /3 — KpaHbl pETryIMPOBKHU pacxojia KaToJIuTa U aHOJIUTa; /4 — reHepaTop 030Ha;
15 — xomnpeccop; 16 — pene BpeMeHH; [ 7 — MUKPOKOHTpoIuiep; /8 — 610K CpaBHEHUSI BIAKHOCTH
NOouBBI; /9 — GJIOK 3aJaHUsI BIQKHOCTH MOYBEL; 2() — eMKOCTB C KaToJIUTOM; 2/ — €MKOCTh C aHOJIUTOM;
22 — naTyuK BOIOPOAHOTO MOKa3aTels; 23 — CTa0MIN3aTop KOHICHTPAMH 030Ha; 24 — cucteMa
KareIbHOTOo OpomIeHust; 25 — popcyHKa KalelbHOTo T0HBa; 26 — NaTIUK BIAKHOCTHU ITOYBEL;

27 — TpyOOnpoBO I TIOIAYH B CHCTEMY OpOLIeHUs; 28 — MarucTpaib OAa4u KaToNINTa;

29 — perynsrop pacxoa karoaura; 30 — 1aT4UK KOHLEHTPALUU 030Ha B KaToIuTe; 3/ — yCcTpoiCcTBO
CpaBHEHHMs] KOHIICHTPALUK 030HA B KAaTOJIUTE C 3aJJaHHOI1; 32 — OJIOK 3a/1aHUs] KOHIIEHTPAL[MH 030Ha;
33 — MarucTpainb NOla4y aHOJINTA; 34 — PETyIHPOBKA MOJIaYX AHOIUTA B CHCTEMY OPOIICHUS

Fig. 2. Installation of water generation with a specified pH index and a specified level of ozone saturation:
1 — water supply tap; 2 — adjustable voltage source; 3 — element for comparing the pH index from the
sensor and specified pH index; 4 — pH setting unit; 5 — filler openings; 6 — terminals for connecting the
power source to the electrodes; 7 — activator chamber cover; 8 — activator chamber; 9 — electrodes;
10 — semi-permeable diaphragm; // — cathode chamber; /2 — anode chamber; /3 — taps for adjusting the
flow of catholyte and anolyte; /4 — ozone generator; /5 — compressor; /6 — time relay;

17 — microcontroller; /8 — soil moisture comparator; /9 — unit for setting soil moisture; 20 — container
with catholyte; 27 — container with anolyte; 22 — pH index sensor; 23 — ozone concentration stabilizer;
24 — drip irrigation system; 25 — drip irrigation nozzle; 26 — soil moisture sensor; 27 — pipeline for
supplying to the irrigation system; 28 — catholyte supply line; 29 — catholyte flow regulator; 30 — sensor
of ozone concentration in catholyte; 3/ — unit for comparing the ozone concentration in the catholyte
with the specified one; 32 — unit for setting ozone concentration; 33 — anolyte supply line;

34 — adjustment of anolyte supply to the irrigation system

Hcemounuxk: pucyHKH 2, 3, 5 cOCTaBIEHBI aBTOPAMH CTaThU.
Source: Figures 2, 3, 5 compiled by the authors of the article.

W
(9]
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st onmpeneneHuss U3MEHEHHUS! KOHIEHTPAIIM HOHOB BOAOPO/A B AHOIHOM Kamepe
BOCIIOJIb3YyEMCS CJICAYIOIIUMU 0003HaUeHUsIMU : Ox)y — IPSIMOYTOJIbHAS CUCTEMa JeKap-
TOBBIX KOOPAMHAT C HAYAJIOM Ha BEPXHEM YPOBHE BOJIBI MKy aHOJHOM M KaTOTHOU
KaMepamH, 0Ckio Ox, HallpaBICHHON MEPIICHIUKYISIPHO TUIOCKOCTH AJIEKTPOa OT aHOIa
K KaTomy, U ocbio Oy, HANPABICHHON BHU3; L — pacCTOSHUE MEXIY (PPOHTATLHBEIMHU
CTEHKaMH KaMephl 3JIEKTPOAKTUBATOPA, M; L — PACCTOSHUE MEXKIY JJIEKTPOJAMH, M;
h — BBICOTA KaTOAHOW M aHOTHOM KaMmep, M; S — TuIomaap padodell TOBEpXHOCTH Ka-
TOZIa WM aHOJa, M’ U — CKOPOCTh YaCTHIIbl BOIBI B KAMEpaX aHoja U KaToza, M/c;
V,;, Uy, — CKOPOCTH COOTBETCTBEHHO TMPATUPOBAHHBIX HOHA BOIOPO/IA M THAPOKCH]L
MOHa, M/C; U, U, — OIBUKHOCTh COOTBETCTBEHHO T'MPATUPOBAHHBIX MOHA BOIOPOA
¥ THpOoKCcH MoHa, M*/(B-¢); C,,, C ,, — MOJISpHAs KOHIIEHTPAIHs COOTBETCTBEHHO HOHA
BOJIOPOJIa ¥ THAPOKCH I-HOHA, kMonb/M*; C, . )\, — MONAPHAs KOHIEHTPAIUS COOTBET-
CTBEHHO HOHA BOZOPO/Ia U THIPOKCH/I-NOHA B KATOJUTE KATOMHOU KaMepbl, KMOJb /M°;
C,,, — MoJIsIpHas KOHIIEHTPAIKs HOHA BOJIOPO/Ia B aHOJIMTE aHOJHOM KaMephbl, KMOJIb M*;
N — uucno Asoraapo N = 6,022-10 1/monb; k  — MOHHOE NPOU3BEAEHUE BOJDI,
(xkmonb/M*)? (k= 107" npu Temneparype 22 °C); pH — BonoponHslii mokasaresb BOJbI;
pH, — BOIOPOIHBIN MOKA3aTelb BObI [IEPEJl dNeKTpoakThBarmeit; pH,, pH — BomopoHsrii
ITOKa3aTeNlb COOTBETCTBEHHO KaroymTa u aHonuta; U — DJIC ucrounuka nuranus, B;
n — KIIJ[ uctounuka nutanusd; / — BeJIUYMHA TOKA MEXIY AJIEKTpoaamMu, A;
R, R, R,— CONpOTHBIICHHE COOTBETCTBEHHO KAaTOJIMTA B KaTOJIHOM Kamepe, aHOJIuTa
B aHOJIHOM Kamepe 1 nradparmbl MeXTy Kamepamu, OM; E , E, — CpeiHss HalpsHKEHHOCTh
AIIEKTPUYECKOTO TTOJII COOTBETCTBEHHO B aHOJHON KaMmepe W KaTOAHOU kamepe, B/Mm;
O — IpOU3BOJUTEIHLHOCTh aHOTHOW MJIM KaTOIHOW KaMepshl MPHU MOATOTOBKE aHOJIUTA
WM Karonuta, M’/c; AT,, AT — NOBBIIICHUE TEMIIEPATYPBl COOTBETCTBEHHO KATOIUTa
u a”onuta, °C; ¢, — TeIIOEMKOCTh KATOIUTA U AHOIIHTA, Jox/(xr °K); p,, — ynenbHOE
COIPOTHUBIICHUE BOJIBI IIPH JJAHHOHW TemMiieparype, OM-M; o — TOPUCTOCTh Tuadparmbl;
[ — TonuHa quadparmbl, M; p — IUIOTHOCTB BOJIBI, KI/M”.

B Bozme ¢ ManbIM coaepKaHUEM COJIEH ITIABHYIO POJIb MPU AJIEKTPOAKTUBALUU
BBITIOJTHSIOT IPOAYKTHI ee auccornranud [20]. Eciau cautars qumoim MOIeKysl BOJIHI,
OKPY’KAIOITUE TOJIOKUTEIBHO 3apsOKCHHBIA MOH Bogopoaa H u orpuniatensHo 3apsi-
JKEHHBIH Tuapokcua-non OH rugparnpoBaHHEIMI HOHAME Bogopoaa H™ u ruapox-
cun-uona OH™, To mucconuanus MOJIEKyJI BOJbI Ha HOHBI MPEICTABISCTCS B BUIIC

dbopmynsr [6]:
H,O < H" + OH™. (1

N30BITOK TUAPOKCUI-MOHOB (AaHUOHOB) BO3HUKAET BOJIM3H Karojia 1 00pa3yeT Hello-
CTaTOK TUJIPAaTUPOBAaHHBIX HOHOB Bojiopona H*. M30bIToK HOHOB BO/10pO/ia (KATHOHOB)
BO3HUKACT BOJIM3M aHOJIa M 00pa3yeT B CBOK OYEPE/lb HEIOCTATOK TUAPATHPOBAHHBIX
ruapokcui-uonoB OH-. Tlo Mepe ynaneHus: OT IEKTPoJia KOHIEHTPAIIMH KaTHOHOB
1 aHHMOHOB BBIPABHUBAIOTCSI.

[Ipu a1eKTpoaKTUBAIIMM HEUTPAIbHON BOJbI B HOPMAaJIbHBIX YCIIOBHSIX AHOJIUT
MPEJICTABIISIET COO0I KUCIYIO Cpelly ¢ BOIOPOIHBIM MTOKa3aTelieM HIKe 7, KaTOJIHUT —
HICJIOYHYIO Cpelly C BOJOPOIHBIM ITOKa3arelieM Bbilie 7. FiMesi OBBINICHHYIO XUMU-
YECKYI0 aKTUBHOCTD, KATOJIUT CTUMYIUPYET Ouojoruueckue npomeccol. CoznaBas
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KUCJIOTHYIO CPEy, AaHOJIUT MOXET CIY>KUTh aHTUCEIITUKOM [l PACTCHUH, pacTy-
[IMX B MOYBE C HOPMAJIBHON KHUCIOTHOCTHIO, I CTUMYJISITOPOM POCTa pacTCHUH,
pacTylux B KUCJIOW MOYBE.

CocTaBuM yHpOIICHHBIE YPABHEHIS HEPa3pPHIBHOCTH CILTONIHOMN CPENbI B AaHOTHOM
U KaToAHOW Kamepax. [I[prHATHIM OAX00M IIPYU MaTEMATUYECKOM IOCTAHOBKE TAKOM
3a/1a4¥ SBIISICTCS COCTABICHUE YPAaBHEHUH HEPA3PHIBHOCTH IS MHOTOKOMITOHEHTHBIX
cMecei. IIpu 3TOM HEM3BECTHBIMU MEPEMEHHBIMU CIIyKaT KOHIIEHTpAIlMd UOHOB WU
TJIOTHOCTH KOMITOHEHTOB CMECH. B 4acTHBIX 3a/1adqax ampHOpHO TpeiaraTes Gop-
MyJIbl, YCTAHABIUBAIOIINE CBA3b MEX1Y BOJOPOIHBIM MOKa3aTeleM U IapameTpamu
anekrpoaktuBauuu [11]. Ilpu sTom Bausinue 3JC UCTOUHMKA TUTAHUS U BOIOPOAHO-
ro MOKa3aresisi UCXOIHOU BOJbI HA BOJAOPOJHBIN MMOKA3aTeNlb aHONIUTA UK KAaTOJIUTA
He paccMmarpuBaercs. [loj cruionmHo cpeoil OyJeM MOHUMATh CMECh, COCTOSIIY IO
13 MOJICKYIT BOJIbI, THIPaTUPOBAHHBIX HOHOB BOAOPO/Ia (KATHOHOB) U THPATUPOBAHHBIX
TUAPOKCUA-UOHOB (aHHOHOB). [Tomaraem, 4To MOH ABMKETCS MO ACUCTBUEM JIBYX CHIL:
cwibl KynoHa, HarpaBJIeHHOW MEPICHIUKYIIIPHO paboucii TOBEPXHOCTH JIEKTPOJIOB,
u crtbl CTOKCA BS3KOTO COMPOTHUBIICHIS, HATTPABICHHOM ITPOTUBOIIOIOKHO CKOPOCTH HOHA.
I'mapaTupoBaHHBIN MOH MPAKTHYCCKU CPa3y JOCTUTACT MAKCUMAIBLHONU CKOPOCTH
Y IBIDKETCS WM TIepeIaeT ABMKCHHE IO IETH C MMOCTOSTHHOW CKOPOCTBIO; CKOPOCTH
TUJIPATHPOBAHHBIX MOHOB BOIOPO/IA L, ¥ THIPOKCUI-HOHOB V, CBA3AHbI C MX MTOBUK-~
HOCTSIMH JTHHCHHBIMH 3aBHUCUMOCTSIMH:

v, =uk Vo= Uy (2)
PaccmoTpum MHIMBULYabHBIH 00BEM CIUIOIIHOM CpeAbl B aHOJHOH Kamepe Kak
QJIEMEHT aHOJINTA MEXKIY CTEHKOW M TuadparMoil B BHE NPSMOYTOJIBHOTO Hapaiiie-

nenvnesna o6beMom ¥, GOKOBBIE IPaHU KOTOPOTO UMEIOT PaBHBIE TIPAMOYTOIBLHUKH
IUIOIIA/IbI0 S, Ha CTEHKE U uadparme (puc. 3).

+ 9 = x

dy

h

Pwuc. 3. Kpacuery m3MeHEHHs KOHIIEHTPAIMH HOHOB BOOPO/a B aHOIHOH KaMepe:
1 —anon; 2 — karox; 3 — nuadparma;
4, 5 — DIEeMEHT aHOJIUTAa aHOAHOU KaMephl B Pa3Hble MOMEHTBI BPEMEHU;
6 — DIIEMEHT KaTOJIUTa KaTOAHOW KaMepbl; 7 — HKHUI ypOBEHb KaTOJIUTA B KATOAHOW Kamepe

Fig. 3. To calculate the change in the concentration of hydrogen ions in the anode chamber:
1 —anode; 2 — cathode; 3 — diaphragm;
4, 5 — anolyte element of the anode chamber at different times;
6 — catholyte element of the cathode chamber;
7 — lower level of catholyte in the cathode chamber
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Enunnna usmepenns oobema V, coBnajaeT ¢ eIMHMUIEH 00beMa Jisl KOHLIEHTPa-
1u HoHOB. [Tosaraem, 4To Ha JOCTATOYHO OONBIIOM PACCTOSIHUH OT CJIHUBA JIBUKEHHE
3JIEMEHTA TOCTYNAaTEIbHOE CO CKOPOCTBIO V)

20h
V=T 3)

ITpu BBIBO/IC YpaBHEHHU#T HEPA3PBIBHOCTH KOMIIOHEHTOB CMECH, TO €CTh HOHOB, OyIieM
roJjiaratb, 4YTO Macca KOMIIOHEHTBI CMECHU OLICHUBACTC YUCJIOM MOHOB B UHAWBUIYaJIbHOM
obbeme, a CKOPOCTh U3MEHEHHSI MaCcChl KOMITOHEHTHI CMECH W3BECTHA. TakKe MpuMeM
CIIeTyToIIHe JOMYIIEHNs: 1) n3MEHEeHHe KOHIICHTPAIIMHA HOHOB B JIEMEHTE ITPOMCXOIUT
TOJIBKO 3a CYCT ABMXKCHHA MOHOB YCPE3 I'PaHUIBI 2JIEMEHTA C aHOAOM U ﬂHaq)paFMOﬁ,
JIBIYKEHHUE Yepe3 BEPXHIOK U HIYKHIOKO TPaHUIIBI CO CPEION He BIUSIET Ha KOHIIEHTPAIAIO
WOHOB B UHJIUBUIyallbHOM 00beMe; 2) BIUSHUECM Ha KOHIICHTPAIIMIO HOHOB BOAOPO/IA
B DJIEMEHTE aHOJIUTA BXOJAIINX B HETO uepe3 JuadparMy ruIpoKCHI-MOHOB 3a BpEMsI
JIBYDKCHHS 9JIEMEHTa B KaMepe MOXKHO TIpeHeOpedb; 3) BIUSHUEM HA KOHIICHTPAIIUIO
THJIPOKCH]I-MOHOB B 3JIEMEHTE KaTOJNUTA BXOJSIIUX B HETO uepe3 AuadparMmy HOHOB
BOJIOPOJIA 3a BpeMsl ABIDKCHUS 3JIEMEHTA B KaMepe MOXHO MPEHEOpeUb.

IlycTh df — GECKOHEUYHO Majoe BpeMsl, 32 KOTOPOE PacCMATPUBAEMBINA DJIEMEHT
MEPEMECTUTCSI M3 TIONOKEHUS 4 B MOJIOKeHHe 5 (pHC. 3), a KOHIIEHTPAIIHs HOHOB BOJIO-
pozia B €ro 00beMe U3MEHUTCS Ha OeCKkoHeUHO Manyto Benmuuny d(C,, ). Jlo mepexona
B syieMeHTe 4 Haxonunoch (10°N-C,, -V ) nonos Bogopona u (10*N-C,, V) runpokcun-
HOHOB. 3a BpeMs dt yepe3 ceueHue eMenTa Ha aHoje Bouaet (10°-N- CHa-SamH-dt),
a uepes auadparmy Berider (10>N-C, a S v, dt) nonos Bonopona. OueBUIHO, UTO
usmenenue d(10°-N-C,, -V ) uucia MOHOB BOJOPO/A B SIIEMEHTE 3a BpeMs df paBHO
Pa3HOCTU MEKAY YMCJIOM BOLICAIIMNX B 3JIEMCHT U YMCJIOM BBILICAUINX M3 DJICMCHTA
HOHOB BOJIOPO/IA 3a OTO BPEMSI:

d(NC, V)= NC,S v, dt—NC, oS v dt
WM, Tak Kak V =S -L /2 1 ¢ yueToM paBeHCTB (2),
L, dG,,
2 dt

3a Bpems df JIEMEHT W3 TOJIOKEHUs 4 MepeMEeCTUTCsS BHU3 Ha paccTosHue dy
u 3aiimeT nonoxenue 5 (puc. 3). O4eBUIHO, YTO

y
L

w

= C, uyE,(1- o). (4)

WM, IPUHUMAsT BO BHUMAHUE PaBeHCTBO (3),

_ LS

3aMeHUB IIEpEMEHHYIO / IEpEMEHHOH ) U3 ypaBHEHH (5), iepenuiieM ypaBHeHue (4):
dC,, uyE,(1-a)SL ¢
dy - La Q h Ha* (6)
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Pemrenne quddepennuanbroro ypaBHeHus (6) MOXKHO 3aIicaTh B TAKOM BUJE:

uy E, (1-a) SLy

—ke L (7)

b

e k| — KOHCTaHTa, paBHas konuenrpaiuu C, nipu y = 0.

Jlist ompenenenus KOHCTAaHThI K| 3a/1alMM KPAeBO€E yCIIOBUE HA BEPXHEM YPOBHE
BOJIbI B KaMepe, Ha KOTOPOM BOZIOPOIHBIN IOKa3aTelb BOJbI, IIOCTYIAIOLICH Ha JJIeK-
TpOAaKTUBALMIO, 3a1aH U paBeH pH . ITo onpenenenuio’

pH=-1lgC.,. ®)
Bepxunii ypoBeHb BOJIBI B aKTUBATOPE TpEACTaBiIsieTca ypaBHenueM y = 0, B co-
OTBETCTBUH C OTIpeieiicHneM (8) KpaeBoe yclioBre perieHus (7) MOJKHO 3aIicarh Tak:

PH, =~1g(Cy,l,-0) = ~1g (k).

Otcrona

k =10"%
u pemtenue (7) mpu y = h, TO €CTh Ha BBIXOJE AHOJUTA U3 aHOIHON KaMepbl, MOXHO
MIPEJCTABUTH B CIEAYIONIEM BHIE:
SuyE,(1-a.) L
G, =10"e "0 ©9)
3a Bpems df uepe3 ceueHUE aHaJOTHYHOIO JIEMEHTa 6 B KaTOIHOM KaMepe Ha
karozie B snemMeHT Boiner (10°-N-C -S -u, -E,-dt), a uepes nuapparmy BbligeT
(10*N- COHk-a-Sa-uH-Ea-dt) TUJIPOKCHU/I- I/IOHOB I/I3MeHeHHe YyHciia THAPOKCHI-HOHOB
B DJIEMEHTE 3a BpeMs df paBHO Pa3HOCTH MEK/Ly YHCIIOM BOLICANINX B SJIEMEHT U YHCIIOM
BBIILIEAIINX U3 JIEMEHTa TUIPOKCH/I-MOHOB 32 3TO BPEMSL:

d(NCoilV,) = NCoy, S ton B, dt = NCoyy 0 S oy B dt,
Win

L dC
Do S0 Gt (100, (10)

3aMeHUB [TepeMEHHYIO f IepeMEHHOH y U3 ypaBHeHus (5), nepenuiiem ypasaenue (10):

dCos _ o B (1-0)SL . 0
- OHF *
dy L .Oh
Haiinem koHIIEHTpALMIO THAPOKCHI-MOHOB Ha BEPXHEM YPOBHE BOJIbI B aKTUBATOPE
y = 0. YcnoBue MOJSIPHOTO paBHOBECHUs peakiuu (1) st BOJIBI 3aITUCHIBACTCS KaK
KOHCTaHTa MOHHOI'O ITPOU3BCICHUS:

(12)

rae k, — xoncranTa (k, = 107 npu Temneparype Bozbl 22 °C) ¢ enununeil usmepeHus
(Moub/)? uin (KMOJIL/M3)2 PaBencTBo (12) m1st KaTONHMTa UMEET CIETYFOIININ BUI:

CouCon= k.. (13)

w

C.Con=k

W

3 Cxopuesiertu B. B. Teoperuueckas snekrpoxumust. JI. : Tocxumusaar, 1963. 609 c.
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BO,I[OpO,HHLIﬁ II0Ka3aTeCJib KaToJInuTa B KaTOI[HOfI KaMepe Ha BEPXHEM YPOBHE ITIPU Y = 0

3a1aH U paBeH pH:
pH,=- lg(CHk\y=0 )-
Hcnons3ys paBeHcTBo (13) u mociieHee paBeHCTBO, 3alHIIEM KpaeBoe YCIOBUE
Jutst ypaBHeHus (11): i
Conty-0 = 10" (14)

Pemrenne ypaBuenus (11) ¢ xpaeBbiM ycnoBueM (14) npeacraBum B cieayronieM
BHJI€ Ha BBIXO/I€ KaTOJINTA U3 KaTOJHOW KaMephl pH ) = A
Suon By (1-) L

Coy =k, -10M0e  HC (15)

[Moncrasnsas pemenne (15) B paBeHctBo (13), HaiieM KOHIICHTpAIMIO HWOHOB
BOJIOPO/Ia Ha BBIXOJIC U3 KATOIHOM KaMephl:

~Sugy By (1-00) L
— 107 PH Lo
Cy =10""e : (16)
PaBencTBoO (8) A5 aHONMMTA 3aITUCHIBACTCS TAK:
pH,=-lgC,,

WIH, y9uThIBas hopmyiy (9),
Su,E (1-a)Llge
— H LaQ . (17)

pH, =pH,

a

®opmymna (17) cipasennusa, eciu nokasarens pH we menbiue 0. B npotuBHoMm
clyvae moka3aTelb CIeAyeT MPUHUMATh paBHBIM 0.
PaBencTBo (8) mist KaToNIKTa 3aMUCHIBACTCS AHATIOTHYHO:

pH, =-igC,,
WM, YIUTBIBas hopmyiry (16),
Su,E (1-a)Llge
1k 0 ‘ (18)

pH, =pH, +

®opmyna (18) cpaseuba, eciu nokasarens pH, He npesbimaet 14. B npotuBHOM
clly4ae mokasareib cielyeT IPUHUMATh PaBHBIM 14,
3anumieM 3akoH OMa B TAaKOM BHJIE:

__Unm
I=%%R+R (19)
rIe
_p.L . _p.L . _pt
R=555  R=75> Ri=os (20)
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CpenHio HanpsKEHHOCTh JEKTPUYECKOTO IMOJISl B AaHOJIUTE U KaTOJIUTE MEXAY
TUTACTMHAMH 3JIEKTPOJOB OLEHUM 10 clienyromum popmynam [1]:

p.L
@:@:S
NJIn
o p.Un
E“_E"_(Rk+Ra+Rd)S' @D

®opmynst (17), (18) ycTaHaBIHUBAIOT CBS3b BOIOPOAHOTO MOKA3aTeNsl aHOJINUTA
Y KaTOJINTa C BOJOPOAHBIM IT0Ka3aTeNIeM BOABI 10 SIEKTPOAKTUBALMH, C KOHCTPYKTHBHBIMH
napaMeTpaMu (reOMETPUUYCCKUMH IapaMeTpaMHu aHOAHOW M KaTOIHOM Kamep,
MOPUCTOCTHIO auadparMel) U ¢ peryiaupyemeiMu napamerpamu (DJC ncrounnka
MUTaHMs, TPOU3BOIUTENBHOCTHIO MMOATOTOBKH AHOJIUTA U KaTOJINTA).

B coorBerctBuu ¢ 3akoHOM [[xoynsi-JIeHnia Bcs paboTa JIEKTPUYESCKOTO TOKa
B JIEKTPOJINTAX MpeBparaeTcs B Teruio. [loBbleHne TeMneparypbl KaTolnyuTa 1 aHOJIUTa
MOYKHO OIICHUTH IO CJIEAYIOIUM popmynam:

AE:&&mA&+&+&W, )
Opec,
Ra [Un/(Rk + Ra + Rd )]2
AT, = : 23
‘ Opc, *)

Crnemyer OTMETHUTh, YTO Ha OCHOBaHUH 3aKoHa JI>koyns-JIeHna qBuKeHne HOHOB,
KOHIIEHTpAIIHsI HOHOB, BOJIOPOJHBIN IMOKa3aTellb aHOJIUTA U KaTOJIIUTa HUKAK HE
CBSI3aHBI C pa0OTON W MOIIHOCTHIO AIEKTPUIECKOTO TOKa. TeM caMbIM ABMIKEHUE
MOHOB, KOHIIEHTPAIHsI HOHOB, BOJOPOIHBIN MMOKA3aTehb SBISIOTCS MPOIECCaMH
Y XapaKTepPUCTUKAMHU, Ha KOTOPBIE TOK HAapsIMyo He BiuseT. Kak cnemyet u3 popmyn
(17), (18), (21), BomOpomHBII1 ITOKa3aTeNh 3aBUCUT OT Pa3HOCTH MOTCHIINATIOB MEXITY
AIIEKTPOJIAMH U OT COMPOTUBJICHUH CPEbl U HE 3aBHCHT OT TOKA U MOIIHOCTH TOKA.

Ha ocHoBanuu ycTaHOBIEHHBIX (YHKIHOHAJIbHBIX 3aBUCUMOCTEH MEXIY
BOZOPOAHBIM [I0KA3aTEJIeM aKTHBUPOBAHHOM BOJIBI U ITapaMeTPaMH JIEKTPOAKTHBATOpa
NPECTaBUM aJTOPUTM pacueTa MoKa3aTeseld akTHBAIlMK BOJIBI:

1) BBOA MCxOHBIX AanubIX: L [M], L [M], S [M°], u, [M*/c B], u, [M*/c B], pH,, k_
[kmoms?/Mm®], O [MP/c], p [kr/ M*], U [B], 1, p.. [Om-M], [ [M], a, ¢, [ dox/(xr °K)];

2) BBIYUCIIEHUE CONPOTUBIIEHUH R,, R , R 110 popmynam (20);

3) BBIUMCIIEHUE BEIMYMHEI TOKA 110 Gopmyie (19);

4) pacuet cpeaHeil HAPSHKEHHOCTH 3JICKTPHUUYECKOTO TOJIsl B AaHOJIUTE U KaTOJIUTE
no ¢popmynam (21);

5) BBIUKCIIEHHE BOAOPOIHOTO [TOKa3aTelsi anoauTa 1o gopmyie (17);

6) BBIUMCIICHUE BOJAOPOIHOTO MOKa3aTess karoauTa o gopmyie (18);

7) BBIYMCIICHUE BEIMYMH U3MEHEHUs Temieparypbl karonuta AT, u anonura AT
COOTBETCTBEHHO 10 popmynam (22) u (23).

w

Electrical technologies and equipment 41



&KEE WHXXEHEPHBIE TEXHOJIOTMW U CUCTEMBbI Tom 35, Ne 1. 2025

CoracHo airopuTmy paspaboTaHa KOMIBIOTEpHas mporpamma B cpene Lazarus,
MO3BOJIAOLIAS PACCYMTHIBATH BOIOPOAHBIN OKA3aTENIb aHOJIUTA U KaTOJIUTa B 3aBUCUMOCTH
ot 3aganHoi DJ[C uCTOYHMKA MUTAHUS U IPOU3BOAUTEIHLHOCTH aHOTHOM U KaTOIHOM
kamepbl. MlcxoaHble JaHHbIC [T pacyeTa MpeCTaBlIeHbl B Taduie 1.

Tabnuma 1
Table 1
Hcxoanble 1aHHbIe 10 npuBeneHus k cucreme CU
Initial data before reduction to the SI system
2 2 /A g6 . 7 2 . . 7 2 .
Lyvm/| L,vm/ |S, cm z/ [, mm/ 0. 1/1/ 0, Vh k,, KMOJ‘II;Z/M /|u,-10 ,MQ(B ) /|ty 107, M Q(B c)/
L,mm | L ,mm |S, sm* |/, mm k., kmol’/m® | u -107, m*/(V-s) | u, 107, m*(V-s)
62 40 561 2 15..35 107 3,26 1,80
p, Kr/M3/ p,,omMm/ |c, Jla/(xr °K) /
v.B p, kg/m? @ n p,, Ohm m pcp, J/(kg °K) pH,
40..160 1000 0,15 0,98 1 600 4180 7,0

I/ICXOILSI U3 NPCACTABJICHHBIX BbIIIC PACYCTOB, CACIAJIN BBIBOJA, YTO MAaTCMAaTH-
YCCKasa MOJCJb JJICKTPOAKTUBAIIMU BOABI B BJICKTPOAKTUBATOPC MMO3BOJISICT OLUCHUTDH
BO,Z[OpOZ[HHﬁ IIOKa3arTeb ¢ TOYHOCThIO MeHee 5 % IIpU pa3HOCTHU MMOTCHIIUAIOB MCKAY
QJICKTpOAaMU HE BBIIIC 125 B. HpI/I PAa3HOCTHU MOTCHIUAJIIOB MEIKAY IJICKTPOAaMU OT

125 no 160 B TouHOCTH MOJECIN CHMXXACTCS, OTHOCUTEIbHAS MOTPEIIHOCTH BO3pa-
craer 10 15 % (puc. 4).

pHk
. °
12
m ] 1
e 2 [ ] / A
A3 2
10 A
]
//
8
0 40 80 120 160 U,B

Puc. 4. I'paduk 3aBMCMMOCTH MOKa3aTeIs BOgoposa pH, karouTa T pa3sHOCTH HOTeHIHanoB U
MEK/Ty DIEKTPOIaMHU TIPH IPOU3BOUTEILHOCTH KATOAHON KaMEpPhI C yKa3aHHEeM
JKCTIIEPUMEHTAJIBHBIX TOUCK:
1—15n/a; 2 —25 a/a; 3 —35 0/

Fig. 4. Graph of the dependence of the pH index of the catholyte on the potential difference U
between the electrodes at the productivity of the cathode chamber, indicating the experimental points:
1—-151/h;2-251/h; 3-351/h

Hemounux: cOCTaBICHO aBTOPAMHU CTAaThH [0 MaTepHaiaM TaOIuIbI 2.
Source: compiled by the authors of the article based on materials from Table 2.
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Tabnuma 2
Table 2

Pe3yJabTaThl 9KCIIEPHMEHTOB 110 OINpe/ieJIeHHI0 OCHOBHBIX ApaMeTPOB
MPOTOYHOI0 3JIEKTPOAKTHBATOPA

Results of experiments to determine the main parameters of a flow-type electroactivator

TIpou3BOIUTENEHOCTE Hsuenerme | BosopoaHELi ITagenue HanpsKEHKS Hanpsierme
p BOJIOPOJIHOTO | TOKA3aTelb Harp MEXITY
Ne H%Fagoggii};’, Jé/q / nokazarens/ | karonuta/ |° %TﬁiHoyérKaM;pteﬁ B/ anektponamu, B /
odu Yoy Change in pH | pH index of 0'1age crop ° Voltage between
catholyte, /hour . cathode chamber, V
index catholyte electrodes, V
1 15 3,5 11,0 43,75 116
2 25 2,1 9,6 45,50 121
3 35 1,5 9,0 46,30 123
4 15 5,9 12,4 53,24 141
5 25 35 11,0 56,48 151
6 35 2,5 10,0 58,07 155
7 25 5,0 12,5 64,45 172
8 35 3,5 11,0 66,83 178

Amnanu3 rpadukoB Ha pucyHke 4 u gopmyn (18), (22) nmo3Bomiser caenarh clieny-
IONIMK BBIBOA: paboTa TOKa Ha HarpeBaHHE W MPOU3BOJICTBO CAMHUIIBI BEIIeCTBa Ka-
TOJIMTA MPH 33JaHHOM ITOBBIIICHIH BOAOPOJHOTO MIOKA3aTesl TEM HIDKE, YeM MEHbBIIIE
MIPOU3BOAUTENBHOCTD KaTOAHOM KaMmephbl. [[elicTBUTENBHO, TyCTh Pk — MOILIHOCTH TOKQ,
TPOXOJIAMIETO Yepe3 KaTomuT, ApH, — M3MeHeHHe BOMOPOHOTO TOKA3aTENsl KaTOIMTa
NpY JIeKTpoaKTHBaIK. [10 onpeieneHuto

Un ’
R=PR=R|—>+—|.
k k kl:Rk+Ra+Rd} 24)
W3 popmynst (18) ¢ yuerom (21) ciemyer paBeHCTBO:

. ApH, O(R +R +R))L,

Un= 25
T bt I- ) Lige 2
HUcnonb3ys paBeHCTBO (25), 3armumieM Gopmyity (24) A MOITHOCTH TOKA!
R APH,O°L,
(26)

© Ipy o (1- o) LigeT

W3 paBenctsa (26) ciemyer, 4To MpH 331aHHOM U3MEHEHHH BOIOPOJHOTO MOKa3aTes
MOIIHOCTb TOKa, PacXolyeMas Ha HarpeB KaToJIuTa, BO3pacTaeT NpsiMO IPOIOPIIMOHAb-
HO KBa/IpaTy MPOU3BOAUTEILHOCTH KaTOAHOM KaMephl, @ SHEProeMKOCTh IPOU3BOACTBA
€/IMHUIIBI KaTOJIMTA BO3PACTAET MPSIMO MTPONOPLHNOHATIBHO IPOU3BOAUTETHHOCTH KaTo-
HOM KaMepbl. AHAJIOTHYHBIA BBIBOA MOYKHO CZENIaTh U TI0 aHOJIHTY.

[MepenceiBas popmyiy (22) ¢ yaeTom (24), OTMETUM, YTO U3MEHEHUE TEMITEPaTy-
PBI KATOJINTA MIPSIMO [IPOIOPLIHUOHAIBHO YIEJIbHONH 3HEPIrOEMKOCTH €r0 IPOU3BOCTBA!

5
Opc
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WK, y4uThIBas popmyiy (26), KBaapaTy H3MEHEHHs BOIOPOIHOIO MOKa3aTells:
272
R, ApH,OL,
>
p ¢, [P Uon (1-a)Lige]

W3meneHne BOZOpPOJHOTO MOKAa3aTeNsl Ha 2 €AMHUIBI IPUBOANT K MOBBILIEHUIO
Temriieparypbl Ha 8§ °C 1 BbILIe IPU IPOU3BOAUTENLHOCTH Kamepbl Oosee 15 11/4 (puc. 5).
[onaras, uTo Temmneparypa BOAbI Iiepell IeKTpoakTuBanuei pasaa 18 °C, Bo uzbdexa-
HHE MOJIBA KaTOJUTOM ¢ Temreparypoid 25 °C u BbllIe 1esieco00pa3Ho yCTaHABIUBAT
MPOM3BOAUTENHLHOCTh HE BBILIE 15 JI/4 ¢ epepbIBOM Ha OXJIaX/ICHHE KaTOIUTa MOCIe
M3MEHEHHsI BOJIOPOIHOTO TIOKa3aTesst Ha 2 €INHUIIBL.

(28)

AT, =

ATy, °C

" /

30

20 2/
//

0 1 2 3 4 ApHk

Puc. 5. Cessb MEXy MOBLIIEHUEM TEMIIEPATYPbl AT, KATOJINTA ¥ H3MEHEHUEM BOJIOPOHOTO
nokasarelist Karonura ApH, npu Npou3BOAUTEILHOCTH KATOAHOM KaMeph:
1—15n/a; 225 n/a; 3 —35 n/qa

Fig. 5. Relationship between an increase in the AT, temperature of the catholyte and a change in the
pH index of the catholyte ApH, at a cathode chamber productivity:
1 — 15 1/hour; 2 — 25 1/hour; 3 — 35 I/hour

I'padmkn Ha prcyHKE 5 0TOOpaKaroT 3aBHCUMOCTb, OMMMCaHHYIO dopmyIoil (28),
C YYETOM aJropuTMa M UCXO/HBIX JIaHHBIX B Ta0muie 1.

O0cy:xaeHue u 3aKia04eHne. MaremaTnyeckasi MOJIeIb, IIPEICTABICHHAS YPaB-
HeHusiMU (17)—(28), MOXKET CITy’)KUTh OCHOBOU TIPH CO3JaHUU aBTOMAaTU3HPOBAHHON
CUCTEMBI TI0JIMBA PACTEHUH, OCHAIIIEHHON MPOTOYHBIM 3JIEKTPUYECKUM aKTHBATOPOM.
Ona 1o3BoJISIET 110 33/IaHHOMY TOKA3aTelTo BOOPO/Ia BOJIBI, 33/1aBAEMOMY TOJIb30BaTeIeM
Kak HanOoJee MOAXO/AIIEMY B JIaHHBIX YCIOBUSIX, PACCUUTATh MapaMeTphbl U PeKUM
paboThI akTuBaTOpa, Takue kak DJ]C ncroyHnka nuTanus (pasHOCTh MOTEHIIMAIOB MEKTY
3JIEKTPOAAMH), TPOU3BOIUTEIILHOCTh AHOAHOM M KaTOAHOM KaMep, paCCTOSTHHE MEKITY
3IEKTPOAMH, JUTMHY KaMep, oOecriednBaeMyto TpeOyeMoe BpeMs aKTHBAllUU U JIp.
Tem cambiM focturaercs 3pPeKTUBHOCTD MOATOTOBKH BOBI JJISI TIOIHMBA C TIOMOIIHIO
TEXHOJIOTWH MTPOTOYHOTO AJIEKTPOAKTUBHPOBaHUs. PaccmarprBaemast TEXHOIOTHSI aBTO-
MaTH3MPOBAHHOTO NOKBA 3(p(PEeKTHBHA B yCIOBHSIX 3aIIUIIIEHHOTO TPYHTA, T/I€ MOKET
OBITH MCTIONB30BaHa B TeueHUe rofa. [lpu »ToM momydeHHble pe3yabTaThl B PaBHOU
Mepe CIIPaBE/UIMBHI U TP YCTAHOBKE TAKON CHCTEMBI B YCIIOBUSX OTKPHITOTO IPYHTA.
MaremaTtrueckas MOAEIb U SKCIIEPUMEHTHI [TO3BOJIMIIN C/IeaTh YaCTHbIC HAYyYHbBIC
BBIBOZIBL. B cooTBeTCcTBUM ¢ ypaBHeHHEM (25) BOAOPOIHBIN MMOKa3aTelnb U3MEHSETCS
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npsiMo niponiopunoHansHo I/1C 1 00paTHO MPONMOPIMOHATIBHO PON3BOJUTEIBHOCTH.
Pacxopn snekTpuyeckoii SHEPTUX Ha DIIEKTPOAKTUBALINIO 00YCIIOBJICH HArpeBaHUEM aK-
TUBUPOBAHHOM BOJIBI U COITyTCTBYIOLIMMHU €€ HOHM3allMel U N3MEHEHHEM BOJJOPOIHOTO
nokaszarens. B cooTBeTcTBHM ¢ ypaBHeHHEM (27) TeMIieparypa aHOJuTa U KaToJinTa
W3MEHSIETCS MPSIMO MPOMOPIIMOHATIBHO MOIITHOCTH TOKa B KAMepe U 00paTHO TpoIop-
[IMOHAJIFHO MPOU3BOAUTEIHLHOCTH KaMephl. B cooTBeTcTBHM ¢ ypaBHEeHHEM (28) npu
HEU3MEHHON NMPOU3BOIUTEIBHOCTH M U3MEHEHUH HANpPsLKEHUS MEKAY JIEKTPOIaMU
nepeMeHa TeMIeparypbl IpsSMO IPOIOPLUOHAIbHA KBAIPaTy U3MEHEHHSI BOIOPOIHOTO
MOKa3aTesIsl aHOIKTa WK KaroiuTa. CornmacHo rpadykaM Ha pUCYHKE 5 BO U30eKaHue
MOJIMBA KATOJIUTOM ¢ Temmeparypoi 25 °C u Bbllle NPOU3BOAUTEIBHOCTh KATOIHOM
KaMephl ¢ 3aJaHHBIMU [TapaMeTpaMy Py peoOpa3oBaHUN BOJOPOIHOIO MOKA3aTEIs
Ha 2,5 u 6onee no mkane pH neixecoobpaszHo yctaHaBnuBaTh He Bbie 15 /4. Takum
00pa3oM, MOoTy4YeHHass MaTeMaTHuecKas MOJEIb TIO3BOJIHUT PACCUMTAThH MMapaMeTphl
Y PEKUM pabOTHI aKTUBATOpa B pa3padaThbiBa€MbIX aBTOMATH3WPOBAHHBIX YCTaHOBKAX
NP UX MPOCKTUPOBAHUH M SKCIUTyaTalliy Ha IPOM3BOJICTBE U TOCTHYb 3PPEKTHBHOCTH
MOJITOTOBKHU BOJIBI /IS MTOJIUBA C TIOMOIIBIO TEXHOJIOTHH MPOTOYHOTO 3JIEKTPOAKTHBH-
POBaHUS U O30HUPOBAHMSL.
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Tenonepenaya oqHOTPYOHOI CHCTEMbI OTOILICHHSI
NPHU peBePCUBHOM MOAa4e TeIIOHOCUTEJIS
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Aunomayusn

Bsedenue. B TpaIMIIMOHHOM PEXMME TEIJIoNepeaada OTHOTPYOHBIX CHCTEM OTOILICHHS
3HAQUUTEIIPHO YCTyNaeT AByXTpyOHBIM. C pa3BHTHEM UMITYJILCHBIX TEXHOJIOTHI B CHCTe-
Max TEIUIOCHA0XEHHsI CTa0 BO3MOXKHBIM CO3JIaHHME PEBEPCHBHOTO PEXHMMa IOIAYH Te-
IUIOHOCHUTEJIS, B KOTOPOM TeIuIonepe/aya OTOIMUTEIbHBIX TPUOOPOB YIIydIIaeTcs 3a CUeT
MyJIbCAlMH TEIJIOHOCHUTENISI, OAHAKO KOA(P(UIMEHT TeIonepeaady B0 MHOIOM 3aBHUCHT
OT TEXHOJIOTHYECKUX PEIICHHI CO3IaHUsI TAKOTO PeKUMa. B CBA3HM ¢ 3TUM CO3aHKE OpHU-
TMHAJIBHOW TEXHOJIOIHYECKOIl CXEMBI JUISl PEBEPCHBHOIO peXHMa Ha 6ase MeMOpaHHOIO
Hacoca 1 000CHOBAHHME ONTHUMAIBHOIO YaCTOTHOTO AMAINa30Ha €ro paboThl SBISETCS aK-
TYaJIbHBIM M TIPAKTHYECKU 3HAUYMMBIM ISl PA3BUTHS OHOTPYOHBIX CHCTEM OTOILICHUSL.
Lenv uccneoosanus. Ioseimenne 3pheKTHBHOCTH pabOTHI OHOTPYOHBIX CHCTEM OTOILIe-
HHS C IOMOIIBIO CO3/IaHMsl PEBEPCUBHOTO PEKMMA [10/1a41 TETUIOHOCUTEIIS C UCIIONB30Ba-
HHEM MeMOpaHHOIo Hacoca.

Mamepuanst u memoowi. TIpu ycTaHOBKE SKCIIEPUMEHTAIILHBIX 3aBUCHMOCTEH mepernaja
TeMIIeparyp [UIs TPEIOLIEro U HarpeBaeMoro KOHTYPOB OTOIUICHUSI PEBEPCHBHOMN TEIIO-
nepeavu Mo OJHON TpyOe OT 4acTOThI MyJIbCALMI pacXo/a TEIUIOHOCHUTENS P Pa3HbIX
BXOZIHBIX TEMIIEpaTypax B JUHAMHKE HCIIOJIb30BaJIHCh METO/BI eneH, pu3niecKkoro sKc-
MePUMEHTA, MaTeMaTHYeCKOH CTaTUCTUKY. DU3MUecKuil SKCIIEpUMEHT IPOBOJIMIICS HTOCIIe-
JIOBATEJIbHO MPU MOBBIIEHUH U IOHWKEHUK Temneparypsl Temtonocutens (50 u 60 °C).
Pesynomamut uccnedosanus. Ha mabopaTopHOil ycTaHOBKE PEBEPCHBHON TEILIONEpEIaul
0 OJJHOH Tpy0e Moy4YeHa ONTHMalbHAsl 4acToTa IS JIBYX TeMIIepaTyp TeIUIOHOCHUTES,
obecreynBarolas MOBBILICHHE TIeperna/ia TeMIepaTyp B KOHTYpax U KO3 (HUIHEHT Teruio-
nepenadu. [1oaydeHsl 3aBUCHMOCTH IIeperaja TeMIepaTyp IS TPEIOIero (BHEIIHETO)
U HarpeBaeMoro (BHYTPEHHET0) KOHTYpa TeIUIOCHA0XKEeHHMs, a Takxke koddduimenra te-
IUIONepe/auy JUlsl TeIIO0OMEHHHKA OT YacTOThI X0/1a AnadparmMbl MEeMOPaHHOIO Hacoca.
Obcyrcoenue u 3axniouenue. B pesynprare mpoBeeHHs (U3MUECKOTO SKCIICPHMEH-
Ta YCTAQHOBJICHO, YTO Iepeada TEIUIOBOIl SHEPIMU IO OFHOW TpyOe BO3MOXKHA B ILIH-
POKOM [Mala3oHe 4YacToT, NPU 3TOM HauOoublias Teruoneperada 3adUKCHpoBaHa Ha
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gactote 0,3-0,4 ['n. Takum 00pa3oM, TEXHOJIOTHSI TEILUIONEPEa4H IO OMHOU TPyOe MOXKET
ycnemﬂo l'lpPIMeHS[Tl)Cﬂ JUIS OTOIVICHUSI MECT O6l.].leFO I10JIB30BaHUS B MHOFOKBapTI/IprIX
JIoMax, OOIIEKNUTHSX, IPOMBIIIJICHHBIX, CETbCKOXO3SIMCTBEHHBIX OOBEKTAX U 3JaHUAX HH-
JIMBUYaJIbHOM JKUIIOHN MOCTPOMKH.

Kniouesvle cnosa: cuicteMa OTOIUICHUS, ITYJILCHPYIOMINI PEXHUM, PEBEPCHBHOE JBUKE-
HUe, QU3HYECKUIT SIKCIEPUMEHT, IIepera]] TeMIeparyp, koahUIueHT Teronepenain

Kongpnuxkm unmepecog: aBTopbl 3asBISIIOT 00 OTCYTCTBUM KOH(IUKTAa HHTEPECOB.

Jna yumuposanusn: Jlesues A.Il., Jlaun E.C., JIsicsaxoB W.U., Yxens [. Termome-
penada OJHOTPYOHOW CHCTEMBI OTOIUICHUS MPU PEBEPCHBHOH IMOJaue TEIIOHOCHTEIIS.
Hnorceneprnvie mexnonoauu u cucmemnl. 2025;35(1):49-59. https://doi.org/10.15507/2658-
4123.035.202501.049-059
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in a One-Pipe Heating System
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Abstract

Introduction. With the standard mode, heat transfer in one-pipe heating systems is signifi-
cantly inferior to heat transfer in two-pipe systems. The development of pulse technolo-
gies for heating systems made it possible to create a reversible heat transfer in which heat
transfer in heating devices is improved through the heat transfer agent pulsation, but the
heat transfer coefficient depends largely on technological solutions for creating this rever-
sing mode. In this connection, developing original technological scheme for reversible
heat transfer based on the diaphragm pump and substantiating optimal frequency range of
its operation is relevant and practically important for improving one-pipe heating systems.
Aim of the Study. The study is aimed at increasing the efficiency of one-pipe heating sys-
tems through creating reversible heat transfer agent supply using a diaphragm pump.
Materials and Methods. There were used the methods of circuits, physical experiment and
mathematical statistics to establish experimental dependences of the temperature diffe-
rence for the heating and heated circuits of reversible heat transfer through one pipe on
the frequency of pulsations of the heat transfer agent flow at different inlet temperatures in
dynamics. The physical experiment was carried out at two heat transfer agent temperatures
(50 and 60°C).

Results. With the use of the laboratory setup for reversible heat transfer through one pipe,
there have been found the optimal frequency for two heat transfer agent temperatures,
providing an increase in the temperature difference in the circuits and the heat transfer
coefficient. There have been found dependences of temperature difference for heating
(external) and heated (internal) circuits of heat transfer and heat transfer coefficient for the
heat exchanger on the pump diaphragm stroking rate.

Discussion and Conclusion. As a result of the physical experiment, it has been found
that the heat energy transfer through one pipe is possible in a wide frequency range
(from 0.15 to 0.4 Hz), while the greatest heat transfer is recorded at a frequency
0f 0.3-0.4 Hz. The technology of heat transfer through one pipe can be successfully used
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for heating common areas in apartment buildings, dormitories, industrial and agricultural
facilities, and individual residential buildings.

Keywords: heating system, pulsating mode, reverse motion, physical experiment, tempera-
ture difference, heat transfer coefficient
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Beenenne. Ilepenadya TenaoBoil 3HEPTUH B OTOMUTENBHBIX YCTAHOBKAX COMPOBO-
JKAaeTCs TEXHOJIOTHYECKUMH MOTEPSMH KaK TETJIOBOM, TaK M AIEKTPUUECKON SHEPTUH.
Bennunny TeXHOIOTHYECKUX MTOTEPh MPH Tepeiade TEIUIOBOW SHEPTHH 10 CeTAM IS
TOPOJICKUX TTIOCEJICHUH B MIEPCIIEKTHBE CTAPAIOTCS OTPAaHUYHTh Ha ypoBHE 7 %. OnHako
(baxTHyeckas ee BeIMUMHA TIOKa ocTaeTcs Bbicokoit (16 % u 6onee) [1]. HopmarusHast
BEJIMYMHA TEXHOJIOTHMYECKUX TTOTEPh MPH Mepejade TeTIOBOH IHEPTUN 3aBUCHUT TIaB-
HBIM 00pa30M OT MCTIOJHEHHS TEIJIOBOM CETH (IBYXTpyOHAs OHA WIJIM OJHOTPYOHAas).
Ha npaxTuke nonmy4nia pacipocTpaHeHue ABYXTpyOHas repeada TeTIOBOH SHEPTHH,
MIPU KOTOPOUW TOPSYUH TETJIOHOCHUTENh IMOCTYIAeT K MOTPEOUTEINIO 0 MTOIAF0IIEeMY
TPyOOTIPOBOTY, @ OTPaOOTaHHBIN TETIOHOCHTENh OTBOIUTCS M0 0OpaTHOMY TPyOO-
npoBoxay [2]. TexHoMOrM4eckne MOTEPH 3/1eCh HeCyT 00a TpyOOIpoBoIa, a pacxox
TpyO 1O CpaBHEHHMIO C OAHOTPYOHBIMU CUCTEMaMH BBILLIE B /iBa pa3a [3]. Bmecte ¢ Tem
B CTapoii 3aCTpOHKe U IOMaxX WHAMBHYyaIbHOMN MOCTPOMKH €Il He peAKO BCTpedyaeTcs
OTHOTpYOHAas pa3BoKa, IPU KOTOPOW OTOMUTEIBHBIA MPHOOp CTABUTCS B PACCEUKY
TpyOOIpoBOJa, @ OTPAOOTAHHBIN TETNIOHOCUTEIb BO3BPAIIACTCS 10 YKOPOUCHHOMY
TpyOompoBoay [4; 5], mpruyem mocieHNi He BCera y/IJauHO BIIUCHIBAETCS B MHTEPhEP
3naHus. B ¢BA3M ¢ 3TUM 0HOTpYOHAs pa3BO/IKa PEAKO MPUMEHSETCS IIPH PEKOHCTPYK-
IINY CUCTEM OTOTUICHUS 3IaHU ¥ HOBOM CTPOUTEIHCTBE [6].

C pa3BUTHEM UMITYTHCHBIX TEXHOJIOTHI B CHCTEMaX TEIJIO- U BOXOCHAOXKEeHNUs [ 7-9]
CTaJI0 BO3MOXKHOM peBepCHBHAs Tepeiada TeIIoBOH dHEpruu 1mo oxHoi tpyoe [10].
Teopernueckre OCHOBBI TAKOH TeTuIonepenadn u3aokeHsl B padorax [11-13]. [Tymscupy-
IOIIIee IBMKEHHE TETUIOHOCHUTEIS ITPU STOM OCYIIECTBISIETCS C TOMOIIBEIO MEMOPaHHOTO
Hacoca [13], koTopslii Ui paboThl UCTIONB3YET N30BITOUHBIA HAIOP TEMJIOBOM CETH.
JlocTaroyHo BBICOKYIO HAJCKHOCTh B pab0Te U HEIUIOXHE XapaKTEPUCTHKH ITOKa3aln
MeMOpaHHbIE HACOCHI ¢ TapeasdarbiMu quadparmami [13—15]. [lonokuTenbHbIH ONBIT
MCIOJIb30BAHUS MYJIbCUPYIOIIEr0 PeKUMa OTKPBIBAET HOBbIE BOBMOYKHOCTH peann3a-
[[UM PEBEPCUBHOM TEILIONEpe a4 110 oHOH TpyOe. [Tpu 3ToM BIHSHUE TyIbCUPYOLIETO
peknMa MeMOpaHHOTO Hacoca Ha TeIuionepeiady Ipu peBEPCUBHOM JIBHKEHHUH TEIUIO-
HOCHTENS He M3y4deHo. TakuM 00pa3om, COo3MaHne OPUTHHAIBHON TEXHOIOTHYECKON
CXEMBI JJIsI PEBEPCUBHOTO PeKUMa Ha 6a3e MeMOpaHHOTO Hacoca U 000CHOBAHHE OIITH-
MaJIBHOTO YaCTOTHOTO JAMAara3oHa ero paboThl ABISIOTCS aKTYaIbHBIMA U IIPAKTHYECKA
3HAYMMBIMHU 3a/1a4aMU JIJIsl pPA3BUTHS OAHOTPYOHBIX CHCTEM OTOTUICHUS.

B cBsi3u ¢ 3 THM TIeNBI0 TaHHOW pabOTHI CTAJO MCCIENOBAHNE YCIOBUN CO3MaHUS
PEBEPCUBHOTO JIBUKEHUS TEINIOHOCUTEISI B CHCTEME OTOIUICHHS! C HE3aBUCHMBIM
MOJKIIIOUEHUEM, a TAK)KE MOJIyYeHNE dKCIIEPUMEHTAIbHBIX 3aBUCUMOCTEN Iepenana
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TEMIIEpaTyp JUIs IPEIOILEro (BHEIIHET0) U HarpeBaeMoro (BHyTPEHHET0) KOHTypa TeIUIo-
cHaOkeHus 1 K0d(h(PUIMEHTa TeruIonepeaaqn sl MPOMEKYTOUHOTO TETII000MEHHUKA
OT YacTOTHI Xofa AuadparMbl MeMOpaHHOTo Hacoca. [locnenHre mo3BoISIOT BEIOPAThH
palnMoHaNbHBIA PEXKUM PEBEPCUBHOMN TEepellaud TEIIOBON SHEPTHH B OIHOTPYOHBIX
CHCTEMax OTOIUICHHUS C HE3aBUCHMBIM TTOJIKJIIOYEHUEM.

00630p auTeparypbl. OMHOTPYOHBIC CHCTEMBI OTOTUICHIS ITUPOKO UCITOIB3YIOTCS
B 3/IaHVSIX WHANBUIYAILHON MTOCTPONKH, a TAKOKE JUIS OTOTUICHHS OTJETbHBIX TIPOMBIIII-
JICHHBIX U CEIHCKOX03HCTBEHHBIX 00BEKTOB (CKIIA/IbI, TAPaXKH, CTAHIINHA TEXHUIECKOTO
00CITy)KMBaHUS U JIp.) Oraroiapsi CBOel POCTOTE M HAZIEKHOCTH B padote [4; 5]. [pakTrka
AKCIUTyaTalluy TAKUX CUCTEM ITOKa3bIBAET, YTO MX IMOTECHITUAI B 3HAYUTEILHON CTETICHN
HE UCT0JIb30BaH. OCOOEHHOCTBIO OAHOTPYOHO! CUCTEMBI OTOIICHHUS SIBJISIETCS TO, YTO
TEIUIOHOCHUTENb ABMKETCS B OTHOM HampasieHuu [16]. IIpu BcTpeue ¢ oTonUTenbHBIM
npu6opom (OI1) TonbKo 4acTh TEMJIOHOCUTENSI OTBETBISICTCS K HEMY, a OOnbIIast UAeT
10 OCHOBHOI TpyOe. OTpaboTanHblii Teronocurens u3 OIl cmemmBaeTcst ¢ OCHOB-
HBIM TIOTOKOM TETUIOHOCHTEIISI, TIPU 3TOM TeMIleparypa TEIJIOHOCUTENsS 110 XOAY €ro
JIBUKEHUS yMEHBIIIAeTCH.

K mpenmyiectBam ogHOTPYOHOM CHCTEMBI OTOIUIEHUSI MOKHO OTHECTH MIPOCTOTY
MOHTaa U 00CITy’)KHBaHHS, HE TPEOYIOIINX BHICOKON KBATM(PHKAIIUK IIEPCOHAIIA; DKO-
HOMMIO PACXOTHBIX MaTEPHAIIOB JIJIT MOHTaXa (TpyOa, apMaTypa H JIp.); SCTCTHICCKUH
BHEIIHUN BUJT; BOSMOYKHOCTh OpTaHH3aIiH HECKOIBKIX KOHTYpOB [4; 17]. B kauectBe
HEJIOCTATKOB OTHOTPYOHOI CHCTEMBI MOJKHO OTMETHTH CJIEIYIOIIHE: CHIYKSHHE TeMTIe-
parypsl 1o Xoay ABrkeHus TeruioHocuTens (y mocnennero OIT ona Oymer Huke Ha 1 °C
u 0osiee); CIOKHOCTh PETYIUPOBAHUS TEMIIEPATYPhl 110 OTICIbHBIM ITOMEIICHUM;
3HAYUTEIIbHBIC 3aTPaThl AIEKTPOIHEPIUU Ha MPUBOJ HACcOCa M3-3a HEOOXOAMMOCTH
MOJIICP>KaHNUs MTOBBIIIEHHOTO pacxoia TeronocuTens [6; 17].

OnHUM M3 ACWCTBEHHBIX CIIOCOOOB MOBBIMICHUS (P(EKTUBHOCTH OTHOTPYOHBIX
CHCTEM OTOIUICHHS U PACHIMPEHUS UX Cepbl UCTIOIL30BAHUS SBISICTCSI OpPraHN3aIHsl
MyJbCUPYIOLIETO peKUMa JBMKEHHS TETNIOHOCUTENS TIPH HE3aBHCUMOM ITOKIIIO-
gennu Ol [10]. CyTs maHHOTO M300PETEHHS 3aKII0YACTCS B UCIIOIb30BAHIHN YaCTH
Haropa TeIuIOBOM CeTH JUIsl MPUBOAA MEMOPAHHOTO Hacoca, KOTOPBIA CO3JaeT B Ha-
rpeBaeMOM KOHTYPE MYJbCUPYIOLINNA pEeBEPCUBHBIN pexKuM. [Tpu 5TOM TerIoHOCUTENh
npoxoaut Oll B AByX HampaBiieHUSAX: IPSIMOM U 0OpaTHOM. B 00onx HampaBiIeHHSIX
IBWKeHUs TeruioHocutens depes Ol okpyskaromeMy BO3AyXy TMepeaeTcs TeryioBas
sHeprus. MeMOpaHHBII HACOC YIPaBIAETCS C TOMOIIBIO AIEKTPOMArHUTHOTO KJlaraHa
B 3aBUCHUMOCTH OT MOJIOXKEHHUSI MeMOpaHbl. Pacxon TemnjaoHoCHUTENsl B HAarpeBacMOM
KOHTYpE OHOTPYOHOM CHCTEMBI OTOIICHHS 3aBUCUT OT 00beMa AuadparMbl U 4aCTOTHI
NpHBO/Ia MEMOpaHHOTO Hacoca. B kauecTBe MeMOpaHHBIX HACOCOB ISl CHCTEM OTOILICHUS
XOPOIIO 3apeKOMEHI0BaU ceOsi MeMOpaHHBIE HACOCHI C TapeIbuaTbiMu quadparmaMu
OT TOPMO3HBIX CHCTEM aBToMOOmei [13—15].

MarepuaJnbl 1 MeTobI. C 1eJIbI0 HAaX0XKICHHUS pallOHAIbHOTO PEKUMAa PEBEPCHB-
HO TIepeiadu TEIUIOBOM SHEPTUH 0 OHOH TpyOe Obli1a coOpaHa dKCIepUMEHTaIbHAS
YCTaHOBKa, MPOBeJIeH (PHU3NIECKHI IKCIIEPUMEHT.

DKcrepuMeHTaNbHAsT yCTAaHOBKA I UCCIIEIOBAHNS PEBEPCHUBHOM Tepenadn Te-
TUTOBOM SHEPTUH IO OTHOH TpyOe B IMMyIhCHPYIOIEM PEKUME TIPHUBEICHA HA PUCYHKeE 1.
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Puc. 1. [lpuHnmmmaneHas cxeMa J1abopaTopHOH yCTaHOBKU:
1 — ternoBast ceth; 2 — quadparma MeMOpaHHOTo Hacoca; 3 — MeMOpaHHBII Hacoc;
4 — paboyast 30Ha MEMOPaHHOTO Hacoca BHEIIHETO KOHTYpa; 5 — paboyast 30Ha MEMOPaHHOTO Hacoca
BHYTpPEHHET0 KOHTYpa; 6, 11, 21, 23, 28, 33 — 3apBwxkkwy; 7, 15, 19, 29 — cIycKHBIE BEHTUIH;
8, 24, 26, 32 — coequHUTENBHBIC TPYOOTIPOBOBL; 9, 13, 22, 34 — 3eKTPO-AaTINKH TEMIICPaTyphbl;
10, 35 — >nexTponaTINKA JaBIeHHUs; /2 — TeII000MEHHUK HE3aBUCHMOTO MTOAKITIOUCHHS;
14 — paguarop BO3LYIIHOIO OTOILIEHUS; /6, /8 — KpaHbl; /7 — TUIPOAKKYMYJIATOP;
20 — peBepcuBHBII TpyOOpoBox; 27, 30 — 3MeKTpOMarHUTHEIE KiamaH; 25, 31 — oOpaTHbIE KilanaHa;
36, 37 — MuKporepeKiroyaTeny; 38 — IToK MeMOpaHHOTO Hacoca

Fig. 1. Schematic diagram of the laboratory setup:

1 —heating system; 2 —pump diaphragm; 3 — diaphragm pump; 4 — working area of the external circuit
diaphragm pump; 5 — the working area of the diaphragm pump of the internal circuit;
6,11,21,23,28, 33 — gate valves; 7, 15, 19, 29 — drain valves; 8, 24, 26, 32 — connecting pipelines;
9, 13, 22, 34 — electro-temperature sensors; /0, 35 — electro-pressure sensors;

12 — independent connection heat exchanger; /4 — radiator for air heating; /6, /8 — cranes;

17 —hydraulic accumulator; 20 — reversible pipeline; 27, 30 — solenoid valves; 25, 31 — check valves;
36, 37— microswitches; 38 — the stem of the diaphragm pump;

Hcmounuk: cOCTABICHO aBTOPAMHU CTaTh Mo Marepuanam [10].
Source: the diagram is compiled by the authors of the article based on the materials [10].

TerutoHOCHTENL 320UPASTCS U3 TEIUIOBOM CETH YePe3 OTKPBITHIN ICKTPOMArHUTHBIN
KianaH 30 ¥ ocTynaeT B pabouyro kKamepy 4 MeMOpaHHOTO Hacoca 3, THIe 3a CYET TPAHC-
(hopmaruy Haropa TEIIoBO ceTr Yepes nuadparmy 2 MeMOpaHHOTo Hacoca 3 co3aaeTcCs
JTaBJICHUE B paboueii kamMepe MEMOPaHHOTO Hacoca 3 CO CTOPOHKI TIOTPEOUTEINS TETUIOBOM
SHEPTUH 5, KOTOPOE CIIOCOOCTBYET BHITECHEHHIO TIOPIIUK TEIUIOHOCHTENS U3 paboueit
kamepsl. llepenaB Hanop u M3MEHHB MOJIOKEHHE MTOKA 38, TIOCHe MOTydYeHHs CUTHANIA
C MUKPOTIEPEKITIoUaresisi 3 7 OTKPhIBAETCS AIIEKTPOMAarHUTHBIHN KiaraH 27. TernIoHOCUTeNh
4yepe3 COeNMHUTENBHBIA TPYOOTIpoBo 26 OCTyIIaeT B TEINIOOOMEHHUK HE3aBUCHMOTO
TIOAKITFOYEHUS [ 2, TIe TIPOMCXOIUT MIPOIIECC TEIUIONEePEaadH OT TEINIOHOCUTEIS BHEIITHETO
KOHTYpa K BHyTPEHHEMY KOHTYpY yCTaHOBKH. Jlanee uepes CoeIMHUTENBHBIN TPyOOIIpoBOLT &
0TpabOTaHHBIN TEIIOHOCUTENH BO3BPAIIIAECTCS B TEILIOBYIO CeTh /. Bo BHYTpEeHHEM KOHTYpe
JIBIDKCHUE TETUIOHOCHTEIS TIOCIe CMEICHUs AuadparMbl UAET Yepe3 COSTUHNTEIbHBIN
TpyOONpoBOA 24, MUHYsI OOpaTHbI Kianad 3/. [Ipu 3TOM TEeIIOHOCHUTENb MOCTYIAeT
B TEIJIOOOMEHHHK HE3aBUCHMOTO TIOJIKIIFOUCHUS 1 2, TJIe IPOUCXOMT Niepe/iada TErIOBOM
SHEPTUH OT TEIUIOHOCHUTEISI BHEIIHETO KOHTYpa. 3aTeM 4epe3 PEeBEPCHBHBIN TPYyOOITpO-
BOJ 2() TETIOHOCHUTEIH TTOCTYTIAET B CEKITMOHHBIN paauarop /4, Te mepenacT TEIIoByIO
SHEPIHIO B OKPYKAOIIYIO cpefy. B mociemyroriem oH mocTymnaeT B THAPOaKKyMysiTop /7,
TIOBBIIIAs JaBJICHHUEC B HEM. HpI/I TMMOBBIICHUH JTaBJICHUA B THAPOAKKYMYJIIATOPE 17 cBpIIe
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TPEJICITLHOTO BO BHYTPEHHEW CUCTEME HAYMHACTCS OOPATHBIN XOJT IITOKA 38, TEMIIOHOCHUTENh
BO3BPAIIACTCS HA3a]] B pabOUyI0 KaMepy MEeMOPaHHOTO HAcOCa CO CTOPOHBI MOTPEOUTENS 6,
MPOXOJIS Yepe3 PEBEPCUBHBIN TPYOOIPoBo 20 U Yepe3 COSMUHUTENBHBIN TPYyOOIIPOBOL 24,
B3aMOJIEUCTBYS C 00paTHBIM KianaHoM 25. [Ipy 3ToM ImITOK BO3BpaIIaeTcsi B HICXOTHOE
TTOJIOKEHUE ¥, B3AaMMOCHCTBYS ¢ MUKPOTIEpEKITIoUaresieM 36, OTaeT CUTHAJ Ha Iepe-
KPBITHE DJIEKTPOMAarHUTHOTO KJlarmaHa 27 U OTKPBITHE JIEKTPOMAarHUTHOTO Kiianana 30.
3anoaHeHNEe CHCTEMBI BOIOH MPOUCXOIUT Yepe3 KpaH /6. 3anoTHeHHE THIPOAKKYMY-
JSATOpa BO3MyXoM obecriednBaeTcs 3a cuer kpana /8. s cOopa pacHeTHBIX JaHHBIX
AKCIIEPUMEHTAIBHONW YCTAHOBKH UCIIONIB3YIOTCS AAaTYUKU Temneparypsel 9, 13, 22, 34
u garunku gapnenus [0, 35. Jlns obecriedeHus SKCIUTyaTallii 1 PEMOHTa YCTAHOBKH
TaK)X€ YCTaHOBJICHBI 3aABUXKKU 6, 11, 21, 23, 28, 33. Bo3nyx u3 cUCTEMBI ynamnsieTcs
IIyTE€M OTKPBITUSA CIIyCKHBIX BEHTHJIEH B BEpXHUX TOUKaX yCTaHOBKU 15, 19, 29.

IIpoBeneHue 3KCEpUMEHTa OCYIIECTBISUIOCH [0 METOJUKE, KOTOpasi BKIIOUaia
MOCIIEZI0BATEIBHOCTD CIEAYIOUINX II1aroB:

1. IMoaxmrouanucek gaTuyuku Temneparypst 9, 13, 22, 34 u naBnenus 10, 35 K KOM-
MBIOTEPY [T cOOpa TaHHBIX ¢ SKCIICPUMEHTAJILHON YCTaHOBKH.

2. [Ipou3BoamJIOCh 3aMOTHEHNE BHYTPEHHETO KOHTYpa TEIUIOCHAOKEHHSI TETIIO-
HOCHTEIIEM OTKPBITHEM 3aaBWkeK /9, 21, 33, a Takke KpaHa 3allOTHEHUS CUCTEMBI
BOjioH /6. [Tocne co3anus naBlieHUsl BO BHYTPEHHEH CUCTEME OTKPBIBAIUCH CITyCKHBIE
BEHTHJIH 7, 15, ynansmncs Bo3ayx u3 cuctemsl. [Ipu sTom auadparma Hacoca cMeranach
B KpaliHee MOJIOKEHUE, 3aMblIKasi MUKponepekitouarenb 36. CiiyCKHble BEHTWIH 7, 15
npukpsiBanuck. KpaH 3anoiaHeHus: cucteMbl BOJoU /6 3akpbiBajics. Bkiroyancst KoM-
MPECCOP U OTKPHIBAJICS KPaH 3aIllOJIHEHHUS BO3YXOM JAuadparMbl TUAPOAKKYMyIsitopa 8.
Cosnasanocs jaBnenue BHyTpH auadparmel P, = 3 arm. Kpan 3anonnenuns apadparmbl
BO3yXOM /8 3aKphIBajCs.

3. OCyIIeCTBISIIOCH 3aI0JIHEHUE HAPY)KHOTO KOHTYpa TEIIOCHA0KEHUS TeIJIOHO-
cuteneM. OTKPBIBATUCH 3aBUKKH 6, 11, 23, 28. Britodanack B CETh IEKTpOCXeMa
PETYIUPOBAHSI PAOOTHI MIICKTPOMATHUTHBIX KJIAITAHOB. DJICKTPOMArHUTHBIN KiiamaH 30
TIEPEKITIOUAT TTOJIOKECHIE, M HApy KHAsI CHCTEMa 3aIoTHIACh BOMOM. 3a CUET OTKPHITHS
CITyCKHOTO BEHTHIS 29 M3 HAPY)KHOM CUCTEMBI ynassuics Bo3ayx. CITyCKHOW BEHTHITH 29
nopkuMadcs. 1ITok MmemOpaHHOTO Hacoca HaYMHAI MTEPEMEeNaTbcs, B CHCTEME TPO-
MCXOJUIIA TIUPKYIISINS TeTTIOHOCUTENS. VICTOUHNK TETUTOBOM YHEPTHH B BUIE DIIEK-
TPUYECKOTO KOTJIA BKIIFOYANCS B ceTh. [locie crabunm3anum pexxuma (OKOJIo 5 MUH)
3aITUCHIBAITUCH TIOKA3aHMUs C BOJITHBIX c4eTYHKOB. [1o mepromam BpeMeHu repeMenieHus
IITOKA OMpEJeNsiiach 4acToTa paboThl MEMOpPaHHOTO Hacoca.

4. 3anuchIBAINCH PE3YAbTAThl U3MEPECHHUSI C JATUUKOB AABICHUS U TEMIIEPATYPHI.

Pe3yabTarsl ucciaegoBanus. B pe3ynbrare TEMIOBBIX UCIBITAHUN MOCTPOCHA
3aBUCUMOCTH Iepenaaa TEMIEPaTyp BO BHEITHEM KOHTYPE OT YaCTOTHI PaOOTHI MEM-
OpanHoro Hacoca (puc. 2).

Ilepenan TemmepaTyp BO BHEIIHEM KOHTYPE MPOUCXOAUT OT YaCTOTHI PAOOTHI
MeMOpanHoro Hacoca mpu 50 °C 1 uMeeT TCHACHIINIO K CHIKEHUIO TTPH TIOBBIIIICHUT
gacToThl. [Ipu Temmeparype 60 °C HaOmMIOmaeTCcs CHIKEHUE Pa3HOCTH TeMIIepaTyp
TIPH 9acTOTe paboThl MeMOpanHoro Hacoca ot 0,16 mo 0,33 I'm, a mocie mpu gacToTe
ot 0,33 10 0,42 I't rpaduk HAXOAUTCS B COCTOSTHUH TIOKOSI.
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y=148,467x2 — 35,952x + 9,4258
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3
y=-7,4034x + 4,6262
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1
0 0,1 0,2 0,3 0,4 0,5
f.Tu/f,Hz
—o— t=50 —o— t=060
—————————— JInneitnas (t = 50) / —— TlonuuomuansHas (t = 60) /
Linear (t = 50) The polynomial (t = 60)

Puc. 2. I'paduk 3aBECHMOCTH TIepenajja TeMIIEpaTyp BHEIIHETO KOHTYpa TEIUIOCHA0KECHHS
OT 4acTOThI X0/1a JuadparMbl MEMOPaHHOTO Hacoca

Fig. 2. Diagram for the dependence of the temperature difference of the external heat supply
circuit on the pump diaphragm stroking rate.

Hcemounuk: 3mech U aaiee rpa(bm(n TOCTPOCHbI HA OCHOBAHUU IOJYUYCHHBIX PE3YJIbTATOB B XOA€

MIPOBEICHNUS UCCIIEIOBAaHHMH.

Source: hereinafter in this article the diagrams are compiled by the authors of the article based on the
results obtained during the study.

Janee paccMOTpeH nepenaj TeMIeparyp BO BHyTPEHHEM KOHTYpE OT YacTOTHI X0/1a
nmuadparMbl MeMOpaHHOTO Hacoca (puc. 3).

7
6
5
¥ =154,068x2 — 38,908x + 10,391
O 4 e
3 y=—48,964x2 + 19,428x + 2,1344
2
1
0 0,1 0,2 0,3 0,4 0,5
f,Tu/f, Hz
—e— t=50 —o— t=60
............. IMonunomuanshas (t = 50) / —— IMonuHomuanbHas (t = 60) /
The polynomial (t = 50) The polynomial (t = 60)

Puc. 3. Tpadux 3aBuCHMOCTH TIepenaia TEMIIEPATyp BHYTPEHHEr0 KOHTYpPa TeIUI0CHAOKEH S
OT YacTOTHI X0/1a AradparMel MEMOPaHHOTO Hacoca

Fig. 3. Diagram of the dependence of the temperature difference of the internal heat supply
circuit on the pump diaphragm stroking rate
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Ha nannom rpaguke MoxxHO HaOMIOAATh, 4TO TIpH Temiiepatype S0 °C moBbleHHe
napaMeTpa pa3HOCTH TeMIIepPaTyp 3aBUCHT OT MOBBIIICHHUS YaCTOThI pa00OTh MEMOpaH-
Horo Hacoca ot 0,150 mo 0,215 I'y, a mocne 0,215 'l 3HaYEHUE CTPEMUTCS K YOBLIH.
ITpu Temneparype 60 °C 3ameTHa yOBITH 3HAYSHNS NIEpETaga TEMIEpaTyp OT YaCTOTHI
paboter MemOpanHoro Hacoca ot 0,150 no 0,330 I'u, 3aTrem mapameTp HaXOAUTCS
B YCTOWYUBOM MONIOKeHNE 0 4acToThl 0,410 I'11.

Paccmorpum rpaduk 3aBucHMOCTH Kod(PUIHEHTa TerIonepeadn OT 3HAUCHUS
JacTOTHI padOTH MeMOpaHHOTO Hacoca (puc. 4).

k , kBt/(m2 °C) / k, kW/(m?2 °C)
(=}
[oe]

0 0,05 010 015 020 025 030 035 040 045
f,Tu/f,Hz
——1'=50 —— T'=60
Puc. 4. I'paduk 3aBucuMocTd K03 GHUIMEHTA TEIUIONEePEIaYn TSIIO0OMEHHUKA HE3aBUCHMOTO
MOJKITIOYEHHS OT YaCTOTHI X0/1a TuadparMbl MEMOPaHHOTO HAacOca

Fig. 4. Diagram for the dependence of the heat transfer coefficient of the heat exchanger using
independent connection on the pump diaphragm stroking rate

W3 manHoro rpaduka ciuemayer, 9To cTabMIbHBIH pocT Kod(duUIreHTa Teronepeayn
OCYILECTBISICTCS MPH MOBBIIICHUH YaCTOThI pabOThl MeMOpaHHOro Hacoca. [Ipu aTom
TeMreparypa mojaBacMoro TeMJIOHOCUTENS MPAKTUYSCKH HE OKA3bIBACT BIUSHUS HA
n3MeHeHue kod(duimenTa Teronepeaadn.

O6cy:xaenue u 3aKkiao49eHne. Ha sxcriepuMeHTallbHOM YCTaHOBKE OJHOTPYOHOM
CUCTEMBI OTOTUICHHSI C HE3aBUCHMBIM ITOJIKIIFOYEHIEM OTOITUTEIBHBIX IPUOOPOB C IIOMO-
HIbI0 MEMOPaHHOTO HacoCa UCCIEA0BaHbI YCIIOBHS CO3/IaHHSI PEBEPCUBHOTO ABHKCHUS
TETJIOHOCHUTEJISI. YCTaHOBIICHO, YTO PEBEPCHUBHAS Mepeada TeIIOBON SHEPIHHU TI0 OJI-
HOM TpyOe B CHCTEME OTOILICHUS MPU HE3aBUCUMOM CXEMe C IIOMOIIbE0 MEMOPaHHOTO
Hacoca, UCIOJIL3YIOIIET0 HAIMOp TEIIOBOM CeTH, BO3MOKHA B ITMPOKOM JHaIa3oHe
gactoT (o1 0,15 mo 0,40 I'mm). [TomydeHs! SKCIIepIMEHTATBHBIC 3aBUCHMOCTH TIeperaa
TEMITepaTyp B KOHTYPax OT YaCTOTHI MYJIbCAIMH TEIIOHOCHTEIIS, TOKA3bIBAIOIIUE, YTO
C POCTOM YAaCTOTHI Mepernaji TEMIEepaTyp KakK JJisl BHEIIHETO, TaKk U JJIs HAPYKHOTO
KOHTYpa CHUXKaeTcs 00Jiee MHTEHCUBHEE [T MEHBIITMX TEMIIEPaTyp TEIUIOHOCHUTES Ha
BXOJ1€, a K0O3(GHUIUESHT TeTUIonepeaun pacTeT Mo JTNHEHHOI 3aBUCHMOCTH H3-32 YBEIHU-
YEHHS pacXola TEIJIOHOCUTENS MEMOpPaHHOTO Hacoca. Takum 00pa3om, ONITUMAITbHBIN
JIMAIa30H YacTOT Iepeadr TeIUIOBOW SHEPTHHU 110 OJJHOM TpyOe 110 He3aBUCUMOU CXeMe
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C MTOMOIIIbI0 MEMOPAHHOTO HACcOCa, UCTIOJIB3YEMOT'0 HAIlOp TEIJIOBOM CETH, COCTABIISICT
ot 0,3 10 0,4 I'u. TexHomornyeckue pemieHus nepeaadn TeII0BOM YHEPTUHU TI0 OTHOM
TpyOe 10 HE3aBUCUMOM CXEME C TTOMOIIIBI0 MEMOPaHHOTO HACOCa, UCTIONB3YEMOTO HATIOP
TEIUIOBOM CETH, MOT'YT YCIIEIIHO PUMEHSITHCSI ISl OTOIICHUS. MECT OOIIIEero MOJIb30-
BaHMS B MHOTOKBAPTHUPHBIX JOMaX, OOIIECKUTHUAX (ITOIXBE3IbI, ICCTHUIHBIC TIPOICTHI
U JIp.), a TaKK€ HU3KOITAKHBIX TIPOMBIIIIICHHBIX (CEIbCKOX03IHCTBEHHBIX) 00BEKTaxX
Y 3IaHUSIX UHAUBUIYaTbHOM KUIJIONW MOCTPOUKHU.
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Annomauusn

Beeoenue. OcHOBHOH MTpoOIEMON MOJIOTKOBBIX JPOOMIIOK SIBISIETCS MEpeU3MeTbucHIe
3epHa M3-32 HECBOCBPEMEHHOI'O OTBOJA I'OTOBOrO TPOIYKTa M3 KaMepbl U3MEIbYCHHUS.
OnHIM U3 CHOCOOO0B BIMSIHUS HA OPTaHU3AIMIO IBIDKEHHS BO3LYIIHOTO TIOTOKA B MOJIOT-
KOBOM IpOOHJIKE SIBIISIETCS] M3MEHEHUE TAaBJICHHS CHAPYKH APOOMIIBHOM KaMepbl, TOATOMY
WCCIIEIOBAHNE BIMSHUS JABICHMS BO3IyXa, OKPYXKAIOIIETO MOJIOTKOBYIO APOOHMIIKY, Ha
Ka4eCTBEHHbIC M DHEPIeTUUECKHE ITOKa3aTeNlN ee paboThI SIBJIIETCS aKTyallbHOU 3aauei.
Lenv uccneoosanus. OnpenencHne BIUSHAS AABICHUS BO3IyXa CHAPYXH APOOMIHHON
KaMmepbl Ha XapakTep JBMKEHHs] BO3IYIIHOTO MOTOKA B IPOOHIIKE 3epHa U €€ SHEePreTH-
YeCcKre MOKa3aTelH.

Mamepuanvl u memooOul. JIns TEOPETUUECKOTO UCCIIENOBAHUS LIUPKYIALMH BO3LYIIHOTO
MOTOKA B APOOMIILHON KaMepe MMOCTPOeHa TeOMETPHUIEeCKast MOZIENIb POTOPA, MOMEIIEHHO-
0 B KaMepy M3MeJIbueHHs. B 0CHOBE MaTeMaTH4eCcKol MOJIENH ABKSHHUS BO3yXa JIe)Kat
ycpeaHeHHble 1o PeliHombAcy ypaBHEHUS IBUKEHUS CIUTOMIHOM cpenibl. [To pesynbraram
PacyeToB MOCTPOCHBI MOJISE CKOPOCTEH BO3YIIHOTO TOTOKA. J{JIsi MpOBEACHUS SKCIIEPH-
MEHTAJIbHBIX NCCIEA0BAaHUI CKOHCTPYHpOBaHa Oapokamepa, MO3BOJISIONIAas MEHATH J]aB-
JICHHE BO3/LYIIHON CpeJibl B IPOOUIIKE.

Pesynemamer ucciredosanus. Ilo pesympraraM TEOPETHYECKHMX HCCIEHOBAHHH OIpe-
JIeTIWJIN, YTO CHIDKCHUE JaBJICHUs B Kamepe u3MenbueHnst B 10 pa3 1mo3BossieT CHU3UTH
noTpedmsieMylo MomHOCTh Ha 112 BT. Bo Bpemst mpoBemeHHs SKCTIEpUMEHTANBHBIX
WCCIIE/IOBAaHNI BBISIBMIIM, YTO IPH CHW)KCHUH JABJICHUS] B KAMEpPE MU3MEJIBYCHHST YMEHb-
mraeTcst moTpedisemMast IBUTATENIeM MOIIHOCTh JUTS BCEX THIIOB POTOPOB. YBEIHYEHHE
JIaBJICHUs BO3JyXa B APOOMIIBHOM Kamepe MPUBOAUT K M3MEHEHHIO KOJIMUEeCTBA OCTATKa
Ha cute 10 0 MM: 7T JIOTTAaCTHOTO M MOJIOTKOBOTO POTOPOB OCTaTOK YMEHBIIASTCS, A JUIS
MOJIOTKOBO-JIONIACTHOTO POTOPA yBENNYUBAETCS.

© Casunvix I1. A., Typyoanos H. B., Anewxun A. B., Cyxnses B. A., 2025
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Obcyorcoenue u 3akaouenue. Pe3ynbsTaThl TEOPETHYECKUX U OKCIIEPUMEHTAIBHBIX HCCIIe-
JIOBaHUH MOKA3BIBAIOT, YTO CHIDKCHHE IABICHMS BO3AyXa CHAPYKH JPOOMUIBHOI KaMepsl
[I03BOJIICT COKPATUTh SHEPreTHUYECKHE 3aTpaThl HAa TEXHOJIOIMYECKUH IpoLecc U mepe-
MeIIeHHe BO3AYIIHOTO TTOTOKA BHYTPH APOOMIBHOM KaMephl, a TAKXKE YMEHBIITHUTH TIepe-
H3MeJIBICHUE MaTepHaia. Pe3ynabTaTel HCCIeN0BAaHUI MOT'YT IOMOUYb B IIPOCKTUPOBAHUU
KaMepbl H3MEJIBIEHNST MOJTOTKOBBIX IPOOHIIOK C YI€TOM JBIKEHHS BO3MYITHOTO MOTOKA.

Knrouesnie cnosa: MoiotkoBast ApoOHIIKa, BO3LYIIHBI [TOTOK, Gapokamepa, T10j1e CKOpo-
CTeH, JIONAaCTHOU pOTOP, MOJIOTKOBBIHA POTOP

Brazooaprocmu: aBTOpBI BRIPAKAIOT MPU3HATEIILHOCTH AHOHUMHBIM PELICH3CHTaM, 00b-
CKTHBHBIEC 3aMEYaHHUS KOTOPBIX CIIOCOOCTBOBANIN TTOBBIIICHHUIO KaueCTBa CTAThH.

Kongpnuxkm unmepecog: aBTopbI 3asBISIOT 00 OTCYTCTBUH KOH(MIUKTA HHTEPECOB.

JIna yumuposanua: Capunsix [1.A., Typybano H.B., Anemxuna A.B., Cyxise B.A.
BiusHue paBiieHMs BO3AyXa Ha TEXHOJOIMYECKHH IpOIECC H3MENBUeHUsl 3ep-
Ha B IpoOwike. Unowcenepnvie mexnonoeuu u cucmemsl. 2025;35(1):60-83. https:/
doi.org/10.15507/2658-4123.035.202501.060-083
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Abstract

Introduction. The main problem of the grain hammer mill is over-grinding of grain caused
by untimely removal of the final product from the grinding chamber. A way to effect the air
flow arrangement in the grain hammer mill is to change the air pressure around the grin-
ding chamber. Therefore, the study of the effect of air pressure around the grain hammer
mill on the quality and energy indicators of its operation is an urgent task today.

Aim of the Study. The study is aimed at determining the effect of air pressure around the
grinding chamber on the air flow motion pattern in the grain hammer mill and its energy
indicators.

Materials and Methods. For a theoretical study of the air flow circulation in the grinding
chamber, there was constructed a geometric model of the rotor placed in the grinding
chamber. The Reynolds averaged equations of a continuous medium motion was the basis
for the mathematical model of air motion. The calculation results were used to construct
the velocity fields for the air flow. To conduct experimental studies, there was designed
a pressure chamber that allows changing the air pressure in the grain hammer mill.
Results. Based on the results of theoretical studies, it has been determined that the pres-
sure decrease in the grinding chamber by 10 times reduces the power consumption by
112 watts. Experimental studies have shown that when the pressure in the grinding cham-
ber decreases, the power consumed by the engine for all types of rotors decreases too.

Technologiery, machinery and equipment 61


https://doi.org/10.15507/2658-4123.035.202501.060-083
https://doi.org/10.15507/2658-4123.035.202501.060-083
mailto:nikolaytu@mail.ru

g;l?} WHXXEHEPHBIE TEXHOJIOTMW U CUCTEMBbI Tom 35, Ne 1. 2025

Also, an increase in air pressure in the grinding chamber leads to a change in the amount of
grinded grain remains on the sieve to 0 mm: for the blade and hammer rotors, the amount
of remains decreases, and for the hammer-blade rotor it increases.

Discussion and Conclusions. The results of theoretical and experimental studies have
shown that decreasing the air pressure around the grinding chamber can decrease the en-
ergy costs for the technological process and air flow motion inside the grinding chamber,
and reduce the over-grinding of grain. The study results make it possible to design the
grinding chambers for grain hammer mills taking into account the air flow motion.

Keywords: grain hammer mill, air flow, pressure chamber, velocity field, blade rotor,
hammer rotor
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BBenenue. OcHOBHas Macca Gypa)kHOTO 3epHa MOCTYITaeT Ha KOPM SKHBOTHBIM
u nrure [1; 2]. Oxorno 50 % mpoTenHa J0CTaBIsIeTCS B OPTaHU3M KUBOTHOTO U3 3€PHO-
BBIX 1 3¢pHO0000BBIX KyIbTyp. [Ipn HepocTarke 1o 19 % nepeBapuBaeMoro npoTenHa
CHUKEHHUE KUBOTHOBOAUECKON MPOIYKLUUU MOXKET cocTaBUTh 10 30-35 %, mostomy
KOpMa HeOOXOMMO MOTOTABINBATh TaK, YTOOBI MAKCHMAIIbHOE KOJIMYECTBO MPOTENHA
MOTJIO YCBOUTHCS )KUBOTHBIMU [3; 4]. C 3TOM 1eNIbl0 KOPM HEOOXOIUMO M3MEIbUaTh.
bnaromapst Takomy crioco0y MOJTOTOBKM HapyllaeTcs TBEpasl CTPYKTypa 3epHOBKH,
MUTATEIbHBIC BEUIECCTBA CTAHOBATCS TOCTYITHBIMU, MOBBIIIACTCS TIOMIAAb BO3ACUCTBUS
MUILEBAPUTEIHLHOTO COKa Ha OTPEOISIEMBII KOPM U, KaK CJIEJCTBUE, IPOUCXOAUT Oosiee
OBICTPOE YCBOCHHE HEOOXOAMMBIX JJIsi OPraHMW3Ma )KUBOTHOT'O BEIIIECTR.

J71st KK T0TO BHUJIA M BO3PACTA JKMBOTHOTO CYIIECTBYIOT CBOU TPeOOBAHUS TI0 CTe-
neHn u3mensaeHus. CormacHo TpeOOBaHUAM!' BBIIENSIOT TPH CTEMEHH ToMona: oT 1,8
1o 2,6 MM — KpymHBIH omoit; oT 1,0 1o 1,8 MM — cpemnwmii; ot 0,2 mo 1,0 MM — METTKUH.
PasMepb! gacTrIl KOHIICHTPUPOBAHHBIX KOPMOB TSl KPYITHOTO POTaTOroO CKOTA HE TOJDKHBI
MIPEBBIMIATE 3 MM, JUTS B3POCHBIX cBUHEH — 1,2...1,6 MM, 11 TAIB — A0 1 MM (TIpu
WCTIOJIH30BaHNH BIIAYXXKHOTO KOpMa) 1 2...3 MM (TIpH CYXOM KOpMeE).

B kauecTBe M3MENBIUTENEH UCIIONB3YIOT APOOWIIKU C Pa3IUYHBIMU PA0OYNMU
opraHamu (MOJIOTKH, HOXH, JIOITACTH U Jip.). Hanbornee mupokoe mpuMeHeHne Ha
CETOAHSIIHNHN JICHb HAIIUTH APOOHIIKU C MOJIOTKOBBIMHU pabourmMu opranamu?’, O1HaKo
JIPOOMJIKK TaKOTO THIIA UMEIOT SIBHBIH HEJOCTATOK — IePEU3MEeIIbUCHUE MaTepralia
M3-332 HECBOEBPEMEHHOTO OTBOJIa TOTOBOTO MPOAYKTa U3 KaMephl n3MenpueHus [5].
Haubosiee xapakTepHO neper3MelIbueHHE JJ1s1 MOJIOTKOBBIX JIPOOHIIOK, I7Ie B KAYeCTBE

" HTTI-ATIK 1.10.16.002-03. HOpMBI TEXHOJIOTHYECKOTO TIPOSKTHPOBAHMUS CEILCKOXO3SHCTBEHHBIX
NPEIIPHUSTHI IO TPOU3BOJACTBY KOMOMKOpMOB [DnektponHbliit pecype]. URL: https://docs.cntd.ru/
document/1200034655 (nara obpamenus: 25.09.2024).

2 Oroponos JI. A., TTanaes [I. C. ITosbliienue 3p(HEKTUBHOCTH MOJIOTKOBOW IpOOMIIKK 3epHa //
Hayunsie Tpynst crynenros Mxesckoit [CXA. 2022. T. 2. C. 745-748. EDN: GZOTFE

3 AnucumoB M. C., CrpenkoB E. C. 3MeHeHue coepKaHus MbUIEBUIHON (PpaKiMd B TOTOBOM
MPOJYKTE B 3aBUCHMOCTH OT KPaTHOCTH BO3JCHUCTBUS APOOMITKU Ha 3epHO // HaydHble Tpy/Ibl CTYAEHTOB
Wxesckoit TCXA. 2023. T. 1. C. 1216-1220. EDN: XRYKNL
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JIeKH UCTIONIb3yeTcs pewerto [6; 7]. s ycTpaneHus 9Toi mpoodieMbl HEOOXOAUMO CO-
371aHUE JIOMIOTHUTEIBHOTO BO3IYIIHOTO MOTOKA, CIOCOOCTBYIOLIETO BBIBOAY Marepraia
U3 IPOOHIILHOM KaMephl.

st 6onee 3 pekTHBHOTO OTBOA TOTOBOTO MPOIYKTa HAMH MPEATIOKEHA KOHCTPYK-
U POTOPA C JIOTIACTSAMH, KOTOPBIE Pa3pyIIal0T MaTepHall U CO3/Ial0T JOMOTHUTEIbHBINA
BO3LyIITHBIN TOTOK. CO31aBaeMblii JTOMACTIMH BO3/YIIIHBIH MIOTOK TUPKYIUPYET BHYTPU
KaMepbl N3MEJIbUEHHSI, Ha €r0 ABMKCHHUE 3aTPauyuBaeTCs JOIOIHUTEIBHAS SHEPTHsL.
C yBeIM4YEeHHEM CKOPOCTH BPALICHMs POTOpa MOBBILIACTCS U KOJUYECTBO IepeMe-
1aeMoro Bo3ayxa [8]. DxcrnepuMeHTalbHbIE UCCIIEAOBAHMS ABUKEHHS BO3LYLITHOTO
MOTOKA B IPOOMIILHON KaMepe 3aTpyAHHUTENbHBI BBUY BPALIAIOIIErOCs ¢ OOJIbIIOH
YacTOTOM pOTOpa U Pa3HOHANPABIEHHOCTH BEKTOPOB CKOPOCTEN IBUKEHHS BO3/1yXa
B Pa3IMUYHBIX TOUKaX KaMepbl U3MeIbUeHUs. TeopeTnueckne UeeaeJOBaHus IBUKEHUS
BO3/YIIHO-IIPOILYKTOBOTO MOTOKA BHYTPU APOOMIBLHON KaMepbl HEMHOTOUHCIICHHBI,
M03TOMY U3y4€HHUE JIBUKEHHS TaKUX MTOTOKOB SIBIIIETCS aKTyallbHBIM. TeopeTnueckue
MCCJIEZIOBAHUS TTO3BOJISIIOT OLIEHUTH BEJTMYMHY BIUSHUS KOHCTPYKTHBHO-TEXHOJIOTH-
YecKHnX (DakTOpOB Ha XapaKTep ABUKEHUS BO3IYLTHOTO MOTOKA. J{Jist CHYU>KeHwUs 3aTpar
SHEPIHy Ha MePEMEIEHIE CO3/1aBaeMOr0 BO3IYIITHOTO OTOKA JIONAaTKaMH pOTOpa HaMU
MIPOBEICHBI TEOPETHYECKHE U DKCIIEPUMEHTAIbHBIE HCCIIeTOBAHMS.

Llenp uccaenoBaHuil — onpenenceHue BIUSHUS AaBICHUS BO3AyXa CHAPYKU JpO-
OMIIbHOM KaMepbl Ha XapaKTep ABMKEHUS BO3LYLIHOTO IOTOKA B KAMEPE U3MEJIbUCHHUS,
a TaKk)Ke BBIYMCICHUE SHEPIeTHUECKUX 3aTpaT Ha MIPOLECC U3MEITBUCHUS.

00630p auTeparypbl. M3yueHuto NBWKEHHs BO3AYIIHOTO MTOTOKA B APOOUIBLHON
KaMepe MOCBSILEHb] UCCIIEI0BaHU MHOTUX aBTOPOB, HO MIPOLECC HEJOCTATOYHO H3-
yUeH, I03TOMY TpeOyeT TOMOTHUTEILHOTO BHUMAHHSL. YMEHBIICHHUE MIEPEU3METBYCHUS
Marepualia B MOJIOTKOBBIX IPOOMIIKaX BOSMOXKHO 32 CUET YCTAaHOBKH JOTIOJIHUTEIBHBIX
JIOTIAaTOK K MOJIOTKOBOMY POTOpY M MCIOJIB30BaHHUs JOMACTHOTO poTopa. B kamepe
W3MENBUCHUS JPOOUIIKH C JIOMACTHBIM pabounuM OPraHOM CO3/1aeTCs TOTOIHUTEIb-
HBIM BO3JIYIIHBIA MOTOK, CHOCOOCTBYIOIIUH OTBOMY TOTOBOTO MPOIYKTa, HO TAKKE
CO3MIAIOIIUI JIOTIOTHUTENbHBIE 3aTPaThl SHEPTUH Ha ero apwkenue. b. I 3uranmmus,
C. 10. bynaros, K. E. Muponos, B. H. Pykasumaukosa, H. I1. IlIkuneB npoBoannn
WCCIIIOBAHUS BIUSHUS KOHCTPYKIIMU POTOPa MOJOTKOBOW IPOOMIIKM Ha BH)KEHHUE
BO3JyLIHOT'O IIOTOKA B KaMepe n3MelnpieHus. McceiaenoBanys nokasaiu, 4To HCHONb30-
BaHME KOMOMHUPOBAHHOTO POTOPa MO3BOJISIET YBEIMUYUTD IUIOIIAAb CeNapayuy Mare-
pHaa yepes pelera 3a c4eT M3MEHEHHsI HalPaBJICHNs IBMKEHHUS BO3LYLITHOTO ITOTOKA.
[IpuMmeHeHne B KOHCTPYKIUH POTOPA TOJIBKO MPSIMOYTOJIBHBIX UM YITIOBBIX MOJIOTKOB
HE TI03BOJISIET MOJHOCTBIO MCIOJIB30BaTh IIomaas cenapanuu [9]. Uccnenosanus
B. B. Canosa, C. A. CopokuHa MO3BOJIHIIN OMIPEACITUTH 3aBUCUMOCTD 3 PEKTUBHOCTH
M3MEIIBICHHS B MOJIOTKOBOW IPOOHIIKE C BEPTHKAIBHBIM BaJOM OT TNIOTHOCTH BO3/IYIL-
HO-TIPOIYKTOBOTO CJIOSl. YCTaHaBIMBaeMble Ha POTOP pa3TOHHBIE JOMATKH MTO3BOJISIOT
CO3/1aTh JIOTIONHUTEIBHOE CTATHYECKOE JIABICHHUE TI0 Mepudepun poTopa, MOBBICUTD
TUIOTHOCTh BO3YIIHO-IIPOYKTOBOTO CJIOS U 3)(HEKTUBHOCTD MpoIiecca U3METBICHHSI
3a CYeT yBEeJIMYCHHUS YHCia COyJapeHni YaCTHIl MaTeprasia ¢ MOJIOTKaMHU. Takke BO3-
JYLIHBIN IOTOK, JOIOJIHUTENBHO CO31aBaEMbIi JIOIIATKaMU, CIIOCOOCTBYET BbIBECHUIO
13 KaMepbl U3METBICHHS TOTOBOTO TTpoaykTa [10].
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B paborax aBropos* [11; 12] npencraieHbl UCCISIOBAHUS IBHKCHUS YaCTHIIBI
B BO3/IyILIHOM IIOTOKE, TI0 pe3y/bTaTaM KOTOPBIX MOJy9IeHbl MaTeEMaTUIECKUE 3aBUCHMOCTH
Y TIOCTPOEHBI TPAEKTOPUH JIBMKEHUsL. VcenenoBanys MO3BOJISIOT OMHUCATh TPASKTOPUIO
JIBIDKEHUS YaCTHIIBI B TOPU30HTAILHOM BO3/IyIITHOM ITOTOKE, YTO MTO3BOJISIET MOTyYEHHBIE
pe3yABTaThl UCTIOIB30BATH IPH ITPOSKTUPOBAHUN MAIIIMH C THEBMATHYECKOHN CeTiaparieii.
ABTOpBI® B CBOEH paboTe MPH pacueTe TPACKTOPHUHU JIBHKCHHUS YACTHIIbI TAKKE YUHTHIBAIOT
TypOYJIEHTHOCTB BO3AYIITHOTO TIOTOKA. /1151 OTFicaHmst IBYOKSHUST YaCTHIT TI0 KPUBOTMHEHHON
HOBEPXHOCTH IO ICHCTBUEM BO3/IYIITHOTO TOTOKA yueHbiMu® [ 13] pazpaborana marema-
THYECKast MOJIEIIb, [TO3BOJISIOIIAS TOCTPOUTH TPACKTOPHUIO ABMKEHHS YacTULIbL. 3yuenue
JBIKEHHSI YaCTHLIBI [10 KPUBOJIMHEHHON MOBEPXHOCTH MO3BOJISIET NCCIIEA0BATD BIMSHHUE
KOHCTPYKTUBHBIX OCOOCHHOCTEH KaMepbl U3MEIBYCHUSI HA TPACKTOPHIO €€ IBHKCHUSL.

Pesynbrarsl TEOpETHUECKUX UCCIIETOBAHUN TAaK)K€ MOXHO HCIOJIB30BATH IS
MPOEKTUPOBAHUS KOHCTPYKTUBHBIX 3JIEMEHTOB ITHEBMOCETAPUPYIOIINX KaHAJIOB.
Uccnenoatenu [14] Ha 0CHOBaHUH MPOBEIACHHBIX TEOPETUUCCKUX PACUETOB OIpe-
JIeNTAIIN TIMPUHY KaMephl cerapalii MaTepraia Juis BBIOpaHHOW KyIbTYyphl. Y UYeHbIe
B. A. Jlazpikun, A. U. bypkos, A. JI. I'mymxkos, B. FO. MokueB TeopeTndeckumMu
WCCIIETOBAHMSIMH JBMKCHHS BO3YITHOTO TIOTOKA B THEBMOCETIApUPYIONIEM KaHale
MOKa3aJiv, YTO yCTAHOBKA HAINPABIAIONINX JIOTIATOK B KaHAJ MO3BOJIIET BHIPOBHSATH
CKOPOCTB JBH)KEHHUS BO3/IYILIHOTO MTOTOKA'.

Just noBbImeHus 3 eKTHBHOCTH U3MEIBYEHNS MATEPUAIOB B MOJIOTKOBBIX APOOHII-
Kax y4eHbIC BHOCSAT H3MEHEHHsI B KOHCTPYKLIHIO KaMepbl M3MeJbueHusL. JlomonHuTenbHas
yCTaHOBKa BUXPEBBIX KaMep U3MEHSET HapaBICHNE IBHKECHUS BO3LYIIHO-IIPOLYKTOBOTO
MOTOKA U COCOOCTBYET CHIKEHUIO SHEpro3arpar npu apodnenuun. B padorax [15; 16]
MPEACTaBICHBI UCCIICOBAHMUS 110 BIMSHUIO YCTAHOBKH BUXPEBBIX KaMEp B IPOOMIIKAxX
Ha JIBUKEHUE BO3JYLIHOTO MTOTOKA. YCTaHOBKA BUXPEBBIX KaMep MO3BOJIAET CHU3HUTH
CKOPOCTh BO3AYIIHO-ITPOIYKTOBOTO TOTOKA M KI3MEHHUTH €T0 HAaIllPaBICHHE, CIOCOOCTBYS
TEM CaMbIM YBEJIMUEHHIO CKOPOCTH COyJJapEeHHUsI MOJIOTKOB M YacTHIl MaTepHaa.

YcTaHOBKa B KaMepy M3MENIBUYEHUS Pa3IUYHbIX KOHCTPYKTHUBHBIX JIEMEHTOB CO-
371aeT IOTIOTHUTEIBHOE COTPOTUBIICHNE IBHYKEHUIO MaTepraa i crioco0CTByeT Ooee

4 Cauros B. E., Cysopos A. H., ®apadonos B. I'. MaTemarnueckasi MOJEIb ABUKEHHS YaCTHIII
B IIPSIMOJTMHEHTHOM ITHEBMOCETIAPHPYIOIIEM KaHalle C y9eTOM HEPaBHOMEPHOCTH CTPYKTYPHI BO3LYIIIHOTO
MOTOKa // YIIydIlleHHe SKCIUTyaTallHOHHBIX MTOKa3aTesIel CelnbCKOX03sHCTBEHHOI SHEPreTHKH : MaTepHaJIbl
VI MexnayHnap. Hayd.-ipakT. koH(}. «Hayka-Texnomnorus-Pecypcocoepexenne» (6 ¢hespans 2013 r,,
r. Kupos). Kupos. 2013. C. 148-153. EDN: XSLWBT

> Epumenko B. B. J[BWKeHHE 4aCTHIIBI B TOPH3OHTAIBHOM KaHase ¢ TypOYJICHTHBIM BO3/IyILIHBIM
noTokoM // COBEpIIEHCTBOBAaHHE MEXaHN3UPOBAHHBIX IPOIECCOB MPOMU3BOJCTBA U MEpepabOTKH
CETbCKOXO03SICTBEHHOH MPOIYKIMH B ycIIoBUsIX [Ipumopckoro kpas : ¢0. Hayd. Tp. Yccypuiick : [IpuMopckast
rocylapcTBeHHas celibcKkoxo3sicTBeHHas akagemus, 2009. C. 124-132. EDN: SZHIMX

¢ KaprnioBa M. B., Jlebenes U. ®., Hukudoposa JI. B., Skosnes b. B. Pazpaborka MaTemMaTuueckoit
MOJIEJU IBHYKSHHS YaCTHI] 110 MCKPHBJICHHON TTOBEPXHOCTH ITHEBMOCEIIApaTopa MoJl AHCTBHEM BO3IYIITHOTO
noToka // 'eoMexaHndecKkre 1 Te0TeXHOJIOTHIECKHE POOIeMbl (D (EKTHUBHOTO OCBOCHHS MECTOPOXKICHHIA
TBEPJIbIX MOJIE3HBIX HCKOITAEMBIX CEBEPHBIX M CEBEPO-BOCTOUYHBIX pernoHoB Poccun : Tp. Tpetweii Beepoc.
Hay4.-TIPaKT. KOH(., MOocBAIEeHHOH maMatd wi.-kop. PAH M. /1. HoBonammaa (16 — 19 urons 2015 r.,
r. Skyrck). Axyrek, 2015. C. 77-82. EDN: VUMLHX

7 aseikus B. A., Bypkos A. ., Tnymkos A. JI., Mokues B. 0. Teoperudeckoe HCCiie10BaHNE BITUSHUS
HAIpaBISTIOIINX JIOMIATOK B OTBO/IE ITHEBMOCEIAPHUPYIOIIEro KaHajla Ha PaBHOMEPHOCTh BO3IYLTHOTO
MOTOKA // AKTyalbHBIE BOIPOCH COBEPIICHCTBOBAHNS TEXHOJIOTHUH MPONU3BOJICTBA U MEPEPAOOTKH
MPOJYKIMH CEIBCKOT0 X03sIMCTBA : MaTepuaibl MexayHap. Hayd.-IPakT. KOH). « MOCOIOBCKUE YTEHHSD)

(16 — 17 mapra 2022 r., r. Momkap-Ouna). Moukap-Ona, 2022. C. 605-608. EDN: TIMLNL
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a¢dexTuBHOMY ero paspyuienuto. B padore A. 1. Marseesa u B. P. BunokypoBa B pe-
3yJbTaTe MPOBEACHHBIX dKCIIEPUMEHTAIBHBIX UCCIIEI0BaHUH 10Ka3aHO, YTO JOMOIHH-
TeNbHAasl yCTaHOBKA OTOOMHBIX 3JIEMEHTOB ITO3BOJISIET TOBBICUTH CTEIICHb U3MEIIBUCHHS,
a3 (HeKTUBHOCTH PAbOThI CTYIIEHUATON IEHTPOOCIKHON MEIBHUIIBI YBEIUYMBACTCS 32
CYET BIUSHUS BO3MYIIHOTO MOTOKA HA TEXHOJIOTHIECKUi mporecc [17].

Bonpimoe BnusHME HA MPOIECC U3MENBUCHHS OKa3bIBa€T PAaBHOMEPHOCTH pac-
Hpe/esieHNs] N3MENBFIaeMOro MaTepuaa 1o CenapupyoIieil moBepXxHOCTH. Y4eHble®
WCCIIEI0BAIIN PACIPEAEICHHE BO3AYIIHO-ITPOTYKTOBOIO TOTOKA B KAMEPE N3MEIIBYCHHUS
JpOOHIIKH. DKCIIEpUMEHTAJIbHBIE HCCIIEA0BAHUS TIOKA3aJIH, YTO [0 MEPe JBIKCHUS Ma-
TepHaja BIOJIb OCH APOOMIIBHOIN KaMephl TPOUCXOIUT U3MelbueHne. KpyHble 4acThIlbl
MarepHalia IoJBEpraroTcsi BO3JEHCTBUIO BEPXHUX MOJIOTKOB, 110 MEPE MPOIBUKEHUS
MaTepuasia K HIKHUM MOJIOTKaM BEIMYMHA 4acTHIl yMeHbIIaeTcss. CBOEBpEMEHHBIN
OTBOJZ TOTOBOTO MPOAYKTa U3 APOOHMIIKH C BEPTUKAJIBHBIM POTOPOM CIIOCOOCTBYET
CHIDKEHHIO DHEpro3arpar Ha U3MeJbueHHe 1 OBBIILIEHUIO TPOU3BOUTEILHOCTH. B pa-
6ote [18] mpensoxkeH METO TEOPETUUECKOTO UCCIIET0BAHNS IIMKINYECKON KOPPEKIIUN
TPaeKTOPUHU JIBUKEHUS CTAaHAAPTHBIX YAaCTHUI] U3MEJIBYEHHOTO CHIPhS B ONTHMAJILHON
30HE PaCMOJIMKEHHUS pa3IeNUTeNbHbIX cUT. [IpeacTaBnena BO3MOKHOCTE 0O0CHOBAHUS
JIOTTYCTUMBIX TIPE/IETIOB BXOIHBIX MAapaMeTPOB TEXHHUECKOTO PEHICHUS C yUeTOM W3-
MEHUYUBOCTH YCJIOBHUH KCIUTyaTallud U MOAEIUPYeMOH QpyHKIMU. DyHKIMOHAIbHbIE
3aBHCUMOCTH IIO3BOJIAIOT IOJIYYUTh I10JI€ CKOPOCTEH OTPakKEHHBIX O0YCIIOBIEHHBIX
YaCTHI BO BPEMEHU U BEJINYNHY TPACKTOPHH MX JIBHKEHHS B IONIEPEYHOM BO3IYIIIHO-
MIPOIYKTOBOM ITOTOKE.

AHanu3 IUTEepaTypHBIX NICTOUHUKOB IO pacCMaTpUBaeMON TEME IMOKA3bIBAET, UTO
Ha CETOAHSIIHUN JIEHb OTCYTCTBYET CIIOKMBIIASICS TEOPUs ONHUCAHUS TEXHOJIOTHYE-
CKOTO Ipoliecca U3MeIbueHHs MaTeprana B IpoouinbHoi kamepe. OCHOBHAsI pUYKHA
3aKiIo4aeTcs B TOM, YTO Ha XapakTep JABM)KEHHUS YacTHULl MaTepuaia OKa3blBaeT BIIH-
sHUEe 0OJNBIIOE KOMMYeCTBO GakTopoB. OUeHb CIOKHO ONMHUCATh MaTeMaTndeCcKUMHU
3aBUCHMOCTSMH B3aUMOCBSI3b 3TUX (DAaKTOPOB, OATOMY AJISI IOTYUCHUSI aJIeKBATHBIX
MaTeMaTHYeCKIX MOJIEIIEH, OMTMUCHIBAIONINX ABMKEHUE YACTUI] BO3IYIITHO-ITPOYKTOBOTO
MOTOKA TIPY TEOPETUIECKIX UCCIEOBAHUAX, HEOOXOTUMO TPUHUMATE OOJIBIIIOE KOJIH-
4yecTBO JonyiieHuil. [IpoBeneHne TeopeTUYeCcKUX UCCIEA0OBaHUM C UCTIOIb30BAHUEM
B pacyeTe MaKCHMAaJIBHOIO KOJMYECTBA BIMSIOINX HA TEXHOJIOTUYECKHUH Mpouece
(axTOpOB SABJISETCSI OCHOBHBIM HAIIPABICHUEM IPU 3aJaHUN TPAHUYHBIX YCIOBHH IS
pEeIIeHus MOCTaBIEHHOM 3a/1auu.

Marepuansl 1 MeToabl. C LEIbI0 TEOPETUUECKOTO UCCIETOBAHMS IUPKYIALUN
BO3/YILIHOTO MOTOKA B IPOOMIIBHON KaMepe MOCTPOSHa FeOMETPUYIECKast MOZICNb POTOPa,
MOMEIIEHHOTO B KaMepy U3MENBYEHHs], C BOCBMBIO JIOMACTSIMH.

B ocHoBe mMareMaTHueckoil MOJIENN JIBUKEHHs BO3yXa JIeXKaT yCpPEeIHEHHBIE 110
PeiiHonbICy ypaBHEHUS IBHKCHUSI CILIOIIHON CPEIbl’:

8 KieBoa T. A., Ilynsiaua A. A. VccrienoBanne pacrpeelieHus 3epHa 1Mo Kamepe JIpoOeHust
JPOOMIIKU ¢ BEpTHKAJIBHBIM poTopoM // HayuHo-uHdopManroHHOe obecrieueHre HHHOBAIIHOHHOTO
pasButus AIIK : matepuansr XV MexmyHap. Hayd.-nipakT. KoH®. (8 mrons 2023 r., 7. Mocka). Mockaa,
2023. C. 140-147. EDN: SLVUAH

® Aspamenko M. U. O k- moxenu TypOysieHTHOCTH. 2-€ u3j., nmepepald. u gom. CHexuHCk : V31-Bo
POSL - BHUNUT®, 2010. 102 c.
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olpu) olpu) _ 2 o ( (au é’u) —)
EY, U, ax,. =pPJ; axj -ptu ax puu
TIC U, — yCPCIHEHHAsl CKOPOCThb B HAIPABICHUHA KOOPJAMHATHI X, Mm/c; i, j=1,...,3;
u' u'. — Hy.TIbcaIlI/IOHHBIe COCTABJISOIIINC CKOpOCTI/I 10 COOTBCTCTByIOHII/IM

i J

KOOPJMHATaM, M/C; p — MIOTHOCTb CILIOLIHOH CPesibl, KI/M’; f,— yleIbHbIE MaCcCOBbIE
CHIJIBI, KOTOPhIC BO BpAIAIOIIUXCS JIOMEHAX BKJIIOYAIOT CHIBI WHepuwmu, H; p —

JMHaMHU4ecKas BA3KOCTb cpensl, [la-c; p — ycpenuenHoe nasnenue, [la; — — cumBon
yCpeIHEeHus!.
IIpuyem
— ou, Ou,\ 2
uu= (—’+ ’)——kS,.,
P Ox; oOx,/ 37

e W, — IMHAMUYECKas TypOyleHTHas BI3KoCTb, la-c; 81_].— cumBon Kponekepa;
k — kuHEeTHYECKast SHEPTHS TypOyaeHTHOCTH, JIK/KT:
1 [

k= » Uk

Jliist 3aMbIKaHUsI CUCTEMBl YPaBHEHHUH HCIIONBb3YETCS YPaBHEHHE HEPa3phIBHOCTH
CIUIOIIHOM CpeJibl:
ap
ot
rie V — omeparop [ammnbrona, a Taioke IBa Iu(QepeHIHaNbHBIX YpaBHEHHS,

OMKCHIBAIOIIME TypOYJIEHTHbIC BS3KHE HANPsDKEHHsS M0 CTaHIApTHOM MOJEIH
TypOyeHTHOCTH kK — €

6(pk)+6(pku,-)zg(u,_8k
ot Ox, Ox;, \o, Ox,

+V-(pu)=0,

) +21, B, E; —pe,

op &), 2 su)_ o (u,'as
ot ax ax Ox,

J

2
€
) qa k zutEEj - C2sp?’

i€ € — CKOPOCTh JUCCUTIAIMN KHHETUIECKOW YHEPTUH TYpOYICHTHOCTH; E — KOMIIOHEHT
cKopocTH Aedopmaruu.
Junamuueckast TypOyJieHTHasI BI3KOCTb:

Perynupyemble MOCTOSHHBIE B MOJEIM HMEIOT TMOA00paHHBIE IO pacyder-
HOU MPAKTUKE YHUBEPCAJIbHBIC 3HAUYCHUS: CH= 0,09;0,=1,0,= 1,3, C,_ = 1,44
¢, =192

s uccnenoBaHus JBWKCHUS BO3AYIIHOTO MOTOKA B JPOOMIIKE C JIOMTACTHBIM

poTopoM HcIoNb30Basics pacueTHbd makeT Ansys CFX ¢ oGomoukoit Workbench
(puc. 1).
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Puc. 1. Mozenb poropa ¢ JIONAacTIMHU B KaMepe N3METBICHUS
Fig. 1. Rotor with blades in the grinding chamber
Hcemounux: Monenu [t pucyHKoB 1-3, 5—14 ToCTpoeHBI aBTOpaMU CTaThU B IPOTpaMMe Ansys.

Source: the models for the figures 1-3, 5-14 are built by the authors of the article in the program
Ansys.

B kadecTBe Tes TeueHUs BHIOPAHBI JBa IOMEHA: BPAIAFOIIUNACS [IHIUHAP (pUC. 2)
C BBIPE3aHHBIMU M3 HETO 3JIEMEHTaMU POTOPA M CTAIIMOHAPHBIHA JJOMEH, OXBAThIBAFOIIU N
CO BCEX CTOpOH HepBBIﬁ )41 HpI/IMI)IKa}OH_II/Iﬁ K HEMY II0 ITIaJAKUM IIOBECPXHOCTAM
BparmieHus (puc. 3).

Puc. 2. Mozenp Bpaniaromerocs 1oMeHa Puc. 3. Moaenb HENOABUIKHOTO JOMEHA
Fig. 2. Rotating domain Fig. 3. Fixed domain

Ji1s mpoBepKH pe3yIbTaTOB TEOPETHUECKUX MCCIIEIOBAHUIN MPOBEICHBI KCIIEPH-
MEHTaJIbHbIE HccaenoBanus. [Ipu npoBeneHNH HKCIEPUMEHTAIbHBIX UCCIAEIOBAHUN ISt
OTIpe/ieTICHHS BIUSHUS H3MEHEHUS IABJICHHUS BO3yXa B IPOOHITKE HAa SHEPTEeTHUECKHE
U TEXHOJIOTMYECKUE MMOKA3aTEeNId U3MENBYCHHSI 36PHOBOTO MaTeprala CKOHCTPYUPOBaHa
Oapokamepa, cxeMa KOTOpOH MpejicTaBieHa Ha pucyHke 4 [19].
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Nl = S

Puc. 4. Cxema Gapokamepsl:
1 — xamepa; 2 — 3arpy304HbIi 1ILTI03; 3 — 3arpy304HbIi OyHKep; 4 — 103aTop; 5 — eKa; 6 — poTop;
7 — IBUrarens; § — pemero; 9 — BO3AyXonpoHuaeMas MeMopana; /() — npueMHbIi OyHKep;
11 — BBITPY3HOH LIUIIO3
Fig. 4. Pressure chamber diagram:
1 — chamber; 2 — loading gateway; 3 — loading hopper; 4 — dispenser; 5 — deck; 6 — rotor; 7 — motor;
8 — solution; 9 — breathable membrane; /0 — receiving hopper; // — unloading gateway

Hcemounuxk: cxema MOCTPOEHA aBTOPAMH CTATBH.
Source: the diagram is compiled by the authors of the article.

W3menpyaeMplii MaTeprai yepes3 3arpy304Hblii IIUTI03 2 MOCTYNACT B 3arpy304HbIH
oynkep 3. [Tociie HanoIHEHYsI 3arPy304HOT0 OyHKepa 3 3arpy304HbIii LT3 2 3aKphIBa-
eTcsl, U B Kamepe / co3naercs Tpedyemoe JapieHue. Bkiroyaercs JBUrares 7, KOTOPbIi
NPUBOJIMT BO BpallleHHe poTop 6 npoOmiiku. M3 3arpy3ouHoro OyHkepa 3 103aTopoM 4
M3MeJTBYaeMbIid MaTepHall MoIaeTcs B IpoOmiKy. Potop 6 ynapsiet mo yactuam mate-
puana. He pa3pymmBiimecs 9acTUIBI OKa3bIBAIOTCS B JIEKE 5 U MTOJAIOTCS Ha TIOBTOPHOE
n3MeNbueHUe. [0TOBEIN MPOMYKT Yepe3 pemero § MOCTymaeT B MpUeMHBINH OyHkep /0.
Bosnyxonporumaemas memOpaHa 9 MpensaTCTBYeT CO3/IaHUI0 BUXPEBBIX TTOTOKOB
Y CTIIOCOOCTBYET BHIPAaBHHUBAHUIO JaBieHus B kamepe /. [locne u3menpuaeHns Bcero
MarepHala IBUTaTeNb / OTKIFOUaeTCs, B Kamepe / co3maercst atMoc(epHOe TaBIeHHE,
OTKpPBIBAETCS BBITPY3HOH 1103 [/, MaTepual u3 OyHkepa /() momaercs Ha BBITPY3KY.
Paspexenne, coznaBaemoe B kamepe /, MO3BOJISIET YMEHBIINTD INIOTHOCTh LUPKYIIH-
PYIOIIEro BO3AYIIHOIO MOTOKA, CHUKAS 3aTPaThl SHEPTUHU HA MPOLIECC U3MEJIBYCHUSI.

Pesynbrarbl uccsegoBanusi. s NpoBeieHUs pacyeToB pa3OMITi MOJIeITb IOMEHOB Ha
2JIEMEHTHI CETOUHBIM TeHepaTopoM. [lomyummu ceTky, cocrosmryto u3 138 885 anemenToB
u 254 326 y3110B, ¢ MPOrPaMMHBIM KOHTPOJIEM €€ KauecTBa 1 T00aBICHNUEM ITOT PAHUTHBIX
cioes (puc. 5).
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Puc. 5. Mozeinb 10MEHOB B pa3pese C 2JIeMEHTaMH CETKU
Fig. 5. Domains in the section with grid elements

Jli1st IpoBeieH s pacuera 3a1aBajii YIJIOBYIO CKOPOCTh poTopa ® = 50 ¢ .

['pannuHbIe yCI0BUS TOKa3aHbl HA PUCYHKE O: CKOPOCTh HA BXOJIE B KAMEPY BapbH-
posazack ot 1 10 10 M/c; Ha BEIXOZE M3 KAMEPBI HCIIOIB30BAJIOCH YCIOBUE — OTKPBITOE
OKHO C HYJIEBBIM OTHOCUTEIILHBIM AaBJICHUEM, PAaBHBIM JaBICHUIO CHAPYKHU APOOHUIIb-

HOM KaMCphbl; HAa CTCHKAaX poTOpa U KOpIyCa KaME€pPbl U3MCJIBUCHUS HCII0JIB30BaJIOCh
YCJI0BUEC MpUJIUITIaHUSA TTOTOKA.

Puc. 6. I'pannunsle ycnoBus
Fig. 6. Boundary conditions

Pacuets! mpoBezieHb! pH pa3HbIX naBieHusax ¢ marom 0,01 MIla ot Hyns 1o HOp-
MaJIbHOTO aTMoc(epHOro IaBieHus. B pe3ynbrare momydeHsl pacipeaeeHus: mI0T-
HOCTB BO3/yXa; a0COJIOTHBIC IaBJICHUSI; [10JI€ CKOPOCTEH BO3yXa B Ka’KAOM JOMCHE.
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OTMeTHM OJJMHAKOBBIN XapaKTep pOCTa IIOTHOCTH BO3MyXa K Mepudepun poTopa
B BEPTHKAJIBHOM CCUCHHH KaMepbl U3MelbueHus (puc. 7, 8) [ Bcex JaBJICHUI CHa-
PYXU IpOOUIIBHON KaMephl P OTIIMYAFOIINUXCS HA TIOPSIIOK a0COTFOTHBIX 3HAYCHHUSIX.

Puc. 7. PacupeneneHue mioTHOCTH BO3IyXa B KaMepe N3MEIbUCHUS TIPH aTMOC(HEpPHOM
nmasnernd 101 325 [Ma. CkopocTh OTOKa Ha BXOnE 5 M/c

Fig. 7. Distribution of air density in the grinding chamber at an atmospheric pressure of 101 325 Pa.
The flow rate at the inlet is 5 m/s

Pwuc. 8. Pacnpenenenne mioTHOCTH BO3yXa B KaMepe N3METBUCHUS TIPH aTMOC(HEPHOM
naeiennn 10 132,5 ITa. CkopocTh oTOKa Ha BXoae 5 M/c

Fig. 8. Distribution of air density in the grinding chamber at an atmospheric pressure of 10 132.5 Pa.
The flow rate at the inlet is 5 m/s

Ha pucynkax 9, 10 mokazano pacnpezenenre aOCONMIOTHBIX JaBICHUN IS TEX Ke
3HAYCHUN JIaBJICHUS CHAPYXKHU IPOOMIbHON Kamepbl. CleyeT OTMETUTh MOA00HBIH
XapakTep pacipeielIeHUi INIOTHOCTEN U JIaBJIEHUH ¢ BO3pacTaHUEM OT OCU POTOpa.
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Puc. 9. Pacnpenenenue abCOMOTHBIX JAABICHAN B KAMEPE U3MEIBYCHHS IPU aTMOC(HEPHOM J1aBJICHUH
101 325 ITa. CkopocTh OTOKA Ha BXOZE 5 M/C

Fig. 9. Distribution of absolute pressures in the grinding chamber at an atmospheric pressure
of 101 325 Pa. The flow rate at the inlet is 5 m/s

Puc. 10. Pacnpenenenne abCOMIOTHBIX JAaBICHUH B KaMepe N3MENBICHHS IIPH aTMOC(HEPHOM
napienun 10 132,5 ITa. CkopocTh 1oToKa Ha BXoae 5 mM/c

Fig. 10. Distribution of absolute pressures in the grinding chamber at an atmospheric pressure
of 10 132.5 Pa. The flow rate at the inlet is 5 m/s

JIBrKeHHe BO3/lyXa BHYTPH JIOIITACTHOTO POTOPA MPU ABYX BEIWYMHAX AABICHHS
CHApyXH APOOMIILHOM KaMephl ToKa3aHo Ha pucyHkax 11, 12. OTmeTrnm BpaiieHue
MIOTOKA MEX/Y JIONIACTSAMH B CTOPOHY ITPOTHBOIIOJIOKHYIO BPAIEHHIO POTOPa B OT-
HOCHTEJIBHOM JBIKeHUH. Ha pucynke 13 mpencraBieHO 1mojie CKOpOCTeH Bo3Iyxa
B a0COJIIOTHOM JABMKCHUH.
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Puc. 11. Pacnpenenenue nois OTHOCUTEIBHBIX CKOPOCTEH BO3AyXa BHYTPH JIOMACTHOTO POTOpa
npu arMocdepHoMm paBinenun 101 325 Tla. CkopocTh NOTOKA HA BXOZAE 5 M/C

Fig. 11. Distribution of the field of relative air velocities inside the blade rotor at an atmospheric
pressure of 101 325 Pa. The flow rate at the inlet is 5 m/s

Puc. 12. PactpeneneHue mossi OTHOCHTEIIFHBIX CKOPOCTEH BO3/IyXa BHYTPH JIOIIACTHOTO POTOPa
npu cHwkeHHoM fasieHuu p = 10 132,5 [Ta. CkopocTh 1oToKa Ha BXOJIe B KaMmepy 5 M/c

Fig. 12. Distribution of the field of relative air velocities inside the blade rotor at a reduced pressure
p=10132.5 Pa. The flow rate at the entrance to the chamber is 5 m/s
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Puc. 13. Pacopenenenue moss abCOMIOTHBIX CKOPOCTEil BO3AyXa BHYTPH JIOMACTHOIO POTOpPa
nipu arMocepHoM painenun 101 325 T1a. CkopocTs nOTOKA HA BXOZAE 5 M/C

Fig. 13. Distribution of the field of absolute air velocities inside the blade rotor at an atmospheric
pressure of 101 325 Pa. The flow rate at the inlet is 5 m/s

Ha PUCYHKE 14 nmoka3aHo JIBMKEHHE IMOTOKA BO3yXa B IMOMEPCYHOM CCUCHUU,
OJIM3KOM K 0CEBOMY, U3 KOTOPOI'0O BUAHO, YTO XapPAKTEP ABUIKCHUS HE SBIIACTCA IJI0-
CKOIIapaJUICJIbHBIM U COIIPOBOXAACTCA CMCIICHUEM CJIOCB BOJIb OCH POTOpA.

Puc. 14. Pacnipenenenue nois abCOMOTHBIX CKOPOCTEl BO3/lyXa BHYTPH JONACTHOTO POTOPA
nipu arMoceproM pasinenun 101 325 [1a B monepeunom cedernu. CKOPOCTH TOTOKA Ha BXOzE 5 M/C

Fig. 14. Distribution of the field of absolute air velocities inside the blade rotor at an atmospheric
pressure of 101 325 Pa in cross section. The flow rate at the inlet is 5 m/s
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IIpoBenens! pacyeTsl MOMEHTA M, CO34aBaeMOr0 BO3LyLIHBIM IIOTOKOM Ha IIOBEPXHO-
CTH pOTOpA JUIs pa3HbIX JaBieHui (puc. 15). MoMeHT Ha Bally poTopa Onpeelisiics mo
pe3ynbTaraM pacdeToB B Ansys Kak MOMEHT BO3EHCTBHS CITONIHOM CPeIbl U TUCKPET-
HBIX YaCTHUI] Ha BPAIIAIOIIMICS POTOP MPH Pa3IUuHbIX AaBICHUSIX CHAPYKH JPOOMITLHOM
kaMmepbl. MomHocTs N Ha IPUBOJ] pOTOPA, 3aTpadyrBacMas Ha IIEpeEMEILIEHUE BO3yXa,
MIPOTIOPIIOHATIEHA 3TOMY MOMEHTY N = M o (puc. 16).

M, H*m / M, H*m M(p)
05

0,4

0,3 /
0,2 /

0,1 %

0 20 000 40 000 60 000 80 000 10 000 12 000

P,ITa/ P, Pa
L ) M(p)

Puc. 15. MowmeHT Ha ocu poTopa
Fig. 15. Torque on the rotor axis

Hemounux: rpaduku 1uist pucyHkos 15-17, 21, 22 nocTpoeHbl aBTOpaMH CTaThH.
Source: the graphs for the Figure 15-17, 21, 22 are plotted by the authors of the article.

N,Br/ N, W N(P)
150 )
0 /

50 —

0 20 000 40 000 60 000 80 000 100 000 120 000
P,ITa/ P, Pa

—o— N(p)

Puc. 16. MoIHOCTB Ha OCH POTOpA, 3aTpaynBaeMas Ha IepeMelleHHe BO3ayXa
Fig. 16. The power on the rotor axis spent on air movement

AHanu3 pe3yiIbTaToB MMOKa3bIBAET, YTO Ha NEpPEMEIIEHHUE BO3AyXa B APOOHIIKE
npu atMoc(epHOM AaBJICHUH 3aTpauuBaeTcsi MOIIHOCTL N = 125 BT, a nmpu aasne-
HUM CHapy>kKu ApoOmisHON Kamepsl p = 10 132,5 T1a (0,1 ar) N = 13 Br. CHmxenue
MOIIHOCTH HPSMO TPOMOPIHOHATEHO YMEHBIICHHUIO IABICHHUS CHAPYKU APOOHIIHHOM
KaMmepsl. MomrHocTs coctaBiseT 112 Bt. Hecmotpst Ha ee HeGonbiine aOCOIIOTHBIE

74 Texnonoeuu, mawunsl u 060py0osaHie



Vol. 35, no. 1. 2025 ENGINEERING TECHNOLOGIES AND SYSTEMS %El?}

3HAYEHUSI IPH YBEIMYCHUH MacIITada yCTPOUCTBA, BOBMOJKHO MONYYHTh 3HAYUTEIBHBIN
MIOJIOKUTEIBHBIN 3PEKT OT CHUIKEHHSI JaBIICHUS B IPOOHIIKE.

Ha pucynke 17 npeacraBieHb! 3aBUCUIMOCTH MOMEHTa M (CrJT IaBJIE€HUsI BO3YIIHO-
T'O MOTOKA Ha TOBEPXHOCTH POTOPA) OT CKOPOCTH MOTOKA HA BXOZE B Kamepy MPH ABYX
BEJIMYMHAX JAaBJICHUS CHAPYXU APOOUIHHON KaMephbl.

M(V)

M, H*m / M, H*m
0,6

0,5
/i

0,4 —

0,3

0,2

0,1

0 2 4 6 8 10 12

V,m/c/ V, m/s
=M, H*M (p = 10 132,5) == M, H*um (p = 101 325)

Puc. 17. MomeHT Ha OcH pOTOpa Ha NepeMelIeHHEe BO3/lyXa B 3aBUCUMOCTH
OT CKOPOCTH [IOTOKA BO3/IyXa Ha BXOJE B JPOOHIKY

Fig. 17. The moment on the rotor axis for the movement of air, depending on the flow rate at
the entrance to the crusher

AHaJIM3 3THX 3aBUCUMOCTEH MOKa3bIBAET, YTO MOBBILICHUE CKOPOCTH BO3AYXa,
MPOTEKAIOIETO Yepe3 KaMepy U3MEIbUCHHS, YBEIMUYNBAET MOMEHT Ha POTOPE, IPHUEM
3TO yBeJIHUYEHHUE OoJiee BBIPAXKECHO MPH OOJbIIEM AAaBICHUH CHApPY>KU IPOOMIBHOM
KaMephbl.

Jnst ycTaHOBIEHHMS BIMSHUS JaBICHHS BO3lyXa B KaMepe H3MEJIBYCHHS Ha TEXHOIIO-
THYECKUH TIPOLIECC MTPOBECHBI AKCIIEPUMEHTAIbHBIE UcciienoBaHks. OHH TPOBOIUINCH
BHYTpH Oapokamepsl (puc. 18) ¢ ApoOuiikamMu IByX TUIIOB — C OCEBOW U PaJHaibHOM
nojadei marepuana (puc. 19)' [19].

J7st 3arpy3Kd M3MeNbuaeMoro Marepualia ¥ BBITPY3KH TOTOBOTO MPOAYKTa
HCTIOJT30BANIA BEPXHUM 2 W HIDKHUK [/ TITI030BBIE 3aTBOPHI (puc. 4). CHIIOBBIC
HPOBOJA U IPOBOAA TEIEMETPUH BBEJCHBI B OapoKaMepy Yepe3 I'epMETHUHBIC PA3bEMBI.
[aBnenue B GapokaMepe U3MEHSIN Yepe3 apoBble KpaHbl. M30bITOUHOE HaBieHne
CO3[1aBAJIM MOPIIHEBBIM KOMIIPECCOPOM U IMOAJAEPKUBAIM HA 3aJJaHHOM YPOBHE
MTHEBMaTUYECKUM PETYISTOPOM pacxozaa. BakyyMm cosznaBany mmOepHBIM BaKyyMHBIM
HAcOCOM M MOAJCPKUBAIM Ha 3aJJaHHOM YPOBHE BaKyyMHBIM PErYJISTOPOM.

1" Benosepos C. A., CyxisieB B. A. Biusine KOHCTPYKTHBHO-TEXHOJIOTHYECKUX TAPAMETPOB MOJIIOTKOBOM
JpOOMIIKK Ha TOKa3aTeu ee pabouero mpoiecca // MTHHOBaMOHHBIC TSHACHIIMN PA3BUTHSI POCCHITCKOM
Hayku : MaTepuanbl X VI MexayHap. Hayd.-IpakT. KoH). MOIoAbIX y4eHbX (29 — 31 mapta 2023 1.,
r. Kpacnosipck). Kpacunosipek, 2023. C. 256-258. EDN: OYBGXG
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Puc. 18. OOmuii BUI 9KCIICPUMEHTATBHOM Puc. 19. O0Ommii Bua 1poOUiKu
Gapokamepbl IIPY paJIHaIbHOM 10/1a4e 36PHOBOIO MaTepHalia
Fig. 18. General view of the experimental B IPOOHIIBHYIO KaMepy
pressure chamber Fig. 19. General view of the crusher with radial

feed of grain material into the crushing chamber

Hemounux: dpotorpadun st pucynkos 18-20 cnenansl H. B. Typy6aHOBBIM npH NPOBECHUH DKC-
TIEPUMEHTAIBHBIX UCCIIEIOBAaHUI B IIPONU3BOACTBEHHOM IoMeIrieHun B 2024 1.

Source: the photo for the figures 18—20 were taken by N. V. Turubanov while conducting experimen-
tal studies in the production facility in the winter of 2024.

DKcTiepruMeHTaTBHBIE UCCIIEIOBAHUS TIPOBOJIHIIN C TPEMSI TUTIAMH POTOPOB: MOJIOTKOBO-
noractHbIM (puc. 20a), monactHeiM (puc. 20b) u MonoTkoBEIM (puc. 20c¢). namerps
BCEX MCIOJIb3yEMbIX POTOPOB IO KOHIIAM MOJIOTKOB U JonacTel oquHakoBsl [20].

a) b) c)
Pwuc. 20. OGmuii BUg poTOpPOB:
a) MOJIOTKOBO-JIOIIACTHOH pOTOP; b) JIONACTHOM POTOP; C) MOJIOTKOBEIH POTOP

Fig. 20. General view of rotors:
a) hammer-blade rotor; b) blade rotor; ¢) hammer rotor
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Ha pucynke 21 npuBeneHa 3aBUCHMOCTb Y/CIBHBIX HEPro3arpar oT crocoba 3a-
IPY3KH APOOHIIKH, KOHCTPYKIIMU POTOpa U JaBiieHus B Oapokamepe. [laBienue B 6apo-
kamepe u3MeHsuu ot —88,26 110 198,07 kl1a oTHOCHTENBEHO HOPMATIBHOTO ATMOC(EPHOTO
JIaBJICHUs], IIPUHSATOTO 3a HYJIEBYIO TOUKY.

8,57 «Br-u/(-1)/
KWhi(t-1)
8,01

>

7)5_. - % = "»

-100 -80 -60 -40 -20 0 20 40 60 80 100
klla / kPa
—— JlonacrHoii potop, oceBas nojaua / Bladed rotor, axial feed
----- Jlomactroi potop, paguansHas mogada / Bladed rotor, radial feed
Mos0TKOBO-I101IACTHOI POTOP, OceBas nogaua / Hammer-blade rotor, axial feed
MooTKOBO-JI0NACTHOI POTOP, paanaibHas nogaua / Hammer-bladed rotor, radial feed
— MoroTKoBbIil poTop, oceBas noaada / Hammer rotor, axial feed
----- MonoTkoBbIi poTop, paauanshas nogada / Hammer rotor, radial feed

Pwuc. 21. VYnenpHbIe SHEpro3arparsl Ha U3MeNBICHAE KBT 4/(T-A) IIpu BapHaIiy mapamMeTpoB
JIABJICHHSA/Pa3peneHUst B IPOOMIBHOM Kamepe

Fig. 21. Specific energy consumption for crushing kWh/(t-A) with variations in pressure/discharge
parameters in the crushing chamber

VYBenuueHne JaBleHus B IPOOMIBHON KaMepe MPH U3MENFICHUH 3epHa IPUBOIHT
K TIOBBINIEHUIO yACIBHBIX YHEPro3arpar Mpu 0CEeBOM Mofade 3epHOBOTO MaTepHaa
B HHTEpBaJIaX BapbUPOBaHHA OT 5,69—6,07 1o 6,24—7,23 kBT 4/(T-A), a 1pu pagnanbHON
nonaye ot 5,91-6,59 no 7,74-8,31 kBT-u/(T:A) MpH UCTIOIB30BaHUY PA3ITUYHBIX KOH-
CTPYKIIUI pOTOPOB (TIIe A — eqUHHIIA CTEIICHH n3MelpieHus1). Hanbomnee crabuibHbIe
XapaKTEPUCTHUKH TI0 YIIEIBHBIM DHEpro3arparaM pu U3MEHEHHUH IMapaMeTpoB pabodei
armMocdeps! HaOIFOAJIM BO BPEMs OCEBOM 10/1auu 3¢€PHOBOTO MarepHalia B JIPOOHIIKY.

PesynbpTarThl 3KCIIEPUMEHTAIBHBIX MCCIICIOBAHHI MTOKA3bIBAIOT, YTO CHUIKCHUE
3HAYCHUS JIaBJICHUS BO3/yXa B JPOOMIBHON KaMepe OT aTMOC(EpPHOro J0 BEIUYH-
Hbl —88,26 kI1a mo3BomsieT moBbICUTH AP HEKTUBHOCTH M3MeNBIeHUs Ha 25 % 0e3 yuera
3arpar Ha CO3/IaHHE PA3PEIKCHHSI.

[Ipoananu3upoBaB 3HAUYEHUS yAEITbHBIX YHEPro3arpar, MOTydYeHHBIX 110 Pe3yIlb-
TaTaMm MCCIIeIOBaHUH, /ISl JAaBJIEHUS BO3AyXa B Kamepe uaMenbueHus —88,26 klla
0 CPAaBHEHHIO C aTMOC(EPHBIM JTaBICHUEM, IPHHATHIM 32 HYJIEBOE 3HAUSHHE, TPHUIILIA
K CJIEIYFOIINM BBIBOJIAM:

— JUTs IOTIACTHOTO POTOPA IIPH OCEBOM MOa4e YIeIbHbIC YHEPT03aTPaThl CHU3MIUCH
Ha 5,06 %, npu paguansHoil — Ha 7,40 %);

— JUTs MOJIOTKOBO-JIOTIACTHOTO POTOPA MPU OCEBOH MO/1aue y/IeIbHbIC YHEPTro3aTpaThl
cHusmiuch Ha 2,71 %, npu paguansHoit — Ha 15,54 %;
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— JUI MOJIOTKOBOT'O pOTOpa MPHU OCEBOH MOAaue yACIbHbIE YHEPT03aTPaThl CHUZUINCH
Ha 7,91 %, npu paguansHOii — Ha 12,38 %.

CpaBHUB yAeNbHBIC YHEPro3aTpaThl Ul TABICHUS BO3AyXa B KaMepe u3Mebde-
Hust 98,07 klla mo oTHOIIEHUIO K aTMOC(EpHOMY, IPUHITOMY 3a HYJICBOE 3HAYCHHE,
TIOJTYYHJIN CIICTYIOIINE PE3yIbTaThI:

— II7IS1 TIOTIACTHOTO POTOPa TIPU OCEBOM TTo/1aue yeIbHBIC DHEPro3aTPaThl YBEITHMIN-
muck Ha 3,99 %, pu paguanpHOl — Ha 17,61 %);

— JUTS MOJIOTKOBO-JIOTIACTHOTO POTOPA MTPY OCEBOH T0/1aue y/IeIbHBIE YHEPT03aTpaThl
yBenunumincs Ha 1,03 %, npu paguansHoil — Ha 14,24 %);

— I MOJIOTKOBOTO POTOpa MPH OCEBOM TOfave yAelIbHbIe YHEPro3aTpaThl yBeIH-
yuiauch Ha 15,65 %, npu panuansHoil — Ha 10,55 %.

2171 %

19

~100 =80 —60 -40 -20 0 20 40 60 80 100

—— Jlomacthoii potop, ocesas nozgaya / Bladed rotor, axial feed

----- JlonactHoii potop, pajunanbhas nojada / Bladed rotor, radial feed
MornoTtkoBo-10macTHO# poTop, ocesas mogada / Hammer-blade rotor, axial feed
Mo10TKOBO-110MACTHO# pOTOp, paanainbHas noaada / Hammer-bladed rotor, radial feed

— MooTKOBBII poTOp, oceBast mogada / Hammer rotor, axial feed

----- MonoTkoBbIii poTop, paanainbHas nojgada / Hammer rotor, radial feed

Pwuc. 22. TlpouentHoe comepxanue (1o Macce) octarka Ha cute 0 MM TPH U3MEHEHHH TTApaMeTPOB
TTaBIICHUS/pa3pekeHns B bapokamepe

Fig. 22. Percentage (by weight) of remains on the sieve is 0 mm when changing
the pressure/discharge parameters in the pressure chamber

AHanu3 NPOLEHTHOTO COoAepKaHus MbIIICBUIHON (hpakuuu (puc. 22) nokasa, 4To
M3MEHEHHE MTapaMeTPOB JIaBJICHUs/pa3pexeHus B qpoOmibHON Kamepe oT —88,26 klla
1o +98,07 klla OTHOCUTENHHO HOPMATIBLHOTO aTMOC(HEPHOTO JAABJICHHS IPUBOJIUT
K M3MEHEHHMIO KOJMUYECTBa ocTarka Aeptu Ha cute 0 Mmm. Hanpumep, ¢ yBenndeHnem
JIaBIICHHS B OapoKamepe 0CTaTOK JIepTH Ha cute 0 MM JIJIsl IOMIACTHOTO U MOJIOTKOBOTO
POTOPOB YMEHBIIIAETCS B MHTEpBajIax BapbupoBanus ot 15,56-20,17 mo 11,98-14,77 %
u ot 14,75— 16,89 o 13,80-15,75 % cOOTBETCTBEHHO, a JIJIT MOJIOTKOBO-JIOIACTHOTO
poTOpa yBEJIMUHUBAETCS B MHTEpBaslax BapbupoBanus ot 11,95-13,32 no 13,03-14,66 %.

W3menenune napneHus B Oapokamepe MPakTUUECKH HE OKA3bIBACT BIMSHUS HA CTe-
NEHb M3MEJIBUCHHS BHE 3aBUCUMOCTH OT KOHCTPYKLMH POTOPOB U CIIOCOOOB MOAAYH.
[ToMon nepTH MO’KHO OXapaKTepU30BaTh KaK MEJIKUN ITPU MCIIOIb30BAHUH Pa3IMIHbIX
KOHCTPYKLUH POTOPOB | crioco0a mojadu 3epHOBOrO MaTepuaia.
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TeopeTrnueckue ucciaeI0BaHMsI IPUBEIH K CICAYIOLIMM pe3yibTaraM: 1) mageHue
JaBJICHHs B KaMepe u3MenpueHus B 10 pa3 mo3BoJsSieT CHU3UTH MOTPEOIIsieMYIO IBUTA-
TEJIEM JIOTIACTHOTO POTOPa MOIITHOCTH MPH M3MeIbueHnn Ha 112 BT; 2) Habmrogaercs
OJIMHAKOBBIM XapakTep pocTa IJIOTHOCTH BO3JyXa W JIaBICHUS K Meprudeprn potopa
B BEPTHKaJIbHOM CCYCHUHU KaMephbl U3MEIBUCHUS JIsl BCEX 3HAUCHHU JIABIICHUS CHAPY-
KU IPOOMIIEHON KaMephl; 3) pacrpeieleHre Mol OTHOCHTEIBHBIX CKOPOCTEH BO3/IyXa
BHYTPH JIONIACTHOTO POTOpPa M aOCONIOTHBIX CKOPOCTEH B 000MX PACUETHBIX JOMEHAX
OIIPEEIISIETCs BPALICHUEM II0TOKA BMECTE C POTOPOM U IIOYTH HE 3aBUCHUT OT CKOPOCTH
Ha BXOJI€ B KaMEpy U3MEIIBUCHHUS; B OTHOCUTEJILHOM JIBMKCHUH HAOMIOAeTCsl BpallleHUE
MOTOKA MEXLy JIONACTSIMU B IIPOTHBOIIOJIOKHYIO BPALIEHUIO POTOPA CTOPOHY; 4) TIOBBI-
HIEHUE CKOPOCTH BO3YXa, IPOTEKAIOLIETO Yepe3 KaMepy MU3MEIbUCHUS, YBEITUINBACT
MOMEHT Ha pOTOpe, IPUUYEM 3TO yBeIMUeHUE 00JIee BEIPasKeHO NPH OOJIbIIEM JaBICHUH
CHapy»u ApoOHIbHOH KaMepsl (Ha 29 % npu u3mMeneHnn ckopoctu ¢ 1 mo 10 m/c).

DKcrepuMeHTabHbIC HCCIIEJOBAaHMUS TOKA3aIld, YTO YBEJIMUCHNE AABICHHS BO3LyXa
B IpOOMIIBHOM Kamepe Mpy u3MenbueHnH 3epHa oT —88,26 klla no +98,07 kIla npuBo-
JIUT K YBEJIMYEHUIO Y/IeNbHBIX dHEPro3aTpaT Py 0CEBOM 1o/1aue 3epHOBOTO MaTepuaia
B MHTEpBajiaX BapbUpoBaHus oT 5,69—6,07 10 6,24—7,23 kB1-u/(1°\), a ipu pagnaib-
HOM mozgave ot 5,91-6,59 no 7,74-8,31 kB14/(T"A) MpH UCTIONB30BAHNN PA3THMUHBIX
KOHCTPYKIIUIA POTOPOB.

YBenuueHHE TaBIICHUS BO3AyXa B IPOOMIBHON Kamepe oT —88,26 mo +98,07 klla
IpY U3MEIBYEHUN 3€PHA PUBOANT K U3MEHEHUIO KOJIMUECTBA OCTATKa IEPTH Ha CUTE
10 0 MM B cIIeyIOIIMX MHTEPBAIax: AJs JIOMNACTHOIO M MOJIOTKOBOTO POTOPOB OCTa-
TOK YMEHBIIAETCsl B MHTEpBalax BapbupoBaHus oT 15,56-20,17 no 11,98-14,77 %
u ot 14,75-16,89 mo 13,80-15,75 % COOTBETCTBEHHO, a JJISI MOJIOTKOBO-JIOIIACTHOTO
pOTOpa yBeTUUMBAETCS B UHTEpBasiaX BapbupoBanus oT 11,95-13,32 no 13,03—14,66 %.

Oo6cy:xkaeHue u 3aka0ueHue. [IpoBeeHHbIC TEOPETUUECKUE UCCICIOBAHUS TTO-
3BOJIAIOT OIICHHUTH BJIMSIHME BEJTMUMHBI JABICHUSI OKPYKAIOLIETO TPOOHIIKY BO3IyXa
Ha XapakTep ABMKECHUS BO3AYIIHOTO MOTOKA BHYTPU KaMepbl U3MENBUCHUS U DHEP-
reTHYeCKHe 3aTparbl Ha TEXHOJIOTHYECKUN Tporecc. Pe3ynbTarsl TEOpETHIECKUX
WCCIICZIOBAHUH MOJTBEPIKTAIOTCS IKCIIEPUMEHTAIILHBIMU H CBUJICTEIBCTBYIOT O TOM,
YTO CHIDKEHHE JaBJICHMS BO3JyXa CHAPYXKH IPOOMIBHON KaMephl TO3BOJISET MUHU-
MHU3UPOBaTh YHEPIETUUECKHUE 3aTPAThl HA TEXHOJOTHYECKUH IPOLECC U3MENIBUCHHUS
3epHOBOTO MaTepuaja M MepeMelleHne BO3AYIIHOIO IOTOKa BHYTPH APOOMIbHON
KaMephbl, a TAKXKE YMEHBILIAET OCTATOK Ha cuTe 10 0 MM, TO €CTh IIO3BOJIAET U30€XKaTh
nepeusMenbueHus Marepuana. llomydyeHHbie pe3ynbTaTbl HCCIIEA0BaHUKA MOKHO IPH-
MEHSTH MPHU NPOCKTUPOBAHUH KaMep M3MENBUCHHSI MOJIOTKOBBIX ApoOmiIok. Takxke
MPHUBEJCHHBIE PE3YJIbTAThl MO3BOJIIOT OLICHUTh BIUSHUE BEJIMYMHBI aTMOC(HEPHOTO
JIaBJICHUS Ha KAY€CTBEHHBIC U SHEPTrEeTHUECKHUE MOKA3aTeIH MOJIOTKOBBIX U3MEIBUH-
TeJel MpH WX IKCIUTyaTaluy.
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JKCNEePUMEHTAJIbHOE UCCIIe0OBAHME

U ONITUMM3ALMS CKOPOCTH Pe3aHUA 1JIsl MOBbIIEHUSA
3¢ eKTUBHOCTH MAJTOradapUTHOIO JUCKOBOIO
U3MEJIBYUTEIS PACTUTEIbHBIX OCTATKOB
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YVHusepcumema umenu B. U. Bepnaockozco
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™ yitaliy-krasovskiy@mail. ru

Annomauus

Beeoenue. YTunuzanusi pacTUTEIBHBIX OCTAaTKOB B CAIOBOJACTBE SBISETCS BAKHOU 3a-
Jadeid, a ManorabapuTHBIC U3MEIBIUTENN — d(QPEKTUBHBIM e¢ pemieHreM. CyriecTBy-
Iol[e MajorabapuTHBIC U3MENBIUTEIN BETOK U JIO3bI YacTO JIEMOHCTPHUPYIOT HHU3KYIO
TIPOU3BOANUTENHHOCTh U BBICOKOE DHEProOmoTpeOicHHEe, YTO OIPAaHUYMBACT UX IIHPOKOE
NPUMEHEHHUE B MaJIbIX X034icTBaxX. BimsiHue ckopocTy pe3anusi Ha MPOU3BOAUTENBHOCTh
¥ DHEPronoTpeOlieHHe TAaKUX M3MEJBUUTENIed OCTaeTCs HEJOCTATOYHO H3YUCHHBIM,
a IMEIOIINECs CBEACHUS MPOTUBOPEYHBEI. [laHHOE MCCIeI0BaHNE HANIPABICHO Ha BBISB-
JICHUE ONTHMAJBHBIX PEKUMOB Pa0OTHI JUCKOBOTO M3MEITBUUTENS, MUHUMH3HPYIOIIAX
9HEPro3arparsl MpH JOCTIKEHHH HEOOXOAMMOM POM3BOUTEIILHOCTH.

Lenv uccnedosanus. O60CHOBATH KOHCTPYKTUBHBIE M PEXKUMHBIE ITApaMeTphl Matorada-
PUTHOTO U3MENIBYUTENS IIyTEM OIpe/IeJIEHUs] 3aBUCUMOCTEN BIMSIHUSL CKOPOCTU Pe3aHUs
pabouero oprana Ha MPOU3BOAUTEIBHOCTD M YHEPro3aTpaThl.

Mamepuanvr u memoowi. ViccnenoBanus MpOBOIWINCH HA CIICHHUAIBHO pa3paboTaHHOH
11abopaToOpHOIi yCTAaHOBKE, IIPEICTABISIONICH COO0M MaiorabapuTHBINA TUCKOBBII H3MEIThb-
gyuTeNb. [lepen HauyamoM KaXkIoro SKCIIepHMEeHTa MOAT0TaBIMBAIOCE 15 00pa3ioB BETOK
ssomonu quameTpoM oT 10 1o 50 mM. Betku Obiu pa3aeneHsl Ha Tpy Tpynmsl: 10 20 M,
20-30 mm 1 30-50 Mmm. MaccoBast nons Biaru B oopasmax cocrasisiia 45-50 %, a Tem-
neparypa IpeBecHHbl He omyckanachk Hinke 20 °C. IIpu kax oM orbiTe GUKCHPOBATHCH
CIICAYIOIINE MTOKA3aTeIH: BpeMs H3MEIbUCHHUS KaKI0Tro 00pasia, BpeMs XOIOCTOrO X0/a
YCTaHOBKH, Macca M3MEIFYCHHON APEBECHHBI, SHEPTOMOTPEOICHNE B TIPOLIECCE N3MEITh-
YeHHs. DKCHEPUMEHTBI MPOBOAMIKMCH ISl KOKIOW U3 TpeX IPYIIl BETOK IPU TpeX pas-
JIMYHBIX CKOPOCTAX BpalleHHs pabodyero opraHa M TpeX BapHaHTax ero Macchl. Bcero
ObLTO TIpoBeneHo 135 skcepumMenToB. [lomyueHHbIe TaHHBIC aHATU3UPOBAIIHCH C TIOMO-
nipto porpamm Excel, STATISTICA 10 u Matcad. [Ist OIICHKH CTaTHCTHYESCKOM 3HAYH-
MOCTH PE3y/BTaTOB HCIOIb30BaICs t-kpuTeprii CThIONEHTA, IS ONpeaeNieHUs HOpMalb-
HOCTH pacmpenencaus — kputepuid Llammpo-Yuika. KoppersunoHHy 3aBUCHMOCTB
MEX/ly MOKa3aTeJsIMH YCTAaHOBHJIM C IIOMOIIBI0 KoadduuuenTa koppemsinun [Tupcona
JUTS. HOPMaJIBHO paclpeeNICHHBIX JaHHBIX.
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Pesynomamur uccnedosanus. lonydeHa perpeccMOHHass MOJIENb, OIMMCHIBAIOIIAs B3au-
MOCBSI3b MEXK/1y POU3BOJUTEIFHOCTBIO U DHEPro3aTpaTaMiu ¢ y4E€TOM CKOPOCTH PE3aHus.
YcTaHOBIIGHBI 3aBUCHUMOCTH ISl PA3IIMYHBIX THAMETPOB BETOK, YTO MO3BOJIMIIO ONTUMH-
3UPOBATH MAPAMETPBI PAOOTHI U3MEITBUHTEIIS.

Obcyoicoenue u 3akmodenue. DKCICPUMEHTAIbHBIE JIAHHBIC MOATBEPIMIM BaKHOCTH
OINTUMHU3ALMN MajorabapuTHBIX M3MEJBYUTENCH UL MOBBILICHUS UX 3(GHEKTUBHOCTH
U CHIDKEHMs dHepro3arpar. Pesynsrarel paboThl MOTYT OBITH MCIIONB30BAHbI IS pa3pa-
0O0TKH Oosiee SKOHOMHYHBIX B 3(PHEKTHBHBIX MOJENCH U3METBUUTEICH, YTO OKaXKeT T0-
JIOKUTEJIBHOE BIIMSIHUE Ha JKOJIOTO-I)KOHOMHYECKYIO CUTYaIHIO B CEIILCKOM XO3SIHCTBE.

Kniouesvle cnoga: NUCKOBBIN M3MEIBUNTEIb, MaJIOrabapUTHBI H3MEIBYUTENb, CKOPOCTh
pe3aHus, ONTHMH3ALHUS TapAMETPOB, PErPECCUOHHBIH aHaIN3

Kongpnuxkm unmepecog: aBTopbI 3asBISIOT 00 OTCYTCTBUH KOH(MIUKTA HHTEPECOB.

Jna yumupoeanua: Kpacosckuii B.B., Tepoep 10.b. DxcnepumenTansHOE HCCIEn0-
BaHHE W ONTHUMM3ALMS CKOPOCTH PE3aHUsl JUIsl MOBBINICHHs 3()(PEKTHBHOCTH Masoraba-
PHUTHOTO JIMCKOBOTO M3MEJBUUTEISI PACTUTEIIBHBIX OCTATKOB. HHOICEHEepHble MeXHON02UU
u cucmemul. 2025;35(1):84-100. https://doi.org/10.15507/2658-4123.035.202501.084-100

Experimental Study and Optimization of Shredding
Speed to Improve the Efficiency of Small-Sized Disc
Shredde r for Plant Residues

V. V. Krasovskiy “, Y. B. Gerber
Agrotechnology Academy V. I. Vernadsky
Crimean Federal University

(Simferopol, Russian Federation)

™ vitaliy-krasovskiy@mail .ru

Abstract

Introduction. Utilization of plant residues in gardening is an important problem, and us-
ing small-sized shredders is an effective solution for it. Existing small-sized shredders of
branches and vines often demonstrate poor performance and high energy consumption
that restricts the application of them in small farms. The effect of shredding speed on
the performance and energy consumption of the shredders is insufficiently studied and
the available data are contradictory. The study focuses on finding the optimal operating
modes for a disc shredder operation to minimize energy consumption while achieving the
required performance.

The Aim of the Study. The study is aimed at substantiating the design and operating pa-
rameters of a small-sized shredder by determining the dependencies of the effect of the
shredding speed of the shredder working element on the disk shredder performance and
energy consumption.

Materials and Methods. The studies were conducted on a specially designed laboratory
setup, which was a small-sized disc shredder. For each experiment, there were tak-
en 15 samples of apple tree branches with a diameter of 10 to 50 mm. The branches were
divided into three bunches: up to 20 mm, 20-30 mm and 30-50 mm. The mass fraction
of moisture in the samples was 45-50%, and the temperature of the wood did not fall
below 20°C. For each experiment there were recorded the following parameters: the
time of shredding each sample, the setup idle run time, the mass of shredded wood, and
energy consumption during the shredding process. The experiments were carried out for
each of the three bunches of branches at three different rotation speeds of the working
element and three variants of its mass. There were conducted 135 experiments. The data
obtained were analyzed using the programs Excel, STATISTICA 10 and Matcad. There
were used Student’s t-test to assess the statistical significance of the results and the
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Shapiro-Wilk test to determine the normality of distribution. The correlation depen-
dence between the indicators was determined using the Pearson correlation coefficient
for normally distributed data.

Results. There has been developed a regression model to describe the relationship be-
tween performance and energy consumption depending on the shredding speed. There
have been found dependencies for different branch diameters that made it possible to
optimize the operating parameters of the shredder.

Discussion and Conclusion. The experimental data have confirmed the importance of
optimizing small-sized shredders to increase their efficiency and reduce energy consump-
tion. The results of the work can be used to develop more economical and efficient shred-
der models, which will have a positive impact on the environmental and economic situ-
ation in agriculture.

Keywords: disc shredder, small shredder, shredding speed, parameter optimization,
regression analysis
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Beenenne. Cornacno Yka3y Ilpesunenta PO ot 21 suBaps 2020 1. Ne 20 «O0 yT-
BepKJeHNH J{OKTPpUHBI IPOJIOBOIBCTBEHHOM Oe30nacHocTu Poccuiickoit deneparumy
u QenepaJbHON HayYHO-TEXHUYECKOW IMpOorpaMMe pa3BUTHSI CEIBCKOTO XO3sCcTBa
Ha 2017-2025 rr., IpHOPUTETHBIM HANPaBICHUEM Pa3BUTHS CTPaHbI ABJsIETCS obec-
NeYCHUE TIPOIOBOJILCTBEHHOH 0€30MaCHOCTH U KOHKYPEHTOCIOCOOHOCTH POCCUICKOTO
arpornpoMbIIUICHHOTO KoMiuiekca! [1]. D1o TpeOyeT pa3BUTHS MHHOBAIIMOHHBIX TEX-
HOJIOTUH 715l OBBIIEHNUS 9P(QEKTUBHOCTH U CHHIKCHUS 3aTPaT B CEIIbCKOM XO35HUCTBE,
B TOM YHCJIE B CaJIOBOJICTBE U BUHOTPAIapCTBE. Y THIHN3AIMS 00pE3KOB (BETOK, JIO3bI)
OCTaeTCs CIOKHOMN 3amadeii. TpaauinoHHBIE METOIBI (HAIPpUMEp, CKUTAaHUE U BEIBO3)
He3()(DEeKTUBHBI X HETATUBHO BIIUSIOT HA OKPY’KAIOLLYIO CPELY.

ManorabapuTHble U3MENBUUTENN NPEIACTABISIOT aKTYaJbHOCTh AJIsl UCCIIENO-
BaHUH, HOCKOJIBKY OHU COOTBETCTBYIOT OTPEOHOCTSAM MaJbIX CaJ0BOIYECKHUX XO-
35U CTB, MMPOKO pacnpocTpaHeHHbIX B KpbiMy n FOxHBIX pernonax Poccun. Takue
XO03s[ICTBa YaCTO OTPAaHUYCHBI B pecypcax, a HCIONb30BaHUEe KPyNHOrabapuTHON
TEXHUKH I HUX YKOHOMHYECKU U QYHKIHOHAIBEHO Heuenecooopasno. KommaktHeie
yCTpOHCTBa 00ECeUnBAIOT JOCTYIHOCTh U 3()()EKTUBHOCTH MepepaboTKU pacTu-
TEJIBHBIX OTXOJ0B U BO3MOXKHOCTh MHTETPA[MU B HEOONIbIINE MPOU3BOJACTBCHHbBIE
npouecchl. [IpuMeHeHne MaiorabapuTHBIX U3MENBUUTENEH T03BOJISIET BHEPUTH
JICCTBEHHBIN JIOKAJIBbHBIN CIIOCOO pelieHus 3TOM nmpo0eMbl, moBbimas 3hdek-
THBHOCTbH MCIIOJIb30BaHUSI PECYPCOB M CHIKAs dKosorudeckuit cien® [2]. OqHako
CYLIECTBYIOIINE MaJ0radapuTHbIE U3MEIBYUTENN YACTO AEMOHCTPUPYIOT HU3KYIO
HPOU3BOJUTEIILHOCTD, OTPAHUUEHHBIE BO3MOKHOCTH 00pa0OTKH MaTepHaa U BbICOKOE

! JlokTpuHa MPOI0BOJILCTBEHHON Ge3omnacHocT Poccuiickoilt Meepannu [DIeKTpOHHbINA pecypc].
URL: https://mcx.gov.ru/upload/iblock/3e5/3e5941f295a77tdcfed2014182ect37f.pdf (nara obpamenmus:
12.08.2024).

> PekOMEH/IAINH 110 YTUIIU3ALUH U UCTIOIb30BAHHIO OTPA0OTAHHONW GHOMACCHI Cal0B U SITOJJHUKOB
B PecniyOnuke Benapych : Hayd.-mipakT. u3a. / coct. B. A. Camycs [u ap.]. CamoxBanosuum, 2011. 24 c.
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9HepromnorpedaeHue. B cBsi3u ¢ 3TUM MpoBeeHNE IKCIIEPUMEHTaIbHBIX UCCIIE0Ba-
HUI MajoradapuTHOTO H3MEJIBUNTEINS, HAPABICHHBIX HAa ONTHMH3AINI0 KOHCTPYK-
THUBHBIX U TEXHOJOTHYECKUX MapaMeTPOB JJIsi MOBBIIICHHUS MPOU3BOAUTEILHOCTH
W CHUKCHHSI DHEPTONOTPEOICHHS, SIBISIETCS] aKTyaJIbHON 3a/1aueil U TpeCTaBIsaeT
3HAYUTEJbHbIN HHTEpEC.

Lenbto viccae0BaHusI SIBISIETCS IKCIIEPUMEHTAILHOE M3YUCHHUE BIUSHUS CKOPO-
CTH pe3aHMsl Ha MPOU3BOJMTEILHOCTh U SHEPTONOTPEOICHHE MAIOTabapuTHOTO JIHC-
KOBOTO M3MEJIBUUTEIS C MOCIEAYIOIIUM ONPEeICHUEM ONTUMAIBHBIX PEXKHUMOB €ro
paboThl U HopMUPOBAHUEM MPAKTHUSCKUX PEKOMEH AN,

00630p auteparypbl. CylIeCTBYONIHE TEXHOIOTHH U3MENTBICHUST PACTUTEIbHBIX
OCTaTKOB Pa3HOOOpa3HbI, HO MOOMIIbHBIE H3MEIBIUTEIN HAanOoIee pacpoOCTpaHEHBI
Onaronaps cBoelt 3(h(HeKTHBHOCTH M MUHUMAJILHOM MOTPEOHOCTH B JOMOIHUTEILHOM
obopynoBanut [3]. PonrkoBbie uamensautenu Y)GEKTHBHBI IS KPYITHBIX MATePHAJIOB,
HO IPOMO3/KH. MOJIOTKOBBIE H3MEIBUUTEIH TTOIXOST I MEJIKMX OTXOJJ0B, HO MEHEe
MPOU3BOIUTEIBHBI MPU 00PaOOTKE KPYMHBIX. JJMCKOBBIC M3MENBIUTENH Oaronaps
YHHBEPCAILHOCTH, BEICOKOH MTPOU3BOJUTEIHHOCTH U Ka4€CTBEHHOMY M3MEIBYCHUIO
ONITUMAIBHBI JUIs TIepepabOTKU MIUPOKOTO CIIEKTPa MaTepHalioB, BKIIIOYAsI CO3/IaHUE
MYJIBYY U TOTUTUBHBIX OPUKETOB.

Onnako 3 GeKTHBHOCTH JUCKOBBIX U3METBIUTENICH 3aBUCUT OT MHOTHX ()aKTOPOB,
BKITIOYAst TEOMETPHIO PEXKYIIETO HHCTPYMEHTA U peXKUMHBIE TTapamMeTphl [4; 5]. Maio-
HOXeBbIe Mozenu (Hanpumep, FARMI 260) meHee 3¢ (hekTHBHBI n3-3a TPEPHIBUCTOTO
pe3aHus, MPUBOJSIIECTO K HEPABHOMEPHOU IIIETIe U CHUKEHUIO IPOU3BOAUTENBLHOCTH [5].
OnTuMH3aIys MapaMeTpoB TUCKOBBIX U3MeENbUnTeNeH 11 3P PEeKTHBHOTO MPOU3BO/-
CTBa HICTIBI OCTACTCS CIOKHOM 3a7adell BBUAY MPOTHBOPEYUBOCTH CYLIECTBYIOMINX
nccneaoBaHui [6].

[IpombInInIeHHBIE AUCKOBBIC U3MEJIBYUTENHN, HCII0JIB3yEeMbIC B JIECOTEXHHUYE-
CKOW MPOMBIIIJIEHHOCTH, KOHCTPYKTHBHO HanboJee OJM3K0 MOAXOAT MO 3a]a4H,
CTOSIIIIAE TIEPE] CeNbCKOXO3SMCTBEHHBIMHU MPOU3BOIUTEISIMU, HO OHU 00IaIat0T
BBICOKOH IHEPTOEMKOCThIO M KPYIHBIMH rabaputamu, Tak Kak MpeJlHa3HaYeHbI
JUTSL I3MEJTBUCHHSI IPEBECHHBI CTBOJIOB JIEPEBbhEB. B CBSI3U € 3THUM CYIIECTBYET He-
00XOJIMMOCTH B pa3padOTKe M IKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUSIX KOHCTPYKIIHH
MaJjoradapuTHOTO AUCKOBOTO U3MEIBUUTEINS, TPESIHAZHAYCHHOTO JIJIsl pa0OThI B ca-
JlaX ¥ BUHOTPAJHUKAX B YCIOBHIX MaJbIX CaA0BOTUECKUX XO3SHCTB, T TUAMETP
M3MeNbYaeMbIX BETOK HE MpeBbImaeT 50 MM.

[IpumeneHnune ManorabapUTHBIX U3MEIBUUTEIEH 00YyCIOBICHO KOMIUICKCHBIM
YYETOM TEXHHUYECKHX, SKOHOMHUYECKUX U IKOJIOTHUYECKUX (PaKTOPOB, XapaKTep-
HBIX JJIsI MaJIbIX CaJ0BOMUYECKUX MPEANPUITUN, PACIPOCTPAHEHHBIX B KpbhIMCKOM
perunoHe u Ha ore Poccun. OrpaHudeHHbIE pecypCchl MallbIX X035 HCTB TPEOyIOT
000pyI0BaHUs, COYCTAIONIETO BBICOKYIO 3 PEKTUBHOCTH TIepepaboTKu 00pes-
HBIX OTXOJOB C KOMITAKTHOCTBIO, o0ecreynBaroneil ya1o0cTBO TpaHCIIOPTHPOBKH
W DKCIUTyaTallvy, 1 HU3KUM dHepromnorpediienneM. Takum oOpa3om, mpeaiaraercs
KOMIUIEKCHOE pelIeHHEe TPOOIeMbl YTHIIN3AIHMHA PACTUTENBHBIX OCTATKOB, COYETAO-
mee YKOHOMUIECKYT0 3 (DEKTUBHOCTH M KOJIOTHUECKYIO 0€30TTaCHOCTE TSI MaJTBIX
CaJIOBOJYECKUX MPEATPUATHH.
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AHanm3 MajaorabapuTHBIX H3MENBUUTENIEH, BKIIIOUas BaJKOBBIE, IBYXCEKIIMOHHBIC
U pOTOpHBIE [ 7-9], mokasan psii HeA0CTaTKOB. BankoBble H3METBIUTENN NMEIOT MHOTO-
CTYTIEHYATBIH MPOIIecC M OrPaHUUYEHBI B THaMeTpe nepepadarsiBaeMbIX BETOK (< 30 MM).
JIByXCEKIIMOHHbIE M3MENBUUTEIH TPEOYIOT COPTHPOBKH CHIPhSI U UMEIOT HU3KYIO (-
(EeKTHBHOCTD M3-32a pa3lielIbHOW 00pabOTKU. POTOpHBIE U3MENBYUTENN TAKXKE UMEIOT
MUHYCBI: HEpaBHOMEPHOE N3METBIEeHHE 0COOCHHO TBEPIBIX TIOPOJI IPEBECHHBI HaMe-
Tpom Oosee 30 MM, BBICOKAsi CTOMMOCTE M CIIOKHOCTE KoHCTpyKItuu [10, 11].

B Talnuue npeacraBieHbl pe3ynbTaThl aHAIM3a XapaKTEPUCTHK CYLIECTBYIOLIMX
Mozesel ManoradapuTHBIX U3MEIbUUTEICH.

Tabnumna
Table
CpaBHHUTEJILHBII AHAJIM3 TEXHUYECKUX XaPAKTEPUCTHK MAJ0ra0apUTHBIX H3MeIbYHTe el
Comparative analysis of technical characteristics of small-sized shredders

THIT DEKVIIEro MaxkcumanbHbIN
[IpounsBonuresns- MouHocTh MeXI;.HH?’:ﬂa / JameTp
Mozens / Model EOCTL, 1\{[%{ / Asurarens, KBt / Cutting BETOK, MM /
roductivity, Engine power, mechanism Maximum
mh kW tvpe diameter of
yP branches, mm

Ca10BbIi U3MEIBYUTEIID 0,80-1,00 2,2 Poropusrii / 35
BeToK Draxter Y-250 / Rotary
Garden shredder Draxter
U-250
3YBP 313-44-2800 / 0,25 2,8 3ybuaroe 30
ZUBR ZIE-44-2800 kosteco / Gear
Wsmensunrens YTP-250 / 0,80—1,00 2,2 PoropHsrii / 40
Shredder UTR-250 Rotary
M3menpunTenns BaaKOBBIN 0,20 2,8 Banku / Rolls 42
AL-KO Comfort LH
2810 Easy Crush / Roller
shredder AL-KO Comfort
LH 2810 Easy Crush

AHannu3 CymeCTBYIOMMUX KOHCTPYKIINH Majiora0apUTHBIX U3MEIbINTENCH,
MPUMEHSIEMBIX B MaJbIX XO3AMCTBAX, IMOKA3aJl, YTO HAMOOJIBIIEH MPON3BOIUTEIb-
HocThiO (0,80—1,00 M?/4) 00mamaroT MOIENN C TUCKOBBIM PEKYIINM MEXaHU3MOM.
Y usMenpunTenei Apyrux KOHCTPYKIIUH MPOU3BOIUTEILHOCTh 3HAYNTEILHO HIDKE.
[IpeBbimenue npousBogutesnbHOCTH B 0,80—1,00 M3/4 1J151 AUCKOBBIX U3MEJIBUUTENICH
YaCTO OKa3bIBACTCSI HEIEJIeCO00pa3HbIM U3-3a U30BITOYHON MOITHOCTH, YBEJIHYE-
HUSI CTOMMOCTH U CJIIOXHOCTH KOHCTPYKIMU. OJJHAKO BCE UCCIIEIOBAHHBIC MOICIH,
HE3aBUCUMO OT KOHCTPYKLHUH, MPOAEMOHCTPUPOBAIN HECTIOCOOHOCTh 3 (HEeKTHB-
HO M3MeNbYaTh KpynHble BeTKu auamerpoMm 40-50 mm. PazpabarbiBaeMblii HamMu
M3MEJIBYUTENb IPU3BAH PELIUTh 3Ty MPoOiieMy, 00eCreunBasi H3MEIBYCHUE TAKUX
BETOK C COXpaHeHHEeM Mpou3BoauTesbHOCTH He Hibke 0,80—1,00 m3/4. [IpeBbiieHue
9TOTr0 3HAYEHMS HEIeIeco00pa3Ho M3-3a YBEJIHMYCHUS CTOMMOCTH M CIOKHOCTHU
KOHCTPYKITUH.
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Bnusinue ckopocTH pe3anusi Ha 3pQEKTUBHOCTh U3MENBUCHHUS IPEBECUHBI HEOA-
HO3HA4YHO. [IpH BBICOKMX CKOPOCTSIX Mepepe3anus ApeBeCHHBI IPOLIECC HOCHT yAapHBIT
xapaktep® [12], a B quanasone 3,37-9,12 mM/c CKOPOCTH MPAKTHUESCKUA HE BIHSICT
Ha yAeNnpHYI0 cuy pe3anus [ 13]. OmxHako uccaenoBaHus MOKA3EIBAIOT IPOTUBOPEUHUBHIC
pe3yibTaThl: YBEIIMUCHHE CKOPOCTH 110 33—55 M/C NMPUBOAMT K CHHIKCHHIO YACIbHOU
CHJIBI U pa6OTI)I pEe3aHus, B 3TO KE BPpEMs IPYyrue UCCICAOBAaHUA ITOKAa3bIBAOT POCT CUJIbI
pE3aHus P YBEIIMUCHUH CKOPOCTH [ 14]. DTO mpoTHBOpeure 00yCcIoBIeHO pasHOOOpa-
3MEeM KOHCTPYKIIUH U3MEITBIUTENICH [ 15] M pa3MIuIHbIX TEXHOIOTHYECKUX (hakTopoB [16].
B cBsi3u ¢ 3 THM TIpOBe/IeHNE SKCIIEPUMEHTAIBHBIX UCCIEIOBAHII MaIorabapuTHOTO
M3MEJIBYHTENS], & B YACTHOCTH BIUSHUS CKOPOCTH PE3aHUs Ha MPOU3BOAUTEIHHOCTD
Y DHEPTOIOTPEOICHHE, SBISITCS aKTyaIbHOHN 3a1a4ei.

MarepuaJjnbl 1 MeToabl. [ peneHns noCcTaBIeHHOW 3a/1aun MpeaiaraeTcs
paspaboTaHHasi KOHCTPYKIHS MaJorabapuTHOTO M3MEIBIUTENsI PACTUTECIBHBIX Ma-
Tepuainos [17].

KonctpykTuBHO M3Mensuutenb (puc. 1) cOCTOUT U3 3arpy304HON TOPJIOBUHEI 4,
BBITPY3HOTO OoTBepcTus 5. Ha xoprmyce 3 cMOHTHPOBaHbI NOAMUITHUKY 7, B KOTOPBIX
YCTaHOBJIEH TOPU30HTAILHBIN BaJl §, Ha BaJly 3aKperieH padounii oprad. Pabounii opran
BBITIOJTHEH U3 METAJNTMYECKOTO MACCHBHOTO JIMCKa /(), HA KOTOPOM YCTaHABIHMBAIOTCSI
HOXWH //. IIpUBOI OCYIIECTBIISIETCS OT IEKTPOABHUTATENS 9 uepe3 peMeHHYIO repenady /
Y TIKWUBBI 2, DJEKTPOABUTATENh U U3MEIBUNTENh MOHTUPYIOTCA Ha TaTdopme 6.
YcraHoBKa Takke 000pyIoBaHa ONMOPHBIMHU KOJIECAMU IS TIepEMEIICHUSI.

Pabota n3MenpIuTENsT paCTUTENBHBIX MaTepPUAIOB 3aKIIF0YAETCS B CIEIYIOIIEM:
M3MeINTBYaeMbli MaTepUall yepes 3arpy304HY0 TOPIOBUHY 4 MOJAOT O] BPAIIAIOIHeCs
pexymye HoXu aucka. Otpesaemast IpeBecHHa pacnaacTcsl Ha OTACIbHbIC 3JIEMEHTHI,
KOTODBIC YAAJSIFOTCS M3 MAIIMHBI Yepe3 BBITPy3HOE OTBEpCTHE /.

PaspabarbiBaeMasi KOHCTPYKIHS MaliorabapuTHOTO U3MENBIUTENS 00ecIeunBaeT
3¢ PEKTUBHOE UCTIOIF30BAHNE MEXaHMUECKON SHEPTHU TIPU U3METBUCHHH PACTHTENb-
HBIX MarepuasoB. M3MensunTenb nepepadaTbiBacT BETKU AruaMeTpoM a0 50 MM 6e3
HUCIIOJIB30BaHUA AOIIOJTHUTCIIBPHBIX U3MCIBYarOIuX 3JICMCHTOB, YCTpOﬁCTB nogadyu
1 BBIT'PY3KH U3MEJIFYEHHON MacCChI, TEM CaMbIM JOCTUTr'ass YMCHBIICHUSA SHEPIOCMKOCTHU
TEXHOIIOTHIECKOTO TPOIIeCcca, CHIYKEHUSI CTONMOCTH M3TOTOBIICHHS M3MEITBIUTENS 32
CYET POCTOTHI YCTPOUCTRA.

BrisiBiIeHHOE TIpW aHAIIM3€ JTUTEpaTyphbl pa3HOOOpa3re MOIXO00B K OIPEIEICHUI0
BJIMSTHASL CKOPOCTH PE3aHHS Ha MPOU3BOAUTEIHHOCTh U SHEPro3aTpaThl N3MEIBICHUS
BETOK U JIO3bI MPEIOTIPEACTIIIO CTPYKTYPY AAbHEHIIINX UCCIIeJOBaHUH.

YacToTa BpalleHHs AUCKA ONPENeNseT CKOPOCTh pe3aHus, BIUSCT Ha JUHAMUKY
JPEBECHOI Macchl, OrpaHUYUBAET IPOU3BOANTEIHLHOCTD MAIMHBI U €€ TOTPEOIISIeMY IO
MOITHOCTH [ 18].

DKCrepuMeHT OBLT OCYIIECTBIICH B 1aboparopusx MHCTHTYTa « ATpOTEXHOIOTHYE-
ckas akanemus» Kpbimckoro ¢enepanpHoro yausepcutera umenu B. WM. Beprajckoro.
JlaboparopHasi ycTaHOBKa U3rOTOBIICHA HA OCHOBE Pa3pabO0TaHHON KOHCTPYKIIMU Ma-
JIOTa0apUTHOTO U3METBIUTEIIS.

* TopstaxuH B. I1. Cobpanne counnennti : B 3 1./ mop pen. H. 1. JIyaunckoro. M. : Kooc,
1965. T. 3. 384 c.
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4

Pwuc. 1. ManoraGapuTHBII N3METEIUTEIb PACTUTEIHHBIX MaTePHAJIOB:

a) obumit By, b) Mozenb U3MeNBIUTeNs: [ — peMeHHast epefaya; 2 — IIKUBBL, 3 — KOPITC;
4 — 3arpy304Hasi TOPJIOBUHA; 5 — BEITPY3HOE OTBEPCTHE; 6 — Iuaropma; 7 — IMOANIHITHAKHY,
8 — Bai; 9 — BIEKTPOABUTATEND; C) Pa0OUNil OpraH U3MENBIUTEINS:

10 — MeTaTuIeCcKuii MaCCUBHBIN AWUCK; /] — HOXHU

Fig. 1. Small-sized shredder of plant materials:
a) general view; b) crusher model: / — belt drive; 2 — pulleys; 3 — body; 4 — loading neck;
5 — discharge opening; 6 — platform; 7 — bearings; § — shaft; 9 — electric motor;
¢) crusher working element: /0 — massive metal disk; // — knives

Hemounux: a), ¢) dpotorpaduu cuenanst B. B. KpacoBCkUM Mpy MpOBEJCHUH SKCIEPUMEHTAIBHBIX
HCCIIEZIOBAHNUH B 1a00paTOpuH ATrpoTEXHOJIOrHYecKoH akageMun KpbIMCKoro deiepaibHOT0 yHUBEpCUTETa
umenn B. U. Bepranckoro 10 mast 2024 1.; b) cocTtaBieHO aBTOpaMu CTaTbU.

Source: a), ¢) the photographs were taken by the V. V. Krasovsky during experimental studies
in the laboratory of the Institute of Agrotechnological Academy of V. I. Vernadsky Crimean Federal
University on 10 May 2024; b) compiled by the authors of the article.

Yacrora BparieHus pabo4ero opraia U3MeHsIach Py MOMOIIN YCTAHOBKH IIKHBOB
Ha BaJ JUCKa Pa3IMYHOrO aquaMeTpa. st u3MepeHus SHepronoTpedIeHus] HCIOoNIb30-
BaJsics 1aOOPaTOPHBIN BATTMETP, KOTOPBIH MOAKITIOUANICS K AIEKTPOCETH U3MEITBUUTES.
J171s KOHTPOJISE TOYHOCTH 1 HaJIS)KHOCTH JAHHBIX H3MEPEHHSI OJHOBPEMEHHO ITPOBOIH-
JIUCH C MTOMOIIBIO TOKOM3MepHTeIbHBIX Kienieil HT208D, kotoprie puKcHpoBaiu TOK,
u cuetumnka mekrpodneprun CE308-S34 CIIOAD2C/DLMS, KOTOpHIit yIUTHIBAI 00TIIee
noTpebIeHne SHEPTUU 3a BPEMsI IKCIIEPUMEHTA.
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Jst mpoBeieHus SKCIIepUMEHTAIBHBIX UCCIIeI0BaHM Oblila pa3padoTaHa MEeTOANKA,
OCHOBaHHAsI Ha MCIIOJIh30BaHUM OIBITHOW YCTaHOBKU. B KOHCTpyKIMu 1aboparopHoii
YCTAHOBKM YYTE€HO M3MEHEHHE IepeaTOYHOro0 OTHOIIEHUS] pEMEHHOTO MPUBOJIA U,
CJIEZIOBATENIbHO, CKOPOCTH pe3aHus. Takxke KOHCTPYKIMEH peTyCcMOTPEHO U3MEHEHHE
Macchl pabovero opraHa 3a C4eT YCTaHOBKH JIOTIOJTHUATEIBHBIX TPY30B Ha paboumii OpraH.

B pamkax kaxmoro skcrieprMeHTa ObIJIO MOJATOTOBIEHO 15 00pa3oB BETOK ¢ pas-
JUYHBIM THAMETPOM, Bappupyromumcs oT 10 1o 50 M. JIpeBecrHa UCTIONb30BaIach 0e3
MIPU3HAKOB THUJIH, C ypOBHEM oKkopKH He MeHee 90 %. MaccoBast 1071 Biaru B o0pasiax
cocrasisia 45-50 %, a remneparypa apeBecHHbI He omryckanachk Hrxke 20 °C. st npo-
BEJICHUS HKCIIEPUMEHTOB BBIONPAINCH BETKHU I0JI0HH KaKk HanOoee pacpocTpaHeHHOH
CaJI0BO# KYJIBTYpBI B PETHOHE C TBEPAOCTHIO B mpeeax 550—630 kr/m?.

BeTtku nzmepsmnuch, B3BEMIMBAINCH A0 U MOcie u3Menpdenns. [1o pasHocTn Maccsl
JI0 U3MEINTBYCHHS 1 TIOCIIe OTPe/IeNsuIach U3MeIbpueHHas Macca. [Ipu nepepaboTke BeToK
(UKCHPOBAIOCH BPEMS U3MENIBICHUS U BPEMsI PA0OTHI XOJIOCTOTO X0/a U3MEIBUNTEII,
YTO TO3BOJIMIIO OTIPENIEIIUTh POU3BOIUTEIBHOCTh. DHEProNnoTpedIeHHEe 3aMepsUIOCh
MIPU KaX/10M U3MEJBYEHNHN BETOK.

ITo nnameTtpy BeTkH ObUIM pacmpezeneHsl Ha Tpu rpynnsl: 10 20 mm, 20-30 M,
30-50 mm. PacueTHoe 3HaUeHNE Macchl paboYero opraHa U CKOPOCTH Pe3aHus BETOK,
obecreunBaronne HeOOXOAMMBIN 3amac MaxoBoit sHepruu [17; 19] mist mepepe3anus
BETOK IuaMeTpoM 10 50 MM U1 MajorabapuTHOTO U3MENIBbUUTES, ObIIIM OIIPECIICHBI
COTJIACHO MPOBEACHHOMY aHau3y Juteparypsi* [15; 19]. IIIkuBbI 06ecriednBaIH 4aCTOTY
Bpatienus padouero oprana ot 2 000 mo 2 800 mun! ¢ unTepBanoM B 400 MUH ', 4TO COOT-
BETCTBYET JIMHEHHOW CKOPOCTH pe3anus B peaenax ot 31,40 no 43,96 m/c. DxcriepuMeHT
CIJIAHUPOBAH 10 TPEXTOUCYHON CXeMe, TJIe BAPbUPYETCs TOJIBKO OAUH (PAKTOP: CKOPOCTh
pe3aHus. YpoBHH BapbUpoBaHus (akTopa: HIKHHUN ypoBeHb (—1) — 31,40 m/c; cpenuuit
yposenb (0) — 37,68 m/c; Bepxuumii ypoenb (+1) — 43,96 m/c.

Jis yBenmuueHst TOUHOCTH TIOTyYEHHBIX JJAHHBIX SKCIIEPUMEHTHI TPOBOAMINCH JUIS
TpeX BapUaHTOB Macchl pabouero oprana: ot 10,6 1o 12,6 kr ¢ marom B 1 kr. Kaskpii
9KCTIEPUMEHT ITPOBOAMIICS Ha 15 00pa3iax BETOK IpH TPeX pa3IiuHbIX Maccax pabouero
opraHa u TpeX CKOPOCTSIX ero paboTel. B pesymbrare 06110 poBeaeHo 135 SKCIepuMeHTOB.

Jliist aHami3a TaHHbIX HCTonb3oBarch porpammel Excel, STATISTICA 10 u Matcad.

CrarucTHYecKHii aHAIN3 OCYIIECTBIIICS ¢ TOMOIIbIo iporpammel StatTech v. 4.2.7
ot OO0 «Crarrex» (Poccus). KonmnuecTBeHHBIE TapaMeTphl MPOBEPSUIACH Ha HOP-
MaJIbHOE pacrpenesieHne ¢ nomoiubto kputepust Lanmpo-Yunxka. Koppensiunonnyio
3aBHCUMOCTBH MEXK]y TOKa3aTesIMH ONPEACISUIN ¢ MCIOIb30BaHHEM Kod(dduimenrta
koppessinun [Tupcona st HOpManbHBIX JaHHBIX.

Pesynbrarsl uccnenoBanusi. Pazpaborana mporHoctuyeckast MOsielb, OMHUCHIBAIOLIAS
3aBUCHMOCTb SHEPTOEMKOCTH OT CKOPOCTH pe3aHtsl padovero opraHa ¢ CIoJIb30BaHUEM
METO/1a ApHOH KBaJIpaTHUHOM perpeccuu. Pa3paboTanHas MoJieIb a/IeKBaTHO OIMUCHIBACT
B3aUMOCBSI3b MEX/IY CKOPOCTBIO pe3aHust (X) U SHEProeMKocThIo (). Koaddurmenr ne-
tepmuHanuu (R?) coctasui 0,996, 9To yka3pIBaeT Ha TO, YTO MOAEIH 00bsAcHSET 99,6 %
JUCTIEPCUU SHEPTOEMKOCTH. J[JIs1 OIIEHKHM CTaTUCTUYECKON 3HAYMMOCTH MOJIEITH OBLI

* Tonuapos B. H., Tayze A. A., ABBakymoB M. B. OcHOBBI Teopuu U pacdeta 000pYIOBAHUS IS
HOJrOTOBKH OyMakHO# Macchl. Y. 2. PyoutensHble MammHb! : y4ued. mocodue. CI16. : CIIOI TYPII, 2012. 50 c.
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MIPOBEZIEH F-TeCT, KOTOPBIN MOKa3al ee BEICOKYI0 3HaYMMOCTh: F(2,77) = 9625, p <0,001.
CxoppekrupoBanHbii ko3 durent aerepmunanuu (Adjusted R?) cocrasui 0,993, uto
MOATBEPIKAACT XOPOIIYIO OOBSCHSIONIYIO CTIOCOOHOCTH MOJICITH.

IIpoBepka npenonoKeHnd pErpecCCHOHHOTO aHajlu3a He BhISIBUJIA CEPbE3HbIX Ha-
pymieHu. AHaIA3 OCTAaTKOB (OMMOOK MOJIEIIN) TTOKA3aJl X CIIy9JaifHOe pacipeeieHue
BOKPYT HYJIA (TpaduK OCTATKOB HE MPEICTABIICH B CTAaThe, HO OBLI MPOaHAIM3UPOBaH),
YTO CBUACTEILCTBYET 0 TOMOCKenacTnaHocTH. Tect JlapOuHa-YoTcoHa moka3ai 3Ha-
yenne 1,98 (oTcyTcTBHE 3HAYUMON aBTOKOPPEIISIIMHA OCTATKOB).

Habnromaemast 3aBHCHUMOCTB SHEPTOEMKOCTH OT CKOPOCTH pe3aHus pabovero opraHa
XOPOIIIO OMTUCHIBAETCS YPaBHEHUEM MapHOW KBaIpaTUIHOU perpeccun (puc. 2):

y=-0,0415x* + 3,3392x — 50,654, (H
TIIe ¥ — DHEPTOEMKOCTh, BT/KT; X — CKOPOCTH pe3aHus, M/C.

B ypaBuenun (1) orpurnarensublii kodhdurment npu x? (—0,0415) ykasbiBaer Ha
HaJIMYHe KBaJPAaTUYHON 3aBUCUMOCTH, TIPH KOTOPOI CKOPOCTh Pe3aHHUs BIHSIET Ha YHEP-
roeMkocTh. OIHAKO CYIIECTBYET ONTHUMAbHBIN TUAIa30H CKOPOCTEH, MOCIe KOTOPOTo
JIaTIbHEHIIee YBEIMUSHNE CKOPOCTH IPHBOJIUT K MEHBIIIEMY TIOBBIIIICHUIO YHEPTOSMKOCTH.
[NonoxurenbHplii ko duipeHT mpu x (3,3392) CBUACTENLCTBYET O TOM, YTO B HAYAILHOM
JMana3oHe CKOPOCTEH YBETHYCHUE CKOPOCTH MPUBOAUT K TIOBBIIIICHHUIO YHEPTOEMKOCTH.

Paznuuus cuutanuch CTaTUCTUYECKHU 3HAYUMBIMU TIpH p < 0,05. JlomonmHUTEeIHO
OBUT MPOBEJICH KOPPEISIIMOHHBIN aHAIN3 B3aUMOCBSI3U CKOPOCTH pe3aHus pabodero
oprana u 3ueproemrocty. Kosaddunuenr koppensiuu [Tupcona (rxy) cocrasui 0,998,
YTO COOTBETCTBYET OUCHb BHICOKON TECHOTE CBSI3M IO mIkaye Yenaoka. YpoBeHb 3Ha-
gyuMocTy Koppensmun (p) coctaBmt 0,040, 9T0 CBUAECTENBECTBYET O CTATUCTUYECKOMH
3HAYUMOCTH B3auMOCBs3H (p < 0,05).

18
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17 T e
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m g - /
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iE ¥
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CxopocTs pezanns, M/c/ Shredding speed, m/s
—&—Macca—-1/ —®— Macca 0/ Macca+1/
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Puc. 2. I'paduk perpeccnoHHBIX QYHKIHIA, XapaKTEPU3YIOIINX 3aBHCUMOCTh SHEPTOEMKOCTH
OT CKOPOCTH pe3aHusi pabodero opraHa

Fig. 2. A graph of regression functions characterizing the dependence of energy intensity
on the working element shredding speed
Hemounux: 3nech U nanee rpaduky Ui pUCYHKOB COCTABIICHBI aBTOPAMHU CTAThH.
Source: hereinafter in this article the diagrams are compiled by the authors of the article.
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AHaNN3 PHEPro3arpar MpH U3MEIBICHUH BETOK Pa3HBIX TMAMETPOB TMOKA3bIBACT
ciemyromie TeHaeHnuu (puc. 3):

1. Betku muametpom 6omee 30 mm. [Tpu ckopocty pesanus 31,4 M/c dHEPro3aTpaTs
coctasysior 14,97 Br/kr, mpu 37,68 m/c — 17,60 Br/kT, a ipu 43,96 m/c — 19,01 Br/kT.

Kak BHIHO, ¢ yBEelIHYEHNEM CKOPOCTH PE3aHUsl SHEPro3arparbl BO3PACTAIOT, YTO
COOTBETCTBYET YBEJIMUEHHIO HHTEHCUBHOCTH MPOLIECCa U3MENBICHUS 00s1ee KPYTHBIX
BETOK, TPeOYIOLIUX OOJIbIIE SHEPTUH JIJIS KX 00paOOTKH.

2. Berku puamerpom 20-30 mm. IIpu ckopoctu pesanust 31,4 m/c sHepro3arparsl
cocrasisitor 12,61 Br/kr, ipu 37,68 m/c — 14,30 B1/kr, a ipu 43,96 m/c — 14,36 B1/kr.

B »T0i1 rpynme BeTok HabirogaeTcst cxoxasi TEHACHLUS, HO POCT DHEpro3arpar
C YBEJIMYCHHUEM CKOPOCTH PE3aHUsI MCHEE BBIPAXKCH 0 CPABHEHUIO ¢ OoJiee KPYITHbI-
MU BETKaMHU. DTO MOXKET OBITh CBSI3aHO C MEHbBIIEH TPYJTHOCTHIO U3METBUCHHS BETOK
CpEeIHero auaMerpa.

3. Berku auamerpom a0 20 mm. [Ipu ckopoctr pesanust 31,4 mM/c sHEpro3arparsl
cocrasysiot 11,50 B1/kr, mpu 37,68 m/c — 15,13 Bt/kr, a ipu 43,96 m/c — 15,24 BT/kT.

Jl1st MeNnKUX BETOK PHEPro3arpaTrhl TAKKE YBEJIMUYHMBAIOTCS C POCTOM CKOPO-
CTH pE€3aHus, HO B LIEJIOM OHHU OCTAIOTCS HIDKE, YeM AJIs Oosiee KPYITHBIX BETOK, YTO
MOATBEPKIAET HEOOXOANMOCTh MEHBILIUX 3aTpaT 3HEPTUU IPU U3MEIBIEHUN OoJiee
TOHKHX MaTepHasoB.
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CxopocTs pezaHs, M/c / Shredding speed, m/s

—o— JTo 20 MM / ~#—0T1 20 7o 30 MM / Cprime 30 Mm /
Up to 20 mm From 20 to 30 mm Over 30 mm

Puc. 3. I'paduk perpeccHOHHBIX QyHKIMH, XapaKTEPU3YIONIHX 3aBUCUMOCTh YHEPIrOEMKOCTH
OT CKOPOCTH pe3aHus pabodero opraHa Mpu U3MEFICHUH PA3THYHBIX JUAMETPOB BETOK

Fig. 3. A Graph of regression functions characterizing the dependence of energy consumption
on the working element shredding speed when shredding branches of different diameters

Takum 0Opazom, ¢ yBeIMUECHHEM TUaAMETPa BETOK M CKOPOCTH PE3aHMs HAOII0AaeTCst
3aKOHOMEPHBIH POCT YHEPro3aTPart, UTo CBA3aHO ¢ HEOOXOIUMOCTBIO 00Pa0OTKH OOITb-
ero oobeMa APEBECHON MACChI, TPEOYIOMIETO JOTIOTHUTETBHBIX YCHUIINN U SHEPTHH JIJIS
n3MensaeHus. KoppensiuoHHbIi aHAaIN3 B3aUMOCBSI3M CKOPOCTH pe3aHus pabodero
OpraHa ¥ MpOU3BOJUTEIbHOCTH U3MEITBUUTENIS TOKA3aJl CICAYOIINE PEe3yNbTaThl: Kod(-
(urent xoppersmu (rxy): 0,986; TecHOTa cBs3H 10 mIKase Yesioka: O4eHb BHICOKAS
ypoBeHb 3HauuMocTH (p): 0,108.
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[Ipu o1eHKE CBSA3HM CKOPOCTU pe3aHusi paboUYero opraHa u MpOU3BOAUTEILHOCTH
Obl1a yCTaHOBIIEHA KOPPEISIIIMOHHAS CBA3b.

Habmronaemast 3aBUCUMOCTD TPOU3BOAMTENILHOCTH OT CKOPOCTH Pe3aHus pabouero
oprana OblIa CMOJICJIMPOBAHA C MOMOIIIBIO MTOJIMHOMHUANBHOM perpeccuu (puc. 4):

y=0,0006x* - 0,03x + 0,9453, (2)
IJIe ) — MPOU3BOAUTEIBHOCTh, M3/4; X — CKOPOCTh Pe3aHHUs, M/C.
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30 32 34 36 38 40 42 44
CropocTs pesarns, Mm/c/Shredding speed, m/s

—#—Macca—1 /Mass—1 —#—Macca 0/Mass 0 Macca +1 / Mass +1 CpenHee 3HaTeHHE
o MaccaM / Average by weigl

Puc. 4. I'paduk perpecCHOHHBIX (QyHKIHH, XapaKTEPU3YIONINX 3aBUCUMOCTh IIPOU3BOAUTEIHHOCTH
OT CKOPOCTH Pe3aHusi paboyero opraHa

Fig. 4. Graph of regression functions characterizing the dependence of productivity
on the shredding speed

Pe3ynbraThl perpecCHOHHOTO aHaIM3a TIOKa3ad, YTO JJaHHAs MOJICIb a/IeKBATHO OITH-
CBIBACT B3aUMOCBSI3b MEXKJTy CKOPOCTBIO PE3aHUs U MPOU3BOAUTENBHOCTHIO. Koadduiment
nerepmuHaruu (R?) cocrasmi 0,972, 9ato yka3siBaeT Ha 00bsicHeHue 97,2 % mucnepcnn
MPOU3BOANUTEIHHOCTH JIAHHOW MOJIENBIO. J{JIsT OIIEHKH CTaTUCTUYECKOW 3HAYMMOCTH MO-
JIeNr OBLT TIPOBEICH F-TeCT, KOTOPBIH TOKa3al €€ BRICOKYIO 3HAUUMOCTE: F(2, 77) = 1337,
p < 0,001. CroppexrupoBanHbIii Kodddurment nerepmuHanmu (Adjusted R?) cocra-
Br1 0,969, 9To moaTBEpKAaET XOPOITYI0 OOBSICHSIONIYIO CIIOCOOHOCTH MOJIEIIH.

[IpoBepka mpeanoaoKeHni perpecCHOHHOTO aHaIN3a BBIIBUIA HE3HAUYUTEIbHBIC
OTKIIOHEHUS B PACIIPE/ICIICHUU OCTATKOB. [ paduk ocTarkoB (He PeCTaBIICH B CTaThe,
HO OBUT IPOaHAIM3UPOBAH) IEMOHCTPUPYET CITyYaiiHOE pacIpeieIIiCHUE TOUSK BOKPYT
HYJIS1 C HEOOJIBIIIUM CTYIICHUEM B IIEHTPAIILHOW YaCTH, YTO MOXKET YKA3bIBaTh Ha JIETKYIO
rerepockenacTuaHocTh. Tect JlapOuHa-Yorcona nokasain 3Hauenue 1,85 (orcyrcrBue
3HAYUMOH aBTOKOPPEISIIIMHA OCTATKOB).

VYpaBHeHue (2) MoIMHOMUAIBHOM PErpecCHy OMMCHIBAET KBAAPATUIHYIO 3aBUCHMOCTD
MEKJTy CKOPOCTBIO Pe3aHHs ¥ IPOU3BOAUTEIBHOCTHIO. [10I0KNTETbHBINH KOIDPHUITUESHT
npu x* (0,0006) yka3bIBaeT Ha TO, YTO IPOM3BOAUTEILHOCTH CHAYaIa MOYKET CHIKATHCS FITH
0CTaBaThCS OTHOCUTENHHO CTAOMIIBHOM ITPY HEOOITBIIIOM YBEITMUYEHHH CKOPOCTH, HO 3aTeM,
IIPU JAJIbHEHUIIIEM YBETMUYEHUU CKOPOCTH, €€ POCT MOXKET YCKOPUThCs. OTpuLiaTenbHbIIA
koahumment npu x (—0,03) mpezmonaraeT HavaTbHOE CHHYKEHHE IPON3BOIUTEITEHOCTH
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NP YBEJIMUEHUU CKOPOCTH B HCCIIEAYEMOM JHaa30He, IPEXkK e YeM KBaApaTuaHbIi 3¢)-
(exr HauHeT npeobnasars. MHTEpnperanys 3THX Ko3()UIHUESHTOB TOIKHA TIPOBOIUTHCS
C YYETOM KOHKPETHBIX YCJIOBUI pabOThI M IMana30Ha CKOPOCTEH pe3aHusl. YBeIMUCHUE
CKOPOCTH pe3aH¥si, HECMOTPSI Ha OTEHIINAIBHOE IMOBBIIEHNE IPOU3BOUTEILHOCTH, MOKET
OBITh OIPaHUYCHO JPYTUMH (haKTopaMu (SHEPrornoTpedIeHre 1 U3HOC 000PYAOBaHUS).

Tak kak ypaBHEHHE UMEET KBaJIpaTHUHYIO0 (GopMmy, pearonaraercsi HalIndue
ONTUMAJILHOW CKOPOCTH pe3aHusl, OCIe KOTOPOU JajibHEHIIee YBEIUUeHUE MOKET
HE NIPUBOJIUTH K IPONOPLHOHAIBLHOMY YBEINUECHHUIO IPON3BOJUTEIBHOCTH.

[Tpoananu3upyem pe3ysabTaThl, MOMYyYCHHbIE JIsI OTAEIBHBIX I'PYIII BETOK C pas-
JUYHBIM AuaMeTpoM (puc. 5). st BeTok auameTpoM cBeiie 30 MM: IIPU CKOPO-
ctu pesanust 31,4 m/c npousBoautenbHOcTh paBHa 0,8017 mM*/4; ipu cKOpocTH pe3a-
Hust 37,68 m/c — 0,9067 m*/4; mpu ckopoctu peszanust 43,96 m/c — 1,0889 m*/4.

1.2

¥=0,001x2 - 0,05009x + 1,4348
¥=0,0000x? - 0,0456x +1,1226.5
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Puc. 5. I'paduk perpeccnoHHBIX QYHKIHIA, XapaKTEPH3YIOIINX 3aBHCUMOCTH MTPOH3BOAUTEILHOCTH
OT CKOPOCTH Pe3aHus paboyero opraHa npy U3MeIbUeHNH Pa3InYHbIX THAMETPOB BETOK

Fig. 5. Graph of regression functions characterizing the dependence of performance
on the shredding speed when shredding branches of different diameters

W3 maHHBIX BUIHO, YTO C MOBBIIIEHHEM CKOPOCTH PE3aHHS MPOU3BOJUTEIHLHOCTD
BO3pacTaeT. DTO MOATBEPIKAAET, YTO yBEIUUEHHAs] CKOPOCTh PE3aHUsl MO3BOJISIET
U3MenpIaTh 0oJiee KPyNHbIe BETKU C BO3PACTAHUEM IPOU3BOIUTEIBHOCTH, IIPU 3TOM
MO P>KUBAETCS TPEOYeMBIi ypoBeHb OT 0,8 M3/4 1 BEIIIIE.

Hns Betox amamerpom 20-30 mMwm: mpu ckopoctu pesanus 31,4 wm/c
POU3BOANUTENHHOCTE paBHa 0,6179 m*/4; ipu ckopocTu pe3anus 37,68 m/c —0,7395 m*/4;
npu ckopocTH pesanus 43,96 m/c — 0,9354 m*/4. 3aech Taxke HAOMIOOACTCS POCT
MIPOU3BOAUTENBHOCTH C YBEJIMUYEHHEM CKOPOCTH pe3aHus. OHAKO MaKCHMalIbHOE
3HaueHue npousBoauTenbHocTH (0,9354 M3/4) Bee ele HUKE MOPOTOBOrO 3HAYCHUS
B 1 M3/4, HO TaKKe COOTBETCTBYET IiesieBoMY jnana3ony 0,8—1,0 m3/4.

s BeTok nuameTpom a0 20 MM: TIpH CKOPOCTH pe3anus 31,4 M/c Ipon3BOIH-
tenbHOCTh paBHa 0,4138 m3/4; mpu ckopoctu pesanus 37,68 m/c — 0,4246 m3/4; npu
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ckopoctu pe3anus 43,96 m/c — 0,4300 m3/4. 17151 BETOK MEHBIIIETO AUAMETPA YBEIUUCHHE
CKOPOCTH pe3aHusi IPUBOJMT K Oosiee c1abo BEIPaKEHHOMY POCTY MTPOU3BOAUTEIBHOCTH.
HecmoTpst Ha MOBBIIIIEHHE CKOPOCTH, TIPOU3BOIUTEIBHOCTD HE IOCTUTACT 3HAUCHHH,
omu3kux Kk 0,8 M3/4, 4TO 00BSICHIETCS MEHBIINM O00BEMOM M3MEIBYaeMOil MACCHI.

[Ipoananu3upoBaB JaHHBIC, TIPEICTABICHHBIC HA PUCYHKE 5, MOXKHO CJIENIaTh BbI-
BOJI, YTO JUIsl BETOK JuamMeTpoM 30 MM ¥ OOJIbIIE JIOCTUTASTCSI POU3BOUTEIBHOCTD,
COOTBEeTCTByIOMmAs 1eseBbIM 3HaueHusM (0,80—1,00 M3/4) Ipu BceX MCCIIeIyeMBIX
ckopocTax pezanus. s BeTok auamerpoM 20—-30 MM IIpOM3BOIUTEIIBHOCTD OJTM3Ka
K IIeJICBOMY JIMANa30Hy, HO He TIPEeBhIaeT | M*/4, 94To sBisieTcs mpuemMiieMbiM. [111s Be-
TOK JuamMeTpoM 110 20 MM MPOHU3BOAMTEIHHOCTh 3HAYUTEIHHO HUXKE, YTO OIPABIAHO
XapaKTEePUCTUKAMH M3MEIBYaeMbIX MaTepPHalOB.

Takum 00pazom, pazpadbarsiBacMasi KOHCTPYKITHS MaJIOTa0aPUTHOTO U3METBUNTENS
3¢ (eKTUBHO perraeT 3a/1auy U3MENIBUCHHS KPYITHBIX BETOK, MOJIJICPKUBAS IIPOU3BOIH-
TEIBHOCTh Ha YPOBHE, cooTBeTCTBYOMIEM 1eiisim (0,80—1,00 M3/4) pu onTUMaIbHBIX
3HAYEHHSX CKOPOCTH PE3aHusl.

Ha ocHOBe mpoBeieHHOTO aHajM3a MOJKHO BBIICIHUTH CIIEAYIOIINE ONTHMAIbHbIC
JIMAna30Hbl CKOPOCTEH JUISl KaXA0W IPYNIbl BETOK C y4€TOM 3aBUCUMOCTEH OT IIPOU3-
BOJIUTEILHOCTH ¥ SHEPTo3aTpar:

1. s Betok mo 20 mM. B mpenemax ckopoctu 30-35 m/c HaOGmIomaeTcs pocT
MIPOU3BOIUTENHHOCTH, ITPU ITOM DHEPTo3aTpaThl OCcTaOTCs yMepeHHbIMH. [1o ypaB-
HEHHIO dHepro3arpar st BeTok 10 20 mm y = —0,0476x* + 3,8659x — 62,95y, rae
X — 3TO cKOpocTh pe3anus. [Ipu ckopoctr 30 M/c sHEPro3aTpaThl COCTABISIIOT OKO-
1o 11,50 Br/kr, a mpu ckopoctu 35 m/c — okorno 13,10 Br/kr. Takum o6pa3om, B aua-
nazoHe ckopoctu 30—35 M/C MOKHO JOCTHYb IPOU3BOAUTEIBHOCTH OKOJIO 0,42 M3/4,
410 OyJEeT 1OCTaTOYHO ISl JAHHOU IPYIIIBI BETOK, IPU STOM SHEPro3arpaTsl 0CTAIOTCS
Ha ypoBHe 11,5-13,0 Br/kr.

2. Nns Betok 20-30 mm. OnTUMaIbHBIA AWANAa30H CKOPOCTH JJI 3TUX BETOK Ha-
xomuTes B mpenenax 35—40 m/c, Tak Kak MpH 3TUX 3HAYCHUSX NMPOU3BOAUTEIHLHOCTh
YBEIMUMBACTCS, & DHEPro3arpaThl OCTAIOTCSl HA yMEepeHHOM ypoBHe. [1o ypaBHEHHIO
sHeprosarpar s BeTok 20-30 MM y = —0,0207x2 + 1,6983x — 20,326. TIpu ckopo-
cTH 35 M/C PHEpPro3aTparTsl COCTABIIOT 0KoiIo 14,3 B1/kT, a mpu ckopoctr 40 M/c — 0KO-
10 14,9 Br/kr. [Ipon3BoauTeIHOCTE Ha CKOPOCTH 35 M/c cocTaBiseT okoio 0,74 m3/4,
a "Ha 40 m/c — oxomo 0,94 m*/4. Takum oOpazoMm, B quamna3zoHe ckopoctu 3540 m/c
MOXKHO 00eCTeduTh Mpou3BoauTeNbHOCT OT 0,74 no 0,94 M3/4 ¢ sHEeprozarparaMu
B nipenenax 14,3—-14,9 Br/kr.

3. ns Betok cBbime 30 Mmm. OnTUManbHast CKOPOCTH JUJISl 3TOM TPYMIIBI BETOK
Oynet B mpenenax 40—45 m/c, rae Npou3BOAUTEIBHOCTh 3HAYUTEIBHO BO3pPACTAET,
HO DHEPro3arparsl 0CTAIOTCS Ha 0MycTUMOM ypoBHe. [1o ypaBHeHHMIO sHEpro3aTpar s
BeToK cBbime 30 mm y =—0,0154x* + 1,4835x — 16,412y. I1pu ckopoctu 40 M/c sHEp-
ro3aTparbl COCTaBISIOT oKoJo 15,1 B1/kr, a mpu ckopoctu 45 m/c — okono 16,2 BT/kr.
[IpousBoguTeabHOCTh NpH ckopoctu 40 M/c cocrasiser okosio 0,91 m3/4, a npu
ckopocTH 45 m/c — okoso 1,09 m*/4. Takum 06pa3om, B quamnazone 40—45 m/c MOXKHO
obecneunTs Mpon3BoAUTENbHOCTE OT 0,91 mo 1,09 M3/4 ¢ sHEepro3arparamu B mmpese-
ngax 15,1-16,2 Br/kr.
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Oo6cy:kaeHue U 3aKa04YeHne. B xone mpoBeIcHHOTO UCCIIEIOBAHNUS ObLTH N3yYCHBI
KOHCTPYKTHUBHBIC U TEXHOJOTUYCCKUE MapaMeTPphbl MaIOra0apUTHBIX U3MEIIBUNTEIICH
BETOK, a TAK)KE UX BIMSHUE HA IPOU3BOAUTEIBHOCTh U SHEpromnoTpedaeHue. [lomyueH-
HBIE PE3YNIBTATHI TO3BOJISIOT CIENATh CIIEAYIOIIIE BEIBOIBI:

1. 3aBUCUMOCTB 3HEPrOEMKOCTH OT CKOpOCTH pe3aHus. [Ipu yBenuueHun ckopo-
CTH pe3aHusi pabovero opraHa HaOIOAAETCsl POCT YHEPTOEMKOCTH. Perpeccnonnoe
ypaBHEHHE, OTHCHIBAIOIIEE 3TY 3aBUCUMOCTb, UMEET (JOPMY YPaBHEHUS TOTHMHOMHAIb-
HOU perpeccuu Bropoii crenenu: y =—0,0415x* + 3,3392x — 50,654. CxopocTb pe3aHus
OKa3bIBaeT 3HAYUTEIHLHOE BIUSHUE HA YHEPro3aTPaThl, OTHAKO XapaKTep 3aBUCUMOCTH
YKa3bIBACT Ha TO, YTO APPEKT YBEIUUCHUS CKOPOCTU HA YHEPTOSMKOCTh CHIKACTCS TIPH
BBICOKUX 3HaueHUsIX ckopocT. [loyueHnHast mojiens o0bscHsieT 99,6 % HabmonaemMoit
JIUCTICPCHUH, UTO TOATBEPKIACT €€ BICOKYIO TOYHOCTb.

2. DHepro3arparkl MPU U3MEJIBUYCHUU BETOK Pa3IMUHbIX JUaMeTpPOB. [1jisi BETOK
nuameTpoM O6osee 30 MM dHEPro3aTparhl yBEIMIUBAIOTCS C POCTOM CKOPOCTH PE3aHUs,
YTO TOATBEPXKAacT 00Jiee BHICOKHUE TPECOOBAHUS K SHEPTUHU JIJISI U3MEJIBUCHUS KPYII-
HBIX BeTOK. /{7151 BeTok quamerpom 20—30 MM HaOIronaeTcs MEHee BRIPaKCHHBIH pOCT
SHEPro3arpar ¢ yBEIMUYEHUEM CKOPOCTH pe3aHusd. Ui BeTok nquamerpom 110 20 Mmm
HHEPro3aTpaThl OCTAIOTCS OTHOCHUTEIBHO HU3KMUMH 0 CPABHEHUIO C 00JIee KPYITHBIMA
BETKaMU, HO BCE YK€ YBEIIMYUBAIOTCS C POCTOM CKOPOCTH.

3. 3aBHCHMOCTH MTPOU3BOJIUTEIBHOCTH OT CKOPOCTH pe3aHus. B pe3ynbrare Kop-
PEISIITMOHHOTO aHalln3a ObllIa YCTAaHOBJIEHA 3aBUCUMOCTh MPOU3BOAUTEIIBHOCTU OT
CKOpPOCTH pe3aHusi pabodero opraHa, OnvchiBacMasi ypaBHEHHUEM MMOJIMHOMHUAIBHON
perpeccun: y = 0,0006x> — 0,03x + 0,9453. [Ipon3BOAUTEALHOCTh YBEIUUNBACTCS
C POCTOM CKOPOCTH PE3aHusl, HO Ha BRICOKUX 3HAYCHUSX CKOPOCTH MOXKET HAOJIFOIaThCs
3aMelJIeHUe POCTa MPOU3BOAUTEIBHOCTH. YpaBHeHUe 00bscHseT 97,2 % aucniepcun
rapameTpa MpOU3BOAUTEILHOCTH, YTO CBUACTEIILCTBYET O BHICOKOM TOUHOCTH ITPOIHO3A.

4. ITpou3BOIUTEIBHOCTD TP U3MEIIBICHUH BETOK Pa3IMUHBIX AMaMeTpoB. J1iis Be-
TOK IaMeTpoM cBbIme 30 MM TPOU3BOAUTEIHHOCTD YBEITUIHBAETCS C POCTOM CKO-
pOCTH pe3aHusl U OCTHTACT MeNIeBhIX 3HaueHuH oT 0,80 M>/4 u BeImIe. J{ig BeTOK
muamerpoM 20-30 MM IPOU3BOANTENFHOCTH OJIH3KA K II€IEBOMY AHAana3oHy, HO HE Tpe-
Bermaet 1,00 m*/4. Jlns BeTok muamerpom 0 20 MM MPOU3BOIUTENEHOCTh OCTAETCS
3HAYUTEIHHO HIDKE, YTO CBA3aHO C MEHBIIUM 00EMOM U3MENBUAEMON MaCCHI.

5. OnTuMalkHbIe AUana30Hbl CKOPOCTEH IS pa3HbIX IPyYII BeTOK. BeTku 10 20 mm:
ONTHMalIbHasi CKOpOCTh pe3anus 30-35 M/c ¢ yMepeHHBIMH dHEpro3arpaTramu
(11,5-13,0 Br/kr). Berku 20-30 mM: onTuManbHbIi Auana3oH ckopoctd 35-40 m/c,
npousBonuTenbHOCTh 0,74-0,94 M3/4 ipu snepro3arpartax 14,3—-14,9 Br/kr. Betku
cBbitie 30 MM: onTEManbHas ckopocTh 40—45 m/c, mpousBoaurenbHOCTh 0,91-1,09 M3/4
npu SHepro3arparax 15,1-16,2 Br/kr. Dtu ckopocTn odecrniedar 6ananc Mex Iy pou3-
BOJIUTEILHOCTBIO M SHEPro3aTpaTaMH JJIsl Pa3JInYHbIX TPYIII BETOK, COOTBETCTBYS TPe-
OoBaHMIO Ha IPOM3BOAUTENBHOCTE 0,80—1,00 M*/4 Tpy MUHUMAITEHBIX SHEpro3arparax.

J1s TOCTIDKEHUS OTITUMAITBHOM TIPOM3BOJUTEIFHOCTH U SHEPTO3aTPaT B 3aBUCH-
MOCTH OT JIHaMEeTpa BETOK PEKOMEH TyeTCsI MCTIOIb30BaTh TUCK — pa0O4Hii OpraH Mac-
coii 10,5...11,8 Kr ¢ tnanma3oHOM CKOPOCTH pe3anus: s BeTok 10 20 mm — 30...35 M/c;
g BeTok 20-30 MM — 35...40 m/c; mig Betok cBbite 30 MM — 40...45 m/c.

Technologies, machinery and equipment 97



&EE WHXXEHEPHBIE TEXHOJIOTMW U CUCTEMBbI Tom 35, Ne 1. 2025

JanpHelinme ucciaeqoBaHus ciaeyeT HapaBUTh Ha ONpeesIieHne ONTHMAaIbHOTO
Jana3oHa CKOpOCTeH pe3aHHsl, yUUThIBAIONIETO HE TOJIBKO POU3BOJUTEILHOCTh, HO U
JpYTHe BXKHBIE IKCILTyaTallHOHHbIC XapaKTePUCTUKH. Pe3ynbraTsl paboThl MOTYT OBITH
WCTIONIb30BaHBI JUTS cO3AaHus Oosiee d3PPEKTUBHBIX H YCTONUUBBIX MOJIENIEH H3Mellb-
YyHuTeNneH, 94To OyIeT CrocoOCTBOBATh YIIYUIIIEHHUIO YKOJIOTO-YKOHOMUYECKON CUTYaIUU
B CEJIBCKOM XO3SHCTBE.
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Annomauusn

Beeoenue. BaxxHbIM HampaBIEHHEM Pa3BUTHS CEIbCKOXO3SIHCTBEHHOTO MPOU3BOACTBA
SIBJISICTCS TTOBBIIICHHUE HKCILUTYyaTAallMOHHOH 3()()eKTHBHOCTH KOJIECHOH MOOWMIIBHOM Celb-
CKOXO3AHCTBEHHOH TEXHUKHU. AHAIN3 pealbHON CUTYallMU MOKa3aJl, YTO CYILECTBYET PAL
TPYAHOCTEH, CBI3aHHBIX CO MHOTHMU (haKTOpPaMH, B TOM YHCIIE C BEICOKOH Maccoil Tex-
HUKH, KOTOpas, Hapsily ¢ yBEITMYEHHEM MPOU3BOIUTENLHOCTH, CIIOCOOCTBYET MEPEYILIOT-
HEHMIO BCEX CJIOEB IIOYBEHHOIO OCHOBAHUS, YTO IPUBOAUT K CHUXKCHHIO ypPOXKAUHOCTH
BO3/IETIBIBAEMBIX KyIBTYyp M YBEIHUEHMIO dHEProsarpar Mpu Mocienyrouiei oopaboTke.
Hanuuue 3Tux TpyIHOCTEH, HECMOTPS Ha 3HAUUTENbHBIC YCIIEXH UCCIEJOBATENICH B 9TOM
HAIPaBJICHUH, HE TTO3BOJIMIN JI0 CHX MOP HAlTU ONTUMAIbHOE PEIIEHNE MPOOIEMBI, MO-
3TOMY aKTyaJIbHOCTh IIPE/ICTABIISIEMBIX B pa00Te MAaTepHAIOB HE BEI3EIBACT COMHEHHH.
Lenv uccneoosanus. OneHKa arpoOTeXHUYECKOH MPOXOAUMOCTH OTEUECTBEHHBIX 3€PHO-
yOOPOUHBIX KOMOAHHOB IISITOTO MTOKOJICHHUS IIPU yOOPKE O3MMOM IIICHUIIEL.

Mamepuanvt u memooul. 1lpn uccaenOBaHUN arpOTEXHUYECKON MPOXOIUMOCTH 3EpHO-
yOOPOUYHBIX KOMOAHHOB OBIT IPHMEHEH AKCHEPUMEHTAIBHBIN METON C HCIIOIb30BAHUEM
H3MEPUTETBHOTO KOMIUIEKCA «IIMHHBINA TECTEP» M APYTHX KOHTPOIbHO-M3MEPHTEIBHBIX
pudopoB. B kauecTBe 00BEKTOB HCIIBITAaHNIT HCIOIB30BANINCEH BHKATEIN KOMOAHOB Ha
mmHax moxeneir d-136, ®-179, ©-819, ®-81DP u pupmsr «Cood Year» oanHAKOBOTO
tunopasmepa 30,5-32.

Pezynomamutr uccneoosanus. ONpenenuiu MoKa3aTelll arpoTeXHUIeCKOH MPOXOAUMOCTH
3epHOYOOPOUHBIX KOMOAIHOB ISTOTO IOKOJECHUS ¢ KOMIUIEKTAIMEH MX KOJIEeCHBIX IBHU-
JKUTEJICH IIMHAMM PA3HBIX MojeJei. YCTaHOBMJIM, YTO JaHHble KOMOaiHBI mpu ompe-
JICJICHUM 10 CTaHJApTHBIM METOJUKAM MAaKCUMAllbHBIX [aBICHUH, OKa3blBACMbIX Ha
MOYBY M CO3/aBaeMbIX Ha NIyOuHe B 50 CM HOpPMalbHBIX HANpPSKEHUH, HE COOTBETCT-
BytoT [OCT P 58655-2019 npu mo0bIX BapnaHTax KOMIUICKTOBAHHMS MIMHAMH BELYIIHX
Kosec (3a MCKJIIOUEHHEM YCTAHOBKH SKCIIEPHUMEHTANBHBIX LIMH MPU BIAKHOCTU TOYBBI
ne Gomee 0,5 HB). [Ipssmoe m3Mepenue mokaszarenel arpoOTeXHUYECKOH MPOXOIUMOCTH
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KOMOAHOB TOKAa3aJI0, YTO [0 MAaKCHMAJIbHBIM JIABJICHHUSM B KOHTAKTE BEIYIIUX KOJEC
C TI0YBOIi U CO3/1aBaeMbIM HaNpspKeHUsIM Ha m1yOuHe 0,5 M koMOaiiH MATOr0 HOKOJICHUS
1pu yOOpKe 3€pHOBBIX KOJIOCOBBIX B ycloBUsX HOKHOTO (enepaibHOr0 OKpyra BBIMOI-
uset TpeboBanus [OCT P 58655-2019 na Bcex cpaBHUBAEMBIX LIMHAX.

Obcyorcoenue u saxnouenue. OnpeneNeHre 3HAYCHUI MMOKa3aTelel arpoTeXHUYECKON
MIPOXOJUMOCTH HPSAMBIM M3MEPEHHEM J0Ka3bIBACT BO3SMOXHOCTb IMPUMEHEHHs COBpe-
MEHHBIX KOMOAWHOB OTEYECTBCHHOTO MPOM3BOJACTBA HAa YOOPKE 3EPHOBBIX KOJIIOCOBBIX
IIpU KOMIUICKTOBAaHUH UX JBM)KUTENECH pajnalbHBIMU (C ONTHMAIBHBIM apMUPOBAHHEM
BHYTPEHHETO CTPOCHUSI) U OIBITHBIMH JIHarOHaIbHO-TIApAIICIbHBIMU IMHAMU. Pe3yiib-
TaThl UCCICAOBAHMN HEOOXOAMMO YUUTHIBATh PU KOMIUICKTOBAHUH IIHHAMHU JBHIKUTE-
JIel 3epHOYOOPOUHBIX KOMOAITHOB IS TOTO TIOKOJICHHSL.

Knrwoueevle cnosa: MoOUIbHAS CEIbCKOXO3SHCTBEHHAS TEXHHUKA, OBWIKWUTCIIb, IIIHWHA,
ITUHHBIA TECTEP, INMOKa3aTe/ii arponpoxoauMoCTH KOM6aﬁHa, HanpsiKEHUE B IIOYBE,
IIJIOTHOCTB CJIOKCHHS ITIOYBBI

Kongnukm unmepecoa: aBTopbl 3asiBISIIOT 00 OTCYTCTBHU KOH(IMKTA HHTEPECOB.

bnazooaprocmu: aBTOpbI BEIPAXKAIOT IPU3HATETBHOCTh AHOHUMHBIM PELIEH3EHTaM, 00b-
SKTHUBHbIE 3aMEUaHUsI KOTOPBIX CIOCOOCTBOBAJIM ITOBBIIICHHIO KA9€CTBA CTAThH.

/Mna yumuposanus: Kpasuenko JI.B., Kpasuenko B.A., Kyp6a B.B., Menukos 1.M.
ATrpoTexHHYECKasi IMPOXOAUMOCTh 3epHOyOOPOUHBIX KOMOAHHOB € KOMILIEKTAIH-
eil BeaymuX KOJeC pPasHBIMH IIHHAMH. MHoicenepHble MeXHONOo2UU U CUCTeMbl.
2025;35(1):101-120. https://doi.org/10.15507/2658-4123.035.202501.101-120
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Abstract

Introduction. An important area of agricultural industry development is improving the
operating efficiency of wheeled mobile agricultural machinery. The real situation ana-
lyzing has shown the presence of a number of difficulties associated with many factors
including high agricultural machine weight, which, along with increased performance,
leads to the over-compaction of all soil layers that results in reduced yields of cultivated
crops and increased energy consumption during subsequent processing. Despite the sig-
nificant successes of domestic and foreign researchers and research teams in this area,
these difficulties impede the development of an optimal solution to the problem. There-
fore, the relevance of the materials presented in the work is beyond doubt.

Aim of the Study. The study is aimed at assessing of agro cross-country ability of the fifth-
generation domestic combine harvesters when harvesting winter wheat.

Materials and Methods. In the study of the agro cross-country ability of combine harvest-
ers, there was applied an experimental method using the measuring complex “tire tester”
and other control and measuring devices. As the test objects there were used the propel-
ling devices of the combines on the tires of the models F-136, F-179, F-81E, F-81DP and
by the company “Cood year” of the same standard size 30.5-32.
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Results. There were determined the indicators of agro cross-country ability of fifth-gene-
ration combine harvesters with the wheel propelling devices equipped with the tires of
different models. Using standard methods for determining the maximum pressures on soil
and normal stress at a depth of 50 cm, it has been found that these combines do not meet
the requirements of GOST R 58655-2019 at any options of completion of driving wheels
with tires (except for the installation of experimental tires when soil moisture is not more
than 0.5 NV). Direct measurement of the indicators of agro cross-country ability of com-
bine harvesters has shown that judging by the figures of the maximum pressures when
driving wheels are in contact with soil and stress caused at a depth of 0.5 m, the fifth
generation combine harvester in harvesting spike cereals in the conditions of the Southern
Federal District meets the requirements of GOST R 58655-2019 on all compared tire.

Discussion and Conclusion. 1dentifying agro cross-country ability indicators through di-
rect measuring has shown that it is possible to use modern domestic combine harvesters
equipped with radial tires (with optimal reinforcement of the inner structure) and experi-
mental diagonal-parallel tires for harvesting spike cereals. The results of the study should
be taken into account when equipping of the fifth generation combine harvesters with tires.

Keywords: mobile agricultural machinery, propelling device, tire, tire tester, indicators of
agro cross-country ability of the combine harvester, stress in the soil, soil density
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Beenenne. OcHOBHOI 3a/1aueii, CTOAIIEH 1epe] pa0OTHIUKAMU arpOIPOMBIIILICHHO-
ro KOMIUIEKCA, SBISIETCS MOBBIIICHUE dPPEKTUBHOCTH MTPOU3BOJICTBA MPOAYKIIUU IS
HAaCEJICHHUS U HEOOXOJIMMOTO ISl IPOMBIIIICHHOCTH ChIpbsi. COIJIacCHO CTpaTreruu
YCTONYMBOTO pa3BUTHA CeNbCKUX TeppuTopuii Poccuiickoit @eneparuu 1o 2030 1. mo-
BhIlIeHUE 3P PEKTUBHOCTH POU3BOACTBA CEIBCKOX03IUCTBEHHOMN MPOITYKIIUH TPEOyeT
TEXHUYECKOTO MEPEBOOPYIKEHUS 3a CUCT BHEIPEHUS HOBOUM M yCOBEPIIICHCTBOBAHHON
MOOMITBHO cenbckoxossiictBeHHol Texanku (MCT). HauGonbee pacripocTpanenue
B Poccwuiickoii denepanun moayuniaa MCT Ha konecHbIX amkuTensax! [1; 2].

B Poccwiickoit @enepanyy pu yOOpKe 3epPHOBBIX KOJIOCOBBIX KYJIBTYP UCIIOIB3YIOTCS
OTEYECTBCHHBIE BEICOKOIPOM3BOIUTEIHLHBIC KOMOAWHEI IIATOTO IMTOKOIeHUsT: Torum-740,
Acros-530 u ero momudukanuu’ [1; 2], obmamaroriye OOIBIION TEPEMEHHOM MaCCOI.
Bricokas macca MCT HeratuBHO CKa3bIBAa€TCsl HA U3MEHEHHM CTPYKTYpPbl U CBOMCTB
MOYBBI arpo(OHOB, YTO IPUBOJUT K CHUIKEHUIO ee Tutogopoanst [3—5].

B coorBetrcTBHE ¢ coBpeMeHHBbIMU TpeboBanusiMu K nBmwkuTensmMm MCT meneco-
00pa3HO OIIEHUBATh UX 110 arpOTEXHUYECKON MPOXoAUMOCTH. [1oj] JaHHBIM TEepMHU-
HOM [4] mOHMMaeTCs CIIOCOOHOCTh MAIIMHBI TIEPEMEINATHCS 0 TIOBEPXHOCTH OIS
C YCTaHOBJICHHBIMH TPEOOBAaHUSIMU IO BO3JICHCTBUIO HA [TOYBY, KOTOPbIC O0YCIIaBIIH-
BaIOTCS JIOIYCTUMbBIM H3MEHEHUEM e¢ (PU3UKO-MEXaHMYECKUX CBOMCTB 0€3 HapyIICHUs
MMOTCHIIMATILHOTO TIOIOPOIHSL.

! Kononosa H. H., Vie3pko A. B. TeXHHKO-TEXHOJIOTHYECKast MOJACPHU3AIHS CEIBCKOTO XO3sHCTBA:
YCIIOBHS M TIEPCTIEKTHBEI : MOHOTP. Boponex : ®I'BOY BO Boponexckuii ['AY, 2021. 195 c. EDN: EXCQLL
2 Tam xe.
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HopmupyeMbiMu mokazaTessiMH, XapaKTepHU3YIOLUMHU YIUIOTHSIOIIEe BO3IeCT-
Bue MCT Ha nouBy, SBJISIOTCS MAKCUMAaJIbHbIE BEJIMUMHBI JaBICHUH UX Ha IIOBEPXHOCTD
arpo(oHa ¥ HOPMaJIBbHBIX HANPSHKEHHU, BOSHUKAIOIINX B CIIOSX MOYBHI, KOTOPBIE pac-
nojararorcst Ha youne 1o 50 cM, mocie mpoxoza arperara.

CrnemyeT 3aMeTHTh, 4TO 000OIIAIOIIMM MTOKa3aTelIeM, KOTOPbIH XapaKTepu3yeT
MOTEHINAIIFHOE MJI0I0PO/INE TIOUBHI, SBISIETCS €€ 00beMHast Macca, TO €CTh ITIOTHOCTh
cioxkeHus. [I7I0THOCTD CII0KeHNs! TIOUBbI BBICTYIIAET OJHUM M3 INIABHBIX PETYJISITOPOB
o0ecreueHus PaCTeHHUI TOCTYITHBIMU MTUTATEIbHBIMH BEILICCTBAMU®.

Jl7st pa3HBIX 110YB CYIIECTBYET NPEAEIBHOE U JOIyCTUMOE IO YIUNIOTHCHUIO 3HaUCHUE
IUIOTHOCTH CJIOXKEHUs MouBbI*. Hamprmep, 171st mpeKaBKa3cKoro KapOOHATHOTO YEPHO-
3eMa OHM COOTBETCTBEHHO cOoCTaBiAroT 1,45 r/em® u ot 1,25-1,27 o 1,30 r/em? [6; 7].
Haunbonee OnaronpusiTHas A5 TPOU3PACTAHUS OOJBIIMHCTBA CEIbCKOXO03SHCTBEHHBIX
KyJIBTYp BEJIMYHMHA TUIOTHOCTHU CIIOXKEHHs uepHo3ema paBHa 1,15-1,17 r/em?®. Cneno-
BaTeJIbHO, B 32aBUCHMOCTH OT YOUpaeMoW KyJIbTYpbl — KOPMOBAs C TOCIIEAYIOIIUM €€
MPOU3PACTAHUEM U HOBBIM CKalllMBAaHWEM MJIM 3€pHOBAs — JOIMyCKaeMoe 3HaueHHe
TUIOTHOCTH CJIOKEHUS TTOUBHI B ycnoBusix CeBepHoro KaBkaza MoxkeT ObITH COOTBET-
crBenno 1,17 wnum 1,27 t/cm® [6]. JlaHHBIEe 3HAYCHUS TUIOTHOCTH CITOKEHUS SIBIIAIOTCS
OCHOBHBIMH TIPH OIIEHKE arpOTEXHUIECKON MPOXOANMOCTH 3€pHOYOOPOIHBIX KOMOAHOB
ISITOTO IIOKOJIEHUS! B YKa3aHHOW 30HE.

Lenbto nccnenoBaHus SIBISETCS OLICHKA OCHOBHBIX [10KA3aTeNeH, XapaKTepu3yto-
IIMX arPOTEXHUYECKYIO IPOXOANMOCTh OT€UECTBEHHBIX 36pHOYOOPOUHBIX KOMOaHOB
ISITOTO MOKOJICHUS NIPH yOOPKE 03UMOM MIIIEHHIIBI.

00630p auteparypsl. VcciienoBaHus 1o ONPEAEIEHNUIO BIUSHUS CEIbCKOXO-
3SUCTBEHHBIX MAIIMH Ha MOYBY B Hamel crpane Obutn Hayatel H. A. Kaunnckum
u M. X. Ilurynesckum eme B 20-X I'T. pouuioro crojaetus. B Tor nepron Ha monax
B OCHOBHOM HCITIOJIb30BaJIach MOOMIIbHAS TEXHHUKA ¢ Maccou ot 3 mo 6 T. Haxoms-
miasics B 3KCIUTyaTallud cOBpeMEeHHas TexHuKa umeeT Maccy ot 10 1o 20 u Gonee T,
YTO IPUBOAUT K 3HAUUTEIbHOMY IPEBBIIIIEHHUIO TOMYCTHUMbIX HOPM, YCTAHOBJIEHHBIX
cranmapramu [4].

AHaJOTHYHBIE CIy4Yar IPUMEHEHHS CBEPXTSKETION TEXHUKH HAOMIOAAr0TCA 1 B 3a-
pyoOekHBIX cTpaHax® [8; 9].

C nauasia 70-x rr. XX B. € IOSIBJICHUEM HA CEJIbCKOX03IHCTBEHHBIX MOJISIX MOLIHBIX
SHEPrOHACHIIICHHBIX TPAKTOPOB U BEICOKOIIPON3BOIUTEIbHBIX KOMOAITHOB HnccienoBa-
HUS 110 IpobIeMe ObLTH MPOoAoIDKeHbI yaeHbIMU Arpoduzndeckoro HU BACXHWII,
BUM, benopyccroit CXA, BUMCX, ITousennoro uacturyta umenu B. B. Jlokydaesa
U JIPyTHX Hay4HBIX U y4eOHbIX 3aBeaeHuit® [10—12]. OmHako noiydeHHbIe UMH JTaHHBIC
HOCST IPOTUBOPEUUBBIN XapakTep.

3 Kynen A., Kyuniepe X. CoBpeMeHHast 3emiie/iensueckas MexaHuka. JI. : Arponpomusar, 1986. 349 c.

* Haymog B. JI. Teorpadwust mous. [Tousst Poccun. Y. 2 : yuebnuk. M. : PTAY-MCXA umenu K. A. Tu-
MmupsizeBa, 2022. 212 c.

S Kynen A., Kyuniepe X. CoBpemennas 3emunesesnpaeckas mexanuka; Gill W. R. Economik Assessment
of Soil Compaction. ASAE, 1977.

¢ PycanoB B. A. ITpoGneMsl epeyuIOTHEH S TI0YB ABHKUTEIAMU 1 3()(HEKTHBHBIC Ty TH €€ PEIICHHS.
M. : BUM, 1998. 368 c.; Pomantok H. H. CHimkeHUe YIIOTHSIOIIETO BO3ACHCTRUS HA MOYBY MOOHIIb-
HBIX 2HeprocpeacTB. MuHck : BI'ATY, 2020. 200 c¢. URL: https:/clck.ru/3Gmljb (mata obpamenus:
25.08.2024).
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Pesynbrathl uccieoBaHni MOKa3ain, YTO XOJOBbIE CUCTEMbl MOOWIBHOM TEXHHU-
KU 1Ie(OPMHPYIOT TIOYBY B TpeX IIIOCKOCTAX [5; 7; 10]. B Gonbiieit crernenn nedopmanust
ITOYBBI MPOUCXOAUT IO HOPMAJIH K [IOBEPXHOCTH TOJISI, YTO U ONPEAECIISET BEIUUUHY €€
yroTHeHust. Jleopmarys MovBbI B IPOJ0IEHOM HAIIPaBIEHHUH, BIIEPET MO XOJTY JIBHKE-
HUS U B IPOTUBOIIOJIOAKHYIO CTOPOHY, TPOUCXOJUT 3a CUET BOSHUKHOBEHUS B KOHTAKTE
KOJIECA C TIOYBEHHBIM OCHOBAaHHWEM HOPMAJIbHBIX U TAHT€HI[MAJIbHBIX HAIPSHKEHUH.

Xapakrep ¥ BeIHUUHY Ae(POPMAITMOHHOTO COCTOSHHS MTOYBBI ONIPEIEISIIOT KOH-
CTPYKTHUBHbBIE U 3KCIUTyaTallUOHHBIE apaMeTpsl HH [11; 12], pexumbl HarpyxeHus
KoJIeCHBIX JBIkUTeNel [13; 14], BHyTputumuHHOTO NaBienus [15] u ee pusmko-mexa-
HHUYECKHE cBoMcTBa [16].

PaboThl HEKOTOPHIX 3apYOEIKHBIX HMCCIENOBaTENEl’ OB BBHITOIHEHEI C IETBIO
BBISIBJICHUS BIUSHUS, KOTOPOE OKA3bIBAET YIJIOTHEHHAS MOYBA HA MPOLECC PA3BUTHS
KOpHEH PaCTeHUM.

Ha ocHoBaHuM pe3yabTaTOB MHOTOYMCIIEHHBIX UCCIIEA0BAHUI MOXHO CJIENIATh BBIBO/I,
YTO HETaTUBHOE BO3/ICHCTBUE COBPEMEHHBIX 3€PHOYOOPOYHBIX KOMOAHOB Ha TIOYBY,
B TOM YHCJIE U HA MOAMNAXOTHBIE TOPU30HTHL, B KOHEUHOM UTOI'€ CHUKAET YPOKAHHOCTh
BO3/ICTIBIBAEMBIX KYJIBTYP U TOBBIIIAET YHEPro3aTparhl Ha MOCICIY IOy 00paboTKy
arpodona. OHaKo peasbHbIC JaHHBIC OMPEICIICHHUs MOKa3aTeIeld arpoTeXHUYECKON
MPOXOAMMOCTH COBPEMEHHBIX 3epHOYOOPOYHBIX KOMOAWHOB TISITOTO TIOKOJICHHUS B Ha-
CTOSIIIIee BpeMsl B HAyYHOU JTUTepaType OTCYTCTBYIOT, TeM O0Jiee OTCYTCTBYIOT JIaHHBIC
0 TIOKA3aTeJIsiX MPOXOUMOCTH 36pHOYOOPOYHBIX KOMOAWHOB C Pa3INYHON KOMILJICKTa-
el XOMOBBIX CHCTEM.

Kputepusmu Bo3neticteuss MCT Ha mouBeHHOE OCHOBAaHHE CTaHIApTaMU
I'OCT P 58656-20198, TOCT 26954-2019°, TOCT P 58655-2019'° ycranoBieHbI
3HAUEHUSI MAKCUMAJIbHBIX TABJICHUI MHEBMATUYECKUX KOJIEC HA MTOYBY U HOpMaJIbHbIE
HanpspKkeHus B Hell Ha rimyOune 0,5 M.

Ha mam B3m1s11, Mo m3MeHeHHIO 00HeMHON MacChl (TUIOTHOCTH CITOXKESHHS ), KOTOpast
SIBIISIETCSI COBOKYTIHBIM MHTETPAJIbHBIM IOKA3aTeJIEM arperaTHoOro COCTOSIHUS MOYBBI,
MOYKHO CYIUTh O BelnuuHe HeratuBHoro BiusHus MCT Ha arpodoH.

MarepuaJjbl 1 MeTOAbI. B KauecTBe 00bEeKTa UCCIIETOBAHUS BBICTYITHI MIPOIIECC
B3aMMOJIEHCTBUS C arpo()OHOM XOJOBBIX CHCTEM OTEYECTBEHHBIX 3€PHOYOOPOUHBIX
KOMOATHOB MATOTO MOKOJIEHHsI Ha muHax mozaenert @-136, ®-179 dupmer «Cood
Year», ®-813 (c onTuManbsHBIM apMUPOBaHUEM BOJIOKOH Kapkaca), ®-81DP (nmpemna-
raeMoil HaMH K pa3paboTKe U U3roToBIEHHIO [ 17]).

B mporiecce nccnenoBanmii ObUT MPUHAT SKCIIEPUMEHTATBHBIA METO]I C MICTIOIh30BAHH-
€M U3MEPUTEIBHOIO KOMIUIEKCA «IIMHHBIN TecTepy [ 18], a Taxke aBTOTPaKTOPHBIX BECOB,
TUIAHUMETPA, MaJIOTa0apUTHBIX TIOTEHIIHOMETPUYECKHX JIaTYNKOB JaBICHUH JIBUKUTEIIS

7 Kynen A., Kyunepe X. CoBpemennas 3emiie/iensucckast Mexannka.; Gill W. R. Economik Assess-
ment of Soil Compaction.

$TOCT P 58656-2019. TexHuKa CelTbCKOXO35ICTBEHHAsI MOOHIIbHASI. METOIbI ONpe/IeICHUS BO3/ICH-
CTBHA JIBMKUTENCH Ha mouBy [DnekTponHbli pecype]. URL: https://docs.cntd.ru/document/1200169433
(mara obpamenwms: 25.08.2024).

*TOCT 26954-2019. TexHrKa CENBCKOXO3SIHCTBEHHASI MOOIIbHASL. MeTOJT OTpejieIeHUsI MAKCHMAJILHOTO
HOPMAJTLHOTO HAMPsDKEHHUS B TouBe [ DnekTpoHHbIi pecypce]. URL: https:/docs.cntd.ru/document/1200169046
(mara obpamenus: 25.08.2024).

"TOCT P 58655-2019. Texnuka cenbCKOX03siicTBeHHAst MOOHIIbHAsT. HOpMbI BO3IEHCTBISI IBHKHTENCH

Ha 1ouBy [DnexTpoHHEIH pecype]. URL: https://docs.cntd.ru/document/1200169432 (mara obGpammenns:
25.08.2024).
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Ha MOYBY M JJATYMKOB HAIPSUKEHUH, BO3HUKAIOIMX B PA3JIMYHBIX CIOSX MOYBBI I1OCHE
MpOXOJia IBMKHUTEIS, CYIIHIIBHBIX MIKA(OB, BECOB allTeKapCKuX, ocuuiiorpada K-12-22,
MIepCOHANIBHOTO KoMITbtoTepa U T. 1. [ 19-21]. IIpenycmarpuBaioch onpeieieHue OCHOBHBIX
MoKa3aTesnel arpoTeXHNYeCKON MPOXOANMOCTH (MaKCHMaJIbHbIE JTABJICHNUS JIBUKUTEIS
HAa TOYBY, HAMPSDKEHUS], BO3HUKAIOIIHE TI0 CJIOSIM TIOYBBI, U TUNIOTHOCTH €€ CII0KEHUS
B Pa3IIMYHBIX CJIOSIX ) 3€PHOYOOPOYHBIX KOMOAHOB MATOTO MOKOJeHus [22—-24].

Benymue xoseca kom0OaliHa KOMIUIEKTOBAJINCH I00YEPETHO IIMHAMU THIIOpa3Me-
pa 30,5-32 ¢ pa3nu4YHBIM BHYTPEHHUM CTPOEHHEM 000JI0YEK, TEXHUIECKast XapaKTe-
PHCTHKA KOTOPBIX IpecTaBiIeHa B Tabnuie 1.

Taonwuma 1
Table 1
Texuuueckast XapaKTePHCTUKA UCHBITHIBAEMBIX HIMH
Technical characteristics of the tested tires

3HaueHUE TapaMeTpoB IIUH /
The value of the tire parameters
®-136/ | ©-179/ «Good Yeary ©-812/ | ©-81DP/
F-136 F-179 F-81E F-81DP

IMapameTps! mUHBI /
Tire Parameters

30,5L-32|30,5L-32| 393132 130,5R-32 | 30,5DP-32
Hapy»xHsrit nramerp, Mm / 1926 1798 1 861 1825+4 1885+4
Outer diameter, mm
upuna npoduist, mm / Profile width, mm 772 774 774 725 768
[ar rpyHTO3a11e110B, MM / 402 390 240 276 288
The pitch of the ground grousers, mm
BeicoTa rpyHTO3a1[e1I0B, MM / 80 50 45 65 46
The height of the ground grousers, mm
KoaddurmeHT HaChIIIEHHOCTH 0,224 0,273 0,212 0,328 0,315
pHUCYHKa IpOTeKTOpa /
Saturation coefficient of the tread pattern
Macca, npuxo/siascs Ha IHHY, K / 6 875 6790 6750 6 850 6 850
Weight per tire, kg
BHyTpeHHee naBieHue Bo3ayxa, Mlla / 0,171

Internal air pressure, MPa

Ha koneca ympasiseMoro Mocta KoMOaiiHa ObUIM YCTaHOBIICHBI HIMHBI TUIIOPA3-
Mmepa 18,4R-24.

st obecriedeHust Harpy3Ky Ha JIeBoe BeAyllee Koieco KomOaiiHa, kak Hanbosee
Harpy>keHHOE IPH TIOJTHOM OyHKepe, TPOU3BOIMIIOCH 3alojHeHne OyHKepa KombaiiHa
OammactHeIME Tpy3amu [25]. Takas ke Harpy3o4Has Macca Ha MHEBMATHICCKUN JBU-
YKUTENb YCTAaHABIMBAIACH U IIPU UCTIIBITAHUSAX €T0 Ha MUHHOM Tectepe [18].

[ToneBble ucnbITaHKs: KOMOAHA ¥ OTAEIIBHO B3SITOTO ABHKUTEINS C UCIIBITHIBACMOM
IIMHOM Ha arpOTEXHUUYECKYIO MPOXOANMOCTD IIPOBOMIINCH HA CTEPHE 03UMOMN MILICHHUIIBI
[P CTPOTOM BBITIOJTHEHHH YCIIOBHiA, onpenessiembix cranmapramu [OCT 20915-2011"
u ['OCT 7057-2001" (Tab6u. 2).

'TOCT 20915-2011. VcribITanust CelTbCKOXO35HCTBEHHON TEXHUKH. METO/IbI ONPEICIICH ST YCIOBHI
ucnbITaHui [ dnekTpoHHbIi pecype]. URL: https://docs.cntd.ru/document/1200094197 (nara oOparmenus:
25.08.2024).

2TOCT 7057-2001. TpakTops! CeTbCKOXO3sIACTBEHHBIE. METO/IbI HCTIBITAHHUI [ DIEKTPOHHBIN pecypc].
URL: https://docs.cntd.ru/document/1200030186 (nara ooparmenus: 25.08.2024).
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Tabnuma 2
Table 2
Iloxa3zarenu, xapakTepu3yloliye NOYBY HA CTePHE 03UMON NMIIEHULbI
Indicators characterizing the soil on the stubble of winter wheat

IToxa3zarenu / Indicators 3nauenus / Values
Muxpopensed momns, mm / Microrelief of the field, mm 4,60
Bericota ctepHu, cM / Stubble height, cm 12
Hasrame moxxHUBHBIX ocTaTkoB, % / The presence of crop residues, % 34
BiiaxxHOCTB TIOYBHI B C1051X, %0 / 0-10cm / 0-10 cm 15,80
Soil moisture in layers, % 10-20 cm / 1020 cm 18,30
20-30 cm / 20-30 cm 17,40
3040 cm /3040 cm 18,50
40-50 cm / 40-50 cm 21
TII0THOCTE CIIOKEHMS TIOYBEI B CIIOSIX, T/CM> / 10-20 cm / 1020 cm 1,11
Soil compaction in layers, g/cm? 20-30 cM / 20-30 cm 1,18
30-40 cm /3040 cm 1,19
40-50 cm / 40-50 cm 1,24
10-20 cm / 10-20 cm 1,26

JBmxenne koMmOaiiHa W IIMHHOIO TECTEpPa OCYLIECTBISLIOCH CO CKOPO-
CThIO 5...6 KM/4. PaccTosiHEEe MEX Ty COCEHUMU MPOXOAaMu S...6 M.

MaxkcuManbHOE JTaBJICHHE BEAYILIETro Kojieca komMOaiiHa Ha MOBEPXHOCTh arpodo-
Ha onpenensuuck mo [OCT P 28656-2019" u crnenmanbHoO pa3paboTaHHON METOAH-
ke'* [20; 25; 26].

MaxkcuManbHOe 3HaYeHHEe HOPMaJIbHOTO AaBJICHHUS BEAYILETO Kojleca KomOaiiHa Ha
MOBEPXHOCTH arpooHa qsax o ['OCT P 28656-2019 onpenenstoT 1o 3aBUCUMOCTH:

o = IGVKII? ,kIa, (1)
K1
rae G,— BepTUKalbHas CTaTHYECKas Harpyska Ha Kojeco, KH; F, — koHTypHas miomain
OTreyaTka IUHBI Koneca Ha Oetone, M*; K — K0d()(HIUMEHT IpHBEeHHs KOHTYPHOM
TUTOLIA/IM OTIIeYaTKa NIMHBI KoJieca Ha OETOHE K TUIOIAJIH €ro KOHTAKTa Ha MOBEPXHOCTH
arpo)oHa (3aBHCHUT OT HapyXKHOTO JMaMeTpa mmHbl); K= 1,5 — koapduument, yunTo-
BAOIIMI HEPABHOMEPHOCTH AMIOPHI paciipe/ieNICHNs TABJICHUSI 10 JUTMHE KOHTAKTa.
Ja ompenieneHrss BEMWYMHBI MAaKCUMAJIbHOTO HOpMaJibHOTO HampspkeHus (klla),
BO3HHKAIOIIETO B MTOYBE Ha ITyonHe 50 cM 1Mo BEAyIINM KOJeCcoM, ObliIa MpUMEHEHA

bopmymna's:

ab N hab(a® +b* +2h*) ]

o,. =0,637q|arctg
° | W+ + B (@ + 1) B + P WaP + b + B

B TOCT P 28656-2019. I'a3s! yIIeBOIOPOAHbIE CKIKEHHBIC. PacueTHBII METOJT OTIPE/IEIIeH ST TUTOTHOCTH
1 JIaBJICHUS HACBIIICHHBIX MapoB [DnekTponHblii pecypce]. URL: https://docs.cntd.ru/document/1200163754
(mara obpamenwus: 25.08.2024).

14 Pycanos B. A. T[IpoGiieMbl nepeyuIoTHEHHSI [TOYB JABWKUTEISIME U 3(Q(EKTHUBHBIE [Ty TH €€ PEIICHUSL.

STOCT 26954-2019. TexHuka cenbCKOX03HCTBEHHASI MOOHITbHASI. MeTo T Onpe/IeieHUs] MAKCHMAITb-
HOT'O HOPMAaJIbHOTO HAMPSKEHUSI B TIOUBE.
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B KOTOPOMH
P _ B p=bx.

2b,’ 2
I g — CpeiHee AaBlICHIE SIMHIYHOTO Kojleca Ha ONOpHOe OCHOBaHue, Kl1a; 4 — rmyou-
Ha OMOPHOTO OCHOBAHMS, M; bK— MaKCUMaJIbHOE 3HAUCHHE IIUPUHBI IJIOIIA/H KOHTAKTa
IIMHBI C )KECTKUM OTIOPHBIM OCHOBAaHHEM, M.

OCOOCHHOCTD CIICLUAIbHON METONUKHU HUCIBITAHUM 3aKJIH04Yajaach B TOM, YTO
JIABJICHHUE OTIPENIEIISIIOCH B PE3YIIbTaTe MPSMOTr0 U3MEPEHHUS €r0 BEJIMYUHBI HA BBICTYTAX
FPYHTO3aIICIIOB [IIMH M BO BIAJUHAX MEKIY HUMH IPU OJHOBPEMEHHOM H3MEPCHHUU
(haKTHYECKOH TUTOIa i KOHTAKTA.

s aToro ycraHaBnmHMBamuCh (puc. 1a) MamorabapuTHBIE TOTEHIIMOMETPHUYECKIE
Jaruuku [20; 25] Ha IpOTEKTOpE MIMH MEKIY UX SKBATOPUATIBHBIMU U IJICYEBBIMU 30HAMHU
(puc. 1b). Jlst ycTpaHeHUs BIUSHUS HEPAaBHOMEPHOCTH IIOYBEHHOTO (DOHA M TTOTyYSHHUS
HEOOXOMMOM JJOCTOBEPHOCTH BEIIMYUHBI JIABICHUS B KOHTAKTE JABYKUTEIIS C TOYBO,
JUIMHA 3a4eTHOTO yyacTka cocranisiia 400...500 m, uto obecnieunBano 50...60-kpaTHyt0
MMOBTOPHOCTH N3MEPECHUM.

a

Puc. 1. Jlaryuky KOHTAKTHOTO JIaBJCHUS:
a) o0mmInii BUJ] TATYNKOB KOHTAKTHOTO JaBJICHNUS; b) yCTAaHOBKA TATYMKOB KOHTAKTHOTO JIABJICHUS Ha
LIMHE IBWXKUTENS: [, 2, 3, 4, 5 — pa3MelieHne J1aTYMKOB JaBJICHUS Ha IIUHE

Fig. 1. Contact pressure sensors:
a) general view of contact pressure sensors; b) installation of contact pressure sensors on the propelling
device tire: 1, 2, 3, 4, 5 — placement of pressure sensors on the tire

HUcmounux: dororpaduu cnenansl M. M. MenukoBeiM B 2023 T. mpH UCIBITAHAM KOMOAiHOB
Ha arporpoXOAHNMOCTh MTPH KOMILUICKTAIIMH UX [IHHAMH PA3IMYHOrO0 KOHCTPYKTHBHOTO MCIIOHEHHSI.

Source: the photos were taken by I. M. Melikov in 2023 when testing agro cross-country ability
of combine harvesters equipped with tires of various designs.

IIpu onpenenenuy 3Ha4eHU CPEHUX JABICHUM THEBMAaTUYECKOIO KOJeca Ha Io-
YBY IIPOU3BOMIICS TOJIEBOM y4eT MOKAa3aHNI BCEX YCTAaHOBJICHHBIX Ha IIMHE JaTYUKOB.
Bennunna cpeanero nasneHus onpenenack rpad0aHaIuTHYECKUM HHTETPUPOBAHUEM
JTAaHHBIX 3aMACEN CUTHAJIOB OT Ka)KJOTO JAaT4YHKA.

[To u3BecTHBIM MaciiTabaM KPUBBIX CUTHAJIOB Ha OCLIUIIOrpa)UyecKo JICHTE
OT BCEX JaTYUKOB MOXKHO JOCTATOYHO TOYHO IOJIYYUTH pazMepsl, GOpMy H IJIOMAIb
KOHTaKTa ITHEBMAaTHYECKOIO KoJleca ¢ MOYBOM.
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Jna onpeneneHus CpeaHMX JaBIE€HUM Ha TOYBY BBICTYNIaMU TIpyHTO3alle-
OB ¢, ., ¥ BIAJAMHAMH ¢ MEKIy HAMH ObLIO POM3BEACHO Pas/ieieHUe IUIOLIaIn
Ha 20—24 yyacTka 1o JUIMHE KOHTaKTa KoJieca ¢ TO4BOI:

n

Z qublCTli Si i qunli Si
i=1

_ i=l . —
quICT - H an

ilis,. 2":1,5,
i=1 i=1

e, [ S, — COOTBETCTBEHHO JUIMHA U IIMPUHA KaXKIO0H IIOIAKHU, M.
CpenHee naBieHHE q,, THEBMATHYECKOTO KOIECa Ha arpo)oH OmpeiesIoCh
¢ yueToM BbIpaskeHud (1) 1Mo 3aBUCUMOCTH:

F, o +q,.F,

— quICT BBICT BIl

Foo+F,

BBLICT

, 2

qcp

Jiis ipsiMoro u3MepeHusl HarpsbKeHuH B cinosix mouBsl (5; 10; 20; 30; 40 u 50 cm)
NPUMEHSITHCH CHIeUalbHbIe TaTduku 4 [20; 25], KoTopble yCTaHABIUBAIUCEH C HEOOIBIINM
HATSTOM B CIIELUaJbHbIE YITYOlIeHus 5, ceflaHHbIe B BEPTHKAIBHO PAaCIOIOKEHHOH
ckBakune 6 [20; 25] (puc. 2).

[Tocne ycTaHOBKH B ClieNUaNbHBIX YIITYOICHUSX (HUIIAX) 5 JAaTYMKOB U BBHIBOAA
M3MEPUTEIBHBIX MTPOBOJOB 2 Ha IOBEPXHOCTH IMOJISI K 3aITUCHIBAIOIIEMY YCTPOHCTBY 3
CKBaKMHA 6 3aKyIloprBajach 0€33a30pHO 3anIylIKoil /. To OBUIO HEOOXOIUMO IS
WCKITIOYEHHSI OCBITIaHUS TTOYBBI BHYTPh CKBaKMHBI TIPU TIPOXOAE HaJ Hell komOaiiHa
WIN IIUHHOTO TeCTEpa.

BeprukanbHble CKBaKMHBI Ha Y4acTKE IPOBEICHUS UCIIBITAHUM BBIIOIHSUINCH
10 OAHOM JIMHUM C PACCTOSTHUEM MeXay HUMU 25-30 M.

[Ipu aBM>xeHnm KomOaiiHAa MM MIMHHOTO TECTEePa MCIBITHIBAEMOE KOJIECO MPo-
JOJIBLHON OCBhIO MEPEMELIAIOCh HaJl CKBRXKUHOM, B KOTOPOH pacroarajiuch JaTYUKU
HanpspKeHWH. 3anych MOKa3aHWM JaTYUKOB HaNpsyKEHUH MPOU3BOAMINA Ha pacCTo-
saann 10-12 M 10 moaxoda K mepBod CKBaXKMHE KOMOaiHa WM IIWHHOTO TecTepa,
a OKaHYMBAJIM €€ 110 Mepe yIaJIeHHs UX OT MOCJeIHEeNH CKBaXMHBI Ha TAKOE ke pac-
ctosgHue. [ToBTOpHOCTh TaKMX OMBITOB JJISi OJTHOTO BapHaHTa UCIBITHIBAEMOMN IIMHBI
TPUALATUKPATHAS.

[lepBruHBIM MaTepHanoM JJisl YCTAHOBJICHUS BEJIMYMHBI 1aBICHUN ABHKHUTEIS
KoMOaifHa Ha MTOYBY U HOPMaJIbHBIX HATPSHKEHHUN B €€ CI0SX SBJSUIMCH OCIMIUIOTpaM-
MBI, KOTOpbIE 00pabaThIBaINCh HA IEPCOHATIBHOM KOMIIBIOTEPE 110 UMEIOLIEMCS B HEM
MIPOTPaMMHOM 00€CTICUCHUH.

BraxxHOCTB 1104BBI U ee 00beMHas Macca ONpeAesuInCh 1o Metouke HarponansHo-
ro cranzapra Poccuiickoit @enepanuu TOCT P 53764-2009 (MCO 11461:2001)' [6; 7].

1 TOCT P 53764-2009 (MCO 11461:2001). KauectBo mouBsl. OnpeseneHue coaepKanusi oYBEH-
HOU BJIardu B BHJE OOBEMHOW 0K ¢ MPUMEHEHHEM TPyOOK /i 0T60pa mpoOsl rpyHTa. [ paBumerpuye-
ckuif Metox [Dnexrponusrid pecype]. URL: https://docs.cntd.ru/document/1200076671 (mara obpare-
Hust: 25.08.2024).
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700-800

6 5 4
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Puc. 2. Cxema pa3MeIIeHns JaTINKOB TS IPSIMOTO N3MEPEHHs HAIIPSDKEHUH
B CJIOSIX TTOYBBI:
1 — 3antymika; 2 — U3MEpUTENbHBIC IPOBOJA; 3 — 3allUCBIBAIOIIEE YCTPOUCTBO; 4 — JaTYUKU
HaNpsDKEeHUH; 5 — crieluaibHble YIyOleHus; 6 — CKBaKUHA

Fig. 2. Layout of sensors for direct measurement of stresses in soil layers:
1 — plug; 2 — measuring wires; 3 — recording device; 4 — voltage sensors;
5 — special recesses; 6 — borehole

Hcmounuk: 31€ch 1 ajee PUCYHKH COCTABIICHBI aBTOPAMH CTATBH.
Source: hereinafter in this article the diagrams are compiled by the authors of the article.

PesyabTarsl uccaegoBanus. [iis onpeaesienns 3Ha4eHUi BETMUYNH MaKCUMaJIbHOTO
JIABJICHUS JIBHOKUTESI KOMOaliHa Ha TIOYBEHHOE OCHOBAHME 110 CTAHIAPTHOW METOIH-
ke'” ObLIM MOCIIEI0BATEIBbHO OIpeiesieHbl (Tabu. 3, 4) KOHTypHast IUIONIaAb KOHTAKTa
KoJeca [23; 26] ¢ TOMOMIBIO IIAHUMETPA, TUTOIIA b KOHTAKTa JBMKUTEIS KoMOaitHa
CO CTepHEH 03WMOM TIICHUIIBI, CPEAHEE U MaKCUMAIBHBIC MaBJICHUS KoMOaitHa Ha
ITIOYBEHHOE OCHOBAHHUE.

[IpuBenennrle B TabmuIe 3 3HAYCHUS TIIOMIAIN KOHTAKTa CPAaBHUBAEMBIX BapH-
aHTOB IIMH Ha )XECTKOM ONOPHOM OCHOBaHMU F' M Ha CTEPHE O3MMOM MIICHHUIIBI F\
CBHJICTEIHCTBYIOT O TOM, UTO ImHAa Mojenu P-179 Heckonpko ycrymnaeT muHe O-136.
IIpuamHOI ATOTO SIBISICTCS TIOBBIIIICHHAS Y TIOCTEAHEH TITyOMHA PUCYHKA TIPOTEKTOpa
(BBICOTA TpyHTO3a1enoB). [Ipn kKadeHUN Kojieca BBICOKHE TPYHTO3AIICIIEI 00Pa3yioT
OOJBIITYTO 110 CPAaBHEHHIO C HU3KUMH JUTMHY U TUIOINAh KOHTAKTA C TIOYBOH.

7TOCT P 58656-2019. TexHHKa CENbCKOXO3SIMCTBEHHAsI MOOMITbHAsE. METO/IBbI ONpeIeieH s BO3-
JIEHUCTBUSI IBUIKHUTEIICH Ha TTOYBY.
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Tabnuma 3

Table 3
ILomaay KOHTAKTA HH ¢ OMOPHBIM OCHOBAHHEM
The contact area of the tires with the support base

IInomans KoHTaKTa, cM> /
Contact area, cm?

Mopenb mmHbl / | Tunopasmep munbl /  |Harpyska, H / CTepHs 03UMOH
Tire model Tire size Load, N | Kectroe onoproe MIIEHHIIB /
OCHOBaHMe / .
P Stubble of winter
Rigid support base wheat
O-136/ 30,5L-32 67 445 4386 4529
F-136
D®-179/ 30,5L-32 66 610 4377 4525
F-179
«Good Year» 30,5L-32 66 220 4385 4530
D-815/ 30,5R-32D0/ 67 200 4329 4764
F-81E 30,5R-32E
®-81DP/ 30,5DP-32 67 200 4700 5300
F-81DP

JlaB/ieHHe B KOHTAKTe IIMH ¢ ONOPHBIM OCHOBAHHEM
The contact pressure of the tires with the support base

TaOonuma 4
Table 4

JlaBnenue B koHTakTe, Klla /

Contact pressure, kPa

Cpennee
o 'OCT P 58656-2019 / MaxcumansHoe /
Average according Maximum
Moens =S / THHOpa?’N/[ep to GOST R 58656-2019
Tire model HTAHRI
Tire size Crepust
Keetwoe | OSEMOR | Tlo TOCT P 58656- | ®axru-
OCHOBaHHE / Stubb%e 2019 / According yeckoe /
Rigid base of winter | © GOST R 58656-2019 | The actual
wheat
O-136/ 30,5L-32 153,8 1489 209,1 177,0
F-136
O-179/ 30,5L-32 152,2 147,2 207,4 176,9
F-179
«Good Year» 30,5L-32 151,0 146,2 205,9 175,6
O-81D/ 30,5R-32D/ 155,2 141,1 198,7 157,8
F-81E 30,5R-32E
O-81DP/ 30,5DP-32 143,0 126,8 195,0 152,2
F-81DP

Jlng mpuMepa Ha pucyHKe 3 MpHUBeIeHbI KOHTYpHAs IUIOIIA b KOHTaKTa U pacIipe-
JIeJIEHUE JIaBJICHUS 110 IUMPUHE NIPOTEKTOPA JUIsl JUATOHAJIBHBIX LIUH.
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Pwuc. 3. Kontypnas miomazp KOHTaKTa (-----) ¥ pacIpe/ieNIeHue JaBIeHNUs M0 MHPHHE TPOTEKTOpa
JIMarOHAJIBHBIX MIMH (——) JBIXKKTEIEH KOMOAiHOB MATOTO MOKOJICHHUS Ha CTEPHE 03MMO¥! MIIICHHUIIBL:

a) ®-136; b) ©-176; c) «Good year»

Fig. 3. Contour contact area (-----) and pressure distribution over the tread width of diagonal
tires (—) of fifth-generation combine harvesters on winter wheat stubble:
a) F-136; b) F-176; c¢) “Good year”

Y mmH @-179 u «Good Yeary maHHBIE MTOKA3aTeIN MPAKTHICCKNA OAMHAKOBEI, HO
yCTynaroT rmokaszaressiM Hbl P-813. CymiecTBEHHO BBIACIACTCS dKCIICpUMEHTATbHAS
pa3paboTKa MIMHBI JUaroHATbHO-TIAPAIIIETbHON KOHCTPYKIINH, TUIOIIA b KOHTAKTa KO-
Topo# Ha 17 % Gonbie. ITO MOKHO OOBSICHUTB TEM, UTO IKCIIEPUMEHTAIbHBIC IIUHBI
UMEIOT Jy4Inve Je(hopMaIliOHHbIe XapaKTePUCTUKH, YeM CEPUITHBIE TUArOHaJIhLHOTO
Y pagualibHOTO KOHCTPYKTUBHOTO UCTIOHEHUS IIMHBI C TEMH K€ IT0CaJJOYHBIMH U Ta-
OapUTHBIMHU pa3MepaMu. Takue MHMHBI 00Jaal0T MOBBIIIEHHONW paananbHON nedop-
Maruei [21].

OnHaKo MO BEIMYHHE CPETHUX U MAaKCUMAJIbHBIX JaBJICHUI, BHIUMCICHHBIX IO METO-
nuke'®, B konTakte muHbl O-136, ®-179 u «Good Year» u3-3a pa3HOi HArpy3KH Ha HUX
1 Pa3JInYHON UX COOCTBEHHOM MACChl CTAHOBSITCS IIPAKTUUECKH PABHOLICHHBIMHU (Ta0J1. 4).

8 TOCT P 58656-2019. TexHuka CelbCKOXO3IHCTBEHHAsE MOOMITbHASI. METOIbI OPE/Ie/ICHUs BO3-
JIEHUCTBUSI IBUIKHUTEIICH Ha TTOYBY.
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Bornee Toro0, y IMIMH ¢ Maoi BRICOTOM TPYHTO3AIIETIOB U TIOBBIIIICHHOW HACHIIIIEHHOCTHIO
pucynka nporekropa («Good Year») 3HaueHHUS (PaKTHUECKOTO MAKCUMATBHOTO TABICHHUSI
Jlaske MEHbIIIE,

CneayeT OTMECTUTH, YTO I10 3HAYCHUAM MaKCUMAJIbHBIX ):[aBHeHHﬁ, OIMPEACIICHHBIX
0 CTAHIAPTHOM MeTOANKE'?, Ha TOIAX ¢ JIF000# BIAKHOCTHIO MTOYBHI XOI0BAst CHCTEMA
3epHOYOOPOYHOTO KOMOaiiHa MATOTO IMOKOIEHHS Ha Pa3InYHBIX IIMHAX, 338 HCKITF0Ye-
areM mmH O-813 u @-81 111, ncrmonb3yeMbIX B 3aCyIIITUBEIN ITEPUO]T P BIIAKHOCTH
noussl He Oosiee 0,5 HB, He cootBercTByeT TpeboBanusm™ (He 6oinee 80...210 klla
B 3aBUCHMOCTH OT [EPUO/Ia TO/IA).

IIpu onpeneneHnn AeHCTBUTENBHBIX MAKCUMAIBHBIX JABICHUN, CO3/IaBAEMBbIX
JIBIDKUTEISIMHU KOMOaiHa Ha CTEPHE 03MMOU MMIICHHIIBI TT0 CTICIHATBHO Pa3pabOTaHHON
METOJIMKE MOCIIe 00pabOTKH OCIHIUTOTPaMM ObLITO YCTAHOBIICHO, UTO JIIOpa JaBICHUI
M0 MIUPHUHE NIMHBI HA TOYBY UMEET SIBHO BBIPAKECHHBIH MPOBAJT B 9KBATOPHATBHOM 30HE
(puc. 3), a 110 IIMHE KOHTAKTA Kojieca ¢ arpo)oHOM 110 opme OIM3Ko K Tpareiuu (puc. 4).

P uc. 4. O6pasen ocumIIIOrpaMMbI 3alICH CUTHAJIOB JATYUKOB JaBJICHUI 10 JTHHE
KOHTaKTa ¢ arpoOHOM BEAyIIHX KOJIeC KOMOalHa Ha CTEPHE MIICHUL[BI:
1,2,3,4,5— 3anUCh CUTHAJIOB JJATYMKOB JABJICHUS B COOTBETCTBUU C PUCYHKOM |

Fig. 4. Sample of an oscillogram recording pressure sensor signals along the length of contact
of the driving wheels of a combine harvester with the soil on wheat stubble:
1, 2, 3,4, 5 —recording of pressure sensor signals in accordance with Figure 1

[lepBoe xapakTepHO I MIMH HU3KOTO AaBJICHUS [2] M CBUACTEIBCTBYET O 3HAYH-
TEJILHOM HAaIlPSKEHHOM COCTOSTHUM PE3MHOKOPAHOM 000JI0UKH, @ BTOPOE MOKA3hIBAET
OIIPENIETICHHYIO TIEPErpyKEHHOCTh IINH.

Haunbonpmasi HepaBHOMEPHOCTH 3IIOPHI IABJICHUS, KaK MPOAOJIBHON, TaK U I0-
NIEPEYHOM, HAOMIONAETCs y AMAarOHaIbHBIX [IMH, 8 HAMMEHBIIYIO HEPAaBHOMEPHOCTD
MIOTICPEYHOH AIMIOPHI JaBeHUH noka3biBatoT muHb 30.5R-323 u, ocodenno, 30,5DP-32.

B »TOM OTHOIIIEHNH HECKOJIBKO JIyUIlle CPeAN IUaroHaIbHBIX IIIMH BBIIVISIUT [IIMHA
«Good Year». Ileperpyxennoii cinenyer cunrars muHy ®-179, y KoTOpOl HEpaBHO-
MEpHOCTb paclpeeNieHus NaBJIeHHs 10 MUPUHE TIPOTeKTopa Hanbombiras. Hemp3s
HPU3HATH HOPMAJIBHBIM U TO, YTO BCJIEICTBUE ITOBBIILICHHOI'O HAPSHKEHHOTO COCTOSIHUS
PE3NHOKOPIHON 000JIOUKH X HEPABHOMEPHOI'O paclpeieeHus] IaBJIeHHs y 3aIHET0 OCHO-
BaHMsI BCEX IPyHTO3a1enoB mMuHb P-179 BOMHM3HM 3KBaTOPHATFHON 30HBI 00pa30BaIHCh

P TOCT P 58656-2019. TexHuka CelbCKOXO3IHCTBEHHAsE MOOMITbHASI. METOIbI OPE/Ie/ICHUS BO3-
JIEHUCTBUSI IBUIKUTEIICH HA TTOYBY.

2 TOCT P 58655-2019. Texuuka ceabCKOX03sICTBEHHAsI MOOMITbHAst. HOpMBI BO31EHCTBUSI ABUKH-
TeJsel Ha IOYBY.
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TPELIMHBI TIpH ee pobere Bcero 25 kM. [iist ycTpaHeHust 3TOro HerocTaTka Tpedyercst
TEXHOJIOTUYECKas J0paboTKa HINHBI.

B pesynbrare 00paboTKH TaHHBIX OCHUIUIOPAMM PETUCTPAIMH AABICHUH IaTIMKOB,
YCTaHOBJICHHBIX Ha MPOTEKTOPE UCTIBITHIBAEMBIX LIMH BEIYLIEr0 MOCTa 3epHOYOOPOYHOTO
KoMOaiiHa [SITOT0 OKOJICHUSI, ObLIO C/ICNIaHO YTOYHEHHE, JIOIyCKaeMoe CTaHgapTamu?’,
k0o puumentos K, u K, ucnionb3sys Beipaxenue (1):

F Z qmax‘ LlSl
__ _Kn =1 Y
K, ===, K,=—-2 :

i=1
B Beipaxkennu (2) F, F, — IUIOIIAA1 KOHTAKTA IIMHBI C arpo)OHOM COOTBETCTBEH-
HO (hakTHYECKas, TOy4eHHas Ha OCHOBE JaHHBIX OCIMIIOTPaMM, U YCTaHOBJICHHAS 110

CTaHIapTHOI MeToanKe?, M?; ¢ — COOTBETCTBEHHO MAaKCUMAJIbHOE U CPE/IHEE JIaB-

max [’ qcp i
JIEHME Ha i-OM Y4acTKe, Klla; L, S — COOTBETCTBEHHO JUIMHA U IIMPHHA i-0r0 Y4acTKa, M.

ITo paccunTaHHBIM € YU4ETOM YTOUHEHHBIX 3Ha4eHui ko3 duiuentos K, u K dak-
TUYECKHX MOKa3aTeliell BO3ICHCTBHS Ha IIOYBY CPABHUBAEMBIMHU XOJIOBBIMH CHCTEMAMU
koMOaiiHa (Tabi. 4) MOXKHO 0003HAYUTH, YTO [10 MAKCUMAJIbHBIM JIABJICHUSIM B KOH-
TaKTe BEAYIINX KOJeC ¢ TOYBOM KOMOAH MATOTrO MOKOJICHHUS BBIITOTHSIET TPEOOBAHMUS
I'OCT P 58655-2019 na Bcex cpaBHUBaeMbIX MIMHAX (TPEATIOUTEHHE CIeyeT OTAaTh
muHam 30,5DP-32).

B pe3synbrare 00pabOoTKH OCHMIIIIOIPaMM C TIOMOIIIBIO TPOTPAMMHOTO 00eCTIeYeHus,
MMEIOIIETOCS B TIEPCOHATBHOM KOMIIBIOTEPE, IMOTYIEeHbI 3aBUCIMOCTH HOPMAaJIbHBIX
HaIpsOKEHUH B TIOYBE OT TITyOHMHBI 3aJIeTaHus €€ C10eB (Tadi. 5). OHHM MOKa3bIBAIOT, UYTO
BeJIMYMHA TUX HAIPsDKEHUH B TIOYBE C HU3KOHM BIAKHOCTBIO OTIPEIETSETCS B CIIOSX
naxotHoro (0...30 cM) TOpU30HTA, B OCHOBHOI Macce MPUXOASIINXCS Ha UCIBIThIBA-
e€Moe KOJIECO.

Tabnuma 5
Table 5

3HayeHUS HOPMAJIbHBIX HANPAKEHUH B PAa3/IHYHBIX CJIOSIX arpodoHa 1ocJie IPoxoaa KoMoaiina
The values of normal stress in soil various layers after the combine harvester has passed

HopMmasbHble HANPSDKEHUS 110 CIIOSIM TT04BBI, KI1a /
Moyienb ¥ THIIOpa3Mep HIHHBI / Normal stress in soil layers, kPa
Tire model and size I'nyOuna u3mepenusi, MM / Measuring depth, mm
0 [ 100 ] 200 [ 300 | 400 [ 500
®-136 / F-136 30,5L-32 384,9 338,7 217,8 1282 60,7 202
®-179 / F-179 30,5L-32 357,2 317,83 222,1 107,6 50,0 19,6
«Good Year» 30,5L-32 360,0 318,1 231,9 103,8 393 19,2
®-81D / F-81E 30,5R-32D/30,5R-32E 3583 3192 221,6 1043 404 18,1
®-81DP/ F-81DP 30,5DP-32 3564  317,9 2212 103,7 389 17,7

2 TOCT P 58655-2019. Texuuka celibCKOX03siicTBEHHAs: MOOHIbHAsE. HOpMbI BO3IEHCTBYS JABUKH-
teneit Ha mouBy; [OCT P 58656-2019. Texuuka cenbcKOX03sICTBEHHAs MOOMITbHASL. MeTo bl ompererne-
HUSI BO3/ICHCTBUS IBIXKUTEIICH HA TIOYBY.

2 TOCT P 58656-2019. TexHuKa CelbCKOXO3IMCTBEHHAS MOOMITbHAsE. METO/IbI OMpeIeeH s BO3-
JIEHUCTBUSI IBUKHUTEIICH HA TTOYBY.
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CpenHee HanpspKeHHE B TAXOTHOM TOPHU30HTE, cozaaBaeMoe muHaMu ®-179, «Good
Year», @-810 u ®-81DP cocrapmsier 214...218 klla, mmuoi ®-136 — oxono 228 klla.
31ech yke CKa3bIBaeTCsl BIMSHUE BBICOTHI TPYHTO3alENoB, kKoTopas y Moaenu d-136
3HAYUTEIBHO OOJIbIIIE.

B monnmaxoTHOM TOpM30HTE pa3HUIIA B BEIMYMHE HAPSHKEHUH, CO3/1aBaeMbIX IITH-
HaMHU, C yBEJTMUYEHUEM IITyOUHBI 3aJIeTaHMs CJIOEB ITOYBBI YMEHBIIIACTCS.

C noMoIIbI0 aHAIN3a PE3YIbTATOB IPOBEICHHBIX 3KCIIEPUMEHTOB OBIJIO JOKA3aHO,
YTO KOMIIJIEKTOBAaHMEM BEAYIIMX KOJeC KOMOaiHa ISITOr0 MOKOJEHUS Pa3IndHbIMU
MOZETSIMU ILIMH CYIIECTBEHHOIO MPEUMYIIECTBA 110 HANPSLKCHUAM HE JIOCTUTHYTO U3-
3a ero OOJIBIION Macchl.

Ha rmy6une 50 cm B mouse Harnpsbkenust He ipebimatot 20 kl1a, 4ro Bronxe npuem-
JIeMo, Tak Kak goryckaemble 3HaueHus o ['OCT P 58655-2019 cocrasmstor 30...35 kI]a.

Mexy TeMm, pacueT 3TOro e HaIpsDKSHHUS 110 METOANKe™ aeT BENUYUHY MOpsiI-
ka 81...85 klla, cnenoBarenbHO, IMHBI TPEOOBAHUAM MO HAMPSDKECHUSM B MOYBE HE
YIOBJIETBOPSIOT.

Takoe HECOOTBETCTBUE MEXKAY PE3yJbTaTaMH MCIBITAaHUN U pacyeToOB MOYKHO
O0OBSICHUTH TEM, UTO CTaHAApTHAs MeTonuka, mpemtokerras B 'OCT 26954-2019,
COBEPIIIEHHO HE YYHUTHIBACT (PU3UKO-MEXaHWYECKHNE CBOMCTBA MOYBHI U MIOPTOMY HE
SIBJISIETCA COBEPILICHHOM.

ITocne 06paboTKkH 0OPA3IIOB MOYBEI IO OOIIETIPUHATON METOANKE BEITHCIICHBI 3HA-
YEHUsI IFIOTHOCTH CIOKEeHUsI (Tal1. 6) 1 HAMMEHbIIEH CYIIEeCTBEHHON Pa3HULIbI IS Hee.

TaOonuia 6
Table 6
I1;10THOCTB CJI05KeHHsI B CJIOSIX MOYBBI 11O CJIeAy ABHKHTEei
Compaction of the structure of soil layers along the propelling device track

3HaueHHUe 110Ka3aTeNeH MIIOTHOCTH CIIOKEHUS TT0YBBI B CI0AX arpodoHa
[nybuna | ga cTepHe 03uMoii menutibl, r/cm® / Values of the indicators of the structure compaction
Cﬂfﬂ, cm / of soil layers on the winter wheat stubble, g/cm?
depth, om | ®-136/ ®-179/ | «Good Year» | ®-81/ ®-81DP/
’ F-136 30,5L-32 | F-179 30,5L-32 | 30,5L-32 F-81E 30,5R-32 | F-81DP 30,5DP-32

0-10 1,26 1,24 1,25 1,23 1,22

10-20 1,27 1,25 1,25 1,24 1,23

20-30 1,26 1,26 1,26 1,25 1,24

3040 1,28 1,27 1,27 1,26 1,25

40-50 1,27 1,27 1,27 1,26 1,26

Benuunna nocnenneit mpu goctoBepHoct 0,1 cocTaBiseT MeXly BapuaHTaMU
s 0,02...0,03 r/em?, mexny Bapuantamu s U porom — 0,03...0,05 r/cm?. TpuseneH-
HBIE B TabnHIle 6 JaHHBIE TTOKA3bIBAIOT, YTO YIUIOTHEHUE MTOYBHI B TAXOTHOM TOPHU30HTE
CYIIIECTBEHHO, B MOJIIIAXOTHOM FOPH30HTE HeCcyllecTBeHHO. HecylecTBeHHa pa3HuIa
B YIUIOTHEHUH MEX/y BCEMH UCIBITHIBAEMBIMH BapHAHTAMU IIIHH.

BTOCT 26954-2019. TexHuka CenbCKOX03sHCTBEHHASI MOOMITbHASI. MeTo | OnpeIeieHrs] MaKCHMAITb-
HOT'O HOPMAJIbHOTO HAMPSKEHUSI B TIOUBE.
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31ech MOKHO JIMIIb OTMETUTb, YTO Ha IMIOYBE C HU3KOW BIAXKHOCTBHIO HAOIIOAaeTCs
TEHJCHLNS K HAMMEHBIIIEMY YIUTOTHSIOLIEMY BO3/IEHCTBHIO Ha ITOYBY TEX IIMH, Ha KO-
TOpbIE MpUXoAUTCs MeHbInast Macca («Good Year»), niin KOTOpbIe HUMEIOT HOHMKECHHYIO
BBEICOTY TpyHTO3a1emnoB (P-179, «Good Yeary).

Takas TeHASHINS TSI TUIOTHOCTH CIIOKEHHS, XapaKTepU3YOIIeH 0CTaTOYHbIE TIPO-
IIECCHI B ITOYBE MPH €€ YIUIOTHEHUH, COITIacyeTcs C MPHUBECHHBIMU PaHee TaHHBIMU
M0 MaKCHMaJIbHBIM HOPMAaJIbHBIM HANPSDKEHUAM B TI0YBE, (PUKCHUPYIOMINMU JIeHiCTBHE
Ha Hee JABMKUTENS TOJIBKO B IIPOIIECCE KOHTAKTA.

Taxum 00pa3oM, MIOTHOCTD CIIOKEHHSI TOYBBI, I3MEHUBIIASCS TTO]T BO3EHCTBHEM
paccMaTpuBaeMbIX BAPUAHTOB IIMH 36pHOYOOPOYHBIX KOMOAHHOB IMATOTO MOKOJIEHHUS,
B €€ MMaXOTHOM M TIOANAaXOTHOM TOPU30HTAX HE MPEBHIIIAET PABHOBECHOTO IS TIPE-
KaBKa3CKOTO JIETKOCYNIMHUCTOTO MAJIOTyMyCHOTO KapOOHATHOTO YepHO3eMa 3HAUCHHSI.

OO0cy:kaenue u 3aKJI04YeHUe. AHAIN3 Pe3yJabTaToB SKCIIEPUMEHTAIBHBIX PadoT 10
YCTAaHOBJICHHIO arpOTEXHUYECKOH POXOANMOCTH 36pHOYOOPOUHBIX KOMOAHHOB MSITOTO
MOKOJICHUSI OTEYECTBEHHOTO ITPOM3BOJICTBA HA OCHOBE CTAHIAPTHBIX METOIMK ITOKa3all,
YTO OHH Ha JIBIKHUTEISX, YKOMIJICKTOBAHHBIX HCITBITHIBAEMBIMHU IITHHAMH, TIO TJIABHBIM
MOKa3aTeNsiM (32 UCKITIOYCHUEM DKCIIEPUMEHTANBHBIX JHArOHAITbHO-TTAPAJIeTbHBIX
IIMH TTpH BIIakHOCTH 1TouBHI He Ooree 0,5 HB) ve cootBercTBytoT 'OCT P 58655-2019.

OnpITHBIE TUAarOHAIBHO-TIApaJUIeTbHBIE ITUHBI 00pa3yIoT, B CBA3W C JIYUIIHU-
MU 1ehOopMaIMOHHBIMA CBOMCTBAMH UX 000JIOUEK, OOJBIIYIO TIOMAAb MSITHA
KOHTaKTa C OTIOPHBIM OCHOBAaHHEM, MTOTOMY 3HAUCHUS MOKa3aTeJel arpoTeXHHU-
YECKOW MPOoXoauMOcTH nMeroT Ha 11...28 % menbme [21], yem apyrue BapuaHThI
WCITIBITBIBAEMbIX IIHH.

Onmnako ompeneNieHue 3HAYCHUN TOKa3aTeeh arpoOTeXHUYECKON MPOXOIUMOCTH
NPSIMBIM U3MEPEHUEM JI0Ka3bIBAET BOBMOKHOCTH IPIMEHEHHUS COBPEMEHHBIX KOMOAHHOB
OTEYECTBEHHOTO MTPOM3BO/ICTBA HA YOOPKE 36PHOBBIX KOJIOCOBBIX IMPH KOMIUICKTOBAHUH
UX JIBUKUTEINICH paguadbHBIMU (C ONTHMAJIbHBIM apMUPOBAHUEM BHYTPEHHETO CTpOe-
HUS1) U OTIBITHBIMH JTMATOHAIILHO-TIAPAJUICTIHFHBIMU IIMHAMH, TaK KaK:

— 3HA4YEHMs UX MAKCHMaJIbHBIX 1aBIeHUI Ha arpodoH MeHble Ha 12...18 % nportus
IIMH AAarOHAJILHOTO MCIIONHEHUS 3a c4eT 00pa30BaHUs OONbIIEH MO BEIMIHHE TIIO-
IIay KOHTAKTa TIPW MEHBIIEH HEPaBHOMEPHOCTH MX paCIpeAeNieHHs B TIPOIOIEHOM
Y TIOTIEPEYHOM HAIPaBICHUH MTPOTEKTOPA IINHEI,

— B MOJMAaXOTHBIX CJOSX MOYBBI 3HAUYCHUS HANPSKEHUH, MOJTy4YeHHBIE B pe-
3yJIbTaTe MPSAMOTO U3MEPEHUS, TOCTEIIEHHO BEIpaBHUBAIOTCS, a Ha Tyoune 0,50 m
MO CIIely BCEX UCIBITHIBAEMBIX ITUH cTaHOBsATCS He Oosee 20 klla (momyckaembie
no 'OCT P 58655-2019 — 30...35 klla);

— BEJIMYMHBI TUIOTHOCTH CJIOKEHMSI TIOUBBI ¥ BOZHUKAIOIUX HOPMAaJIbHBIX Harps-
JKEHUH B ee MaXOTHBIX CJIO0SX TOCIIe Npoxoaa komOaiiHa Ha paguaibHbIX U AUArOHANb-
HO-TIapaJUIebHBIX IIMHAX MeHblIe Ha 18 % u Oosee, yeM mocie MWUH JUaroHaabHOTo
WCTIONTHEHUSI, ¥ HE TIPEBBINIAIOT PABHOBECHOTO IS ITPEIKaBKA3CKOTO JIETKOCYTITHHUCTOTO
MaJIOTYMYCHOTO KapOOHATHOTO YepHO3eMa 3HAuSHHSI.

VYTouHEHHE 3Ha9E€HUI KOPPEKTMPOBOYHBIX KOd(PhHIMEHTOB K| 1 K, yIUTHIBAIOMINX
TUIIOpa3Mep WHH U ocobeHHocTH arpodona, uro gomyckaercs [OCT P 58655-2019,
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TOoKa3aJjio, 4YTO B IEPHUOJ y60pKI/I 3CPHOBLIX KOJIOCOBLIX B YCIIOBUSX IO>xHOTO (beﬂepanbﬂor (0]
OKpyra MOXHO INPUMCHATH OTCUCCTBCHHBIC KOMOAIHEI IISITOTO IMOKOJICHUSI, YKOMILJICK-
TOBaHHBIE JIOOBIM HCIIBITHIBAEMBIM BapUaHTOM IIWH, OTAaBas NPEANTOYTCHUC AHUaro-
HaJIbHO-ITapaJlJICJIbHBIM IIIHNHAM.

10.
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OnTumMH3anus NapaMeTPOB YHUBEPCAJIbHOI
YCTAHOBKHM [IJIfl H3MeJIbYeHNs] KOPMOB

3. B. Kyaunes™, K. I. SIxy6oB, J. M. Ajines
A3epbatiOdcancKutl 20Cy0apCmeeHHblil aepapHblll YHUBEPCUMem
(e. I:HOxca, Azepbationcar)

S yagifizz@gmail.com

Annomauusn

Bgeoenue. PaznoobOpa3sue KOpMOBOI 0a3bl M MOTOJIOBbSI CKOTa B (DePMEPCKUX XO3SHCTBAX
TpeOyeT MHOXXECTBA Pa3JIMUHBIX TEXHOJOTMYECKUX JIMHUH M TEXHHYECKHX CPEICTB IS
[IPUTOTOBJICHUSI KOPMOB. Yalle BCero Takue TEeXHUIECKHUE CPEACTBA HIMEIOT BHICOKYIO CTOH-
MOCTB, YTO JIeJIaeT UX UCIIONIb30BaHNE SKOHOMUUIECKH HetenecooopasHbM. Takum o6pasom,
CO3/1aHNE MATOTa0APUTHBIX TEXHUUECKNX CPECTB TSI MEXaHU3AIlMH OCHOBHBIX IIPOIECCOB
KOPMOIIPUTOTOBJICHHS B (PePMEPCKUX XO3SIMCTBAX SIBILSIETCS aKTya bHOM 3a/1a4eii.

Lenv uccneoosanus. VI3yanTb OCHOBHBIE KOHCTPYKTHBHO-TEXHOJIOTHUECKUE (HAKTOPHI,
BIIUSTIOIINE Ha pabOUYHi POIECC H3METEIEHHST KOPMOB MOJIOTKOBO-CETMEHTHBIM PEKYIIIM
pabounm opraHoM ¢ 6oree 3HEKTUBHBIMH ITOKA3aTEIIMHI SHEPTOEMKOCTH IIPOIIECcCca.
Mamepuanvt u memoosi. OGBEKTOM HCCIEIOBAHUS SIBISETCS SKCIICPUMEHTAIbHAS YCTAHOBKA
YHUBEPCAILHOTO U3MEITBUUTENS ¢ KOMOMHUPOBAHHBIM MOJIOTKOBO-CETMEHTHBIM PEXYIIHM
pabouum opranom. B xoze uccnenoanus OblIN yCTaHOBIEHBI KPUTEPHH ONTUMU3AINI
U OIIpeJIeIICHBI KIIF0UEeBbIe (PaKTOPBI, BIHAIOLINE Ha poLiece u3MenbueHus. Vccnenosanock
BIIMSTHUE KITIOYEBBIX (JaKTOPOB YaCTOTHI BPAIIEHHUsT POTOPA M MOJAYH CHIPhSI B U3MENTBIAIOLIYIO
KaMmepy Ha KPUTEPHH ONTHMHU3ALIN SHEPronoTpeOIeHUs U KadecTBO Mpoliecca H3Mebie-
HHA. B mponecce KCIepIMEeHTOB YacToTa BpaIIeHHs POTOpa PErylInpoBaIach H3MEHEHHEM
JaCTOTHI IIUTAOIIETO HAMPSHKEHMS, M0/[aua CHIPhs OMPEAENICHHON MacChl TPOBOIMIACE Yepes3
KasK/IbIi OTIpeieNIeHHBII TIPOMEXKYTOK BPEMEHH, KaueCTBO M3MENBUEHUSI OTIPEENSIOCh Ipa-
HYJIOMETPHYECKUM COCTABOM U CPEJHEB3BELIICHHON JUTMHOM YaCTHI] KOPMOB. DHEProeMKOCTh
Iporecca N3MEIbUCHUS] YCTAHOBHIIH C TIOMOIIBIO0 H3MEPHUTENSI MOITHOCTH IIEPEMEHHOTO
Toka. C LeNbI0 OCTPOCHHS MAaTeMaTHIECKON MOJIENN OBLI UCIIONIb30BaH EHTPAIBHBIN
KOMITO3UIIMOHHBIN POTOTA0CIIBHBIH IUIaH BTOPOTO MOPSIIKa IS IBYX (paKTOpOB.
Peszynomamut uccneoosanus. BeisiBUIN onTHManbHbIE COYETAHUS TTAPAMETPOB, KOTOPHIE
HO3BOJIAIOT 3(PEKTUBHO U3MENIBYATh KOPM B COOTBETCTBUH C 300TEXHHYECKHUMH TPeOo-
BaHUSIMH, 00ecIeurBasi MUHIMAJIbHYIO SJHEPrOEMKOCTh pabodero mporecca. YCTaHOBUIIH
KPUTEPHUN ONTUMH3ALNHU U ONPEISIININ KIIIOUeBble KOHCTPYKTHBHO-TEXHOJIOTHYECKHE
(haxTOPBI, BIHSIOMNE HA IIPOLECC N3METEICHHS.

Obcyscoenue u 3axarouerue. OCHOBHBIM (haKTOPOM BO3JIEHCTBHUS HA YHEPTOEMKOCTH MPO-
Iiecca N3MeNBIeHNS SIBIASTCS Tofada KOPMOB B KaMepy M3MENBIEHNs, a OCHOBHAsI TPUIHHA
YBEJIUUEHHUSI SHEPTOEMKOCTH MPOIIECCA — POCT CHIIBI PE3aHUS B KA3KI0M CErMeHTe pabouero
oprasa B OT/IEJIbHOCTH, BCJICICTBHE MOBBIIICHHS 32 KOXKIYI0 €IMHHUILY BDEMEHH IIOTHOCTH
KOpMa, ITPOXOAAIIEro yepe3 pabounii opran u3MensuuTesst. [lomydeHHbIe B X0/1e JKCIIe-
PUMEHTAIBHBIX UCCIIEJOBAHUH JaHHBIE MO3BOJISIIOT ONTHMU3UPOBATh Paboumii mpouecc
pa3paboTaHHON YHHBEpPCAIBHON YCTAHOBKH JUI M3MEIBUECHHS KOPMOB IPH KOPMIICHUH
KPYTHOTO POraToro CKOTa B (hepMepCKUX JKHBOTHOBOTUYECKHX XO3IHCTBAX.
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Abctract

Introduction. The diversity of the fodder base and livestock in farming enterprises requires
various processing lines and technological tools for fodder preparation. Most commonly,
a high cost of these technological tools makes their use economically unfeasible. Therefore,
an urgent task is to create compact technological tools for mechanizing the main processes
of fodder preparation in farming enterprises.

Aim of the Study. The study is aimed at investigating the main structural-and-technological
factors affecting the fodder grinding by a hammer-segment grinding tool with more efficient
energy consumption indicators.

Materials and Methods. The subject of the study is an experimental setup of a universal
grinder with a combined hammer-segment grinding tool. During the study, optimization
criteria were found and key factors influencing the grinding process were identified.
There was investigated the influence of key factors, such as the rotor rotation speed and
the rate of raw material feeding into the grinding chamber, on such optimization criteria
as energy consumption and grinding process quality. The experimental studies were ana-
lyzed to determine the optimal combination of parameters. During the experiments, the
rotor rotation speed was adjusted through changing the supply voltage frequency and the
feeding of raw material of a specific mass was carried out at regular intervals. The quality
of grinding was determined by the granulometric composition and the average length of
the fodder particles, while the energy consumption of the grinding process was measured
using an alternating current power meter. To construct a mathematical model, there was
used a central composite rotatable design of the second order for two factors.

Results. Based on the obtained data, there have been identified optimal parameter combi-
nations for effective fodder grinding in accordance with zootechnical requirements and at
minimal energy consumption for the grinding process.

Discussion and Conclusion. The main factor affecting the energy consumption of the
grinding process is the fodder supply into the grinding chamber. The primary reason for
the increase in energy consumption is the increase in grinding force in each segment of the
working tool caused by increasing the density of fodder passing through the grinding tool
per each unit of time. The data obtained during the experimental study make it possible
to optimize the working process of the developed universal grinder for fodder grinding to
feed cattle in livestock farms.

Keywords: coarse feeds, grain feeds, root and tuber crops, grinding process, energy
consumption of the process, grinding chamber, grinding tool
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Brenenne. DPPeKTUBHOE M BBICOKOIIPOU3BOIUTEIBHOE PA3BUTHE )KUBOTHOBOJICTBA
3aBHCHUT OT IOJIHOIIEHHOTO U COATaHCUPOBAHHOT'O ITUTAHUSI )KUBOTHBIX. YIIOTpEOJICHHE
JKUBOTHBIMU KOPMOB, OOTaThIX MUTATEIHHBIMU BEIIECTBAMH, YIYUIIIACT IPOLIESCCHI TTH-
IIEBAPEHUS U CIIOCOOCTBYET YBEIIMUCHHUIO MPOAYKTUBHOCTH, TIO3BOJISIET JOCTUYD OITH-
MaJIbHBIX PE3yJIbTAaTOB 0€3 YBEIMYCHNS KOPMOBOU 0a3bl M MOT0JI0Bbs ckoTa. Hampumep,
TIPH TAKOM TIOIXO0/IE HAOTIOMACTCS TIOBBIIIICHUE YOSt MOJIOKa Ha 5—9 % 1 mpUpOCT Macchl
Ha 10—15 %, 1o cpaBHEHHMIO C Pa3AeIbHBIM KOPMIICHHEM KOMIIOHEHTAMH PaIlioHa'.

Jst yBenndeHus TPOAYKTUBHOCTH CEIIbCKOXO3SIHCTBEHHBIX KHBOTHBIX HEOOXOIUMO,
YTOOBI KOPMa TPOXOAMIIN KadeCTBEHHYIO TOJTOTOBKY Tepes ckapminBanneM. Kopm
JIOTDKEH OBITh TIATEIHHO COAIAHCHPOBAH I10 TTUTATEbHBIM BEIECTBAM H HU3MEJIBYCH
B IIEJISIX YBEIUYCHUS MOBEPXHOCTHO aKTUBHBIX YACTHUIL JUIS TOTO, YTOOBI TIOJTHOCTHIO
YCBaMBaThCSl OPraHU3MOM KUBOTHBIX. B 3aBUCHMOCTH OT Ha3HAUEHUS U YCIOBHH CO-
JICpKaHMsI KUBOTHBIX JJIsl BBIPAIIUBAHKS U OTKOPMa MOJIOJHSKA UCIIOIB3YHOTCS pa3-
JUYHBIC BUABI KOPMOB. B COOTBETCTBUM C TEXHOJIOTUEH KOPMIICHUS dKUBOTHBIX B COCTaB
palMOHOB BKIIIOYAIOTCSA Pa3IUYHbIC KOPMOBBIC AIeMEeHTHI. OT KauecTBa MOATOTOBKU
KOPMOBBIX CMECEH B 3HAYMTEJILHOM CTENEHU 3aBUCHUT MOBBIIICHUE Y3PPEKTUBHOCTH
’KHBOTHOBOJICTBA KaK OTPACIIH, TIOCKOJIBKY J0JI 3aTpar Ha kopMa coctasisieT 30-60 %
OT BCEX MPOU3BOACTBEHHBIX 3aTpar? [1].

CoBpeMeHHBII YPOBEHb Pa3BUTHS KPECTHIHCKHUX U PePMEPCKHUX XO3AUCTB HAPSIAY
¢ MeXaHHU3aIMel mporiecca MPUTOTOBIECHUS KOPMOBBIX CMECEH YCIOXKHSIOT CO3T[aHNe
KOpPMOB O1aromapsi 0OJIBIIOMY KOJTMIECTBY KOMIIOHEHTOB B X COCTaBe. DTO MPUBOAUT
K 3HAUUTEIIFHOMY YBEJIIMYCHHUIO C€0ECTOMMOCTH KaK CAMUX CMECeH, TaKk W KOHEYHOU
MPOAYKIIMU KUBOTHOBOJACTBA [2; 3]. PerenneM maHHOUM TTPOOIEMBI SBISETCS MUHH-
MU3aIMs KOJIMYECTBa KOMIIOHEHTOB B KOPMOBBIX CMECSIX 32 CUET BKIJIFOUCHUS TOJIBKO
0oraThIX MUTATEIBHBIMY BEIIECTBAMHU ITPH COOTFOICHHUHU ONITHMAITLHBIX TIPOTIOPLHiA [4—6].

Oco0EHHOCTBIO MATIBIX ¥ CPEJHUX (pepMEPCKHUX XO3SHCTB SBISIETCSI HEOOXOIMMOCTh
paboThI ¢ pa3HOOOPA3HOU KOPMOBOH 02301, BKIIFOUAIOIICH Pa3JInYHbIC BUIbI KOPMOBBIX
KYJIBTYp, a TaAKXKE COACPIKaHUE PA3HBIX BUIOB CEIbCKOXO3SIHCTBEHHBIX KUBOTHBIX.
D710 TpeOyeT MPUMEHEHNS MHOJKECTBA CIICITHATM3UPOBAHHBIX TEXHOIOTHICCKUX JIMHAN
Y TEXHUYECKUX CPEICTB M1l 00pabOTKH M MPHUTOTOBICHUS KOPMOB. OTHAKO BBICOKAS
CTOMMOCTB TaKOTO 00OPYIOBaHUS, a TAKXKE 3HAYUTENbHBIE SKCIUTyaTallMOHHBIC H DHEP-
TeTHYeCKre 3aTpaThl AETMA0T €T0 NCIOIh30BaHNE YIKOHOMUYECKH HElleIeco00pa3HbIM
JUTSL HeOONBIIMX XO3SHCTB [7; 8]. B cBS3M ¢ 93TUM akTya bHOW 3ajaueii CTaHOBUTCS
pa3paboTka u BHEIPEHHE MaorabapUTHBIX H MHOTO(YHKIIMOHAIBEHBIX TEXHUIECKUX
pelIeHnH, CIOCOOHBIX MEXaHU3UPOBATh OCHOBHBIE IMPOIIECCH KOPMOIIPUTOTOBIICHUS
(M3MenpueHHe, CMEIIMBaHKE, T03UPOBaHKe, IrpaHynupoBanne) [9—11].

Takue ycTpolcTBa IOJKHBI OBITH a/IAIITHPOBAHBI K CHIEI(UKEe KOPMOBOH 0a3bl MaJIbIX
U CPeHUX (PePMEPCKHX XO3SIMCTB, 00eCIIeUnBaTh BEICOKOE KaUYeCTBO 00paOOTKH KOPMOB

! PsirankoB B. T'. OCHOBBI ITHUTaHUS. U KOPMIICHHS CEIIbCKOX035i{CTBEHHBIX )KUBOTHBIX : y4eOHO-
npaktuieckoe nocoodue. Kpacuonap : KyoI'AY, 2012. 328 c.; Kanamnukos A. I1. HopMmel 1 pannossl
KOPMJICHHSI CENbCKOX03sIHCTBEHHBIX )KHUBOTHBIX : CIIPABOYHOE OcoOue. 3-¢ u3[., mepepad. U J011. / O pe.
A. I1. Kanamnukosa, B. . ®ucununa, B. B. [llernosa, H. 1. Kneiimenosa. M. 2003. 456 c.

2 Kravchuk V. L., Lutsenko M. M., Mechta M. P. Progressive Technologies of Gathering, Preparing
and Distributing Feeds. Scientific-Practical Textbook, 2008. 104 p.; Adgidzi D., Mu’azu A., Olorunso-
go S. T., Shiawoya E. L. Design Considerations of Mixerpelleting Machine for Processing Animal Feeds //
School of Engineering and Engineering Technology : 7" Annual Engineering Conference (28 — 30 June 2006,
Minna). FUT Minna, 2006.
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Y TIPY ATOM OBITh SKOHOMHYECKH BHITOAHBIMH 32 CUET CHW)KEHHSI SHEPro3aTpar i MUHU-
MU3AIUK KCIIONb30BaHus pecypcoB [12]. Pa3paboTka mog00HBIX TEXHOJIOTHIA JIOJDKHA
YYUTBIBATh HE TOJHKO SKOHOMUYECKHE, HO U IKOJIOTUYECKHE acleKThl, CIOCOOCTBYS
YCTOMYMBOMY Pa3BUTHIO CEIBCKOTO XO3sIMCTBA U CHIKEHMIO yriiepoaHoro ciena [13].

BaxHbIM HarpaBiIeHHEM SBILSIETCS CO3/IaHNE YHUBEPCATHHBIX YCTPOKUCTB, KOTOPHIE MOTYT
BBITIOJTHATH HECKOJIBKO (ByHKIIMH OTHOBPEMEHHO, YTO TIO3BOJIUT COKPATUTH KOIMYECTBO HE0O-
XOIMMOTO 000PYIOBaHMS, CHI3UTH 3aTPAThl Ha €0 TIPHOOPETEHIE M 0OCITY)KIBAaHNE, a TAKKE
TIOBBICHUTH 3(P(hEeKTHBHOCTE TIPOM3BOICTBA KOPMOB [ 14]. Kpome Toro, Takne TeXHUIeCKHe
CpEJCTBA JIOIHKHBI OBITH TIPOCTHI B AKCIUTYaTaIMH U JOCTYITHBI TS ()epMEPOB C OrpaHIICH-
HBIMH TEXHIYECKUMH 3HAHUSIMH, YTO OCOOSHHO BaJKHO B YCJIOBHUSIX MaJIbIX XO3SUCTB [15].

Brenpenue nogoOHbIX pelieHni He TOIBKO MOBBICUT PEHTA0EIbHOCTh (epMEPCKUX
XO3SHCTB, HO OyJeT CIIOCOOCTBOBAaTh YNYUIICHHIO KaueCcTBa KOPMOB, UTO HAIIPSIMYIO
MOBJIHSIET HAa MPOAYKTUBHOCTH KUBOTHBIX M, KaK CJIEICTBHE, HA YKOHOMHUYECKYIO
YCTOMYHBOCTh CEILCKOXO3SMCTBEHHBIX IpeAnpusaTii [16].

Lenb uccnenoBanust — ONPEACIUTh M ONTHUMHU3UPOBATh HauOoJee 3HaUNMbIEe (aK-
TOPBI U3MEJIBUCHHUS 36PHOBBIX, TPYObIX KOPMOB, a TAaK)Ke KOPHEKITYOHETJIONOB ¢ KOMOH-
HUPOBAaHHBIM MOJIOTKOBO-CETMEHTHBIM PEXYIITIM pabounuM OPraHOM C IIEJIbIO TIOMCKa
ONTHMAJBHBIX COYETAHUN MapaMeTPOB, TIPU KOTOPBIX OyIyT FTOTOBUTKLCS KOpMa Ooee
BBICOKOTO KaueCcTBa ¥ MPH 3TOM C MUHUMAIIbHBIM SHEPTOMOTpeOIeHNEM.

O030p uTEpaTyphl. AHATIN3 CYIIECTBYIOIIMX TEXHUUECKUX CPEICTB ISl MEXaHU3ALUH
OCHOBHBIX TIPOIIECCOB KOPMOTIPUTOTOBIICHUSI BBISIBIIT TIPOOJIEMBI, CBA3aHHBIE C OpTaHH-
3aIMOHHBIMU, TEXHUYECKIMHU M TEXHOJIOTUIECKUMH HEIOCTaTKaMH, KOTOPBIE TIPUBOIST
K HU3KOH 3(D(heKTUBHOCTH MCTIONB30BAHMUS 00J1ee METAJUNIOEMKIX CEPHITHO BBITYCKAEMBIX
MaliuH. TO CO3aeT HeONIaronpusITHBIC YCIIOBHS U1l IPUMEHEHHS UX B MaJIbIX (epMep-
CKUX x03siiicTBax. s ycTpaHeHus 3THX MpoOieM U yCOBEPIICHCTBOBAHMUS Mpolecca
MPUTOTOBJICHUS] KOPMOB MPOBOASATCS paOOTHI 110 CO3AAHHIO U pa3paboTKe KOHCTPYKIHUI
YCTAHOBOK ISl K3MEITBICHHUSI KOPMOB JIJIsl MaJIbIX M CPETHUX (PePMEPCKUX XO3SIHCTB.

C uenpio n3ydeHus nporecca M3MeIbIeHUs KOPMOB PACTUTEIHLHOTO IPOUCXOXKIIE-
HUS B YIIbSHOBCKOM TOCY/IapCTBEHHOM arpapHOM yHHBEpcHTEeTe ObLia pazpaboraHa
YCTaHOBKA U U3MENBUCHUS Pa3IMIHBIX BU0B KOPMOB, OCHOBAaHHAs HAa MPHUHIINIIC
YIapHOTO MEXaHW3Ma, 00eCIIeUNBaIOIIas IMUPOKHH JUama3oH cCKopocTel pesanwns. Jlims
obecrieyeHns] HEOOXOIMMOTO YIJIa CKOJBKEHHS PEXKYIIUI AIeMeHT (HOXK) OCHAIICH
PETyaNpPyEeMOii TUTACTUHOHN ¢ (PUKCATOPOM, YTO ITO3BOJISIET M3MEHSATH YTOJI CKOJIBKEHUS
B npezaenax ot 0 o 70°. B0 yCTaHOBIEHO, UTO MPU YIJIE CKOJBXKEHHS HOXKA B Mpe-
nenax 30—60° u ckopocTH B ipeaenax 2—10 M/c BO3MOXKHO CHU3UTh YACTHHYIO padoTy
M3MEeNBICHUS KyKypy3HBIX T0YaTKOB U cTeOel, KapTodensi, KOpMOBOH CBEKIIbI U MOP-
KoBU Ha 25-37 %, KyKypy3HBIX JTHCTheB — Ha 15 %, nmenn4Hoii conomsl —Ha 3 % [17].

B Camapckoii rocyaapcTBEHHON CeNbCKOX03sICTBEHHOMN aKaieMHH pa3paboTaH 1 U3-
TOTOBJICH IITHEKOBBIN N3MEJIBINTENb, B KOTOPOM IPEOHH IITHEKA Pa3/IesIeHbl Ha HECKOIBKO
vacreii’. Kaxkiast 4acTh BbIONHsCT PYHKIMK pe3aHHs U TIepEMEIICHHs TlepepadaThiBaeMOoro
npoaykTa. /s qocTmxeHus crenenu n3mensaerns 10—15 MM mpu mpon3BOAUTETFHOCTH

* Hoeukos B. B., Kamsimesa O. A. TeXHOIOTUs H3MENbYEHHUsT KOPHEKITyOHEI10/10B // OyH1aMeHTanbHbIe
OCHOBBI Hay4YHO-TEXHUYECKONH U TexHojoruueckon moaepuuszanuu AIIK : marepuansr Beepoc. Hayu.-
npakT. KoH(. (6 — 7 utons 2013 ., . Vda). Y. 1. Ya : bamkupckuit [AY, 2013. C. 247-253. URL: https://
clck.ru/3Gbepr (nara odpamienus: 27.08.2024).
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ycranoBKkH | 341-2 537 Kr/4 1 onTUMalbHOW SHEProeMKOCTH mpouecca 2,152-5,574 kBt
OBLIH OTIpeIeNIeHBI CIIEAYIOIIIE ONITUMAIbHBIC TapaMEeTPhI: YACTOTa BpaLleHHsI HOKEBOTO
Basia — 30,0...61,4 MuH!; iar pacrmoyoKeH st HOKeH Ha HOKeBOM Baity — 120 MM; cTeTneHb
OTKPBITUS BEIXOAHOTO OTBepcTHs — 0,4...1,0; yron npu BepmuHe HOka — 30° [18; 19].
Jnst ycTpaHeHHs TaKUX HEJJOCTAaTKOB, KaK BBICOKAs METAIIOEMKOCTh M SHEPTOEMKOCTH,
HEPaBHOMEPHBIN pa3Mep YacTUIl H3MEIIBUEHHOTO TPOIyKTa, OBICTPOE M3HAIINBAHNE
pabounx OpraHoB H T. 1., pa3paboTaHa KOHCTPYKINS POTOPHO-IIEHTPOOESIKHOTO N3MEITh-
yurens 3epHa. OCHOBHBIMU Pa0OYNMH OpPraHaMHu yCTAHOBKHU SIBJISIFOTCSI KOAKCHAIILHO
YCTaHOBJICHHBIE [JBa CMEXHBIX ANUCKA: BEPXHUH HETIOABMKHBIN ANCK, HA paboyei HoBepx-
HOCTH KOTOPOT'O YCTaHOBJICHBI HOXXH POMOOBHIHOM ()OPMBI € MAJIBIMU YTIJIAMHU PE3aHUS
110 OTHOILEHHIO K OOJIBIINM AUATOHAISAM, U HUKHUHN MOABHKHBIN AUCK C KOJIBLIEBBIMH
BBICTYIIaMH Ha pabodeii MoBepXHOCTH. BHEIIHMIA psig HOXKEH 00pa3yeT pas3aessiomy o
MOBEPXHOCTH, ONarofapsi 4eMmy M3MEHEHHE YITIa HaKJIOHA HOXKEeH MO3BOJISET MIaBHO
peryaupoBarhb CTeTIeHb U3MENBIeHN MaTtepuana. s ToCTHKeHHsI TPOLIeHTa YacTHll,
HE MPEBBIIAIMUX 3 MM, 710 95 % u cHIKeHus nmotpebisemoit sueprun a0 2,59 kBt
OBLIM OTpeIeTIeHbI ONITUMAJIBHBIE TTapaMeTphl, KOTOpble yKa3zaHbl B Tabmiuie 1 [20].

Tabnuma 1
Table 1
OnTumMajbHble KOHCTPYKTHUBHO-PEKMMHbBIE IApaMeTPbl
Optimal design and operating parameters
Hanmenosanne napamerpa / Name of the parameter 3nauenue / Meaning
CkopocTh mojaun Matepuana, kr-c! / Material feed rate, kg-s™! 0,038
Yacrora BpaleHus HKHEro aucka, mua ! / Lower disk rotation 1200
frequency, min™!
OtBepcTue paszaenuTenbHoit noBepxHocTH, MM / Dividing surface opening, mm 3,200
KommaecTBo HOXelt Ha epBoii cTynenn BepxHero aucka / Number of knives 6
on the first stage of the upper disk
KommaecTBo HOXel Ha BTOpOH cTyneHu BepxHero jqucka / Number of knives 9

on the second stage of the upper disk

[To pesynbraTam SKCHEPUMEHTOB YCTAHOBJICHO, YTO KOJIMYECTBO HOXKEH U 3a30D,
pa3):[eﬂ5[IOHIPII>'I TIOBECPXHOCTHU, SABIAIOTCA OAHUMH U3 CaMbIX BAXKHBIX q)aKTOpOB, BIIUAOIINX
Ha SHEPrornoTpedICHUE U Ka4eCTBO MOIYyYaeMOro MpoayKTa.

B BepxHeBOMKCKOM TOCYIapCTBEHHOM arpOOHOTEXHOIOTHYECKOM YHHBEPCUTETE
paszpaboTaH EeHTPOOCKHBIA H3METBUUTETh (DypaXKHOTO 3E€PHA, COCTOSIINN U3 KOPITY-
ca paboueil kamepsl, OyHKepa C PeTyJIUPOBOYHON 3aCIIOHKOW, pOTOpa C JIOTTATKaMH,
pemrera u ek ¢ otooitHKamu. C IeNbI0 ONpeeeHrus ONTUMANIBHBIX TTapaMeTpOB
YCTaHOBKH JIJIsI TOBBIIIICHUS KA4ECTBA pa3MoJia U CHIKSHHS SJHEPTOEMKOCTH Tporiecca
MIPOBECHBI AKCIIEPUMEHTAIbHBIE UccieqoBanus. [1o pesyabraTamM SKCIEpUMEHTaTb-
HBIX JIAHHBIX MMOJIYYE€HBI Pa3IMYHbIC 3HAYCHUS YJICIBbHOTO PAaCcXo/a MPHU CICHTYIONIIX
rapaMeTpax perier ¢ oTBepcTusiMu (d), TIIOMAAu BBIITYCKHOTO OKHa OyHKepa (F)
W "acToTe Bpamienus poropa (n): W= 31,687 xJ[x/xr; d = 0,004 m; n =3 500 mun';
F=0,001458 m* W= 14,432 x]JIx/kr; d = 0,006 m; n =3 500 murr'; F = 0,001458 m?;
W=12,201 xIx/kr; d = 0,008 m; n =3 500 mun'; F =0,001458 m2.
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Haunyumine 3HaueHus yAeIpHOTO pacxoa YSHEPTUH MOTYUYEHBI PU MAKCUMATbHBIX
3HAUEHUAX BCEX TPEX MapaMeTPoB, TO €CTh B TpeTheM citydae. [1pu aTom cpennuii pasmep
YaCTHUI[ COCTABUII dcp = 2,42 MM, a cojiepKaHue MbUICBUIHON Ppakiuu 3,02 % [21; 22].

TakuMm 00pa3zoM, COBEPIICHCTBOBAHUE YCTAHOBOK MEXaHUUECKOH 00pabOTKU KOp-
MOB SIBJISICTCSI aKTyallbHOU 3amadcii. Pemenne maHHON MpoOIEeMBI CITOCOOCTBYET Kak
TTOBBINICHUIO YCBOCHHS KOPMOB KHBOTHBIMH, TaK U YITyUIICHUIO Ka9eCTBA MTPOIYKITUH
JKUBOTHOBOJICTBA. Taxske Ooiee COBEpIIeHHbIE KOHCTPYKIIMH CIIOCOOCTBYIOT CHIDKEHUTIO
sHepro3arpar Ha IPOU3BOJCTBO, UTO OTPAKAETCs Ha Ce0ECTOMMOCTH TIPOIYKTa.

B xavecTBe pemenns mpoOIeMbl MBI TIpe/iiaraeM KOHCTPYKTHBHO-TEXHOIOTHIECKYIO
CXeMY YHUBEPCAIHHOTO NU3MENBUUTEISI ¢ KOMOWHUPOBAHHBIM MOJIOTKOBO-CETMEHTHBIM
PEXKYIIMM PabOYUM OpraHOM JUJIS U3MEIBICHHUSI, IPOOIICHUS U PE3KH CTeOepUaThIX,
3€pHOBBIX U KOPHEKITYOHETTOAHBIX KOpMOB [23].

Marepuasl u MeToAbl. VcciieoBaHus MPOBOAWIUCH HA pa3pabOTaHHONH HaMU
9KCIIEPHUMEHTALHON YCTAaHOBKE YHHBEPCAIBLHOTO M3MENBUUTENSI KOPMOB C KOMOMHHM-
POBaHHBIM MOJIOTKOBO-CEIMEHTHBIM PEXYIIMM PabOYUM OpPraHOM, KOHCTPYKTUBHO-
TEXHOJIOTHYECKasl CXeMa KOTOpOi IpuBeneHa Ha pucyHke 1 [23].

Puc. 1. YHuBepcaibHblil H3MEIBIUTENIE KOPMOB!
1 — xppImka; 2 — peryIupoBOYHBIN 3aTBOP; 3 — OONT CXKATHS;, 4 — HMIMHIPUIECKUI OyHKep;
5 — KOHUUECKUIT OyHKEp; 6 — MPOXOJHOE OTBEPCTHE; 7 — CerMeHTHBIH U-00pa3Hblii HOX;

8 — IBYXCTOPOHHHHI HOXK MPOTEIUIEPHOTO THMA; 9 — poTop; /() — HaOOp MOABMKHBIX MOJIOTKOB U HOXKEH;
11 — nexa; 12 — nnacTHHA, ABJISIONIAACS OHOBPEMEHHO BEHTUIIITOPOM U U3MEIBUUTEIEM, UMEIOILAst
OTBETBIICHUE B BUIE JIOMACTEH ¢ KOCBIHKOM Ha Kpasix Juist oOecriedeH s TPOIHOCTH;

13 — xamepa u3MensueHust; /4 — pama; /5 — a5eKTpudecKuil qBurareins; /6 — Bai;

17 — BBIXOHOH MaTpyOoK; /8 — HaOOp CETOK M IUIaCTHHA ¢ OKHAMM; /9 — BEIXOTHOE OTBEPCTHE

Fig. 1. Universal feed grinder:
1 —1id; 2 — adjustment gate; 3 — compression bolt; 4 — cylindrical hopper; 5 — conical hopper;
6 — passage hole; 7 — segmental U-shaped knife; 8§ — double-sided propeller-type knife;
9 —rotor; 10 — set of movable hammers and knives; // — breaker plate; /2 — plate, which also serves as
a fan and grinder, with blade extensions reinforced with gussets for strength;
13 — grinding chamber; /4 — frame; /5 — electric motor; /6 — shaft; /7 — output pipe;
18 — set of sieves and plate with windows; /9 — discharge outlet

Hemounux: 31ech U 1ajee PUCYHKH COCTABIICHBI aBTOPAMH CTAThH.
Source: hereinafter in this article the diagrams are compiled by the authors.
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Wzmenpyarommii MEXaHU3M JaHHOTO YCTPOHCTBA BKIIIOYAET B ce0s poTop 9, Ha KO-
TOPOM PACIOJIOKEHBI HA0OP IMOIBM)KHBIX MOJIOTKOB M PEXYIIUX HOXel /(), AByXcTo-
POHHUIT TIpOTIEIICPHBIN HOX 8, cerMeHTHBIN U-00pa3HbIil HOX 7, a TAKKE IUIaCTHHY 12,
BBITIOJHSIOILY O (DYHKIIUU BEHTUISATOPA U U3MEIIBIUTEIIS.

Kopwma npeaBapuTeasHO U3METBYAIOTCS IBYXCTOPOHHUM HOXOM &8, 3aT€M OHHU
MOIXOAAT K BEPXHEMY psay Habopa MOABIKHBIX MOJIOTKOB M PEXYIITUX HOXel /0,
TOCJIe ymapa o KOTOphIe OTOPACHIBAIOTCS K PACTIONOKCHHON Ha BHYTPEHHEH O0KOBO#
MTOBEPXHOCTH paboueii kamepsl /3 aeke // W MepeHANPABISIOTCS K TMOABIKHBIM
MOJIOTKaM U PEKYIIUM HOKaM CJIEeIYIOIIETro psijia, IPU STOM KOPM pa3rpykaeTcs OT
MTOBTOPHOTO BO3/IEHCTBHS HA BEpXHEM psne. Takum o0pa3oM, MPOUCXOTUT MOJTHOE
M3MEIIBYCHHE BO BCEX psijjaX Habopa MOJOTKOB U PeXyIux Hoxeil. [Ipu n3menspue-
HUU TIOKOB ITPOMCXOUT MPEIBAPUTEIbHBIC pa3pyIICHUE MOHOJIUTA U U3MEIIbUCHUC
C IeJIbI0 UCKIIIOUCHHS 3a0uBaHul cerMeHTHBIM U-00pa3sHbiM HOXOM 7. M3Menb-
YSHHBIN KOPM TIOCTYIAET Ha TUIACTHHY /2, BBIMOIHSIONY0 (DYHKIIMH BEHTUISATOPA
Y U3MEJIBYUTENA, T/I€ TIOCIIe OKOHYATEeIbHOTO U3MEIBICHHS yAalseTcsa U3 yCTpOHCTBa
BO3/IYIIHBIM ITOTOKOM.

B mporiecce skcriepruMenTa MPOU3BOAMIOCH U3METBICHUE 3EPHOBBIX (KYKYPY3bI
C BJIAKHOCTEIO 8, 6 %, staMeHs ¢ BIakHOCTHI0 10, 1 %, MIEHUITBI ¢ BIAKHOCTHIO 9, 7 %),
rpyOBIX KOPMOB (CEHO € BIAXKHOCTHIO 16 % W coioma ¢ BrnaxHOCThIO 14 %), a Tarxoke
KOPHEKITYOHETII010B (KOPMOBOI CBEKIIBI C BIAYKHOCTBIO 86, 5 %, KapTodens ¢ BIax-
HOCTBIO 76, 8 % 1 MOPKOBHU € BIaKHOCTBIO 87 %). Pazmepsl yacThll H3MEJIBYEHHBIX
MacC COOTBETCTBOBAIH 300TE€XHUYECKHM TPEOOBaHUSAM. DTOT TOKA3aTENb COCTABIISII
it TpyObIX kopMoB 10...50 MM, U1 KOPMOBOHM CBEKJIBI — 5,5...9,5 MM, 11 KapTode-
ns — 11,5...14,3 mm, aiist MmopkoBH — 5...10 MM, 1utst 3epHOBBIX — 1,0...2,0 MM. B o0rieit
Macce BIaXKHOCTh U3MENBYEHHBIX 36pHOBBIX: KYKypy3bl — 93, 5 %, ssumens — 98, 1 %,
meHusl — 98, 4 %.

DKCIepUMEeHTBI ¥ 00pa0dOTKa JTaHHBIX MPOBOAMINCH HA OCHOBAHUH OOICTIPHHSTHIX
METOJIUK U METOMIOB.

PesyabTarhl MccaenoBaHuA. Bruuanue ¢akmopos Ha sHepeoemMKocmy npoyecca
U onpeodenenue UxX ONMUMAIbHBIX nokazameneti. B kadecTBe KpUTeprs ONTHMH3AINN
ObLI1a IPUHATA YAEIbHAS SHEPTOEMKOCTD MPOLIECCA U3MENTBYEHHUST KOPMOB (Y, — N), BbI-
pakeHHasl B KBTT‘{ . AHayn3 anpuopHON HH(POPMAIIUU U TIOUCKOBBIX HCCIICIOBAHUN
MoKa3all, YT0 HarOoJee 3HAaYMMBIMHU SBHIIMCH CIIEAyIoNe (haKTOpPhI: yIIIOBask CKOPOCTh
BpaIeHus poropa ® — X, (pa/c) u mojaya KopMa B KaMepy u3Mesbienus g — X, (Kr/c).
YpoBHU BapbHpoBaHUs (HaKTOPOB MIPUBEACHBI B TAOIHUIIE 2.

PesynbraTer sKCcrieprMeHTa MpeACTaBICHBI B Tadnuie 3: nmpoBeneHa o0paboTka
JTAHHBIX U TIOCTPOCHBI MaTeMaTHIECKHE MOJIEIIH.

4 Macnos I'. T'., Tpybunun E. W., [{si0yneBckuii B. B. MoaenupoBanue B arpOMHKCHEPHUH :
yueGHOe mocobue 11 cenbekoxo3siicTBeHHEIX BY308. Kpacnomap : Ky6I'AY, 2019. 304 c. URL: https://
clck.ru/3GbefR (nata oopamienus: 27.08.2024); Pedposa 1. A. Teopust IuIaHUPOBAHUS SKCIICPUMEHTA
yueoHoe mocobue. Omck : CubA /1Y, 2016. 105 c.; TOCT P 54783-2011. McnbpiTaHus CEIbCKOXO3AUCT-
BEHHOH TexHUKH. OCHOBHBIE NONOXKeHUs [DnexTpoHHbIi pecypc]. URL: https://clck.ru/3GbekT (mata
obpamenus: 27.08.2024).
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Tabnuma 2
Table 2
DaKTOpHI M YPOBHH UX BAPLHPOBAHUS
Factors and their levels of variation

O6o3nauenue / Designation (o — X)), pan/c / rad/s (q=4X,), xrfe / ke/s
x2r x2’; x21c
Hwxnuit yposens (—) / Lower level (-) 169,6 0,05 0,075 0,100
OcHoBHoit yposens (0) / Main level (0) 222,6 0,06 0,100 0,125
Bepxuuii yposens (+) / Upper level (+) 275,6 0,07 0,125 0,150
Yporuu Bapuanuu / Levels of variation 53 0,01 0,025 0,025
Tabnuna 3
Table 3
Marpuua niaHa JKcnepuMeHTa
The matrix of the experiment plan
2 N
Ne X, X, X, XX, X X, YNr YN] YNK
1 + + + + + + 1,53 1,67 1,81
2 + - + - + + 1,37 1,53 1,72
3 + + — — + + 1,39 1,68 1,79
4 + — — + + + 1,45 1,42 1,68
5 + +1,414 0 0 +2 0 1,37 1,45 1,78
6 + -1,414 0 0 +2 0 1,39 1,54 1,75
7 + 0 +1,414 0 0 +2 1,35 1,68 1,68
8 + 0 —-1,414 0 0 +2 1,22 1,63 1,66
9 + 0 0 0 0 0 1,12 1,39 1,67
10 + 0 0 0 0 0 1,10 1,38 1,63
11 + 0 0 0 0 0 1,14 1,36 1,64
12 + 0 0 0 0 0 1,13 1,42 1,65
13 + 0 0 0 0 0 1,13 1,40 1,62
213 S16,69 311955 22,08

C nenpio 000CHOBaHUS OLIEHKH BIUSHUS (DAaKTOPOB MO pe3yabTaraM SKCIIEPUMEHTa
paccuuTaHbl YpaBHEHUS PETPecCUr BTOPOTO MOpsIKa:

1) U151 SHEPTOEMKOCTH IPOLIECCA H3METBIEHHS IPYOBIX KOPMOB (N — Y, ), KBt 4 :
Yy, =1,124+0,08965x, +0,0305x, +0,055x,x, + 0,154x’ +0,106x;; (1)

KBT-4
2) 1715t SHEPrOEMKOCTH MPOLECCa U3MENBIEHHUS 36PHOBBIX KOPMOB (N Y ), :
3

¥y, =1,389+0,0341x, +0,0213x, +0,03x.x, +0,0575x" +0,137x; 2)
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3) IJ1s SHEPTOEMKOCTH MPOIIECCA U3MENBYEHUS KOPHEKITYOHemnonos (N — Y, ),
K
KBT-u
ma—

¥y, =1,642+0,0303x, +0,011x, +0,005x,x, +0,0696x7 +0,0221xZ. 3)

3HAYMMOCTbD MOJTYYEHHBIX PE3YJIBTaTOB IpOBEpeHa 1o kpurepuio Koxpena, a rumo-
TE3y aJIeKBaTHOCTH IIPOBEPSIIM C MOMOILBIO KpuTepus dumiepa:
G,=0061<G =0,7679; G =0,59 <G =0,7679; G, = 0,59 < G, =0,7679;

F =8002<F =1851;F =7991<F =18,51;Fp =8<F =185l.

[)r
ITocrne nonyueHns aaeKBaTHBIX MaTeMaTHUeCKUX MoJIelieil mporiecca onpe/esnch
KOOpMHATHI ONITUMYMa U U3y4ajiiuCh IIOBEPXHOCTH OTKJIUKA.
[TonyueHbl ONTUMANbHbIE 3HAYEHHs (PAKTOPOB, P KOTOPHIX MUHUMAJIBLHOE
3HaueHME YHEPrOEMKOCTH MPOLEcca U3MeIbIeHUs COCTABMIIO 11 IPyObIX KOPMOB
KBT-4 KBT-4
vy, =L110,

, 47151 36PHOBBIX KOPMOB —y,, =1,382,
JO0B -y, = 1,634, — OnrtumanbHble 3Ha4eHUs (DAKTOPOB MPUBENICHBI B TabHIIE 4.

, U151 KOPHEKITyOHeIo-

KBT-4

TabOnuuma 4

Table 4
OnrtumMajbHbIe 3HaYeHUS (PAKTOPOB
Optimal values of the factors
3nauenue ¢paxropos / Importance of factors
Bust kopmoB / o —X,, pan/c / rad/s q—X,, xr/c/kg/s
Types of feed Koauposannoe / | Packonuposannoe / | Koguposanuoe / | PackoaupoBannoe /

Coded Decoded Coded Decoded
I'py0Gsie kopma / -0,278 »=207,87 -0,0717 q=0,0593
Coarse feeds
3epHHUCTBIE KopMa / —-0,326 »=205,32 -0,1130 q=0,0972
Granular feeds
Kopuekny6Hemio st / -0,227 »=210,57 -0,2750 q=0,1180

Root and tuber crops

ITocine nonyydeHus: COOTBETCTBYIOIIEH MaTeEMATHYECKON MOJIENTM BTOPOIO MOPsIKa
Y OTIPEJICIICHHSI ONITHMAJIBHBIX KOOPAMHAT IIEHTPa OTKIIMKA MOBEPXHOCTH MBI H3y4aeM
XapaKTEePUCTUKHU 3TOH MOBEPXHOCTH TI0 €€ OKPYKHOCTH. J[JIst 3TOT0 MepeHoCcHM Havasio
CHCTEMBI KOOP/IMHAT B IIEHTP (PUIyphl CUCTEMBI KOOPJMHAT X, — X,. IlepeHoc koopau-
HATHOM CHCTEMBI MTAPALIENILHO HEHTPY GUTYPHI IPUBOAUT K HCUC3HOBCHUIO JTMHEHHBIX
4IeHOB B ypaBHeHUX (1)—(3), B 3TO BpeMst KOO PUIIMESHTHI APYTUX YJICHOB OCTAKOTCS
HEM3MEHHBIMY, a [TOKA3aTe) I CBOOOTHBIX IEPEMEHHBIX U3MEHSIOTCS. B pesynbsrare a3tn

YPAaBHEHUS IPUHUMAKOT CIEAYIOIUN BUJL:
kBt-u |

1) U1 5HEPTOEMKOCTH IPOLECCA H3MENBICHUS TPYOBIX KOpMOB (N Y, ),
T

Yy, =1,11040,055xx, +0,154x +0,106x;; 4)
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kBT 4
2) A1t SHEPTOEMKOCTH IIPOLIECCA H3MENBIEHUS 36PHOBBIX KOPMOB (N~ Y, ), ————:
Yy, =1,382-0,03xx, +0,575x7 +0,137x;; (5)
3) IUIs SHEPTOEMKOCTH MPOIIECCA M3MENBYEHUS KOPHEKITYOHemnonos (N — Y, ),
KBT-4
T

¥y, =1,634-0,005x.x, +0,0696x7 +0,0221x2. (6)

YToOBI HCKITIOYHTH TTAPHOE B3aNMOICHCTBHE MEKY (haKTOPAMH, HAYaJI0 CHCTEMBI
KOOpJIMHAT MePEeMENIaeTcsl B OHY TOUKY, B KOTOPOH ONPENENSIoTCs YTroil OBOPOTa
OCH KOoOpAMHAT U KO3 UIIMEeHTHI perpeccu B kKaHoHMYeckor (opme. [Tocie sToro
ypaBHeHus (4)—(6) IpUBOIATCS K KAHOHUYECKOH (hopme:

1) U1 BHEPTOEMKOCTH MPOLECCa U3METBIEHHS TPYOBIX KOpMOB (N Y, ), kBr-d,
o=24°27

Y—1,110:0,099X12+0,161X22; (7

2) Ju1st SHEPrOEMKOCTH IPOLIECCA H3MENBIEHHUS 36PHOBBIX KOPMOB (N — Y, ), KB4 :

a=10°21"
Y -1,382=0,0821X> +0,112.X2; ®)
3) s HEPTOEMKOCTH TIpoIlecca H3MEIBUCHHS KopHeKTyOHermtonos (N — YNK)’
KBT 4
T

o=-3°

Y -1,634=0,0679X; +0,0237.X;. 9)

[Mockonbky B ypaBaeHHsIX (7)—(9) K09 PUIIHEHTH TPH HEM3BECTHBIX WICHAX UMEIOT
OJIMHAKOBBIN 3HAK, TO OHHM XapaKTEepPHU3YIOTCS Kak ypaBHeHH diutuica. [Ipu ontumans-
HOM BJIMSTHHH (DAKTOPOB Ha MPOIEecC ObLIH MOCTPOCHBI MOBEPXHOCTH OTKIMKOB (Y, Nr)’
(YN3), (Y’VK) (puc. 2-4).

Takum 00pazoM, NPU U3MENBUCHUH TPYObIX KOPMOB (pHUC. 2) Ha SHEPrOEMKOCTh
HauOoJIblIee BIUSHAE OKa3bIBaeT MMojgada KOPMOB B KaMepy M3MEJIBUCHHUS, UMEIOLIast
HEJNMHEHHBINH XapakTep. DPQPEKT OT M3MEHEHHUS YaCTOThl BPALICHHUsI POTOpa UMEET
MOCTOSIHHBIN JINHEHHBIN XapakTep MPaKTUYECKH O OCHOBHOTO YPOBHS BapbUPOBaHMS,
a Moclie 3TOTOo, C YBEIMYCHUEM YaCTOTHI BpAIllEHHsI, OHO MPHOOpETaeT HEINHEHHBIH
Xapakxrep.

[ToBepXHOCTB OTKIIMKA, XapaKTepU3yoIIas BIUsIHUE (HAaKTOPOB HA SHEPTOEMKOCTh
nporiecca U3MENIBICHUST 3ePHUCTHIX KOPMOB (pHC. 3), uMeeT (GopMy ILTHITHYECKOTO
napabononya. [Ipy 3 TOM BIUsIHHE TEPEMEHHBIX (AKTOPOB HA SHEPTrOEMKOCTH TIOYTH
OJIMHAKOBO, XOTSl OTHOCHUTEIFHO HAMOObIIIEe BIUSIHUE OKA3bIBAET IMOJIada KOPMOB
B KaMepy U3MEJIbUCHHUS.
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U3 rpaduaeckoro n300paskeHUs BUIHO, YTO TIPH U3MEITBIECHUN KOPHEKITYOHETIOMOB
BO3pacTaHHe YHEPrOSMKOCTH IPOLECCa MPOUCXOAUT OJHOBPEMEHHO C YBEIUUCHUEM
nokasareseit oooux ¢aktopos (puc. 4). Ciaenyer Takke OTMETHTD U TO, YTO BIIHSIHUC
0001X (haKTOPOB HA PHEPrOEMKOCTh MPOIIECCa UMEET HEJTMHEHHY IO 3aBUCUMOCTD U Tia-
pabosioniHy 0 Gopmy.

I'maBHBIM (hakTOpOM BO3/IEHCTBHUS Ha DHEPTOEMKOCTH MPOIIeCcCa IIPU H3METBICHUH
BCEX BHJIOB KOPMOB SIBJISIETCSI TI0/1a4a KOPMOB B Kamepy u3MelbdeHust. OCHOBHOM Mpu-
YHHOW YBEIMYCHHUS SHEPrOSMKOCTH MPOIECCa SBISETCS BO3PACTAHNUE CHITBI PE3aHUs
B Ka)XJIOM CErMEHTE paboyuero oprana B OTJCIbHOCTH U3-3a YBEIMYCHHUS 3a KAXKIYTO
€IMHUILy BPEMEHHU IIOTHOCTH MPOXOASAIINX Yepe3 pabounii OpraH U3MeTbIUTEeN s
KOPMOB.

IToBepxXHOCTH TOYKH ONTUMYMA (pHC. 2—4) YKa3bIBAIOT HA YETKO BBHIPAKCHHYIO
ONTUMATBHYIO 001aCTh, KOTOPAs MO3BOJISAET OMPEAETUTh (HAKTOPHI, 00ECIIEUNBAIOIIHE
H3MEJTBICHNE KOPMOB MIPH MUHUMAJTLHOM SYHEPTOEMKOCTH MPOIECCca, TPH KOTOPOM YCIIOB-
HBIH ONTUMYM QYHKIMH TPEJICTABISIET COO0M SMHCTBEHHYIO TOUYKY, PACTIONIOKEHHYTO
B LICHTPE MMOBEPXHOCTH, YTO IACT HAIISIIHOE MIPEICTAaBICHHE O HAanOoIIee OIXOAsIIeH
KOMOWHAIMU (aKTopoB, BIUSIONINX Ha mpolecc. [ paduueckuii aHanm3 NoBEpXHOCTH
TOYKH OIITUMYMa IMO3BOJIACT ONPEACIIUTE ONITUMAJIBHBIC ITOKa3aTC/In (I)aKTOpOB JJIsA
Ka)KI0TO0 KOHKPETHOTO CITydYasl.
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Oueproemkocts nporecca Y, , N, (kBta)/t /
Energy consumption of the process Y, , N, (kW-h)/t
(=]

Yenosus ckopoctu potopa X, o, pan/c / s<
Angular velocity of the rotor X|, o, rad/s Tonasa xopma X,, g, kr/c /
Feed rate X,, q, kg/s

Puc. 2. IloBepxHOCTH TOYKH ONTUMYMA JUISl SHEPTOEMKOCTH MPOLIECCA H3MEIBIEHHUS TPYObIX KOPMOB
(N-7Y,), KBT4  yak dynxuus o - X, pa/cu g —X,, kr/c
r T

Fig. 2. Optimum point surfaces for the energy consumption of the coarse feed grinding process
(N-Y,), ¥W-h a5 a function of ® — X,, rad/s u ¢ — X,, kg/s
r t
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YroBast ckopocTh potopa X, @, pay/c /
Angular velocity of the rotor X, @, rad/s

[Nostaua kopma X, g, kr/c /
Feed rate X, g, kg/s
Puc. 3. HOBerHOCTI/I TOYKH ONTUMYMaA IJIs SHECPTOCMKOCTH IpoLecca N3MEIBICHUS 3EPHOBBIX

xopMmoB (N - Y, ), &TT[{ KaK QyHKuus ® — X, pay/c u g — X, kr/c

Fig. 3. Optimum point surfaces for the energy consumption of the grain feed grinding process
(N-Y,), w as a function of ® — X, rad/s u ¢ — X, kg/s

e N
ORRSOXON B

DueproemkocTs nponecca Y, N, (kBr-u)/t/
Energy consumpition of the process Y, , N, (kW-h)/t

Vrosas ckopocTs X, o, pa/c /
Angular velocity of the rotor X, o, rad/s

INopaua xopma X,, q, kr/c /
Feed rate X, q, kg/s
Puc. 4. HOBerHOCTI/I TOYKHU ONTUMYMa [JIs1 SHEProOEMKOCTH ITpoLecca N3MEIIBYCHU A
kopHekiyonennonos (N Y, ), KBTY  kax ymxums o - X, pan/cu g — X,, xr/c
Fig. 4. Optimum point surfaces for the eneTrgy consumption of the root-tuber crop grinding process

KW -h :
(N- YNK), — asa function of ® — X, rad/s u ¢ — X, kg/s
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Cpasnumenshbvie nokasamenu meopemu4ecKux u IKCHepUMeHmanbHbixX OaHHbIX NPO-
yecca usmenvuenus kopmos. Ilpu reopernueckoM 000CHOBaHNH MTPOU3BOAUTEILHOCTH
YCTaHOBKHU 6I)IJIO OIpeaCJICHO, YTO ONTUMAJIbHASA MMPOU3BOAUTCILHOCTE AJOCTHUTACTCA
NIPY CKOPOCTH BpallleHHs poTopa B quanazone 205-211 pan/c.

CormracHO TEOPETHYECKUM pacueTam IMPOU3BOIUTEILHOCTD YCTAHOBKH COCTABUIIA JIIS
rpy0bix kopmoB 0,06 kr/c (216 kr/4), ns 3epHoBBIX KopMOB — 0,099 kr/c (356,4 xr/9),
TUTST KOpHEKTyOHETToAHBIX KopMoB — 0,120 xr/c (432 kr/4) (puc. 5).

TIpousBonnTensHOCTD, Q, Kr/4/
Performance, Q, kg/h

" Teopetmaeckue nauusre / Theoretical data

" DkcmepuMenTabHbe Tanmble / Experimental data

Teopetuueckne naunble / Theoretical data

DKcrepHMeHTaTbHEIe JaHHEIe / Experimental data

| Tpy6sre xopma, N (kBra)/t/
Coarse feeds, N (kW-h)/t

216

213.48

4 3epHuctbie kopMa, N (kBr-u)/1/
Granular feeds, N (kW-h)/t

3564

349,92

m Kopuexny6uennomsr, N (kBta)/1/

432

424,80

Root and tuber crops, N (kW-h)/t

Puc. 5. TeOpeTI/I‘ISCKI/IC 1 SKCIICPUMECHTAJIBHBIC JAHHBIC IIPOU3BOAUTCIIBHOCTU
HM3MEJTBYUTEIIbHOM YCTaHOBKH

Fig. 5. Theoretical and experimental data on the performance of the grinding unit

[To skcTIepuMeHTaTFHBIM TAHHBIM ONITHMaJIbHAS IPOU3BOJUTEIFHOCTh YCTAHOBKH
MIPY CKOPOCTH BpallieHnst potopa B auanazone 205-211 paz/c muist u3MensaeHus TPyObIX
kopMmoB coctaBuia 0,0593 kr/c (213,48 xr/4), nnst 3epHOBBIX KopMoB — 0,0972 kr/c
(349,92 xr/q), a qns xoprexiryoreruionos — 0,1880 kr/c (424,80 kr/4) (puc. 5).

[Ipu TeopeTnyeckoM 000CHOBaHMH YHEPro3aTpaT Ha U3MEIBYCHUE KOpMa ObLIO
YCTaHOBJICHO, YTO MUHUMAJIbHOE MOTPEOICHUE SHEPTUN TOCTUTACTCS TIPH 4acTOTE
BpalieHus pabouero oprana B auanasone 205-211 pan/c.

Teoperudeckue 3HaUCHUS YHEPrO3aTPAT IS TPYOBIX KOPMOB TIPH STOM COCTABUIIN
KBt -9

1,124 KBTT"{ , IUISt 3¢pHOBBIX — 1,389 KBT-4 g KOPHEKITyOHEI1onoB — 1,642
T
(puc. 6).

Ilo SKCHECPHUMCHTAJIbHBIM JaHHBIM MUHUMAJIBHOC HOTpC6JIeHI/Ie OHEPIuu yCTaHOBKH

IIPH CKOPOCTH BpallleHusI poTopa B auana3one 205-211 paj/c ais u3MenpueHus rpy-

kBT 4 1382 kBT 4
—  , AJs 3CPHOBBIX KOPMOB — I, T

KOpHEKITyOHeT10m0B — 1,634 &TT‘{ (puc. 6).

0B1x KOpMOB cocTaBmwio 1,110 , a I

Pasﬂnua MCKAY TCOPETUYCCKUMU U SKCIICPUMCHTAJILHBIMUA ITOKa3aTCJIAMUA 110
IMPOU3BOAUTEIBHOCTHU JJIsI BCEX THUIIOB KOPMOB COCTaBUJIa 2 %, a 110 MUHHUMAJIbHOMY
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SHEPronoTpedIeHUIO It TPYObIX cTedenpuaThiX KOpMoB — 1,5 %, Aiis 3epHOBBIX
1 KopHeKyOHem1010B — 0,5 %. DTH pe3ynbraTsl MOATBEPIKIAIOT, YTO TEOPETHUECKUE
MCCIIEZIOBAHUS XOPOIIO COITIACYIOTCS C IKCIIEPUMEHTAILHBIMU JAHHBIMH U OTPaKaroT
peasbHbIe MPOLECCHI, TPOUCXOAAIINE TPH U3METBICHUN KOPMOB.

TeopeTirieckire JaHHbIe /
Theoretical data

‘DKCIIepIIMeHTaIbHbIe TaHHBIE /
Experimental data

Eneproemkocts nponecca, YN-N (kBru)/1/
Energy consumption of the process, YN-N (kW-h)/t

OKcrnepuMeHTajIbHble laHHble / Experimental data|  Teopernueckue gannbte / Theoretical data
m Ipy6ere kopma, N (xkB1)/1/ 11
10 1,124
Coarse feeds, N (kW-h)/t ’ ’
3 N (&Bra)/t/
e»pl-mcr-me KOpMa, A (‘ T9)/T 1382 1389
Granular feeds, N (kW-h)/t
m Koprexty6Oreronst, N (kBra)/t / 1.634 1.642
Root and tuber crops, N (kW-h)/t ’ ’

Puc. 6. TeopeTuueckue 1 SKCIEPUMEHTAIBHBIC TAHHBIC YHEPTOEMKOCTH H3MEIBYUTEIILHON YCTaHOBKU
Fig. 6. Theoretical and experimental data on the energy consumption of the grinding unit

O0cy:k1eHne 1 3aKI09eHne. YHIBEPCATHHOCTh N3METTBINTENSI ¢ KOMOMHUPOBAHHBIM
MOJIOTKOBO-CETMEHTHBIM PEXYIINM padO4YnM OpPTaHOM 00ecIieunBaeT KadyeCTBEHHOE
M3METBIEeHNE KOPMOB 3a CYET CKOJIB3SIIET0 PE3aHus U paBHOMEPHOTO BO3JICHCTBHSA 10
JUTMHE ¥ IIUpUHE TIepepadaTbiBaeMoro KopMa (MHOTOTUIOCKOCTHOE pe3aHre). YCTaHOBKa
TI03BOJISIET OJTHOBPEMEHHO N3MEJIhYaTh TpyOble, 3epHOBBIE U KOPHEKITYOHETIIOMHBIE KOpMa
0e3 HeoOXOIMMOCTH BHECCHHSI H3MEHEHHI 1 IEPEHACTPOEK KOHCTPYKImU. Kpome Toro,
BO3MOKHOCTh PEBEPCUPOBAHUSI HAIPABJICHUS BPAIICHUS 3JICKTPOABUTATEIS TO3BOJISIECT
WCIIOJIh30BATh PEXKYIIIHE HOKHU C 00CUX CTOPOH, YTO YBEIHUYUBACT UX JIOJTOBEUHOCTb,
SHAYUTCJIbHO CHUIKACT SHEPTro3arparhbl U MOBBINIACT NPOU3BOAUTCIIBHOCTD B ITPOLIECCE
3KCIUTyaTally.

ITomydeHHbIe pe3yabTaThl IKCIIEPUMEHTAIBHBIX HCCISIOBAHIHI TTO3BOJISIOT CACIATh
CJIEYIOIIHE BHIBOJIBI:

— OCHOBHBIM (1)aKTOpOM BO3}1€I7[CTBI/I$I Ha S5HEPro€MKOCTh IIporecca nmpu u3MeEJIb4YCHNNU
BCEX BHUJI0B KOPMOB SIBJISIETCS 1T0/Iada KOPMOB B KaMepy M3METBICHNUS;

— OCHOBHOH NMPUYMHON YBETMYEHUS SHEPTOEMKOCTH MPOIIecCa SBISIETCS yBeInde-
HUE CHUJIBI PE3aHMS B KAYKIOM CETMEHTE padodyero oprana B OTAEIFHOCTH, BCIICACTBHE
YBEJIMYCHUS 33 KQXKIYIO SIUHUILY BPEMEHH IUIOTHOCTH KOPMa, TPOXOSINEro Yepes
pabounii opraH U3MeIEIUTEIIs.

Pesynbrarhl, moayueHHbIE B X0O/I€ KCIIEPUMEHTANIBHBIX UCCIEA0BAaHUMN, TPEIOCTaB-
JISIFOT BO3MOXKHOCTB JIJTsI OIITUMH3AIIMHU PAOOUUX MTPOIIECCOB YHUBEPCALHOM YCTAaHOBKH,
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pa3paboTaHHON AJIsl U3METBICHHsI KOpMOB. Takasi ycTaHOBKa IpeiHa3HavYeHa AJIsl hc-
MOJIb30BaHMs B hepMEPCKUX )KUBOTHOBOJUECKUX XO3SIHCTBAX, CIICLUAIN3UPY FOIIUXCSI
Ha pa3BeICHUH KPYIHOTO POTraToro ckota. [lomydeHHbIe JaHHBIE TO3BOJISIOT YTOYHUTD
W YITy4IIIUTh KIFOYEBbIE apaMeTpbl pad0ThI 000PY/IOBaHNS, TAKHE KaK CTEIIEHb N3MEIb-
YEeHHUs1 KOPMOB, HEProdPPeKTUBHOCTH, MPOU3BOAUTEIHLHOCTh U YI0OCTBO DKCILTyaTa-
un. TakuM 00pa3oM MPOUCXOIUT MOBBIINICHNE KauecTBa KOPMOBOW 0a3bl, CHUKEHUE
3aTpaT Ha MPUTOTOBIEHHE KOPMOB M YIyUIICHHE YCIOBUH COAEP)KaHHS KUBOTHBIX,
YTO TIOJIOKHUTEIBEHO CKA3bIBACTCS HA MX MPOIYKTUBHOCTH M OOIIEH SKOHOMUYECKOH
3 PEKTUBHOCTH XO3SHUCTBA.
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3asenennviii 6k1a0 asmopos:

3. B. KynmueB — ocylecTBICHHE HAYYHO-HUCCICIOBATEIBCKOTO MPOIECcca, BKIOYAs BBITOIHCHUE
IKCIIEPUMEHTOB U COOp JaHHBIX; CO3/IaHHUE W TOATOTOBKA PYKOIHCH: KPUTUYECKHI aHAIIN3 YEPHOBUKA
PYKOIUCH, BHECCHHE 3aMEUaHUil U MCIPABICHHUI WICHAMH HUCCIIE0BATEILCKOM TPYIIIIBI, B TOM YHCIIE HA
JTamnax o U nocjie myOoIrKarum.

K. I SIkyOoB — ocymiecTBICHHE Hay4YHO-HCCIIEI0BATEIBLCKOTO POIecca, BKIIIOYas BHIMOJTHEHNE JKC-
MEPUMEHTOB 1 COOp TAHHBIX; CO3/[AHUE U MOJrOTOBKA PYKOIKCH: BU3YaTH3aIlUsl PE3yJIBTaTOB UCCIICI0BA-
HUSI U TIOJTyYCHHBIX JIAHHBIX.

3. M. AnreB — OCYIIECTBICHHE HAYYIHO-HCCIEI0BATEIBCKOTO MIPOLIECCa, BKITIOYAst BHITOITHEHHE IKC-
MEPUMEHTOB U COOp JaHHBIX; CO3/IaHKE U MOArOTOBKA PYKOIMCH: BU3yaTHU3anusl Pe3yIbTaTOB UCCIIEI0Ba-
HUS M TIOJTyYEHHBIX TaHHBIX.

Bce asmopul npouumanu u 0006punu okoHuamenbHblil BAPUAHM PYKORUCU.
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Annomauusn

Beéeoenue. 3amada KauecTBEHHOH OYHCTKH KOPHEIUIONOB OT IIOYBB aKTyaidbHa Ha
BCEX CTAAMAX UX MOATOTOBKHU K IepepabdoTKe, MPOoAaxe U CKapMIIMBAHHIO JKHBOTHBIM.
[TprMmeHsieMble MAalIMHBI JUISI OYMCTKU KOPHEIIONOB OT 3arpsi3HCHHUH dalle BCEro Hc-
noab3ytoT Boay. IIpu 3arparax 1o 200-400 % Boxbl Ha MOIKY €AMHUIIBI MACCHI 3arpss3-
HEHHBIX KOPHEIJIOLOB €€ UCIIOIb30BAHUE CO3/aeT OIPOMHYIO NPoOIeMy, B TOM YHCIIE
U 110 OYMCTKE 3arpsi3HeHHO# Bojbl. Hanbonee pacnpocTpaHeHHbIH B IPAKTHKE CYXOi
croco0 OYMCTKH KOPHEIJIOOB CBSI3aH C MCHOJIb30BAaHHEM COOTBETCTBYIOIIUX MAIIUH,
KOTOpBIE HE BCEraa CrocoOHbl obecreunTs TpedyeMoe KauecTBO TOTOBOIO HPOAYKTA.
ITosTomy pa3zpaboTka OUHCTUTENS KOPHETIIOAO0B, PEAaTH3YIOIIETro CyXoi cnocod ouncT-
KH, 1 000CHOBAaHHE €r0 ONTUMAIBHBIX MAPaMETPOB, 00ECIEUNBAIOLINX TpeOyeMoe Ka-
YeCTBO FOTOBOM MPOAYKIINY, SIBISETCS BaXKHOW U aKTyaJbHOM 3a1adei.

Lenv uccaeoosanus. TeopeTndaeckoe 000CHOBaHNE KOHCTPYKTHBHO-PEKUMHBIX T1apa-
METPOB OYHCTUTENS KOPHEIIONOB CO CMEXHBIMU POJHMKAMH, BPAIAIOIUMHUCS C pa3-
HOMW 4acTOTOH, a TaK)Ke YCTAaHOBJICHHE B3aMMOCBSI3M MEXly THMHU ITapaMeTpaMu.
Mamepuaner u memoovi. OOBEKTOM HCCIEIOBAaHUS CTAJ TEXHOJIOTHUECKHH Ipolecc
OYHCTKH KOPHEIUIOAOB CYyXUM crocoOoM. [l pealn3anuu 3Toro npouecca paspabo-
TaH M NPEAJIOKEH OYUCTHTENb KOPHEIUIOLOB OT IOYBBI, IPUHIHUIHAIEHBIMH OCOOCH-
HOCTSIMH KOTOPOTO SIBJISIFOTCSI HCII0Ib30BaHKUE POJIMKOBOIO TPAHCIIOPTUPYIOLIE-0UHIIIa-
IOIero pabodero opraHa U MpUIaHHE CMEXKHBIM POJIMKAM BO3MOXKHOCTH BpaleHHS
C pa3IMYHON yYacTOTOH. BhImonHeHO TeopeTnyeckoe 00OCHOBAHHE OTAEIBHBIX KOH-
CTPYKTHBHBIX NTapaMETPOB MPEITOKECHHOTO OYHCTUTEIS.

Pesynemamot uccnedoganus. OnpeneneHsl CUIIbL, ISHCTBYIOMNE Ha KOPHETUION IPH €To
pacHoNoKeHNH Ha Bpamaromuxcs poiaukax. [lomydena 3aBHCHMOCTB yITIOBOTO IepeMe-
meHus O(f) ¥ yIIOBOH CKOpOCTH ((f) KOPHEIIOAA, HAaXO/SIIErocs Ha BPAIAIOLIUXCs po-
JIMKaX, a TAKXKe 3aBUCHMOCTh KOd((HUIMEeHTa TPEHNS CKOJIBKEHHUS] KOPHETIIOAA O POIUKI
OT yIIa 0, OTIPEAENSIONIETO B3aNMOCBSI3b OCHOBHBIX KOHCTPYKTHBHBIX ITapaMeTpOB pa-
0ouero opraHa, B 4aCTHOCTH, AWaMETPa POJIMKOB ¥ PACCTOSHUS MEXKIY HUMH, H (PU3HKO-
MEXaHUYECKHUX CBOWCTB KOPHEILIOIOB.

Obcyorcoenue u saxaouenue. IIpoBeleHHbBIE UCCIIEAOBAHNUS OUUCTUTENS KOPHEIIOAOB
B na60paT0pH1>1x YCJIOBUAX NMOATBEPANUIIN PE3YIIbTATBI TEOPETUYCCKUX I/ICC.]'IC,Z[OBaHI/Iﬁ
U TO0Ka3alH, YTO MPH JUIMHE TPAHCIOPTUPYIONE-OUHIAIOIIEr0 pabodyero opraa 2 M
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3a BpeMs 34,4 ¢ MOXKHO NOCTHYb 3PPEKTUBHOCTH OUMCTKH 78 % TpH OCHALICHUH
MaIuHB! 16 poIMKaMu U COOTHOMIEHUH YaCTOT BPAIIEHHUS HEUETHBIX U YETHBIX POIIH-
kOB 220/250 mun'. Pe3ynprarsl uccieq0BaHUil OyIyT MOJNE3HBI IPU CO3AaHHH U MO-
JIEPHHU3AINH TEXHUYECKHX CPEICTB MO MOCIeyOOpOYHOH 00paboTKe KOPHEILIONOB,
IPOBEJCHUM JaJbHEHIINX UCCIIECJOBAHUN IO TEXHOJIOTMYECKOMY COBEPIIEHCTBOBA-
HUIO aHAJOTHYHBIX CPEICTB MEXaHU3AINH CEIIbCKOXO3IHCTBEHHBIX MPOIECCOB, a TaK-
JKe B yueOHOM Ipolecce IpH IMOJrOTOBKE TEXHUUECKUX CHEIHaINCTOB.

Knrwouegvie cnoga: KOpHEIIIObl, OUUCTUTEIID, II0YBA, KOHCTPYKTUBHBIE IIapaMETPBbI, PO-
JMKH, KO3QGUIUEHT TPeHUs

Konghnuxm unmepecos: aBropbl 3asBISIIOT 00 OTCYTCTBUU KOH(IIMKTA HHTEPECOB.

na yumupoeanun: Kypmomos B.U., Ucaes FO.M., [Tapnymun A.A., ['opensimes E.M.
OGOCHOBaHHE KOHCTPYKTHBHBIX [1APAMETPOB OYKMCTUTEINSI KOPHEIUIONOB OT IOYBBL
Hnoicenepnvie mexnonoauuu cucmemor. 2025;35(1):139—154. https://doi.org/10.15507/2658-
4123.035.202501.139-154
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Introduction. The task of high-quality cleaning of root crops from soil is relevant at all
stages of preparing roots for further processing, feeding to animals, and selling. In the
machines for cleaning root crops from soil, there is mostly used water. With the water
consumption for washing a unit of mass of soiled root crops up to 200-400%, the use
of water creates a huge problem including soiled water treatment. The dry method of
cleaning root crops is most common in practice and involves the use of appropriate
machines, which are not always able to provide the required quality of the finished
product. Therefore, the problem of developing a root crop cleaner by the dry cleaning
method and substantiating the cleaner optimal parameters to ensure the required qua-
lity of the finished product is important and relevant.

Aim of the Study. The study is aimed at substantiating theoretically the parameters
of a root cleaner with adjacent rollers rotating at different frequencies.

Materials and Methods. The subject of the study is the technological process of clean-
ing root crops with the dry method. To realize this process, there has been developed
a cleaner of root crops from soil, the key features of which are the use of a roller
transport-cleaning working element and the ability of adjacent rollers rotate at dif-
ferent frequencies. Individual design parameters of the proposed cleaner have been
substantiated theoretically.

Results. There have been determined the forces acting on the root crop when it is
located on rotating rollers. There has been found the dependence of the angular dis-
placement ¢(#), angular velocity w(#) of the root crop located on rotating rollers, and
the dependence of the coefficient of root crop sliding friction on the rollers on the an-
gle o, which determines the relationship between the main design parameters of the
working element, in particular, the diameter of the rollers and the distance between
them, and the physical and mechanical properties of the root crops.

Discussion and Conclusion. The studies of the root crop cleaner conducted in labora-
tory conditions have confirmed the results of theoretical studies and showed that with
a length of the transport-cleaning working element of 2 m within a time of 34,4 s
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it is possible to achieve an efficient cleaning of 78% when the cleaner is equipped
with 16 rollers and the ratio of the rotation frequencies for odd and even rollers
is 220/250 min!. The study results are useful for creating and modernizing technical
means for post-harvest processing of root crops, conducting further studies on techno-
logical improvement of similar means of mechanization of agricultural processes, and
for using in the educational process to train technical specialists.

Keywords: root crops, cleaner, soil, design parameters, rollers, friction coefficient
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BBenenue. 3a1aya KauecTBEHHOM OUMCTKH KOPHETUIOAOB OT MOUBHI aKTyallbHA
HE TOJIKO Ha CTaJuu MX YOOpPKH, HO M Ha CTaIUSX MOATOTOBKU K CKApPMIIMBAHHIO
JKUBOTHBIM, TIepepabOTKH U Nipojiaku. Hanpumep, cpeaHsss MUHUMAaIbHAs CTOUMOCTh
HEOUYHMIICHHOTO OT MOYBHI KapTodens cocrasisier 44 py0. 3a KT, a IleHa MPOJaXKH
YHUCTOTO KapTodess, MOATOTOBICHHOTO IS KapKH, MOXET MPEBBIIATh TaHHYIO
CTOMMOCTH B 2,27 pasa'. I[IpuMeHsieMble s OYUCTKH KOPHEIUIOAOB OT 3arpsA3HEHH
CTallMOHapHbIE MALIMHBI TP PEATTU3ALUN TEXHOJIOTHIECKOr0 IPoIecca B OCHOBHOM
UCIONB3YIOT BoAy [1; 2]. YuuTtsiBasi, 4TO Ha MOMKY €AUHULIBI MacChl 3arpsI3HEHHBIX
KOopHer1010B Tpedyetcs 10 200—400 % BozibI?, HAa OUKCTKY TOJIBKO cobupaemoro B Poc-
cutickoit Deneparuu ypoxas kaprodens nmorpedyercs 15-35,2 ThIC. T YUCTOH BOJBL,
KOTOPYIO B MOCJIEAYIONIEM HEOOXOAUMO OUYUCTUTh. CIIOCOOBI OYMCTKH KOPHETIOAO0B
C UCIIOJIb30BaHUEM BHOpaMid, yIbTpa3ByKa WM TETJIOTH OTPaOOTaBLINX ra30B JBU-
rarejeil BHyTpeHHero cropanus [3—5] TpeOyroT JONOIHUTEIBHBIX yCTPOUCTB [6; 7],
YTO YCIOXHSAET KOHCTPYKIMIO MAIlIUH, CHU)KAaeT UX MPOU3BOAUTENIBHOCTh. Takue
MAIIUHBI TAKXKE MOTYT OBITh JKOJIOTHUECKH HeOe30macHbIMH. bonee npeanodrutenex
cyxoit crioco6 ourcTku KopHemtoaos® [8—10], ogHako BeImyckaeMbie MarmuHbl [11]
JUISL peanu3anum 3Toro crocoba [12; 13] He Bcerma cnocoOHEI 06ecnieunThb Tpedyemoe
KageCcTBO roToBoro npoaykra* [14—16]. [TosToMy co3manmne OUHCTUTENS KOPHEILTOOB,
peaIn3yIoIIero Cyxoi crocod O4uCTKH, 1 0O0CHOBAHKE €T0 ONTHMAJIbHBIX ITapaMe-
TPOB, 00eCIEYNBAIOLINX TPeOyeMOe KaueCTBO TOTOBOH MPOAYKIIUH, SIBISETCS Ba)KHON
U aKTyaJbHOH 3ajayei.

Lenpro NpoBOAMMBIX HayYHBIX M3BICKAHHUH CTajla MHTEPIIPETALs Ha OCHOBE Teope-
THYECKHUX ACTIEKTOB PEKUMHBIX U KOHCTPYKTHBHBIX XapaKTEPUCTUK pa3padaTbiBaeMOro

! Mumkuaa T. Kro Hakopmut Poccuto kapromkoii. [TapnameHTckast razera [ DIeKTpOHHBIN pecypc].
URL: https://www.pnp.ru/economics/kto-nakormit-rossiyu-kartoshkoy.html. (1ara obpamienus: 20.11.2024).

2 SIposenko B. JI., Yerunnukos b. A., Bornanos 0. IT., Tpomos C. Y. CripaBOYHHUK MO IPOU3BOCTBY
criupra. ChIpbe, TEXHOJIOTUs U TEXHOXUMKOHTPOIIb. M. : Jlerkas u nmuieBast IpoMbIIIIEHHOCTb, 1981. 336 c.

3 SIkosnesa A. O., Bunorpamos H. H., 3axapos C. B. AHanu3 ycTpOHCTB /Ui CyXOi OYHCTKH
KOpPHEKITyOHeIUI0/I0B // AKTyasbHbIe BOIPOCH HAYKH M MPAKTHKHU : COOPHUK Hayd. Tp. 10 MaTepHaliaM
XIX Mexaynap. Hayd.-TipakT. KoH}. (4 anpens 2020 r., r. Anana). Anana : HUL[ 9CII, 2020. C. 105-108.
EDN: MYMAJV

* Areitunk B. A., Pomantok H. H., Tunbarok K. B., Xapranosua A. M. K Borpocy MOBBIIIICHHS KaYeCTBa
OYHMCTKH KOPHEIUIOJIOB OT MOYBHI // IHHOBanmu B pupo1000yCTPONHCTBE U 3aIlUTe B YPE3BBIUAHHBIX
cuTyanusx : Mareprans! [X MexmyHap. Hayd.-lipakT. KoH(. (27 — 28 ampens 2022 1., . CapaTos). Capatos :
Awmmput, 2022. C. 433-437. EDN: ACASKF
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OUYUCTUTENSI KOPHEIIIOAO0B, KOHCTPYKTHBHOH 0COOCHHOCTBIO KOTOPOTO SIBISIOTCA
BpalLIaoIecs ¢ pa3InIHON YaCTOTON POJIHKH.

O0630p auTeparypbl. MammHb! JJ1s CyXol OYMCTKH KOPHEIUIONO0B, KaK TPaBHIIo,
UCIIONIL3YIOT B KaUeCTBE DJIEMEHTOB pabouero opraHa IIeTKH Pa3InyHOro TUIIA, IIe-
THHKHU KOTOPBIX BBITIOJTHEHBI U3 HEHMJIOHA, OINaMUAa, HOJINACTEPa, KallpoHa U IPYTHX
Marepuaos [ 11]. Hanmpumep, Mammuaa ay1s1 cyxoit ounctku oBorieidt MCO-1011 (puc. 1)
Maccoii 450 Kr ¥ IPOITyCKHOM cITOCOOHOCTRIO 10 8 T/4 nMeeT 10 meTOYHBIX BAJIOB IIU-
puroii 1 100 mm. ITo TpeGoBaHMIO 3aKa34rKa MPONU3BOAUTEIH MOXKET CHAOAUTH MAIINHY
00 MPSMBIMH, JINOO BOTHOOOPA3HBIMU HEMITOHOBBIMH IIETKAMHU.

b)
Puc. 1. Mammuna aus cyxoii ounctku ooeit MCO-1011:
a) oOmwuii Bux; b) ocHOBHOM paboumii opran

Fig. 1. Machine for dry cleaning of vegetables MSO-1011:
a) general view; b) main working element

Hcemounuk: m300pakeHHsT B3IThl M3 HCTOYHMKOB: a) https:/polag.ru/shop/mashina-dlya-suhoj-
ochistki-mso-1011/; b) https://dzen.ru/a/YPRPPZy68G9onXE9.

Source: image is taken from source a) https://polag.ru/shop/mashina-dlya-suhoj-ochistki-mso-1011/;
b) https://dzen.ru/a/YPRPPZy68G9onXE9.
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Mogem MCO-1611 u MCO-1616 oTimuaroTes poIyCcKHOM cIOCOOHOCTEIO (10 12 T/4
1 110 18 T/9 COOTBETCTBEHHO), KOJIMYECTBOM IIETOYHBIX BAJIOB, MACCOW M OONBIIEH
CTOMMOCTBIO, JOCTHTAIOIIEH y YIIOMSHYTOH nocieanel moxenu 1,4 MitH pyo.

KadecTBO OYMCTKH KOPHETIJIONOB OT 3arpsi3HEHUH BO MHOTOM OIPEEIIseTCs KakK
KaueCTBOM CaMUX IIIETOK, TaK U uX (Gopmoii (puc. 2). Jlydiiyro crerneHb O4uCTKH 00ecrie-
YMBAIOT IETKH, BHIOTHECHHbIE M3 KAY€CTBEHHBIX MATEPHAIIOB M UMEIOIIHE ()OPMY BOJHBL

Puc. 2. ®opwmsl meTok:
a) IWIMHApUYecKas; b) cTyrneH4arast BAHTOBAs; ) BOJIHOBAsK; d) cTyrneH4aTas KOHUYecKas

Fig. 2. Brush shapes:
a) cylindrical; b) stepped helical; ¢) wave; d) stepped conical

HUcmounuk: n300pakeHus B3AThI U3 HCTOUHUKOB: &) https://clck.ru/3GS47Z; b) https://clck.ru/3GS3tr;
¢) https://clck.ru/3GS3zJ; d) https://clck.ru/3GS4G;j.

Source: images are taken from source: a) https://clck.ru/3GS47Z; b) https://clck.ru/3GS3tr; c) https://
clck.ru/3GS3zJ; d) https://clck.ru/3GS4G;.

KavecTBO 04MCTKM KOPHEIUIOIOB MOBBIIIASTCS IIPU CHAOKSHUN MAIIMHbI MEXaHH3-
MOM, KOTOPBIM MPUKUMAET KOPHEIUIO/ K meTkam. [IpocTeiiniee ycTpoilcTBO pencTaB-
JsieT OO0 YCTaHOBICHHBIN HAJl IIETKAMH JIUCT MACTHYHOTO MaTepuana, Harpumep,
MJIOTHOM pE3WHBI.
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PerynupoBarh KauecTBO OUMCTKH KOPHEIJIONOB B MAILIMHAX MTOA0OHOTO THIIA MOXKHO,
W3MEHSISI YaCTOTY BpAILICHHUS IETOK, UX GOpMY U MaTeprall HIETHHOK, a TAKKe IaBICHUE
HPYOKUMHOTO ycTpoiicTBa. ClaenyeT OTMETUTb, YTO IPH U3MEHEHUH YaCTOThI BPAILIEHHS
IIETOK KPOME KaueCTBa OYMCTKH KOPHEIIION0B MEHSETCS U MIPOIYCKHAsl CHOCOOHOCTD
yCTpoOICTBa. 3aMeHa CaMMX ILIETOK BBI3BIBAET JIOMOIHUTEIbHBIE 3aTPaThl JEHEKHBIX
cpeacTB. PocT naBieHus NpHKMMAIOIIET0 YCTPOHCTBA MOBBINIAET KaYeCTBO OUMCTKH, HO
P 3TOM YBEJIMUUBAETCSI TIOBPEXKIAEMOCTh KOPHEIUIOAOB. I103TOMY nepcrieKTUBHBIMU
CJIElyeT CYNTATh OUUCTUTENN KOPHEIUIOOB, B KOTOPHIX KaU€CTBO OUUCTKU HE CBSI3aHO
C M3MEHEHUEM MPOITYCKHON CTIOCOOHOCTH MAIHHBL.

Marepuanabl M MeTOAbI. J[J1 yoydlieHus: Ka4ecTBa OYMCTKH KOPHETJIONOB OT
3arps3HCHUN B YIIBSTHOBCKOM arpapHOM YHHBEPCHTETE pa3paboTaH WHHOBAITMOHHBIN
OYHMCTHUTENb, OCHOBHBIM pab0YMM OPraHOM KOTOPOTO SIBJISIETCS. POIIMKOBBIM TpaHCIIOP-
Tep [17-19]. PonukoBbie TpaHCTIOPTEPHI (POIBIaHTH) CONEPIKAT yCTAHOBIEHHBIE HA paMe
napajuiedIbHO JIPYT APYTY C 3a30pOM U C BOBMOXKHOCTHIO BpallleHUs B MOAIIUITHUKAX
ponuky. PonyMky NpUBOIHBIX POJBTAHIOB MOJIyYarOT BPAIlEHHE OOBIYHO OT AJIEKTPO-
JIBUraTess Yepe3 nepeaavdy ONpeneeHHOro TUMa (LenHylo, peMeHHyIo u T. A.) [20].
TpaHcopTHpOBaHUE MIPOUCXOAUT 3a CUET CUJI TPEHUS, BOZHUKAIOIINX MEXIY HUKHEN
MTOBEPXHOCTHIO IIEPEMEIAEMbIX NPEIMETOB U MOBEPXHOCTHIO BPALIAIOIIUXCS POIUKOB.
Ponbranru xapakrepusyeT BbICOKas IIPOITyCKHAsl CIIOCOOHOCTh M MUHUMAJIbHBIA PUCK
MOBPEKACHUS TPAHCIIOPTUPYEMBIX TPY30B.

[IpuHUIMIHATBEHON OTIIMYUTENBFHON OCOOCHHOCTBIO pa3paboTaHHOTO OYHCTHUTE-
7151 (puc. 3) ABNAETCS MPUIAHIE CMEXHBIM POJIMKAM BO3MOXXHOCTH BPAIIEHUS C pa3IMIHON
4acTOTOH. J{71s 3TOr0 YeTHBIE ¥ HEUYETHBIE POJIMKH IPUBOASTCS BO BPALICHUE C PA3HBIX
CTOPOH TpaHcrnoprepa. Mcrnonb3ysi HHBEPTOPHBIE 3JIEKTPOABUTaTEIN WM CMEHHBIE
3BE30YKH C PAa3HBIM YHCIIOM 3yObeB, MOKHO 33aTh POJIHMKAM KaK pa3Hylo 4acTOTy
BpaIlleH!s], TaK U U3MEHSATh Pa3HOCTh YaCTOT BPAIIEHHUS MEX/Ty COCETHUMHU POJTHKAMHU.
OTO MO3BOJISIET, B 3aBUCMOCTH OT CTEIICHH 3arpsI3HEHUS HCXOAHOTO MaTepHasa, J1uoo
o0ecneunTh OOJIBIIYIO POIYCKHYIO CIOCOOHOCTH OUUCTUTEIS, JIN0O YITy4LIUTh Kade-
CTBO OYMCTKH KOPHEIUIOMOB.

3 4

Puc. 3. Ouncrurens KOPHEIJIOAOB:
1 — pama; 2 — IpuBOJ] YETHBIX POJIMKOB; 3 — LENH; 4 — 3BE€3/I0UYKH;
5 — IpUBOJ HEYETHBIX POJIUKOB; 6 — BaJl; 7 — POJIMKU
Fig. 3. Root crop cleaner:
1 — frame; 2 — even roller drive; 3 — chains; 4 — sprockets; 5 — odd roller drive; 6 — shaft; 7 — rollers

Hcmounuk: 31€ch 1 Jajee PUCYHKH COCTABIICHbI aBTOPAMHU CTATBH.
Source: hereinafter in this article the diagrams are compiled compiled by the authors of the article.

144 Texnonoauu, mawiumvl u 060py()06al-me



Vol. 35, no. 1. 2025 ENGINEERING TECHNOLOGIES AND SYSTEMS &Q@

B xauecTBe uccnemyeMoro Marepuaia Obut MPUHST KapTodenb copta ['ana co cpen-
Helt maccolt kiyoHew 0,071-0,122 kr ¥ npeuMyIIeCTBEHHO MPOA0ITOBaTON (HOPMON.
[Tpu nBM>XEHHMU 1O OCHOBHOMY paboueMy OpraHy KIyOeHb OpUEHTHUPYETCS JIIMHHOM
CTOPOHOM MapajuieTbHO POJIMKAM OYMCTUTEIS U 32 CYET CUJI TPEHUS TIOy4acT BpallleHue,
4acToTa KOTOPOTO 3aBUCHT KaK OT KO (QHIIMEHTA TPEHUS MEKTY KITyOHEM M POITHKOM,
TaK ¥ OT Pa3HOCTH YaCTOT BPAIICHUs] CMEXKHBIX POIUKOB. KauecTBO 0UnCTKH KITyOHEH
3aBHCHUT OT BPEMEHU MPOXOKACHUS KITYOHS Yepe3 OCHOBHOM pabo4unii opraH, 4acTOTHI
BpaIeHus KIIyOHs ¥ YIIOMSHYTOTO BhIIIe kKodddurmenta Tpeans [21; 22].

PaccmoTrpum aBrxkeHue KITyOHs KapTodens 1o [ByM poiukam ounctutens. C onpe-
JICICHHBIM JIOMYIICHUEM TPUMEM TMOMEPEUHOE CEUSHHE TTePEMEIIIaeMOro KOPHETIoa
B BUJIE OKPY>XHOCTHU. Torma afieMeHT KITyOHs MaJIoil TOJIIMHBI MOXKHO IPEJICTABUTh
B BHJIC JMCKa, KOTOPBII MOIyYaeT BPaICHUE MTPU COMPUKOCHOBEHUH C BPAIIAFOIIIMUCS
poiukamu (puc. 4).

y
R )
- O x
Nl al® N2 E 2
r
wy
O, F TG 0,
¥
4

Puc. 4. Cunpl, neiicTByomume Ha JUCK MPHU €ro PacioOKEHUH Ha BPAILAIOLIMXCS POJIMKAX
Fig. 4. Forces acting on the disk when it is located on rotating rollers

Bragane paccMoTpuM ycloBHE, TP KOTOPOM YIJIOBasi CKOPOCTh BPAIICHHS POITH-
KOB ®, = ®, = ®. Kosdpunuent tpenns mucka o ponuk paseH . Onpenenum Bpems,
3a KOTOpOE JUCK HaYHET BPAIAThCs C TOW )K€ JIMHEHHOW CKOPOCTBIO, YTO U POIUKH
B TOYKE KacaHUs C TUCKOM IIPH YCIOBUH €T0 ABMKEHUS 0€3 CKOJIhKEHUS.

Ha nuck nelictByet cuna Tsxectd G = mg, peakiuy IOBEpXHOCTH porukoB N, u N,
CHJIbI TPEHHUS] MEXKTY POJIMKamu U tuckoM F, u F, cooteTcTBEHHO (puc. 4). Jlnnuu neii-
CTBUS CHJIBI TSDKECTH M CHJI PEaKIMK BAJIMKOB MPOXOJIAT Yepe3 OCh BpalllEHUs AMCKA,
MO3TOMY MOMEHT 3THX CHJI OTHOCHUTEIBLHO 3TOW OCH paBeH Hyio. CieaoBarenbHO,
YIJIOBOE YCKOPEHHE JUCKA 00YCIOBICHO MOMEHTAMH CUJI TPEHHS.

3arnuineM ypaBHEHHUE BPAIIaTeIbHOTO JBM)KEHUS IUCKA!

dw
) G

dt
rae [=0,5 mR? — MOMEHT WHEPIMH JUCKA OTHOCHTEIBHO OCH BPAIIEHHUS, KT M%; 111 — Macca
JIICKa, KT; R — pajuyc qucka, M.

R(F+F), (1
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Cunbt Tpenust F' i F, onpesensitoTest peakiusaMu POJIMKOB Ha JIUCK:
F=wN, u F,=u,N,,
e b, )L, — K03 QUIMEenTbI TPEHHUSs IMCKA O TIEPBbIi M BTOPOii POTMKH COOTBETCTBEHHO.

Cwibl peakimu ponukos N, u N, HaiijieM U3 paBeHCTBa HyJIO CyMMBbI POEKIIHE
CHJI Ha BEPTHKAIBHYO 0Ch Oy:

N,cosa+ N, cosa+ Fsino— F,sino—mg =0 (2)
N,sina.— N, cosa+ F cosa+ F,cosa=0. 3)
[oncrapus B ypapHenus (2) u (3) 3nadenus F| u F, cooTBETCTBEHHO, MONTYUYUM:
N,cosa+N,cosa+u,N,sina—p,N,sino—mg =0; 4)
N,sina.— N,sino+p, N, cosa+p,N, cosa=0. (5)
PemmB cucremy ypaBuenwuii (4) u (5), HaiiieM peakiiny POJINKOB:
N, - mg(u2 -tg oc) :
cosa[(uztg a+1)(p, —tgo)+(tgo+p, )(1-p,tg oc)]

N = mg(tgoc+u1) ‘
? cosa[(uztgaﬁ)(uz—tgoc)+(tga+u1)(l—u2tgoc)]

[ToncraBuB HoTydeHHBIC BEIpaKeHUS B TuddepeHanpaoe ypasaenue (1), momyanm:

mR’ d_(D _ mRg (zuﬂ-‘-z ()t OL)
2 dt cosa[(uztg o+ 1)(;,l2 —tg oc) + (tg o+ pl)(l —u,tg d):l

HUIn

T2 g (2, + (1, +p, ) tg o) dr
do== - (6)
) Rd cosa[(uztg a+1)(p, —tgo)+(tga+p, )(1-p,tg oc)]

[IponnTerpupoBas Gopmymy (6), morydanm:

_ 2 (2umm, + (1, +11, ) tg o)t e
" Reosaf (pytgo+1)(p, —tgo)+(tgo+p, )(1-p,tga)]
C YUCTOM MPUHATBIX ,I[OHyH.[eHI/Iﬁ JIMHENHAas CKOPOCTb TOYKH POJIMKA B MECTC €0

KacaHMs C JUCKOM SBISETCA MOCTOSHHOW BEIMYMHOM L = (0,7 U PaBHA JMHEHHOH
CKOPOCTH BpalleHus IMCKa, TOT/Jla yIIoBasi CKOPOCTh BpalleHuUs JUCKa:

®,=v/R=0,/R, (8)

w

TIe ¥ — pajinyc poHKa, M.
U3 Beipakenntii (7), (8) momydum Bpemsi, B TEUEHUE KOTOPOTO TOYKA KacaHUs TUC-
Ka C POJIMKOM JOCTUTaeT JIMHEHHOM CKOPOCTH POJIMKA B TOUKE €0 KACAHUS C JUCKOM:
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O cosaf (ytgo+1)(n, —tgo)+(tga+p, )(1-p,tga) |
2g (2“1H2 + (M1 + Hz)tg OL)

B ciyuae paBencTa ko>pGUIMEHTOB L1, = |1, = [L HOIyYHM:

o mlrcosa[(u tgoc+1)(p—tg oc)+(tg0c+u)(l—u tg OL)]
4g(u2+utga) '

Koa¢pdunment Tpenns aucka o Bpalaronmecs 00pe3nHEHHbIE POJIMKHU, TPUHSTHINA
110 YCPEAHEHHBIM JaHHbIM, paBeH (L= 0,51.

Hcnonb3ys 0003HaueHMs], yKa3aHHbIC HA PUCYHKE 4, BBIPA3UM YTOJI O

. a
oL = arcsin 2RA7) )
Pesynbrarel ucciienoBanusi. PaccMorpum BpaiteHue aucka pamimycom R = 0,027 m
(COOTBETCTBYET CpeTHUM pa3MepaM KiITyOHst KapTodelis), HaXOASIIEerocs: Ha Bpallaro-
UXcs pomkax paguycom » = 0,04 M ¢ paccTossHuEM MKy uX renTpamu a = 0,09 m.
IIprMeM OMHAKOBOM YaCTOTY BpallleHHs pOJTHKOB 4 ¢!, YTOoII Ol TPy YKa3aHHBIX BEIIIIE
3HAUEHUSIX KOHCTPYKTHBHBIX apaMeTpoB = 42°.
H3Menenus yrioBoro nepeMenieHus @(f) 1 yrioBoii ckopocty ®(f) JucKa B 3aBH-
CHUMOCTH OT BPEMEHH €T0 HAXOXKACHUS Ha BPAIIAFOIINXCS POIUKAX JI0 JOCTHKECHUS UM
JMHEWHOH CKOPOCTH BpAIlIEHUS POJIMKA IPUBE/ICHBI Ha PUCYHKE 5.

0, o,
pan/ par/c/
rad

0,075 . . 30
(D(t) e . /
0.050 .t /

d 20

0,025 .o 10
*
e /

0 0
1x107° 2x1072 3x107° 4x107° Lelts

Pwuc. 5. 3aBHcHMOCTB yIIIOBOTO TIepeMeIieHus () U yIIIOBOH CKOPOCTHU ®(f) TUCKa,
HaXOJAIIErocs Ha BPAILAIOIIUXCS POIUKAX

Fig. 5. Dependence of angular displacement @(¢) and angular velocity m(¢) of a disk
located on rotating rollers
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CrnenoBaresnbHO, TOUKA HA TOBEPXHOCTH AMCKA IPU OTCYTCTBUU MTPOCKAJIb3bIBAHUS
MOYTH MTHOBEHHO NMPHOOPETAET CKOPOCTH MOBEPXHOCTH POJIHKA.

Korza yriioBbie CKOpOCTH BpaIIEHHs POJIMKOB PAa3HbIE H O, 7= ), , MKy OTHUM
13 POJIMKOB M TUCKOM BO3HHKAET MPOCKaIb3bIBaHUE (pHC. ).

y

6}
F - X
z E
NG N, 2
LZ
B
r A o\

L
G
Ol ®, Oz
P
a
Puc. 6. Cunpl, neiicTByrOIINE HAa JUCK IIPU €0 HAXOXKICHUN Ha POJIMKAX,
BpAILAOLIUXCS C Pa3HBIMU YITIOBBIMH CKOPOCTSIMU

Fig. 6. Forces acting on a disk when it is on rollers rotating at different angular velocities

Kosdduument TpeHnst 1ucKa 0 POIMK NMPH NPOCKAIBb3bIBAHUM [l = |L, 3aBUCHT
OT YIJIOBOM CKOPOCTH BPALLECHUS POJIMKA U IPU CHUPKEHUH YaCTOThI BPAILlCHUs POIMKA
W, yMeHblnaeTcs. [1pu noBbleHnr 4acToThl BPALIEHHUs. POJIMKA KOdY(PGULHEHT |1 BO3-
pacTaert, HO NpH AAIbHEHIICM yBSINYCHUH YaCTOTHI [l MOYTH HE H3MEHSCTCS.

IIpu npockanb3bIBAHUM BO3HUKAET CHJIa TPEHUSA MEKY POJIUMKOM M JIUCKOM, CO-
3/1ar0111asi MOMEHT CHJI, 3aCTABJISIFOLMI IUCK BPAIIAThCSI OTHOCUTENBHO TOUKH KacaHUs
JIUCKA CO BTOPBIM POJIMKOM M MEPEMENIATh €r0 10 BTOPOMY POJIUKY.

W3 pucynka 6 criestyer, 9to cujia TpPEHUs POJIMKa O KOPHEIION /| B TOUKe A co3aeT
MOMEHT OTHOCUTEIIbHO TOYKH B, KOTOPBIN HaIlpaBJIEH 10 YaCOBOM CTpeEJIKe:

M,=Fl =F, (R-Rcos2a)=p N R(1-cos2a).

Cuna mspkectn G = mg co3qaet MOMEHT, HalPaBJICHHbIN IPOTUB YaCOBOM CTPE-
KH OTHOCHTEJILHO TOUKH B:
M, =Gl =mgRsina .
Y100bI UCK TIEPEMEIIAIICS 110 BTOPOMY POJIHKY, Heooxomumo: M, > M, .
TMoxncrasus 3uauenns M, u M, , nonyaum:

w,N,R(1-cos2a) > mgRsina. . (10)
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W3 nepasenctsa (10) cienyert, uro ko3¢ GUIHEHT TPEHUS TOJKEH YAOBIECTBOPSITH
YCIIOBUIO:

mgRsina
> .
NR (1 - Cos 2(1)
V4uTBIBast YCIOBHE, OIYYHM:

Ly

mg
N =——"F7"".
' cosa(2+p)

ITocne moACTaHOBKY MOTYYHUM CIIEAYIONIEE HEPABEHCTBO:

sin 2o
244,)> —— . (11)
i (2+1) 2(1-cos2a.)
PemmuB HepaBeHCTBO (11) OTHOCUTENBHO 0, TOTYYUM:
o > arctg ——————. (12)
520 +2)

W3menenue kod¢uImenTa TpeHus CKOIBKEHHS Ha TIEPBOM POJIHKE B 3aBHCHMO-
CTH OT yIIa O IPUBEICHO HA PUCYHKE 7.

H.

N
N\

\\
o \\
02 M —
-\\
0 \
10 20 30 40 50 60 70 o, rpan/ gon

Puc. 7. 3aBucumocts k03 (HUIMEHTA TPEHHUS CKOIBKEHHS OT yIJIa o
Fig. 7. Dependence of the coefficient of sliding friction on the angle o

OnHako k03()(OUIMEHT TPEHUS CKOJNBKEHUS L 3aBHCHUT €IIIE U OT JIMHCHHOHN CKO-
POCTH TTOBEPXHOCTH POJIMKA, C KOTOPOH COIMpPUKAcAeTCsl KITyOeHb, TIOITOMY XapaKTep
N3MCHCHUA l,l Ipu pa60Te OYHCTHUTCIIA OTIIMYACTCA OT 3aBHCHUMOCTH, HpI/IBCIIGHHOﬁ
Ha pUCYHKeE 7.

IIpupasuseM Mexay coboit Beipaxenus (9) u (12) mis ciaydasi, Korga Marepuat
POJHMKOB OAMHAKOB, a KO (UITUEHTHI TPEHHs KITyOHEH 110 HIM paBHBI MKy COOOIA:

Y 1
arcsin = 2R arctg PMES) (13)
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Bripazum u3 popmynsl (13) paccTosiHIEe MEXAY HEHTPAMH CMEKHBIX POJIUKOB:
g = 2R+ r)signp(p+2)]
At 160 +16p° +1

Tax kak ko3dunmeHT 1 Bcerma 6ompine HymsI, To sign[p(p + 2)] = 1. C yduerom
ATOTO MOYKHO 3aITHCaTh:

3 2(R+7)
At 163 +16p° +1

Taxum 00pazom, Ipu U3BECTHBIX R (R =25...84 mm) u p (n=0,42...0,59), 3a1aBIIACh
JUaMETPOM POJINKOB, MO>KHO OINPENETUTh PACCTOSHUE MEXKY LIEHTPAaMU CMEKHBIX
POJIMKOB, KOTOPOE ABJAETCS OMHUM M3 OCHOBHBIX TAPAMETPOB TPAHCIIOPTHPYIOLIE-0UH-
maronero padoyero oprana. C yueToM QpuU3NKO-MEXaHHYECKUX CBOWCTB KITyOHEH KapTo-
(hens v yka3aHHBIX BBIIIE aHATUTHYECKUX BBIpaKEHUI HAMHU NPUHATO, uTo a = 0,09 M.

O6cyxnenne u 3akaodenne. YtoObl MOMEHT CHIIBI TPEHUSI IPH CKOJTBKEHUH TUCKA
T0 TIEPBOMY POJIUKY OTHOCHUTEIILHO TOYKH KaCaHUS AUCKA CO BTOPBIM POJTUKOM CO3/1aBall
yCIIOBHE MEPEKaThIBAHMUS JIFICKA T10 BTOPOMY POJIUKY (M CIEAYIOIINM 32 HUIM) HEOOXO M-
Mo BeITIoNTHeHHE HepaBeHcTBa (11). Beipaxkerne (13) moka3pIBaeT B3aUMOCBSI3b MEXKITY
KOHCTPYKTUBHBIMH ITapaMeTPaMH MPeUIaracMoro yCTpoUCTBa JJIsl OYUCTKU KOPHETIIIONOB
OT 3arpsi3HEHUN U HU3NKO-MEXaHMYECKUMH CBOHCTBAMH OUHUILAEMbIX KOPHETJIOAOB.

[IpoBeneHHbIE UCCIIEIOBAHNS OUUCTUTEINS KOPHETIIIOAOB B 1a0OPaTOPHBIX YCIOBHSX,
OCHOBaHHBIE Ha Pe3YyNbTaTax TEOPETUIECKUX UCCIEIOBaHUH, TIOKA3aIId, YTO MPH M-
HE TPAaHCHOPTUPYIOIIE-OYHIIAIONMIETO pabodero oprana 2 M 3a Bpemst 34,4 ¢ MOXXHO
J0cTUYb APPEKTUBHOCTH OUUCTKU ~ 78 % MpH OCHALIEHWH MalIMHBI 16 ponrkaMu
Y COOTHOLICHHHU YaCTOT BPAILCHUS] HEYCTHBIX M YETHBIX POSHKOB 220/250 mun . Bosb-
reit 23 HeKTHBHOCTH OYNCTKH KOPHEIUIOAOB Ha )KECTKUX PE3UHOBBIX POIHMKAX JOCTHYb
MOYTH HEBO3MOXKHO BCJIEICTBHE OTKIOHEHHS (DOPMBI KOPHEIUIOAOB OT MIeabHOM
Y HaJIM4MS HA UX TIOBEPXHOCTH BBIMYKIOCTEH U BIaJINH, HAIIPUMED, B BUJIE TIIyOOKHX
r1a3koB. IIpu aToM ocTarouHast 3arpsA3HEHHOCTh KOPHEIUIONOB He mpeBbimana 2,5 %,
YTO MOJHOCTHIO COOTBETCTBYET 300TEXHUUYECKUM TPEOOBAHUSIM K UX MOATOTOBKE
K CKapMIIMBaHUIO CEIIbCKOXO35IICTBEHHBIM KUBOTHBIM.
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AHnHomauusn

Beeoenue. CToliKoCTh jieTaneii mouBooopadaThIBaroieil TEeXHUKU K aOpa3UBHOMY H3HOCY
SIBIIICTCSl BaXKHEHINEH HSKCIUTyaTallMOHHOHM XapakTepuCTHKOH. [IpuMeHeHWe pa3IMIHBIX
Croco0OB YIPOYHEHHSI TIOBEPXHOCTEH AeTajeil mouBooOpadaThIBaroIeii TEXHUKH SIBIISICT-
Cs1 BOKHOI 3a1adeli CeTbCKOX03SHCTBEHHOTO MaIMHOCTPOeH s, CTaThs IMOCBSIIIEHA UCCIIe-
JIOBaHHIO AP (HEKTUBHOCTH NPHUMEHEHUSI STIOKCHTHO-TPaBUHHBIX KOMITO3UTOB JUISl YIIPOUHE-
HHSI COCTaBHBIX JIEMEXOB, Pa0OTAIOMINX B YCIOBHSAX ITOBBIIIEHHOTO a0pa3suBHOTO H3HOCA.
Lenv uccrnedosanus. OBGOCHOBATH MPAKTUUECKOE MPHUMEHEHUE DIIOKCHHO-TPAaBUHHBIX
KOMITO3UTOB JJIsI YIPOYHEHUSI COCTABHBIX JIEMEXOB C BO3MOXKHOCTBIO YCTPAHEHHUS JTyde-
BUJIHOTO U3HOCA.

Mamepuaner u memoouvl. B pamkax McciieoBaHUS ISl BOCCTAHOBICHUS M3HONICHHBIX
JIEeMEX0B 00OpOTHOTO IUIyra mpomu3BojcTBa kommnanun «Ksepuemann I'pymm», arpera-
THpoBaHHOTO ¢ TpaktopoMm «Kmposery K-744»», ncrnonap30Bannch IMOKPBHITHS Ha OCHO-
BE AIIOKCHIHOTO KOMIIO3UTA C TPABUMHON KPOIIKOH pa3inyHbIX (Qpakuuii, B KOTOPBIX
COOTHOIIIEHHE SMTOKCHTHOTO KOMIIayH/[a K TPaBUHHOMY HAIMOJHUTEIO cocTaBisuio 50:50.
B npouecce sxcmtyaranuy MalMHOTPAKTOPHOTO arperara OCyIeCTBIIICS KOHTPOJIb JTH-
HAMHUKH U3HOCA BOCCTAHOBIICHHBIX JIeMeX0B. MccreryeMble IeMexy pa3andaniuch Mex Ly
cobo#i (pakieli TPaBUHHON KPOIIKH B SMOKCHIHOM KoMmo3uTe. J[Jist Kaxaoro emexa
CTPOMIINCH 3aBUCHMOCTH JTUHAMUKHU H3HOCA OT HapaOOTKH.
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Pesynomamor ucciedosanus. llpuMmeHenne rpaBUiHON KPOLIKK C JUCHEPCHOCTHIO I'pa-
BUHHBIX YacTHI 1,75 MM B 9TIOKCH/THOI CMOJIE TTOKa3aJI0 HAMITY IO CTOHKOCTB K abpa-
3UBHOMY H3HOCY. ONTHMasbHBIE IKCILTyaTaIl[MOHHBIE XapaKTEPHUCTHKK KOMIIO3HUTa 00y-
CJIOBJICHBI BBICOKOW aJre3ueil 4acTHI[ K 3MOKCUIAHOM OCHOBE, YTO IPEeNOTBpaIlaeT UX
paccioeHne 1 00ecIeunBaeT YCTOMINBOCTD HOKPHITHS IIPH MEXaHWIECKUX W YAapHBIX
Harpyskax. OTo JOKa3bIBaeT d(P(PEeKTUBHOCTh MPUMEHEHHS MOKCUIHO-TPABUHHBIX KOM-
MO3UTOB JUTS YIPOUHEHHsT pabOvnX MOBEPXHOCTEH JIEMEXOB, YTO B YCIOBUSIX aOpa3uBHO-
TO WU3HAIIUBAHMS IIPUBOIUT K CHIDKCHHUIO BEPOSITHOCTH 00pa30BaHUs JIydE€BOTO H3HOCA.
Obcyarcoenue u 3axaouenue. 1IpoBeieHHbIE NCCIEA0BAHNS MOATBEPKIAIOT, UTO TIPHME-
HEHUE 3TMOKCUJHO-TPAaBUMHBIX KOMIIO3UTOB MO3BOJISAET OBBICUTH U3HOCOCTOMKOCTD I10-
KPBITHH B 2,8 pasa 110 CpaBHEHHUIO C ICTATSIMH 3aBOJICKOTO M3TOTOBICHUS. DTO IPUBEACT
K YBEIHUYEHHIO PECypca JIEMEX0B, PaOOTAIONINX B YCIOBHUAX HHTEHCHBHOTO aOpa3sMBHOTO
Tpenusi. [IpuMeHeHre SIOKCUIHO-TPAaBUHHBIX KOMIIO3UTOB IPH YHPOYHEHUH JIEMEXOB
aKTyaJIbHO JJIsI CEECKOXO3SHCTBEHHBIX IPENPHUATHI BBHIY BBICOKOTO pecypca yIpod-
HEHHBIX IOBEPXHOCTEN B MPOIECCEe NX IKCIUTyaTallUH.

Knrouesvie cnosa: >MOKCUIHO-TPABUIHBIA KOMIIO3HT, COCTaBHBIC JIEMEXH, aOpa3HBHBIN
HN3HOC, aATrC3MOHHas l'IquHOCTb, ynquHmomee l'lOKpblTl/Ie, 3KCHHyaTauMOHHbIﬁ pecypc,
JIyYEBUHBIN U3HOC

Kom[mul{m unmepecoes: aBTOpbl 3asBIISAIOT 00 OTCYTCTBUU KOH(i)J'II/IKTa HUHTEPECOB.

Bﬂazodapnocmu: ABTOPLI BhIpAXKAOT HPU3SHATCIIBHOCTD AHOHUMHBIM PEICH3CHTAaM, 00b-
C€KTUBHBIC 3aME€UYaHUA KOTOPBIX CII0COOCTBOBAIIN MOBBIIIEHNUIO KAYECTBA CTAThH.

Jna yumuposanusn: Kpasuenko M.H., ®ecpkoB C.A., Cenun I1.B., Uymaxos I1.B.,
I'ynan A.A. [lpumeHeHHE 3MOKCUAHO-TPABUUHBIX KOMIIO3UTOB AJISI YIIPOYHEHHUS CO-
CTaBHBIX JIEMEXOB C BO3MOXHOCTBIO YCTPAHEHUs JIy4eBHJHOIO W3HOCA. MHoiceHep-
Hole mexuonoeuu u cucmemvl. 2025;35(1):155-169. https://doi.org/10.15507/2658-
4123.035.202501.155-169
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Abstract

Introduction. The resistance of soil cultivation equipment components to abrasive wear is
an important operational characteristic. Employing various methods to harden the surfaces
of these components is an important task for agricultural machinery manufacturing. This
article focuses on studying the effectiveness of using epoxy-gravel composites to harden
composite ploughshares operating under conditions causing increased abrasive wear.
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Aim of the Study. The study is aimed at substantiating the practical application of epoxy-
gravel composites to harden composite ploughshares with the ability to restore the com-
ponents having radial wear.

Materials and Methods. Within the framework of the study on restoring worn plough-
shares of the reversible plough produced by “Kverneland Group” company and aggrega-
ted with the tractor “Kirovets K-744”, there were used coatings based on epoxy composite
with gravel crumbs of different fractions, in which the ratio of epoxy compound to gravel
filler was 50:50. During the machine-tractor unit operation, there was monitored the wear
dynamics of the restored ploughshares. The ploughshares under study differed among
themselves by the fraction of gravel crumbs in the epoxy composite. For each ploughshare
under study, there were plotted the dependence of wear dynamics on operating time.
Results. The use of gravel chips with a dispersion of gravel particles of 1.75 mm in epoxy
resin has shown the best resistance to abrasive wear. The optimal operational characteris-
tics of the composite derive from the high adhesion of the particles to the epoxy base that
prevents their delamination and provides the stability of the coating under mechanical and
shock loads. This proves the effectiveness of using epoxy-gravel composites to harden the
working surfaces of ploughshares that in the conditions of abrasive wear reduce the pro-
bability of radial wear.

Discussion and Conclusion. The conducted studies confirm that the use of epoxy-gravel
composites makes it possible to increase the wear resistance of coatings by 2.8 times
compared with factory-made parts. This allows increasing the service life of ploughshares
operating under conditions of intense abrasive friction. The use of epoxy-gravel compo-
sites to harden ploughshares is important for agricultural enterprises, because of the high
resource of hardened surfaces during their operation.

Keywords: epoxy-gravel composite, composite ploughshares, abrasive wear, adhesive
strength, hardening coating, operational life, radial wear
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Beenenne. KiroueByio poiib B TEXHOIOTHYECKUX Tpolieccax 00pabOTKH MOYBHI
UTPAIOT HKCIITyaTallHOHHbIC XapaKTePUCTHKH pab0oyrX MOBEPXHOCTEN JieTajeil oYBo-
oOpabatsiBatonux Mamu [1; 2]. [ToBbilieHne yka3aHHBIX XapaKTepUCTHK, 0COOEHHO
B UACTH MX CTOWKOCTH K aOpa3suBHOMY H3HOCY, SIBISIETCS BYKHOM 3a1a9el CeIThCKOX035H-
CTBEHHOTO MamuHoCcTpoeHwsI [3—5]. B paborax [6—8] mpencraBieH moapoOHbIi aHaIH3
TIEPCIIEKTUBHBIX CITOCOOOB YIIPOUHEHUS PabOIMX OpraHOB MOYBOOOPAOATHIBAIOIITIHX
MaIlliH, HAITPaBJIEHHBIX HA YIy4IlIeHHE dKCILTyaTallHOHHBIX XapaKTEPHCTUK ITOBEPXHO-
CTeid, MOJIBEpPratoINXCs BO3ICHCTBIIO a0pa3uBHbBIX cpell. Ocoboe BHUMaHUE yAesIeTcs
METO/IaM HaHECEHHS 3aIIUTHBIX TIOKPHITUH U CO3aHUI0 MaTE€PHAaJIOB, TOBBIMIAOIIIX
U3HOCOCTOMKOCTD [9—11].

B nocnennue robl B TEXHUYECKOH JTUTEpaType BCe OOJIbIIIC BHUMAHUS YIEISIeTCS
MCIIOJIh30BAHUIO COBPEMEHHBIX MaTEPHAJIOB C BBICOKUMH aHTUAOPA3UBHBIMH CBOKCT-
BaMH U151 BOCCTAHOBIICHHS U YIIPOUHEHUS pPabOYMX MOBEPXHOCTEH eTalei cenbCKoXo-
3siicTBeHHBIX opyauii! [12]. TIpu aToM 0COOBII HHTEPEC MPEACTABISIOT KOMIIO3UTHI Ha
OCHOBE 3MTOKCHTHOTO KOMITayH/Ia ¢ JOOaBIICHNEM JTUCTIEPCHOTO HAIOTHUTES IPUPOTHOTO

! HoukoB B. C. Obecrieuenue J0ATOBEIHOCTH pabOvnX OPraHOB MOYBOOOPAOATHIBAIONINX MAIIINH :
MoHorp. M. : UH®PA-M, 2019. 155 c.
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MIPOUCXOXKACHUS, HAIpUMEp, rpaBuiiHoil kpourku [13]. MccnenoBanus mokas3bIBaroT,
YTO TaKHe MaTepHuabl UMEIOT BHICOKMH MOTEHIMAI JUIsl HCIIOJIB30BAHUS B TIOYBEHHBIX
ycaoBusaX. OgHAKO HKCIIEPUMEHTHI MTPOBOAMINCH HAa OTBAJIaX IUTY>KHBIX KOPITYCOB,
a 9T JIeTaJIM UCIBITHIBAIOT HAUMEHBIIYI0 Harpy3Ky 0 CpaBHEHHUIO ¢ jeMexamu [ 14; 15].

[IprMeHMOCTD TaKMX TIOKPBITHH /T4 JieTaseid, padoTalomuX MPH BBICOKUX HATpy3Kax
U B YCIIOBHSX 3HAYUTEITBHOTO a0pa3uBHOTO M3HOCA, TPEOyeT NaTbHEHIIINX HCCIICAOBAHNH.
Kpowme Toro, Bo3HUKIIa HEOOXOAMMOCTH B Pa3padOTKe METOIOB, 00ECIIEUNBAIOIINX OoIee
HaJIOKHYTO aATe3UI0 TIOMMEPHBIX TIOKPBITHH C METAJUTIYECKUMH MOITOKKAMH, 9TO IMEET
peratoriee 3Ha4YeHUE [Tl 00ECTIeUeHNS TOITOBEYHOCTH BOCCTAHOBIIEHHBIX TIOBEPXHOCTEN
B TIpoIlecce MX dKcInTyaranuu. [Ipu 3ToM BasKHBIM 0CTaeTCsl BOIIPOC O pa3Mepe YacTHIL
KOMIIO3UTHOTO HANIOJIHUTEJIsI. TaKue TaHHbIE MOYKHO MTOTYYHUTh TOJIBKO ITyTEM HaTyPHBIX
UCTIBITAHUN B KOHKPETHBIX pab04YMX OpraHax Mo4YBO00padaTHIBAIOIIMX MAIIIHH.

Lenbio uccnenoBanus sIBISIETCSI 000CHOBaHNE BO3MOKHOCTH YCTPAHEHUS JTyYeBH/I-
HOTO U3HOCA M YIPOYHEHHUSI JIEMEXOB MOYBOOOPAOATHIBAIOIIMX MAILIMH HAHECEHHEM Ha
pabourie TOBEPXHOCTH STOKCHTHO-TPABUHHBIX KOMITO3UTOB.

00630p auTeparypbl. BoccTaHOBIEHNE H3HOMIEHHBIX A€TANIeH C UCIIOIb30BAHUEM
TIOJIMMEPHBIX MOKPBITUI CTAHOBUTCS BCe Oosiee BOCTPEOOBAHHOM TEXHOJIOTHEH B pa3-
JIMYHBIX OTPACIsX HapoaHOTo Xo3siicTBa [16—18]. [TommmepHbIe TOKPHITHS 00IAAIOT
PSIOM MTPEUMYIIECTB, TAKUX KaK BBICOKAsl N3HOCOCTONKOCTh, KOPPO3HOHHAS CTOHKOCTb,
YCTOHYHMBOCTH K arpeCCUBHBIM CpeflaM ¥ BO3MOKHOCTh MCIIOIB30BAaHUS HA CIOXKHBIX
TeOMETPUIECKUX TIOBEPXHOCTSX, YTO MTO3BOJISIET Oosee 23PPEKTHBHO PENIaTh BOMPOCHI
MIPOJITICHHSI CPOKA CITY>KOBI JieTaieil, 0cOOEHHO B YCIOBHSIX TOBBIIIEHHBIX DKCILTyaTa-
LUOHHBIX Harpy3ok [19; 20].

Brnusinue pazMepa yacTull ecka B SMOKCHUIHO-IIECUAHBIX KOMIIO3UTAX HA UX
CTOMKOCTH K aOpa3uBHOMY U3HOCY HCCIlieIoBaHO B padote [21]. ABTOpBI onpenensioT
ONTUMAJIbHBIC MTApaMETPhl OBBILICHUSI H3HOCOCTOMKOCTH KOMITO3UTOB. Hanbombmast
M3HOCOCTOMKOCTb JOCTUTA€TCsl PH MCIIOJIb30BaHUH MECYaHBIX YAaCTHUI] ANAMETPOM 1 MM.
C yBenn4eHreM pazMepa MecyaHblX YaCTHIl MHTEHCUBHOCTh U3HAIIMBAHUS YMEHbBIIAETCS,
OJTHAKO MPH MCIIOJIb30BaHUK 00JIee KPYITHBIX YaCTHIL ATOT 3P PEKT HEUTpaIU3yeTcs 3a
CYCT WX BBIPHIBAHUS U3 MaTPHIIHIL.

PaspaboTanbl 1 000CHOBAHBI KPUTEPHUHU OIIEHKH IKCIUTYaTAITMOHHOMN 1 SKOHOMHUECKOM
5P PEKTUBHOCTH TPUMEHEHHUS STIOKCHAHO-TIECYAHBIX KOMITO3UTOB C PA3IMIHBIM CO/IEP-
JKaHMEeM TIECYaHOTO HAITOIHUTEIIS TIPH YIIPOUYHEHHH JeTaleil MoYB00OpadbaThIBAIONNX
MamH. Takue KpUTEepUH MO3BOJISIOT OMPENeTUTh eIeCO000Pa3HOCTh MPUMEHEHUS
M3HOCOCTOMKUX MOKPBITHH [22].

CornacHo pe3yJbTaTaM UCCIEI0BaHUMN, TPEACTABICHHBIX B UCTOYHUKE [23], KauecT-
BEHHbBIC XapaKTEPUCTHKH MOJIMMEPHBIX TTOKPBITUH (YMEHBIIIEHUE pa3Mepa U CHIIKCHHE
KOHICHTPALUH MOp, YMEHbLICHHUE MJIOMIA/H) JOCTHTAI0T HAaMOOIBIINX 3HAYCHUH PH
3aMeHe OIepalluy PyYHOro MepeMeInBaHus MOJIMMEPHOTO KOMIIO3UIIMOHHOTO MaTepH-
aja Ha yJIbTPa3ByKOBYI0 00pa0OTKy pacTBopa. DTO JOCTHTAETCS 32 CUET YMEHBIICHHSI
pasMepoB (1o 2 pa3) u kormentpanuu (mo 30 %) mop. Takxke 6omee yem B 1,36 pasza
MIPOUCXOANT CHMYKEHHNE TUTOIIAIN Pa3pyIIEHHOTO OKPHITHA. B ¢Bs3M ¢ 3TNM, pecypce
KOPITYCHBIX JIeTaJiel ToBBImaeTcs B 1,45 pasa 3a cueT mpuMeHeHus nmactomepa O-40
TOCJIE YIBTPa3BYKOBOM 00pabOTKH.
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B matepuanax crarbu [24] mpeacTaBieHa METOIMKA pacyeTa TOUHOCTHBIX XapaKTe-
PHCTHK TEXHOJIOTHUECKOTO 000PYA0BaHHS IIPU BOCCTAHOBIICHHH MOCAIOK MOAIIUITHUKOB
KAueHMs B y3J1aX TPAHCIOPTHBIX CPEICTB aAre3UBAMU.

N3yueno B3aumopeiictBue 3nactomepa ®-40 ¢ HaHOYaCTUIIAMU MENU U AJIFOMU-
Hus [25]. Hanonrenue snacromepa @-40 TakuMu HaHOYACTUIIAMU 00ECIICUMBACT
MOBBIIIEHUE MOJYJS YIIPYTOCTH, IPOYHOCTH M JOJTOBEYHOCTH MaTepuaja, a TaKkxke
HOBBIIIAET €r0 TEPMOCTOMKOCTD U TEIIONPOBOAHOCTb. DTO MO3BOJSAET 3HAYUTEIHHO
YBEJIUYUTH TETJIOOTBOJ OT JieTajel BOCCTAHOBJIEHHOIO y3IIa.

OmnpeneneH oNTUMaIbHBIN COCTaB HAHOKOMITIO3UTA, IPU KOTOPOM MaTepuas UMeeT
HanOoJjiee BBICOKHE MEXaHn4ecKne cBoiictBa: anmactomep P-40 — 100 mac. 4., anroMu-
HUEBBIN HAaHOMOPOIIOK — 2,0 Mac. 4. ¥ MEIHBIH HAaHOMTOPOIIOoK — 1,6 Mac. .

[IpenyiokeHHbIe KOMIIO3ULMOHHBIE ITOKPBITHSI, BKJIIOYAIOLINE 3MTOKCHIHO-TIecya-
HbIe KOMIIO3UTBI M MaTepHalibl Ha 0CHOBE dnactomepa ©-40 ¢ HAHOHAMOTHUTEISIMH,
MOKA3bIBAIOT BBICOKYIO MTEPCIIEKTUBHOCTH U1l BOCCTAHOBIICHHS M YIIPOUHEHUS AeTaien
B yCJIOBUSIX MHTEHCUBHOIO U3HOCA. VX MpUMEHEHNE [103BOJISIET CYLLIECTBEHHO OBBICUTb
M3HOCOCTOHKOCTB, PECYpPC U YCTOHUMBOCTD K BO3ACHCTBHIO arpECCUBHBIX Cpell, YTO
nenaet ux 3G QeKTUBHBIM peleHneM [Tl IPOJICHHS CPOKa CITY>KObI JeTajei.

OnHako He0OXOTUMBI AaIbHEHIINe UCCIIeI0BAaHNs, HAIIPaBICHHBIE HA ONTUMH3ALIUI0
COCTaBa KOMIIO3UTOB, aHAJIMU3 AATC€3MOHHBIX CBOICTB IOKPBITUH, a TAKXKE U3yUeHHUE
UX TIOBEICHUS B PA3JIMUHBIX HKCITYaTallMOHHBIX YCIOBUSIX HA KOHKPETHBIX JCTaJISIX.

Marepuansl 1 MeTobI. B X011€ IpoBeIeHHS MOJIEBBIX UCTIBITAHUN KOHTPOJIO MO~
BEprajiich ONBITHBIE 00pa3Ibl COCTABHBIX JIeMeX0B Kommanuu «Ksepuemana ['pymm»
C BOCCTaHOBJIEHHOU pexXyIIe-Ie3BUHHON YacThlO, IPUMEHEHHUEM TEPMO-KOMIIEHCUPYI0-
miero anemenTa (TKD) n ynpouneHHOH 001acThI0 HanOolee BEPOSTHOTO 00pa3oBaHuUs
Jy4eBHIHOTO n3Hoca (puc. 1) amokcuaHo-rpaBuiiHbiMu komnosutamu (1K), JlyueBna-
HBIH U3HOC — OJINH U3 BUJIOB HEMTPOPHIHLHOTO U3HOCA, KOTOPBIN OTpe/IeNsieTcsl BeepHOH
TpaeKTOpHUEeH ABMKEHUS TIOUBEHHOH cpelibl, a NIyOMHA U IIMPHUHA — OHOBPEMEHHBIM
M3MEHEHHUEM JIBI)KEHUSI M a0pa3MBHOCTHU IPYHTA PU MIEPEMEILICHUN OT HHKHEH 4acTH
JeMexa K BepXHeH.

W3mepeHust TONIMH HOKPBITHSL KOHTPOJIMPOBAIOCH B TpeX Toukax /1, h2, h3 (puc. 1).

NV

; A-A
@ hl [ ol :
@ \ m} N ; Komrosut / Composite
h/ N h1 / m h3
. 1 | 4 | A
O 5/ Y ok mwicn.x T P
o \ -

“\ Mertamn emexa / Metal of the ploughshare

AY

Puc. 1. Cxema u3MepeHus Jiy4eBUIHOTO H3HOCA 110 TOJIIHHE
(apabcknmu iEpaMu OTMEUSHBI TOYKH U3MEPEHUI)

Fig. 1. Diagram of measuring radial wear by thickness
(measurement points are marked with Arabic numerals)

Hcmounuk: cOCTaBICHO aBTOPAMU CTaThH.
Source: compiled by the authors of the article.
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YnpouHsioniee NOKPBITHE MPEACTABISET COO0M COCTaB C COOTHOILIEHUEM AITOKCH/I-
Horo komnayHzaa (9) u rpaBuitHoro komnoneHTa (I7) 11t Bcex HCTIBITYeMbIX 00pa31oB:
3/T" =50/50. OTanunTeapHONH 0COOCHHOCTBIO OMBITHBIX JIEMEXOB SIBJISIETCS IPUMEHEHHE
TPaBUITHOTO HAITOJIHUTENS OTPEIEIIeHHON TMCIEpCHOCThI0. HamonnuTenem BeIcTymaeT
rpaBuitHas KpoImika paznuaHoi ppakmum: 3-2,5 mvm; 2,5-2 mm; 2—-1,5 mm; 1,5-1 mm;
1-0,5 mm (puc. 2).

KonTpons nuHamMuku u3Hoca (A/) OCYIIECTBISICS B 3aBHCUMOCTH OT HapaboT-
KU JIeTallu.

VcnipITanus IpoBOAMINCH HAa CyHECYaHbIX [TOYBAX C UCIIOJIb30BAHHEM BOCHBMHUKOP-
MyCHOTO 00OPOTHOTO IuTyra npou3BoicTBa komnanuu «Ksepuenang I'pynm», arpera-
TUpOBaHHOTO ¢ TpakTopoM «Kuposen K-744».

€)

Puc. 2. BoccraHoBIeHHBIE OCTOBBI JIeMeX0B KoMnanuu «KBepuenann ['pymm»
C HCIIOJIb30BAaHUEM SMOKCHIHO-TPaBUIHBIX KOMITO3UTOB cocTaBa 50/50:
a) 3-2,5 mm; b) 2,5-2 mm; ¢) 2-1,5 mm; d) 1,5-1 mm; e) 1-0,5 mm
Fig. 2. The restored frames of the ploughshares of the “Kverneland Group company”
using epoxy-gravel composites of composition 50/50:
a) 3-2,5 mm; b) 2,5-2 mm; ¢) 2—-1,5 mm; d) 1,5-1 mm; ¢) 1-0,5 mm

Hemounux: dororpaduu caenaunsl I1. B. UyMakoBBIM TI0CIE HAHECCHHS SIMOKCHIHO-TPABUITHBIX
KOMIIO3UTOB II€pel MPOBEICHNEM MOJIEBbIX HCIbITaHul B 2024 roxy.

Source: the photos were taken by P. V. Chumakov after applying epoxy-gravel composites before
conducting field tests in 2024.

PesyabraThl nceenoBanust. Pe3yiabTarsl HCTIBITAHHUHN, TIPEICTABICHHBIC HA PUCYH-
Ke 3, TIoKa3aju MpsSMO MIPOTIOPITHOHANIEHOE YBEIUIeHHE n3Hoca Ak oT HapaboTku 7.
DTO CBI3aHO C OJHOPOIHOCTHIO MeXaHM3Ma abpa3uBHOTO M3HANIUBAHHS HE3aBUCHUMO
oT cniocoba ynpouHenus [15; 26].
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P uc. 3. V3menenue Tonuunbl ynpouneHHoH obnactu D1'K ot HapaboTku:
I-d=125mm;2~d = 1,75mm; 3—d, = 2,25 mm; 4 —d, = 2,75 mm
Fig. 3. Change in the thickness of the hardened area of the EGC from operating time:
I-d,=125mm;2-d=175mm; 3 -d,=225mm;4—d=2,75mm
Hcmounuxk: 30ech 1 1anee pUCYHKH COCTABJICHBI aBTOPAMH CTAThU 110 PE3YJIbTaTaM MOJIEBBIX UCIIbI-
TaHMI U U3MEPEHHs JIyIeBUIHOTO H3HOCA 10 TOJIIIHHE.

Source: hereinafter in this article the diagrams are compiled by the authors of the article based on the
results of field tests and measurements of radial wear by thickness.

HccnenoBanust MOKa3pIBalOT, YTO MAKCUMAITLHOE 3HAYEHUE H3HOCA A/ IOCTUTaeTCs
TIPY IMCTIEPCHOCTH YacTull d , paBHO# 1,25 Mm. Ha 9TOM ypoBHE HapaboTka MaTepuaa
cocTaBisgeT 9yTh MeHee 60 ra. 3To CBUACTENHCTBYET O TOM, YTO MIPH ONTUMAIHHON
JIMCTIEPCHOCTH YaCTHUI[ MaTepHall CIIOCOOCH BBIICPKUBATh 3HAYUTEIbHBIE HATPY3KH
Y JIEMOHCTPUPOBATH BBICOKYIO H3HOCOCTOUKOCTb.

OpHaKO MU YBEIIMYEHUH pazMepa 9acTull 1o 1,75 MM HaOmrogaeTcsi MakcuMallbHO®
3HaYeHHE a0pa3UBHON M3HOCOCTOMKOCTH. DTO TOBOPHUT O TOM, YTO Oojiee KpyHHbIE
YaCTHULbI MOTYT 00€CTIeYMBAaTh JYUILIYIO 3alIUTy OT aOpa3uBHOIO M3HOCA, YTO JICIACT
UX MPEANOYTHTEILHBIMU TSl ONPEICIICHHBIX YCIOBUHN dKCIUTyaTaluy. YacTuipsl aua-
METpOM 2,75 MM UMEIOT OJTM3KUE K YacTHLIAM pa3MepoM 1,75 MM cBoOiCTBa, HECMOTPSI
Ha MX OOJIBIIYIO AUCTIEPCHOCTh. DTO MOXKET OBITh CBS3aHO C TE€M, YTO OHU O0NaaI0T
BBICOKMMH TTOKA3aTeISIMU ITe3MOHHON MPOYHOCTH M U3HOCOCTOMKOCTH, UTO JIEIAeT
uX 3QPEKTUBHBIMH B CIIOKHBIX YCIOBUSIX.

I'paduku (puc. 4) TIEMOHCTPUPYIOT, YTO TOBEACHUE KOMITIO3UTOB C Pa3IMIHON
JIACTIEPCHOCTHIO YaCTHIl HEOIUMHAKOBO. ITO MOXKET OBITh OOBSICHEHO TEM, UTO TPHOO-
JIOTUYECKHE CBOMCTBA MAaTEPHAJIOB 3aBUCAT HE TOIBKO OT pa3Mepa YacTHIl, HO U OT UX
pacnpezneneHusi, GOpPMbI U B3aUMOIecTBHsI Mex Ly co0oii. Hanpumep, Oostee menkue
YACTHUIBI MOTYT CO3/aBaTh 0oJiee TUIOTHYIO CTPYKTYpY, YTO CHHIKAET BEPOSTHOCTH
00pa30BaHus TPEIIUH U APYTHX Ae(PEKTOB, B TO BPeMs KaK KPYIHbIE YAaCTHULBI CIIO-
COOCTBYIOT 00pa30BaHMIO O0JIee MPOUHBIX CBSI3EH MEXy KOMIIOHEHTaMH KOMIIO3HTA.
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Puc. 4. V3MeHeHHe CTOMKOCTH K aOpa3uBHOMY H3HAIKMBAHHIO OT HAPAOOTKH
(umdpoBbie 0003HAYCHHST COOTBETCTBYIOT LU(POBOIT HH(OpMaLNK, TIPEACTABICHHON Ha PHUCYHKE 3)

Fig. 4. Change in abrasive wear resistance with operating time (digital symbols correspond
to the digital information presented in Figure 3)

CornacHo JaHHBIM, IPCACTABJIICHHBIM B BUAC AUArpaMMm Ha pUCYHKE 5, JeMexa
C MOKPBITUSIMHU, COAEPKALUUMH YaCTULBI AUaMeTpoM 1,75 MM, 1€MOHCTPUPYIOT
MaKCHMaJbHYIO CTOWKOCTb K a0pa3uBHOMY W3HAIIMBAHUIO, JOCTUTAIONIYIO 12 ra/MM.
DTO TOBOPHUT O TOM, UYTO TAKHE TMOKPBITUS CTIOCOOHBI A(()EKTUBHO MPOTUBOCTOSATH
U3HOCY, 4TO SIBISIETCSI KPUTUYECKU BaXKHBIM Ul paOOThl B YCIOBHUAX MHTEHCHUBHOM
IKCIUTyaTalH.

C npyroi#l cTOpoHBI, JeMexa C MOKPBITUIMH, UMEIOLUUMH JUCIIEPCHOCTD Ya-
crun d, = 1,25 MM, TIOKa3bIBalOT MMHUMAJILHBIE 3HAYEHHS CTOMKOCTH K a0pasuBHOMY
M3HAIIUBAHUIO. JTO MOAYEPKUBACT BAKHOCTH BHIOOPA MPABUIIBHOTO Pa3Mepa YacTHUI]
JUTSL TIOCTHKEHUS ONTUMAJIBHBIX AKCIUTyaTallHOHHBIX XapaKTepucTuK. bosee kpyrHbie
YaCTHUIIbl, KaK IPaBUIIO, 00ECIIEUUBAIOT JTYUIIYIO 3alIUTy OT U3HOCA, YTO JENAeT UX
MPEATIOYTUTENLHBIME JJIS1 UCTIONB30BAHUS B T€X YCIOBHSX, T JIeMeXa MOJBEPTaloTCsI
SHAYUTCJIbHBIM MEXaHUYCCKUM Harpy3Kam.

OpnauM U3 HanOoJee BIEUATIISIONUX PE3YJIBTAaTOB HCCIEIOBAHHN SBISIETCS TO,
YTO MPUMEHEHNE KOMIIO3UTOB JIFOOOTO COCTaBa MO3BOJISIET YBEIUYUTH CPOK CIYKOBI
JeMexa J0 MoTepH UM paboTOCIIOCOOHOCTH O MPUYHMHE yTPAThI TOJIIIMHBI OCTOBA
B o0acTr 00pa3oBaHUs TyYEBHIHOTO N3HOCA B TIipeaenax 55—85 ra. 3To 3HAYUTEITEHO
IPEBBIIIAET IT0KA3aTEIN, XapaKTepHbIC ISl JIEMEXOB OTEUECTBEHHOTO IPOU3BOICTBA
(zeTpbHOMETAIIIMYECKHE JIEMeXa), KOTOPBIE, KaK MIPABUIIO, CIIyKaT TOJIBKO 10 5 CMEH.

B03MOXXHOCTB HCIIONIB30BAHMS IPEJIAraeMoro JieMeXa I03BOJIUT JOCTUYb HapaOOTKH
B mpenenax 55—85 ra B pacuere Ha OiHY A€Tajlb, TEM CaMbIM NPOJJIMB HE TOJIBKO CPOK
CITy>KOBI U311eNUS], HO M KOJIMYECTBO paOb0UMX CMEH. DTO MO3BOJIMUT CHU3HUTD 3aTPaThl HA
3aMeHy M 00CIy)KMBaHHE, a TAKXKE JacT BOZMOKHOCTb arpapusiM IUIaHUPOBATh CBOIO
paboty Gonee 3¢heKTHBHO.
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Puc. 5. JlnarpaMMbl H3HOCOB COOTBETCTBEHHO CPEJIHUM Pa3MepaM 4acTHIl HATIOJIHUTENS d,
Fig. 5. Wear diagrams according to the average particle sizes of the filler d,

Pesynbrarsl uccenoBaHus HAPaOOTKH YIIPOUHEHOM 001acTH ieMeXa B 3aBUCHMOCTH
OT JIUCIIEPCHOCTU HAIIOIHUTEINS ATIOKCUIHO-TPABUHHBIX KOMIIO3HTOB MPEICTABICHBI
B Ta0IHIE.

Tabnuma
Table
HapaGoTka ynpouHeHoii 06;1acTH JieMexa B 3aBHCHMOCTH OT AMCIIEPCHOCTH HAIIOJIHUTeJISt
Development of the hardened area of the ploughshare depending on the dispersion of the filler

Hucnepcrocts d, / Dispersion d, T,ra/ T, hec
B 3aBoackom ucnonsenud / In the factory version 42
d=1-1,5vm/d, = 1-1.5 mm 55
d,=152mm/d,=15-2mm 85
d,=2-25vm/d,=2-2.5mm 72
d,=225-3mm/d =2253 mm 81

BerIsiBIIeHHBIC 3aKOHOMEPHOCTH BIIMSHUS HApAOOTKK HA BEJIMYMHY U3HOCA B 3aBUCH-
MOCTH OT pa3Mepa rPaBUHHON COCTABIISIONICH OTPaXKAKOT KOMILJICKCHOE BIIUSHUE (PU3H-
YECKUX CBOHCTB KOMITO3UTA Ha U3HOCOCTOMKOCTh M YCTOWIUBOCTE TTOKPHITHS (TabI.),
YTO OAYEPKHUBACT BAXKHOCTh TIIATEIHLHOTO TIOA00pa COCTaBa M CTPYKTYPhI MaTepuaa
B 3aBUCUMOCTH OT YCIIOBUM dKCIUTyaTallUH.

O0cy:xneHue u 3akiayeHue. Jlemexu, BoccranoBieHHble MeTtogoM TKD, nmeror
MEHBIIIYI0 U3HOCOCTOUKOCTh U, COOTBETCTBEHHO, MEHBIINI pPeCypc IO CPABHEHUIO
¢ HOBBIMHU. OJTHUM U3 KJIFOUEBBIX MPEUMYIIECTB JaHHOW KOHCTPYKIIMH SIBIISIETCS €€
CIOCOOHOCTH MPENOTBPAIIATh 00pa30BaHKE JIYYeBHIHOTO U3HOCA, YTO MOBBIIIAET (-
(heKTUBHOCTH Pa0OTHI JIeMeXa ITPH BCIIAIIKe a0pa3UBHBIX MOYB, TAKUX KaK CyNecCh. XOTs
noBbitieHue TBepaocTy A0 53 HRC cymiecTBeHHO MOBBIIACT U3HOCOCTOMKOCTD [27; 28],
LIMPOKOE BHEAPEHUE ATON TEXHOJIOTUHM OIPAHUYEHO U3-3a JIOMOJIHUTEIbHBIX 3aTpar,
HEOOXOUMBIX JUIS pealin3alli TePMUICCKOi 00padoTku. Helb3s Takke He YIIOMSHYTh
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0 BO3MOXKHOCTH Pa3pyILICHUs I€TaIH MOl BO3ACUCTBUEM YIAPHBIX HATPY30K, BO3HUKA-
IOIIUX B TPOIECCE IKCIUTyaTaIUu.

B mpou3BOACTBEHHBIX YCIOBUSX IS u3roToBiaeHuss TKD "wacTo MCmonb3yoT
BBIOPAKOBAHHBIEC PECCOPHBIC JIUCTHI, YTPATUBIINE YKCIUTyaTallMOHHBIC CBOMCTBA, HO
coxpanuBmue TBepAocTh He MeHee 45 HRC. B cBsI3M cO CIIOKHOCTBIO TIPOBEIACHUS
JIOTIOTHUTETLHON TEPMOOOPAOOTKY TIPEACTABIIACTCS I€JIECO00PA3HBIM BKITIOUCHUE
TEXHOJIOTHYECKON OTepaIiii HaHECEeHHs a0pa3uBOCTOMKOTO TTOKPHITHS Ha OCHOBE
ATIOKCHIHO-TPABUITHOTO KOMITO3UTA. JJaHHOE MOKPHITHE MO3BOISAET 3()h(HEKTUBHO KOM-
MIEHCHUPOBATh HEAOCTATOUYHYIO TBEPAOCTh BOCCTAHOBIICHHBIX YYaCTKOB, IMOBBIIIAS UX
M3HOCOCTOHKOCTH B YCIIOBHUSX HHTEHCHBHOTO a0pa3WBHOTO BO3IeHCTBHSL. MI3HOCOCTOM-
KOCTb JIeTaJIell ¢ SKCIEPUMEHTAIbHBIMU MOKPHITUAMU OKa3anach B 1,4—1,9 pasa Bbiiie
10 CPAaBHEHHIO C U3ACTUSIMU 03 TOKPBITHS.

KitroueBbIM (pakTOpOM MOBBIIICHHS U3HOCOCTOMKOCTH CHCTEMbI «4aCTHUIIA — STTOKCH]I-
HBIM COCTaB» SIBJISICTCS MIPOYHAS AATC3UsI MEXKTy YaCTULIAMH U MTOJTUMEPHON MaTpuIIeH.
Bricokas creneHns cMauuBaHUsI 9YaCTHUI] ATIOKCUIHON KOMITO3UIIMEH CITIOCOOCTBYET UX Ha-
JISKHOMY 3aKPETUICHUIO B MaTPUIIE, UYTO 3HAYUTETHHO IMOBBIMIACT CTOWKOCTh MaTepuaa
K abpa3uBHOMY M3HOCY. Takol MOJXOJl MO3BOJISIET YAePKUBATh a0pa3vBHbIC YaCTHUIIBI
Ha paboyeli MOBEepXHOCTH B TEUCHUE JITUTETHLHOTO BPEMEHH, 00eCTIeUnBast CTA0MIBHYIO
3aLUTY OT U3HOCA B YCIOBUSIX MHTEHCUBHOI'O TPEHUS. XOPOILIUE aiIr€3UOHHBIE CBOICTBA
TAK)KE CHHKAIOT BEPOSITHOCTh OTIEICHUS IPAaBUMHBIX YACTHLL ITOJ] IEHCTBUEM KOHTAKT-
HOTO HAITPSHKSHUS U yIapHBIX Harpy30K. OnHako 3h(heKTHBHOCTD YBETMUSHHS TDTOIIAIN
CLEIJICHUS OIPAaHUYMBAETCS PA3MEPOM YACTHII, YTO IPUBOAUT K BEIPABHUBAHUIO a[r€3UU
U, COOTBETCTBEHHO, U3HOCOCTOMKOCTH KOMIIO3UTA.

Ha ocHoBanu# npoBeACHHBIX UCCICA0BAHUI MOKHO CAETATh CICAYIOLIUE BHIBO/IBI:

1. JloxazaHa 3()()eKTUBHOCTh HCITOJIb30BAHHMSI ATIOKCUTHO-TPABHIHBIX KOMIIO3UTOB
B KaQueCTBE YIPOUHSIONIUX OKPHITUH JIJIS JIEMEXOB, pa0OTAIOIINX B YCIOBUSX WHTCH-
CUBHOTO a0pa3WBHOTO BO3/ICUCTBUS TTOYBCHHOMN CPEJIbI.

2. HanboubIiast cCTORKOCTh K a0pa3uBHOMY H3HOCY 3a)MKCUPOBAHA [TPU MIPUMEHE-
HUU COCTaBa MOKCHUIHON CMOJIBI M TPABUMHOTO HAMIOTHUTENS B cooTHOIeHNH 50:50,
C IUCTIEPCHOCTHIO TPABUMHBIX YACTHIT OKOJIO 1,75 MM, MTO3BOJISIONIAS YBETUIUTH CPOK
CITy)OBI IeMeX0B B 1,8 pa3za 1Mo CpaBHEHUIO C 3aBOACKUMU M3neausmMu. [Ipumenenue
TaKOTO TIOKPBITHS CHIKAET BEPOSITHOCTH 00Pa30BaHMUS JIyd€BOTO U3HOCA, UTO MPOJIJIe-
BaeT CPOK CITY)KOBI JeTaICH.

3. Baenpenue 3MOKCUIHO-TPABUMHBIX KOMIIO3UTOB ISl YIIPOUHEHUSI COCTaBHBIX
JIEMEXOB IPEICTABIISETCS IEPCIIEKTUBHBIM HAIPABJICHUEM, 00 CIIEYNBAFOIIIIM SKOHOMH-
YECKYIO M TEXHOJIOTHUYECKYIO I1eJIeCO00pa3HOCTh. Pe3ynbTarhl HCCIIeIOBAaHUH SBISIFOTCS
OCHOBOM I JaJbHEUIIIETO pa3BUTHUS TEXHOJIOTUU U €€ aJalTalud K APYTUM TUIIaM
MOYBOOOPAOATHIBAIONIUX OPY/IUH.
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&EE WHXXEHEPHBIE TEXHOJIOTMW U CUCTEMBbI Tom 35, Ne 1. 2025
HNudopmanus 1711 aBTOPOB U YU TaTE/IeH

Hayunsii sxypHan «/HXeHepHbIe TEXHOJIOIMU U CUCTEMBD) ITyOIHKyeT OpUIMHAIbHBIC Hay4YHbIC HC-
CJISTIOBAHNSI, CIOCOOCTBYIOIINE Pa3BUTHIO HAYKH B OOJIACTH HHXKEHEPHBIX CHCTEM U TEXHOJIOTHH.

Kypnan BxiroueH B [lepeueHs penieH3UpyeMbIX HAYUHBIX U3aHMH, B KOTOPBIX TOJDKHBI OBITH OITY-
OJIMKOBaHBI OCHOBHBIE HAay4YHBIC PE3YJIbTAaThl AUCCEPTALMi HA COMCKAHWE yYEHOW CTEIeHH KaHIuaara
HayK, Ha COUCKaHNE YUCHOU CTeTIeHN JJOKTOpa HAayK IO HAyYHBIM CHEIHATEHOCTAM U COOTBETCTBYIOMINM
UM OTpacisAM HayKH:

1.3.2. IIpnOops! 1 METOABI SKCIIEPUMEHTAIILHON (DH3UKY (TEXHHIECKHE HAYKH)

1.3.6. OnTuka (TeXHUYECKHE HAyKH)

1.3.13. DnekTpoduzuka, MeKTpoGU3NIECKHE YCTAHOBKY (TEXHUUECKUE HAyKN)

2.5.3. TpeHue 1 U3HOC B MaIlIMHAX (TEXHUYIECKHE HAYKH)

4.1.4. CazoBOACTBO, OBOILEBOACTBO, BUHOTPAIaPCTBO U JIEKAPCTBEHHBIE KYJIBTYpPhI (TEXHUUECKUE HAyKH)

4.3.1. TexHOMOrMY, MAIIUHBI 1 000PYHAOBAHHUE UL arPONPOMBIIIICHHOTO KOMILIEKCA (TEXHIIECKHE HayKH)

4.3.2. DneKTpOTEeXHOIOTHH, HIEKTPOOOOPYIOBaHHE M SHEPIrOCHAOKEHNE arpONPOMBIIUICHHOTO KOM-
IUIeKca (TEXHHMIECKHE HayKH)

JKypHau npuBETCTBYET CTaThbH, UMEIOIIHE MOTEHIIMAIBHO BBICOKHIT NMITAKT-(aKTOp W/WIIH COAepIKaIIie
MaTepHal 0 3HAYNTEIBHBIX JTOCTI)KCHHSX B yKa3aHHBIX HanpaBlieHHsIX. Oco0oe BHUMaHUE CIISAyeT yICIHTb
Ka4ecTBy nepeBoja. JKemarensHo, YT0OBI OH OBLI BEIITOIHEH HOCUTENIEM aHITINICKOTO S3BIKA.

He nomyckaercst HarpaBieHHE B PEIAKIHUIO y)Ke OIMyOIIMKOBAHHBIX CTaTel WM cTaTeil, OTIPaBICHHBIX
Ha MyOMKAIMIO B IPyTHE KypHaIsl. B ciyuae oGHapy:keHHUsI 0/IHOBPeMEHHOI M0Oa4H PYKONHICH B He-
CKOJIbKO M3/1aHUIi OIy0/1MKOBaHHAs CTaThsl OyleT peTparuposaHa (0To3BaHa U3 ne4aTu). MoHUTOpUHT
HECaHKI[MOHUPOBAHHOTO IIUTHPOBAHMS OCYIIECTBIIIETCS C TOMOIIBIO CHCTeM « AHTHILIarua u «iThenticate.

IIpu moxroToBKe cTaThu K MyONUKAIMH B sKypHaie «HkeHepHbIe TEXHOIOTUH U CHCTEMBDY HE0OXO-
JIMO Y4Y€CTh CJICYIONIHE TyHKTBI:

1. Ykazars YJIK.

2.3aro10BOK CTaThH JIOJDKEH KPAaTKO M TOUHO OTPAKaTh COAEPKAHUE CTATbH, TEMATUKY U PE3YNbTaThI
TPOBEAEGHHOTO UCCIIEIOBAHUS. [IpugoouUmcs na pycckom u aHIutiCKOM A3bIKAX.

3. Annoranus (200-250 c0oB) BeIIOMHSET QYHKIMIO PAaCIIMPEHHOTO HA3BAHUS CTATbU U TIOBECTBYET
0 ee coziepykaHu. B Hell TOIDKHBI OBITh YETKO 0003HAYCHBI CIIEIYIONIHE COCTABHBIC YaCTH:

1) Beenenwue (Introduction);

2) lens crathu (Aim of the Article);

3) Marepwuainsr u Metozs! (Materials and Methods);

4) Pesymnbrarsr uccnenosanus (Results);

5) O6cyxnenue u 3akmoucuaue (Discussion and Conclusion).

TIpusooumcs na pycckom u aHAUICKOM A3bIKAX.

4. KinoueBble ciioBa (5—10) sBISIOTCS MTOUCKOBBIM 00pa3oM Hay4HO# cTaThd. B cBsi3u ¢ 9TUM OHM
JIOJDKHBI OTPa’kKaTh OCHOBHBIE ITOJIOKCHUSI, TOCTIDKEHUS, PEe3yNbTaThl, TEPMHHOJIOTHIO HAYIHOTO HCCIIEN0-
BaHUA. [Ipusooamcs na pycckom u aH2nUtiCKOM A3bIKAX.

5. bnaronapuoctu. B TOM paszzene cienyer ynoMsHyTh JIFOIEH, TOMOTaBIIMX aBTOPY MOATOTOBHUTH
HACTOSIILYIO CTAaThIO, OPTaHH3aINH, OKa3aBIINe (UHAHCOBYIO HOICPKKY. XOPOIINM TOHOM CUHTAETCS BBI-
paxkeHue OJIaroapHOCTH AaHOHUMHBIM PELleH3eHTaM. [Ipugoosamces Ha pyccKoM U AHTULCKOM A3bIKAX.

6. OCHOBHOI TEKCT CTAaThH M3JIaraeTcsl Ha PyCCKOM HIIM QHIIIMHCKOM SI3BIKAX.

1) Beenenne — nocraHOBKa HAayYHOH MPOOIEMBI, €€ aKTyalbHOCTh, CBA3b C BAKHEUIINMH 330a4aMH,
KOTOpBIE HEOOXOAMMO PEIINTh, 3HAYCHUE ISl Pa3BUTHUSI ONPE/ICIICHHOM OTPACIIi HAYKH WJIH TIPAaKTHYECKOI
JEATEIBHOCTH.

2) O630p nuteparypsl. HeoOxomuMo omnmcars OCHOBHBIE (TIOCIEHUE 1O BPEMEHH) HCCIISJOBAHUS
U IyOJMKAIMH, Ha KOTOPbIE OMHMPAETCS aBTOP; COBPEMEHHBIC B3IVIAABI Ha MPOOIeMy; TPYHOCTH IPH pas-
paboTKe TaHHOM TEMBI; BBIIETIUTH HEPEIIEHHBIE BOPOCHI B Tpesienax o0mieil mpoOneMsl, KOTOPHIM MOCBSI-
IICHA CTaThsL.

3) Marepuansl 1 MeToIbl. B maHHOM pa3snerne OmMCHIBAIOTCS MPOLECC OPTaHU3AIMU YKCIEPUMEHTA,
IPUMEHEHHBIE METOIMKH, UCIIOJIb30BaHHAs! alllapaTypa; TaloTcst MOAPOOHbIE CBEACHMUS 00 00BEKTE HCCe-
JIOBAaHMSI; YKA3BIBACTCSI MOCIIEOBATENILHOCTD BBINOJHEHHST HCCIIEIOBAHMS I 00OOCHOBBIBACTCSI BBIOOP UC-
MOJTb3YEMBIX METOIOB (HAOMIOICHUE, OIPOC, TECTUPOBAHKE, IKCIICPHMEHT, Ta00OPaTOPHBIH OIIBIT U T. 11.).

4) Pesynbrarsl uccliieJoBaHus. DTO OCHOBHOM pasJie, Lielb KOTOPOro — IPH MOMOLIM aHanu3a, 000-
OLIeHNs ¥ pa3bsCHEHHS JAaHHBIX J10Ka3aTh pab0dyIo THIIOTE3Y (THIOTE3bl). Pe3yabTraTs! JOKHBI OBITH U3II0-
KEHBI KPaTKO, HO IIPU 3TOM COZEPIKaTh AOCTATOYHO MH(POPMAIMH JUTS OLICHKH CJIETTaHHBIX BBIBOJOB. Takxke
JIOJDKHO OBITH 000CHOBAHO, TTOYEMY JUTS aHaIN3a ObLIN BBIOPAHBI IMEHHO JTH JIaHHEIE.
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5) OGcyIeHUE 1 3aKITFOUYCHIE. B 3aKIF0UCHUN CyMMUPYIOTCS PE3YIIBTAThI OCMBICIICHUS TEMBI, ICTAI0T-
Cs BBIBOJIBI, 0000IIICHHS M PEKOMEH/TALINH, BBITCKAIOIIHE U3 PA0OThI, ITOAYEPKUBACTCS UX ITPAKTHYECKas 3Ha-
YHUMOCTb, @ TAKXKE ONPEIEISIOTCS OCHOBHBIC HAMPABIICHHS TSl JAJTbHEHIIIETO UCCIISI0BAHMS B 3TOH 00JIaCTH.

7. Cnucok uTepatypsl (0OpMIIETCS B COOTBETCTBHH C TPeOOBaHMSIMU BaHKyBepcKoro cTmiis).
Ccbl1aThCst HY)KHO B IIEPBYIO O4Epe/lb HA OPUTHHAIIBHBIC HCTOYHUKH U3 HAYYHBIX )KYPHAJIOB, BKIIOYEHHBIX
B m100aNbHbIC MHACKCHI IuTHpoBanust. Crnenyer ykazare DOI wiu aapec goctyna B cetu UutepHet. Ogop-
MIASEMCA HA PYCCKOM U AHSTUTICKOM S3bIKAX.

8. 06 aBtopax. ©.11.0., opranuszanmsi(u), aapec opranuzanuu(ii) (Tpedyercst ykasarb Bce MecTa pa-
0OTHI aBTOpA, B KOTOPHIX BBITOIHSUIACH HCCIEIOBAHNUS (IIOCTOSIHHOE MECTO, MECTO BBIIOJIHEHHUS IIPOEKTa
u 1p.)), 1oIKHOCTH U yuenoe 3Banue, ORCID, Researcher ID, anexrponnas modra, TenedoH, MOYTOBBINA
aJipec U1 OTIIPABKU aBTOPCKOTO SK3eMILIApa. [Ipusooumcs na pycckom u anenuiickom A3bIKax.

9. 3asiBjieHHBIl BKJIag aBTOPOB. J[si GOpMyInMpoOBKH (DAaKTHYECKOrO BKJIaJa KaKIOTO COABTOpA
B BBITIOJIHEHHYO pa00Ty HE0OX0AUMO Hcnonb3oBath TakcoHomuto CRediT (Contributor Roles Taxonomy) —
cTaHjapt, pa3paboranuslii HarmonansHol opranusarnueil mo nHpopMmarnuoHHsM cranmapram (National
Information Standards Organization, NISO) (https://credit.niso.org/). [lopsaok ykazaHust aBTOPOB K COaBTO-
POB CTaTbU COIIACYETCS UMU CAMOCTOSTEIILHO. [IpUB0OUmMCst Ha PYCCKOM U GHIUICKOM A3bIKAX.

10. Texnuueckoe ogopmiaeHue.

1) Penaxipst mpuHUMaET TEKCTHI, coxpaHeHHble B hopmare .doc, .docx, .rtf. KenarenbHo ncnonb3oBarh
mpudt Times New Roman, kernb 14 u unTepBan 1,5 crpoku. PacctaHoBKa epeHOCOB BPYYHYIO HE JIOITY-
CKaeTcs. 3alpeliaeTcs UCIONb30BaTh JBOHHBIC MPOOEIbI B TEKCTE, a TAKKE BBIIOIHATH OTCTYMbI (KpacHast
CTPOKa), HCTIONB3YsI TPOOEIIBL.

2) ®opMyIel HaOMparOTCsl COYeTaHreM OCHOBHOTO mpHdTa 1 mpudra Symbol (MckimoueHwe aist Apo-
6Oeii, cymm, kBaziparHoro KopHsi) B Microsoft Equation 3.0 (Penaxtop dopmyn B Microsoft Word) umn Math
Type 6. JlaruHckue 3Haky B (hopMyrax u 0003HAUSHMSIX (KaK B TEKCTE, TaK M HA PHCYHKAX) HaOMparoTcst Kyp-
cuBoM. POPMYIIbI HYMEPYIOTCS B KPYIIbIX cKOOKax. HymepoBarh cieyer Tonbko Te (opMyIibl 1 ypaBHEHHS,
Ha KOTOPBIE €CTh CCHUIKA B MOCIIEIYIONIEM H3JI0KCHHH.

3) Bce Ha3BaHUSA, IONIUCH U CTPYKTYPHBIE SJIEMEHTHI TPAQUKOB, TaONHII, CXeM H T. 1. 0QOPMILIIOTCS Ha
PYCCKOM M aHIJIMHCKOM SI3bIKaX.

4) PucyHkn MOTYT OBITB TIPEICTAaBICHEI B PACTPOBOM MIIH BEKTOPHOM (hopMare ¢ pa3perieHneM He HIKe
300 dpi. OHH IODKHBI IOIYCKATh PEIaKTHPOBAHME TEKCTa M BO3MOXKHOCTh M3MEHEHHUS pa3MepoB. Bee rpa-
(rdeckue TaHHbIE TIOMEIAIOTCS B TEKCT CTaThH, A TAKXKE BBICBUIAIOTCS JIOTIOJIHUTEIFHO B BHIE OTACIBHBIX
(aitnoB. PazHoXapakTepHbIe WILTIOCTPALN HEOOXOAMMO MPUBOAUTD K SANHOMY CTHIIIO TpahuuecKoro HCIod-
HeHus1, coOnoniast eHoo0pasue ux odopmienns. I'paduky, cxeMbl U quarpaMMbl HEOOXOIMMO O(GOPMIISTH
B Microsoft Excel.

TIpu nozaye cTaTbi B PEAAKIIMIO aBTOP COIIAIIACTCS C IONOKESHUSIMH TIPUIIAraeMoro JIMLEH3HOHHOTO
JIOroBOpa.

BaKHBIM 3TaIloOM B Ipolecce 0TO0pa CTaThy SIBISETCS pelieH3npoBanue. B sxypHaie «HKeHepHbIe
TEXHOJIOTUH U CHCTEMBD» MPHHSITO «JIBOMHOE cliernoe» (PeLeH3eHT W aBTOp He 3HAIOT UMEH JAPYT Jpyra)
perieH3upoBanue crareil. PeieH3eHT Ha OCHOBAHHUM aHAIIM3a CTAThH IIPUHMAMAET PEIICHHE O PeKOMEH I[N
ee K MyOMKalnK WM O ee OTKJIOHEHHH. B cilydae HecoracHs aBTopa CTaTbH C 3aMEYaHHUsAMH PELiCH3eHTa
€ro MOTHBHPOBAHHOE 3asBJICHUE PACCMaTPHBACTCS PEIAKIIMOHHOM KOJIerneH.

TTonuTuKa peIaKIHOHHON KOJUIETHH )KypHana Ga3ipyeTcs Ha COBPEMEHHBIX IOPHANYECKHX TpeOoBa-
HUAX B OTHOLLCHUU KIICBETHI, ABTOPCKOI'O IpaBa, 3aKOHHOCTU U IU1arvara, rnoalacpxuBact KO)leKC OTUKH
Hay4YHBIX MyONnMKanui, copMyTupoBaHHBI KoMHTETOM 1O 3THKE HayYHBIX ITyOIHKAIWH, W CTPOUTCS
C YYETOM 3THYECKUX HOPM pabOThI PEIaKTOPOB U U3/aTeIeH, 3akperuieHHbIX B Koaekce noBeieHus U pyKo-
BOJUIIMX IPUHIUIIAX HAWITYYIISH IPAKTHKK ISl pelakTopa KypHaia u Koyiekce noBeeHust 11s M3aTesst
JKypHaia, pazpaboranHbix Komurerom mo myonukarmonHoi atuke (COPE).

«VHKeHepHbIe TEXHOJIOTHH U CHCTEMBI» — JKYpHAJI OTKPBITOTO JOCTYIA, TO €CTh BCE COIEpIKaHHe
HaXOUTCSI B CBOOOJHOM JOCTYyIIe OSCIUIaTHO JUIs MOJIb30BaTelsl B COOTBETCTBHM ¢ ompenenenneM BOAI
OTKpBITOr0 J0CTyna. Marepuansl KypHaia AOCTymHbI 1o juueH3uu Creative Commons “Attribution”
(«Atpudynmsi») 4.0 BcemupHasi.

JKypHau pactipocTpaHseTcst 10 IOAINCKE, 3asiBKaM BBICIIMX YYeOHbIX 3aBEACHHUM, YUpexkIeHNH 0Opa-
30BaHMS U OTAENbHBIX JuLl. [ToanucHoi naaekc — 70539.

Cenun [letp BacuibeBuy — maBHbli pegaktop. Ten.: +7 (8342) 23-32-60.

JleBues Anekceii [TaBnoBuy — 3aMecTrTeNb IaBHOTO peakTopa. Tem.: +7 (8342) 25-41-01.
Yarkua Muxann HukomaeBid — 3aMecTHTENb IABHOTO penakTopa. Tem.: +7 (8342) 25-44-20.
lopauna Exarepuna [1aBnoBHa — oTBeTCTBEHHBIN cekpeTapb. Tei.: +7 (8342) 48-14-24.
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Information for authors and readers of the journal

Engineering Technologies and Systems journal accepts unpublished earlier original research results
promoting the development of science in the field of engineering systems and technologies.

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 scien-
tific specialties and their respective branches of science should be published (Higher Attestation Commis-
sion 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 gives preference to the articles with potentially high impact factor and/or containing materi-
als about significant achievements in the specified areas of science. Special attention should be paid to the
quality of the translation. Preferably it should be made by a native English speaker.

It is not allowed to submit papers that have already been published or sent for publication to other
journals. In the case of multiple submission of a manuscript, the published article will be retracted.
Monitoring of unauthorized citation is implemented by means of Antiplagiat and iThenticate systems.

To submit an article in the journal Engineering Technologies and Systems you should know:

1. It is necessary to indicate the Universal Decimal Classification (UDC) code.

2. The title of the article should accurately reflect the content of the article, the subject matter and the
results of the research conducted.

The title should be written in Russian and English.

3. The abstract (200-250 words) serves as an enhanced title of the article and briefly presents its con-
tent. The abstract consists of the following components:

1) Introduction;

2) Aim of the Article;

3) Materials and Methods;

4) Results;

5) Discussion and Conclusion.

The abstract should be written in Russian and English.

4. Keywords (5-10) make the search profile of the scientific article. In this regard, they should reflect
the main provisions, achievements, results and terminology of the scientific research.

Keywords should be written in Russian and English.

5. Acknowledgements. In this section the author may mention the people who helped them to prepare
the article or the organizations that provided financial support. It is considered good style to express gratitude
to anonymous reviewers.

Acknowledgements should be written in Russian and English.

6. The main body of the article should be written in Russian or in English.

1) Introduction. It contains formulation of the scientific problem, its relevance, connection with the
most important tasks to be solved, the importance for the development of a particular area of science or
practical activities.

2) Literature Review. It is necessary to describe the main (recent) pieces of research and publications
relied upon by the author, modern views on the problem, difficulties in solving the problem as well as to
highlight the unresolved issues within the general problem of the article.

3) Materials and Methods. This section describes the process of designing the experiment, the methods
and equipment used; it gives detailed information about the subject and sequence of the research, justifies
the choice of the methods used (observation, survey, testing, experiment, etc.).

4) Results. This is the main section, the purpose of which is to prove the working hypothesis (hypoth-
eses) by analyzing, generalizing and explaining the data. The results should be brief, but they should provide
sufficient information to evaluate the conclusions drawn. It should also be justified why the particular data
were chosen for the analysis.
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5) Discussion and Conclusion. In conclusion, the results of understanding the topic should be summarized;
conclusions, generalizations and recommendations arising from the work should be made, their practical signifi-
cance should be emphasized and the main directions for further research in the studied area should be determined.

7. References should be formatted in accordance with the requirements of the Vancouver Style.
The original sources from scientific journals included in the global citation indices should be cited first of
all. DOI or the URL of the source should be indicated.

References should be written in Russian and English.

8. Information about the author(s) includes: the author’s first name and last name, the name of the
institution and its address (it is required to specify all the institutions where the author works and where the
research was conducted (permanent place of work, the place where the project was done, etc.)). The author’s
position and academic title, ORCID, Researcher ID, e-mail, phone number, postal address for sending a per-
sonal copy of the journal issue.

Information about the authors should be written in Russian and English.

9. Authors contribution. To formulate the actual contribution of each co-author to the work performed,
it is necessary to use the taxonomy CRediT (Contributor Roles Taxonomy), a standard developed by the
National Information Standards Organization (NISO) (https:/credit.niso.org/). The order of indication of
authors and co-authors of the article is agreed by them independently.

Contribution of the authors should be written in Russian and English.

10. Manuscript Format Guidelines.

1) The manuscript should be typed in the Microsoft Word text processing program for Windows
(.doc, .docx, .rtf): sheet size — A4, Times New Roman font, font size — 14, line spacing — 1.5. Manual hyphen-
ation is not allowed. It is forbidden to use double spaces in the text, as well as to indent (red line) using spaces.

2) Formulas are typed by combining the main font and the Symbol font (exception for fractions, sums,
square root) in Microsoft Equation 3.0 (Formula Editor in Microsoft Word) or Math Type 6. Latin symbols in
formulas and notation (both in the text and in the figures) typed in italics. Formulas are numbered in parenthe-
ses. Only those formulas and equations referenced in the following presentation should be numbered.

3) All titles, signatures and structural elements of graphs, tables, charts, etc., are to be provided in Russian
and English.

4) Figures can be presented in raster or vector format with a resolution of at least 300 dpi. They should
allow text editing and resizability. All graphic data are placed in the text of the article, as well as sent addition-
ally as separate files. Diverse illustrations should be brought to a single style of graphic performance, while
respecting the uniformity of their design. Graphs, charts and diagrams must be drawn up in Microsoft Excel.

When submitting an article to the journal, the author agrees with the provisions of the attached li-
cense agreement.

As part of the submission, the journal will peer review your article before deciding whether to publish it.
Engineering Technologies and Systems journal uses double-blind review, which means that both the reviewer
and author identities are concealed from the reviewers, and vice versa. On the basis of the analysis of the ar-
ticle, the reviewer makes a decision whether to recommend the article for publication or reject it. If the author
disagrees with the reviewer’s comments, their reasoned statement shall be considered by the Editorial Board.

Editorial staff’s policy is based on modern legal requirements concerning libel, copyright, legitimacy,
plagiarism, ethical principles, kept in community of leading scientific issues publishers. Journal’s editorial
policy is based upon traditional ethical principles of Russian academic periodicals; it supports Academic
Periodicals Ethical Codex, stated by Committee on Publication Ethics (Russia, Moscow) and it is formed
in account of standards of ethics of editors’ and publishers’ work confirmed by Code of Conduct and Best
Practice Guidelines for Journal Editors and Code of Conduct for Journal Publishers, developed by Commit-
tee on Publication Ethics (COPE).

Engineering Technologies and Systems is an open access journal, which means that all content is freely
available without charge to the user or his/her institution. Users are allowed to read, download, copy, distribute,
print, search, or link to the full texts of the articles, or use them for any other lawful purpose, without asking
prior permission from the publisher or the author in accordance with the BOAI definition of open access. All the
materials of the journal are made available under a Creative Commons “Attribution” 4.0 license.

The journal is distributed on the basis of a subscription, requests of higher education institutions, edu-
cational institutions and individuals. The subscription index is 70539.

Petr V. Senin — Editor-in-Chief. Tel.: +7 (8342) 233260.

Alexey P. Levtsev — Deputy Editor-in-Chief. Tel.: +7 (8342) 254101.
Mikhail N. Chatkin — Deputy Editor-in-Chief. Tel.: +7 (8342) 254420.
Ekaterina P. Gordina — Executive Editor. Tel.: +7 (8342) 481424.
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