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Haqu,lii JKypHaJa «I/IH)Ke}[epHI)le TEXHOJOI'MM U CUCTEMbD)

nyOnuKyeT opuruHaibHble Hay4yHble cratbu (Full Articles) Ha pycckoM M aHIIIMICKOM
A3bIKaX, paHee He ITyOIMKOBABIIMECS B IPYIUX U3JaHUAX. MHUCCHs 3aKII04aeTcs B IMy0-
JMKAIUU Pe3yJbTaTOB HAyYHBIX HCCIEIOBAHHMMA, CITIOCOOCTBYIOIIMX PAa3BUTHIO HAyKH
B 00J1aCTH MHKEHEPHBIX CUCTEM M TEXHOJIOTHH.

JKypHan agpecoBaH UCCIIEIOBATENSM, aHATUTHKAM | IIPAKTUKAM B 00JIacTH (PU3UKU
1 CEeBbCKOXO3SIMCTBEHHOTO MTPOM3BOCTBA, a TAKXKE IMIMPOKOMY KpPYTY YHTaTelei, NHTe-
pecyromuxcs mpodIeMaMi TEXHUYECKUX HayK.

Penakuust sxypHana OCyHIeCTBISIET HaydHOE pelieH3MpOBaHUE (JIBYCTOPOHHEE clie-
1oe) BcexX MOCTYMAIIMX cTared. Pykonuch crarbi HanpaBisieTcsl Ha peLieH3upOBaHUE
JUTS OLIEHKH €€ HayYHOTO COZEPKaHMS HECKOJIBKUM BEIYIIUM CHEIHAINCTaM COOTBET-
CTBYIOIIETO TIPOGIIISL, IMEIOIIAM HAYIHYIO CTICIIHAIM3AIliIo, Harnbosee OU3KYIO K Te-
MaTHKe CTaThH.

Penakuus xypHana peaqu3yeT NPUHIIMI HYJICBOW TOJIEPAHTHOCTH K Iutaruary. Mo-
HUTOPUHT HEKOPPEKTHOTO IIUTHPOBAHUS OCYIIECTBISETCS C TIOMOIIBIO CHCTEM «AHTH-
rraruat» u CrossCheck.

Pacnipoctpanenne — Poccuiickas @enepariust, 3apyOesKHbIE CTPAHBIL.

JKypHan npenocraBisieT OTKPBITHII JOCTYII K ITOTHBIM TEKCTaM ITyOIUKAIHIA, UCXOJIS
W3 CIIEMYFOIIETO TIPUHIINIIA: OTKPBITHIA JOCTYII K Pe3yJbTaraM HCCIEIOBAaHUN CIIOCO0-
CTBYET YBEIIMUCHHIO ITI00ATEHOTO 0OMEHa 3HAHUSMU.

Kypnan BkiroueH B llepedeHb pelieH3MpPYEMBIX HAyYHBIX H3[aHHH, B KOTOPBIX
JIOJDKHBI OBITH OITYOIMKOBaHBI OCHOBHBIE HAyUHBIE Pe3yIbTaThl JUCCEPTALNiA HA COUCKa-
HUE yYeHOH CTENeH! KaHU/1aTa HayK, Ha COMCKaHKe YUYSHOH CTeIIeHH JIOKTOpa HayK 110
HAayYHBIM CIIEIHATILHOCTSM M COOTBETCTBYIOIIMM MM OTPACISAM HAayKH (TI0 COCTOSHHUIO
Ha 25.05.2022 1):

05.20.01. TexHonoruu U cpencTBa MEXaHU3AIMU CEIBCKOTO XO35HCTBA (TEXHUYE-
CKHUE HAyKH)

05.20.02. D1eKTpOTEXHOIOTHH H DJICKTPOOOOPYIOBAHNE B CEITLCKOM XO3HCTBE (TEX-
HUYECKHE HAyKH)

05.20.03. TexHONOTHHU ¥ CPEJICTBA TEXHHYECKOTO OOCITYKHBAHUS B CEIILCKOM XO3s1ii-
CTBe (TEeXHUYECKHE HAYKH)

1.3.2. TIpuGops! 1 METOABI SKCIIEPUMEHTATBHON (PU3UKN (TEXHUICCKUE HAYKH)

1.3.6. Onituka (TeXHUYeCKHe HayKN)

1.3.13. Dnexrpodusuka, dMEKTPOPU3NIESCKUE YCTAHOBKU (TEXHUIECKUE HAYKH )

Kypnan uaaexcupyercs 1 apXUBUpyeTcs B 0a3ax JaHHBIX:
Web of Science Core Collection (ESCI)
Poccwuiickom nuaexce Hayunoro uutupoBanus (PUHLY)
EBSCO

Kypnan sisiercst wnenom Open Access Scholarly Publishers Association (OASPA),
Directory of Open Access Journals (DOAJ), Committee on Publication
Ethics (COPE), Accounanuu HayuHsIx penakropos u usgareneid (AHPU), CrossRef
Y MEXyHapOIHOTO coobIecTBa pereHzenToB Publons

Marepwuaiisl )ypHasia J0cTyIHbI 1o juien3un Creative Commons “Attribution”
(«ATpubyuns») 4.0 BcemupHast
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The scientific journal Engineering Technologies and Systems

publishes original scientific articles (full articles) in Russian and English, which
have not been previously published in other publications. The mission of the jour-
nal is to publish research results that contribute to the advancement of knowledge
in area of engineering systems and technology.

The journal is addressed to researchers, analysts and practitioners in the fields
of physics and agricultural production, as well as readers interested in engineering
problems.

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

The Editorial Board follows the principle of zero tolerance to plagiarism. The
incorrect citations shall be monitored with the help of Antiplagiat and CrossCheck
systems.

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

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

The journal is included in the List of the leading peer-reviewed scientific
journals and publications, where basic scientific results of dissertations for the
degrees of Doctor and Candidate of Sciences in scientific specialties and their re-
spective branches of science should be published (Higher Attestation Commission
under the Ministry of Science and Higher Education of the Russian Federation as
at 25 May 2022):

Technologies and Means of Agricultural Mechanization

Electrotechnologies and Electrical Equipment in Agriculture

Technologies and Means of Maintenance in Agriculture

Instruments and Methods of Experimental Physics

Optics

Electrophysics, Electrophysical Installations

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

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

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

Cenun ITéTp BacunbseBuy — enasusiii peoakmop, nepsblii npopexrop ®I'6OY BO
«MI'Y um. H. I1. Orapépa», TOKTOp TEXHHUECKHX Hayk, mpodeccop, ORCID: 0000-0003-3400-7780,
vice-rector-innov@adm.mrsu.ru (Capasck, Poccuiickas denepariust)
JleBueB Auekceii [1aBnoBuY — samecmumens 21agHo2o pedaxkmopa, 3aBeAyIomui Kadenpoi
temosHepreruyeckux cucreM ®I'BOY BO «MI'Y um. H. I1. Orapésay, 1OKTOp TEXHUYECKUX HayK,
mpodeccop, ORCID: 0000-0003-2429-6777, levtzevap@mail.ru (Capanck, Poccuiickas denepars)

Topauna Ceetiiana BuktopoBHa — omeemcemaennulii cekpemapb, 4ieH EBporneiickoii accouuanuu
HayuHbIX penaktopoB (EASE), kaununar negarorngeckux Hayk, ORCID: 0000-0003-2265-418X,
vestnik_mrsu@mail.ru (Capanck, Poccuiickas denepariyist)

Aunaxsepaues Cypxaii Parum oribl — akagemuk Poccuiickoii Akagemrn EctecTBo3HaHuA, Ipodeccop
kadeapsl sxonoruu u npupononoib3oanust GI'EOY BO «MockoBCKHii MEAarornueckuii rocy1apcTBEHHbIN
yauBepcute» (Mocksa, Poccutickas deneparms); mpodeccop kadeapsl JIeCHOI HHAyCcTprU bapTeIHCKOTO
TOCYapCTBEHHOTO YHUBEPCHUTETA, IOKTOp Ononorudeckux Hayk (bapron, Typrws)

AcrtaxoB Muxaus BiagumupoBuy — npodeccop kadenpsl KOJIECHBIX MAIINH U MPUKIAIHON MEXaHUKN
Kayxckoro pummana @I'BOY BO «MocKkoBckuii rocyapCTBeHHBIH TEXHUUECKHUI YHUBEPCUTET

um. H. O. baymanay, nokxrop texunueckux Hayk, ORCID: 0000-0001-8675-1611
(Kamyra, Poccuiickas ®enepanmst)
Byarakos Anekceii I'puropseBud — npodeccop kadeapsl IPOMBILIIIEHHOTO U IPaXKAaHCKOTO
crpoutenscTBa PI'BOY BO «tOro-3ananuslii rocynapcrBeHnblil yausepeuret» (Kypek, Poccuiickas
Denepanus); npodeccop CTpouTeNbHOro dakyasrera JIpe3aeHcKoro TEXHHUECKOro YHUBEPCUTETa,
noktop TexHmdecknx Hayk, ORCID: 0000-0003-4261-9840 (Ape3nen, ['epmanms)

I'epGep ¥Opuii BopucoBuy — 3aBexyromyii kKageapoil TEXHOIOTUH 1 000pyI0BaHMs TPOU3BOJICTBA
1 niepepaboTKH MPoRyKIuH kuBoTHOBOACTBa PIAOY BO «KDY nMm. B. U. BepHanckoroy», 1okTop
TEXHHYECKUX HayK, podeccop, ORCID: 0000-0003-3224-6833 (Cumdepomnonb, Poccuiickas denepariust)

Haiidpen Ysxennb — 3amecturens gexana Llkonsl sHepreTukn L{3sHCYCKOro yHUBEpCUTETA HAYKU
1 TeXHOJIOTUH, TUPEKTOp MeKayHApOAHOH 00BSIMHCHHOMH T1a00paTOpPUH O SKOJIOTHIECKOH SHEPTeTHKE
CYIOB U KOHTpoIo BbIOpocoB LI3stucy, Ph.D., npodeccop, ORCID: 0000-0002-3070-1989
(Wxonb3san, Kurait)
Jumutpo Banepuii IlerpoBuy — 3aBenyromuii kadenpoii ynpasienus kauecteoM @I'50Y BO
«JloHCKO¥ TOCYIapCTBEHHBIH TEXHUYECKHI YHUBEPCUTET», JOKTOP TEXHUYECKUX HayK, podeccop,
ORCID: 0000-0003-1439-1674 (PocroB-na-Jlony, Poccuiickas denepariuist)

Kauxun Cepreii FOpbeBuu — npodeccop kadenpbl aBTOMaTH3HPOBAHHOTO 000PYIOBAHHS
MalHocTpoutenbHoro npoussonacrsa ®I'OY BO «BopoHexkckuii rocynapcTBeHHBIN TEXHUYECKUI
YHHUBEPCUTET», TOKTOp TexHuueckux Hayk, ORCID: 0000-0002-1844-5011
(Boponex, Poccniickas @eneparms)

KenesnukoBa Onbra EBrenbeBHa — qupexrop MHcTHTYyTa 251eKTpOHUKHN U cBeToTexHUKH PI'BOY BO
«MI'Y mm. H. I1. OrapéBay, kaHIumar TeXHIYECKHX HayK, noneHT (CapaHck, Poccuiickas deneparis)

Hrymuos JleoHun AjieKcaHAPOBHY — [VIaBHBIN Hay4HBIN cOTpyaHUK HayuHo-HccienoBaTenbckoro

nHcTuTyTa Mexanuku ®PIAOY BO «HammonanbsHbli nccnenosarensckuii Hukeroponckuit

rocyaapcTBeHHbIN yHuBepcuteT uM. H. 1. Jlo6aueBckoroy, TOKTOp (pU3NKO-MaTeMaTHYECKUX HayK,
npodeccop, ORCID: 0000-0003-3035-0119 (Hmxuuit Horopon, Poccuiickas deneparis)

Hcromuna Hatanbs JleoHHI0BHA — HaYaIBHUK OT/eNa Gusnveckux Hayk Poccuiickoil akanemMuu
HayK, 3aMECTUTEIb aKaJeMHUKa-CeKpeTaps 10 HayuyHO-OpraHu3anuoHHoi pabore O®H PAH;
npodeccop kadeaps! ynpasienus naHoBausiMA GI'BOY BO «MockoBCckHii aBHAIIMOHHBIA HHCTHTYT
(HaIMOHABHBIM UCCIIEOBATENbCKUI YHUBEPCUTET)»; IIABHBINA PEIAaKTOP HAYYHO-TEXHHYECKOTO

xypHana «DotoHuKay, TOKTop usmko-maremarndeckux Hayk, ORCID: 0000-0001-6008-1226
(Mocksa, Poccuiickas ®enepannsi)
Keuemaiikun Bragumup HukosaeBnu — nupexrop Py3aeBckoro MHCTUTYTa MallliHOCTPOEHHUS
OI'BOY BO «MI'Y um. H. I1. Orapépay, kanau1aT SKOHOMUYECKUX HAYK, TOIICHT
(Capanck, Poccuiickas ®eneparus)
Kornn Anexcanap Baagmmuposud — npodeccop xadenpsl MexaHn3anuu nepepadoTku
cenbckoxo3siictBeHHoi npoaykuun @I'bOY BO «MI'Y um. H. I1. Orapépay, TOKTOp TEXHHYECKUX HayK,
ORCID: 0000-0001-8235-0052 (Capanck, Poccuiickas deneparyist)
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Kycmapues ®@énop BacuibeBud — fekan pusnueckoro paxynsrera Yausepcutera Jlapoopo
(JTa60opo, Benukobpuranus); npopeccop Komemka uckycers u Hayk Yausepeutera Xanudsi, Ph.D.
(AGy-1abu, OAD)

Kyxapes Ouier Huxosaesuu — pexrop @I'bOY BO «llensenckuil rocynapcTBeHHbIH arpapHbli
YHUBEPCUTET, JOKTOP TEXHUUECKHX HayK, mpodeccop, ORCID: 0000-0002-3519-4066
(ITen3a, Poccuiickas denepars)

JlodaueBckmii AAxoB IleTpoBuy — nepsslii 3amecturens aupekropa PIT'BHY «Denepanbblil HayuHbli
arpouHxeHepHblii ieHTp BUM», ToKTOp TeXHUYECKUX Hayk, npodeccop, akagemuk PAH,
ORCID: 0000-0001-7863-2962 (MockBa, Poccuiickas ®eneparusi)

MuxkaeBa CBeTjiaHa AHaToIbeBHA — npoeccop kadenps! anexrpornkn GPI'EOY BO
«MUPDA — Poccuiickuii TEXHOTOIHYECKUN YHUBEPCUTET, JOKTOP TEXHUUECKUX HAyK, TOLIEHT,
ORCID: 0000-0001-6992-455X (MockBa, Poccuiickas denepars)

Hecvmusn Anapeii FOpbeBr4 — 3aMecTHTeNh TUPEKTOpa MO HAyYHOH paboTe M MHHOBAIUSAM A30BO-
Yepuomopckoro urwxeHepHoro uHcrutyra ®I'bOY BO «/lonckoii [AY», TOKTOp TEXHUUECKUX HaYK,
noueHt, ORCID: 0000-0002-5556-1767 (3epHorpan, Poccuiickas denepariust)

OcTpuxos Banepuii BacuibeBu4 — 3aBey1omuii 1abopaTopueii HCTIOIb30BaHHS CMa30dHBIX
MarepuasioB u orpadoranubix HedrenpoaykroB @PIBHY «Bcepoccuiickuit HaydHO-HCCIICT0BATEIbCKHN
MHCTHUTYT UCIIONB30BAHUS TEXHUKHU U HEPTETPOTYKTOB B CETHCKOM XO3SIHCTBEY, TOKTOP TEXHUIECKUX
Hayk, mpodeccop, ORCID: 0000-0003-2927-768X (TamboB, Poccuiickas Oeneparus)

IMnoraukos Cepreii AjlekcanapoBHY — podeccop Kadeapbl TEXHOIOTHMH MAIIHHOCTPOCHHS
OI'BOY BO «Bsrckuii rocyiapCcTBeHHBII YHUBEPCUTET, TOKTOP TEXHUUECKUX HAYK,
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HCKYCCTBEHHOTO MHTEIUICKTA ¥ 3HAHHM, MPodeccop (aKyabTeTa KOMITBIOTCPHBIX M HHPOPMAIIMOHHBIX
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Pe3yabTarsl ajantanuu KOHCTPYKIIUN KOMOaHA
K padoTe ¢ o4echbIBAIOIIEH KATKOM

B. H. Oxepeanes !, B. B. Hukurux
bpsanckuii ITAY (c. Koxuno, Poccutickas @edepayus)
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Annomauusn

Bgeoenue. Cumxenne apoOlieHUs] CBOOOAHOTO 3epHa pabOYMMHU OpraHaMU MOJIOTHIIKH
IIPA OYece PAcCTCHHl Ha KOPHIO SIBISICTCS aKTyaJlbHOH Hay4yHO# mpoOnemoii. Llens wnc-
CIIe/IOBaHUsT — pa3paboTaTh TEXHUUECKOE PEIICHHE M SKCIIEPUMEHTAIbHO MOATBEPANUTD
BO3MOXKHOCTB OCYILECTBJICHHUS TIPE/IBAPUTEIIBHOI cernapanin cBOOOJHOTO 3epHa U3 Oue-
CaHHOTO 3ePHOBOIO BOPOXa JI0 MOCTYIICHHS €ro0 B MOJIOTHJIBHYIO KaMepy 3epHOy00pou-
HOTO KOMOaliHa.

Mamepuanvt u memoowi. Hanbonee nepcreKTUBHBIM TEXHUYECKUM PELICHUEM, II03BOJIS-
IOIMM MUHUMH3HPOBATh JIPOOJICHHE CBOOOIHOrO 3epHA, SBJISICTCS HAKIOHHAs KaMepa,
coziepIKaliasi peleTyaToe JHHIIE C IPOIOITOBATHIMU OTBEPCTHSIMH, O] KOTOPHIMU CMOH-
THPOBAHbI HAKIIOHHBIC IITHEKU. DKCIEPUMECHTAJIBHbIC HCCIIEI0BaHMs ObUIH pa3JieIeHbl Ha
I1Ba dTana. B nepBoii cepun 3KCIEPUMEHTOB B J1a00PAaTOPHBIX YCIOBHSAX OMPEIEIISUIN OIl-
THMaJIbHbIC Pa3MEepPbl OTBEPCTHI PELICTYATOrO JHHUIIIA, 00SCIICUHBAIOIINX MAKCHMAIIbHBIH
1poxoJ cBoOOIHOIO 3epHa. Bo BTOpoii cepun IKCIEPUMEHTOB OLICHUBAIIN CTEIICHB CeTla-
paryu U ApoOIIeHHsT CBOOOIHOTO 3¢pHA B PEabHbIX MOJEBBIX YCIOBHUSIX.

Pesynomamui uccnedosanus. 11o pesynbraram 1ab0paTOpHBIX UCCICIOBAaHUN yCTaHOBIIC-
HO, YTO MaKCHMaJbHbIN IIPOXOJI CBOOOIHOIO 3epHa CKBO3b OTBEPCTHS PELIETYATOrO AHH-
ma coctasisier 68,7 % npu mupuHe ero orBepcTuit 8§ mm u ux anune 160 mm. Ilo pesyb-
TaraM IOJICBBIX AKCIICPHMEHTOB YCTAaHOBIICHO, YTO CPEJHHUI IIPOXOJ CBOOOIHOIO 3epHa
CKBO3b OTBEPCTHSI perierdaToro gauuia coctasisier 90 %. [pu stom apobieHue 3epHa
B HAaKJIOHHOH Kamepe He npessimaino 0,5 %, a B Oyakepe 1,75 %. [pobnenne OyHKepHO-
r0 3epHAa HaXOAWIOCHh B mpenenax 5,25 % mnpu pabore kombaitHa 6e3 mpeaBapUTEIbHON
ceraparyi 04eCaHHOTO 36PHOBOTO BOPOXa Ha PEIIETYATOM JIHHUIIE HAKJIOHHOH KaMephl.
Ob6cyarcoenue u 3axaouenue. TlpeaBapuTtenbHas cenapanus cBOOOIHOTO 3epHA U3 Oye-
CaHHOI'0 BOPOXa IO3BOJISICT YMEHBIINTH JIPOOJICHNE 3epHA KAK MHUHHMYM B TPH pasa,
a TaKKe CHMU)KAET MOIIHOCTB, KOTOpasi PACXOAyeTCsl Ha MPHUBOJ MOJOTHIIBHOTO arapa-
Ta, Ha 11-12 %.

Knroueswie cnosa: 3epHOyO00pOUHBIil KOMOaiiH, yOOpKa 3epHa, 04ec, SHEPrOEeMKOCTb, CTe-
IeHb APOOJICHUS 3epHa
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Original article

The Results of the Combine Design Adaptation
to Work with a Stripper Header

V. N. Ozherelev™, V. V. Nikitin
Bryansk State Agrarian University (Kokino, Russian Federation)
“ Vicoz@bk.ru

Abstract

Introduction. A decrease of damaging loose grains by threshing tools when combing stand-
ing plants is an urgent scientific problem. The aim of the research is to develop a technical
solution and experimentally confirm the possibility of loose grains pre-separation from
the stripped grain heap before it enters the threshing chamber of the combine harvester.
Materials and Methods. The most promising technical solution to minimize the damag-
ing of loose grain is an inclined chamber containing an oblong-hole lattice bottom, under
which inclined augers are mounted. The experimental studies had two stages. In the first
series of experiments, in laboratory conditions there were determined the optimal sizes
of the lattice bottom holes to ensure the maximum passage of loose grains. In the second
series of experiments, the degrees of separating and damaging loose grains were evaluated
in real field conditions.

Results. According to the results of laboratory studies, it was found that the maximum
passage of loose grains through the holes of the lattice bottom is 68.7% with the width of
holes 8 mm and their length 160 mm. According to the results of field experiments, it was
found that the average passage of loose grains through the holes of the lattice bottom is
90%. At the same time, damaging grains in the inclined chamber did not exceed 0.5%, and
in the hopper 1.75%. Damaging grains in the bunker was in the range of 5.25% when the
combine operated without pre-separation of the combed grain heap on the lattice bottom
of the inclined chamber.

Discussion and Conclusion. Pre-separation of loose grains from the combed heap makes
it possible to reduce damaging grains at least three times, and also reduces the power con-
sumed by the drive of the threshing machine by 11-12%.

Keywords: harvester, grain harvesting, combing grains, energy intensity, degree of grain
damaging
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Beenenue

IIpousBoncTBO 3epHa SABISETCS OA-
HUM U3 KpaeyrojbHbIX KaMHEH CeIbCKOTO
xo34iicTBa. BmecTe co BCell IKOHOMUKOM
CTpaHbI OTPACIIb IEPEKHUIIA B KOHLIE TPOLII-
JIOTO BeKa MEpPHOJ MHCTUTYLHOHAJIBHBIX
npeoOpazoBannii. OHM Ha HEpBOM 3Tare
MPUBEJN K 3HAYUTEIBHOMY YMEHBIICHUIO
KaK 00bE€MOB NPOU3BOJCTBA, TaK U yPOB-
Ha ero penrtadempHOcTH [1]. K Hawamy
HOBOTO CTOJIETHSI Tporecc TpaHchopma-
MU 3aBEPIIMIICS U 3€PHOBOE TPOU3BOI-
CTBO CTaJI0 BO3POXKAATHCS HA COBPEMEH-
HBIX TEXHOJOTMYECKUX W TEXHUYECKHX
ocHoBax. B pesynsrate B 2020 ronmy
00beM MPOM3BOJCTBA 3€pHA YBEITHUUIICS
B 1,26 paza (133,5 MiH T), a ero ypoxaii-
HOCTB B 2 pa3a NpeBbICHIIAa YPOBEHb HaM-
Oosiee OIaronoNy4YHONW COBETCKOM MSTH-
metku (1976-1980 rr.) [2].

OueBUAHO, YTO 3a HNPOLIEIIINE JECs-
TWJIETHSI TEXHUYECKUH [TOTEHLINAN COBET-
CKOTO TIepHo/ia OBLT MOTHOCTHIO U3PACcXo-
JIOBaH, M BCTaJ BOMPOC 00 OOCCIIeUCHHUH
36pHOBOTO  IPOM3BOJCTBA  YOOPOUHOM
texHukoi. CHauaia rnpobsiema perianach
3a CUeT yBEJIMYEHHsI UMIIOPTa 3epHOYOO-
pounbix KomOaitHoB u3 EBpomsr u CLHA
Ipy 3aMETHOM Jerpajaluu TpagulrioH-
HBIX POCCHHCKMX mNpowusBoaurened. Tak
«KpacHosipckuii 3aBoj1 KOMOAHHOBY ITpaK-
TUYECKU MPEKPATUI CBOIO JIESTEIBHOCTD,
a 3aBox «PocTcenpmany pe3ko COKpaTHI
00beMbl Tpon3BoaCTBa. [Ipu 3TOM B cTpa-
HE TOSIBHJIMCH HOBBIC TIPEANIPUSATHS, 0a-
3UPYIONIHECS HAa TIOCTaBKaX 3apy0eKHbBIX
KOMIUIEKTYIOIMX. B mnepByr ouepens
9T0 3aBon «bpsHCKcenbMam U QuaHan
Hemeuko ¢upmsr CLAAS B KpacHo-
napckoM kpae. B pesynsrare B 2019 rony
«Poctcenpmann» nmpoussen 3 958 komOaii-
HOB (78,8 % OT 00IIEPOCCHICKOTO BBI-
mycka), «bpsuckcenpmary 526 (10,4 %)
n «Kmaac Boctox» 450 (8,9 %).

Crnenyer OTMETHUTh, 4YTO KOMOAHHBI
HOBOT'O MOKOJICHUSI BO MHOTO pa3 MpOU3-
BOJIUTEIIbHEH CBOMX COBETCKUX Tpelle-
ctBeHHHKOB. Kombaiitn RSM-161 moxer
HamoJoTuTh 40 T 3epHa 3a Yac, a 3a CE30H
yoOparp ypoxaii ¢ miomanu g0 2 000 ra.
Jlns cpaBHEHMsI: KOMOAWH IpEAIIeCTBY-
romero mokonenust Jlou-15006 mor mo-
CTHYb HAMOJIOTa TOJIBKO B 14 1/4. To ecTh
YMEHBIIICHUE YHClia KOMOAHOB KOMIICH-
CHPYETCsl 3HAYUTEIILHBIM POCTOM HX IIPO-
W3BOJUTEIILHOCTH.

IIpoGema,  ofHaKo,  3aKIIFOYAETCSI
B TOM, 4TO 1yt 3(p(heKTHBHOIN pabOTHI BbI-
COKOIPOW3BOIUTEIIFHOMY KOMOaifHy Tpe-
Oyetcst cooTBeTcTBYytoIMi arpodoH. Dup-
Ma CLAAS pexoMeHAyeT HCIOIb30BaTh
cBOHM cambIii MommHbIH komOaitH LEXION
(mpom3BOAMTENEHOCTRIO 10 60—70 T/9) TIpn
ypOXKaifHOCTH, TpeBbImaromeit 70 1yra.
IloHATHO, YTO NIpU CpenHel ypoxkaiiHo-
CTH poccuiickux mojer 2025 1/ra Takast
BBICOKONPOU3BOUTEIbHAS TEXHUKA HE
OKymaercsi. Psi OTEYeCTBEHHBIX YUYCHBIX
CUUTAIOT, YTO IPH BEICOKOM ypoBHE i de-
PEHIMAIMN YPOXKAHHOCTH TI0 TEPPUTOPUH
CTpaHbI IpollieMa ONTUMH3ALUK aCCOPTH-
MEHTa 3E€pPHOYOOPOYHON TEXHWKH MOXKET
OBITH pellieHa, B YaCTHOCTH ITyTEM Tiepe-
XOJla Ha CeMb KJIacCOB KOMOAIHOB C Baph-
MPOBaHMEM TIPOITYCKHOH  CIIOCOOHOCTH
MOJIOTHIIKH OT 3 10 12 u BhImIe kr/c' [3; 4].
BropbiM BapuaHTOM ajianrtaruyd KoMOaiHa
K paboTe Mpy MUHUMAJIBHOW YPOXKAMHOCTH
MOXKHO CUHUTaTh €€ pa3ieibHBIA BapUaHT
yOOpKH C HCIOJIb30BAaHUEM BAaJIKOBBIX Ka-
TOK MOPIIMOHHOTO THIA [5; 6].

Baxmnetinielr npobiemoit mpu yoopke
3epHa SBJISIETCS YHEPrOEMKOCTh OOMOJIO-
Ta. CyIIecTBEHHO YMEHBIIIUTH €€ YPOBEHb
(8 1,4-2,0 pa3za) mo3BOJIS€T UCIOIH30BA-
HUE TEeXHOJIOTHH OYeca paCTeHUH Ha KOp-
HIO [7-9]. DTO 0OOYCIOBIEHO TEM, HYTO,
kak ycraHoBua euie M. A. Ilycreirus,

' Harvesting of Mixed Crops by Axial Rotary Combines / N. V. Aldoshin [et al.] // Proceeding of 7" In-
ternational Conference on Trends in Agricultural Engineering (17-20 September 2019). Prague, 2019.
P. 20-25. URL: https://2019.tae-conference.cz/proceeding/ TAE2019-004-Nikolay-Aldoshin.pdf (mara

obpamrenus: 27.01.2022).
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nopsizka 70 % motpebnsieMol MOIIHOCTH
MOJIOTHJIBHBIN OapabaH pacxoayer Ha Jie-
(hopmanmro u repeTupaHne Macchl B MO-
JIOTHIBHOM 3a30pe’.

[upoxoe BHEAPEHNE TEXHOIOTUHU OYe-
ca CIEepKUBACTCs, BO-TIEPBBIX, HE3aBep-
IIEHHOCTBIO ONTHMH3AIMOHHBIX PaboT 1o
KOHCTpYKIMU oyeckiBareneil [10-12]. Bo-
BTOPBIX, KOHCTPYKIHSI MOJIOTHJIKH 3€pHO-
yOOPOYHBIX KOMOAHOB HE MPUCIIOCOOICHA
K IIpUeMy U 00paboTKe 04eCaHHOro 3epHO-
BOTO BOpPOXa, IMOCKOJIBKY B MOJIOTHIIBHBIH
3a30p mocrtymnaer 80 u Ooree MPOIEHTOB
CBOOOJTHOTO 3€pHa, KOTOPOE IOBEpraeTcs
YAapHOMY BO3IEWCTBHUIO, BCIIEACTBHE YETO
PE3KO BO3pacTaer Moy APOOIEHOH Tpo-
nykmuu [13—15]. Kpome Toro, Ha 310 He-
TaTUBHOE TEXHOJIOTHYECKOE BO3JCHCTBHE
pacxofyercs 3Ha4YUTeNbHAsI YacTh MOIIHO-
crtu, notpedisiemoii OapabaHom [16; 17].
B cBsI31 ¢ 3TUM aKTyajbHOU TEOPETUYECKOU
Y MIPaKTHYECKOH 3a/1a4eli CTAHOBUTCSI a/1arl-
Talusi KOHCTPYKIMK KoMbaiiHa Kk 00paloT-
K€ 0YECaHHOTO 3ePHOBOIO BOPOXa.

Llenp wuccnemoBaHust — pa3padboOTaTh
TEXHUYECKOE pEIIeHWE W DKCIEepPUMEH-
TaIbHO TIOATBEPANUTH BO3MOXKHOCTH OCY-
IECTBICHUS TIPEIBAPUTEIHHON cemapa-
MU CBOOOTHOTO 3epHAa W3 OYECAHHOTO
3€pHOBOIO BOPOXa JIO TOCTYIUICHHS €r0o
B MOJIOTHJILHYIO Kamepy 3epHOyOOpOYHO-
ro KoM0OaiiHa.

O030p auTEpaTYpPHI

B mepByro ouepenp menecoodOpazHO
3a()UKCUPOBaTh COCTAB OYECAHHOTO 3ep-
HOBOTO BOPOXa, C KOTOPBIM MPEACTOUT
paboTarh MOJIOTHIIKE 3epHOYOOPOYHOTO
koMOaitHa. [lo maHHBIM pa3HBIX aBTOPOB,
cofiep’kaHne B HEM CBOOOTHOTO 3epHa (110
Macce) BappupyeTcs B mpenenax ot 60 10
85 %, obopBaHHBIX KojocKoB 10-25 %
M COJIOMHUCTBIX KOMIIOHEHTOB OT 7 10
25 % [15]. C pocTOM 9acTOTHI BpaIICHUS
pPOTOpa MOYKHO YBEITHYUThH JIOIIO CBOOO/-
HOTO 3€pHa B BOPOXE, HO IPHU ITOM BO3-
pacTaet u CTemneHb ero ApoOnenus [14].

[Ipu 3TOM maXke y OTHOTO MCCIIEeNOBATEINS
Ha Pa3HBIX TOJSAX IO CBOOOTHOTO 3€ep-
Ha B BOpOXe BapbupoBaiach or 69,4 no
82,7 % [7].

[upoxue mpeaess BAPHHPOBAHUS TTa-
paMeTpoB OYEeCaHHOTO BOpoxa 00ycIoBIIe-
HBI Pa3HOOOpa3HeM KOHCTPYKIIUH YKATKH,
napaMeTpoB M PEKUMOB ee padouux op-
raHoB, a TaKkXke cocTossHuA arpodona. [Tpu
9TOM B MH)KEHEPHOH cpelie Bce erie 00cy-
JKJIaeTcsl BOIIPOC O BbIOOpe onHoOapabaH-
HOW WM JByxOapabaHHON KOHCTPYKTHB-
HOW CXeMBbI ovechiBaTens. Tem Ooiee Her
MOKa ¥ €IMHCTBA B TIOHUMAHUH ONITUMAITh-
HOW KOHCTPYKIIMM OYECHIBAIONINX Tpede-
HOK. B sxarke CVS ¢upmsr Shelbourne
Reynolds npodmis kaHama Mexmy 3yObsi-
MH UMeeT (POPMY «3aMOYHOM CKBAKHHBD»,
torna kak y xartku «O30H» (ITAO «Ilens-
Malll») OH MMEET IOCTOSHHYIO IIMPHHY.
IIpu stom uccrnenoBanuss M. A. deauna
MOATBEP/IIIN  TPEUMYIIECTBA TPEOCHKH
C TaHTeHIMATbHBIMU KaHanamu [10; 18].

OmnpeneneHHbld HHTEPEC ¢ TOUKH 3pe-
HUs yBenrmdeHUs ((HEeKTUBHOCTH PaOOTHI
OYeChIBaTelNlsl TIPEJCTABISAET THIIOTE3a,
cthopmynmposanHas B. FO. CaBuHbIM, 4TO
oueckIBarolell rpebeHke 1erecoodpasHo
COOOIIHUTH ToTepeyHbie Komebanus [19].
ABTOp MPEIOKNIT HECKOIBKO BAPHAHTOB
KOHCTPYKTHUBHBIX PECIICHUH, Peau3yro-
X ykazaasld npuaiun [20; 21]. Ilpu
COOTBETCTBYIOLIECH 0pabOTKE KOHCTPYK-
[IUU ¥ ONITUMU3AIIH €€ TapaMeTPOB U pe-
JKUMOB pabOThl Wjes BHUOPALMOHHOTO
BO3/ICHICTBUSL HA OYECHIBAEMBIC PACTCHHS
MOXET OBITh IPUMEHEHA Ha TPAKTHKE.

HeomHo3HAYHBIME SIBIISIIOTCS U CBe-
JISHHsI O CTeTieHH ApoOieHus 3epHa. [Ipu
WCTIBITAHUH YKpanHCKOH xaTku CliaBsHKa
YAC copepxanue B OyHKEpe ApOOICHOTO
3epHa He BBINIUIO 3a IMpesensl 2 %, Toraa
Kak Ha ucneitannn xarku JKOHTY-6 ono
npeBbICcHIIO 2,63 %.

OueBuaHO, 4TO (DPAKIMOHHBIA CO-
CTaB OYECAHHOTO BOpOXa IOJPa3yMEBacT

2 Mycreirun M. A. Teopust U TEXHOJIOTMYECKHI pacyeT MOJIOTHIIBHBIX yCTpoiicTB. M. : OI'M3-

CEJIBXO3T' 13, 1948. 96 c.
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00s13aTeNbHBIA JOMOJIOT 00OpPBaHHBIX KO-
noceeB. [lpu 3TOM moctyruieHHe B MOJIO-
TWIBHBINA 3330p CBOOOIHOTO 3epHa U 3Ha-
YUTEIHOW YacTH MENKUX COJIOMHUCTBIX
MpUMecei C TEXHOIOTHYECKON TOUKU 3pe-
HUS HE TOJNBKO JIMIIEHO CMBICTIA, HO U He-
TaTUBHO OTPa)kaeTcs Ha COXPAHHOCTH 3ep-
HOBOK. CIiefoBaTenbHO, IEIecoo0pa3Ho
BHECTU KOPPEKTHBHI B TEXHOJOTHYECCKHI
MpoIecC  3epHOYOOPOUHOro  KoMOaiiHa,
yIaJIUB U3 BOPOXa, MOCTYMAIOIIETo Ha J0-
MOJIOT, OOJIBIITYIO YaCTh CBOOOIHBIX 3€PCH.
Pemenne ykazanHol mpoOieMbl UMe-
€T HECKOJIbKO aJbTepHATUBHBIX HAaIlpaB-
JICHWH, B KaXJIOM H3 KOTOPBIX MPHUCYT-
CTBYIOT BapWaHThl KOHCTPYKTHBHOTO
VCTIOJTHEHUS TIEPCIIEKTUBHOW TEXHOJIOTH-
yeckoil uaeu. K neppomy u camoMy MHO-
TOYHCIICHHOMY  HAIlPaBIEHUIO  MOTYT
OBITh OTHECCHBI KOHCTPYKTHBHBIC peIle-
HUS, B KOTOPBIX CBOOOJHOE 3E€pHO BHI-
JIeNsgeTcs W3 BOpPOXa HEMOCPEACTBEHHO
B HAaKJIOHHOW Kamepe W BBIBOAMTCS 3a €€
npenensl. Yto kacaercsi crocoba cema-
pauuu, TO OH B OOJBIIMHCTBE CIIy4acB
npearnoaaracT 00opyaoBaHHE HAKIOHHON
KaMepbl penierdareiM gauIeM. [lomauy
MpoXojla Ha TPAHCIIOPTHYIO JOCKY Tpen-
MOJIATaeTCs OCYIIECTBIATH CIIECIIHAIBHBIM
CKpeOKOBBIM TpaHcmoprepoMm. st aToro
B HAKJIOHHOW Kamepe MOHTHPYETCS JI0-
nmomHUTENbHOE aHUIE [22]. B kadecTBe
BapuaHTa WCIIOJNIHEHHSI BMECTO CKpEOKO-
BOTO TPaHCIIOPTEPa MOTYT OBITh MCHOJNb-
30BaHbl HAKJIOHHBIC IITHEKHU [23; 24].
Bropas rpynma cenapupyrommx
YCTPOMCTB TakK e MpeanonaraeT ux pas-
MeIlleHHe B HaKIOHHOM kKamepe. Ilpm
3TOM BCJEJ 3a OdYechIBaromMM Oapada-
HOM JIOJDKEH OBITb CMOHTHPOBaH JIOMO-
TMayuBarommi 0apabaH, CKBO3b PEIIETKY
nmogdapabaHbs KOTOPOTO 3epHa OyayT
MIPOCHITIAaThCS BHU3 W OTBOIUTHCA [25].
CymecTByeT HECKOJIbKO aHAIOTHYHBIX
KOHCTPYKIIMH, HO JUIS BCEX XapaKTepeH
o0IMI HEIOCTAaTOK, 3aKJIIOYaIOLIUKICs
B TOM, YTO CJHUIIIKOM OOJIbIIIAsl Macca Iie-
perpykaer mnepegHHl MOCT KomOaiiHa.
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Kpome Toro, HeoOXoquMoO TOxaTh OTCE-
MapUPOBAHHOE 3€PHO B CUCTEMY OYUCTKH,
YTO CYHIECTBEHHO YCIIOXKHSET KOHCTPYK-
IO TI0 CPAaBHEHUIO C PEIIeTYaThIM JTHU-
mem. [Ipu »TOoM He WCKiIFOYaeTcs Hera-
THBHOE BO3JICHCTBHE JOMOIAYHBAIOIIETO
Oapabana Ha CBOOOTHOE 3€pHO, TO €CTh
OCHOBHasl TEXHOJIOTHYECKas 11e]Ib MOJIEp-
HU3alMU KOHCTPYKIUHU TP 3TOM HE MO-
JKET OBITh JJOCTUTHYTA B IIPHUHIIUIIE.
TpeThsi Tpymma TEXHUYECKUX pelie-
HUH MperonaraeT pa3MeleHue cernapu-
PYIOIIETO yCTPOWCTBA, MPeIHA3HAYCHHO-
TO JUIS BBIZIGIICHHSI M3 OYE€CAHHOTO BOPOXa
CBOOOIHOTO 3€pHA, HEMOCPEACTBEHHO
nepes; MOJIOTHIBHBIM 0OapabaHOM WM
BMecTO Hero [26; 27]. C Touku 3peHus
COBEpIICHCTBA TEXHOJIOTHYECKOTO TIpo-
mecca pasMelieHHe  CeMapHupyIOIIETo
yCcTpolicTBa Tiepen OapabaHOM TIpeIno-
gyrureiabHee. [ 3Toro HeoOX0IUMO pa-
JIUKAJIbHO TEPEKOMIIOHOBATh KOMOalH,
CYIIIECTBEHHO OTOJIBUHYB Ha3aJ OapabaH,
YKOPOTHB TIPU 3TOM cojiomorpsic. Uro ka-
caeTcs 3aMeHbl OapabaHa Ha aHAJIOTHWY-
HBIH 110 TEXHOJIOTHYECKOMY Ha3HAYCHHIO
pabounii opraH: XapakTep €ro BO3JCH-
CTBUS Ha CBOOOIHOE 3€PHO W3MEHHUTCS
HECYIIECTBEHHO, IOATOMY TaKOi BapHaHT
MIPEJCTABIISIETCS MEHEE NIePCIIEKTHBHBIM.
MarepuaJjibl M1 METOAbI
BrlIsiBIIeHHOE TTpH aHAM3E JIUTEPaTy-
pBl pazHOOOpa3ue MOJAXOM0B K PEHICHUIO
npoOIeMbl MIPEABAPUTENBLHON Cenapamnun
CBOOOIHOTO 3epHA M3 0YECAHHOTO 3ePHO-
BOTO BOPOXa MPEIONPENIEITHIIO CTPYKTYPY
nanpHedmux wuccaenoBanuii. Ilo coo-
KyIMHOCTH KOHCTPYKTHUBHBIX U 3KOHOMHU-
4ecKHUX (akTopoB BEIOOP ObLIT OCTAaHOBJICH
Ha BBIJICTICHUH U3 BOpoxa 9 CBOOOIHOTO
3epHa 7 Ha PenIeT4aToM JHUIIE 2 HAKIOH-
HOM Kamephl / M Mojilaue ero Ha TpaHC-
MIOPTHYIO JOCKY J KomOaiiHa 4 HaKJIOH-
HBIMU TTHeKamMu 8 (puc. 1). B pesynbrare
Ha IepBOM dTarie mpodiieMa ObLTa OrpaHu-
YeHa ONTUMH3AIUEH TapaMeTpOB PeIleT-
YaToro JIHUIIA U OLEHKOW KaYyeCTBEHHBIX
roKasaTeJiel mporecca cernapanum.
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B mepByto ouepenb HEOOXOOUMO
OBUIO OMPENENIUTh ONTHUMAaIbHBIC pa3Me-
PBI CENapUPYIOMIUX OTBEPCTHH, AJISl 4ErO
cnenosano chopMylIUpOBaTh TEOPETHU-
YECKyI0 MOJEJNb Ipolecca. JKCIepTHas
OLICHKA €ro XapakTepa Jaja ABa ajbTep-
HaTUBHBIX BapUaHTa: IPOAOJITOBATHIE

OTBEPCTUS MOTYT OBbITh COPHEHTHPOBa-
HbI J1M00 BJIOJIb HAIPABJICHUS JABHKCHHUS
CKpeOKOB TpaHcIopTepa, T1M00 MoTnepex.
Hcxons U3 Teopun PelIeTHBIX 36PHOOYH-
CTUTEJIBHBIX MAlllMH, BBIOOpP OBLI OCTa-
HOBJICH Ha MPOJOJIbHON OPUEHTAIUU OT-
Bepctuit [28-31].

\ \ \ \
\
\
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Puc. 1. [IpuanunuanbHas cxeMa MOJCPHHU3ALUN
HaKJIOHHOU KaMephl: | — HAKJIOHHAs KaMepa;
2 — pemieTyaroe JHHIIE; 3 — KOJIOCKH;
4 — xom0aiiH; 5 — TpaHCIIOPTHAS IOCKA,;
6 — MOJIOTWIIBbHBIN OapabaH; 7 — cBOOOJHOE 3EPHO;
8 — mHeK; 9 — ouecaHHbIN 3ePHOBOI BOPOX

Fig. 1. Schematic diagram of the inclined
chamber modernization: 1 — inclined chamber;
2 — lattice bottom; 3 — spikelets; 4 — combine
harvester; 5 — transport board; 6 — threshing drum;
7 —loose grains; 8 — auger; 9 — combed grain heap
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Crnenys aHalOTHM C TEOPHEH Mpo-
XOXKJCHHS 3€pHA CKBO3b IPOAOJITOBATOE
OTBEpCTHE pelIeTa 3ePHOOUYUCTUTENh-
HOHM MaIlIWHBI, OblIa MPHUHATA THIIOTE3a
0 TOM, YTO JIBIDKEHUE CBOOOIHOTO 3epHa
MpeACTaBIsACT COOOM IONEeT Telra, Opo-
[IEHHOTO TIOf] YIJIIOM K TOPU30HTY, YTO
TMMO3BOJIMJIIO BBIYUCIUTE MUHHMAJIbHYIO
JIUTHHY OTBEPCTUS, HEOOXOTUMOTO IS
rapaHTHPOBAHHOTO MPOX0Jia CKBO3b HErO
otaenbHOro 3epHa. OJHAKO B pe3ynbrare
YCTAaHOBOYHBIX DJSKCICPUMCHTOB IIPUHSA-
Tasi TUIIOTe3a HE HalllJla CBOETO MOJITBEP-
JKJICHUS, B CBSI3M C YeM MOJEIb IIpoLecca
OblIIa MOJIEPHU3UPOBAaHA C YUYETOM TOTO,
YTO CBOOOJHBIE 3€pHA MEPEeMEIaloTCs
BHYTPH CJIOS BOopoxa. B cBs3m ¢ 3THM
OHHM HE MUMEIOT BO3MOXKHOCTH JUISI CBO-
0omHOTO TOJTEeTA.

MonepHu3upoBaHHas THUIOTE3a 3a-
KJII04allach B TOM, YTO IepeMelaeMbie
CKpeOKaMH IomepeyHble  (JIOKaJIbHBIE)
00bEeMBI BOpOXa TPEYTOJBHOTO MOoIeped-
HOIro cCe4eHus Ipu AOCTUIKCHUU HUXK-
HEll KPOMKH OTBEPCTHS HAYMHAKOT CO-
CKaJIb3bIBaTh B HETO CIIOSMHU TOJIIIMHOM
B OJIHY 3€PHOBKY IOJ] YIJIOM BHYTPEHHETO
TpeHHsT K TOpU30HTY. llpu mocTmkeHUH
BEpXHEH KPOMKH MPOJOITOBATOTO OT-
BEpPCTHSI COCKaIb3bIBAHWE IIPEKpalnaeT-
Csl ¥ BO3OOHOBIISIETCS BHOBB IOCJE TIPO-
Xo4a TIMEPEMBIYKU MEXKAY OTBEPCTUSAMMU.
[Tony4yeHHOE Ha OCHOBE 3TOH THIIOTE3bI
nuddepeHnanbHOe ypaBHEHUE JIBHKE-
HUSI CIIOSL OYECAHHOTO BOPOXa IMO3BOJIHU-
JIO CIIPOTHO3UPOBATh MPUEMIIEMYIO IJIH-
HY TPOJIOJTOBAaTOTO0 OTBEPCTHUS, KOTOpas
1 OblIa MPHUHATA 332 OCHOBY NpPH TUIAHU-
POBaHUU IKCIIEPUMEHTA 110 ONITUMH3AIHH
MapaMeTpoB PEIIeTyaToro JTHHIIA.

ONTUMH3AIIMOHHBIN AKCIIEPAUMEHT OBLIT
OCYIIECTBJIEH B Jlaboparopum Kadeapsl
«TexHnveckue cucTemMbl B arpoOH3He-
ce, TPUPOTOOO0YCTPOUCTBE U JTOPOKHOM
cTpoutenscTBe» bpsackoro I'AY. JTabopa-
TOpHAsI yCTAaHOBKa ObllIa M3TOTOBJIEHA HA
OCHOBE KOJIOCOBOTO 3JIeBaTopa 3epHOoy00-
pounoro kombarina K3C-10K. Hwuxnss
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CTEHKa KOXKyXa dJieBaropa Oblia ynayieHa,
a Ha €€ MECTO YCTaHOBWJIM COOTBETCTBY-
IOlIee IKCIEPUMEHTAIbHOE CMEHHOE pe-
uiero JuiHo 920 MM ¢ mpoaoAroBaThIMU
otBepctusiMu. [lon pemierom ycraHaBiu-
BaJIM YETHIPE €MKOCTH, PaBHOMEPHO pac-
HpeenuB UX 110 ero auHe. EMkocTh yias-
JIMBAJI BECh BOPOX, MPOIIEAIIHNA CKBO3b
OTBepCTHsl. DneBarop ObUT CHAOXKEH JJIeK-
TPONPHBOZIOM C OECCTYNEHYATHIM PETYITH-
pOBaHHEM CKOPOCTH JIBHJKEHHUSI CKPEOKOB
(mocpeacTBOM YacTOTHOTO MHpeodpa3oBa-
tensa Becniep E2-8300) u ymia ero Hak’o-
Ha. Takum oOpas3oM, aboparopHasi ycTa-
HOBKa OCYILECTBIISUIA MOJIHYI0 UMUTALIUIO
PabOThI HAKJIOHHOM KaMephl 36pHOYyO00pOU-
HOTO KOMOaiiHa.

Ilpouecc ocyuecTBisuics —cleny-
romuM obpasom. [locie 3amycka ckpe6-
KOBOTO TpPaHCIIOpTEpa B MPHUEMHYIO YacTh
YCTaHOBKH 3aChINalid OYECaHHBIN 3epHO-
BOM BOpPOX C cozep)kaHHEeM CBOOOIHOTO
3epHa nopsaaka 80 %. Ilpu atom Bpems
3aCBIIIKM BOPOXa COOTBETCTBOBAJIO (B IIe-
pecdere Ha MIMPUHY HAKIOHHOW KaMephbl)
xapakrtepHoi ansi komOaitna K3C-10K
«ITomecke GS-10» nomaue (10 kr/c). IToc-
Jie 3aBepIICHHs KaKJOH IOBTOPHOCTH
OTIBITA B3BEIINBAIIU COIEPKUMOE YETHIPEX
€MKOCTEH € IPOXOIOM BOPOXa U €MKOCTH
¢ ero cxonoMm. B kauectBe uccnenyemoro
Marepuajga HWCIOIbh30BaJCA OYECAHHBIN
BOPOX O3MMOM MILIEHUIBI copTa MOCKOB-
ckasg 56, xapakTepHoro s bpsiHCKON

o0nacTu W psijia IPyrux PeruoHOB CPe-
Helt monockl Poccuu.

JlabopaTopHBIil SKCIIEPUMEHT TUIaHU-
pOBaJICs KaK MOTHO(AKTOPHBIA U COCTOSIT
W3 JIByX CEpHiA, MMOCKOJNBKY B pe3ysbraTe
[IEPBOM CEpUU BBIUTU HA 30HY ONTUMYyMa
HE y/Iajaoch. YCIOBHS TUTAHUPOBAHMS Jia-
0OpaTOpPHOTO AIKCIICPUMEHTA TMPUBEIACHBI
B Tabmure 1.

ITockoJIBbKY 3KCIIEPUMEHT ObLI CILia-
HUPOBaH C TPEXKPATHOU IMOBTOPHOCTBHIO
Ka)KTOTO BapHaHTa OMbITa (THI TUiaHa 32),
TO B KaXKJI0W U3 Cepuil ObLIO peain30BaHO
o 27 3amepoB (Tabnuua 2).

ITocne nabGopaTopHBIX SKCHEPUMEH-
TOB OBLTa TIPOBEICHA MOJIEPHU3AIHS KOH-
CTPYKIIMM HAKIIOHHOW KaMephl OYeChl-
Baromeil xarku «O30H» mpowm3BoacTBa
I[TAO «Ilen3mamm». Ha ocHOBe MomepHH-
3UPOBAaHHOTO 00OpYyIOBaHUS OBUT TIPOBeE-
JICH TIOJICBOM JKCIIEPUMEHT, IEIIbI0 KOTO-
poro ObLIa OLIEHKA CTETICHW Cernaparuu
CBOOOJHOTO 3€pHa B pEallbHBIX IMOJEBBIX
ycnoBusix. Kpome Toro, Heo0xoaumMo ObL10
YCTaHOBHUThH pa3HUILy B CTEICHHU po0iie-
HUS 3epHa B OyHKepe, MPOIIE/IIEro yepes3
BCe paboume OpraHbl MOJIOTHIIKH, U 3€pHa,
W3BSITOTO HEMIOCPEACTBEHHO U3 HAKIIOHHOM
KaMepBl.

JlIst 3TOro ¢ HaAKJIOHHOM KaMe-
pel  OBLTM JIE€MOHTHPOBAaHBI HAKIIOH-
HbIC IIHEKH BMECTE C HX KOXYXaMH,
a BMECTO HHMX OBbLI CMOHTHPOBAaH MSIT-
KW KOHTeHHep OOJbIIOH EMKOCTH.

Tab6nunal
Tablel

YenoBus INIAHUPOBAHMS IKCIEPUMEHTA
Experimental planning conditions

VYpoBHU BapbsupoBaHus / Variation grades

®axkrops! / Factors

-1 0 +1
Cepust 1 / Series 1
Jmaa otBeperus /, mm / Hole length /, mm 80 120 160
upuna oteepctus b, mm / Hole width b, mm 8 10 12
Cepus 2 / Series 2
Jmaa oteeperus /, mm / Hole length /, mm 120 160 200
upuna oreepctus b, MM / Hole width b, mm 6 8 10
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Tabnuma?
Table2
Marpuua njiaHupoBaHusl BTOPOIi CepUH IKCIIePUMEHTAa
Planning matrix of the experiment second series
Homep orbita / Cepus 1 / Series 1 Cepus 2 / Series 2

Experience Number

[, MM/ [, mm

b, Mmm / b, mm

I, mm /[, mm b, MM / b, mm

80
80
80
120
120
120
160
160
160

O 0 9 N AW =

[Tpu nBWxeHHK KOMOaliHa O0JTbIIAs YaCTh
3epHa W Hambojee MEJIKHE COJOMHCTHIE
(dpakiuKu HAKAIUIMBAJIUCh B MSTKOM KOH-
TelHepe, a 00OpBaHHBIC O4YECHIBATEICM
KOJIOCKM M 4YacTh COJOMHUH IIOCTYIIAIH
B MOJIOTHJIBHBIN 3a30p. JKarka Oblna Ha-
BEIlICHa Ha 3epHOYOOPOYHBIN KOMOaitH
«Husa-Dddex.

Hcnprtanus npoBommwmm B 2021 romy
Ha OIBITHOM II0Jie y4eOHO-OMBITHOTO
xo3aiictBa bpsauckoro I'AY (c. Kokwuno,
Bbpsiackass 00n.) Ha O3WMOW TIICHHIE
copra Mockosckass 56. Kombaiin mepe-
MEIaICcsl 0 YYETHOU JeNsTHKe C MOCTO-
SSHHOM CKOPOCTBIO 8 KM/4 TIpU YacTOTe
BpallleHUsl  OueChIBamIero OapabaHa
485 mun'. Ilocne oyeca 3epHOYyOOpOU-
HBIM KOMOAfHOM YYEeTHOH NEISHKHU JIJTH-
HOl 50 M ocyliecTBiIsIach €ro MojHas
octanoBka. [locme »atoro ompenensn
Maccy 3epHa, MOCTYMHUBIIETo B OyHKep,
1 BOpOXa, HAKOIUIEHHOTO B MSTKOM KOH-
TeiHepe, ¢ MOCIeNyIoNUM pa3dopoM ero
o ppakmoHHOMY cocTaBy. B uactHocTH,
yCTaHaBIUBAIHU JIONIO JPOOJICHOTO 3epHa
B OyHKepe, TPaBMUPOBAHHOTO PabOYUMHU

8 120 6
10 120 8
12 120 10
8 160

10 160 8
12 160 10
8 200 6
10 200 8
12 200 10

opraHamMH MOJIOTHJIKH, U B BOpPOXE, MPO-
LIEIIEM CKBO3b OTBEPCTHS PEILIETYATOTO
JHHINA ¥ HAKOIJICHHOM B MSTKOM KOH-
teitHepe. Kaxnplii BapuaHT ombITa ObLI
NPOBEIEH B TPEXKPAaTHOH MOBTOPHOCTH.
Takum o0Opa3om, Bcero ObUIM YYTEHBI
u 00paboTaHbl pe3yabTaTbl LIECTH 3KC-
nepuMeHTOB. J[71s X 00paboTKH HCITOIb-
30BaHbl CTaHJAapTHhIE Iporpammsl Excel,
STATISTICA 10 u Matcad.

TlonemtocTe pacTeHUi, a TakkKe CyM-
MapHbIE MOTEPU ypoXKas 32 KOMOaHOM
ompenensm 1o TOCTy?.

Pe3ynbTarsl ucciaeoBaHus

B kadecTBe KpuTepHUs ONTHMHU3ALMH
W OTKJIIMKa JUISI PEerpecCHOHHOW MOJIEIN
ObUI MPHUHAT MPOXOX CBOOOJHOTO 3€pHA
CKBO3b OTBEPCTHS CEMapUpymoLeH pe-
LIeTKU. XapakTep B3aumoneicTBus (ak-
TOPOB BTOPOH CEpPUHU JIAOOPATOPHBIX FKC-
[IEPUMEHTOB NPEJCTABICH HA PUCYHKE 2
u popmyoii (1) (R* = 0,934):

M, =—110,73+0,199-/+37,197-5-

~1,926-52—0,0229-1-b, (1)

3 TOCT 28301-2015. Kombaiiubl 3epHOy6opounbie. Merozpl uchbiranuii. M. : Crangapruapopm,

2020. 46 c.
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rae 1L, poxoji CBOOOTHOTO 3epHa
CKBO3b OTBEPCTHS CeEMapupyrolei pe-
metku, %; / — JUIMHA OTBEPCTHS, MM; b —
[IMPUHA OTBEPCTHSI, MM.

B 30He onTumMyma, JOKaTH30BaB-
mieiics BOMM3m mapamerpoB [ = 160 MM
u b = 8 MM, TPOXOI CBOOOIHOTO 3epHA
nmoctur 68,7 %. IIpu 3TOM ¢ BBICOKOH CTe-
neHpro afekBatHocTH (R? = 0,982) Obuia
YCTAaHOBJICHA JIMHEWHAsh 3aBUCHUMOCTb
MEXKJly BEJIMYMHON NpoxoAa W JJIMHOM
MOBEPXHOCTH PEIICTKH:

C,,=-80,424.1+95,045, (2)
rIe Czep — ¢x071 CBOOOIHOTO 3epHa CKBO3b
OTBEPCTHSI CeMapupyrolell pemerku, %;
L — nnvHa cenapupyromiei pereTKy, M.

DKCTparnoisius MOJYyYSeHHOTO TPEH-
Ja (2) mo3Bosmia clienarh BhIBOA O TOM,
YTO MPAaKTUYCCKU TOJTHOE BBIICIICHHUE U3
OYECaHHOTO BOpOXa CBOOOMHOTO 3epHA
BO3MOXHO TIpU JIJIMHE Celapupyrolie
noBepxHoctu L = 1,18 m. ¥V cepuiinoro

Pt

%

komoOaiina K3C-10K «Ilonecre GS-10»
JTHUIIIE HAKIIOHHOM KaMepbl IMEET JUTUHY
nopsiaka 1,3 m. CrienoBarenabHo, OCYILECT-
BJICHHE MTPAKTHYECKH CTOIPOIIEHTHOH Ce-
napanuy cBOOOHOTO 3€pHA B HAKIIOHHOM
KaMepe 3epHOyOOpodHOTo KoMOaiiHa Tex-
HUYECKH BO3MOYKHO.

[IpakTrdeckas peanm3aius IOTydeH-
HBIX PE3yJIbTaTOB ObLJIa OCYIICCTBIICHA
Ha 0a3e ouechiBaromeil xarku «O30H»
B arperare ¢ komOaitHoM «HuBa-Dddexr»
(puc. 3).

ITo pesynpraram cepuu dKCIEpUMEH-
TOB YCTaHOBJICHO, YTO CPEOHHUI MPOXO.
CBOOOITHOTO 3€pHAa CKBO3b OTBEPCTHS
pemietyaToro aHuma cocrasiser 90 %.
OTCyTCTBHE CTOMPOIEHTHOTO  PEe3yib-
Tara OOYCIIOBICHO HEMPOHUIIAEMOCTHIO
CTEHOK KOHTEHHEpa I TTOTOKA BO3IyXa,
TCHEPUPYEMOTO POTOPOM  OUECHIBATEIS,
YTO HAPYMIAeT OTBOJ IOJIOBBI, KOTOpas
OJIOKHPYET 3HAUYUTEIIbHYI0 YacTh JKUBOTO
CEUCHHSI OTBEPCTUH PEIIeTYATOTO JTHHU-
ma. [Ipu sTtomM mons apoOneHoro 3epHa

v

/7

X
>
eoa
[ /7T

Il > 68
I <66
B <62
[1<58
B <54
I <50

P u c. 2. [IoBepXHOCTb OTKJIMKA JJIsI BTOPOI CEpUH OBITOB MPHU B3aMMOJCHCTBUU (haKTOPOB: ATHHA
U IIUPUHA OTBEPCTUH peIIeTYaTod IOBEPXHOCTH

Fig. 2. The response surface for the second series of experiments with the interaction of factors:
the length and the width of the holes of the lattice surface
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B BOPOXE, HAKOILUICHHOM B MSTKOM KOH-
TeHHepe U MPOIIEIIEM CKBO3b OTBEPCTHS
B pEelIeTYaToM JHHWIIE, HE IpEBbINIaNa
0,5 %, Torna xak B OyHKepe OHa YBEJIH-
yunack 10 1,75 %. CocTaB ouecaHHOTO
3epHOBOTO BOPOXa, MPOIIEAIIETO CKBO3b
OTBEPCTHS pENIeTYaToro THHUIA W Ha-
KOILJICHHOT'O B MSITKOM KOHTEHHEpe, ObLI
CIICIYIOIIUM: CBOOOIHOE 3epHO 76 %, 110-
goBa 23,3 %, HEOOMOJIOUYEHHBIE KOTOChS
0,2 % u cosoma 0,5 %.

[Tpu pabore kombaitna Oe3 mpenBapu-
TEJILHOM Cemapaluyi O4eCaHHOTO 3ePHOBO-
TO BOpOXa Ha PeIIeTYaToM JHUIIE HAKIIOH-
HOH KaMepsl ipodrieHre OyHKEpHOTo 3epHa
MIPEBBIIIANIO  arpOTEXHUYECKHe TpedoBa-
HUSl, NOCKONBKY gocturaio 5,25 %. Cym-
MapHbIe ITOTepH 32 KOMOAITHOM BO BCEX Ba-
pHaHTax OIBITOB HE MpeBhIma 2 % mpu
cpenHelt moertoct pacrenwid 11,21 %.

O0cy:xneHue U 3aKJII04eHne

I'maBHBI BBIBOJ, KOTOPBIA CIEyeT U3
aHaJIu3a MPUBE/ICHHBIX BBIIIE PE3YJIBTATOB,
3aKIIFOYACTCS B TOM, YTO IPEBAPUTEIBHOC
BBIJICJICHUE M3 OYECAHHOTO 3ePHOBOTO BO-
poxa cBOOOIHOTO 3epHa JI0 €ro MocTyIuie-
HUS B MOJIOTWUIBHBIA 3a30p TEXHUYECKH

ocyIecTBUMO. bosee Toro, 0HO BO3MOXKHO
B HAaKJIOHHON KaMepe OueChIBAIOIIEH *kKar-
Ku Oe3 BHECEHHUS CYILECTBEHHBIX KOPPEK-
TUB B KOHCTPYKLHMIO CaMoro KomOaiiHa.
ITocnennee 0OCTOATENHCTBO Ba’KHO B TEX
30HaX CTPaHbl, [J€ 36pPHOYOOPOUHBIN KOM-
0aifH npeanoaraeTcst HCIOJIb30BaTh U JJIS
yOOpKH TIO/ICOTHEYHHKA, KyKypy3bl, a TaK-
JKe IPYTUX KYJIbTyp, yOOpKa KOTOPBIX Oue-
COM 3aTpyJHEHa WX HEBO3MOKHA.

OpnHUM U3 TTOCNECTBUN pacIIupeHus
(yHKUIMM HaKJIOHHOM Kamepbl 3a CueT
cenapanuu cBOOOJHOTO 3€pHA SIBISIETCS
HEKOTOpPOE YBEIWYEHHE €€ MaccChl. BEI-
MIOJTHEHHBIE TPEABAPUTENIEHO  PacCUEThI
CBHUJICTENILCTBYIOT O TOM, UTO TEPErpy3Ka
HEepeHero MOCTa W HeIorpy3Ka MOcCTa
yIOpaBiIsSeMbIX KOJEC Ha JAHHOM JTalle
IPUCYTCTBYIOT, HO HE HECYT KaracTpodu-
yeckoro xapakrepa [32]. Tem He meHee
MpY JajbHEWIed MOJAEPHU3ALMU MaIluH
1esnecoo0pa3Ho y4ecTh 3TO 0O0CTOSITENb-
CTBO W IIeJICHANpPaBJIEHHO OCYIIECTBHUTH
COOTBETCTBYIOIlIEE IepepacrpeaesieHe
Beca MEXy MOCTaMH KOMOaiiHa.

B Tex 3omax, rme mpeamnonaraercs
UCIIOJIb30BAaTh KOMOANH HMCKIIOUUTEIHHO

P u c. 3. DxcriepuMeHTaIbHOE 000PYIOBAaHKE IIPYU ITPOBEACHUH MOJIEBBIX HCCIISJOBAHMUINA:
a) o0muit BU 3epHOyOOpOYHOTO KOMOaliHa; b) MATKUIT KOHTEHHEp;
C) peleTyaToe JHHIIE HAKIOHHOH KaMepbl

F i g. 3. Experimental equipment for field research: a) general view of the combine harvester;
b) soft container; c) lattice bottom of the inclined chamber
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B arperare ¢ O4echIBaTeJIeM, OPUCHTAIHSI
Ha pa3MelIeHHe CeNapupyIoIero yCTpoi-
CTBa HEMOCPEICTBEHHO mepes 6apabaHoM
MOXET ObITh onpaBaaHHou. [Tpu aToMm Ga-
pabaH HeEoOXOAWMO TEPEeMECTHTh Hazall,
a COJIOMOTPSIC YKOPOTHTh 32 HEHaJJOOHOC-
ThI0. Hapsiny ¢ pacCMOTpEHHBIMH B JIUTE-
parypHOM 0030pe TEXHUYCCKUMH peIlie-
HUSIMH, PCAIM3YIONUMH 3TOT MPUHIIUII,
MEPCIEKTUBHBIMU MOTYT OBITH U ajbTep-
HATHBHBIC BAPUAHTHI KOHCTpYKImu [33].
[lepcrieKTUBHBIM ~ MOXHO  CUUTaTh
U pa3MelieHue nepes 6apadbaHoM 5 cocTo-
SIIEH W3 TPOJOIBHBIX IIACTUH CeNapH-
pyIoIieil perieTkd 3 ¢ PacioOKESHHBIM
HaJl HEHll JOTMOTHHUTENLHBIM CKPEOKOBBIM
TpaHcmoprepoMm 2 (puc. 4).

~N \\‘ ) \\*\\\\\\\\\\\\

.

Puc. 4. Pa3M€HICHI/Ie cenapnpyfomeﬁ pemeTku
HETOCPEACTBEHHO Nepes 6apabaHoM:
1 — HaKJIOHHAs KaMepa; 2 — TpaHCIIOpTEP
CKpeOKOBBIif; 3 — cenapupyromas peneTka;
4 — xoMb0aliiH; 5 — GapabaH MOJOTHIIBHBII;
6 — TpaHCTIOpTHAs J10CKa; 7 — OUeCaHHbIN
3epHOBOM BOPOX

Fig. 4. Placement of the separating grate directly
in front of the drum: 1 — inclined chamber;
2 — scraper conveyor; 3 — separating grate;
4 — combine harvester; 5 — threshing drum;
6 — transport board; 7 — combed grain heap
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Ee mepeBoj W3 HaAKJIOHHOIO IOJIO-
JKeHUs1 (B HAKJIOHHOH Kamepe) B TopH-
30HTaJIbHOE (TIepes; OapabaHOM) JOIDKEH
CYIIECTBEHHO YBEJIWYHUTh Cemapupyro-
IIyI0 CIIOCOOHOCTH JKMBOTO CEYEHHS OT-
BEPCTHHA. DTOMY MOXKET CIOCOOCTBOBAaThH
W JINKBUJAIUS XapaKTePHBIX IS PeIeT-
94aToro JHWIIA HAKIOHHOW KaMmephl Tepe-
TOPOJIOK MEX/Ty OTBEPCTHSIMH, ITOCKOIBKY
MIPOIIECC CKOJIBKEHHSI CJI0OEB BOpOXa CTa-
HOBHUTCSI HENPEpHIBHBIM Ha BCEW JJIMHE
pemetkn 3 [34]. IlepeBon cemapupyto-
el pemeTky 3 B TOPU30HTAIBHOE M0JI0-
JKCHUE COKpAIIAeT HEOOXOAMMYIO UTUHY
MMOBEPXHOCTH Celapaiuu, MPUMEpHO, 10
OJTHOTO METpa, YTO yMEHbIIAaeT MpoodIe-
MBI, CBSI3aHHBIE C HEOOXOAMMOCTBIO TIepe-
KOMITOHOBKH KOMOaifHa.

IIpunsito cumrars, 4to TpH YyOOp-
K& 3epHOBBIX KYJIBETYp OYeCOM Ha KOp-
HIO JHEPrOEMKOCTh MpPOIECcca 3aMETHO
yMEHbLIAETCs. B 4acTHOCTH, pacxox Tom-
nuBa cHkaercs Ha 45 % [7]. MonepHu-
3anusi (DOPMBI OUECHIBAIOIIUX T'PEOCHOK
MO3BOJISIET YBENMUYUTH HPdeKT eme Ha
28 % [10]. IIpu >TOM OTCYTCTBYIOT CBE-
JIeHUsI 00 SKOHOMHUH dHEPro3arpar BCIeI-
CTBHE OCYIIECTBIICHHS TIPEIBAPUTEILHOM
cemapandy OYECaHHOTO BOpOXa B Ha-
KIIOHHOW Kamepe KomOaitHa. Ha mamHOM
JTare MCCIeOBAaHUH MBI OTPaHUYMIIICH
AHAJTUTUICCKON OTICHKON ATOTO A dheKTa.

HcTounnkoM 3KOHOMUM 3HEpPro3arpar
SIBJISIFOTCSL 3aTpaThl Ha Jedopmaiuio (Te-
peThpaHue) Macchl M Ha COOOIIEHHue eif
JIOTIOJIHUTENBHON KUHETUYECKOW DJHEp-
rui. B pesynprare yCTaHOBIEHO, 4TO,
¢ yuerom KIIJI mpuBonma, morpeOHOCTH
B MOIIHOCTH Ha TPHUBOJ MOJOTHIIBHO-
ro OapabaHa JOJKHA YMEHBIIUTHCS Ha
10,2 kBt (m1s kom6aiina tuma K3C-10K).
[Ipy >TOM [OTMONHUTENBHBIE 3aTPaThl
MOIIIHOCTH Ha TIPWBOJI HAKJIOHHBIX IITHE-
KOB HE MpeBbIaT 1 kKBT.

Takum o00pa3oM, MpeaBapuTEIbHASL
cemapanusi CBOOOTHOTO 3epHa U3 oOue-
CaHHOTO BOpOXa B TPU pa3a yMeHbIIa-
eT ApoOJeHUE 3epHa, a TaKKe CHUKAeT
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MOIIHOCTh, PACXOAYEMYI Ha TMPHBOA MOACPHHU3AIMKU 3EPHOYOOPOYHOTO KOM-
MOJIOTWJIBHOTO armmapara, Ha 11-12 %. ©OalilHa 10 €ro MaccoBOTO BHEAPEHUS
CrnenoBareibHO, JaibHEWIIME pPAa0OThI B IMPOU3BOJACTBO UMEIOT XOPOIIYHO Mep-
M0 JOBEACHUIO YKa3aHHOTO HANPaBICHHUS CIIEKTHBY OKYIIa@MOCTH.
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HccaenoBanus n CPAaBHHUTECJIbHBIC UCIIBITAHUA
IVIIOIIUWIKHA 3€pHa ¢ MUTAIOIIUM YCTPOUCTBOM

B. A. Coicyes, I1. A. CaBunbix ™, B. A. Kazakos, 1O. B. Cbruyros
DeoepanvHblii acpapusiii Hayuusii yenmp Cesepo-Bocmoxa
umenu H. B. Pyonuyroeo (2. Kupos, Poccuiickas ®edepayusi)

™ peter.savinyh@mail.ru

AnHomauus

Bseoenue. B cratbe NpUBEEHBI PE3YIbTaThl IKCIIEPHMEHTAIBHO-TEOPETHUECKUX HC-
CIIEeIOBAaHMII TEXHOJIOTHYECKOTO IpONecca IUTIONIMIKYA 3epHa C NMUTAIOMUM yCTpPOHCT-
BoM I13-1M. Pa6ora Beimonnena Ha 0aze ®I'BHY ®AHII Cesepo-Boctoka B mepuon
2011-2019 rr. Llens nccnenoBanus — pa3paboTka CXeMBI IIMTAIOMIETO YCTPOHCTBA K ILTIO-
IIMJIKE 3€PHA, OIPE/IEICHHE PAllMOHAIBHBIX MApaMeTPoB ero pabouero oprana (IIUTaro-
IIET0 BaJblla) M UCIIBITAHHS YCOBEPIICHCTBOBAHHON IITIOIIMIIKY.

Mamepuanst u memoou:. Ilpeyioxena KOHCTPYKTUBHO-TEXHOJIOTHUECKAs CXEMa IUTIOIIHII-
KU C IIUTAIOIUM yCTPOICTBOM, HOBU3HA KOTOPOU MOATBEp:KAcHA maTeHTaMu Ne 2628297
u 2557780. Pa3zpaboTaHa CTpyKTypHas cxeMa IUTIOIIMIKHA C MHUTAIOIIUM yCTPOMCTBOM,
BKJIIOYAIOIIMM AKTHBHBIA paboumii opraH — MUTAIOIIMH Bajel ¢ JonacTamu. [Iposene-
HBI TEOPETUUECKHIE HCCIIE0BAHNS IBIKEHHS 36PHOBKH T10 JIONACTSIM Bajiblia MUTAIOLIETO
YCTPOHCTBA, KOTOPBIC OMPEIETIIN 3aKOHOMEPHOCTH JBIKEHHUS 3¢pHA B 3aBUCHMOCTH OT
BEJIMUHMH MapaMeTPOB BaJbLa.

Pezynomamut uccneooeanus. YCTaHOBICHO, YTO HPHU BEJIUYMHE BHYTPEHHETO paJliy-
ca nurarorero Banbia 0,045 M u Oomble Bce 3¢pHO CXOAUT C JIONACTH B MOABOISIIUH
KaHaJ M 9Yepe3 Hero Ha IUTIOIICHHE 1o TpeOyeMbIM yITIOM BBIXOZA, paBHBIM 60°, mpu
YacTOTE BpalleHUs Baiblia He MeHbine 400 MUH ' U BennurHe KO3(PUIMEHTA TPEHHS
3epHa 0 JyonacTh Badbla MeHbire 0,4. [Ipu coOmroneHny JaHHBIX MapaMeTpoB IUTAIO-
it Baa U ycTpoiicTBO 3 dexTruBHbL. C ydeToM pe3ysIbTaToB HCClIeOBaHuUi pa3paboTana
KOHCTPYKTOpPCKasl TOKyMEHTAalUsl U M3roToBJIeHA mnommmika [13-1M, Bkirouaromas mu-
Tatolee ycrpoiictBo. IIpoBesieHbl BEOMCTBEHHbIE U CPABHUTENBHbBIE MCIBITAHUS TIIIO-
IIAJIKH, KOTOPBIE ITOKA3aJIi BRICOKYIO 2()(heKTHBHOCTH €€ IIPUMEHECHUS: MAIINHA HaIeKHO
1 Kau€CTBEHHO BBINOIHAET TEXHOIOTMYECKHUH MPOIIECC ILUTIOIEHUS 3€PHA.

Obcyorcoenue u 3axnovenue. IlpuMeHeHNEe B KOHCTPYKIUH IUTIOMIMUIKK ITHTAIOIIETO
ycrpoiictBa B 2,08 pa3a MOBBIIIAET NPOU3BOAUTEIBFHOCTh IUIIOIICHUS MPU CHUKECHUH
9HEProeMKOCTH Tporiecca B 1,6 pa3a; rogoBoil 3KOHOMUIECKHH 3P(EKT 0T MpUMEHEHUS
TUTFOLLMJIKY C MMUTAOUUM ycTpoicTBoM [13-1M, 1o cpaBHEHHIO ¢ aHAJIOTOM, COCTaBIIET
67 583 py6. npu ypoBHe HHTeHCHpHKAIMHU 49 %.

Knroueevle cnosa: 1IOIICHUE, TPOU3BOAUTEIBHOCTb, TEXHOIOTHS, KOPM, 3(deKTHB-
HOCTb, 3€pPHO, TUTAIOIIEE YCTPOHCTBO
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Research and Comparative Testing of a Grain
Flattener with a Feeding Device
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Named after N. V. Rudnitsky (Kirov, Russian Federation)
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Abstract

Introduction. The article presents the results of experimental and theoretical research of
technological process of the PZ-1M grain flattener with a feeding device. The research
was carried out at the Federal Agricultural Research Center of the North-East Named
after N. V. Rudnitsky in 2011-2019. The purpose of the research is to design a feeder
scheme for the grain flattener, determine rational parameters of its working body (feed
roller) and test the improved grain flattener.

Materials and Methods. A constructive and technological scheme of the grain flattener
with a feeding device is proposed, the novelty of which is confirmed by patents Nos.
2628297 and 2557780. The structural scheme of grain flattener with a feeding device com-
prising an active working body — a feeding roller with blades is developed. There was car-
ried out theoretical research of the grain motion along the feeder roller blades to determine
the patterns of grain motion depending on the values of the roller parameters.

Results. It is established that with the size of the feed roller inner radius 0.045 m and
more all the grain passes down from the roller blade into the feed channel and through
it for flattening at the required exit angle of 60°, roller speed of not less than 400 min™!
and the value of the coefficient of the grain friction on the roller blade less than 0.4.
When these parameters are observed, the feeding roller and the device are effective.
Taking into account the results of researches, we have developed the design documen-
tation and produced the PZ-1M grain flattener comprising a feeder. Departmental and
comparative tests of the flattener were conducted, which showed high efficiency of its
application: machine reliably and qualitatively performs the technological process of
flattening grains.

Discussion and Conclusion. The use of a power device in the design of the flattener
increases the conditioning capacity by 2.08 times while reducing the energy intensity of
the process by 1.6 times; the annual economic effect of using the PZ-1M grain flattener
with feeding device compared to its analogue is 67,583 rub. at the level of intensifica-
tion of 49%.

Keywords: flattening, productivity, technology, feed, efficiency, grain, feeding device
Funding: The research was conducted at the Federal Agricultural Research Cen-
ter of the North-East Named after N. V. Rudnitsky under Scientific Program
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Beenenne

D¢} HeKTUBHOCTh KUBOTHOBOUECKOM
OTpaciv B 3HAYUTEIBHON Mepe orpese-
JSIeTCS. KaueCTBOM IOTPEONAEMBIX JKH-
BOTHBIMH KOpMOB [1]. BaskHO€ MecTo npu
CKapMJIUBaHHHM KaK B YHUCTOM BHJIE, TaK
U B Ka4eCcTBE OJHOTO W3 KOMIIOHEHTOB
KOMOMKOPMOB 3aHMMAaeT OYHIIEHHOE OT
MpUMecel TUTIoNeHOe (PypaKHOE 3EpHO,
cyxoe WM BiaxkHoe. Tak, ckapMiInBaHue
BJIQKHOTO TUTIOIIEHOTO 36pPHOBOTO KOpMa
yAy4IIaeT ero ycBosgeMocTh Ha 5-8 %,
YTO TIOBBIIIAET TIPUBECHI MOJIOJHSIKA
u Hagou KopoB Ha 7—11 %. Texunonoruu
MOJTyYEHUsI BIIAXKHOT'O IUTIOIEHOT0 KopMa
HMMEIOT CBOM TOJIOKUTENIbHBIE CTOPOHBI,
HanpuMep yOopKa BBICOKOBIIQKHOTO 3€p-
Ha Ha IUIIOIIEHNE TI03BOJISIET HAUMHATh €€
Ha 2-3 Helenu paHblle TPaTUIIHOHHBIX
cpokoB [2]. Mcnonb3oBaHUE TEXHOJIOTHIA
TUTIOMIECHUS 3€pHA YKOHOMHYECKH d(hPek-
THBHO, TTO3TOMY MX NIPUMEHEHHE BeChMa
akTyanbHO [3].

s ocymiecTBIIEHHST TEXHOJOTHYe-
CKOTO TIpoliecca TOJyYeHHs IIIOIIEHO-
r0 3€pPHOBOTO KOpMa, CYXOro M BIIayKHO-
ro, B ®I'BHY ®AHI] Cesepo-Bocroka
pa3paboTaHa, W3rOTOBIEHA W HCIBITaHA
nonuiika 3epHa [13-1. Ee koHCTpyKTHB-
HO-TEXHOJIOTHUYECKasl JOKyMEHTalus I1e-
penana B OOO «HonuHCKMI peMOHTHBIN
3aBO/T», KOTOPBIH YCIIEITHO OCBOMII CePHIA-
HBI BBIITYCK W HUCIIONB3YeT JAHHYIO Ma-
LIMHY B TeueHue nociaequux 4 ner. Onxa-
KO B YCIIOBHSAX KOHKYPEHIIUH CO CTOPOHBI
OTEUECTBEHHBIX U 3apyOeKHBIX MPOHU3BO-
JUTenei Tpedyercss MoJIepHHU3aIHs TUTIO-
iy [13-1 71 yBenudeHus mpou3Boau-
TEJNBHOCTH TUTIOLIEHHUS 3€pHA U CHIDKEHUS
9HEpro3arpar Ha JaHHBIN Mpolecc.

CornacHo aHalu3y YpPOBHSI TEXHHKHU
[0 paccMaTpUBAaEMOMY BOIIPOCY I TO-
BbIIIeHUST 3(P(PEKTUBHOCTH TOITyYeHUS
KOpMa TITIOMIMIIKOH HEOOXOIUMO MHTA0-
ee yCTpONCTBO, 00eCTIeYNBArOIIee MO
BOJI HCXOHOTO (Pypa)KHOTO 3epHa B 30HY
TUTIOIIEHUS B HY’)KHOM KOJIMYECTBE, C TeX-
HOJIOTHYECKH HEOOXOAMMON CKOPOCTHIO

Technologies, machinery and equipment

n HampaeieHueM [4]. DOrto mnpuBener
K YBEIWYCHUIO TPOU3BOAUTEILHOCTH
wnoeHuss O, T/4, ¥ CHU3UT DHEProIo-
Tpebnenne O, kB1u/1, pabodero mporec-
ca TUTIOTITUIIKH.

Llenp wmccnmemoBaHmst — pa3padboTarhb
CXeMy MHTAIOIIer0 yCTPOMCTBAa K ILIIO-
LOIWIKE 3€pHAa W HAWTH palnroHalIbHbIC
KOHCTPYKTHBHO-TEXHOJIOTHUECKUE Tapa-
METPHI €T0 aKTUBHOTO pabodero oprana
(muTaromero Bajblla), KOTOPHIE YBEIHU-
YaT MpPOM3BOAUTENBHOCTh IUTIOMICHUS (O
U CHU3AT dHepromorpebnenue J. Taxoke
Ba)KHO ITPOBECTH BEIOMCTBEHHBIC M CPaB-
HUTEJbHBIC MCIBITAHUS YCOBEPIICHCTBO-
BaHHOM TUTFOIIIMJIKH.

O030p JuTEpaTypbI

TexHoNmorny TMONydeHus IUITIOIIEHO-
To 3epHa (CyXOro WM BIIAXXHOTO) — OT-
HOCHTEIIHO HOBBIM BHJ IPOU3BOACTBA
KOHIICHTPUPOBAHHBIX 3EPHOBBIX KOPMOB
JUII HYKJ )KMBOTHOBOJICTBA. VX Hccneno-
BaHHEM M HCIOIB30BAaHHEM 3aHUMAIOTCS
KOJUICKTHBBI YUYEHBIX KaK B HalleH cTpa-
HE, Tak 1 3a pyoexxom [5; 6].

[Tomy4aroT IIIOIIECHBIH 3e6PHOBOM KOpM
CHenuanbHble KOPMOIPUTOTOBHTEIILHBIC
MallliHbl — IUTIOIWIKKA 3epHa [7; 8]. Ux
KOHCTPYKIIMM MOTYT 3HAYUTENHFHO OTIIHU-
YaThCst APYT OT ApyTa, HO PabOoIrii mporiecce
aHAJIOTHYEH: 3€PHOBKH MCXOIHOTO 3€PHO-
BOTO Marepuaia IpOXOmAT HYepe3 3a3op,
KOTOPBIN 3HAUYUTEILHO MEHBIIE TOJNIIMHBI
3epHOBOK M 00pa30BaH BpaIlAIOMIUMUCS
HaBCTpeuy ApYT APYTy HWIHHIPUICCKIMHA
BasbIamu [9—11]. PeiHOK npousBoauTenen
Y TIPOZIABIIOB TUTIOIIMIIOK 3€pHA 10CTaT0u-
HO pa3BUT Kak B Poccuiickoii @eneparyy,
TaKk M 3a pyoexoMm. Hampumep, ¢uHckas
¢upma Aimo Kortteen Konepaja Oy mipo-
W3BOUT W TIpofaeT TuTommikk Murska
350 S2, Murska 700 S2 ¢ pa3iamdHOM Ipo-
M3BOAUTENBHOCTRIO (0T 1 1o 40 1/4). OHn
OCHAIIEHbI PHQICHBIMUA BallblIAMH  JIJIS
TUTIONIEHHSL. B KoMIIIeKT BXOMUT 000pyno-
BaHUE JUIsi 00paOOTKU BIIQYKHOTO TUTIOIIIE-
HOro 3epHa koHcepBaHTOM. ROmiLL (Ye-
XHsl) MPOU3BOAMUT HE TOJBKO IUTIOLIMIKA

209



I/IH}KEHEPH]:»IE TEXHOJIOTUU U CUCTEMBI

Tom 32, Ne 2. 2022

Mapok M1-M900 c mnpousBoauTenbHO-
cTbi0 1-40 T/4, HO M YIaKOBILMKY BIIAKHO-
O IUTIOIIECHOTO 3epHA B MOJIMATHICHOBBIN
pPYKaB C yCTpOWCTBAaMU BHECEHUS KOH-
CepBaHTa BO BIAXXHOE IUIIOMICHOE 3€PHO.
PecnryOnmnka bemapych BITyCKaeT ILIIO-
mtka Kopm-10. Pocenst Tak ke mMeer
cBoux npomsBoauteneit: OO0 «/lo3a-Ar-
po», 3AO «Jlyxckasi CeIbXO3TEXHHKAY,
00O «PemonTasIil 3aBo» (. Hommuck
Kupogckoii o0act) u jp.

[TpoGnemMamMu TEXHOJIOTUU MOTY4CHHS
TUTIOMIEHOTO 3€PHOBOTO KOpMa M TEXHH-
YEeCKUX CpEICTB MAJsl €ro OCYyIIECTBIIE-
Hus 3anumanucek A. H. Tlepexonckuii [6],
B. A. Ceicye [12; 13], II. A. Casu-
HbIX [14], A. FO. UcynoB [15-17], B. A. Ka-
3axoB [12; 13], A. Mapuyk, B. Pomanroxk,
C. Banosc [18-20].

B naGoparopun MexaHU3aIIuN )KHBOT-
HoBoactBa ®I'bHY ®AHI] Cesepo-Boc-
TOKa TIPEIJIOKEHBI HOBBIE KOHCTPYKIIUH
TUTIOIIMJIOK 3€pHA, B TOM UYHUCIIE IBYXCTY-
neH4atsix [9; 12; 13]. [IpoBenens! Hayy-
HBIE HcceqoBaHus pabodero mpouecca
IUTIOLIMIIOK  JaHHoro Tuma. C  yderom
UX PE3YJbTATOB HM3TOTOBJICHBI OIBITHBIC
00pa3ipl IBYXCTYIEHYATHIX TUTFOIIUIOK
[131-3.1 u I[I3[1-6 cornmacHO KOHCTPYK-
Topckor jokymeHTaruu [9]. Hexoropeie
3 Hux, Hanpumep [13/1-3.1, pexomenmo-
BaHBI JJIT MACCOBOTO MTPOM3BOJICTBA.

Hnst obecriedenust Hanbomnee dPdek-
TUBHOTO (DYHKIIMOHUPOBAHHMSI TUTFOLIITKA
3epHa HEOOXOIUMO MHUTAIOIEee YCTPOUCT-
BO, PACIOJIOKEHHOEC MEXKIY MHTAIOMINM
OyHKEpPOM M 30HOM IUIIOIIEHUS U MO3BO-
Jsirolee  00ECTeUnTh CIENYIONHe TeX-
HOJIOTMYECKHE MapaMeTpbl MOCTYIICHUS
3epHa B 30HY IUTIOIIEHUS (MEXBaJbIIO-
BEI 3a30p): HEOOXOAMMOE U JOCTATOUHOE
KOJIMYECTBO 3€pHA /IS TUTIONICHHS, He-
MpephIBHAA W PaBHOMEpHAs ero rmojava,
TEXHOJIOTUYECKH HEOOXOANMasi CKOPOCTh
MOJaYM HCXOAHOTO 3€pHa, HCKIIOYeHHE

3a0uBaHMs 3arpy304HOr0 OKHA MTHTAOIIE-
ro Oynkepa [4; 12; 13].

HayuynpiMu uccnenoBanusiMu  pado-
4ero mporiecca MUTAIOIIETO YCTpoiicTBa
W €ro BIWSHUS Ha dPPEKTHBHOCTH TOIY-
YEHHsI TUTIOIIEHOTO KOpMa TLTOIIHIKAMHE
3epHa 3aHUMAINCh ydeHele A. M. Mo-
moHkuH u B. A. Oneros [4; 9].

AHanu3 Hay4yHBIX pabOT IO3BOJINIT
clenarh BBIBOJ, 4YTO JUIS ITUTFOLIWJIKH
3epHa HaumOoJee IeJIeCO00Pa3HO TpUMe-
HATH MUTAIOLIEE YCTPOMCTBO (MUTATENh)
C aKTHUBHBIM PabOYMM OPraHOM — IUTa-
IONUM BaJIblieM ¢ Jionactsmu. [lutaro-
iee yCTPONCTBO JIOJDKHO PacIoiaraTbCst
MEX]Ty MTUTAIONINM OyHKEPOM TUTFOIIMIIKH
W BaJIbI[aMU JUIS TUTIONCHUHS, a Bpaiia-
IOIIMICS TUTAIONIMK BaJiell yCTaHaBJIU-
BaeTCs TOPU30HTAIBHO TIOA 3aTPY309HBIM
OKHOM IUTATEJIs 10 BCEH €ro IJIMHE, PH
3TOM 3EpHO C JIOMAacTeH Bajblla 4epes
OKHO TIONAJaeT B TOABOMSAIINN KaHa
W yepe3 Hero B 30Hy IumomieHus [12; 13].

MarepuaJjbl 1 MEeTOIbI

Vuensivu OI'BHY ®AHII Cesepo-
Bocrtoka coBmectHo ¢ A. M. MomoHku-
HBIM TIPOBEJCHBI HAay4YHbIC HCCIIEI0BA-
HUS 110 YCOBEPIICHCTBOBAHHUIO Pabodyero
mporecca TuTIonIok 3epHa. Cpenn pe-
3yJABTaTOB pa3paboTKa KOHCTPYKTHBHO-
TEXHOIIOTUYECKON CXeMbI OTHOCTyTIeHYa-
TOH (C ABYMS BajbIlaMU JIJIST TUTFOIIICHIIS )
TUTIONITIIIKY 3epHa (puc. 1a), ocCHAIIICHHON
MUTAIOIIMM YCTPOUCTBOM, M OJIOK-CXEMBI
(YHKIIMOHUPOBAHUS €€ TEXHOJIOTHYE-
ckoro (pabouero) mporecca (puc. 1b)h.
HoBu3na cxembl W pabodero mporec-
ca MUTAIOUIET0 YCTPONCTBA TUTFOIIWIKH
nonTeep:kaeHa mareHtamu Ne 2557780
n 2628297 [12; 13].

TexHoMOrnYecKuili mpouecc MNUTaro-
IIETO YCTPOMCTBA 3aKIIIOYAETCS B CIIEIY-
oneM. Bpamaromuiicss Bajen ¢ Jionac-
TAMHU 6, CMOHTHPOBAHHBIH B MMUTAIOIIEM
YCTPOMCTBE /, TO3MPOBAHO MOAACT 3EPHO

! Momronkut A. M. CoBepIIeHCTBOBaHNE KOHCTPYKINH U ONTUMHU3ALNS KOHCTPYKTUBHO-TEXHOIOTH-
YeCKHX [1apaMeTPOB MUTAIOIIET0 YCTPOHCTBA IUIIOMIMIKH 3€PHA © JIUC. ... KaHJ. TeXH. HayK. Yebokcapsl,

2020. 143 c.
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UL TUTIoIIeHust [/ 4depe3 3arpy304Hoe
OKHO 3, peryJaupyeMoe 1o BbICOTE, B TOJI-
BOASIIMN KaHal 5 U 4yepe3 HEero B 30HY
mwrrotenusa /2. [urarommii Ban obecrie-
YUBAET TEXHOJIOTHYECKH HEOOXOIUMYIO
CKOPOCTh TIOIa4M 3€pHa Ha TUTIOIIEHHE,
a TaKkKe HeTpephIBHOCTb W pPaBHOMEp-
HOCTh €T0 TMOCTyIUIeHUs. Benmnuwmna mo-
Jaqu 3epHa (IPOU3BOIUTENHFHOCTD ILTIO-
IIWIKA) PETYIHPYeTCsl 3acIOHKON 4,
a JMaMeTp M YacToTa BpAIlCHUS IUTAF0-
IIEr0 BaJIblla OMPEICIIIOT CKOPOCTh I0-
CTYTAIOIIETO 3epHA B 30HY IUTIOIICHUS /2.

bnok-cxema (yHKIIMOHUPOBAaHHS TEX-
HOJIOTUYECKOTO (pabouero) mporecca Iko-
npike (puc. 1b) 3akimrodaercs B ciemy-
torieM. llomexaree IUIFOMICHAIO 3€PHO,
UMeEIoIee HEeKWe CBoicTBa cpemsl W(f),
3arpy’kaeTcs B eMKOCTh (OyHKep b) B komu-
uectse G (7). VI3 Oynkepa b, ocnaiennoro
nuTarommM yerpoicrsom IIY, 3epHoBOI
Marepua co CKOpOCThIO V(f), mpumaaBaeMoi

eMy nuTarmum ycrpoiicteoM 1IY, nocry-
naet B kanan [IK 1 Ha BbIXOzE U3 HETO CO
CKOpOCTBIO V(f) B 30HY ILTIOLICHHS HA pa-
0oune opransl PO ok, [ocne mpo-
XOXKJICHUSI 36PHOBBIM MATEPUAJIOM yJacTKa
PO momywaercst rotoBsiii ipomykr I'TI —
IUTIOILEHOE 3epHO. OmnpenessomuMy ma-
paMeTpamH TpH OIEHKE paOOThI TUTFOIIIHII-
KW SIBISIIOTCSI TIPOIYCKHAs CHOCOOHOCTB
(mpomzBoANTENBHOCTD) (J(f) W yaeNnbHbIE
sHepro3arparsl J(f) Ha MPOU3BOICTBO KO-
HEYHOTO TPOAYKTA.

C uenblo noBbIeHust 3 HEKTUBHOCTH
MOJyYEeHHUs] KOpMa TUTIOIIMIIKOM C MUTalo-
MM YCTPOWCTBOM IPOBEACHBI TEOPETH-
YEeCKHE U KCIIEPUMEHTAIIbHbIEC HCCIIeJ0Ba-
HHS [ApaMeTpPOB BPAILAIOIIETOCS Bajbla
JAHHOT'O yCTPOWCTBA, OKA3bIBAOIINX BIIUSI-
HHE Ha BBIXOJHbBIE IIOKA3aTeNIu pabouyero
npouecca mnouenus. Ha nepsom asrare,
C yYeTOM aHajH3a MMEIOLIMXCS Hay4IHO-
TEXHUYECKUX M TMaTEHTHBIX JINTEPATyPHBIX

n(t)l z(t)lD(tih(t)l a(t)i

o) 90 74)
mg B IY  Jug| TIK
o) " 40
0| I'TT PO |
a) b)

Puc. 1. a) Cxema IIIOUIMIKY 3€pHA C MUTAIOLIUM YCTPOUCTBOM I;
b) Giok-cxema TexHOIOrHYecKoro (pabodero) nponecca; 1 — Hecymas pama, 2 — MATAIOMUH OyHKep,
3 — 3arpy304HO€ OKHO; 4 — 3aCJIOHKA /71 PETYIUPOBKY MOAYH 3€pHA; 5 — MOABOAAIINI KaHAI;
6 — nUTaOLU BaJel] ¢ JIONacTIMU; 7, 8 — BaJIbLbl AJIs IUTIOLICHUST; 9 — 2JIEKTPOJBUTATElIb;
10 — xmHOpeMeHHas nepenaya; 11 — ucxomHoe 3epHo; 12 — 30Ha uIoIeHus; 13 — roTOBBIN NPOAYKT

Fig. 1. a) Scheme of grain flattener with a feeding device [; b) block diagram of technological (working)
process; 1 —bearing frame; 2 — feeding hopper; 3 — charging door; 4 — flap for adjusting grain feed;
5 — feeding channel; 6 — feeding roller with blades; 7, 8 — roller for flattening; 9 — electric motor;
10 — V-belt transmission; 11 — source grain; 12 — flattening zone; 13 — finished product
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WCTOYHHMKOB, TPOBEAEHBI TEOPETHUYECKHE
uccieaoBanus pabodero mporecca IUIo-
UIWIKY JaHHOTO Tuma. B pe3ynbrare BbIsB-
JICHBI 3aKOHOMEPHOCTH U CBSA3U KOHCTPYK-
TUBHO-TEXHOJIOTHYECKUX TapaMEeTPOB ee
QIIEMEHTOB MEXIy COOOW W OIpeIeieHo
VX BIWSHHE Ha pabouumii mporecc IUIro-
IIeHus1 3epHa. BenmuuHbI mMapaMeTpos,
OKa3bIBAIOIINX  TIOJIOKHUTEIBHOE  BIIUS-
HUEC Ha MPOUECC IUIIOUICHUA, TPUMCHCHDBI
NP M3TOTOBJIEHUH SKCIIEPUMEHTAIILHOTO
o0pasia IUIIOIIMIKY, 3aTeM OMPOOOBaHbBI
W YIOy4YlIeHbl B pealbHOM padodyeM mpo-
necce (IKCIEpPUMEHTANbHBIE HCCIIEA0Ba-
HUs). Pe3ynbrarel uccienoBaHuid UCIIONb-
30BaHbI IPH Pa3pabOTKe KOHCTPYKTOPCKON
JIOKYMEHTAIINY Ha TUTIOIIVJIKY 3€pHA C ITH-
TaOLUM YCTPOHUCTBOM.

M3roroBiieHbl 3KCIEpPUMEHTAIbHbBIN
oOpaser] MUTAIOMIeT0 YCTPOIiCTBa M TH-

212

TalIUe Bajlblbl Ui Hero (puc. 2a);
YCTPOHCTBO yCTAaHABIMBAJIOCH HA DKCIIE-
PUMEHTAJIBHYIO TUTIOIIMIKY (pHC. 2b).

Pe3ynbTarsl nccie0BaHus

Jns  HaxOXKICHUS  PaAlMOHAIBHBIX
KOHCTPYKTUBHO-TEXHOJIOTHYECKUX M pe-
’KIMHBIX TapaMeTpOB Bajblla IHTAIO-
IIEr0 YCTPOWCTBA IUTIOUIMIKH IPOBEJIe-
HBl TEOPETHYECKHE HCCIIEN0BAaHUA €ro
pabovero mpouecca. KoHCTpyKTHBHO-
TEXHOJOTUYECKass CcXeMa HCCIeIlyeMo-
ro ycrpoiicrea (puc. la) COOTBETCTBYET
npeacTaBieHHON B mateHTax Ne 2557780
u 2628297 [12; 13]. Cxema JIBWXCHUS
3epHOBKHU (€MHUYHOTO 3€pHA) B padoueit
30HE MHTAIOIIEr0 YCTPOWMCTBA IUIIOILMII-
KU 3epHa IpEe/CTaBlIeHa Ha PUCYHKe 3a,
HAaIIPaBJICHUE IBIKCHUS IO JIOTIACTH ITH-
TAIOIIETO BaJblla M ICHCTBYIONINE Ha Hee
CHJIBI — Ha pUCYHKE 3b.

b)
P uc. 2. a) DxcnepumeHTanbHBII 00pa3el MUTAOLIET0 YCTPOUCTBA C BalbLiaMH JJISl HETO;
b) ycraHoBKa 151 nccieoBaHus pabouero npouecca IUIIOLICHUS 3epHa

Fig. 2. a) An experimental sample of a feeding device with rollers for it;
b) an installation for studying the working process of grain flattening
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TexHomornyeckui mpouecc Ioiy-
YEHUSl IUTIOMICHOr0 KOpMa IUTIOIIMIIKOM
C MHTAIONUM YCTPOHCTBOM 3aKITFOYACTCS
B CJIENYIOUIEM. 3€pHO I IUIIOUIeHUs [
W3 muTaroniero OyHkepa 2 depe3 3arpy-
304YHO€ OKHO 3 WM KaHaJbl § MONaJaeT Ha
JIOTIacTH 9 BpaIaronierocs Bajabia J, oA
JIEHCTBUEM IIEHTPOOCIKHBIX CHJI JBUKCT-
Csl 110 HUM W CXOJUT B IOJIBOISAIIMIA Ka-
Hai /0 W 4epe3 Hero B 30HY IUTIOLICHUS
(MEXBaJBIIOBBIN 3a30p), 00Pa30BaHHYIO
BaJbllaMH JJIs IUTIOMIEHHS 6 U 7. B Mex-
BaJIbIIOBOM 3a30p€ IPOUCXOIUT TEXHO-
JIOTUYECKUM MpOIlecC IUTIOMICHUS 3epHa,
MOJTy4aeTCsl TOTOBBIM K CKapMJIMBAHUIO
TUTIOUIEHBIA 36pPHOBOM KOPM.

JIB>keHHe 3EpHOBKH 110 JIOMACTH
MUATAIOMNIETO Bajlblla ONpEIeNsIeTCS paB-
HOJIEUCTBYIOIIEN BCEX CHJI, BIUSIOUIMX
Ha HEE, W MOXET OBITh MPEACTABICHO
B Bujac au(PepeHINAIBHOIO ypaBHE-
HUA 2-TO TopsiiKa (C y4eTOM BCex Jei-
CTBYIOIIUX CHII):

mW:m§+CI78+ch+]\7+F—Tp, (1)

e W = ¥ — abCONIOTHOE YCKOPEHHE Ya-
CTUIBI 3€pHA MpU €€ ABUKXCHUHU II0 JIO-
[IACTH IHTAIOIIEr0 Balblia; Mg — CHIa
TSKECTH.

@, — xopuonmcosa cuna, H:

®, =2mawV, = 2mox, 2)

IJIe @ — YacTOTa BPAIICHUS MUTAIOIIETO
BaJjIblla, Paji/Cc.

®, — ueHrpobexHast cuia, H:

D, = mw’r = mw’x. 3)
F,, — cuna tpenus, H:
F,=/N. 4)
N — npmwxumaromas cuia, H:
N =—-mgsinot +2mwx. (5)
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[Ipoeuupyst cuiibl Ha OCH KOOPJAHMHAT
X u Y (IUI0CKOCTh JIONAcTH W TIepIICH-
muKysip K Heill) (puc. 3b), permraem (1),
¢ yueToM (2)—(5), 1o U3BECTHBIM METOTH-
kaM. [lomyuaem pemenue nuddepeHim-
aJBHOTO YPABHEHUS:

x=c e +c,-e” + Acosw f + Bsinwt,

x=Ac e+ e, e - Aosinof +

+Bwcoswt, (6)
M=—fo+w (f2+1), (7
lzz—fa)—a)ﬂl(f2+1), 8)
c :Z.lr—),lA+Ba)

2 X+ 2
Aqr—AjA+Ba) - ©)
o =r- 070y
Mt 2
_ g
B_—2w2—2fa)2+gf
.(10)

g’ g
:—2a)2—2fco2+gf_2a)2

VYpasuenne (6), ¢ yuetom (7)—(10),
OTIpe/ieNIeT TapaMeTphl JABIKCHHS 3ep-
HOBKHM TI0 JIOTIACTH BAJIbIIA: PACCTOSHHE
OT IICHTpa BpaIICHUs Bajblla JIO 36pPHOB-
KM, €€ CKOPOCTh ¥ HAaIlpaBJICHUE B MOMEHT
BpEMEHH / TIPH 3aJIaHHBIX paHee @ U f-

Bripaxkenue (6) ¢ momorpio paspa-
0OTaHHOM KOMITBIOTEPHOH TMPOTPaMMBI
B nipuiioxkennn Microsoft Excel mo3Bomser
OIIPEACIUTh M NPEICTaBUTh Ipaduuecku
pAacIIONIOXKEHHE 7, M, YaCTHUIIBI 3epHA Ha JIO-
NaCTU BaJblia, B JIIOOOH MOMEHT BpPEMEHH
¢ B 3aBHCHMOCTH OT yIJIa ITOBOPOTA Ballb-
a ¢, Tpaj, IpU Pa3INIHbIX (HHUKCHPOBAH-
HBIX 3HAYCHMSX YacTOTHI €r0 BpaIleHHs
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b)
P u c. 3. a) Cxema nepemMenieHUs 3epHOBKU B MMUTAIOLIEM YCTPOWCTBE TUTIOLIMIKH 3€PHA;
b) eicTBYOIINE HA HEE CHIIBI TIPU JIBUKCHHS 10 JIOIACTH BaJIblia
Fig. 3. a) Scheme of movement of the grain in the feeding device of the grain flattener;
b) the forces acting on grains when moving along the blade of the roller
Texnonoeuu, mawunsl u 060py0osaHie
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n, MUH ', K03()(pHULIMEeHTA TPSHUSL f 3ePHOB-
KH O MaTepHa JIOMACTH Bajblla, a TAaKKe
OT BEJINYMHBI 7j, M, Ha4yaJia IBUKEHUSI 3ep-
HOBKH TIO JIOTIacTH Basblia. [lomydyeHHbIe
3aBUCHMOCTH TIO3BOJISIOT  OTIPEICIHUTH
CTETICHb BIIMSHUS PA3IMYHBIX (DAaKTOPOB
Ha TapamMeTphl JIBW)KCHUS 3E€PHOBKH I1O
JIOTIACTH BaJIbIla.

Ha pucyHke 4 npuBeACHbI MOJyYCH-
HBIC 3aBUCHMOCTH IS 4acTOThI Bpallle-
HHUS nUTaromero Babna 7 = 600 muH!
(puc. 4a), n = 900 muu' (puc. 4b). Pas-
paboTtaHHas TporpamMma TO3BOJISIET IIO-
JYYUTh TPAPUKU U JJIs IPYTUX 1, HATIPHU-
mep n = 400 mun'. Ho nuraronmii Banen
¢ yactotoil BpamieHus n < 600 muH!
Y CBOMM PaJINyCOM OT IIEHTpPa BPAIICHHS
JI0 HApPY>KHBIX KPOMOK CBOWX JIOTIACTeH
r=10,1 M (IpUHATHIN HAMH TSI TaTbHEH-
IMUX HWCCIENOBaHW) HE o0ecreunBaeT
nojayy HEOOXOIMMOTr0 KOJIMYECTBA 3€p-
Ha B pa0o4yio 30HY TUTIOIIMIKH, BCIIE/I-
CTBUE 3TOT0 MPHILIOCH OTPAHUYUTHCS
BenmunHamu n = 600 muu ! (puc. 4a)
u n =900 munu ! (puc. 4b).

[IpoBenena mpoBepka 3ddexTus-
HOCTH HCCIIEAYEMOTO YCTpOMHCTBA.
M/

N /%A i D RN
0.12 //f s 1/ 7 /
V79 278
o0 WAL AL -

Y A oo »

0.08 L ,/ s ] [ A L]
S
0,06 ’3’ b )( // r'[ /
i / - ’r

N
0,04 ¥ et

e |
0,02

|
[ -
0 01 02 03 0405 06 07 0.8 09 %P/

o, rad

a)

YCTaHOBIIEHO, YTO NpPU BEIUYMUHE BHY-
TPEHHETO pajinyca MUTAIOIIETO Baja r, >
> 0,045 M Bce 3epHO CXOIUT C JIOMACTU
B TIOABOASAIIUI KaHal MOJ TpeOyeMbIM
YIIOM @y, = 60° iput 1 > 600 MuH ' 11 KO-
s HUIHEHTE TPSHHS 3€PHOBKH O JIONACTh
Bambia f = 0,4. CremoBarenbHO, TTUTAIO-
WA BaJ U yCTPOUCTBO 3 (EKTUBHBI.

PesynbraThl NaHHBIX HCCIIEOBAHUN
WCIOJB30BAaHbI TPH  Pa3pabOTKe KOH-
CTPYKTOPCKOHM JIOKYMEHTAallMM Ha H3ro-
TOBJICHUE TUTIOIIUIIKH 3€pHA C MUTAIOIIUM
yCTpOHCTBOM, corinacHo koTopoiu B IIKB
HUNCX Cesepo-Boctoka coBMecTHO
¢ ®I'bHY ®AHII[ Cesepo-Boctoka u3-
TOTOBJICH OTIBITHBIN 00pa3erl JaHHOH Kop-
MOTIPUTOTOBUTEIHFHOW MAIlIMHBI — TUTIO-
HIFJTKA CyXOTo U BiaskHOTO 3epHa [13—-1M.

B mreprion ¢ 03.07.2019 1. o 06.07.2019 1.
Ha Oaze kxommekca «3uHOBO» DI'BHY
®AHII CeBepo-BocToka mpoBeneHbI Be-
JIOMCTBEHHBIC HCIBITAHUS  TUTFOIIMIKH
3epHa ¢ MUTAroIKM ycTpoiictBom [13—-1M
(puc. 5a). Takke MIIOLUIMIKY CpaBHUBAIH
C CEpPUMHO BBIITYCKAEMOW ILIFOLIUIKON
113-1 OO0 «PemonTHbIi 3aBoa» (I. Ho-
muHcK Kuposckoit 0611.) (puc. 5b).

/, M I //0 X
012 //f/ B 7
MRl B | X Ix2
o10 VAL # -
’ [3//, ,‘f// b ,:/ A et
8 d o
008 f A% L L
y/Z4VA I o
006«#’ A 7 ] T L
’ /// f//"
e o=
0.04 T —

|
0 01 02 03 04 05 06 07 08 09 ¢ pan/
¢, rad

b)

P u c. 4. 3aBuCHMOCTb TapaMeTPOB ABMKEHUS 36€PHOBKH 10 JIOMACTH MHUTAIOIIETO BaJIblia OT BETHYUHEI
yIJIa €ro moBOpoTa ¢ NPH Pa3IMYHO YyacToTe BpalieHus Baja: a) n = 600 mur'; b) n =900 muH '

F i g. 4. The dependence of the parameters of the grain motion along the blade of the feed roller
on the value of its rotation angle ¢ at different shaft speeds: a) n = 600 min™'; b) n = 900 min™!
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a)

b)

P u c. 5. O0umit Buz: a) munonuika $pypaxxHOTo 3epHa ¢ nuraromum ycroiicrsom I13—-1M;
b) cepuitno BrIyckaemast ruronika [13-1
Fig. 5. General view: a) PZ-1M grain flattener with a feeding device;
b) PZ-1 series-produced grain flattener

WcxomHbiM 3epHOM IS TUTIOILICHHS
BEIOpaH SYMEHb copra AOaBa BIAXXHO-
cteio 12 %. WcnplTanusi mpoBeaeHbl CO-
mmacio ['OCTy P 54783-2011, OCTy
10.2.2-2002 u moxasajy, 4YTO KadyeCTBO
npousBeAcHHOTO Imrontmikoi  [13-1M
36pHOBOTO KOpPMa COOTBETCTBYET Tpe-
ooparnmsim CTO AUCT 1.14.2-2020:
CpPEIHEB3BCIICHHAST TOJIIMHA XJIOIHEB
roroBoro mpoaykra 1,0-1,3 mm, ux on-
HOpOAHOCTh 7,5-8,9 %, 1LenbIx 3epeH
B ILTIONIEHOM 3¢pHOBOM KopMe HeT?. [Ipu
OCYILECTBICHUU TEXHOJIOTHYECKOrO IMPO-
1ecca MPOU3BOIUTEIBHOCTD TUTFOIIMIIKH
[13-1M cocraBuia 1,2—-1,4 1/4 ipu 3arpa-
Tax sHepruu 3,6—4,2 kBT-4/T noixy4gaemo-
TO TUTIOIIEHOTO 3epHa (KopMa).

CpaBHUTENBHBIE WUCTIBITAHUS TUTIOIIH-
7ok 113-1 u I13-1M nokasbIBaroT BEICOKYIO

5 PEKTUBHOCTh MPUMEHEHUS IUIFOILNII-
ku II3-1M ¢ nuraromyM ycTpoHCTBOM:
Oosiee yeM B 2 pasza BbIpOC]A MPOIYCK-
Has CIIOCOOHOCTH (ITPOMU3BOMUTEIIEHOCTD)
mrorke [13-1M 1o cpaBHEHUO ¢ aHa-
JIOTOM — cepuifHOo BhImyckaemon [13-1
(0,59-1,22 1/4). [1px 3TOM S3HEPrOEMKOCTh
TEXHOJIOTUYECKOTO MpoIiecca TUTIOIICHHS
HOBOM KOPMOIIPUIOTOBUTEJIBHON MalllK-
HOW yMmeHbImiach B 1,6 pasza (¢ 6,2 1o
3,75 kBT'4/T) Ipu OIMHAKOBOM KauecTBe
MPOU3BOAUMOIO MPOAYKTA — IUTIOMICHOTO
3epHa.

O0cysxaeHue u 3aKJII0YeHAE

[IpoBenena s3KOHOMHUYECKAsl I SHEPTe-
THUYECKas OLIEHKAa TEXHUYECKOIO CPEICTBA
JUISL TIOJIYYEHUS 36PHOBOTO KOpMa — IUIIO-
LIMJIKK 3€pHA C INUTAKOIIUM YCTPOMCT-
BoM II3-1M. Amnamorom misi pacdera

2TOCT 54783-2011. MicriblTanus CeNbCKOX03sMCTBEHHON TeXHUKY. OCcHOBHBIE HoaokeHus. M. : Cran-
nmaptuadopm, 2020 ; OCT 10.2.2-2002. McnpiTaHus CcelIbCKOXO3IHCTBCHHON TEXHUKH. METObI SHEPIeTH-
yeckolt oueHkd. M. : M3n-Bo crangapros, 2002 ; CTO AUCT 1.14.2-2020. McnpITaHus CeTbCKOX03SHCTBEH-
HOM TeXHUKU. MaluHbl Juis KopMmoripou3BozacTsa. [lokazarenu Ha3HaueHus 1 HaaexHoctu. M., 2020.
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9KOHOMUYECKOH 3 eKkTHBHOCTH BBIOpaHa
CepuitHO BbIMycKaeMas ruronmika [13-1.
[Ipunsito, 4ro TomOBas HarpyskKa B XO-
3SHCTBE HA JAHHBIC MAlIMHBI COCTaBIISIET
300 T moIy4aeMoro IUIFOIIEHOTO KOpMa.

Pesynbrarel NpOBENEHHBIX HCCIIENO-
BaHWH IOKAa3ajM, YTO NPUMEHEHUE IUII0-
ik [13-1M addexturo. [lomyqae-
MBI TOHOBOHM 3KOHOMHUYECKHH 3(dexT
cocrasisieT 67 583 py0., Ipu 3TOM ynenb-
HBI€ KalTUTaJIbHbIE BIIOXKEHNUS CHUKAIOTCS
B 1,48 pasa (c 616 no 415 py6./T), ynenb-
HBI€ SKCIITyaTallMOHHbIE 3aTpaThl — B 1,48
pasa (c 258,4 o 161,9 py6./1).

Oueprerudeckast 3pPEKTUBHOCTh IPH-
MEHEHHsI HOBOI MAILIMHBI, TI0 CPABHEHUIO
C aHaJOTOM, OLCHHUBAETCS C MOMOILBIO
ypoBHs nHTeHCUpuKanuu M, %. B Hamem
cilydae HPU HMCHOJIB30BAHUU IUTHOILMIIKU
[13-1M Bmecto I13-1 U = 49 %. O06mme
(COBOKyTHBIE) 3aTpaThl SHEPTHUHU HA ITPOU3-
BOJICTBO E€IMHHIIBI TPOIYKIMHU TUTIOLIHII-
koii I13-1M na 49 % menblue, 4eM y ce-
puitHo BhImyckaemoi 113-1.

[lonBoas UTOT, CTOUT OTMETUTH Clie-
Jyrouiee:

1. Yuensie ®I'BHY DAHII Cesepo-
Bocroka pazpaboranu cxemy HHUTAIOLIETo
YCTPOMCTBA K IUIIOLIIIKE 3epHa. Ee akTuB-
HBIA pabovMii OpraH — MUTAIONIMA BaJIell

¢ nonactsamMu. HoBU3HA TEXHUYECKUX pe-
IICHUH MOATBEPIK/ICHA [TAaTCHTAMHU.

2. Haiinensl pauuvoHajbHbIE Hapa-
METpPBI Bajblla IMHTAOIIETO YCTPOHCTBA,
MOBBITIAOIINE IPPEKTHBHOCTH TMOTyYe-
HUS KOpMa. YCTaHOBIIEHO, YTO TPH BEIH-
YUHEe BHYTPEHHETO pajiyca MMHUTAOIIETO
Basbua r, > 0,045 M BCe 3€pHO CXOMUT
C JIONMACTH B TOIBOASAIINN KaHAT W Ue-
pe3 HEero Ha IUIIOIICHUE 0 TPeOyeMbIM
YIIOM @y, = 60° Tipu gactote 060pOTOB
n > 600 mua' u koddduIKeHTe TpeHHs
3epHa o jomnacts Banbua f < 0,4. Takum
o0pa3oM, OmpeselieHbl BEIMYUHBI Mapa-
METpPOB, TPU KOTOPHIX MUTAIOMIMNA Bal
U YCTPOUCTBO 3P EKTUBHBI.

3. BeaOMCTBEHHBIE U CPABHUTEIbHBIE
WCIIBITAaHUS IUTIONTMIKA 3epHa [13-1M
C TIMTAONIUM YCTPOHCTBOM TTOKa3aJIH BbI-
COKyI0 3((hEKTUBHOCTh €€ MPUMCHCHUS:
mwrrorminka [13-1M Hage)XHO M KadecT-
BEHHO BBHITIONHSET TEXHOJIOTHYECKUH MTPO-
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Pa3paboTka aJanTUBHOIO HEHTPOOEKHOTO
pado4ero opraHa 1jisi BHeCEHUsI MUHEPAJIbHbBIX
y100peHuii ¢ IpUMeHeHrueM TeXHOJIOT Uil
OBICTPOro MPOTOTUNNPOBAHUS
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Annomauusn

Bseoenue. CoBepuIeHCTBOBAHNE arpONPOMBIIIIEHHOTO KOMIUICKCA ITOJpa3yMeBaeT CO-
34aHUE€ HOBBIX U MOIACPHU3ALNIO NMEIOLIUXCA pa60lmx OpraHoB W MallWH. BaxHbIM
YCIIOBHEM IIPH 3TOM SIBIISICTCSI IPHMEHEHHE COBPEMEHHBIX TEXHOJOTHH M ITOCTOSHHOE
COTPYZAHUYECTBO C PeabHbIM MPOU3BOACTBOM. Llenb rccnenoBanus — pa3paborars ajarn-
THBHBIN IIEHTPOOSKHBIH pabounii OpraH M MOBBICHTH KaueCTBO BHECEHHST MHHEPAIILHBIX
yaoOpeHuii.

Mamepuaner u memoos:. Ha 0CHOBaHMM H3ydYeHHUs] COCTOSIHUSI BOTIpOCa M TpeOOBaHMIA,
HpEeAbABIAEMbIX K MaIllMHAM JJIs1 BHECEHHS MUHEPAIbHBIX yI0OpeHuil, paspadoTaH u us-
TOTOBJICH aJJANTHBHBIA EHTPOOEKHBIN padounii opran. Ha Bcex craansax mpUMEHSINCH
METOAbI KOMIIBIOTEPHOT'O MPOCKTUPOBAHUA U 6bICTp0FO IPOTOTUIIMPOBAHHUS HAa OCHOBE
aJINTUBHBIX TEXHOJIOTHI.

Pesynomamul uccredoséanus. B pesynbrare HCIOIb30BaHHS MPEICTaBICHHBIX PaOOYMX
OpTaHOB yBEIHYMIACh MIMPUHA 3axBara arperara Ha 10,0-22,5 %. DxcnepnMeHTaIbHBIE
paboune opraHel, M0 CPaBHEHHIO C CEPUIHBIMHU, TTO3BOJISIIOT YMEHBIIUTh HEPABHOMEP-
HOCTb BHECEHHSI TPaHyJI MHHEPaJIbHBIX ynoOpenuil Ha 13,4 % 3a cuer ux mepepacrpene-
JICHUS C LEHTPAJIbHOM 30HBI 110 KpasiM.

Obcysrcoenue u 3axnouenue. B pesynprare s5KCIIepUMEHTAIBHBIX HCCIETOBAHUN JOKa3aHa
9 eKTUBHOCTh MPUMEHEHHsT Pa3pabOoTaHHOTO ATANTHBHOTO IIEHTPOOSIKHOTO paboyero
oprana. OH I03BOJIAET YBEIHMIUTH PABHOMEPHOCTH PACTIPEAEIICHHS TPaHyIl MHHEPAIbHBIX
yaoOpeHuil u pabouyro HIMpUHY 3axBaTa arperara. COBpeMeHHbIE METO/IbI POEKTHPOBA-
HUSI TIO3BOJISTIOT 3HAYUTENIFHO COKPATHUTH BPEMsI M PACXOIbI.

Knrouesvle cnoga: MuHepanbHble y100peHHs, sHeprocoeperarolye TeXHoIorun, pabo-
4nif opran, paBHOMepHOCTh pacnpesenenus, 3D, CAD-Mozens, NpoTOTUNHPOBAaHHUE, IKC-
MIepUMEHTAIbHBIE UCCIIEI0BAHMS
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Original article

Development of an Adaptive Centrifugal
Working Tool for Mineral Fertilization Using Rapid
Prototyping Technologies

V. A. Ovchinnikov**, E. A. Kilmyashkin, A. S. Knyazkov‘,
A. V. Ovchinnikova?, N. A. Zhalnin?, E. S. Zykin®

“ National Research Mordovia State University

(Saransk, Russian Federation)

b Ulyanovsk State Agrarian University (Ulyanovsk, Russian Federation)
* ovchinnikovw81@yandex.ru

Abstract

Introduction. Improvement of the agro-industrial complex involves the creation of new
and modernizations of existing working tools and machines. The important conditions for
this are the application of modern technologies and ongoing cooperation with the actual
manufacturing. The aim of the research is to develop an adaptive centrifugal working tool
and improve the quality of mineral fertilization.

Materials and Methods. The adaptive centrifugal working tool was developed and manu-
factured based on studying the state of the matter and requirements to machines for min-
eral fertilization. At all stages of the research, there were used computer-aided design and
rapid prototyping methods based on additive technologies.

Results. As a result of the use of the presented working tools, the machine operating width
has increased by 10.0-22.5%. Experimental working tools, in comparison with serial
ones, allow decreasing uneven distribution of mineral fertilizers by 13.4% due to their
redistribution from the central zone to the edges.

Discussion and Conclusion. As a result of experimental studies, the efficiency of the deve-
loped adaptive centrifugal working tools has been proved. It allows increasing uniformity
of mineral fertilizer distribution and the machine operating width. Modern design methods
make it possible to considerably reduce time and costs.

Keywords: mineral fertilizers, energy-saving technologies, working tool, uniformity of
distribution, 3D, CAD model, prototyping, experimental research
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Beenenue JIOJDKHO HE MEHee 4eM Ha 95 mpoIreHTOB
B memsix obecriedeHus TPOJOBOIb- COCTOSATH M3 OTEUECTBEHHOTO 3epHal.
CcTBEeHHOU Oe3zonmacHocTH Poccuiickoi de- Jlis Toro 4YTOOBI JIOCTHUYH TIOCTaB-

JIepalliy BHYTPEHHEE MOTpeOIeHNe 3epHa  JICHHYIO [eJlb, CHU3UTh CE0SCTOMMOCTh

! Vka3 TIpesuaenra P® ot 21 sHBaps 2020 . Ne 20 «O6 yrBepx)aeHHN JJOKTPHUHBI MTPOIOBOIb-
cTBeHHOH OesomacHocTH Poccuiickoit denepamum» [Dnextponnsiit pecype]. URL: http://kremlin.ru/
acts/bank/45106 (mara oopamenus: 01.03.2022).
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MIPOU3BOJICTBA 3€PHA U COXPAHUTH KOHKY-
PEHTOCIIOCOOHOCTh B JIAaHHOM HaITpaBlie-
HUU, HEOOXOAMMO MPUMEHSITh COBPEMEH-
HBIE PHEProcOeperarolie TEXHOJIOTHH Ha
BCEX 3Tanax npousBoAcTna [1-5].

OmHMM W3 TakuX OTAloB SBISAETCS
BHECEHME yaoOpenwmii’. IMEHHO Ha JaH-
HOM JTare NPOMCXOAWT 3aKjajKa IH-
TaTeNbHBIX DJIEMEHTOB, HCIOIb3YEMBIX
pacTeHHsIMH B TEYEHHE BCETO Mepuoja
Beretauuu. Kpome toro, BHeceHue ymio-
OpeHU!l TPUBOIUT K BOCCTAHOBJICHUIO
IJI0OPOUS TTOYBHI [6].

B nocnennee Bpems yailie BCEro BHO-
CSIT MUHEPAJIbHBIC TPAHYIMPOBAHHEIE Y0~
Openus [7]. OCHOBHBIM NPEUMYIIIECTBOM
SIBIISIETCS BBICOKAsT TPOHM3BOAUTEIHLHOCTD
MaIlliH TPH WX BHECEHHH, a TAKXKe TPaH-
CIIOPTHPOBKA, XpAaHEHHE M T. JI.3

I'maBHBIM TpeboBaHWEM TpH BHECE-
HAW MHUHCPAIBHBIX YIOOpPCHUHN SIBISCT-
Ccs PaBHOMEPHOCTb HMX paclpeeeHUs
no mnoio. HepaBHOMEpPHOCTH BHECEHHUS
MPUBOAUT K HEOJAHOPOIHOCTH CTPYKTY-
pbl TOCEBOB, HAKOIJICHUIO HUTPATOB,
a TaKKe K 3arps3HEHUI0 OKpYy:Karolen
cpensl [8—10].

[ToaToMy wccrienoBaHUs, TOCBAIICH-
HBIE TIOBBINIEHUIO Ka9eCTBa BHECEHUS MU-
HEPaIBHBIX yAOOpPEHUH MO TOBEPXHOCTH
TOJISI, SIBISIFOTCSI aKTyaJbHBIMH W MIMEIOT
BaXHOE HAyYHO-TEXHUYECKOE M XO3ANCT-
BEHHOE 3HAYEHHUE /IS arporpoMBIIIIEH-
HOTO KOMIUIEKCA CTPaHBI.

00630p JauTEpaTypHI

MarvHb! 17151 BHECEHUSI MUHEPATbHBIX
yaoOpeHni, KaK TPaBUIIO, BBITYCKAIOTCS
B HaBECHOM M MPULEITHOM HCIIOJHEHHU
W arperaTupyrorcsi C¢ BHEPreTHYeCKUMHU
cpencrBaMu. B mocneanue roapl pacimpsi-
eTCs JIMHeWKa CaMOXO/IHBIX MAITHH, B TOM
YHCIIe ¥ Ha [IIIHAX CBEPXHHU3KOTO JIABIICHHSI.
Hx oOwpemuHsIeT TIEHTPOOSKHBIA PadOIHid
opraH, Ha Ka4eCTBEHHBbIE TOKAa3aTelld pa-
0OTHI KOTOPOTO BITHSIIOT KOHCTPYKTHBHBIC
U KuHemarmdeckue mapamerps’ [11; 12].
Heocropumble mpenMyIiecTBa  MaiiuH
C HCHTPOOCKHBIMH JHCKOBBIMH Pa0OUH-
MH OpraHaMH — 3TO X IIeHa, HAJIeKHOCTh
Y TIPOM3BOUTENHHOCTD. B 3aBUCHMOCTH OT
TEXHOJIOTUM BHECCHUSI MUHEPAIBHBIX YIO-
Openuii 1 ciequ(UKH CeTbCKOXO3SICTBEH-
HOTO TPEATIPUATHS UCIIONB3YIOT MAITHHBI
C OJTHO- M IBYXIICKOBBIMH TICHTPOOEIKHBI-
Mu ammaparamu [13]. MHOrouncieHHbIMA
WCCTIIOBAaHUSMH YCTaHOBJIEHO, YTO MaIlld-
HBl C OJIHOMMCKOBBIMH armaparaMy 4Yalie
BCETO MPUMEHSFOTCS JUIsl BHECEHHUST MaJIbIX
U cpenHux HopM [14].

®DopMbl pabounx OpraHoB, Kak MpaBH-
JI0, UMEIOT TIOCKOE KPYIJIOE MCIIOIHEHHE,
pexe kBagpatHoe. CylIecTBYIOT PEeKOMEH-
JalK 10 UCIOJIb30BaHUIO pabovnx opra-
HOB CO CHHPAJIICBUIAHBIMH BbIPE3aMHU KPOM-
KU JIACKA, a TAKKe CheprIecKre, KOHYCHBIC
W JIUCKH Ooree COKHBIX Gopm® [15].

Huamerp pabounx OpraHOB HAXONIHUT-
cs B guamnasone 300-900 MM, a yacToTa ux

2 Jlana B. B. Crparerndeckue BOIPOCH PeCypcocOepekeHns] B UCTIOIb30BaHuu ynoopenuii / Cos-
peMeHHbIe pecypcocOeperaroiie TEXHOIOTHH MPOU3BOICTBA PACTEHUEBOIUECKON MPOoAyKuuu B bema-

pycH :

cOopHHUK HaydHBIX TpynoB. Munck, 2007. C. 42-47. URL: https://agrosbornik.ru/sovremennye-

resursosberegayushhie-texnologii/1105-strategicheskie-voprosy-resursosberezheniya-v-ispolzovanii-

udobrenij.html (1ara oopamenus: 01.03.2022).

3 Aunpees K. I1. Pa3paborka u 060CHOBaHHE MApaMETPOB PabOUMX OPraHOB CaMO3arpy KaroLIeHCs
MalIuHBI IS TOBEPXHOCTHOTO BHECEHUSI TBEPBIX MUHEPAIBHBIX YIOOPEHHH : JHC. ... KaH[. TEXH. HayK.

Psizanb, 2017. 136 c.

4 TaBpuiioB U. U, Ierposen; B. P. BeiGop pabGouero oprana ManidH jisi BHECEHHUsE MUHEPAIbHBIX
ynoOpeHuit // IHHOBAaIMOHHBIE PEIICHUS B TEXHOJIOTHAX M MEXaHH3ALMU CEeIbCKOXO3SHCTBEHHOTO TIPO-
W3BOJICTBA : COOPHUK Hay4HBIX TpyRoB. [opku : BICXA, 2016. Beim. 2. C. 16-20. URL: https://pandia.ru/
text/80/251/60045.php (mara obpamenus: 01.03.2022).

5 Benunckuii A. B. Pa3paboTka TEOPHH U TEXHHYECKHX CPEACTB YIS TOBEPXHOCTHOTO BHECCHUSI MHU-
HEepaIbHBIX yTOOPEHUI U METHOPAHTOB : JTUC. ... I-pa TexH. HayK. Ka3zans, 2005. 398 c.
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Bpauienus 10 1 000 06/muH. [To MmHEHUIO
psizna uccienoBarenei, pazmepsl pabounx
OpPraHOB M YacTOTa BpAaIllEHUS YBEIHYU-
BAIOTCS C IEJIBIO MTOBBIIIICHUS TIPON3BOTH-
TEIBHOCTHS,

OCHOBHBIMH HEJOCTaTKaMH IEHTPO-
OCKHBIX pa0OYMX OPTaHOB SBJISETCS TO,
YTO OHH HE BCEIyia 00CCIICUNBAIOT BHICO-
KyI0 PaBHOMEPHOCTb BHECEHHUS, a TAKKE
MOBPCKIAAOT  I'PAHYJIBI MHHEPAJIBHBIX
yaoOpeHni Ha BBICOKUX 000pOTaxX MCIOJ-
HUTEJIBHOTO 3j1eMeHTa [16—18].

MarepuaJjibl H METOAbI

K oCHOBHBIM KayeCTBEHHBIM MOKa3a-
TessiM paboThl pa3OpackiBaTeneld OTHOCIT
pabouyro MIUPHUHY 3aXBaTa U PaBHOMEp-
HOCTh  paclpeneieHuss MUHEepaJbHBIX
ymoOpeHuit 1mo moBepxXHOCTH Tojisl. Kak
MOKa3bIBAET MTPAKTHKA, Ha 002 TIOKa3aTes
CYIIIECTBEHHOE BIHSIHUE OKa3bIBAaeT CKO-
pOCTh I'paHy)l B MOMEHT CXOJa UX C LEH-
TPOOEKHOTO paboyuero opraxa:

9=w-R, (1)
7€ » — YIIIOBast CKOPOCTh paboyero opra-
Ha, pan/c; R — pamnyc pabodero opraHa, M.

ITocne cxoma ¢ pabouero oprana Ha
rpaHyIbl MUHEPATBHBIX YIOOpEHUH nei-
CTBYIOT cuja TsbkecTd G M CHIla COmpo-
TUBJICHUS BO3AYLIHOTO MOTOKA R (puc. 1).

Kpome ckopocTu Ha JaibHOCTH II0-
JeTa TpaHyl MHHEpPaJIbHBIX YIOOpeHUH

OKa3bIBAIOT BJIMSHUE YIoJl CXO/a YacCTHIL
¢ pabouero oprana, BbICOTA YCTaHOBKHU,
a’poAMHAMHYECKUE CBOMCTBA ynoOpeHni
UT A

IIIe v, — abCOOTHAS CKOPOCTH CXOa Ipa-
HYJ ¢ JWCKa, M/C; a. — YTOII CXOfa TPaHyll
OTHOCHUTEIHLHO TOPU30HTA, TPa; g — YCKO-
peHne CcBOOOAHOTO TTaAeHHUs, M/C*; /i — BBI-
COTa YCTaHOBKH pabovero opraHa, M.

Eciu npeAnonoxuTh, 4To yroy u CKo-
POCTh cXoJla TpaHyJl C pa3HBIX TOYEK pa-
Oouero opraHa OymeT OTIMYATBCS, TO
Y JAIBHOCTb UX IOJIeTa OyJIeT pa3IuvHOM,
YTO OJIATONPHUATHO OTPA3UTCS HA PaBHO-
MEPHOCTH pacrpe/IesicHus .

Ha ocHOBaHMM TaHHOTO TIPEATIONIOKE-
HUS TPETO’KeHA KOHCTPYKIIAS aIarTHB-
HOTO IIEHTPOOEKHOTO pabodero opraxa
(puc. 2), HOBH3HA TEXHUYECKOTO peIe-
HUSI KOTOPOTO TOATBEPIKICHA MaTeHTaMH
P®D [19; 20].

AJlanTUBHBIN  LEHTPOOCKHBIA  pa-
Ooumii OpraH BBIIOJIHEH B BHUJIC JTUCKa 2
chepruueckoii GOpPMbI CO CITUPATICBUIHBI-
MU BbIpe3amu 3. Ha amcke ycraHoBieHa
KOoHHWYecKas JacTh /. Pa3OpacwiBatoriue
JIOTIACTH 4 Pa3IUIHON JITMHBI PACTIOIOXKE-
Hbl HA KOHUYECKOU YacTH / U MepexolsT

s BIPEC

Nt

Puc. 1. Cxema k onpezieneHuIo JaIbHOCTH OJITa TPaHyI MHHEPAIBbHBIX yIOOpeHUIH
Fig. 1. Scheme for determining the flight range of mineral fertilizer pellets

¢ Jlenmmree O. M. O00CHOBaHHE KOHCTPYKTHBHO-PEKHMHBIX MapaMeTPOB HU3KOPAMHOW MAIlHHBI
JUISl BHECCHUSI MUHEPAJIBHBIX YI0OpEeHHH : IuC. ... KaHJ. TexH. HayK. bexropox, 2017. 140 c. ; Cnenuen-
ko B. A. CoBepmieHCTBOBaHNE TEXHOIOTHYECKOTO TPOIIECCa PACTIPECICHHS H3BECTHCOACPKAIMINX MaTe-
PpHAJIOB IICHTPOOCIKHBIM pa30pachIBaTelIeM : JIHC. ... KaH/l. TeXH. HayK. Boponex, 2012. 141 c.

7 Macekun WM. H. OOocHOBaHKE MapaMeTPOB U PEXKUMOB PabOTHI IEHTPOOEKHOTO pabouero oprana
JUIs BHECEHUS] MUHEPAJIbHBIX YI0OpEeHHI Ha CKJIOHAX : JUC. ... KaHA. TexH. HayK. CapaHnck, 2013. 161 c.
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P u c. 2. AnanTuBHBIN HEHTPOOESKHBII pabounii opras:
1 — KoHnuUeckas 4acTh; 2 — TUCK; 3 — CIIUpaJICBUAHbIE BBIPE3bl; 4 — JIOMACTH

Fig. 2. Adaptive centrifugal working body: 1 — conical part; 2 — disk; 3 — spiral cutouts; 4 — blades

Ha auck 2. CornacHo BelpakeHuto (1),
C JionacTted pa3InYHON JITUHBI TPaHYJIbI
MUHEPATbHBIX YIOOpPSHHUN OYyT CXOIUTh
C pa3HOW CKOPOCTBIO W TOI Pa3HBIMHU
yramu o (puc. 1), 9T0 OKaKeT BIUSIHUE
Ha JIAbHOCTh MMOJIETa U PaBHOMEPHOCTh
pacrpesieneHus TYKOB.

Pe3ynbTarhl ucciaeaoBaHus

C menplo panmpHEHIIEH oNTHMH3A-
LUK U J0paObOTKU KOHCTPYKLUH padoue-
ro oprana pasoOpackiBaTelnsi Oblia co3za-
Ha TMPOCTpPAHCTBEHHAs MOJENb (pHc. 3).
HccnenoBanusi MeXaHMUECKUX CHUCTEM
MOCPECTBOM IPOTPAMMHBIX CPEIICTB Je-
JIAI0T BO3MOXKHBIM ITOMCK Haubosee mpo-
OJIEeMHBIX MECT, KOTOpbIE TPeOyIoT mocie-
JyIoIel TopabOTKU WM MOJM(DUKAIHH.
DTO CYIIECTBEHHO COKpAIAeT CPOKH
MOJYYEHUS] KOHEYHOTO WHHOBAIMOHHOTO
npoaykra. Takue W3bICKaHUs IPOCTO He-
00XOUMBI JUISI U3MEHEHHS M ONTHMH3a-
UM TEOMETPUIECKUX MapaMeTpOB JIUCKa
U jJonactei B meyiom [21].

226

Cozmanne CAD-momemn  (Computer-
Aided Design) paGouero oprana pazopacbl-
Baress yIoOpeHuii MOKET OBbITh KaK OKOHYa-
TEJIbHBIM, TaK M IPOMEXYTOUHBIM 3TarioM
npoekThpoBaHusl. B mocnennem ciydae
cozmaercsi CAM-mozens (Computer-Aided
Manufacturing), KoTopas 1aeT BO3SMOKHOCTb
BOCIPOM3BECTH HHHOBALMOHHYIO MOEIb
B Marepua’se B BUJie poToTtumna [22].

Ha Takom srame BOCIpPOHM3BEICHHS
MPOTOTUIIA HEOOXOIUMO aKIEHTHPOBATH
BHUMaHHE Ha BO3MOMKHBIX HECOBEpIICH-
CTBax KOHCTPYKIIHH.

J7st co3nanms TaKoro pozia MpOTOTHIIOB
Jy4iie Bcero noaxoasat 3D-npuntepst. Io-
JIy4CHHYIO TaKUM 00pa3oM MOJEIb MOKHO
u3ydarh BKHBYIO. Takoe BH3yaJbHOE HC-
CJIeJOBaHHE MPOTOTUIIA TIO3BOJISIET CAENATh
3aMETHBIMM CYILECTBEHHbIC HEIOCTATKH.
[Topoit mpu MPOEKTUPOBAHWHU HCCIIEI0BA-
HHE KOMITHIOTEPHOW MOJIENIM HE JaeT BO3-
MOKHOCTH TIOJTHOIIEHHO H3Y4HTh €€, YTO
JienaeT He3aMEeTHBIMH HeflocTaTku [23; 24].
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Pwuc. 3. 3D-mozenp afanTUBHOTO LEHTPOOEIKHOTO paboyero oprana
Fig. 3. 3D model of adaptive centrifugal working tool

ITocrariena 1enb co3marh pabouMin
MPOTOTUIl U YCTAHOBUTH €r0 Ha CEpPHUii-
HBI pazOpaceBaress MBY-1200 mpo-
u3BoAcTBa «MoproBArpoMainy BMECTO
MITaTHBIX pabOYNX OPTaHOB.

Hcnonb3oBaHue TaKUX COBPEMEHHBIX
CPENICTB MNPOEKTUPOBAHUS CYIIECTBEHHO
COKpaIIaeT Bpems, a y MOJICIIA CO3/1aBae-
MOTO O0BEKTa MPAKTHIECKH OTCYTCTBYIOT
CepBhE3HBIC TOTPEIITHOCTH.

B nHamewm ciyuyae nporotursl padboue-
ro opraHa ObuIM co3iaHbl Ha 3D-mipuHTe-
pe ProJet no rexnonorun MJIM ¢ TO4YHO-
cteto noctpoenus 0,01-0,02 mm Ha 1 cMm
B macmTabe 1:1 m3 dortononmmepa, mo
cBoiictBaM cxoxkero ¢ ABC-mmactukom
(puc. 4).

W3rotosieHo 3 mportoTumia pabodero
Ooprana C pa3IWYHBIMH yTIIaMu cdepu-
geckoit wactu ot 0 mo 10°. Kaxnmeiii u3
MOJTYYCHHBIX TPOTOTHIIOB HCIBITHIBAIIN

Ha OJHOAMCKOBOM pa30OpachiBaTesie MH-
HepanbHbIX ynoOpenuit HPY-0,5 B pe-
abHBIX yCIoBHsX (puc. 5)%. OCHOBHBIMU
KOHTPOJIMPYEMBIMH TIOKA3aTeIsIMH  TPH
9TOM SBIISUTHCH PABHOMEPHOCTH BHECEHHS
MUHEpAJIbHBIX YIOOpeHWH W BEINYHHA
pabodeil mupUHBI 3axXBaTa.

B kawecTBe KpUTEpHS ONTHMH3a-
MM pacCMaTpUBaIM HEPaBHOMEPHOCTh
pacripeniesieHusi TpaHyd MHUHEPaIbHBIX
ya00peHuii 1o pabodell IIMpUHE 3aXBa-
Ta. Ha OCHOBaHMM METOIUKH aripuOpHOTO
pamKHUpOBaHUsl ObLIM ONpPEeIICHBI CIIEaY-
fomye (haKTopbl, OKA3bIBAIOIINE HAUOO0Ib-
1Iee BIMSHUE HA KPUTEPU ONTHMHU3AIIHH:
CKOPOCTh JBIDKCHHUS arperara, yroi cde-
PHUECKOH YacTH pabodero opraHa u JimHa
pa3dpackIBAlOIINX JIomacTel. Pe3ymbrars
SKCTIEPUMEHTAIIFHBIX HCCIEOBAaHUN pa-
0OUMX OpPraHoB, HA IPUMEPE BHECCHUS HH-
TPOQOCKH, TIPEIICTABICHBI HA PUCYHKE 6.

$TOCT 28714-2007. MamuHsI 115l BHECEHHUS TBEP/IbIX MUHEPAIBHBIX yIoOpeHuit. MeTo/Ibl HCIbiTa-

uuit. M. : Cranmaptunadopm, 2020.
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P u c. 4. [Iponecc newatn 3D-nprHTEpa, TOTOBBIH MPOTOTHIT
Fig. 4. 3D printer printing process, finished prototype

Puc. 5. ®parmeHT npeaBapuTEIbHbIX UCIIBITAHUH
Fig. 5. Fragment of preliminary tests
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P u c. 6. Cxema pacripesiesieHUsI MHHEPAIbHBIX yIOOpeHUi: 1 — cepuifHbIil pabounii opraw;
2 — BKCIePUMEHTAJIBHBIN pabounii oprat ¢ yrioM chepudeckoii uactu 0°; 3 — pabounit opras ¢ yriom
cepudeckoil gactu 5° 4 — pabounii opran ¢ yrioM cepuaeckoit yactu 10°

Fig. 6. Scheme of distribution of mineral fertilizers: 1 — serial working body;

2 — experimental working body with a spherical part angle of 0°; 3 — working body with a spherical
part angle of 5°; 4 — working body with a spherical part angle of 10°

W3 momyueHHbIX HaHHBIX (puc. 6)
U BBIpaXEHUs (2) ciemyert, 4yTo MpH Oau-
HAaKOBBIX PEKUMax paboThl BO BpeMs
BHECEHMS OOHMX M TeX Xe yHOOpeHuit
JaIbHOCTh TI0JIETa YaCTHIl BO3pPAcTaeT
C YBEJIMUEHHEM YIVIa CXOZa I'paHyi ¢ pa-
0odero opraHa.

Kaxk BunHO U3 rpaduka, cxemsl pacmnpe-
JIeTICHHUS! TPaHyJT MUHEPaJIbHBIX YIOOpEHHH
CepUIHBIM ¥ JKCIIEPUMEHTAIBHBIMU Pa-
00YMMHU OpraHaMH CXOXKH M TOAYHMHSIOT-
Csl HOPMaJIbHOMY 3aKOHY pacIipeieiiCHHUsI.
OnHako B CpaBHEHHMH C CEPUHHBIMHU pa-
00unMHU opraHaMu, OOJbIIAst YacTb TYKOB
Yy KOTOPBIX pachpeziesieHa B LEeHTPaIbHON
30HE, NPUMEHEHHE 3SKCIIEPUMEHTAIbHBIX
[IPUBETIO K IIE€PEPaCHpPEACICHUIO TPaHYI
MUHEPATHHBIX yAOOpEHUH ¢ MEHTPATLHOU
30HBI TI0 KpasiM.

O0cy:xneHue U 3aKJII09eHne

Hcnonp3oBanne pa3pabOTaHHBIX pa-
00UNX OpraHOB MPUBOAUT K YBEIUYCHHIO
pabodyell mMpHHBI 3axBaTa arperara Ha
10,0-22,5 %. B cpaBHEeHUM ¢ cCepUHHBIMU

Technologies, machinery and equipment

SKCIIEPUMEHTAJIbHbIE padouyne OpraHbl
MO3BOJISIIOT ~ YMEHBIINUTh  HEPAaBHOMEP-
HOCTb BHECEHHUsl TpaHyll MHHEpaIbHBIX
ynoopennit Ha 13,4 % 3a cuer wux mepe-
pacrpenencHus ¢ HEeHTPaIbHON 30HBI O
KpasiM.

[TomoxxuTensHbIe PE3yNBTaThl MPE-
BapUTEIBHBIX HCCIIEOBAHUN SBISIFOTCS
MPEIOCHUIKON IS TajbHEUIICH paboTh
1o 000CHOBaHUIO KOHCTPYKTUBHBIX U KH-
HEMaTHYEeCKUX MapaMeTpOB aJalTHBHOTO
LHEHTPOOEKHOTo padouero oprana ¢ mo-
CIIEIYIOIMMH HCIBITAHUSAMHU B ITOJIEBBIX
YCIIOBHSIX.

[IpuMeHeHnE COBpEMEHHBIX METO-
JIOB NIPOEKTHPOBAHUS C HCIIOJIB30BaHUEM
OBICTPOrO IMPOTOTUIHPOBAHUS SIBISIETCS
OYCHb BAXKHBIM HHCTPYMEHTOM, IIO3BO-
JSIONIMM CBSI3aTh TEOPETHYECKHE 3aBU-
CUMOCTHU C TIapaMeTpaMH, MOITyYeHHBIMH
[IPaKTUYECKUMHU UCCIIEN0BaHUAMHU. Takoi
MOJXO0J] 3HAYUTEIBHO CHMIYKAET PacXojibl,
TaKk KaK YYHUTBIBAIOTCSI BCE BO3MOXKHBIE
3aBMCHUMOCTH Ha 3Tanax MpoeKTUPOBaHMS
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1 BBIITyCKa pa3paboTaHHOTO pabovero op-
raHa cepuiiHO Ha MPOU3BOICTBE.

Ilpu coBpeMEHHOM YpOBHE OCHa-
IIEHWs  MaIlIMHOCTPOUTENFHOW  OTpa-
¢ 3D-TeXHONOTUSIMU B MEPCIEKTUBE
BO3MOYKHO MWCIIOJIB30BAHUE OITHMU3HU-
poBanHBIXx CAM-Mozeneld Il TIPOU3-
BOJICTBA WHHOBAIIMOHHOTO TIPOMYKTa HE
TOJIKO M3 IUIACTMACC, KaK MPOTOTHII, HO
¥ HETOCPEACTBEHHO M3 MeTayuia. Takas

TEXHOJIOTHSl BKIIOYAaeT B cebs Tmeuarh
JIeTajgu C HyJsl, YTO OTJIMYAeT €€ OT Tpa-
JUIMOHHBIX, TIe TpeOyeTcs BBIpE3aHHE
W3 3aTOTOBKH C OOJBIIUM PacXogoM Ma-
Teprana B CTPYKKY. DKOHOMUS MaTepHha-
Ja MOXeT joxoauTth 10 60 %. Ilpu atom
0oJpIIas CKOPOCTh TEYaTH W BBICOKAS
TOYHOCTH ACJIAK0T 3THU TEXHOJIOTUH HEOTH-
€MJIEMOl YaCThI0 COBPEMEHHOTO BBICOKO-
TEXHOJIOTUYECKOTO MTPOU3BO/ICTBA.
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3asenennviii 6k1a0 asmopos:

B. A. OBYNHHUKOB — HAyYHOE PYKOBOJICTBO, ()OPMYIMPOBAHHE OCHOBHOI KOHLIETIIIHN UCCIICI0BAHNS,
(hopMHEpOBaHUE BHIBOJIOB, JOpAa0OTKA TEKCTA.

E. A. KunbMsitkus — GOopMyJIMpOBaHNE OCHOBHOW KOHIICIIUH HCCIIe0BaHNs, GOPMUPOBAHUE BbI-
BOJIOB.

A. C. KHA3bKOB — JINTEpaTYpHBIH M NATCHTHBIN aHAJIN3, pOBeJeHNE J1a0OpaTOPHBIX HCCIIeI0Ba-
HUI, 00paboTKa pe3yIbTaToB dKCIEPHUMEHTa, TOATOTOBKA HAYaJIbHOIO BapHAHTA TEKCTAa M PEAAKTHPO-
BaHUE TEKCTA.

A. B. OBUMHHHKOBA — IIPOBE/ICHHE JIAOOPATOPHBIX UCCIIE0BAHMI, BU3yaIn3als TeKCTa.

H. A. XannuH — nurepatypHbIi 1 NaTCHTHBIN aHaIKM3, 00paboTKa Pe3ysIbTaToOB HCCIISJOBAHUIH.

E. C. 3pIkuH — KpUTHYECKUN aHAIU3.

Bce asmoput npouumanu u 0006punu okoHuamenbHblil 8APUAHN PYKORUCU.
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Hayunas cmamos

IIpumMeHeHne TMATHOCTHUKHM ISl HCCJIeIOBAHUS
IKCIIYATALMOHHON HA/IEXKHOCTH 3JIeKTPOHHBIX
CHUCTEM yIpaBJeHUs ABUIraresgeM apTomoomnsa Skoda

II. B. Cenun, /. A. l'un, JI. O. Kpym ™
Hayuonanvnoiti uccneoosamenvckuii Mopooesckuii
20Cy0apcmeenHulll YHugepcumem

(2. Capanck, Poccuiickas ®edepayus)

¥ leonidsgrants@yandex.ru

Annomayus

Beseoenue. B a1eKTPOHHBIX cUCTEMax YIIPABICHUS JIBUraTelIeM IPOUCXOMIT prusnueckue
MIPOLECCHI, YaCTh U3 KOTOPBIX NPUBOJNUT K U3HOCY 3JEMEHTOB CUCTEeMbI. OMBIT IKCILTya-
TallMd M JAWarHOCTUPOBAHUS aBTOMOOMIIEH HAa CTaHIMH TEXHHYECKOTO OOCITY)KHBAHMS
MOKa3aJl, 9YTO YaCTh aBTOMOOMIIEH IKCIUTYaTHPYIOTCS ¢ HEUCIPABHOCTSIMU, MHOTHE 3 KO-
TOPBIX B JalbHEHIIeM IIPUBOIAT K OTKa3aM Pa3iIMYHBIX IPYHIT cioxHoCTH. Llens nccie-
JIOBaHUS — IPUMEHNTH JUATHOCTUKY JUISl ONPeeTIeH s YKCILTyaTallMOHHON HaleKHOCTH
1 OIIEHKH TEXHHMYECKOT'O COCTOSTHHMS JICKTPOHHBIX CHCTEM YIPABJICHUS IBUTATEIIEM.
Mamepuanet u memoowv. [ OLEHKH SKCIUTyaTallMOHHOH HAJEKHOCTH COBPEMEHHOMN
SNIEKTPOHHOI CHCTEMBI YIpaBJIEHHs ABUTATeNIeM ObUla BHIOpaHA MapTUsl aBTOMOOHIICH.
DKcnepUMEeHTaIbHbIE UCCIeI0BaHU ObUTH MpoBeneHbI Ha aBToMoOomsix Skoda Octavia
¢ neurarensivu 1.8 TSI CDAB 152 n.c. Euro5 u CDAA 160 n.c. Euro5. Beibopka cocra-
Buia 60 eIUHUIL TEXHUKH. ABTOMOOHIIb 3alMCBIBAJICS HAa AUArHOCTHUKY, IPEABAPUTEIHHO
IIPOBOJMIIOCH TEXHHYECKOe OOCITy)KMBaHWE M KOMIIBbIOTepHas amarHoctuka. [Tocie ko-
POTKOTO TECTa aBTOMOOMIIb CHOBA 3a€3Kall Ha CTAHI[MIO TEXHUYECKOTO 0OCTyKHBAaHHUS
U rofiBeprajicst NyOOKOH AMarHOCTUKE 2IEKTPOHHOM CHCTEMBI YIIPABICHUS IBUTATEIIEM.
Peszynemamut uccnedosanus. Ilomydens! pe3ynbTaThl HCCIEIOBAaHUH HAIEKHOCTH OCHOB-
HBIX 2JIEMEHTOB 3JIEKTPOHHOW CHCTEMBI YIIpaBJIeHHs IBUraTeaeM. MOXXHO CAeNaTh BEIBOJ
0 TOM, 4TO OOIbIIas YaCTh OTKa30B KOHCTPYKTUBHBIX I€MEHTOB EKTPOHHON CHCTEMBI
YIpaBJIEHHs] JBUTATEIEM COOTBETCTBYET MCIIOIHUTEILHBIM MEXaHU3MaM CHCTEMBI, HMe-
IOIIUM TIOJBIIKHBIE JIIEMEHTHI. J|aTanKu, N3MepSIOIHe MapaMeTPhl CHCTEMBI, H3HAIIIHBA-
I0TCS B MEHbIIIeH creneHu. [IpoBeseH aHaau3 3aBUCUMOCTH TT0Ka3aTeliel 6e30TKa3HOCTH
peryasTopa JaBIeHHUs TOIIMBHOTO HAcOCa MO MHTEPBalaM HapaOOTKH.

Obcyorcoenue u 3axniovenue. ONperesIeHo, 9TO HANMEHBIINI PecypCHBIH IPoOer Mpuxo-
JIUTCS Ha CBEYH 3akuraHus. [Ipu 3Tom HambOomee JacTast HEMCIPABHOCTH BO3HUKAET Y pe-
TyJIsTOpa JaBjieHHs TOIUIMBA B TOIUIMBHOM cucTeMe aBTomMoOwmiel ¢ poieit B 19,8 % ot
o0mero konuuecTBa. Pecypc 1aHHOTO 371€MEHTa NEeKTPOHHON CHCTEMBI YIIPABICHNUS ABHU-
raresieM COCTaBIIsieT B cpesHeM 125 Thic. kM. JlokazaHo, YTO TMAarHOCTHPOBAHKE C IPUMe-
HEHHEM COBPEMEHHOT'O TEXHOJIOTHIECKOTO 000pYAOBaHHS SIBISIETCSA 3()(EKTHBHBIM.

Knrwoueesvle cnoea: nuarHocTHKa, JaBICHHE TOIUIMBA, (OPCYHKA, KO HEUCTIPABHOCTH,
DCV]1, oneKTpoHHBIH OJIOK yIpaBJICHNUs, JPOCCEIbHAs 3aCIIOHKA, TOIUIMBHBINA HACOC BBI-
COKOTO JIaBJICHHS, CKaHep, padoune XapaKTePUCTHKH

Kongpnukm unmepecos: aBTopsl 3asiBISIOT 00 OTCYTCTBUH KOH(INKTAa HHTEPECOB.
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Using Diagnostics to Research the Operational
Reliability of Electronic Engine Control Systems
of Skoda Car

P. V. Senin, D. A. Galin, L. O. Krush ™
National Research Mordovia State University
(Saransk, Russian Federation)

¥ leonidsgrants@yandex.ru

Abstract

Introduction. Some physical processes active in the electronic engine control systems lead
to wear and tear of the system elements. Experience in operating and diagnosing vehicles
at the service station has shown that there is the operation of vehicles with failures, many
of which subsequently lead to malfunctions of different complexities. The purpose of the
study is to apply diagnostics for determining the operational reliability and assessing the
technical condition of electronic engine control systems.

Materials and Methods. A batch of cars was selected to assess the operational reliability
of modern electronic engine control system. There were carried out experimental tests of
Skoda Octavia cars with 1.8 TSI CDAB 152 hp Euro5 engine and CDAA 160 hp Euro5
engine. The sample consisted of 60 vehicles. Every vehicle was registered for diagnostics,
pre-maintenance and computer diagnostics. After a short test, the vehicle was taken back
to the service station and subjected to a detailed diagnosis of the electronic engine control
system.

Results. The results of analyzing reliability of the main elements of the electronic engine
control system have been obtained. It can be concluded that most of the failures of the
structural elements of the electronic engine control system occur within the actuators of
the system, which have moving elements, sensors measuring the parameters of the system
wear out to a lesser extent. The analysis of dependence of failure rates of the fuel pump
pressure regulator on operating time intervals has been carried out.

Discussion and Conclusion. It was determined that the spark plugs have the least mileage
lifetime. At the same time, the failure within the fuel pressure regulator of the car fuel sys-
tem occurs most frequently (19.8% of total). The resource of this element of the electronic
engine control system averages 125,000 km. It is proved that diagnostics using modern
technological equipment is effective.

Keywords: diagnostics, fuel pressure, injector, fault code, electronic engine control sys-
tem, electronic control unit, throttle valve, high pressure fuel pump, scanner, performance
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Beenenne

CoBpeMEHHBIC aBTOMOOWJIM C JIBHUTa-
TessiMH  BHyTpeHHero cropanust (/IBC)
B IOJABISIOIEM OONBIINHCTBE 00O0pY-
JIOBaHBI AJIEKTPOHHBIMU OJIOKAaMH YIIPaB-
JICHUS!, BXOISIIMMH B 3JIEKTPOHHYIO CHC-
TeMy ynpasienusi nsurarenem (DCVY]I).
OHM TO3BOJISIOT YAYYIIMTH IOKa3are-
7Y JABUTATENs U BO MHOTOM CHHM3MTB 3KO-
JIOTHYECKYIO0 Harpy3Ky Ha OKPY>KaIOIIyIo
cpeiy. DJNEKTPOHHMKA ONTHMH3HPYET CO-
CTaB TOIUIMBOBO3IYIIHOM CMECH Ha pas-
JWYHBIX peXUMax paboTel MOTOpa, TOY-
HOE JO3MPOBaHHE TOIUIMBA B LWJIMHAPHI,
CTEXHMOMETPUUECKUN cocTaB 3apsaa. Ha
CYIIECTBYIOIIEM JTare MPOM3BOACTBA
U DKCIUTyaTalli aBTOMOOMJIEH 3KOJIOTHU-
YECKHE IOKa3aTeNn CTaIN MPHOPUTETHBI-
MH, YTO BO MHOTOM 3aBHCHUT OT UCTIPaBHOM
CUCTEMBI yIIpaBlIeHUs 1BUrareneM [1].

B cucreme ympasieHust IBUratreieM
B IpOLIeCCe 3KCIUTyaTallMd BO3HUKAIOT
pas3iInvHbIC TIOBPEXKICHHS (M3HAIIMBAHHE,
3arpsi3HCHHE, CTapeHue). OJTH H3MEHe-
HUSl CKa3bIBAIOTCS Ha mapamerpax pado-
el JIBC ¥ B KOHEYHOM cyeTe MPHUBOIAT
K TI0Tepe pab0TOCIIOCOOHOCTH y3Jia B Iie-
mom [2].

Pemenne npoGnemMsl moaep>kaHus pa-
6orocriocodHocTn DCY]I nperycmaTpusa-
€T MCCIIeIOBAaHNE MTPUYNH BOSHUKHOBEHUS
OTKa30B, UX BIUSHUS Ha paboTy ABUTaTe-
ns1. Hammame Takodt nHGOpMAIMH SBIISET-
cs1 HEOOXOOUMBIM YCJIOBHEM COXPaHEHUS
pabotocrocobrocTn DCY][ B 3KCcIITyaTa-
i [3].

3a mocneqHee BpeMsl KauecTBO, (-
(eKTHBHOCTh, MOIIHOCTHBIC, IKOHOMH-
YeCKHe W OKOJIOTHYECKHE MOKa3aTelH
aBTOMOOWJICH YIyYIIMIUCh, HO TIPH STOM
HaJIe)KHOCTh M JIOJTOBEYHOCTh OCTAJIUChH
Ha MPEXHEM YPOBHE M 3a4acTylo 3HA4HU-
TEJIBHO YXYALUIMIMCh. DTO OOBSACHSIETCS
YACLIEBICHUEM CBIPbs, MCIOJIb30BaHUEM
OuopaziaraeMbelX MaTepHaJiOB C OIpaHHU-
YEHHBIM CPOKOM CIIyXOBbl, MOBBIILICHUEM
TpeOOBaHUNA K HKOJIOTMYHOCTH, YCIOXK-
HEHHEM KOHCTPYKIIMH H IPHUMEHEHUEM
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arperatHoi 3aMeHBI IeTaleH U y3JI0B TIPU
TO u pemonte [3-5].

OnpIT 3KCIUTyaTallid W JIUArHOCTH-
pOBaHUsI aBTOMOOWIICH Ha CTaHIIMH TeX-
HUYECKOTO OOCITY)KUBaHHS TIOKa3al, 4To
YacTh AaBTOMOOWJICH AKCIUTyaTHPYIOTCS
C HEWCIPaBHOCTAMH. MHOTHE W3 HHUX
B JalbHEHIIIEM MPUBOIAT K OTKa3aM pas-
JIMYHBIX TPYII CIOXKHOCTH [4—7].

B cBa3u ¢ 3TUM 1eNBIO MCCIENoBa-
HUSL SIBJISIETCSI aHAJIM3 KCILUTyaTallMOHHOM
HaJIeKHOCTH M OIEHKA TEXHUYECKOIo
COCTOSIHUS DJICKTPOHHBIX CHCTEM YIIPaB-
JICHUsI ABUTATENIEM aBTOMOOMIIEH € IpruMe-
HEHUEM KOMIIBIOTEPHOH AMAarHOCTHKH.

O030p uTEpaTyphbI

CymecTByonme TEXHOJIOTHH — JIHa-
THOCTHpOBaHUs aBToMoOmiIed ¢ DCY]]
MO3BOJISTIOT TTPOBOAWTE PA3INYHbIE JIEH-
CTBHS JUISl ONpE/IeIeHUs] TapaMeTpOB
(DYHKIIMOHUPOBAHHSI CUCTEM M Y3JIOB aB-
ToMOOWIIS. B Hay4yHBIX HCCIEIOBaHUIX
BE/IETCSl aKTHBHOE Pa3BUTHE TEXHOJIOTHM
JIMarHOCTHUPOBAaHUs MapaMeTpoB M IOKa-
3arenedl pynkumonupoBanusi DCY]I. Tak,
NpoBe/ieH MOAPOOHBIN aHAIN3 N3MEHEHUS
XapaKTePUCTHK CrOpaHMs TOILUIMBA B 3a-
BUCHUMOCTH OT W3MEHEHHs IapaMeTpOB
BIIpbIcKa [4]. [laHHOE HCclien0BaHUE MOX-
HO CBs3aTh C OIpeJelIeHHEM IIPOITyCKOB
3aKUTAaHUS HA aBTOMOOWIISIX B 3aBHCHMO-
CTH OT TOIUTUBHBIX ITOKa3atenei [3; 6].

Onpenenenne mapaMeTpoB paOOTHI
JIBUTATENs] BOBMOXKHO TPU JHAarHOCTHPO-
BaHMM TI0 TIOKa3aTeIsIM BBIOPOCOB Bpe-
HBIX BEHIECTB B BBIXJIOIHOW CHUCTEME aB-
ToMoOWIsl. B HayuHbIx paboTax moxazaH
OIIBIT PUMEHEHUS AUArHOCTHPOBAHUS TI0
nokasarensim BeiopocoB NOx [8—10]. ITpu
3TOM JJIsl aHaJM3a BBIOPOCOB BO3MOXKHO
MPUMEHSITh  Pa3IndHOE  00OpYIOBaHHE,
KOTOPBIM OIIpEZIesieTCss KaK T0Ka3areib
cocTaBa BBIXJIONA aBTOMOOWIIS, TaK M TI0-
Kazarenu 37eMeHTOB cucteMbl DCY]I. D-
(DEeKTUBHOCTD OIpEICICHHS JIOKA3bIBACT
aKTyaJIbHOCTh IPUMEHEHHS TAHHBIX METO-
JIOB JJISl OTIpesieNieHusl mokasaresneit pabo-
161 DCVY]] aBTOMOOMIA B eaom [11-14].
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IIpu sTom muarnoctuposanue ICY]]
M0 CYLIECTBYIOIIUM M pazpadaTbiBacMbIM
TEXHOJIOTHUSIM, BKIIIOYasi IUAarHOCTHPO-
BaHHE MO COCTaBYy BBIXJIONA, BO3MOXHO
TaKXKe W Ha aBTOMOOWIISIX C JIN3EIbHBI-
MH aBurarensmu [15-17].

B coBpemennoM wmmupe 1udpoBBIe
TEXHOJIOTHH TIPUMEHSIFOTCSI U B TEXHOIIO-
THYECKOM OOOPYAOBAHUU JIJISI TMArHOCTH-
poBanus aBromoomiei. K npumepy, Obu10
pa3paboTaHO TEXHOJOTHUYECKOe 000pyI0-
BaHME, TPEJCTABICHHOE PACXOIOMEPOM
C TPUMEHEHHEM MHKPOIPOLECCOPHON
iatel. B 1aHHOM HccnenoBaHuU MoKasa-
Ha 3(Q(EKTUBHOCTD NMPUMEHEHHUS LUPPO-
BBIX TEXHOJIOTH MPH JUATHOCTUPOBAHHUH,
TaK Kak pa3paboTaHHbIH PacXoIoMep TOI-
JIUBA TIO3BOJISIET KOHTPOIUPOBATh dhPek-
TUBHOCTBD IT0JIa9H TOTLJIMBA, CBOCBPEMEHHO
00HapyKUBaTh CKPBITHIE HEUCIIPABHOCTH
ABTOMOOWIISI ¥ OIICHUBATh KA4€CTBO YCIIO-
BHIA dKcIuTyaranuu [18].

B xauectBe mpuMeHseMOro o0opy-
noBaHusa ansi auarHoctupoBanus JCY]I
W JPYruX CHCTEM aBTOMOOWIIS XOpOLIO
3apEKOMEHIOBANIO ce0sl TEXHOIOTHYECKOe
000py/I0BaHNE HAa OCHOBE MHUKPOIPOLIEC-
COpHBIX M1aT Ha 6aze Arduino Uno ¢ npu-
MCHEHHEM COBPEMEHHOTO M PEIaKTHpYye-
MOTO HCXOJHOTO Kozia turatdopmsl [ 11-13].
Panee pa3paboTaHHOE TEXHOIOTHYECKOE
o0opy/ioBaHKe ¢ TPUMEHEHHEM Tuiardop-
Mbl Arduino Uno mokazano s¢dekTus-
HOCTh TPHUMEHEHHs JUISi JAUArHOCTHPOBA-
Hus agromoomneit ¢ DCY]] B ycloBHIx
TEeXHUYECKoro cepuca [11-13].

OnHOW W3 NMPUYUH, KPOME BIUSHHS
JTaTYMKOB U yCTPOHUCTB U3 coctaBa DCVY/],
ABJISIIOTCSL BO3HUKAIoOIUMe cOOM B HPO-
rPAaMMHOM O0ECIICYCHHUH 3IEKTPOHHOTO
Onoka ympapjeHusl aBurareneM. B mipo-
BEJICHHBIX HMCCIICIOBAHUSX JIOKA3aHO, YTO
HanOoJee YacTo BO3HUKAIOIIAsl HEUCTIPAB-
HOCTh — 3TO HepaBHOMepHas paboTa JBH-
rarelnsi B pesynprare c0osi IporpaMMHOTO
obecnieueHws [16].

AHam3 CyHIeCTBYIOUIMX HCCIIEA0Ba-
Hull B oOnactu nquarnoctupoanus JCY]]
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MOKa3aj, YTO HMEIOIIUECS] TEXHOJIOTUH
JMarHOCTUPOBAHMsI, OCHOBaHHBIE HA ITPH-
MEHEHUH JHArHOCTHYECKUX CKAaHEPOB
¢ potokoiom OBDII, Bo MHOTOM Hedd-
(EeKTUBHBI U3-3a IOCTOSTHHOTO COBEPIICH-
ctBoBaHus cuctembl DCVY]] aBTOMOOUIICH.
ITosTOMy HccilenoBaHNE MPUYHUH OTKA30B
COBpPEMEHHBIX CHUCTEM YIIPABJICHUS JIBH-
rareyieM C TpUMEHEHHEeM d(PPEKTUBHBIX
METOJUK JAMAarHOCTHPOBAHHS U OJHOBpE-
MEHHOT'O KOHTPOJISI TEXHUUECKOTO COCTOSI-
Hust cucteM DCY] OyleT akTyanbHbIM.

MarepuaJjibl 1 METOAbI

st TOYHOM OLIGHKH NMPH TUAarHOCTH-
POBaHMM aBTOMOOMIICH JOIKHO OBITh Mpa-
BUJIBHO TIOZI00paHo obopynoBaHue (CKaHe-
pbl, LU(POBBIE TECTEPhl, MYIBTHMETPHI),
YyTOOBl C OCTAaTOYHOH TOYHOCTBIO OIpeE-
JEIUTh I[PUYMHBI HEHCIPAaBHOCTU U HE
BBI3BATh HApyIIEHHE B PabOTE CHUCTEMBI
OCVY/l. Taxxe AMarHOCTUPOBAHUE TOIDK-
HO TIPOBOAUTHCS KBAIM(HUIMPOBAHHBIMU
CTEeMATIMCTAMH, UMEIOIIUMHU MPaKTHYeC-
KHE HaBBIKK PaboThI [6; 7].

OOBIYHO TUAarHOCTHKA POBOJUTCS Ha
CHEeNUaIbHO 00OpPYIOBAaHHBIX 3aKPBITHIX
nocrax, ydactkax. Haubonee coBpemen-
HOU SIBIISICTCSI KOMIBIOTEPHAs! JIHArHo-
CTHKA 3JICKTPOHHBIX CHUCTEM YIIPABJICHUS
ABTOMOOWIIS, I/Ie BBISBIISIOTCS] HEUCIIPAB-
HOCTH 3JIEKTPOHHUKH, IOATBEPKACHHBIC
KOJIaMU HEHMCIIPABHOCTH, 3allUCAHHBIMHU
B MMaMSATh AJIEKTPOHHOTO OJIOKa yIpasiie-
Hus (OBY).

HcrounukoM uHQOpMaIUK, Kak mpa-
Buno, sasisiercst OBY. ITloaxirouasichk
Kk OBY ¢ nmomosio crienuaai3upoBaHHbIX
YCTPOMCTB, CKAHEPOB, BO3MOXKHO BBISIBUTH
OCHOBHBIE TTapaMeTpbl pabOThI CUCTEM aB-
toMoOmItst. Pakrndecku DBY BBIONHSAET
pOJIb BHYTPEHHEI0 TecTepa HEUCHpaB-
HOCTEH W COOBITHH, a CKaHEp HWHTEpIIpe-
TUPYET 3TH AaHHbIE B rpaduyeckoe n30-
OpaxeHHMe Ha DKpaHE W TPEACTABILICT MX
B mipe3eHTadensHOM Buze [8; 10].

CoBpeMEHHBIC aBTOMOOMJIM COCTOSIT
n3 6onbioro konuuectsa ObY. IIporpam-
MHOe obecrnieuenne OBY pasBuBaercs,
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YBEIMYUBAETCS BHYTPEHHUH 00BeM ma-
MSTH, YacTOThl pPabOThl TPOLECCOPOB,
CKOPOCTH IIIMH Tepeladd JaHHBIX U HUX
kosimuecTBo [10].

[Ipu muarHOCTHUPOBAaHUH aBTOMOOWIIS
0co0oe BHHMaHWE HEOOXOIWMO YIEeIHTh
TOYHOMY OTHMCAHHIO BBIJABAEMBIX KOJOB
HEHCIIPaBHOCTEH CHCTEMaMu aBTOMOOU-
ns1. Madopmarust ¢ OJIOKOB yIIpaBiIeHUS
MOCTYTIAET B BUJIE IUPPOBOTO KOJIA U BaXK-
HO TIOHMMAaTh, KaKas HEUCIPABHOCTH CO-
OTBETCTBYET AaHHOMY kony [18-21].

st OLIeHKH HAJEXKHOCTH COBPEMEH-
HOW CHCTEMBI YIIPaBJICHHUS JBUTATENIEM
IIPOBEJICHBI 3KCIIEPUMEHTAJIbHBIE HCCIIe-
noBaHus pabotocrnocooHoctn DCVY]] aB-
TomoOmst Mapku Skoda. ABTOMOOWIB
3aMMCHIBANICS HA JMArHOCTHKY, IpeaBa-
PUTETHFHO TIPOBOAWIINCH TEXHHYECKOE
obociyxuBanne (TO) m kommbrOTEepHas
nuarnoctuka. [locme KopoTkoro Tecra aB-
TOMOOMITH CHOBA 3ae3Kall Ha ctaHnuio TO
U 3aTeM HojBeprajcs nryOOKoi JuarHo-
ctuke DCV]I.

st mpoBeAeHUs NCCIIEIOBAHUS TIPH-
MEHSJIOCH CJIEAYIOIIEe TEXHOJIOTHYECKOEe
o0opyaoBaHHuE:

1. Imarnoctuueckue nudpoBBIe CKa-
HEpBI JIJIs1 ONpeieNieHUs] HEeNCIIPaBHOCTEH
MyTeM CYHTHIBaHUSA KOJ0B ¢ DbBY nBwura-
TeJeM, a Tak)Ke JUIT KOHTPOJISI TEXHOJIOTH-
YECKHX IMapaMeTpoB, XapaKTepU3YIOIIHX
¢dyukimonuposanue anemento DCY]]
(ScanDoc, BOSCH KTS, VCDS).

2. Pa3zpaboranHOe TEXHOIOTHYECKOE
o0opy/loBaHUE Il JTUATHOCTHPOBAHUS
JaTYNKOB M TOTUTUBHBIX CHCTEM Ha OCHO-
Be Arduino Uno [11].

3. O0GopynoBaHue MaJisi OIpPENEIeHUs
KOHIIEHTPAIIM! BPETHBIX BBIOPOCOB, CO-
JIEpIKAIIUXCS B BBIXJIONE aBTOMOOMIIS (Ta-
3oaHanu3aropsl «HDpakap SMT-01»).

4. JloTIOMHUTENHHOE TEXHOJOTHYe-
ckoe o00opyaoBaHWE W TPOTPAMMHOE
obecrieueHue.

OKCIepUMEHTAIILHBIE HCCIIEIOBAHUS
ObUTM TIpOBeE/ICHBI Ha aBTOMOOMIISIX Skoda
Octavia ¢ pgsurarenem 1.8 TSI CDAB

Technologies, machinery and equipment

152 n.c. Euro5 u CDAA 160 n.c. EuroS.
Bribopka cocraBnsiia 60 eawnwmi. Bol-
0op nmaHHOrO aBTOMOOWIISI O0YCJIOBIICH
JIOCTYITHOCTBIO Ha PBIHKE M IOMYIISPHO-
CTBIO CPEI BIAJIENbIIEB. TaKkke B pernuo-
HE JIOCTYITHBI JUJIEPCKUE IEHTPHI JaHHOM
MapKH, 9TO TaKXKe OJarompusiTHO CKa3bl-
BaeTCs Ha ec momyssipHocTH. [IpeaBapu-
TEJILHO TIepe/l POBEJCHUEM HCCIIEIOBa-
HUH 3aMePsTH KOMITIPECCHUIO U TIPOBEPSIIH
BBITSDKKY IIETIH Ta30pacIpe/Ie/IuTEIIBHOTO
MeXaHu3Ma.

Pe3yabrarsl Hcciie0BaHus

Ha ocHOBe pamarHocTUpOBaHUS
U OILIGHKH DJKCILUTYaTalldOHHOW HaJeKHO-
ctu OCVY]l aBromoOwmieid mapku Skoda
MOJTy4YeHBI Pe3yabTaThl NCCIETOBAHMIA Ha-
JIE)KHOCTH OCHOBHBIX 3eMeHTOB DCVY]/I.
PaGora BeIMONHSANACH HA CTAHIIUK TeEX-
Hu4eckoro cepsruca Mamma OI'BOY BO
«MI'Y um. H. I1. Orapésa» B 1. Capancke
B nepuon 2019-2021 rr. PesynsraTs! uc-
cleI0BaHuUs HaJSKHOCTH cucTeMbl DCVY]/]
npeJCcTaBieHbl B Ta0mume 1.

OcHOBHBIE Kaj00bl Ha PabOTOCIIO-
COOHOCTh aBTOMOOWIJICH OBUIM CBSI3aHBI
C TIOBBIIICHHBIM PACXO/IOM TOILINBA, JIJTH-
TEIBHBIM 3aIllyCKOM, CHW)XCHHEM MOIII-
HOCTH. MHOTHE aBTOMOOWIN HE HMEIH
BO3MOXXHOCTH CaMOCTOATEIBHO TIepeme-
marecsi. Mim TpeboBasiack yciryra 9BaKy-
atopa. OTIEHKY COCTOSHHUSI TPOBOIIIIN
[PH TOJHOCTBIO 3apSIKCHHON aKKyMy-
JIITOPHOU Oarapee, 4ToObI U30eKaTh M0~
rpemHocTell B u3MepeHusix. Jledexra-
[[UI0 HEUCTIPABHBIX U OTKAa3aBIIUX Y3JIOB
MPOBOJIWIIA KaK WHCTPYMEHTAJIBHBIM Me-
TOJIOM KOHTPOJIS C TIOMOIIBIO CKaHEPOB
ScanDoc (Qantex), BOSCH KTS, VCDS,
MoTtopa-tectepa Motodoc, Tak u opraHo-
JENTHYECKON OIIEHKOW 10 BHEITHUM TIPH-
3HaKaM ¥ TpOosiBIIEHUSIM. Bo MHOTHX CiTy-
YasxX HEMCIPAaBHOCTH IIPUCYTCTBOBAIIN HA
aBTOMOOWISIX O€3 BHEITHUX ITPU3HAKOB.

AHaIM3UPysS Pe3yNbTaThl HCCIENO0-
BaHUs, MpEJACTaBICHHbIE B Talmuue 1,
MOYKHO CJIeJIaTh BBIBOJ] O TOM, YTO OOJIb-
mass 4acTh OTKa30B KOHCTPYKTHBHBIX
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Tabnumal
Tablel

TMoka3aTe/u HAJEKHOCTH 3JIEMEHTOB YJIeKTPOHHOI CHCTEMbI YIIPABJIEHHsI IBUTaTeeM
apTomoomis Skoda Octavia

Reliability indicators of the electronic engine control system elements of the Skoda Octavia car

JlaT4mK WM UCTIONHHM-
TEIbHBIIA MEXaHU3M /
Sensor or actuator

IpuyurHA BO3HUKHOBEHHSI
0TKa3a MM HEHCIIPAaBHOCTH /
Cause of failure or malfunction

Cpennsist HapaboTKa
10 OTKa3a, ThIC. KM /
Average operating time
to failure, thous. km

Jlonst oTkazos, % /
Failure ratio, %

1 2 3 4
1. laTumk kucnopoaa OO6psIB 1ienu Harpesaress. CHu-
(JIssmOma 30H71 1) / KeHne dPPEeKTUBHOCTH PadOThH
Oxygen sensor YYBCTBUTEIILHOTO 3JIeMEHTa / 165,2 42
(Lambda probe 1) Heater circuit breakage. Reduced
sensing element efficiency
2. JlaTuuK KHCI0pOaa OOpsIB nerm Harpesaresst. CHU-
(JIsm6ma 30H71 2) / kenue 3¢dexkTuBHOCTH pabo-
Oxygen sensor ThI YyBCTBHTEJIBHOIO SJIEMEHTA,
(Lambda probe 2) B TOM 4HCJE BCICACTBHE IIO-
BPEXK/ICHHS KaTaJUTHYESCKOTO 148.1 6.1
HelTpanusaropa / Heater circuit ’ ’
breakage. Reduced sensing ele-
ment efficiency, including that
resulting from the catalytic con-
verter damages
3. Karanutuueckuit Paspymenue, cHIDKeHHE d(-
neiitpanusarop / Catalytic ¢extuBroctr / Destruction, re-
converter duced efficiency 175,5 6,2
4. JTaTunK MaccoBOTO Camwxkenne 3(p¢eKTuBHOCTH /
pacxona Bo3ayxa/ Mass  Reduced efficiency
air flow sensor 1483 5,3
5. DNeKTpOMarHUTHBIN M3Hoc, NOBpexIeHHE COJIEHO-
KJIallaH PeryJlIupoBaHUs nna / Wear, damage of the so- 165.4 57
¢a3 / Electromagnetic lenoid ’ ’
phase control valve
6. DIeKTpOMarHuTHas 3acopeHue pacibUIUTENs, MEXK-
TOIUTMBHAs (hOpCyHKa / BUTKOBBIC 3aMBIKaHHs B LEIH
Electromagnetic fuel karymku / Atomizer clogging, 138,3 4,8
injector turn-to-turn short circuits in the
coil circuit
7. Perynatop naBineHus W3Hoc, 3arps3HeHMe, 3aAUpbl
tormBa / Fuel pressure Ha mToke / Wear, pollution, 141,6 19,8
regulator tearings up on the stock
8. TorumMBHBIN Hacoc / H3zHOC, 0OpBIB 1IeNH MTPOBOHU-
Fuel pump ka / Wear, conductor circuit 112,8 6,6
breakage
9. DneKkTpoHHas M3Hoc norenumomerpa / Poten-
ZpoccerbHas 3acliOHKa /  tiometer wear 94.4 7,6
Electronic throttle valve
10. Karymrka 3axxuranust /| OOpeIB nerm oomotkn / Wind- 96.4 6.4

Ignition coil

240
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Oxonuanue mabnuywt 1/ End of table 1

1 2 3 4
11. CBeya 3axxuranusi / N3HoC »IexTposoB BClea-
Spark plug CTBHE TIOBBHIIICHHOTO pPacxoia
Mmacia. Paspynienne mim npo-
oot m3omsaTopa / Wear of the 48.6 58
electrodes resulted from in- ’ ’
creased oil consumption. De-
struction or breakdown of the
insulator
12. Typ6oxomnpeccop/  M3HOC OHOPHBIX MTOAIIHITHUKOB /
Turbocharger Wear of the support bearings 125.8 32
13. Kianan peryssrop Hapymenune repmernyHocty /
naBieHus HanyBa / Valve Break of tightness 134,4 2,1
boost pressure regulator
14. Dnexrponnslii 6mok  Ileperopanue TOPOXKEK IIIATHI
praBHeHHfl JABUTIaTCJIEM  BCJICACTBHUE KOPOTKOI'O 3aMbl-
ECU / Electronic engine  kaHHs B IETAX JTATYHKOB U HC-
control unit ECU MOJTHUTEJIbHBIX MEXaHH3MOB / 1722 24
Burnout of the board tracks ’ ’
resulted from short circuit fault
in the circuits of sensors and
actuators
15. OcranbHbIe Y3115 / 13.8

Other nodes

anemeHToB DCVY][ COOTBETCTBYET HCIIOJ-
HHUTCJIBbHBIM MCXaHU3MaM CHUCTCMbI, UMC-
FOIIUM ITIOABHKHBIC DJICMCHTbBI (BJICKTpOH-
Hasi JIpOCCeNbHAs 3acJIOHKa, KaTyllKa
3aKUIaHUs, TOILUIMBHBIA HACOC, pEryis-
TOp NaBJeHHS TOIUIMBA). [laTyuku, n3Me-
pSIOIIHE TapaMeTPbl CHCTEMBbI, HM3HAIIIHU-
BalOTCA B MeHbIIeH cTteneHu [14—16].
[Ipumep Hapymenus paboOTOCIIO-
COOHOTO COCTOSIHHS TOTLTMBHOTO Hacoca
BBICOKOTO JIaBJeHHs aBTOMOOMIsL Skoda
Octavia ¢ asurarenem 1.8 TSI mpencras-
nmeH Ha pucyHke 1. Ha paGouem miToke
3aMCTHBI XapaKTEPHbIC 3aMPbl U IMOBPEC-
JKICHUS BCIICACTBUE MEXaHUYECKOTO BO3-
JeHcTBUS abpas3uBa, CKAILTUBAIOIIETOCS
Ha MOBEPXHOCTH IITOKA, TEMIIEPATYPHBIX
PSKUMOB pabOThI, Ka4eCTBa CMa304HOTO
Marepualia ¥ HapyIIeHUs I[eJIOCTHOCTH
YIUIOTHUTENBHBIX DJIEMEHTOB.
OmnpenenuTs JaHHOE TIOBPEXKJIe-
HUE BHEITHUM OCMOTpPOM, He pazOmpas
y3ell, He MPEJCTaBIIOCh BO3MOXKHBIM.

Technologies, machinery and equipment

VI3HOIICHHEBIH MTOK CIIOCOOCTBOBAIT yTEU-
KaM W TIONJIaHUI0 TOIUIMBA B CHUCTEMY
cMasku asuraress. IIpoucxonuno pazxu-
JKCHHE Macia ¥ (OpMUpPOBaHUE OOTaToit
cMecu B pabodeM MpPOCTPAHCTBE KHUCIIO-
ponHoro paruuka. Ha 3To ykassiBas kon
HeucnpasHoctn P0172, nepuoandecku
nosiBIsirolmiics B namsity OBY. [pu stom
3aMETHOH MMOTepH MOITHOCTH HE HaOIo-
JTAJI0OCh, HO KOHTPOJUIEp HWH(OPMHPOBAIT
yepe3 IpuOOpHYIO MaHeh O HU3KOM Cpell-
HEM YacOBOM pacxojie TOIUIMBA U O Tepe-
00oTaneHny TOTITMBOBO3IYIITHON CMECH.
[Ipn “rHOpPHPOBAHMN NAHHOTO JAMAr-
HOCTHYECKOTO COOOIIEHMS IMOCIEACTBUS
cTanu Obl HETaTWBHBIMHU JUJISI COCTOSIHUS
JIBUTATENII U €ro OCTaTOYHOIro pecypca:
CIIMIIKOM KHJKO€ Maciio IpPHUBEIO0 Obl
K HapyIICHUIO CMA3KU B TPYIIUXCS y31ax
U TOBpeXACHHUIO aBurarens. HeBHuma-
TEIhHOE OTHOIIEHHE K JINarHOCTHIECKIM
COOOIIIEHUSIM MOXKET CTaTh IPUIHHOH J10-
POTOCTOSAIIETO PEMOHTA aBTOMOOHIISL.
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P uc. 1. llltok TorutmBHOTO Hacoca Beicokoro aasienus BOSCH 0261520472 co cnenamu n3Hoca
Fig. 1. BOSCH 0261520472 high pressure fuel pump rod with signs of wear

Takske OLleHKa TEXHUYECKOTO COCTOsI-
HUSI TOIUIMBHOTO HACOCA BBICOKOTO aBiIe-
HUS TPOBOJIUIIACK T10 TTapaMeTpaM pa3BU-
BAaEMOI'0 JIABJIICHUS B PEXHME XOJIOCTOTO
XOJla ¥ TIOBHIIIEHHBIX 000poTOB. JlaHHbIE
napaMeTpsl CPaBHUBAINCH C TaOINYHBI-
MU 3HAYE€HUSMH, yCTAHOBICHHBIMHU IS
koHKpeTHOTO THa DCY]l 1 Bepcuu mpor-
pamMMHoro obecrieueHus. J{ist TOTUIMBHO-
ro Hacoca BbIcokoro masneHus (THB/I)
BOSCH 0261520472 B pexume XOJo-
CTOTO XO/a MapaMeTpbl pabOoThl JOIKHBI
COOTBETCTBOBAThH 3alpAIINBAEMOMY CHC-
TeMoii nasienuto 40 Oap.

HanbHeiliiue uccledOBaHUS  MPO-
BOJWIINCh TI0 OCHOBHBIM IIOKa3aTelsiM,
XapaKTepU3YyIONUM HaJeKHOCTb JTF000i
TeXHUUeckoil cucrteMbl. Hapsiny co cpen-
Hell HapaOOTKOW Ha OTKa3 TaK K€ BHUMa-
HUE YJIeNSAI0Ch TapaMeTpaM BEPOSITHOCTH
0e30TKa3HOW paboThl P(f) ¥ HUHTCHCHUB-
HOCTH OTKa30B A(f) 1O HMHTepBallaM Ha-
paboTku. PacdeTsl 3THX mokazarenell 1o

242

pe3yabTaraM HCCIIEOBaHHN JKCIUTyaTa-
nroHHOM HajexkHocTH DCVY]] BBITIOIHEHBI
10 BCEM OCHOBHBIM €€ 3JIEMEHTaM C IIOMO-
mipro mporpammbsl Microsoft Office Excel.

B kadectBe mpumepa B Tabmuie 2
MIPEJCTABIICHBI TOKa3aTelnn 0e30TKa3HO-
ctu peryastopa aasienus THB/I no un-
TepBajaM HapaOOTKH.

I'padmueckoe mpencraBieHue u3Me-
HEHUSI UHTCHCUBHOCTH OTKa30B A(f) U Be-
posiTHOCTH 0€30TKa3HOU paboThl P(f) e-
menTa DCY]] o HapaOOTKe MoKa3aHO Ha
pHUCyHKax 2, 3.

BepositHocTh  Oe30TKa3HOI  paboTHI
JIIEMEHTa HAXOAWMIU UCXOMS U3 BBIpaXKe-
HUS JIJIS1 KXKI0TO MHTEpBasia HapaOOTKU:

(1

rae N, — KOIHYECTBO U3JIEINH, paboTas-
X B JaHHBIA MPOMEXYTOK; N(f) — Ko-
JIMYECTBO HUCIIPABHBIX PI3IICJII/II>'I B KOHIIC
oTpe3Ka.

P(t) =N@) /N,
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TabGununa?2
Table?2

Iloka3zaTenu 6€30TKA3HOCTH PeryJasiTopa JaBjieHUs TOMJIHBA 0 HAPAdOTKe
Reliability indicators of the fuel pressure regulator by operating time

Hapa6otxka, Teic. kM / Operating time, thous. km

TTokasarens / Indicator

20 40

60 80 100 | 120

140

160 | 180 | 200

Yuco otkazos n(Af) / 5 1
Number of failures n(Af)

MHTEeHCUBHOCTH OTKA30B
At), 10* 1/1BIC. KM /
Failure rate A(t),
10*1/thous. km

BepositHocTh
0e30TKa3HOU paboTHI
P(f) / Probability of
uptime P(f)

1,60 1,24

1,10 1,25 1,60 220

0,93 090 0,83 0,73

16

3,80

0,47

12 8 8

4,50 4,80 5,00

0,27 0,13 0

M
5,0

4,5

4,0 —| 2f) =—0,0071x* +

1~
0,1675x3 — 1,2653x2+ 3,7813x — 2,5167 | /

35
3,0

2,5

/
/

2,0

/

L5

_—

1,0

0,5

0

100

150 200
t, TeiC. KM / £, thous. km

P u c. 2. I3MeHeHNe HHTEHCHBHOCTH OTKa30B /A(f) peryssTopa JaBJIcHUS TOIUTHBA 110 HapaboTKe
Fig. 2. Change in the failure ratio A(¢) of the fuel pressure regulator by operating time

AHanu3 TpUBENCHHON 3aBUCUMOCTH
MoKasall, 4YTO IMOCJe JOCTIKCHUS Ha-
paboTku 125 THIC. KM HWHTEHCHUBHOCTH
OTKa30B TaKOTO OJIIEMEHTa TOIUIMBHOM

Technologies, machinery and equipment

CUCTEMBI, KaK PEryJISTOp NaBJICHUS TOI-
nuBa /(f), HaYMHAET BhIPACTaTh,  BEPOSIT-
HOCTh 0€30TKa3HOW pPabOThI CHIKATHCS
1o 3HaueHus P(f) =

0,47.
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t, ThIC. KM / t, thous. km

P u c. 3. CHmkeHHEe BepOATHOCTH 0€30TKa3HOU pabOoThI PeryasTopa JaBlICHUS TOIUIMBA TI0 HAPAOOTKE
Fig. 3. Reducing the probability of failure-free operation of the fuel pressure regulator by operating time

K mporaosupyemoii HapaboTke mpo-
WCXOIUT 3aCOPEHHE IITOKA BCJIEIACTBHE
3arpsi3HEHMS, YTO NPUBOAUT K H3HOCY
LITOKA U B KOHEYHOM HMTOTe 1oTepe pado-
TOCIIOCOOHOCTH y371a.

OTKas3bl 3JIEMEHTOB CHUCTEMBI yIpaB-
JICHUs1 JIBUTATEJIEM OKa3bIBalOT OONbBLIOE
BIMSIHUSL Ha pAJ TOKa3aTeneil padoThl
(MOIIIHOCTB, PACcXOfl TOIUIMBA, BPEIHBIC
BBIOPOCHI B OKPYKAIOILYIO CPEY U T. II.).
[Ipn oTka3ax TaKWX OCHOBHBIX AJIEMEH-
TOB, KaK TOTUTUBHBII HACOC HU3KOTO U BBI-
COKOTO JaBJICHHS M JATYUKH TOJOKEHNS,
3amyck aBurareis onokupyercs DCVY/I.

O06cy:x1eHue 1 3aKJII0YeHHe

Jna npenynpexnenns otkazoB OCY]]
IpY TPOBEACHUM PA0OT MO TEXHUYECKO-
My OOJIy’)KUBAHUIO U UarHOCTUPOBAHUIO
aBTOMOOMIEH HEOOXOIMMO  BBIABIATH
COCTOSIHUE JJIEMEHTOB JIaHHBIX CHUCTEM
U TIpu HEOOXOJMMOCTH YCTPaHSTh HEHC-
MPaBHOCTH.

CornacHo peKOMEHJALUAM TIPOU3-
BOJIUTEIII aBTOMOOWJIS TIPEAyCMOTPEHA
MpoBepKa MaMsTH KOJOB HEHCIPaBHO-
creii B OBY. Ilpu nx Hanuuuum tpebyercs
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BBITIOJIHATE HEOOXOJMMbIE KOHTPOJIBHO-
JMUarHocTHYeckue omeparuu. [lpu ort-
CYTCTBUHU KOZIOB HeucmpaBHocTell DCY]]
MpHU3HAETCI  TEXHUYECKH  UCIPABHOM
Y JIOTIOJTHUTEIBHBIE MPOBEPKU HE MPOBO-
natcsi. B pesymbrare mpHu BBITOIHEHUH
TEXHUYECKOTO OOCITYy>KWBAaHUS TIPOITyCKa-
eTCsl 3HAYMTEIILHOE YHCIO HE BBISBIICH-
HBIX B DCVY]] CKpBITHIX HEUCIIPABHOCTEM,
YTO NMPHUBOIUT K POCTY OTKA30B ITHUX CHC-
TEM B DKCILTyaTal|H.

Ilo pesynbrartam ananuza tabmui 1,
2 ObUT c/ieNaH BBIBOJ, YTO HAMMEHBIIHIM
peCypCHBIH PoOeT MPUXOAUTCS HA CBEUH
3aKUraHus, Bxojsamue B cocraB DCVY/I.
[Ipu sToM Hambomee dYacTasi HEWCIIPaB-
HOCTh BO3HHKAET y PEryIlsTOpa JaBICHHS
TOITUBA B TOITMBHOW CHCTEME aBTOMO-
ouneii ¢ goneii 19,8 % ot 001IeTO KOJTHYe-
ctBa. Pecypc mannoro snementa OCVY/,
OTIpE/ICNICHHBI B pe3yJibTaTe BBIYHCIIC-
HUS ¥ TIPEICTABICHHBIN HA pUCYHKAX 2, 3,
COCTaBJISIET B CpeHEM 125 THIC. KM.

[IpoBeneHHbIE WCCIIENOBAaHUS C HC-
M0J1h30BaHHEM KOMITHFOTEPHOM JIMarHOCTH-
KH TO3BOJIMIIM OLEHHUTH coctosiHue DCY]]
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aBromoOmielt Skoda, sKcrTyaTHpyeMbIxX
B peruoHe. Ha ocHoBaHWM aHaim3a mpu-
YHH BO3HUKHOBEHHS OTKa30B U HEHUCIIPaB-
HOCTEH JaHbl pEKOMEHIAINH TI0 MIPOBeIe-
HUIO AMarHoctuku cucreMbl DCVY npu
noceniennu cranmmu TO i mpemynpe-
JKIEHUSI BOSHUKHOBEHHUS CIOKHBIX OTKa-
30B M HEUCTIPABHOCTEH 1O COOCTBEHHOM
METOIMKE OIIEHKHU C HCIIOIb30BAaHUEM COB-
PEMEHHBIX CKaHEPOB, MEXaHUYECCKHX Te-
CTEpOB, CHELUHABHBIX JUArHOCTHUECKUX
porpamMM B UHOTO 000pYIOBaHUSL.

[TomBoIst UTOT, MOXKHO C/IeTIaTh BHIBOJI,
YTO PUMECHEHUE TEXHOJIOTUI TUarHOCTH-
pOBaHUS C HCIOJIB30BAaHUEM TEXHOJIOTH-
YECKOTO 00OPYIOBAHUS IS OIPEeIICHHS
HEHMCITIPABHOCTEH ITO3BOJISIET ONPEAETIATh
pecypcHsbIe mokazarenu snemerTo DCVY/I.
JlaHHas MeToAuKa SIBISIETCSl aKTyaJbHOU
n 3(hpekTHBHON TpU MPUMEHEHUH Ha aB-
TOMOOMJISIX, BKJIFOUAIOIIMX COBPEMCHHBIC
UQPPOBBIC TEXHOJOTHM M 3JICKTPOHHBIC
CUCTEMbI YIIPABJICHUS JIBUTATEIIEM aBTO-
MOOMJIS.
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3asenennvlii 6K1a0 asmMopos:

I1. B. CenuH — Hay4HOE PYKOBOJICTBO, pa3paboTKa TEXHHYECKOTO 3aJIaHMsI Ha UCCIIEIOBAHHUE.

. A. T'ajuH — npoBeICHUE HAYYHOTO MUCCICIOBAHMS, TOATOTOBKA TEKCTA, MATEMATHUCCKHUIT pacyerT,
aHaJIN3 PEe3yJIBTATOB NCCIICI0BAHMSI.

JI. O. Kpy1r — moaroToBka U aHajInu3 JUTCPATYPHBIX JTAHHBIX, POBEICHUE HAYYHOTO MCCIICTIOBAHYIS,
aHaJIN3 Pe3yJbTaTOB.

Bce asmopul npouumanu u 0006punu okoHuamenbHblil 6aPUAHM PYKONUCU.

REFERENCES

1. Villforth J., Kulzer A.C., Deeg H.-P., et al. Methods to Investigate the Importance of eFuel Prop-
erties for Enhanced Emission and Mixture Formation. In: SAE Technical Papers. SAE 15" International
Conference on Engines and Vehicles, ICE. 2021. doi: https://doi.org/10.4271/2021-24-0017

2. Komorska 1., Wotczynski Z, Borczuch A. Diagnosis of Sensor Faults in a Combustion Engine
Control System with the Artificial Neural Network. Diagnostyka. 2019;20(4):19-25. doi: https://doi.
org/10.29354/diag/110440

3. Chen T., Wang X., Zhao H., et al. Control and Optimization of Spark Ignition—Controlled Auto-
Ignition Hybrid Combustion Based on Stratified Flame Ignition. Proceedings of the Institution of Mecha-
nical Engineers, Part D: Journal of Automobile Engineering. 2019;233(12):3057-3073. doi: https://doi.
org/10.1177/0954407018817626

4.Poorghasemi K., Saray R.K., Ansari E., et al. Effect of Diesel Injection Strategies on Natural Gas/Die-
sel RCCI Combustion Characteristics in a Light Duty Diesel Engine. Applied Energy. 2017;199:430—446.
doi: https://doi.org/10.1016/j.apenergy.2017.05.011

5. Song Q., Gao W., Zhang P., et al. Detection of Engine Misfire Using Characteristic Harmonics of
Angular Acceleration. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Auto-
mobile Engineering. 2019;233(14):3816-3823. doi: https://doi.org/10.1177/0954407019834104

6. Rossi E., Hummel S., Cupo F., et al. Experimental and Numerical Investigation for Improved
Mixture Formation of an eFuel Compared to Standard Gasoline. In: SAE Technical Papers. SAE 15" In-
ternational Conference on Engines and Vehicles, ICE. 2021. doi: https://doi.org/10.4271/2021-24-0019

7. Zhang P., Gao W., Li Y., Wang Y. Misfire Detection of Diesel Engine Based on Convolutional
Neural Networks. Proceedings of the Institution of Mechanical Engineers, Part D: Journal of Automobile
Engineering. 2021;235(8):2148-2165. doi: https://doi.org/10.1177/0954407020987077

8. Kannadhasan A. Self Diagnostic Cars: Using Infotainment Electronic Control Unit. In: SAE Technical Pa-
pers. 17" Symposium on International Automotive Technology. 2021. doi: https://doi.org/10.4271/2021-26-0027

9. Kihas D., Khaled N., Kihas D., et al. Concept Analysis and Initial Results of Engine-Out NOx Es-
timator Suitable for on ECM Implementation. In: SAE Technical Papers. SAE 2016 World Congress and
Exhibition. 2016. doi: https://doi.org/10.4271/2016-01-0611

10. Price K.S., Wang L., Pauly T. Evaluation of Field NOx Performance of Diesel Vehicles Using
ECM - Provided OBD/SAEJ1979 Data. In: SAE Technical Papers. SAE 2015 World Congress and Exhibi-
tion. 2015. doi: https://doi.org/10.4271/2015-01-1067

11. Krush L.O., Galin D.A. Development of a Device for Determining the Magnetic Field
Based on Arduino Uno Microcontroller. Sura Bulletin. 2021;13(1):47-51. (In Russ.) doi: https://doi.
org/10.36461/2619-1202_2021 13 01 009

12. Azizahwati A., Rahmad M., Hidayat F. Development of a Circular Motion Experimental Device
Using an Arduino Uno Microcontroller. In: Journal of Physics: Conference Series. Universitas Riau Inter-
national Conference on Science and Environment (11-13 September 2020). Vol. 1655. Pekanbaru; 2020.
doi: https://doi.org/10.1088/1742-6596/1655/1/012154

13. Takeuchi Y., Oike H., Ishikawa T. Development of Motor Health Examination System Using
Arduino Uno. In: 23 International Conference on Electrical Machines and Systems (24-27 November
2020). Hamamatsu; 2020. doi: https://doi.org/10.23919/ICEMS50442.2020.9290982

Technologies, machinery and equipment 247


https://doi.org/10.4271/2021-24-0017
https://doi.org/10.29354/diag/110440
https://doi.org/10.29354/diag/110440
https://doi.org/10.1177/0954407018817626
https://doi.org/10.1177/0954407018817626
https://doi.org/10.1016/j.apenergy.2017.05.011
https://doi.org/10.1177/0954407019834104
https://doi.org/10.4271/2021-24-0019
https://doi.org/10.1177/0954407020987077
https://doi.org/10.4271/2021-26-0027
https://doi.org/10.4271/2016-01-0611
https://doi.org/10.4271/2015-01-1067
https://doi.org/10.36461/2619-1202_2021_13_01_009
https://doi.org/10.36461/2619-1202_2021_13_01_009
https://doi.org/10.1088/1742-6596/1655/1/012154
https://doi.org/10.23919/ICEMS50442.2020.9290982

I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 32, Ne 2. 2022

14. Rezaei R., Schwalbe J., Weber M., et al. Model-Based Development and OBD Calibration for
Heavy-Duty Applications. In: Proceedings of China SAE Congress 2020: Selected Papers. Lecture Notes in
Electrical Engineering. Vol. 769. Springer: Singapore; 2020. p. 753—770. doi: https://doi.org/10.1007/978-
981-16-2090-4 45

15. Mirmohammadsadeghi M., Zhao H., Ito A. Optical Study of Gasoline Substitution Ratio and
Diesel Injection Strategy Effects on Dual-Fuel Combustion. Proceedings of the Institution of Mechani-
cal Engineers, Part D: Journal of Automobile Engineering. 2020;234(4):1075-1097. doi: https://doi.
org/10.1177/0954407019864013

16. Daily J., Kongs A., Johnson J., Corcega J. Extracting Event Data from Memory Chips within
a Detroit Diesel DDEC v. In: SAE Technical Papers. SAE 2015 World Congress and Exhibition. 2015. doi:
https://doi.org/10.4271/2015-01-1450

17. Krogerus T.R., Hyvonen M.P., Huhtala K.J. A Survey of Analysis, Modeling, and Diagnostics
of Diesel Fuel Injection Systems. Journal of Engineering for Gas Turbines and Power. 2016;138(8). doi:
https://doi.org/10.1115/1.4032417

18. Krivoshapov S. Development of a Piston Fuel Flow Meter Based on a Microcontroller and Its Use
for Vehicle Diagnostics. In: SAE Technical Papers. SAE 2021 Powertrains, Fuels and Lubricants Digital
Summit, FFL. 2021. doi: https://doi.org/10.4271/2021-01-1150

19. Selvam H.P., Shekhar S., Northrop W.F. Prediction of NOx Emissions from Compression Ig-
nition Engines Using Ensemble Learning-Based Models with Physical Interpretability. In: SAE Tech-
nical Papers. SAE 15" International Conference on Engines and Vehicles, ICE. 2021. doi: https://doi.
org/10.4271/2021-24-0082

20. Accurso F., Zanelli A., Rolando L., Millo F. Real Time Energy Management Control Strategies
for an Electrically Supercharged Gasoline Hybrid Vehicle. In: SAE Technical Papers. SAE 2020 World
Congress Experience, WCX. 2020. doi: https://doi.org/10.4271/2020-01-1009

21. De Robbio R., Cameretti M.C., Mancaruso E., et al. Combined CFD — Experimental Analysis of
the In-Cylinder Combustion Phenomena in a Dual Fuel Optical Compression Ignition Engine. In: SAE
Technical Papers. SAE 15" International Conference on Engines and Vehicles, ICE. 2021. doi: https://doi.
org/10.4271/2021-24-0012

Submitted 09.03.2022; approved after reviewing 11.04.2022; accepted for publication 20.04.2022

About the authors:

Petr V. Senin, Head of the Technical Service Machines Chair of Institute of Mechanics and Po-
wer Engineering, National Research Mordovia State University (68 Bolshevistskaya St., Saransk 430005,
Russian Federation), Dr.Sci. (Engr.), Professor, ORCID: https://orcid.org/0000-0003-3400-7780, Resear-
cher ID: H-1219-2016, senin53@mail.ru

Dmitriy A. Galin, Associate Professor of the Technical Service Machines Chair of Institute of Me-
chanics and Power Engineering, National Research Mordovia State University (68 Bolshevistskaya St.,
Saransk 430005, Russian Federation), Cand.Sci. (Engr.), ORCID: http://orcid.org/0000-0002-2858-2685,
Researcher ID: AGA-8511-2022, dagalin@yandex.ru

Leonid O. Krush, Postgraduate Student of the Technical Service Machines Chair of Institute of Me-
chanics and Power Engineering, National Research Mordovia State University (68 Bolshevistskaya St.,
Saransk 430005, Russian Federation), ORCID: https://orcid.org/0000-0002-0876-0739, Researcher ID:
AGA-8642-2022, leonidsgrants@yandex.ru

Contribution of the authors:

P. V. Senin — scientific guidance, development of the terms of reference for the study.

D. A. Galin — conducting scientific research, text preparation, mathematical calculation, analysis of
the research results.

L. O. Krush — preparation and analysis of literary data, conducting scientific research, analysis of the results.

All authors have read and approved the final manuscript.

248 Texnonoeuu, mawiunsl u 060pydosanue


https://doi.org/10.1007/978-981-16-2090-4_45
https://doi.org/10.1007/978-981-16-2090-4_45
https://doi.org/10.1177/0954407019864013
https://doi.org/10.1177/0954407019864013
https://doi.org/10.4271/2015-01-1450
https://doi.org/10.1115/1.4032417
https://doi.org/10.4271/2021-01-1150
https://doi.org/10.4271/2021-24-0082
https://doi.org/10.4271/2021-24-0082
https://doi.org/10.4271/2020-01-1009
https://doi.org/10.4271/2021-24-0012
https://doi.org/10.4271/2021-24-0012
https://orcid.org/0000-0003-3400-7780
http://www.researcherid.com/rid/H-1219-2016
mailto:senin53@mail.ru
http://orcid.org/0000-0002-2858-2685
http://www.researcherid.com/rid/AGA-8511-2022
mailto:dagalin@yandex.ru
https://orcid.org/0000-0002-0876-0739
http://www.researcherid.com/rid/AGA-8642-2022
mailto:leonidsgrants@yandex.ru

Vol. 32, no. 2. 2022 ENGINEERING TECHNOLOGIES AND SYSTEMS .

http://vestnik.mrsu.ru ISSN Print 2658-4123

ISSN Online 2658-6525

AI'POHH/KEHEPHA /
AGRICULTURAL ENGINEERING

VK 631.354.026 doi: 10.15507/2658-4123.032.202202.249-262

Hayunas cmamos

JAnHaMuKa (ppaKLHOHHOIO COCTABA
3epPHOCOJIOMHUCTON Macchl, 00MOIaYMBAEMON
B MOJIOTWJIBHOM anmnapare 3¢pHOy0OpOYHOro KoMOaiiHa

9. B. Kamunn, M. E. Yamaeirun ™

DedepanvbHulil HAYYHbBILL acpouHdiceHepHblll yenmp BUM
(2. Mockea, Poccuiickas @edepayus)

™ misha2728@yandex.ru

Annomauyus

Bseoenue. B crartbe NpHBENEHBI PE3YNBTaThl TEOPETHUCCKUX M OKCIICPUMEHTATBHBIX
HCCIIEIOBaHUH MPOIIECCOB OOMOJIOTA U CeMapaliuy B MOJOTHIBHOM amlmapare 3epHOy0o-
povHOTO KOMOaliHa ¢ (POBOIA OIICHKON (PPaKIIMOHHOTO COCTaBa OOMOJIAYHBAEMOTO 3€P-
HOCOJIOMHUCTOr0 MaTepuaia. [loigyueHHble TaHHbIE MO3BOJLIT BHLSIBUTH AUHAMHKY (pak-
IIMOHHOTO COCTaBa 3€PHOCOJIOMUCTOM MacChl, 0OMOIaYNBACMON B MOJIOTHILHOM 3a30pe
MOJIOTHJIBHOTO ammapara B 3aBUCUMOCTH OT €€ TIOJIa4H.

Mamepuanst u memoosl. ViccnenoBanus IpOBOIUIN Ha CIICIIMATEHOM CTEHJIE B BUJC OT-
JIeTBHOTO OJI0Ka MOJNIOTUIIBHOTO ammapaTta komOaiina. [lox xaxkmoi cexuumeit mogbapada-
Hbs OBLTH YCTaHOBJIECHBI IP0o000TOOpHUKH. [Togady Macchl MeHsUTH B mipenenax ot 1,0 1o
6,0 xr/c npu ko3 punmente conomucroctu 1:1. [TomyueHHbIe JaHHBIE alMTPOKCHMHUPOBA-
Y TTO CTAaHJAPTHOU METOMIUKE.

Pezynomamul uccreoosanusn. HaliieHO KOIMYECTBO 3€pHA U COJIOMBI, MPOLIEIIEE de-
pe3 penieTky nonbapabaHbs, W OCTaIbHOW YaCTH, TIOCTYIAIONICH Ha COJIOMOCEIapaTop,
B 3aBUCHMOCTH OT HAYaJbHOTO MX KoimyecTBa. /Ly Kakmoil (pakuuu ompesneneHo oT-
HOIIICHNE MACChI COJIOMBI K Macce 3epHa, TNIOTHOCTh U TOJIIUHA CIIOS 3¢PHOCOIOMHCTOTO
BOpPOXa Ha CTPSACHOI JOCKe Mepes pelleTaMyd W B Hayale KIaBHII COJIOMOCEnapaTopa.
[ony4ena nuHaMuKa cemapaliy 3epHa M COJIOMBI MO Pa3BEePTKE JIIHHBI Moa0apadaHbs
C ONpeeNIeHHEM IJIOTHOCTU U CTENEHU CXKATHS CIIOS 36pHOCOJIOMUCTOI CMecH B MOJIO-
THJILHOM 3a30pe.

Obcyscoenue u 3axnioueHue. YCTAHOBIEHO, YTO B BOPOXeE, IPOLIEIIEM Yepes noadapada-
Hb€, OTHOLIIEHHE MACChl COJIOMBI K Macce 3epHa ymenbliaercs ¢ 0,46 no 0,27, moTHOCTh
yBenmmuuBaercst ¢ 60,1 1o 84,0 kr/m’. B Bopoxe, MOMAaBIIeM Ha COIOMOCENAPATop, OTHO-
LIEHHE MacChl COJIOMBI K Macce 3epHa yMeHbiaercs ¢ 11,2 1o 2,0, IIoTHOCTh yBeTU4HBa-
ercst B HeOOMbIIKX mpesenax ot 21,7 1o 26,4 kr/m>. TosmumHa ¢i0st BOpOXa Ha CTPSCHON
JIOCKE Iepe]] peleTaMi OUuCTKU u3MeHsercs B npeaenax 0,25-10,2 cM, a Ha cotoMoTpsi-
ce — ot 2,2 1o 19,8 cM npu u3MeHeHuu nojgayn od1eil Maccsl Ha 00Mo0T OT 1 110 6 KI/C.

Kniouesnvle cnosa: 3epHOCOIOMUCTBIH BOPOX, MOJTOTHIIBHBIN OapabaH, cemapanusi, mioT-
HOCTb, TOJIIMHA CJIOS, allIPOKCHUMAIHs
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Dynamics of Fractional Composition
of Grain-and-Straw Mass Being Threshed
in the Threshing Mechanism of a Combine Harvester

E. V. Zhalnin, M. E. Chaplygin

Federal Scientific Agroengineering Center VIM
(Moscow, Russian Federation)

" misha2728@yandex.ru

Abstract

Introduction. The article presents the results of theoretical and experimental studies of
threshing and separation processes in the threshing mechanism of the combine harvester
with a digital assessment of the fractional composition of the grain-and-straw material
being threshed. The obtained data will allow detecting dynamics of fractional composi-
tion of grain-and-straw mass being threshed in the threshing gap of the threshing mecha-
nism depending on its supply.

Materials and Methods. The research was carried out on a special stand in the form of
a separate unit of the combine threshing mechanism. Grain-and-straw samplers were in-
stalled under each threshing section. The mass feed was changed from 1.0 to 6.0 kg/s at
a straw ratio of 1:1. The obtained data were approximated using a standard procedure.
Results. There was determined the amount of grain and straw passed through the threshing
section screen and the rest of grain and straw entering the straw separator depending on their
initial amount. For each fraction, there were determined the ratio of straw mass to grain mass,
the density and thickness of the grain-and-straw heap layer on the shaking board ahead of
the grates and at the beginning of the straw separator keys. The dynamics of grain-and-straw
separation was identified by scanning the length of the grains with the determination of the
density and compression degree of the grain-and-straw mixture layer in the threshing gap.
Discussion and Conclusion. It was found that in the heap of grain-and-straw passed
through a threshing section, the ratio of straw mass to grain mass decreases from 0.46 to
0.27 and density increases from 60.1 to 84.0 kg/m?. In the heap of grain-and-straw that
fell on the straw separator, the ratio of the straw mass to the grain mass decreases from
11.2 to 2.0, the density increases within a small range from 21.7 to 26.4 kg/m?. Thickness
of the heap layer on the shaking board in front of the cleaning sieves varies in the range
0.25-10.20 cm, and on the straw walker — 2.2-19.8 cm when changing the supply of the
total mass for threshing from 1 to 6 kg/s.

Keywords: grain-and-straw heap, threshing drum, separation, density, layer thickness, ap-
proximation
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Beenenne

[Ipobnema yBenmueHHs TPOU3BOJICTBA
3epHa MO-TIPEXKHEMY OCTaeTCs KIIFOUeBOH
B CEJIbCKOXO3HCTBEHHOM IMPOU3BOJICTBE.
Pemenne 3epHOBOI MPOOIEMBI TO3BOJIUT
CYIIECTBEHHO OCJIa0UTbh WM MOJHOCTHIO
CHSTH HalPSHKEHHOCTh C MPOJOBOJILCTBHU-
€M, OTKAa3aTbCsl MM CBECTH K MUHUMYMY
3aKyIKH 3€pHa 3a pyOeKoM, peann3oBaTh
[IOTEHIHAIbHBIE BO3MOXKHOCTH 3KCIOpPTa
BBICOKOKa4e€CTBEHHOTO TOBAapHOTO 3EpHA.
B COBOKYImHOCTH 3TO CO31aeT yCJIOBUS
JUIsL TIPOJIOBOJILCTBEHHON 0€301acHOCTH
CTpaHBbI.

OcHOBHas 107151 3aTpart MpH MPOU3BOA-
CTBE 3CPHOBBIX KYJIBTYp NPHUXOAWUTCS Ha
yoopky ypoxas (50-55 %). 13 atoro cie-
JYeT, 4TO JUIS pa3BUTHsI MEXaHU3a1u y0o-
POYHBIX Pa0OT HEOOXOAMMO OO0ECIIeUUTh
HHEPrOEMKOCTh 36pHOyOOPOUHBIX KOMOaii-
HOB B npeaenax 20-23 kBt Ha enuHuiy
TIPOITYCKHOU cTIocoOHOCTH. BMmecTe ¢ Tem
OT CIoco0OB M TMPUMEHSIEMBIX TEXHOIO-
ruid YOOpKH ypoxKast 3epHOBBIX KYJIBTYp BO
MHOTOM 3aBUCSIT YCIIOBUS 3aKIaJKH ypo-
*as Oyay1iero roja.

TexHOMOrHYECKHIA Iporiecc 00MOIoTa
xJ1eOHOI Macchl MOJIOTHIIBHBIM amNaparoM
npu3BaH 00ECTIeYNTh MaKCUMaJIbHBIA BbI-
MOJIOT, Cenapanuio (BbACICHHE U3 OCHOB-
HOH COJIOMHCTOM MAacchl) U aBTOHOMHYIO
rmoJ1avy 3epHa Ha JopaboTKy [1; 2].

IIpomeccy obmonoTa XieOHOW Mac-
Cbl MOJIOTHJIbHBIM aIIlapaToM pa3jIndHbIX
KOHCTPYKIIUH TOCBSINEHO JOCTATOYHO
MHOT'O TEOPETHUYECKHX H DKCIIEPUMEHTAIb-
HBIX uccienoBanmii. OIHAKO HW3yYCHUE
nporiecca 0OMOJI0Ta XJIeOHOW MacChl KOH-
LEHTPUPYETCs Ha JIBYX IIPOOIeMax: oOMo-
7ot u cenapauus [3]. [Ipu aTom ocHOBHOE
BHUMaHHE YJENsACTCS MEXaHHKO-TEXHO-
JIOTHYECKUM MpoLeccaM, KOTOPbIE BKIIIO-
YalT IMHAMUYECKUE U TEXHOJOIMYECKHe
rapaMeTpbl IBHKEHHS PacTUTEIBHON Mac-
ChI B pabo4yeM MPOCTpaHCTBE «OapabaH —
JeKay, mporeccaM 00MOJIOTa U cenapanuu
JJIEMEHTOB 3EPHOCOJIOMHUCTOTO BOPOXa,
JJIEeMEHTaM JIUHAMUKH MOJIOTHJIBHOTO

Agricultural engineering

OapabaHa, ONTHMM3AIUU HEKOTOPHIX Ta-
paMeTpOB MOJIOTHIIBHBIX YCTPOHCTB U 00-
MM 3aKOHOMEPHOCTSIM TEXHOJIOTUIECKO-
o mporiecca oomornora [4].

OpnHako He OBUTO 0OHAPYKEHO PE3YITh-
TaTOB WCCIIEIOBAHUS MTPOIIECCa CeTapaIium
3epHa W COJIOMBI B IIMPOKOM JHara3oHe
Moja4 XJIeOHOH Macchl Ha 0OMOJIOT U B Of1-
HUX YCIIOBHSIX C OIPEJIeNICHUEM KOJIMUeCT-
BEHHOTO COOTHOIICHHSI Pa3HbIX (ppaKiui
3TOM MAacCChI, UX IMJIOTHOCTHU C aIlllpOKCUMa-
el 3aBUCUMOCTEH MapameTpoB cernapa-
MK OT UcxoAHo noaaun. K tomy e Oblia
c1a00 M3yyeHa MHTEHCUBHOCTD CeTapariu
COJIOMHCTBIX YaCTHII.

Llenp wmccrnenoBaHus — BBIIBUTH Xa-
pakTep W3MEHEHHs TMapaMeTpoB (pak-
IIMOHHOTO COCTaBa OOMOJIAYMBAEMOTO
3epHOCOJIOMHICTOTO BOPOXa, TIOYIUTH all-
IIPOKCUMHUPYIOIINE YPABHEHUS B 3aBUCHU-
MOCTH OT IToga4u MacCChI B MOJOTHIBHBIA
afnmapar 1 paccuuTarb INIOTHOCTH BOPO-
xa, MPOIIEAIIero uepe3 noadapadbaHbe Ha
peueTta OYMCTKH, BBIICAUICTO M3 MOJIO-
TWJIBHOTO 3a30pa Ha COJIOMOTPSIC, a TAKKe
HaXOJISIErocs B CAMOM MOJIOTHIIBHOM 3a-
30pe€, BBIIIEAINIEr0 W3 HETr0 U TMOIABIIETO
Ha Ha4aJio COJIOMOTpsica.

O0630p uTEpaTyphbI

HWccrnenoBanus TEXHOMOTHYECKUX MTPO-
IIeCCOB OOMOJIOTA M CeTapaliy padounMu
OpraHaM{ 3epHOYOOPOYHOTO KoMOaifHa,
U B YaCTHOCTH MOJIOTHJIBHOIO ammapara,
IMPpOBOAATCA KaK OTCYECTBCHHBIMU, TaK
1 3apyOCKHBIMH CIICIIHATUCTAMHU.

B HCCIICA0BAHUAX YCTAHOBJICHO, YTO
[JIaBHBIM Pa0OYnM OpraHoM 3epHOy0o-
podHOro KoMOaiiHa, ONPENENAIOUINM €ro
MIPOU3BOJIUTEIILHOCTh U KauecTBO pado-
THI, SIBIISIETCS] MOJIOTHIIbHBIN armapar. Pas-
paboTaHbl KOHCTPYKIIMM MOJIOTHIIHHBIX
anmaparoB. Hecmotpst Ha pasHooOpasue,
TOJBKO TPH 3aKOHOMEPHOCTH OTpeems-
0T YpOBEHb HMX TEXHOJOTHYECKOTO CO-
BEpPILICHCTBA: KOJIMYECCTBO BBIJIEISIEMOTIO
CBOOOJIHOTO 3€pHa W COJIOMBI 4Yepe3 ce-
MapyUpYyIOLIYI0 pemeTky (IeKy), apobie-
HUE 3€pHa M H3MEHEHUE HHEepPro3arpatr
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B 3aBUCUMOCTH OT UCXOJIHOU MOJ]a4l Mac-
cbl B KoMOaiiH. bompmmHCcTBO MyOimKa-
[IUH MTOCBSIIEHO MMEHHO 3TUM TPEM 3aKO-
HOMEPHOCTSIM.

B onpenenenun B. I1. ['opsiukuna Tex-
HOJIOTHYECKHIA TIpollecC 00MOoTa OTpa-
JKaeT COYCTaHNE ABYX CTaIHA: CBOOOMHBIN
yaap Ha BXOZE U MOCIEAyIoIIee IepeTupa-
HHE B YMEHBIIAIONIMXCS 32a30pax MEXKITY
Onvyamu OapabaHa W IUTaHKaMH Toadapa-
Oanbsi'. [Ipu 3TOM MOapPa3yMeBaeTCsl, YTO
WHTEHCUBHOCTh CeMapanuy OOMOJIOUCH-
HOTO 3€pHa COOTBETCTBYET HHTEHCHBHO-
CTH ero 0OMoJIoTa.

IlepBeie (hyHIAaMEHTaNbHBIE TEOPETH-
KO-9KCTIEPUMEHTAJIbHBIE HCCIISIOBAHUS T10
mporieccaM 0oOMOJIOTa W CeNapaliy Tpo-
Bel M. A. ITycreirun®. OH yCTaHOBHII, UTO
OCHOBHBIMH TIOKa3aTesIMA TEXHOJIOTHYe-
CKOTO TIPOIIeCca, OCYIIECTBIIEMOTO B MO-
JIOTUIILHOM armapare, sBISIFOTCS TOJHOTA
BBIMOJIOTA 3€pHA, CTEMEHb €ro Cernapamnuu
Yyepe3 cernapupyolIyo pemeTKy 1eKu 1 Be-
JUYMHA TIOBPEXKACHUS 3epHa [S]. DTu moka-
3aTeNy OKa3bIBAIOT BIIMSHHUE Ha KOHCYHYIO
OIIEHKY pabOThI MOJIOTHITKY KOMOaiHa — €ro
HPOITYCKHYIO CHOCOOHOCTB’. TIpormyckHast
CIOCOOHOCTh  MOJIOTHJIKH ~ 3€pHOYyOOpOU-
HOTO KOMOaiiHa OTpeNeNsieTcs] BeTMINHOMN
notepb 3epHa (1,5 %), npobiernem (2 %)
n ugucroroir (95 %) OyHkepHOrO 3€p-
Ha [6-8]. Ilo3aHee 3TO a0 BO3MOKHOCTH
KJIacCU(UITMPOBaTh BCE KOMOANHBI MHUpa
Ha KJIacChl 1O TMPOITYCKHOM CIIOCOOHOCTH:
or 1,0 1o 16 Kr/c, mpaKTUYECKH Yepe3 Ka-
xabie 1,5-2,0 kr/c. DTOT pa3pbiB BIOJHE
KOMITCHCUPYETCSI IIIUPUHOM 3aXBaTa KaTKH
KoMOaifHa U CKOPOCTBIO €ro JIBMKeHHUs [9].

Ilorepu 3epHa 3a MOJIOTHIJIKOH KOM-
OaifHa CKJTaJBIBAIOTCS W3 TOTEPh CBOOOI-
HOTO 3epHa U HEZIOMOJIOTA B COJIOME B CXO-
JaX C KJIABUIIIHOTO COJOMOcCenaparopa
Y TIONIOBE B CXOJaX C OYMCTKU. Bemmuamna
3THX TIOTEPh MPH ONTHUMAJIBHOM Moja4e

XJICOHOW Macchl B MOJIOTWJIKY KomOaiiHa
pacrpefieNsieTcss B CPETHEM CIIETYIOLIUM
obpazom: 50 % cBobogHoro 3epHa u 20 %
HezoMoJI0Ta B cojoMe, 20 % cBoOOIHOIO
3epHa u 10 % Hemomonora B nonose [10].
OcHOBHasl 1071 TIOTePh 3€pHA TPUXOINT-
sl Ha TIOTepH CBOOOTHOTO 3€pHA B COJIOME,
KOTOpBIE SIBIIAIOTCS CJIECTBHEM JOCTa-
TOYHO HU3KOW CETapUpYIOIIeH CIIOCOOHO-
CTH MOJIOTHJIbHOTO ammapara. Cemnaparus
3epHa B MOJIOTUJIBHOM arlnapare Ha ONTH-
MaJbHBIX mojmayax jgocturaer 90-95 %,
B TO BpeMs KaK OOMOJIOT MPH 3TOM JOCTH-
raet 98-99 %. Hwuskas cenapupyromas
CHOCOOHOCTh  KJIABHIITHOTO COJIOMOCETIa-
paropa (80-85 % oOT moCTymnuBIIEro Ha
HETO 3epHa) MMPUBOIUT K TOMY, UYTO TIOTEPH
CBOOOIHOTO 3€pHa B COJIOME COCTABJISIOT
40-45 % ot o0mmx moTeph 3a MOJOTHII-
KOW. YCTpaHEHHME 3TOr0 HENOCTaTKa BO3-
MOXKHO ITyTEeM HHTEHCH(UKAIIUH TTpoIiecca
cernaparyy 3epHa B MOJIOTHJIHHOM arapa-
T€ WM B KJIABUIIIHOM COJIOMOCETapaTope.
[IpeanouTenue TOIKHO OT/IaBaThLCs B IEp-
BYIO ouepe[lb HHTEHCU(HKALMU Tpoliecca
cernapaiyy B MOJIOTHIIBHOM armapare, Tak
KaK IMEHHO B HEM HaXOJIATCS UCTOKH IIPO-
1iecca cernapamnui 0OMOJIOYEHHOTO 3epHa.
[Ipomecc cemapanuu 3epHa HauyWHA-
eTCsl Cpa3y: CO BXOAOM XJIEOHOW MacChl
B MOJIOTWJIBHBIN ammapar, B KOTOPOM CO-
nepkutcst 1o 30 % 3epHa, 00MOJIOYEHHOTO
ITHEKOM JKaTK{ W MHTAIOIINM TPaHCIIOP-
TEpPOM HaKJIOHHOM Kamepbl. OfHaKo mpo-
IeCC cenapalny pa3BUBaeTCs MeUIEHHEe,
M0 CPaBHEHHUIO C MPOLECCOM OOMOJIOTa
3epHa, BCJIEZICTBHE TOTO, UTO B 30HE BXO/1a
elIIe CPAaBHUTEIBHO BEJIMKA TOMIIIMHA CI0s
MOTOKA XJIEOHOW MacChl M €r0 TNIOTHOCTb.
Takoe cocrosHHEe Macchl He OOecIedu-
BaeT OECHpEensITCTBEHHOE MPOXOKICHHUE
CBOOOTHOTO 3€pHa B HIDKHHE CJIOH IIO-
ToKa. [losTOMy HamOONBIIYI0O MHTEHCHB-
HOCTH TIPOIIECC Cemapanui mpuoodpeTaer

! Topstukun B. I1. 3emnenensaeckast mexauuka. [ICC. M. : Cenbxo3rus, 1937-1949. T. 1-7.
2 Tycteirud M. A. TeopHst U TEXHOJIOTHYESCKHI pacyeT MOJIOTHIIBHBIX YCTpoiCTB. M. : Cenbxosrus, 1948.

3 Tam xe.
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HECKOJIBKO TO37[HEe, YeM Iporecc 00OMo-
JoTa. 3areM MHTEHCHBHOCTBH Cemapanuu
3epHa MAJaeT, W OIPEICISIONIYI0 POJb
HAauYMHAET UTparh JUTUHA Cenapupyrolle
MOBEPXHOCTH WIIM YIIy4IICHHE YCIOBHH
cemnaparuu.

Psin paGoT momyumn HanOobIIee pH-
3Hanue cpemu yuensix! [11-13]. B pe-
3ylbTare MCCIENOBaHUN Oblla YTOUHEHa
TEPMHUHOJIOTHS, TIPE/UIOKEHBI YPaBHEHHUSL,
MPOBE/ICHO MaTeMaTHYecKoe MOJIEITUPO-
BaHUE MPH BapbHPOBaHWH (PaKTOPOB U Ta-
paMeTpoB 0OMOJaYMBAEMOro Marepuana,
OIIpe/ICTIEHBI METOIBI PacueTa mapaMeTpoB
MOJIOTHJIBHBIX — ammaparoB, chopmyIu-
pOBaHBI TPEeOOBaHMS K HHUM IO TOTEPIM
u npoOmenuio 3epHa [14-17]. Crout BHI-
nenuTh uccienoBanus J. U. Jlumkosmua
u C. A. Andeposa. [lepBriii mccaemoBat
MpoIIeCCchbl 0OMOJIOTa U cerapanyy B pyHK-
MM BPEMEHH JIBWYKEHHST 0OMOJIaYiBaeMO-
ro Marepualia 1o perieTke mnoadapadaHbs,
BTOpOii — 1O myTH ee aBmwkeHus® [18].
B mpeasiokeHHBIX UMM YpPaBHEHUSIX HH-
TEHCUBHOCTh CeMapanuy 3epHa CBsi3aHa

0

C MHTEHCHBHOCTBIO BBIMOJIOTA 3€pHa U3
kojoca [19-21].

MarepuaJibl 1 METOAbI

B xone nccnenoBanus Obl1 IPUMEHEH
JKCIIEPUMEHTAIBHO-TEOPETHUECKHI  Me-
TOA. DKCHEPUMEHT IPOBOIMIIN Ha CIIELH-
ampHOM cTeHze (puc. 1)

MonoTuibHBIM anmapar ¢ HakJIOHHON
Kamepoi ObLT B3AT OT CEPHIHOTO KOMOaitHa
tina CK-5M «HwuBay, koTopblii ObUT T0-
CTaBJICH Ha crenuaibHble cToku. [lepen
HaKJIOHHOH Kamepoil ObLT YyCTaHOBJIEH I10-
JIOTEHHO-TUIAHYaThIi TpaHCIIOpTEp, MOAAI0-
M XJIEOHYI0 Maccy B HAKJIIOHHYIO KaMepy.
XneOHast Macca IpeACTaBIsia coOoi ecte-
CTBEHHbIE CTEOIN C KOJIOCOM, CKOLIEHHBIE
Ha BbIcoTe cpe3a 15-20 cm. Ctebnm paBHO-
MEPHBIM CJI0EM YKJIIBIBAIN Ha TPAHCIIOP-
Tep KosocoM Brepen. [logbapabanne ObLTO
BBITIOJTHEHO 3 TIATH ceKinid. Cexrmu ApyT
OT JIpyra B HWO)KHEH CBOEW YacCTH pa3ieiu-
JIM 37acTUYHBIMU 1TopaMu. [log kaxmoit
CEKIIMEeH  YCTaHABIUBAIH  TPOOOOTOOP-
HUK, YTO TIO3BOJIMJIO M3Yy4YHUTh 30HAJBHYIO
cemapauuio 1o JauHe mnoadapabaHbs.

81 |82 183184]85

P uc. 1. [IpunanunuansHast cxema 1ab0paTopHOTO CTEHAA TS HCCIIe0BAHMUS IPOIIECCOB 00MOIIOTa
U cernapalyi B MOJOTHIBHOM arapare 3¢pHOyOOpOYHOro KoMbaiiHa: 1 — mogaromuii TpaHcmopTep;
2 — HaKJIOHHAs Kamepa; 3 — IIaHYaThlid TpaHcnopTep; 4 — MOJOTWIBHBIN OapadaH;
5 — otOoitHbIi OuTep; 6 — cexkuun noadapadanbs; 7 — CEKLHOHHBIE ITOPBI; 8§ — JIOTKU IPOOOOTOOPHUKOB;
9 — MO IOH HAKIIOHHOM KaMepsl; 10 — HanpaBIIsSIOMKI ITUTOK

Fig. 1. Schematic diagram of the laboratory stand for the investigation of threshing and separation
processes in the threshing mechanism of the combine harvester: 1 — feeder conveyor;
2 —inclined chamber; 3 — slat conveyor; 4 — threshing drum; 5 — beater; 6 — treshing sections;
7 — sectional curtains; 8 — sample trays; 9 — inclined chamber tray; 10 — guiding board

4 Knennn H. 1., CakyHn B. A. CenbCKOX03sIHCTBEHHBIC W METHOPATHBHBIC MAIIHHBI. JJIEMEHTHI TEO-
puH paboYmX MPOLECCOB, PACUET PErYIHMPOBOYHBIX MAPAMETPOB U PEKUMOB PaOOTHI. 2-¢ U31., mepepad.
u pom. M. : Konoc, 1980. 671 c.

5 JIurikoBu D. V. AHanuTHYECKHE OCHOBBI CHCTEMBI MAIIHHBL. PocToB-Ha-J{0HY : POCTOBCKOE KHITK-
HO€ M3AaTeNnbCeTBO, 1983, 112 c.
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TexHonornueckas cxema pacrupeneaeHHs
pasHbIX (pakuuii oOMonayrMBaeMon Mac-
CBI IIPE/ICTABIICHA Ha PUCYHKE 2.

[lomauy 3epHOCOJIOMHUCTOM  Macchl
B MOJIOTHJIbHBIH Oapa®aH M3MEHSUIM OT
1,0 mo 6,0 kr/c yepe3 kaxawie 1,0 kr/c mpu
HCXOTHOM COOTHOLIEHHUH MAaCChl COJIOMBI

M
K Macce 3epHa a, = M3 =1:1. lnanazon

(4
nmoxay 1-3 Kr/c o4eHp BaKeH I OLEH-
KH pabOThl CENEKIIMOHHO-CEMEHOBOIUE-
CKHMX KOMOAaiHOB.
COOTBETCTBEHHO, IS PpaKITHii, TIPO-

HIeAmUX uepe3 mombapabanbe, o, = 73,

C

IIOIIAaBIIUX Ha COJOMOTpSC, o, = y’3’

C

HaXOMISAIINXCSI B MOJOTHJIBHOM 3a30pe,
— MHC
A=y

[M:/\{?"' c

— -

[Todoapadarse

Y=Yy

CnepoBarensHo, M,= VY, + V., a M, =
=V .+ V.. OnbIThI IPOBOAMIN B 3 TOBTOPHO-
CTSIX. ANMPOKCHMALIMIO OIBITHBIX JTAHHBIX
MPOBOIMIIN MO KOMITBIOTEPHOM IIPOrpamMme.

[InoTHOCTE Qpaknuii ompenenuiIy 1o
ypaBHeHuto (1), moiaydeHHOMY B paboTe
9. B. XKannuna u A. H. CaBueHko:

, _(L+a)ry.
ay, +y,

(1)

TJie 0. COOTBETCTBEHHO ¢, O, WIA O, A Y,
1 y. — TUIOTHOCTH 3€pHa U COJIOMBI B CBO-
OOTHOM COCTOSIHUH®.

Pe3yabrarhl ucciie0BaHus

B tabmmie 1 mpeacrarieHa KOJIHYIECT-
BEHHasl OlIEHKa TpoIiecca Cenapalyy 3epHa
1 COJIOMBI Yepe3 1o/10apadaHbe MOJIOTHIIb-
HOTO anrnapara 1 OCTaJIbHON 4acTH, IIOCTY-
TMarole Ha COIOMOTPSAC, COMIACHO PHCYH-
Ky 2, B 3aBUCUMOCTH OT I10J[a49d MacChl ¢.

Omoouksil OUmey

Lonmorompsc

P u c. 2. TexHonornveckasi cxema pacnpeeIeHIs 36pPHOBOI U COIOMUCTON (PaKIHH:
>"M — O6mias nojaya 3epHa ¥ COJIOMBI, KI/c; M; 1 M, — COOTBETCTBEHHO Macca 3epHa U COJIOMBI;
VY, u Y, — KOTUUECTBO 3epHA U COJIOMBI, IPOILEIMINX Yepe3 nmoadapadaHbe;
V. u'Y; — KoIn4ecTBO 3epHa U COJIOMBI, ITOMNABIINX HA COJIOMOTPSIC;
M,; ¥ M,c — KOTHYECTBO 3€pHA M COJIOMBI, HAXOAAIINXCSA B MOJIOTHIBHOM 3330p€

Fig. 2. Technological scheme of distribution of grain and straw fraction:
>M — total feed of grain and straw, kg/s; M, and M. — mass of grain and straw respectively;
V¥, and Y. — number of grain and straw that passed through the drum;
V; and Y? — number of grain and straw that reached the straw walker;
M,, and M, — number of grain and straw in the threshing gap

6 XKamuun 3. B., CaBuenko A. H. TexHonornu y6opKku 3epHOBBIX KOMOAHOBBIMH arperaramMu. M. :
Poccensxo3usmar, 1985. 207 c.
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Craructuyeckas 00padOTKa OIBITHBIX
JAHHBIX BBISIBUJIA CIICAYIOIINE YPaBHEHUS
(2), (3) npu MakcHUMaTbHOM YPOBHE JIOBE-
putensbHOU BepostHoctu 0,90-0,95:

JUTS 3epHa
Y,=0,12 +0,7¢q, xr/c, 2)
JUTSL COJTOMBI
V. =0,18-¢"" xr/c, 3)

e Y, u Y, — COOTBETCTBEHHO 3€PHO U CO-
JIoMa, IIPOILE/IIINE Yepe3 peeTKy monda-
pabaHbs.

[Mpn ucxomno#t momade 0,5 Kr/c Kax-
JIOH (PpaKIIuK OT UCXOHOTO UX KOJIMUYECTBA
yepe3 nopdapadbanbe npoxoaut 95 % 3epHa
1 44 % conomet. [Ipu obmeit mogade 6,0 kr/c
1 KaX1I0H (pakimy 3 Kr/c yepes nondapa-
6anbe npoxoaut 73,6 % 3epHa u 20 % cono-
Mbl. [lomydenHoe mHelHoe ypaBHEeHNE (2)
JUISL AIIPOKCUMAIIMH TIpolecca cerapaii
3epHa Yepe3 PemieTKy noadapabaHbs OTIIH-
YaeTCsl OT YacTo IMPUMEHSIEMOTO SKCIIOHEH-
uuanbHoro ypasHenust M. H. Jleromnesa,
U. ®@. Bacunenko, 2. U. JlunkoBuya u 1py-
rux’. D10, IO-BUTUMOMY, OOBSCHSICTCS TEM,
YTO B HAIIMX KCHEPUMEHTaX ObLIO YYTCHO
BCE 3epHO, TO €CTh CBOOOIHOE Y HEBBIMOJIO-
YEHHOE BMECTE.

OTHOILIEHHE MacChl COJOMBI K Mac-
ce 3epHa ymenblaercsa ot 0,46 no 0,28,
a TJIOTHOCTH yBenuuuBaetcs ot 60,15 no
86 Kr/M® IpHM M3MEHEHHH TIOJaud MacChI
ot 1,0 no 6,0 xr/c.

[T110THOCTD 3EPHOCOIIOMHICTOTO BOPOXa
Ha HayaJIbHOM 4YacTH COJIOMOTpsICA yBEIIH-
upBaercs ¢ 20,7 1o 26,3 Kr/M’ npu yMeHb-
IICHAW OTHOIICHUS 0/ C 11,2 no 2,0 mpu us-
MEHEHWUH UCXOMHOM rojaun oT 1 10 6 Kr/c.

Takum 00pa3zoMm, IJIOTHOCTH BOpPOXa,
MPOIIIE/IIero Yepe3 nogadapadanbe, 00Ib-
nie MIOTHOCTH BOPOXa, MOCTYMAIONIETO

Ha COJIOMOTpSC, B 2,8-3,2 paza. DT AaH-
HBIC TIOJTY4YCHBI BIICPBEIC.

ITomydeHHble 3HaYEHUS TUIOTHOCTH
KXol (pakiuii 00MOIauuBaeMOro BO-
poxXa TIO3BOJMIIM PACCYUTATH TOJIIUHY
(BBICOTY) CIIOSI 3¢PHOCOJIOMHUCTOM CMECH,
HaxoJIsIENcsl Ha CTPSICHOM JIOCKE Mepen
peleTaMu Ha OYUCTKE MPUMEPHO Ha mep-
BOH e€e TpeTH M B Hayaye COJIOMOTpsca.
Pacuers! mpoBeieHbI 110 Gopmylie (4):

h V. +V, )
* VB’

pis o n
e V — CKOpOCTh JBHKEHHS BOPOXa IO
crpsicHort nocke (0,3 m/c); B — mmpuna
CTPSICHOH JTOCKH.

COOTBETCTBEHHO, ISl BOPOXA, IOMAB-
IIEr0 Ha Ha4aJo COIOMOTpsCa,

hc =37’Ca (5)
VeB.y.

e V_ — CKOpOCTh JIBUKEHHsI BOPOXa IO

kiaBuIiam coiaomorpsica (0,5 m/c).

Pesynbrarel pacyeToB CBE/IEHBI B Ta0-
iy 2.

TakuM 00pa3oM, TOJIIUHA CIIOS 3ep-
HOCOJIOMHCTOT'0 BOpOXa Ha CTPSICHOU J10-
CKe o moxbapabaHbeM C yBEITHMUCHUEM
momaun ¢ 1,0 mo 6,0 Xr/c yBenmnauBaeTcs
¢ 2,5 no 10,1 cM, a Ha Hadaje COIOMOTPSI-
ca—c2,2 10 19,3 cm.

HOHy‘-ICHHI)IC JAHHBIC 110 cenapaum/l
3epHa M COJIOMBI M MX TJIOTHOCTH JIAlOT
o01llee TpeICTaBICHUE O pacrpesere-
HUU 36PHOBOM M COJIOMUCTBIX (PpaKIiHii
B MOJOTHIIKE 3€pPHOYOOPOUYHOIO KOM-
OaifHa W MOTYT OBITh HCITOJIE30BAHBI
B PAa3JMYHBIX TEXHOJOTHYCCKUX pac-
YeTax ¢ YTOYHEHUEM KOHCTPYKTHUBHBIX
mapaMeTpoB pabO4YMX OpPraHoB, 3ajcii-
CTBOBAaHHBIX B IIpoIIECCe 0OMOJIOTA 3€p-
HOCOJIOMHUCTOU MacCHhI.

7 JIunkoBu4u D. Y. AHannTHYECKUE OCHOBBI CUCTEMBI MaluHbI ; Bacuienko 1. ®. Teopust coomo-
Tpsica : COOpHHK TpynoB Mo 3emienensieckoir Mexanuke. JL.—M. : Cempxo3uznar, 1961. 1. VI ; Jletom-
HeB M. H. Cenbckoxo3siiCTBEHHbIC MAILIMHEL : Teopus, pacyeT, IPOEKTUPOBAHKUE U UCIIBITAaHUE. 3-¢ U31.,

nepepad. u gon. M.—JI. : Cenbxo3rus, 1955. 764 c.
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TabGununa?2
Table?2

PacueTHast ToIIMHA €105 BOPOXA HA CTPSICHOI JOCKe M B HAYaJIe COJIOMOTpsica
Estimated thickness of the layer on the shaking board and at the beginning of the straw walker

Tonmuaa cnost Bopoxa, MM / Heap layer thickness, mm

HauanpHast nomaua npu o = 1:1, xr/c /
Initial feed at a = 1:1, kg/s

Ha CTPSICHOM JIOCKe TIepes
pemeTaMn OYUCTKHA /
on the shaking board in front

Ha HayaJie colIoMoTpsica /
at the beginning of the straw

of the cleaning grids walker
1,0 25 >
20 36 58
3,0 44 o4
4.0 515 126
>0 68 16
60 101 193

Bosbiioli nHTEpEC NpEncTaBiIseT Au-
HAMHUKa [apaMeTPOB 3EPHOCOJIOMHCTOM
CMECH, HaXOJSIIEHCS HEMOCPEICTBEHHO
B MOJIOTWJIBHOM 3a30p€, TO €CTh B TPO-
CTPaHCTBE MEXKIY IUTaHKaMu Toa0apada-
Hbs U OWYaMH MOJIOTHIILHOTO OapadaHa.
O6bem sTOrO MpocrpancTea V, paccum-
TaH IO KJIACCHYECKOMY YPaBHEHHIO pac-
yeTa 00beEMOB 00bEKTa HCCIIENOBAHMUS:

V,=B -1 -h, W, (6)
rae B, mupuHa TmondapabaHbs, M;
/. — nnHA cekuuu moadapabaHbs Mocie
paseprku ([, = 0,17 m); 7 — Bennunna
MOJIOTHJIBHOTO 3a30pa IO CEKITHEH IMoj-
bapadanbs (I — 20 mm; I — 16 mm; 11T —
12 MMm; IV — 8 Mm; V — 5 Mm).

O06oOmIeHHbIe  TaHHBIE TPEACTaB-
JIeHbI B TaOnuIe 3, U3 KOTOPOU CIEAyeT,
YTO IUIOTHOCTH CMECH, HaXOSIIEHCs
B MOJIOTHJIBHOM 3a30p€ B CIKaToM CO-
CTOSHUM 3HAYUTEALHO OTIMYAETCS OT
TUIOTHOCTU (ppaKIMid, TPOIIEANINX Yepe3
nonbapabaHbe, W TEX, KOTOpBIE IIOMa-
JY Ha Ha4yaylo coloMoTpsica. [lmoTHOCTH
3€pHOCOJIOMICTOTO BOPOXa B CBOOOIHOM
COCTOSTHHH, TIPOIIEAIIETO Yepes3 moadoapa-
OaHbe, TP U3MEHEHHUH TTO/1a9H B 6 pa3 oT
1,0 mo 6,0 xr/c m3menmnace B 1,42 paza
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(c 60,15 no 86 xr-c'/m*), a momamBero
Ha coimoMoTpsic — B 1,2 paza (c 21,7 mo
26,3 xr-c’'/m*). B T0 ke Bpemsl IIIOTHOCTh
CMECH, HaXOJISIICHCS] B MOJIOTHIIBHOM 3a-
3ope, yBenuuuBaetrcs B 10,4 u 1,34 pasza
COOTBETCTBEHHO, JOCTHUTas Ha Tofaye
6 xr/c 236,7-318,0 kr-c’!/m® Hax mepBoi
CeKIiel moxbapabaHbs 10 TOCICTHEH.

Taxme BbICOKME 3HAYEHUS TIIOTHOCTH
CMECH B MOJIOTHIIFHOM 3a30p€ OOBSICHAIOT
0o0JIbIlINEe HATPY3KU HA MOJIOTUJIBHBIN aIl-
napar, MOBBIINICHHBIA U3HOC Ouuel Oapa-
0aHa 1 mIaHoK noadapabaHks Ha MoJaYax
Macchl OT 3 KI/C ¥ BBIIIE, YTO ONPaBJIbI-
BaeT UJCK NEPEMEHHOI0 3a30pa Mpomop-
LUOHANBHO 3a1aue [22].

O0cy:x1eHue U 3aKJII0YeHne

[IpoBeneHHbIe MCCIEOBAaHHS TIOKa3a-
JIM, YTO TIPOLIECC Cerapaluy 3epHa depes
pemeTky rmoadapadaHbs B 3aBUCHMOCTH OT
nmoAa9r 00MOIa9nBaeMoi XJIeOHOH MacChl
COJIOMBI K Macce 3epHa aIrmpoOKCHUMHUPYET-
Csl IMHEWHBIM YpaBHEHHEM, a Ceraparius
COJIOMHCTBIX YaCTHI[ — IO SKCIIOHCHIIU-
AJIbHOM B 3aBHCHMOCTH OT MCXOJHOM HMX
MOJIa4M TIPH JIOBEPUTEIBHOM BEPOSTHOCTH
0,90-0,95.

B undpoBoM BBIpaXCHUU KOIHYECT-
BO 3€pHA, MPOIIEIIEro 4epe3 moaodoapa-
Oanbpe, ymensbiraercs ¢ 95,0 o 73,6 %,
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Tabnuma3
Table3

PacueTHasi CeKyH/IHAsI JIOTHOCTh 3€PHOCOJIOMHUCTOM cMecH, K¢ '/M%, B MOJIOTHIILHOM 3a30pe
10 CeKIMAM NMoA0apadaHbsl B 3aBUCUMOCTH OT UCXOAHOI Mogaqyu

Calculated second density of grain-and-straw mixture, kg-s™'/m?, in threshing gap by threshing
sections of the concave, depending on the initial feeding

TTokasarenu / Indicators

Cexuyu nondapadanss / Concave sections

Bennunza MonoTHIbHOTO 3a30pa, MM / Threshing clea-
rance, mm

O0beM MpoCTpaHCTBa MEKLy Onuamu OapabaHa ¥ TUIaH-
kamu nonbapabanbsi, M>/ The volume of the space be-
tween the drum beats and the threshing section slats, m®

KonmuecTBo 3epHOCOIOMHUCTON CMECH B MOJIOTUIEHOM
3a3ope, kr/c / Quantity of grain-and-straw mixture in the
threshing gap, kg/s

Hcxomuast momaga, kr/c / Initial feeding rate, kg/s

1,0
2,0
3,0
4,0

5,0

6,0

a COJIOMHCTBIX vactull — ¢ 44 1o 20 % ot
HX UCXOIHOI0 KOJIMYECTBA B 0OMOIaYnBa-
€MOM MaTepuasie Ipu H3MEHEHNH TIOJavH
¢ 1,0 7o 6,0 kr/c.

C yBeTMYICHHUEM ITOIaYH 0OMOJIadnBa-
eMoit XJ1e0HOM Macchl B mecTh pa3 ot 1,0
110 6,0 Kr/c cekyHjHas IJIOTHOCTh BOPO-
Xa, MPOIICNIIEro Yepe3 PeleTKy mnojada-
pabGaHbsi, yBenuuuBaercs B 1,43 pasa oT
60,15 o 86,00 kr-c™'/mM?, mIOTHOCTH BO-
poxa, TOMAaBIIEro Ha HA4YajJ0 COJIOMOTPSI-
ca,—B 1,21 paza ot 21,7 10 26,3 xr-c /™,
a TUIOTHOCTh 3€PHOCOJIOMHCTOTO BOPOXa,
HAXOJSIIETOCsSs B MOJIOTHIIBHOM 3a30pe
h Ha TocIleIHeW CeKIWu ToadapabaHbs,
yBenuuuBaetcsa B 10,43 paza ot 30,5 10
318,0 kr-¢c”!/M?, 4TO OOBACHAET MOBBILLIEH-
HbIC Harpy3Kd Ha JCTaJld MOJOTHUIIBHOTO
amnmapara W TOBBIIICHHBIA M3HOC Omuei
OapabaHa U MIaHOK Mo0apadaHbs.
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I | 1l | 1 | v | v

20 16 12 g 5
000403 000321 00024 00016 0,001
00915 00762 0061 00458 0,03

III0THOCTH 3ePHOCOTIOMHCTON CMECH
B MOJIOTHIIBHOM 3a30pe / Grain-and-straw mixture
density in the threshing gap

22,7 23,8 254 28,6 30,5
65,3 71,3 75,8 85,0 91,0
1489 1560 1666 1881  200,0
1540 1613 1725 1943  207,0
196,5 2056  220,0 2475  269,0
2367 2483 2630 3000  318,0

C yBemn4yeHHWEeM TIOfa4d 0OMoJIa-
ypBaeMoM xJjieOHoM wmaccel or 1,0 10
6,0 Kr/c TOMIMHA CIIOSI BOPOXa, ITOTIaB-
IIIeTO Ha CTPSICHYIO JIOCKY, TIepes pere-
TaM{ OYHMCTKH yBEIWYHBAETCS OT 25 10
101 MM, a ToMImUHA CIIOST BOPOXA, MTOTIaB-
IIer0 Ha Hayajao coJoMoTpsica, — OT 22
10 193 MM, 4TO cleyeT y4yuThIBaTh MPH
000CHOBaHMU KOMITOHOBOYHBIX Tapame-
TPOB MOJIOTHJIEHO-COJIOMOTPSCHON TpyT-
bl pa00YMX OPTraHOB.

Hayunass HOBHU3HA MPOBEACHHOTO
WCCJIeIOBAHUSI COCTOHT B TOM, 4TO BIIEp-
BBI€ TIOJTyYEHbI aHATUTHYECKUE BhIpaXKe-
HUS I ©3MEHEHUs MapaMeTpoB, KOTO-
pBI€ paHbIlIe HE U3yJaINCh: KOITUIECTBO
Npoueamed 3epHOBOM M HE3EpHOBOM
4acTH OOMOJIaYMBAaEMOT0  Marepuala
B IIUPOKOM Auanaszone mojadu ot 1,0 mo
6,0 Kr/c B peasIbHbIX DKCILTyaTallHOHHBIX
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YCJIOBUSIX; IJIOTHOCTh MaTepHaia 1o JUI1-
He moja0apadaHbs TONIIMHBI BOpPOXa Ha
CTPSICHOH JIOCKE U COJIOMOTpSICa B Ha4Yallb-
HOU CTaJUH.

Teoperndeckoe 3Ha4YCHHWE pE3yIbTa-
TOB HCCIIEJIOBaHUS COCTOUT B TOM, HTO
JIOKa3aH pa3HbBIi XapaKTep BBIICTICHUS
3epHA U HE3EPHOBOH YacTH ypoXKas uepes
noj0apadaHbe. DTOT MPOLECC AIPOKCH-
MHUpyeTCs JIMHEHHBIM ypaBHEHUEM (2),
a JUIsl COJMIOMBI — OKCIOHECHITMAIBHBIM
ypaBHeHueM (3). Panee He mpoBogmiuch
UCCIICZIOBAHUSl 10 HM3MEHEHHUIO IUIOTHO-
CTH W TOIIIMHBI CJIOS 36PHOCOJIOMHUCTOM
CMECH, TIOCTYTAIIEH HA OYUCTKY H OT-
JIEIBHO Ha cooMmoTpsic. Hamu ycraHoB-
JICHO, 4TO B Auamna3oHe momadn ot 1,0 go
6,0 xr/c (tabmn. 1, 2) UIOTHOCTH BOpOXa
CMECH B MOJIOTHJIBHOM 3a30pe IO JIJTHHE
nonoapabaHbs U3MEHICTCS OT HavyajIbHO-
TO 3a30pa J0 KOHEYHOTO.

[IpakTrueckas 3HAYUMOCTH PAOOTHI
COCTOMT B CJIEIYIOIEM:

1. TlomydyeHo Oosee KOMILIEKCHOE
NpeACTaBIeHHE O Tmpolecce 00MoJIoTa
U cerapanyy 3epHa U HE3EPHOBOM 4acTh
ypoxas. MccnenoBanus mo nM3MEHEHUIO
Cernapaunny COJIOMbI paHee HE IMPOBOAHU-
JIMCh B TAKOM JIMAIa30HE MOAAY.

2. BbIsiBIeHBI KPUTUYECKHE TOYKH M3-
MEHEHUsI TIIOTHOCTH 0OMOJIaYMBAEMOTO Ma-
Tepraia B MOJIOTWJILHOM amiapare, 4yTto IpH
OTCYTCTBHH CPEJICTB aBTOMATW3aLlU Tpe-
Oyer or komOaiiHepa HE Tieperpy:karb Mo-
JIOTHIKY KOMOaifHa, IIOTOMY YTO IIOTHOCTh
Marepraa g0xomut 10 300 kr/mv?. Do mpu-
BOJIUT K OOJBIIOMY TPaBMHUPOBAHHUIO 3€pPHA
¥ OTIPABBIBACT UICIO M3MEHEHHS MOJIOTHIIb-
HOTO 3a30pa M0 BCEH JUTHHE of0apadaHsbsL.

3. IlonydeHHbIE JaHHBIE MOTLYT
OBITH HCIONB30BaHbl NPHU MPOEKTHPOBA-
HUM HOBBIX KOHCTPYKLHUH MOJIOTHJIBHBIX
YCTPOHCTB KOMOAWHOB C Y4ETOM PEKOMEH-
JIlyeMbIX MapaMeTpPOB TONIIUHBI CIIOS 3ep-
HOCOJIOMHCTOTO BOPOXa M aBTOMATHYECKO-
TO pErylIHpOBaHUs MOJIOTHIIBHOTO 3a30pa.
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06 asmopax:

Kanunn Jnyapn BukropoBud, 3aBeyromuii OTIEIOM TEXHOJIOTHH M 000PYIOBaHHMS Ul 3€pHO-
BBIX, 36pHOOOOOBBIX M MAaCINYHBIX KyJIbTyp DenepaibHOro HaydHOro arpoMH)xeHepHoro neHrpa BUM
(109428, Poccuiickas ®enepauns, r. Mocksa, 1-if UHCTUTYTCKMI npoe3n, A. 5), JOKTOP TEXHUYECKUX
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3asenennviii 6k1a0 agmopos:

3. B. XajHuH — HaydyHOE PYKOBOJICTBO, OPMYIIUPOBAHNUE OCHOBHOW KOHIICTIIMH, [ICJIH U 3a/a4 HC-
CclieIoBaHus, pa3paboTKa METOIOB UCIIBITAHUIA, T0paboTKa TEKCTa, POPMHUPOBAHKE BHIBOJIOB.

M. E. YaruibIrus — moJiroToBKa epBOHAYAIBLHOTO BApHAHTA TEKCTA, aHAITU3 JTUTEPATyPHBIX HCTOUHH-
KOB, BU3yallH3allusi, 10padoTKa TeKCcTa, (GOPMHUPOBAHUE YACTHBIX U OOIIMX BBIBOJIOB.

Bce asmopul npouumanu u 0006punu oOkKoHUAMENbHLLI 6APUAHIN PYKORUCU.
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Teopernueckoe uccjiefoBaHue MOIKANBIBAIOIIETO
Jemexa kapTogesiey0opo4HOro arperara
JJI51 CHUKEHUSI IOTEPb YPOoKasi U IPO3MHU MOUYBBI
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Annomauus

Bseoenue. KauecTBo paboThl KapTo(hesreyOOpOUHBIX MAllUH, Hapsgy ¢ KOHCTPYKTHB-
HOM 0COOCHHOCTBIO, 3aBUCUT OT crocoba ybopku kaprodens. BoznensBanne kaprode-
JIsL IPEyCMaTPUBACT BBINOJIHEHHE KOMIUIEKCA MEPONPHATHI, HAIIPABICHHBIX HA MOBbBI-
IICHWE ¥ COXPAaHCHME KadecTBa TOBAPHOI MPOMYKIUH MpH yOopke Kaprodens. B cBsa3u
C 3THM JUIsl CHUJKEHHS [IOTePb YPOXKas U IPEJOTBPALLECHHS BETPOBO SPO3UH TTOUBBI IIPE/I-
JlaraeTcs arperar u crnoco6 yoopku kaprogens. YToOb yMEHBIIHTH KOINIECTBO KOMKOB,
COM3MEPUMBIX C pa3MepamMu KiIyOHeH, Iepe] O/KaIbIBaloIMM padOdiM OPraHOM KapTo-
(eneyObopodHOTro arperara yCTaHaBIMBAIOTCS PHIXJIMTEIbHBIC JTambl. L{ens padoTsr — mpo-
BECTH TEOPETHYECKOE HCCIICJOBAHUE TTOAKAIBIBAIOIIETO paboyero oprana kaprodeneyoo-
POYHOTO arperara JyIsi CHI)KCHUS TIOTEPh YPOXKask H SPO3HUH ITOUBEL.

Mamepuanvt u memoost. TIpoanan3npoBana padoTa MojiKaIbIBaroLero jgemexa. Ero yrom
HaKJIOHA K TOPU30HTY 00yCIIaBIMBACT HAUMEHBIIIEE CIPYKHBAHUE JIEMeXa, MUHIMAIIbHOE
COIPOTHBIICHUE JIBHXKEHUIO IOYBEHHOTO IIACTa U PALIMOHANIBHYIO BBICOTY IOJbEMa Mac-
cbl. ParronansHoe 3HaUCHUE yIvIa HAKJIOHA JIEMeXa OIPEAEICHO C YIE€TOM YCIIOBHS, UTO
CHJIa MOAIOpA I1acTa JOJKHA ObITh MUHUMAIIBHOI.

Peszynemamut uccnedosanus. Ilpenyioxxena MaTeMaTndecKkasl 3aBHCHMOCTD OIIPEICIICHHUS
PALMOHAIBLHOTO 3HAYCHHS yITIa HAKJIOHA JieMexa, 00y CJIaBInBAIOIIEero MUHIMAIbHOE 3Ha-
YeHHEe CIIIBI TTOTIOPA IIacTa, JeUCTBYIOIEeH B0 JeMexa. B pesynbrare uccienoBanuit
HOCTPOEHBI rpaIeCcKre 3aBUCUMOCTH PALIMOHAIBHOTO 3HAYEHUS yIVIa HAKJIOHA JieMeXa
oT ko3 uUIHeHTa TPEHHMS MTOYBHI O JIEMEX U BBICOTHI IIO/[bEMa IITACTa ITOYBEI JIEMEXOM OT
OITUMAJILHOTO 3HAYEHMS yIVIa HAKIIOHA P (PUKCHUPOBAHHOI JAIMHE JemMexa.
Obcyorcoenue u 3axniovenue. IIpyu IPOBEICHNH TEOPETUUCCKUX UCCIETOBAHHHN ITOKAIIBI-
BAIOIIETO JIeMeXxa KapTodeneyOopouHOro arperara y4uThIBaJIUCh TUII OYBBI M KO DH-
IUEHT TPEHHUS ITOYBEHHOTO Iuiacta o Jemex. OmpeneneH paroHaNBHBIA yrojl HaKJIOHA
jeMexa, Ipu KoTopoM OyzneT oOecredeH ONTHMANbHBIN pa3Ball IulacTa ¢ MUHUMAalbHbIM
CTpy>KHBaHHEM. DTO 00SCIIEUHUT CHIDKEHHE TT0TePh ypOKast.

Kniouesvie cnoga: cemnapanys nouBsl, KapTodeneyOOopodHbI arperar, 31eBarop, yroi Ha-
KJIOHA JIeMeXa, CUJIa MOANOpA M1acTa, SPO3Usl MOUBBI
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Theoretical Research of the Potato Harvester Lifting
Plowshare to Reduce Yield Losses and Soil Erosion

P. I. Gadzhiev", E. V. Shestakova, G. G. Ramazanova
Russian State Agrarian Correspondence University
(Balashikha, Russian Federation)

™ pgadjiev@yandex.ru

Abstract

Introduction. The potato harvester operation quality depends not only on the design fea-
tures, but also on the method for harvesting of potatoes. Cultivation of potatoes involves
the implementation of a set of measures aimed at improving and preserving the quality of
commercial products when harvesting of potatoes. In this regard, to reduce yield losses
and prevent wind erosion of soil, a unit and method for harvesting of potatoes is proposed.
To reduce the number of clods commensurate with the size of tubers, there are installed
ripper tines ahead of the potato harvester tool. The aim of the work is to conduct a theo-
retical research of the tool of the potato harvester to reduce yield losses and soil erosion.
Materials and Methods. The lifting plowshare operation has been analyzed. Its angle to
the horizon determines the least displacement of the lifting plowshare, the minimum resis-
tance to the soil layer movement and optimal height of lifting soil mass. The optimal value
of the plowshare inclination angle has been determined taking into account the condition
that the back pressure of the soil layer should be minimal.

Results. There has been proposed a mathematical dependence for determining the optimal
value of the angle of plowshare inclination, which determines the minimum value of the soil
layer back pressure acting along the plowshare. As a result of the research, there have been
plotted graphical dependences of the optimal value of the plowshare inclination angle on
the coefficient of soil friction on the plowshare and dependences of the height of a soil layer
lifting with the plowshare on the inclination angle optimal value at a fixed plowshare length.
Discussion and Conclusion. In carrying out the theoretical research of the potato harvester
plowshare, the soil type and coefficient of a soil layer friction on the plowshare were
taken into account. There has been determined the optimal angle of plowshare inclination
to provide optimal breaking down of soil with minimum soil bulldozing, thus ensuring
reduction in yield losses.

Keywords: soil separation, potato harvester, elevator, plowshare angle, layer back pres-
sure, soil erosion
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Beenenne

KagecTBo yOpanHOTO KapTtodens 3a-
BHCHUT HE TOJIBKO OT paboOTHI KapTodere-
yOOPOYHBIX MAIIIMH U UX KOHCTPYKTHBHBIX
0COOCHHOCTEH, IOYBEHHO-KIMMATHYCCKHUX
YCIIOBHI, HO M OT CaMMX TEXHOJIOTUHA BO3-
nenpiBanus kaprogens [1-3]. Henmo-
CTaTKOM MOAKAaIMbIBAIONIEr0 padodero

264

oprana KaptoderaeyoopOoIHBIX MAIIIH SIB-
JISIETCS TO, YTO MIOYBA IIPH TIOJIKOIIE BMECTE
C KJIyOHEHOCHOW MacCOH pa3BauBaCTCS
1o cTopoHaM. B pesynbrare 3T0TO Mpowuc-
XOJIUT TIOBPEXKJICHUE KIIyOHEH pabouumu
opranamu kombaiina [4—6]. ns ycrpane-
HUS 9TOH TpoOsieMBbl pa3paboTaH arperar
U TIPEUIOKEH croco0 yOopku KapTodeis,
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MIPU KOTOPOM TepeJT MOAKAIBIBAIOLINM Op-
TaHOM yCTaHABJIMBAIOTCS JIOMOJIHUTEIb-
Hble pbIXJHUTENbHbIE jamnel [7]. Iloreps
npu yoopke kaprodesst B OCHOBHOM TpoO-
UCXOOUT BBUAY TOBPEKICHUS KIIyOHEH
IpU NPOTACKUBAHUU MX C IOYBCHHBIMHU
KOMKAaMH Ha CENapupyOLIeM 3JIeBaToOpE.
UTo0OBl YMEHBIIUTH KOJINYECTBO KOMKOB,
COM3MEpPHMBIX C pasMepamu KITyOHEH,
MIPEJIaraeTcsi yCTAHOBUTH PBIXIUTEIb-
HBIE JIAMbl B MEXAYPAIbsIX arperara [8; 9].

Ilo manabmM IIpumopckoro I'CXA,
«pBIXJICHHE MEXIypsaud mepen yoop-
Kol Ha ryouny 14-16 cm cHUXaeT co-
JiepkaHue npumeceil B Bopoxe Ha 10 %,
a TMOBpeXxJcHHE KiyOHed 1,5 pazan'.
BerpoBast 3po3ust mOYBBI OTPHLATEILHO
BIIMsIET Ha nepocdepy. B pesynprare npu-
MEHECHMSI TSKEIIOW CeNbCKOXO3AHCTBEH-
HOW TEeXHUKH W MHOTOPA30BBIX ITPOXOJIOB
npu yOopke KapTtodes ILI0A0POIHbIH
CJIOM TOYBBI PACHbUISETCS W CHyBaeTcs
BetpoM [10-13]. Ilpu sTom «yBenuuu-
BaeTCs Jerpajanys MoyB M yMEHbILIAET-
csl TUIOIAJb MOYBEHHOIO TOKpPOBA M3-3a
NPEBpALICHUS TUIOAOPOAHBIX MOYB B Iy-
cThIHUY [14]. Dpo3ust MOUBBI YHUUTOKAET
BEPXHHE TYMYCOBBIE TOPU30HTHI, B KOTO-
PBIX COCPEIOTOYEHO IOYBEHHOE IIIO0N0-
poaue. C pa3BUTHEM UHIYCTPUU TSHKETIOU
CEJIbCKOXO3SIICTBEHHOM TEXHUKHU TMpeJi-
OTBpAIllEHHE BETPOBON 3PO3UH SBISAECTCS
aKTyaJbHBIM BoripocoM [15-17].

Lens nccnenoBaHusi — MPOBECTH Te-
OpeTHYECKOe MCCIIEeI0OBAHNE MOKalbIBa-
rolero pabodero oprana kaprodesneyoo-
POYHOTO arperara, 4ToObl pEeKOMEHI0BaTh
KOHCTPYKTUBHBIE M TEXHOJOTHYECKHE
napameTpbl, KOTOPbIC MO3BOJIAT CHHU3UTh
NOTEpU ypoKas B BHUIE MOBPEKICHUS
KIIyOHel 1 3a01aroBpeMeHHO MpeIoTBpa-
TUTb BETPOBYIO 3PO3MIO IIOUBBI BO BPEMS
yoopkHu KapToders.

0030p uTEpaTYpPHI

H. M. KanpgaymnoB ycioBHO pazienu
npouiIb KapTopenbHON TPSIIKU 1O CBSI3-
HOCTH Ha 6 30H U IS KaXI0H OIpeen
paspyliampiee yCuianue s IMOYBEHHBIX
00pasIoB:

1. KopkoBas 30Ha C TONIKUHON
10-15 mm, TpeOyemoe pazpymiaromiee
ycunue 7,86—-10,78 H.

2. 30Ha, KOTOpasi pacroyioKeHa HUKe
MO BCEMY MEPUMETPY KOPKOBOM, Ha3bIBa-
ercst peixsbiM cioeM. OHa paspymaercs
MpH C1a00M IPUKOCHOBEHHUH.

3. 30Ha HIKE PBIXJIOW 30HBI Ha3Ba-
Ha mepexonHol. TpeOyemoe paspyriaio-
1iee YCHJIME OTHOCHTEJIBHO HEBEIHKO:
2,9-49 H. B 30Hy BXOOUT MaxOTHBIN
CJIOH, HE TIOJIBEPKESHHBIN Jie(hopMaIiy OT
TPaKTOPHBIX KOJIEC.

4. IInoTHas 30Ha pacroioxkena 1o 6o-
KaM Tpsaku. [y Hee pa3pyliaoniee ycu-
nue pasHo 3,88-3,72 H.

5. JIst 30HBI MEXIYPSIANA HEOOXOIH-
Moe ycumnue 7,86-9,80 H.

6. 30Ha HaKOOJIBIICH TNIOTHOCTH HAXO0-
JIATCS] Ha HWOKHEM ciioe Tpsaku. st 1aH-
HOH 30HBI pa3pylIAIOIee YCUITNE BBICOKOE
u konebsercst B mpezaenax 12,7-24,5 H2,

Kak BuIHO 13 aHaITN3a UCCIICOBAHUH,
camble OOJBbIIAE Pa3PYIIAIONIUE YCUITHS
JUTSL YITYUTICHUS Pa3phIXJICHHS TIOYBHI 110~
TpeOyrOTCS B YETBEPTOW W IIECTOW 30HE
KapTo(eTbHOM IPSAKH, TIIe OO0IbIIIe BCETO
TIpUKacarTcs Kojieca Tpakropa (puc. 1).

Jns  ocyiiecTBieHus JTaHHOW TeX-
HOJIOTUU TIpu yOOpke Kaprodens mpen-
JIOXKEH KapTodeneyOOpoUHbI — arperar,
oO0mMi BUJ KOTOPOTO TOKa3zaH Ha pu-
CyHKe 2a; Ha pUCyHKe 2b — TEeXHOJIOTH-
yeckas cxeMa KaprodeneyoopouHoro
arperara; Ha PUCYHKe 2¢ — (parMeHTHI
PaCIONIOKEHUS PBIXJIUTEIbHBIX JIall B Me-
KAYPSIIBAX ¥ IOJIKAIBIBAIOIIETO JieMexa

! Boukapes B. B., Kusiko H. B., O6yxoB B. I1. Y6opka u xpanenue kaproelisi, KOPHEILIOAOB U OBO-

nrel : yueOH. mocodbue. Yecypuiick, 2015. 132 c.

2 Kangaysnos H. M. VccrenoBanue CBI3HOCTH KapTO(EIbHOM IPSIKH U €€ BIMUSHHUS Ha BBIOOD TEX-
HOJIOTHYECKHUX U KOHCTPYKTHBHBIX IApAaMETPOB KapTodesieyOOpOUHBIX MAIKH : aBTpoped. JuC. ... KaHI.

TexH. Hayk. MuHck, 1964. 20 c.
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Puc. 1. TpeGyemoe paspyrmiaromiee yCHiIne B 3aBHCUMOCTH OT POMMIIs KapToPeTbHOH TPSAKH:
1 — xopKOBasi 30Ha; 2 — PBIXJIBLI CJI0H; 3 — nepexofHas 30Ha; 4 — IUIOTHAsI 30Ha; 5 — 30Ha MEXKypsiuil;
6 — 30Ha HanOOMBIIEH IOTHOCTH

Fig. 1. Required breaking force depending on the profile of the potato bed: 1 — crust zone;
2 —loose layer; 3 — transition zone; 4 — dense zone; 5 — row spacing zone; 6 — highest density zone

COOTBETCTBEHHO. YCTaHOBJIICHHBIE PBIX-
JTUTENThHBIC JIAbl HEMOCPEACTBEHHO 00-
pabaThIBAIOT 3TH 30HBI MEKIY TPSAIKAMH.

Omnmune padoTsl KapTodernekonare-
T TI0 TIPEIJIOKEHHOMY CTIOCO0Y 3aKITo-
4aercsi B TOM, YTO MEPe/l BhIKAIIBIBAHHEM
KIyOHEH HIEeT pBIXJICHUE MEXIypsSani
B olOyactu 3aneranus kinyonen. [locie
BBIKAIBIBAHUA KapToQenss MPOUCXOIUT
cemnapanusi BOpoxa, OTCEsTHHbIE KITyOHH OT
MOYBBI M JPYTUX NpUMecel HakaruBa-
IOTCSI B EMKOCTH, a B IOCJICAYIOIIEM T10p-
[IUSIMU BBITPYKAIOTCS Ha yOpaHHOE TI0JTe.

Pabora kaprodeneybopouHoro arpe-
rara TPOWCXOAWT CIIEIYIOIIUM 00pa3oM.
IIpu mpoxose arperar BBIKarbIBaeT KITyO-
HHU C Pa3pbIXJICHHOW TPSIKK M TiepeaeT
Ha cenapupyroume sseBaropbl. [Ipuuem
nepe]] BBbIKAIbIBaHHMEM KIyOHEeW rpsii-
Ka paspbIXJBIETCS] PHIXJINTEIBHBIMHU Ja-
NaMH, YCTaHOBJICHHBIMU Iiepell BbIKa-
OBIBAIOIIMMHE  JieMexamu. [ co3manust
266

MPOTHUBO3PO3UOHHON NPErpasibl OAHA Jana
PBIXJIMTENST YCTAHOBJICHA Ha OOJbLIyIO
DIyOWHY, YeM OCTalbHBIC. BBIKOITaHHEIHI
KIIyOHEHOCHBIH IIJIACT IPOXOJUT Yepe3 ce-
MapupYIOIIKE 3IEBATOPHI, OTCENapHUPOBaH-
Hasl TI0YBa BO3BPAIACTCS HA TIOBEPXHOCTD
noms, a KIyOHu Kaprodens MOCTYyHaroT
B JI03aTOP-HAKONINTENb, YCTAHOBJIEHHBIN 32
BTOpBIM d1neBaropaM [7]. «Ilpu mocrarou-
HOM HalloJIHEHUH HaKOIUTEIS OTIEpaTop U3
KaOWHBI TPAKTOpa Yepe3 CUCTEMY PbIUaroB
BO3/IEIICTBYET HIAPHUPHBIM ToJKaTenem [/
Ha BBITPY3HYIO CTEHKY 7/, IPH 3TOM YyCTa-
HOBJICH TOJIKATEJIb TAK, YTO CBOUM ILICUOM
BO3ICHCTBYET Ha (Qukcarop 9, KOTOPBIH
BBIXOJIUT U3 3aMKa 3a1leNku / (), BeIrpy3Has
CTEHKa OTKPBIBAETCS, M HAKOTUICHHBIHN Kap-
To(erb B OOIBIIOM KOJTHYECTBE pasrpyrka-
€TCsl Ha TOYBY B OIPEAETICHHBIX MecTax
Y BIIOCJIEICTBUM TOAOHpAETCs W OTIpaB-
JII€TCA Ha CTAlMOHAp Ul JajbHEHIIeH
00paboTku u nmepepadboTku» [7].
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P u c. 2. a) O6uwmii Bux kapTodeneybopodHoro arperara; b) TeXHOIOTHYECKAs cXeMa
kapTogeneybopoyHOro arperara; ¢) pparMeHTbl PaCcIOIOKESHHS PHIXJIUTEIBHBIX JIAIl B MEXKITYPSIIBIX
1 TTOIKAIIBIBAIONIETO JIEMEXa COOTBETCTBEHHO; | — SHEPTrOCPE/ICTBO; 2 — MOAKATBIBAIOIINH JIEMeX;

3 — cenapupyoLIre IeBaTOPbI; 4 — PHIXJIUTEIbHBIC JAIbl; 5 — J103aTOP-HAKOITUTEIb;

6 — caMOyCTaHaBIMBAIOMIEeCs KOJIECcO; 7 — BRITPY3Hasl CTEHKa; 8 — MIapHUPHOE 3aKpeTIeHHEe CTCHKH;
9 — dukcarop BbIrpy3HO# cTeHkH; 10 — 3amenka; 11 — mapHUPHBIN TOJIKATEIb;

12 — BBIKanbIBaHUE KITyOHEH

Fig. 2. a) General view of the potato harvester; b) process scheme of the potato harvester;
¢) fragments of the location of ripper tines in between the rows and the lifting plowshare respectively;
1 — power tool; 2 — lifting plowshare; 3 — separating elevators; 4 — ripper tines; 5 — metering pump;
6 — self-aligning wheel; 7 — ejector wall; 8 — hinged wall fastening; 9 — ejector wall fastening; 10 — latch;
11 — hinged pusher; 12 — tubers digging out
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Kak Obu0 ykKa3zaHo, 3ajmaueii KapTo-
(heneyOopouHOTO arperara TaKXe SBIIS-
FOTCSl IPOTUBO3PO3HUOHHBIC MEPOIIPHUSITHS
JUTSE TIPEAOTBPALICHUST BETPOBOW 3PO3HUH
Mmo4Bbl. V3BECTHO, YTO B TPHUPOAE TIOX
BO3/ICICTBHEM aTMOC(EpPHBIX OCaIKOB
M BEeTpa, a TaK)Ke MEXaHWYECKOTO BIIHS-
HUS TIPOMCXOUT TMOJIHOE MJIM YACTHUHOE
YHUUYTOKCHHUE MMOYBEHHOTO M PACTUTEIIb-
HOTO MTOKPOBOB B BUIEC dPO3HUH MOYBHI [11;
12; 18]. Ee oObem B OOJIbIICH CTENCHH
3aBUCUT OT crocoba 00pabOTKH MOYBBI
U B MEHBUIEH OT CBOWCTB CaMOM IOY-
BbI. JlJIs 3alMTHI MaXOTHBIX 3€MeENb OT
BETPOBOM DPO3UH TPUMEHSIOT KOMILIEKC
MIPOTUBO3PO3UOHHBIX MEPOTIPUSTHH, BKITFO-
YarImui B ceds cuctemy Oe30TBAIbHOM
00pabOTKH TIOYBBI, COKpAIICHUE YH-
Clla TIPOXOIOB CEIIbCKOXO3IHCTBEHHBIX
1 TPAHCIIOPTHBIX MAIIMH 110 moyisiM. Hau-
Oonee pacmpoOCTPaHCHHBIMU pPabOUYUMU
OpraHaMy TMPOTHBO3PO3UOHHBIX TOYBO-
00pabaTpIBAIOIINX ~ OPYAUH  SIBISIOTCS
TUIOCKOPEKYIIHUE TITyOOKOPBIXJIUTEIIBHBIC
nanbl. [logpe3aHHbId TIACT TOYBBI pas-
pBIXJsieTcss W majgaer 0e3 obopora, HpU
3TOM CTEpHSI OCTAeTCsi Ha TMOBEPXHOCTH
MoJIs, MeJKue (Ppakiuu MOBEPXHOCTHOTO
CJIOSl TIOYBHI MPOCHITIAIOTCS BO BHYTPEH-
HHUE CJIOM IIJIacTa, CIIoCOOCTBYS SPO3HOH-
HBIM TiporieccaM [ 19; 20]. «Takoe BBITTIOIN-
HEHUE KapToderneyOopoIHoro arperara
U crocod yoopku Kaprodens mO3BOJISIOT
YMEHBIIUTh HCIIOJIb30BAaHUE TPAHCIIOPT-
HOM TEXHUKH, KOTOpas BO3JAEHUCTBYET Ha
3PO3HI0 TOYBBI, MOBBICUTH MPOU3BOJIHU-
TEIBHOCTh, YMEHBIIUThH HCIIOJIb30BaHUE
PYYHOTO Tpylda ¥ YMEHBIIUTH SPO3HI0
MOYBBI [7].

MarepuaJibl 1 METOAbI

OmgHUM W3 OCHOBHBIX MapameTpoB
MOJIKAIIBIBAIONIETO JieMexa KapTodere-
yOOpPOYHBIX MAIIMH SABJSIETCS YTON €ro
HaKJIOHA K TOPU3OHTY ¢.. YTo) 00yCIaBiu-
BacT HAHMMECHBIIIEE CTPY)KHMBAHHUE JieMexa,
MUHHMAJIBHOE COITPOTUBJICHUE JIBHIKCHHIO
MIOYBEHHOTO IUIACTa M BHICOTY /1 TIOIbeMa
MacChl.
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Jna  onpeneneHust pailoOHAIBHOTO
3HaYEHUsl yIIa o CHAEJIaeM CIEAYIOLIe
JIOTYIIEHUS:

— JJTMHA JIeMeXa MOCTosiHHA L = const;

— Crpy’KMBaHUE W Pa3Ball MOJKaITbIBa-
€MOT0 TUTacTa Ha JIEMEXE OTCYTCTBYIOT.

[Ipumensst Teoprro KIIMHA aKaJeMIKa
B. II. TopsiukuHa, ucciieqyeM OCHOBHBIE
mapaMeTpbl TIOJKoMa IacTa (puc. 3).

B

i v/ \u h

Ly A C

P u c. 3. Cxema B3aMMOACHCTBUS KJIMHA C TIOYBOMA:
F — 1aroBoe ycunue tpakropa, H; a — yron
HaKJIOHA JieMeXa, TPajl; i — Yroj CKoja IJIacTa,
rpaj; i, — TONIMHA KITYOHEHOCHOTO I1acTa, M

Fig. 3. Scheme of wedge-soil interaction:
F — tractor pulling force, H; o — angle of plowshare
inclination, deg.; v — slope angle, deg.;
h, — tuber layer thickness, m

Eciv npuHATh IIMHY JieMexa ToCTo-
STHHOM, TO BBICOTA /i TIOIbEMa TUTacTa Jie-
MeXOM OyJeT JIMHEHHO 3aBHCETh OT yIa
HakJoHa JiemMexa a. M3 TpeyronpHHKa
ACB (puc. 3)

h = Lsina. (D)

[Ipu paBHOMEPHOM JIBHKEHUH JIEMEXa
Ha IJIacT TIOYBBI, HAXOAIIMIACS Ha HEM,
JIEHCTBYIOT cleaytomme cuibl: G — cuia
TSOKECTH TIIACTa TOYBHI, KOTOpasi packKia-
JIBIBA€TCS Ha JIBE cocTaBsromue N (Hop-
MaJbHYI0 K TIOBEPXHOCTH JieMexa) u S
(meficTBYIOIIYIO BOJH JieMexa BHU3), H;
R — cuna moxmopa co CTOPOHBI IUIACTa,
KOTOpasi packiapiBaetTcs Ha 7 (HOpMab-
HYI0, JIEHCTBYIOUIYIO MEPIECHANKYIIPHO
MOBEPXHOCTH JieMexa) u P (cuiy monmo-
pa 1uiacTa, ACHCTBYIOLIYIO BIOJb JeMexa
BBepx), H (puc. 4).

HopmainbHbie cocTaBistonue cuibl N
1 T BBI3BIBAIOT TPEHHUE MEXK/Ty TIOYBEHHBIM
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P u c. 4. Cxema cui, AeHCTBYIONMX Ha MOYBEHHBIN TIACT
Fig. 4. Scheme of forces acting on a soil layer

TUTACTOM U JIEMEXOM, KOTOPOE OIpees-
ercs popmynamu F,, = fN u F,,= fT, rae
f— ko3 PurneHT TpeHUs MKy TOYBCH-
HBIM IIJIACTOM U JIEMEXOM.

PanmonanbHOe 3HaYECHUE yIyla HAKIIO-
Ha JieMeXa ¢ ONPECIUM C YYETOM YCIIO-
BUS, YTO CHWJIa HoJmopa Iuiacta P, Jneu-
CTBYyIOIIAs BJOJIb JieMeXa, JOJDKHA OBbITh
MUHUMAJIbHA. DTO YCIOBHE OOCCIICUHT
MUHUMAJILHBIN Pa3Ball IUIaCcTa Ha JIEMEXe.

YciioBUs paBHOBECHSI CHJI, ICHCTBYFO-
[[UX HA TTOYBEHHBIH MJIACT

13+T+F’Tp1+FTp2+§+N:O. (2)

IIpoexTupys cuibl Ha INIOCKOCTb JIe-
MeXxa, MOJIy4rM YPaBHEHUE

P-fN-/T-5=0, (3

rie f — K03 UIHEHT TPEeHUS MEK-
Ny TIOYBCHHBIM IUIACTOM M JIEMEXOM;
N = Gcosa; S = Gsina; T = Ptga. [loxcra-
BUM 93TU paBeHCTBa BMecTo N, S, T B (3)
U TIOJTyYHM

P — fGcosa — fPtgo — Gsina = 0. (4)

W3 paBenctsa (4) BeIpa3suM CHITy TIOA-
110pa MOYBEHHOTO Tu1acTa P:

Agricultural engineering

. G( feosa +sina) ' )
1- figa

Cuny TsDKeCTH (BEC) ITOYBEHHOTO TIJIa-
CTa MOXHO OTIPENICIUTH (HOPMYITON:

G=hbLy =hb——ry,  (6)

sina

e hl — TONIIMHA KIIyOHEHOCHOTO IIjia-
cTra, M; b — ImMMpUHA TTOYBEHHOTO ILIa-
cra, M; y — oOBEMHBIN BeC MOYBEHHOTO
mIacra, Kr/m?.

IToncraBuB B paBeHCTBO (5) BMECTO
Beca MOYBEHHOTO Iiacta G BBIPAKCHUE
u3 opmyiibl (6), MOTYyYHM 3aBHCUMOCTh
CWJIBI TIOATOpa P MOYBEHHOro IiacTa OT
yIJIa o HaKJIOHA JIeMeXa.

hb v (feosa +sina)

1- figa

sina

[locne npeobpazoBaHus uMeeM

(fetga +1)

P =hbh
hbhy I figa

(7
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Jnist onipeaeneHnst ONTUMaIbHOTO 3Ha-
YEHHUS YIVa ¢ HaKJOHA JieMeXa, COOTBET-
CTBYIOILIET0O MHHHUMAJIbHOMY 3HA4E€HHUIO
CHJIBI TIOATOpa P TOYBEHHOrO IUIACTa,
nponuddepermpyem Beipakerue (7):

d| nbiy (fctga +1)
1- figa
do da
foLo2t
= hbhy cos’a cosozsinoc2 sin’a _
(1- figar)

ITpupaBHsieM IPOU3BOAHYIO K HYIIIO
U pelIrM IMOJyuYeHHOEe KBaJpaTHOE ypaB-
HeHue (8) OTHOCUTENBHO tg o

f 2/ f

cos’a i sin’a
hbhy =

cosasina

(1- ftga )2
S 2f° S

—+ - =0,
cos'a

cosasina  sin‘ca

tg’o +2 ftga —1=0. (8)

[Tosmyuum, 4TO ONTUMAJIBHOE 3HAYE-
HUE yIJla HAKJIOHA JIeMeXa 3aBHCHUT OT KO-
3¢ duIreHTa TpeHUs MOYBEHHOTO IJ1acTa

0 JIeMex:
tga =—f++f>+1.

Pe3yabrarhl ucciie0BaHus

DddexTUBHOCTH PabOTHI KapTOoderie-
yOOpOYHBIX KOMOAHHOB B ILIEJIOM 3aBHCHUT
0T (PU3UKO-MEXaHUUECKUX CBOWCTB I10Y-
Bbl. YUEHBIMH JIOKAa3aHO, YTO IpU PadboTe
KapTo(eneyOOpouHbIX MAaIllWH, Ha PSIIY
C MCXaHUYECKUM COCTABOM, BIAXHOCTh
MOYBbI UTPACT IABHYIO POJIb, MOCKOJIBKY
BIMACT Ha KO3(D(QHUIIMEHT TPEHHS TOYBBI

)

0 mojKarnbIBaromii nemex. Koadduiment
TPEHUS TIOUBBI, B CBOI OYEPE/lb, BIIUSET
Ha CKOpPOCTh NIEpEMEIINBaHUs KITyOHEHOC-
HOW Macchl 1o JsieMexy. C yBenndeHuem
BIXHOCTH JO ONPENENICHHOTO Tpeena
Kk03(ppHUIIEHT TPEHMS TTOBBIIIIACTCS, 3aTEM
M0 Mepe NANbHEHIIEero YBIAKHEHHS 110Y-
BBl CHIDKaeTcs’. [T0UBBI MMEIOT pa3HbIi
k03(ppHUIMEHT TpeHUs: IS CYIeCYaHbIX
0,30-0,35; ma cymmuaucThix 0,35-0,50;
st tianel 0,5-0,6.

B pesynbrare npoBeeHHOTO TEOPETH-
YECKOTO MCCIIEI0BAHUS TIOIYYCHO PaBEH-
cTBO (9), U3 KOTOPOTO MOXKHO OTIPEICTUTh
ONTUMAJbHOE 3HAUEHUE YIVIa HAaKIIOHA

JieMexa:
a =arctg(—f ++/ f>+1).

Kak BUJHO M3 IMMOJIYYCHHOT'O PABCHCT-
Ba, BEJIMYMHA yI/Ia YCTAHOBKHU JIeMeXa Kak
OJTHOTO U3 OCHOBHBIX MAapaMeTPOB IMOJIKa-
MBIBAIOIIETO JIEMEXa 3aBUCUT OT KOd(du-
[UEHTA TPEHHS MOYBBI O JIeMeX 00paTHO
npornopiuuoHansHo. OmnpeneaeHHoe Ta-
KM 00pa3oM 3HAYCHHE yIvIa OOCCIEUHT
HaMMEHbIIIEe CTPYKHBAHUE JIeMeXa, MH-
HUMAJIbHOE COIIPOTUBJIICHUE JIBUXCHUIO
IMOYBCHHOT'O ILIaCTa, CHUIKCHUEC II0OBPC-
JKIaeMOCTH KITyOHEH.

3aBUCHUMOCTL ONTHUMAJILHOIO 3Haue-
HUS yIila HaKJIoOHa JjieMexa OT Koadu-
[UEHTA TPEHHSI TOYBBI O JIEMEX MMOKa3aHO
Ha rpaduke (puc. 5). U3 rpaduka crnemy-
€T, YTO C yBeJIH4YeHHEM Ko3(duIreHTa
TPEHUS TIOUBBI O JIEMEX yroJl HAKJIOHA Jie-
MeXa YMEHbBINACTCS.

C yd4eroM ONTUMAILHOTO 3HAYCHHS
yIia HakjaoHa JeMexa mo (opmyne (1)
MTOCTPOUM TpaUK 3aBUCUMOCTH BBICOTHI
MoJbeMa IJ1acTa TIOUBBI JIEMEXOM OT OII-
TUMAJIbHOT'O 3HA4YCHUA YyIJla HAKJIOHA ITPU
(ukcupoBaHHOH AnuHE L nemexa (puc. 6).

ITosnyuyenHsle mapameTpsl IOAKAlbl-
BaroIero yiemexa (yroja HakjiIoOHa, IMHA
nemexa L) B OCHOBHOM 00€CHEUMBAIOT

3 Tlerpos I. JI. Kaprodeneybopounsie Mamuasl. M. : Mammuoctpoenue, 1984. 320 c.
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Fig. 5. Graph of the dependence of the optimal value of the plowshare inclination angle
on the coefficient of soil friction on the plowshare
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P u c. 6. I'paduik 3aBHCHMOCTH BBICOTHI IIOJ/bEMa IIJTACTA OYBBI JIEMEXOM OT ONTHMAJIBHOTO 3HAYCHHUS
yIJIa HaKJIOHA MpU (PUKCHPOBAaHHOH JuTHHE L emexa
Fig. 6. Graph of the dependence of the height of lifting the soil layer with a plowshare on the optimal
value of the inclination angle at a fixed length L of the plowshare
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Jy4liee IepeMelieHne KIyOHEHOCHOTO
miacta mo Jiemexy. lIpu TOBBIIICHHOM
BIXXHOCTH JUISI YMCHBIIICHHUS CTPYKHBA-
HUSI JIeMeXa U JUTs YITydIIeHUs! cenapaiun
MOYBBI YTrOJl HAKIIOHA JieMeXa CIeayeT
YBEIUYUTh OTHOCHUTEIHLHO TOPU30HTAIH.
[Ipu MeHbIIeH BIAXKHOCTH YToJl HAKJIOHA
JieMexa YMEHbBIIIAeTCsl BO M30exkaHue pas-
Bajia 10 OOKaM IMOYBEHHOIO IUIacTa JUIsl
CHU)KEHUS TIOTEPhb yporKasi.

JIs IOATBEPIKIICHUSI TEOPETHYCSCKUX
WCCJICZIOBAHUN BIUSHUSI yIlla YCTAaHOBKH
JieMexa, BBICOTHI IMOJbEMa IJIacTa I0Y-
BBI JIEMEXOM M TTOYBEHHO-KITyOHEHOCHOM
Macchl Ha CTPYKEHHOCTh JieMexa MpHu
YCIIOBUH, YTO JUIMHA L MOCTOSHHA, pa3-
paboTaH TUIaH NPOBEACHUS MONHO(DAK-
TOPHOTO 3KcriepuMenTa. J{ist aToro ObUTH
MIPUHATHI Hanboiee 3HaunMble (DaKTOPHI,
BJIMSIFOIIME Ha PE3yJIbTaT paboThI JieMexa,
o0ecIeunBaroIe MUHUMAJIbHBIN pa3Bai
myacTa: yrojl yCTaHOBKU JieMexa o (Xi),
BBICOTA TOJ/beMa TuTacTa /2 (X,) U MOYBEH-
HO-KITyOHEHOCHas Macca m (x;). B 3aBu-
CUMOCTH OT YCIJIOBHH TIPOBEICHUS Kax-
JIOTO OTIBITa MEHSIIM BEPXHUU U HIKHUIM

ypoBeHb (QakTopoB. B Tabnuie npencras-
JICHbl YPOBHHM W WHTEPBaJbl BapbUpPOBa-
HUs (PaKTOPOB.

[Ipu mpoBeneHNH UCCIIeI0BaHMS IPO-
recca Crpy’kKMBaHUS JieMeXa ITOYBEHHO-
KITyOHEHOCHOM Maccoil B KadecTBE KpH-
Tepust onTUMu3aIuH ((PyHKIINA OTKITHKA)
paccmarpuBaiach Cuiia TIOAINopa Iuiacta
P, neiicTyromast BOJIb JIEMEXa.

[To pesynbraram TPOBEICHHOTO MOJI-
HO(aKTOPHOTO SKCIEPUMEHTa TOyYCHO
YpaBHEHUE PErPeCcCHH JUIsl ONPEACTICHUS
3 PEKTUBHOCTHU CIPYKUBaHU JIeMeXa:

P=100333+0,663x,+ 0,64x, +
+9,038x,— 30,072x 2+ 51,912x 2+
+16,067x,2— 10,967x x,+ 12,41x x, -
—~13,353x,x,. (10)

ITo kputeputro duinepa ypaBHEHUE per-
peccun (10) sBISIETCST aNEKBATHBIM | TIPH-
MEHHUMO JIs1 PEIIEHHsI TPON3BOICTBEHHBIX
3amad. OnpenenuM 3HadeHHE (aKTOPOB,
obecnieurBaoIX P(HEKTUBHOE CIPYKH-
BaHue JemMexa 0e3 pa3Baja 1miacra.

Tabnuma
Table

DaKTOpHI 1 HHTEPBAJIBI HX BAPHLHPOBAHUS
Factors and their variation intervals

Hwxuani
ypoBeHnsb (—1) /
Lower
level (—1)

OcHOBHO#
yposens (0) /
Basic level (0)

®daxropsi /
Factors

Bepxunit
ypoBeHsb (+1) /
Upper level (+1)

Murepsan
BapbUPOBaHMS /
Variation
interval

HaunmenoBanne
¢axropa / Factor
name

x (@) 22 40

x, (h) 0,2 0,3

250 300

x; (m)

272

58 18

350

Yros ycTaHOBKH
nemMexa, rpajy /
Plowshare
inclination
angle, deg.
Beicora noxbsema

0.4 0.1 mtacta, M / Height

of a soil layer
lifting, m
[TouBeHHo-
KITyOHEHOCHast
50 Macca

Ha Jemexe, Kr /
Soil and tuber mass
on the plowshare, kg
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Jnsi TONMyYeHHOTO ypaBHEHHS per-
peccun (10) ObUIM MOCTPOEHBI TOBEPX-
HOCTH OTKJIMKOB, IOKa3bIBAIOLINE BIIUS-
HHe (DAKTOPOB HA CHIIYy MOAIOpPA IUIACTa
(puc. 7-9).

1. Eciti B Ka9eCTBE ITOCTOSTHHOTO (pak-
TOpa TPHUHATH YTOJ YCTAHOBKH JIeMeXa
x,= 0 (a = 40°), To ypaBHEHHE perpeccuu
(10), ¢ yueToM MOCTOSIHHOTO (hakTopa, 3a-
NHIIETCS B BUIIC

P=1003,325 + 0,64, + 9,038, +
+51,912x 2+ 16,067x,2 — 13,353x,x.. (1)

W3 anmanu3a TpauKOB  OTKIIHMKA
(puc. 7) BUOHO, YTO IKCTpeMyM (PyHKIIUU

OTKIIMKa HaXOJAUTCS B Mpeleiax BapbH-
poBaHHS TEepeMEHHBIX (pakTopoB. OnrTu-
MaJIbHOE 3HAYCHHE CHUIIBI ITOJIIOpa I1J1acTa
cocrasmsier P, = 1 001,96 H u nocru-
raercs npu x, = —0,045 (BbicoTa momabe-
ma macra 0,296 m), x, = —0,3 (1o4BeH-
HO-KIyOHEeHOCHas Macca 285 xr) u x, = 0
(yron ycranoBku emexa o = 40°).

2. Eciu B Ka4eCTBE MOCTOSIHHOTO (hak-
TOpa MPUHSTH BBICOTY TOABEMa ILIACTa
x,= 0 (h = 0,2 M), TO ypaBHEHHE perpec-
cuu (10), ¢ yueToM MOCTOSIHHOTO (PaKTO-
pa, 3aluIIeTCs B BUIE

P=1003,325 +0,663x, +9,038x, -
—30,072x 2+ 16,067x,2 + 12,41x,x,. (12)
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Fig. 7. Dependence of the back pressure of a soil layer on the height of the formation x,
and on the mass of the soil-tuberous layer x,
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Yron ycTaHoBku nemexa, rpag, /

Plowshare inclination angle, deg.
P u c. 8. 3aBHCMMOCTB CHIIBI TTOANOPA IIACTa OT YIVIAa YCTAHOBKH JIEMEXA X,

Y MacChl MOYBEHHO-KJIYyOHEHOCHOTO TUIacTa X
Fig. 8. Dependence of the back pressure of a soil layer on the plows
and the mass of the soil-tuberous layer x,

<1072
B <1032
I <992

hare installation angle x,
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W3 ananmza rpamkoB oTKiIMKa (puc. 8)
BH/THO, YTO AKCTPEMyM (DYHKIIMH OTKJIMKA
HAXOIMTCS B TpE/eNiaXx BapbUPOBAHMS TIe-
peMeHHbIX (akTopoB. ONTUMAITLHOE 3HA-
YEeHHE CHJIbI TIONIOpa IUIAcTa COCTABISECT
POpt =1002,12 H u nocturaercs npu 3Hade-
HUsX pakTopos x, = 0,044 (yron ycraHOBKH
nemexa o = 39,21°), x,= 0,264 (nouBeHHO-
KiyOHeHocHas Macca m = 286,8 kr) ux,= 0
(BbIcOTa MToTbeMa T1acTa 2 = 0,3 m).

3. Ecin B kavuecTBE OCTOSTHHOTO (paK-
TOpa MPUHATH MOYBEHHO-KIyOHEHOCHYIO
maccy x, = 0 (m = 300 kr), To ypaBHEHHE
perpeccun (10), ¢ y4eToM MOCTOSITHHOTO
(akTopa, 3anuIIeTCs B BUIE

P=1003,325 +0,663x, + 0,64x, —

1

~30,072x2+ 51,912x,2 - 10,967x x,. (13)

N3 amamm3a rpaduKoB  OTKIIMKA
(puc. 9) BUAHO, YTO IKCTPEeMYM (DYHKIIUH
OTKJIMKAa HaXOIUTCS B IpejesiaX BapbH-
poBaHHs TepeMeHHBIX (akTopoB. OnTH-
MaJIbHOE 3HAYCHUE CHIIBI TIOATIOpa I1acTa
cocrapnser Py, = 1 003,33 H u nocru-
raercs npu x; = 0,012 (yrom ycraHoB-
ku agemexa 40,22°), x, = —0,005 (BbicoTa
nmombeMa turacta 0,299 M) u x; = 0 (mou-
BeHHO-KITyOHeHOocHast macca 300 kr).

IlonyueHHble AaHHBIE HONHO(AK-
TOPHOIO HCCIIEIOBAHUS IOATBEPIKIALOT,

I > 1250
B < 1230
I < 1180

<1130
[ <1080
B <1030
I <980

13 YRR
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BbicoTa nogbema nnacra, M /

YTO MUHHUMaJbHas CHJA CrPYKUBaHUS
P =1001,96 H nemexa nocruraercs
IIPH yIJIe yCTaHOBKU Jemexa o = 40° 1 BbI-
core noabema macta £ = 0,3 m. [Ipu aTom
IrHa JeMmexa L = const.

O0cy:k1eHue U 3aKJII04YeHne

TakuMm 00pa3oM, B pe3yabrare MpoBe-
JICHHBIX HCCIIEIOBAHUNA MOXKHO BBIOpPAThH
palMOHAJIBHBIA yroJ HakJIoHa Jemexa,
npyd KOTOpoM OynyT oOecredeHbl MH-
HUMaJIbHBIE pa3Baj IUlacTa Ha JieMexe
U CIpyXHBaHHME C y4Y€TOM THIA IOYBBI
B 3aBHCHMOCTH OT KO3(ppuLIMeHTa TpeHUs
MOYBEHHOT'0 IJ1acTa O JEMEX. JTO MO03BO-
JIUT CHU3UTB NToTepH ypoxkas. [Ipennoxen-
HBIE arperar 1 croco0 yOOpKHU KapTodes
MHUHHMHU3UPYIOT TOBPEXICHHUE KIyOHEH
1 3aILUINAIOT [10YBY OT BETPOBOM 3PO3HU.
YcTaHOBJIEHHAs] HAKONUTENIbHAS €MKOCTh
B KOHIIE arperara MCKIO4aeT MHOTOpa-
30BBIM TPOE3/] TPAHCIOPTHOW TEXHHUKH
MO TIOJIO M CHOCOOCTBYET YMEHBIICHHUIO
YIUIOTHEHUS TIOYBBI U CHIKEHUIO BETpO-
BOH APO3HH IOYBBL. PHIXJIUTENbHBIC JIallbI
MPOBOAAT O€30TBANbHYI0 00padOTKY MOY-
BbI, YTO XOPOILIO MPEAO0TBpaIIAeT 3pO-
3ut0. OHa Nana, ycTaHOBJICHHAs TryOke
OpYTUX, CO3JaeT NPOTHBOAPO3HOHHYIO
Iperpazay v no3BOJIsIET COXPAaHUTh CTEPHU
U NOXXHHUBHBIE OCTaTKU HA IOBEPXHOCTH
HOJISL.

Height of a soil layer lifting, m
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Yron yctaHoBKM nemexa, rpag, /
Plowshare inclination angle, deg.

P u c. 9. 3aBUCHMOCTD CHJIBI nofrmopa 1miacta oT yria yCTaHOBKH JICMEXa X, M BBICOTBI IIOAbEMa I1J1aCTa X,

Fig. 9. Dependence of thr back of a soil layer pressure on the plowshare installation angle x,
and the height of a soil layer lifting x,
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ParnoHanpHble 3HAUEHWS yria Ha-
KJIOHA JieMeXa, TIPU KOTOpoM OymyT obec-
MEYCHbI MHHHMMAJbHBIC pa3Baj IUIACTa
Ha JIeMeXe W CrPYKMBaHHUE, KOJCOMIOTCS
B 3aBHCHUMOCTH OT THIIA TIOYB B CICIY-
IONIMX Mpe/enax:

— A cymnecdaHbix (mpu kodhdum-
ente Tperns 0,30-0,35) ot 35 no 37°;

— JUIS CYTIIUHHUCTHIX (TIpH KO3 PHIu-
ente Tperus 0,35-0,50) ot 32 no 35°%

— ansg TuHbl (pu ko3 duneHTe
tpenus 0,50-0,58) ot 30 mo 32°.

[Ipu npennoxeHHOM criocode yOopKu
KapTodeis N0 ONTUMAIBHOMY 3HAYCHHIO
yIila HAKJIOHA JIEMEXa MOXKHO OTPE/ICITUTh
MaKCUMAJIbHYIO BBICOTY MOJbEMa IIacTa
MOYBBI U 33JaTh PAIMOHANBHYIO TIyOUHY

MOTPY>KEHUS JIAMbI-PBIXJIATENS U YAChb-
HOE COIMPOTUBJICHUE TIOYBHI.

B nmanpHeliiiem Juisi moBbIIIGHUS 3(¢)-
(DeKTMBHOCTH CTPY>KUBaHHUS JIeMeXa MOXK-
HO pa3paboTarh CHCTEMY aBTOMATHYECKOTO
KOHTPOJIS PEXUMHBIX M TEXHOJIOTHIECKHX
rmapamMeTpoB (ymia YCTQaHOBKH W BBICOTHI
TOTBEMA TIOYBEHHOTO TITACTA JIEMEXOM) B 3a-
BHUCHMOCTH OT MAacChI CTPY>KEHHOTO TTOYBEH-
HO-KJTyOHEHOCHOTO IIIACTa U TUTIA TTOYB.

JaHHOe uccienoBaHue sBIsETCS Nep-
CIICKTUBHBIM HAIPABJICHUEM, I1OCKOJIbKY
MO3BOJISICT HE TOJNBKO CHHU3HUTH MOTEPH
ypO’Kasi ¥ 3PO3UIO IMOUBHI, HO U COKPATHUTh
VIUIOTHSAIOIIEE BO3JIEHCTBHE TPAHCIIOPT-
HO-TEXHOJIOTHYECKNX MAIINH Ha IOYBY
npu yoopke kaproders.
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3asenennvlii 6K1a0 asmMopos:

II. 1. IN'ajpkueB — HayuHOE PYyKOBOACTBO, TOCTAHOBKA 334K UCCIICIOBAHUS.

E. B. IllecrakoBa — JuTEepaTypHbIN ¥ NATCHTHBIH aHAIU3 JJAHHBIX, GOPMYITUPOBAaHHE OCHOBHOM KOH-
LEMLUY UCCIICIOBAHMUS.

I'. I. Pama3anoBa — pa3paboTKa MaTeMaTH4eCKOW 3aBUCHMOCTH, KPUTHYECKHUH aHAIM3 TTOIY4YEHHBIX
pe3yJIbTaToB.

Bce asmopul npouumanu u 0006punu 0OKOH4AMENbHbLI 8APUAHTI PYKORUCU.
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AnHomauus

Bseoenue. DPhexTuBHOCT, M PabOTOCHOCOOHOCTD AIEKTPOTEXHOIOTHUSCKHX MPOLEC-
COB M YCTAQHOBOK B JMHAMHYECKUX PEXKMMAaX MX (YHKIMOHHPOBAHHS XapaKTEPH3YIOTCS
ObIcTpozeiicTBHEM, HU3KUMU SHEPro3arpaTaMy, TOUHOCTBIO B IEPEXOIHBIX Ipoleccax
W YCTOHYMBOCTBIO JKEJIAEMOr0 KOHEYHOro cocrosHus. IIpemmaraercs Ha 6aze ocoboro
OINTHMAJIBHOTO YTPABJIEHUSI COBMECTUTH MOCTPOEHHUE CUCTEM TEPEX0/a U CTaOUIN3aLUH
KaK B 9aCTU OIIPEAENICHUS alTOPUTMA YIPaBICHHs ¢ MHHIMAJIbHBIMHE DHEPro3arpaTraMu
B (DYHKIMH COCTOSHMII 00beKTa, TAK M B YaCTH OINpPEJEICHUS IapaMeTpOB U YCIOBHI
JBIDKEHHS] C MHHIMAQJIBHBEIM OTKJIOHEHHEM OT 3aJaHHoi Tpaekropuu. [locnennee obec-
MEeYMBACT B YCTOWYMBOI 3aMKHYTOH CHCTeMe MPOrpaMMHOIO IBIKSHHs d(QeKTHBHbBIC
peIIeHNs IO KPUTEPHSIM OBICTPOAEHCTBYS M SHEProcOepeKeHNSI.

Mamepuanvt u memooel. B kauecTBe OCHOBHOTO METOJA HAaXOXJEHUS ONTHMAJILHOTO
MIPOTrPaMMHOTO YIPABIEHHUsI HCIOJIB3YETCSI MPUHIUII MAaKCHUMyMa, JOIIOTHEHHBIN ISt
UCCIIEIOBAHUS OCOOBIX PEKUMOB alIapaToM YCJIOBUH OOLIHOCTU TOJIOKEHUS UL HeJH-
HEHHBIX 00BEKTOB C PaCHINPEHUEM IIPOCTPAHCTBA KOOPIMHAT, YUUTHIBAIOMINIT BXOXKICHNE
BPEMEHH M KPUTEPHH ONTHUMAIbHOCTH. ANIIapar yCIOBHI OOIIHOCTH MOJIOKEHHS HCIIOIb-
30BaH U JUTS pELIeHHs 3a1ad SHEProcOepekeH s Iy TeM JINHeapU3aiH B OOJIBIIOM HCXO/I-
HOro o0bekTa. KBa3nonTuMaabHOCTh MO OBICTPOACHCTBUIO U 3HEpro3arparaM JOCTHIra-
eTcsl MUHIMH3AIIe SHePTHH 110 TTapaMeTpy IPOrpaMMHOTO JBIKEHHS, TPOTHBOPEIHBO
BIIUSTIONIEMY Ha BPeMsl IEPEXOAHOrO MPoIecca U aMIIUTYLy yIIpaBIeHNUsI.

Pesynomamet uccnedosanus. J1jist OEHKN BBIYUCIUTEIBHBIX TPYAHOCTEH, OBICTPOREHCTBYS,
9HeprocoepexeHnst, TOUHOCTH M YCTOHYMBOCTY MPHUBEIEH MPHMED YIPABIEHUS HHEPLIUOH-
HBIM 00BEKTOM II0 Pa3INYHBIM KpHuTepusiM. [lorydena cTpykTypa IpocToif B TEXHUIECKOI
peanu3aluy 3aMKHYTOH KBa3HONTUMAJIBHOM CHCTEMBI CO CTALMOHAPHON 00paTHOM CBSA3BIO.
Obcyorcoenue u s3axmoyenue. OpMaI30BaHHOCTS MOAXOAA K OCTPOCHUIO KBA3HOIITH-
MaJbHBIX CHCTEM Ha OCHOBE YCIOBHI OOIIHOCTH MOJOKEHUS MO3BOJISIET MCIOIb30BATh
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Developing a Quasi-Optimal, in Terms
of Transition Time and Energy Consumption,
Closed-Loop Control System for an Electrical Installation
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Abstract

Introduction. The efficiency and normal work of electrotechnological processes and
installations in their operation dynamic modes is characterized by the time of transition
from initial to final state, low energy consumption, accuracy in transients and stability of
the desired final state. It is proposed, from a single position on the basis of special optimal
control, to combine transition and stabilization systems both in terms of determining the
control algorithm with minimal energy consumption in the function of the object states
and determining the parameters and conditions of movement with minimal deviation from
a given trajectory providing the optimal transmission time and energy saving in a stable
closed system of an object control.

Materials and Methods. The principle of maximum is used as the main method for finding
optimal program control, which for the study of special modes was supplemented with the
apparatus of the position generality conditions for nonlinear objects with the coordinate
space expansion, taking into account the occurrence of time and optimality criterion. The
position generality apparatus is also used to solve energy-saving problems through using
linearization in a large source object. Quasi-optimality in terms of transition time and energy
consumption is achieved through minimizing energy according to the program motion
parameter, which has a contradictory effect on the transition time and control amplitude.
Results. To assess computational difficulties, transition time, energy saving, accuracy and
stability, an example of inertial object control according to various criteria is given. The
structure of a closed quasi-optimal system with stationary feedback, which is simple in
technical implementation, is obtained.

Discussion and Conclusion. The formalization of the approach to the construction of
quasi-optimal systems based on the position generality allows it to be used in multi-criteria
optimization tasks and computer-aided design systems for energy-intensive industrial,
transport, and agricultural electrical installations.

Keywords: electrical installation, optimal control, time transition, energy consumption,
program motion, maximum principle, special control, position generality conditions,
stability
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Bgenenune

J1s  AIeKTPOTEXHUYECKHX TMPOoIec-
COB M YCTaHOBOK aKTyallbHa 3aja4a Mo-
BhIeHUs1 d(dekTuBHOCTH paboThI, Tak
kak 70 % BbIpaOaTbIBAEMON 3JIEKTPO-
SHEPIUU TOTPEOISIFOT AIIEKTPOTIPUBOJIBL,
10 % — DIEKTPOTEPMHUUECKUE YCTAHOBKH' .
YcraHOBKM HH(PAKPACHOTO HW3IydYESHUS,
CBETOTEXHHUYECKHE M HACOCHBIE YyCTa-
HOBKH SBIISIFOTCS SHEPTOEMKHMH B COB-
PEMEHHBIX TEXHOJOTHAX BBIPAIUBAHHS
CeTbCKOXO3IHCTBEHHBIX KYJIBTYp B 3aIll-
meHHoM TpyHTe [1]. MHOTHE TIporeccs
M yCTaHOBKH, OCOOEGHHO TEIUIOBBIE, NMe-
10T OOJIBIIYI0 WHEPIIMOHHOCTb, TO €CTh
JUIUTEJIBHBIC  JIMHAMHYECKHE  PEKUMBI
nepexosia B yCTOHUMBOE TpebyemMoe BbI-
XO0QHOE cocTosiHue. JlnHamuueckue pe-
JKUMBI 3JICKTPOYCTAHOBOK KaK OOBEKTOB
yOpaBieHHUA C AOCTAaTOYHOM TOYHOCTBHIO
OTIMCHIBAIOTCSI OOBIKHOBEHHBIMU U de-
pEHIMATBHBIMU ypaBHEHUSAMH, a B Kade-
CTBE YIIPABISIONINX BO3ICHCTBUI CITy)Kat
OTpaHWYEHHBIE AIEKTPUIECKHE TIepeMeH-
HBIe: OOBIYHO aAMITINTYIQ, YacTOTa WIIH
CKB2XHOCTD HANPSHKCHUS WIH TOKA.

B TexHMUYECKUX NPUIIOKEHUSIX 3a]a-
YU ONTHUMAJILHOTO Tiepexoja (opMyJiu-
pyIOTCS Kak 3amadu  OBICTPOACHCTBUS,
Ha MHHMMYM pEeCypcoB (SHEpro- u pe-
cypcocOepeeHus) U TOYHOCTH (IIPOr-
paMMHOTO JIBIDKCHUSI). Y TBEpPXKIaeTCs,
YTO ONTHUMAJBHOE 3HEprocOeperaromiee
yIpaBJIeHUE SIIEKTPHUECKONW CYNTHIIBHOM
KaMepoH TO3BOJISIET TIPHU OTPE/ICTICHHBIX
TPaHUYHBIX YCJIOBUSAX COKOHOMHUTH [0

60 % moTpebsiemMoii neKTpodHEepru [2].
Ho u3BecTHBIC AJITOPUTMBI ONITUMAJILHO-
ro OBICTPOACHCTBHS M SHEPTOCOEPEIKESHUS
OTBICKMBAIOTCS B BHJIE TPOTPAMMHOTO (TO
ecTb B (DYyHKIIMU BPEMCEHH) yNpaBJIeHUS,
He 00ecreurBaloT yCTOHYMBOCTH KOHEY-
HOTO COCTOSHUSI O0BEKTa W B ITydIleM
cily4ae MOTYT OBITh pealn30BaHbl B Qop-
Me HeCTalnOHapHOH 0OpaTHOH CBS3H.

Ilems paGoOTBHI — MPUMEHHUTH 0CO0O0E
OINITUMAJIBHOC YIHPaBJICHUC B KauC€CTBC
€IMHOTO TOJXO/Ia JIJIsl HAaXOXKJCHHS all-
roputMa yIpapJICHHA C MUHUMAJIbHBIMU
9Hepro3arpaTamMu B (DYHKIUH COCTOSIHUH
00beKTa, a TAKIKE ONPEACTUTH HapaMeTPhl
U YCJOBUS MPOTPAMMHOIO JBHKCHUS,
obecnieunBatomye 3GQGeKTs OBICTPOACH-
CTBHS U DHEProcOCpPEeKeHHsT B yCTOWYH-
BOM 3aMKHYTOH CHUCTEME€ YIpaBICHHS
AIIEKTPOYCTAHOBKOM.

0030p auTEPATYPHI

Jis perieHus ONTHMANBHBIX 3ajaq
B TEXHUYCCKUX NPHUIOKCHUAX HCIIOJIb3Y-
€TCd IMPUHIUII MakKCUMyMa HOHTpSIFI/IHa,
TaK KaK OH, B OTIIMYUE OT KJIACCHYECKOTO
BapUALMOHHOTO HCYUCIICHUS, TO3BOJISCT
HalTH KyCOYHO-HETPEphIBHOE YyMpaBJie-
HHE U y4eCcTh OIpaHWYCHHs Ha TIEpEMEH-
Hble 00bekTa’. ONTUMAIIBHOE YIIPaBICHHE
OTBICKMBACTCSl KaK (PyHKLUS 3aBUCSIIHX
OT BPEMEHH BCIIOMOTATEJIbHBIX IepeMeH-
HBIX, BBOJAWMBIX TPUHIMIIOM MaKCHMY-
Ma. Ho B 3amagax OBICTpOICHCTBHS M Ha
MHUHHMYM PECypCOB, HEIHMHEHHBIX I1O
KoopauHaraMm C JIMHEWHBIM yrpaBJICHU-
€M, BO3MOXKHO CYIIECTBOBaHHE 0OCOOOTO

! Bpacnasckuii W. 5., Ummaros . 111, TMonsikos B. H. DueprocOeperaromniuii aCHHXPOHHBIH 3J1eK-
TPONPUBOJ : yued. mocodue st By30B. M. : Mznarenbckuii meHTp «Akanemus», 2004. 256 c¢. URL: http://
log-in.ru/books/energosberegayushiiy-asinkhronnyiy-elektroprivod-braslavskiiy-i-ya-ishmatov-z-sh-
polyakov-v-n-tekhnika/ (mara obpamenns: 20.01.2022) ; ABroMarHueckoe yIpaBieHHE IEKTPOTEPMU-
YECKHMHU YCTaHOBKaMU : y4eOHUK 1uis By30B / A. [I. CBenuaHckuii [u ap.]. M. : Dueproaromusaat, 1990.
416 c. URL: https://search.rsl.ru/ru/record/01001521815 (mara obpamenns: 20.01.2022).

2 Maremarudeckas Teopust onTuMaibHbIX mpoteccos / JI. C. Ioutpsrus [u ap.]. M. : Hayka, 1969.
384 c. URL: https://search.rsl.ru/ru/record/01006401476 (nara obpamenust: 20.01.2022).
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peXKMMa, KOTJa MPHUHIIUI MaKCUMyMa He
YCTaHABIUBACT OJHO3HAUYHOM CBSI3U MEXK-
Iy ONTUMAJIbHBIM YIIPABICHUEM U BCIIO-
MOTareJbHBIMA  TepeMeHHbIMK.  U3-
BECTHBIE CIOCOOBI BBIYHCICHUS OCOOOTO
YIOPaBICHUS HCIOJIB3YIOT BCIOMOraTesb-
HbI€ MEPEMEHHBIE HEMOCPEICTBEHHO HWIIU
¢ momorpio ckobok Ilyaccoma [3; 4].
Haiitu pemenue s BcrioMoraresbHbIX
MEPEMEHHBIX, JJaKe B (DYHKI[MH BPEMEHHU,
CIIOKHO, a JUId TIOCTPOEHHUS 3aMKHYTOM
CUCTEMbI B ()YHKI[UH KOOPMHAT, TI03BOJIsI-
IOILEH KOMIIEHCUPOBATh ACUCTBYIOIIUE HA
OOBEKT BO3MYILECHHUS, HEBOSMOXKHO H3-3a
HEPa3pEIIMMOCTH JIByXTOUCUHOM IpaHuy-
HOM 3a71a4M, K KOTOPOM CBOAUTCS PELICHUE
ONTUMAJBHOM 3afauu. B 3amauax sHepro-
cOepexeHnsl ¢ KBaAPaTUIHBIM TI0 YIpaB-
JICHUIO KPUTEPHEM OCOOBIX PEXHMOB He
BO3HHKAET, HO JaXXE €CM ONTHMAaIbHOE
yIpaBieHHe B (YHKIMH BpPEMEHU OyneT
MIOJTyY€HO, TO CHHTE3 3aMKHYTOW CHCTEMBI
OCYILECTBIISIETCSA C MOMOIIBIO 3aBUCSIIUX
OT BPEMCHHU U TPaHUYHbBIX YCIOBUH 00par-
HbIX cBs3eil [2]. Torma kak i IpoOCTOTHI
TEXHUYECKON peanu3ali CUCTEMbI Tpe-
OyrOTCsI CTallMOHAPHBIE 0OpPaTHBIE CBS3H.
Jis mocTKeHHs TMpeieabHOro Obl-
CTPOACHCTBUSL WIM MHUHHUMyMa pecyp-
COB B 3ajJayax C JIMHEHHBIM YIIPaBICHU-
eM HeOoOXOIUMO KYyCOYHO-TIOCTOSIHHOE
VIIPaBJICHHE C MAaKCUMaJbHO BO3MOKHBEI-
MH aMIUTATYAaMH BO3ACHCTBUS, YTO Be-
JeT K TMepeperyinpoBaHUIO0 KOOPIHMHAT,
a MOMEHTHl MEepPEeKJIIOYEeHUs ONpeaes-
I0OTCSI HEJIMHEWHBIMU HECTAIlMOHAPHBI-
MU TOBEPXHOCTAMH TEPEKIIOUCHUS WU
CTBIKOBKH OCOOBIX U HEOCOOBIX TPACKTO-
puit [5; 6]. IloaTroMy anropuT™msl ONTH-
MaJBPHOTO OBICTPOICHCTBUS HENMPUMEHH-
MBI B 3aJja4yax IPOrpPaMMHOIO JIBHKEHUS

WIH ONTUMAJILHOTO 10 TOYHOCTH YIIpPaB-
JICHWsI TIO JOCTHKCHUI0O MHHUMAJIBHOTO
OTKIIOHEHHsI OT 3aJaHHOH TpPaeKTOpPHUH,
0COOCHHO ISl 00BEKTOB C JUIUTEIBHBIMH
W YacTHIMH TUHAMHYECKHMHU PEKUMaMHU
nepexorna [7]. K Tomy e npu onTuManb-
HOM OBICTPOJCHCTBUN HE OOCCIICUMBACT-
Cs YCTOMYMBOCTh KOHEYHOTO COCTOSTHHS
B OTJIMYKE OT MPOIPAMMHOIO JBMIKCHHUS,
rapaHTHPYIOIIEro €€ Ha IOJIyO0eCKOHEY-
HOM MHTEPBAJC BPEMCHH.

Uto kacaercs CBSA3M PELICHUH 3ajad
YOpPaBICHHUS C KPUTCPUSIMHU OBICTPOJICH-
CTBUSI U IHEPTrOCOCPEIKEHUS, TO H3BECT-
HBI TIPOTHBOTIOJIOKHBIE TOYKH 3PEHHUS: OT
WX TIOJHOTO TIPOTHUBOIIOCTABJICHHS, YTO
00BsIcHACTCI HEOOXOOUMOCTBIO 0O0Jb-
MIMX JHEPro3arpar Uil yBEIWYeHHs Obl-
CTPONENCTBUS, 0 MX TOJHOTO COBIIAJIe-
HUS, YTO CIPABEIIMBO MPHU YIIPABICHUH
B OOJIBIIIOM, KOTJIa TIpH OOJBIINX JHara-
30HAaX 3aJaHusl HAYaJbHOTO M KOHEYHOTO
COCTOSIHHMI BBIXOJIa MUHUMAJIBHBIC DHEP-
ro3arparbl MOMYyYaroTCs IPU MAKCUMAaIlb-
HO BO3MOXXHOM YIIPABJIICHUH, TO €CTh KaK
B 3ama4e ObicTpoaeiicteus® [8]. CpaBHu-
TEJbHBIE AaHAIIN3HI OIICHKH KPUTEPHEB ObI-
CTPONEHCTBUS, SHEPrO3aTPaT U TOYHOCTH
(TIpOorpaMMHOTO JBYKEHUS) BBITOIHEHBI
MpU yIPABICHUN pPEaJbHBIMU TETJIOBHI-
MU TIPOIIECCaMH B METAJUTYPTHH U TEILIO-
cHabxennu [9—11]. Ha ocHoBe ananmza
0COOBIX, B CMBICIIC MPHUHIMIIA MAKCHMY-
Ma, peKUMOB B 3a1a9aX C JTHHEHHBIM BXO-
JKJICHUEM  YIIPaBJICHHUSI [IOKA3aHO, UTO
aJTOPUTMBI  ONTHUMAJILHBIX YITPABICHUIH
1Mo OBICTPOACUCTBUIO U HA MHHUMYM pe-
CypCOB COBMAJAIOT, €CIM KpUTEpPU Ha
MUHUMYM PECypcoB (DHM3MUYECKU afeK-
BaTHO OTpaXkaeT IOCTYIUICHWE JHEPTHH
B ynpaBisieMbli pouecc [12].

3 T'abacos P., Kupuiuiosa @. M. OcoGble ontiumMaibHbie ynpasinenus. M. : Hayka, 1973. 314 ¢. URL:
https://litgu.ru/knigi/tehnicheskie nauki/308008-osobye-optimalnye-upravleniya.html (zara obparmenus:

20.01.2022).

4 Makeesa A. B. OntumanbHOE 10 ObICTPOACHCTBHIO YIIPABICHUE OJHON JIMHEWHOM CHCTEMO BTOPO-
ro nopsiaka // COOpHHK JOKIIAI0B BCEPOC. HAyU.-IIPAKT. KOH(. ¢ MexkayHap. yuactiHeM «DyHnameHTa b-
HbIE U MPUKIATHbIC MPOOIeMbl MEXaHUKH, MaTeMaTuky, nHpopmatukn». [lepms : ®I'BOY BO «Ilepm-
CKUIl rocylapCTBEHHBII HalMOHAIBHBIM HcciaenoBarensckuil yHusepcuter», 2015. C. 68-71. URL:
https://elibrary.ru/item.asp?id=24231084&pft=1 (mara obpamenus: 24.01.2022).
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HUcxons n3 o630pa auTeparypbl, MOXK-
HO FOBOPUTD 00 aKTyaJ IbHOCTH pa3paboTKu
MO/IX0/1a IO COBMELIEHHOMY OIPEIeNICHUIO
ITOpUTMa yIpaBJeHUs Ha 0a3e MpUHLIMIIA
MaKCHMyMa M €ro 0COOEHHOCTEH B (PyHK-
IIUH COCTOSIHMI oOBekTa. lloaxon BakeH
JUISl TIOCTPOEHUSI YCTOMYMBOM 3aMKHYTOM
CHCTEMBI YIIPaBIECHHUS.

MarepuaJbl 1 MeTObI

Ilycte Mmaremarmdeckoe ONMCaHUE
00beKTa YIpaBiIeHUs (AJIEKTPOYCTaHOB-
KH) 3aJaeTCs CHUCTEMOW OOBIKHOBEHHBIX
muddepeHInaNbHbIX ypaBHEHUH, HEJH-
HEHHBIX TIO0 KOOpAWHATAM C JIMHEHHBIM
CKJISIPHBIM yNpPaBJICHUEM B BEKTOPHO-
MaTpu4yHOH Qopme:

(1)

rjie x € R, — BeKTOp KOOpAMHAT 00BbEKTa;
U — ynpasnenue, 0 < U < 1; a1neMeHTHI
BEKTOP-CTOJIOIOB A(x), B(X) HENpPEpHIBHBI
u nuddepeHnupyemsl 1o X.

3aja4aMH  CHCTEMBI YIPABICHUS SIB-
JIOTCS, BO-TIEPBBIX, BBIPAOOTKA OTPaHHU-
YEHHOTO yIpaBJIeHHs B (YHKIIMN BPEMEHH
WITH KOOPJIMHAT, TIEPEBO/ISIIIEI0 OOBEKT 13
HadanpHOTO cocTostHMS X(0) B KOHEUHOE
x(7) 3a HE3amaHHOE WM 3apaHee 3a/IaH-
HOE BpeMsi 1 00eCTICUMBAIOIIEr0 MUHIMYM
KPHUTEPHIO ONTUMAaJIbHOCTH B BUJIC WHTET-
pasbHOrO (YHKIMOHAIA, YYUTHIBAIOIIETO
BpPEMEHHbBIC HJIM SHEPreTHYEeCKHe 3arpa-
Thl WM OTKJIOHEHHME TEKYIIeH TPaeKTo-
pHHM OT 3aJIlaHHOH (33/1a4a ONTHMAJILHOTO
YIIPABICHN); BO-BTOPBIX, IMOCIIEIYIOIIAst
CTaOWiIM3anys  KOHEYHOTO  COCTOSHHS
B 3aMKHYTOH CHCTEME CO CTAIlMOHAPHBIMU
oOpaTHBIMH CBSI3IMH (3a7ada yCTOMIHBO-
CTH WJIM, B KOHEYHOM cdeTe, 0OecrieueHust
paboTOCIIOCOOHOCTH YCTaHOBKH).

Juist penieHus MepBoil 3aqa4u OINTH-
MaJIbHOTO YIIPABJICHUSI C OINpEIeIICHUEM

x=A(x)+B(x)U,

CYIIECTBOBAaHUSI 0COOOTr0 PEKHUMa M BbI-
YUCIICHUSI 0COOOTO YIIPaBIICHUS B SBHOM
BUJIE OT KOOPJIMHAT U apaMeTPOB HEIU-
HEHHOTO 00BEeKTa, YTO HEOOXOTUMO Ha
MpaKTHKe I CHHTE3a 3aMKHYTOW CH-
CTEeMBl C OOpaTHOW CBS3BIO, MPUMEHHM
ammapar yCIIOBHI OOIIHOCTH TTOJIOKESHHS
(YOII) mnst nenmuaEeHHBIX 00heKTOB. YOI
ObL1 BeIBEIeH B pabote B. A. Onelinnkosa
JUTSE 3a/1a4 OBICTPONEHCTBUS M PACIIUPCH
JUISL 3a71ad4 Ha MUHUMYM PECypcoB B Ofl-
HOM M3 HAIIUX UCCIICTOBAHMIA’,

ITokaxxem mnpumenenne YOII s
HEJIMHEHHBIX O0OBEKTOB B PACIIUPCHHOM
MPOCTPAHCTBE KOOPJIMHAT B 3aJlaue Mpor-
PaMMHOTO JIBIKSHHS C KPUTEPHUEM

I=[ (% (1) -x, () dt. ()

YUYUTHIBAIOIIUM KBaJIpaTUYHBIC OTKJIO-
HEHUS TEKyIIeH BBIXOAHOU KOOPIUHATHI
o0bekTa oT TpeOyemoii [13]. 3amaqa (1),
(2) sBAsieTCST HEMUHEWHOM IO KOOpJIWHA-
TaM, ITO3TOMY B HEH MPU HCIIOIE30BaHUH
MIPUHIIMTIA MAKCUMYMa, JaKe JUIS JINHEH-
HBIX OOBEKTOB, BO3MOXXHO BO3HHWKHOBE-
HUE 0COOBIX CHTYyaIuil, €CIi Ha HEKOTO-
pOM HMHTEpBAJIC BPEMCHHU [ € [tl,tz]:

d*(v.B(%)

e =0k=012,0, (3)

IJI€ i — BEKTOpP BCIIOMOTATENbHBIX Iepe-
MEHHBIX, BBOJUMBIX MPHHLUIIOM MaKCH-
MyMa, U3 YpaBHEHHS

dy  (04(F) oB(F)U
T = +
dt ox ox
VYcnoBue  CymiecTBOBaHUST  0cOOOTO
pexuma (3) TpeOyeT aHamM3a BCIIOMOTa-

TEeTHHBIX TEPeMEHHBIX W(f). UToOBI ero
n3bexarp, B anmapare YOIl Beraucisrorcs

V.

5 OneiinnkoB B. A. OnTuManbsHOE yrpapieHHe TEXHOJIOTHIECKUMH MPoLieccaMy B He(TSHOMN U ra3o-
Boii mpomeiiennoctu. JI. : Heapa, 1982. 216 c. URL: https://search.rsl.ru/ru/record/01001089712 (nata
obpamrenusi: 24.01.2022) ; Xopomasusu B. C., 3otoB A. B. Oco0oe ontuMaibHOE yIpaBlieHHE HETHHEH-
HbIMH oObekTamu : MoHOrp. Kupos : Hayu. uza-Bo Batl'V, 2019. 219 c. URL: https://www.elibrary.ru/
item.asp?id=37523319 (nara obpamenns: 24.01.2022).
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BEKTOPHI B),j = 2,..., n + 2, 10 pEKyPPEHT-
HOMY COOTHOILIEHHIO:

B, ()NC):B()NC)’

g B dU
foU  dt
- - B
8A(~x)+6B()f)U 4_1+8 1:1@,(4)
ox ox ! ox dt
2
X, (%, (1) =%, (1))
mef=| x [,A(%)= A(x)
xn+1 1
0
B(x)=| B(x)
0

ITocne oOpazoBanust Matpuibl D,,.,
pasmepoM (n + 2) - (n + 2) U3 BEKTOpPOB
B, ... B,.;) ¥ NpUpaBHUBaHUS K HYIIO
omnpenenurens det D,,, = 0 HaxomsTcs
ypaBHEHHUSI OCOOBIX TPAaeKTOPWUH M OCO-
OBIX YIIpaBIE€HUI, MHOXXECTBO KOTOPBIX
MOXKHO PaCIIMpPUTh IyTEM IpHUpaBHUBA-
HUS K HYJTI0 (PYyHKIIMOHATHHBIX YJIEMEHTOB
MaTpuibl D, ,, TaK KaK TIPH dTOM TOXKJIe-
CTBEHHO BBITIOJIHSIOTCSI YCIIOBHSI 0COOOTO
pexuma (3).

IIpu wuccnenoBaHuu (QyHKIIMOHATb-
HBIX 2JIEMEHTOB MaTpuibl D, ., YIUTHIBA-
IOTCSl HE TOJIKO OCOOBIE PEKUMBI 3aa4H
MPOrpaMMHOTO JIBIDKEHHs, HO W 3334
OBICTPONEHCTBUS W HA MUHUMYM PECYp-
COB C JIMHEWHBIM YIIPaBICHHEM, TaK Kak
B Marpuiy D, ., BIOKEHBI MaTPHUIIBI

_ by,
"ob

31

22

b U l)n+1 — b21 b22 b23
b32 b31 b32 b33

b

MpoBepsieMble B 3TUX 3a7adax. Takum
00pa3om, CBOMCTBA ONTHMAIBHOTO MO OBI-
CTPOACHCTBUIO YIIPABICHUS SBIISIOTCS Xa-
paKTepHBIMH JIJTsl 00BEKTA F COXPAHSFOTCS
IpU APYTUX KPUTEPUSIX ONTUMAIBHOCTH,
a B mesoM npoBepka YOI 1mo3BosieT BbI-
SBUTH OOIIME CBOWCTBA ONTHMAIBHOTO
yIpaBJIeHHs B 3a/lauax OBICTPOAEHUCTBUS,
Ha MUHMMYM PECYpPCOB M IIPOrpaMMHOIO
JBUKCHUS.

WHTerpanbHblil KpUTEPUNA 3HEPros3a-
Tpar ajid 6OJ'IBHH/IHCTB3 QJICKTPOTCXHHUYC-
CKHX YCTPOICTB UMEET BUJ

)

Kak u M. Aranc u I1. ®an6, npearo-
JOKUM, uTo «U(t) — CKajsp, IpOmopIro-
HAJIBHBIN HANPSDKEHUIO WM TOKY, TOIJA
BenuurHa U*(f) pomopIioHaibHa MOIII-

I=] OTUzdt.

T
2
HOCTH, a I U~“dt nponopumoHaieH sHep-
)

THH, M3PACXOJOBAHHOW Ha HHTEpBalie
[ty, T]»°. Takoii KpuTepHii SHEPro3aTpar
WCTIOJB3yeTCs B OONBIIMHCTBE padoT,
HO mHorna, kak 3amerwa 1O. I1. Iletpos,
«B 3aJ1a4ax YacCTOTHOIO YNPaBJICHUS pe-
KOMEHJTyeTCsl HCIONb30BaTh KPHUTEPU

J.tTU “dt, Tak Kak MOTepH HA THCTEPE3UC
0
Y BUXPEBBIE TOKH HPONOPLIHOHAIBHBI CO-
OTBETCTBEHHO NEPBOH U BTOPOH CTEIIEHU
YaCTOTHI IEKTPUIECKOTO CUTHAIIA .
3anaua saeprocoepexenus (1), (5) He-
JMHEHHA 0 yNPaBJICHUIO, TIOATOMY OCO-
OBIX PEXMMOB B HEH HE BO3HMKAET, U IIPU
€e PELICHUH MOXXKHO OJHO3HAYHO BBIPA-
3UTh ONTUMAIIFHOE MPOrPAMMHOE YITPaB-
nenue, kak ormedaetr B. WM. JloBuakos,
Yyepe3 BCIOMOTaTellbHbIE TIepeMEHHbIE
C TIOMOIIBIO MPUHIKINA MaKCUMyMa HWIIN
MHOXUTenu Jlarpamka B KIacCH4eCKOM
BapUaIllMOHHOM UCYHCIICHUH UK METOJOM
JUHAMHUYECKOTO POrpaMMHUpPOBaHus [2].

¢ Aranc M., @an6 I1. OntumaneHoe yrnpasieHue. M. : Mammroctpoenue, 1968. 734 ¢. URL: https://
search.rsl.ru/ru/record/01005951981 (mara obpamenus: 24.01.2022).

"Tlerpos 0. I1. OntumasnbHOe yIpaBieHHe HIEKTPOIPUBOIOM C yIETOM OrpaHUYeHHi 110 Harpesy. J. :
Oueprust, 1971. 144 c. URL: https://search.rsl.ru/ru/record/01007323479 (nara oopamenus: 24.01.2022).
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YToOBl UCKITIOUUTH TPYIOEMKYIO Olle-
palyio HaxOoXKIEHHA JOMOJHUTEIbHBIX
NEPEMEHHBIX, NPEAJIOKEH CIoco0 To-
ucka auddepeHINanbHOrO0 ypaBHEHUS
JUISL ONTUMAJIBHOTO YIPaBiIeHUS B (YHK-
UM KOOPAMHAT OOBEKTa, OCHOBAaHHBIN
Ha mnpuMmeHeHnn anmapara YOII mms
HEJIMHEHHBIX OOBEKTOB, IS 4Yero Ipo-
U3BOJUTCS IPUBEJICHUE MCXOJHOW 3aj]a-
yu (1), (5) x penyuupoBaHHOW 3amade
C JINHEWHBIM BXOXKJCHUEM YIpaBJICHHUS,
B KOTOpPOH BO3MOXKHO CYIIIECTBOBAHHE
ocoboro pexxuma. Kak MbI nmucanu B of-
HOW M3 mpeapaymux padot, «YOII mns
HEJIMHEHHBIX 00BEKTOB B PACLIMPEHHOM
NPOCTPAHCTBE KOOPJMHAT R ., npumens-
IOTCS K PeIyLIMPOBAaHHOH 3ajiade SHEepro-
coepexenus (1), (5):

i =y,
x=A(x)+B(x)x’,

2
. _ 0
X1 = (X ) .

W3 BBIpakeHUs Ui JeTEpPMUHAHTA
1 BIIeMEHTOB Matpuitel D,.,= (B| B, ... B,
B, B,.,), BBIYUCIECHHBIX C YYETOM 3aMe-
Hel U Ha y 1O PEeKyppeHTHOMY COOTHO-
meHuto (4), B 00IIeM cirydae ToTydaeTcs
MHOKECTBO OCOOBIX yTPABICHUH ) U €ro
MTPOU3BOJIHBIX 10 BPEMEHHU B ()YHKIIUU KO-
OpAMHAT PEAYIIUPOBAHHOIO 00BEKTa

detD, ,, =Fo(x,x°,y,y,...):O,

a mocye oOpaTHOW 3aMeHBl MEPEMEHHBIX
yOpaBieHUS B PEIYLMPOBAHHOM 3aj1aue
Ha [epEeMEHHbIC YNPaBICHUS B UCXOTHON
3agaqe

dk71 dk
X =U,—y=—-U,k=12,3,...
a Y T at

nony4aetcst mudhepeHInaibHOe ypaBHe-
HUC JId ONTHUMAJIbHOIO MNPOIrpaMMHOI0

yhnpaBieHus B (YHKIUH KOOPAUHAT HC-
XOIHOTO 00beKTa»®. A UMEHHO:

MLMQQWFQ

[TocTosiHHBIE WHTETPUPOBaHHUS B 00-
[IEM pELICHUH CHCTEMBI AU PepeHIHab-
HBIX ypaBHeHUH 00bekTa (1) u nuddepen-
[IUAIILHOTO YPaBHEHHUS Il ONITUMAIILHOTO
MPOTrpaMMHOr0 yrpaBieHus (6) ompene-
JISIOTCA M3 PEIICHUs JIByXTOYEYHOU rpa-
HUYHOU 3aJ1a4¥l JJIS1 3aJJAHHBIX COCTOSTHUM
BbIXO/Ia 00BEeKTa U ero (7 — 1) mpon3Boa-
HBIX B HAYaJIGHBIA W KOHCYHBIH (PHKCH-
poBaHHbIM MoMeHT BpemeHu 1. Ilomyuya-
eMOe YTpaBJeHHe M COOTBETCTBYIOIIHE
(ha3zoBbIe TPACKTOPUH SIBIISIOTCS TpaHC-
LEHJCHTHBIMU (YHKIMSIMH OT BPEMEHH,
Y 3aMKHYTas CHCTEMa MOYKET OBITh peau-
30BaHa C MOMOIIbIO HEJIWHEHHBIX (DyHK-
[MOHAJILHBIX IpPeoOpa3oBarescii, HecTa-
[MOHAPHON OOPaTHOW CBS3HM WM IyTeM
aNMpPOKCUMAIIMU TPAeKTOPUI M yIpaBIie-
Hus [2; 14-16].

Uro kxacaercs BTOpOH 3ama4d, cTaOu-
JU3AIIH, TO aITOPUTMBI OBICTPOICHCTBHS
1 JHEprocOepekeHus He 00eCTIeUnBaAIOT
YCTOWYMBOCTh KOHEYHOTO  COCTOSTHHS.
AJNTOPUTM  MPOrPAMMHOIO  JIBHIKCHHS
MOYET TapaHTUPOBAaTh YCTOHYHMBOCTD,
nodTOMY JJsl ero S(pQEeKTUBHOCTH TI0
OBICTPOACHCTBHIO M JHEProcOepeKeHUI0
MpeJyIaracTcs BBECTH B JKEJIACMBbIil 3aKOH
JIBUKECHUST BBIXOJHON KOOPIWHATHI O0B-
€KTa TaKOH mapamerp 7, KOTOpPbIil MPOTH-
BOPEYHBO BIUSET HA BPEMS IEPEXOTHOTO
nporiecca 7' ¥ aMIUTUTYLy YIIPaBIISIONIE-
ro BozzaeiictBus U. Takum mapameTpom,
UCXOIs M3 QU3HUECKUX COOOpaKEHUH 110
BTOpPOMY 3akOHY HbroTOHa, MOXET OBbITh
Mepa WHEPUHOHHOCTH Tmporecca. Ecim
B3ATh allepPUOJAMYECKOE 3BEHO TIEPBOTO
nopsiika ¢ JudQepeHInaIbHON CBSI3bIO
tx=U —x, 10 T IpsIMO MPONOPLHOHATb-
HO 7 U cocTtaBmsier (3+4)7, a aMIUIUTYyIa
U oOparno mpomopimoHnaibHa 7. Torma

8 Xopomrasuu B. C., 3otoB A. B. Oco60e onTuManbHOe yrpaBIeHne HeTMHEHHBIMUA OObEKTAMH.
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BBIOOp mapamMeTpa T JaeT 3PQEeKTUBHBIC
pemienus s 3HadeHud 7 u U, Tak Kak
HeNb3s1 YMEHBIIUTh 3HAYEHNE OTHOTO, HE
yBeNuumBas 3HaueHue apyroro’. Haiitu
ONTUMAJIbHbIE 3HAYECHUSI OBICTPOICHCTBUS
T v sHepruu E kak MHTErpaa oT KBajapa-
Ta ynpasineHust U MOKHO U3 dKCTpeMyMa
SHEPIruM £ 10 mapaMeTpy T P Mepexome
13 HAYaJIbHOTO COCTOSIHUSA X, ., B KOHEUHOE
Xon 3@ BpeMsI T TIO YCIIOBHIO

oF (x xKOH,r,U,T)

ot

Hay ’

=0. (7)

Ecau nipu BerauciiensoM 1o (7) ., BbI-
HOJIHAIOTCS. OTPAaHUYCHHUS 110 YIPABICHUIO
¥ KOOPJIMHATaM, TO B 3a7a4e IIPOrpaMMHO-

TO ABWDKEHUS ¢ KpUTepHeM (2) ipu

-1, -1,

Xonp (t) = Xpgau€ %om + Xon (1 —-e %Omj (8)
obecrmeynBaeTcss KBa3MONTHUMAalbHOE
(B cMpICiie JTOKaJTbHON ONTHMAbHOCTH,
B OTIMYHME OT TIOOATBHOW ONTHMAIbHO-
CTH TIPU ONTUMAJIBHOM NPOTPAMMHOM
yIpaBlieHHHN) YIIPABICHUE N0 OBICTPOCH-
CTBUIO M dHEPro3arparam.

YCTOMYMBOCTh  KBAa3MONTHUMAJIBHOM
CHUCTEMBI MOXKHO MPOBEPUTH 110 (PYyHKITUH
JlsmyHOBa MeTomaMu KadyeCTBEHHOM Teo-
pun T pepeHIaIbHBIX YPaBHEHUH HITH
KputepueB yctoluuBocTH [17]. CTpykTy-
pa 3aMKHYTOM KBa3HONTHUMAaJIbHOW CHC-
TEMBI IS JINHEHHBIX OOBEKTOB yITpaBIie-
HUS CONEPKUT JIMHEHHbIE CTAIlIOHAPHBIE
oOpaTHbIe CBSI3U ¢ KOXPPUIMEHTAMH TIe-
penaun, 3aBUCSIIUMU OT TapaMETPA Typy.

Pesyabrarsl ucciieoBaHus

IloxaxxeM NpUMEHEHHE NPEIJIOKEH-
HBIX Ha OCHOBE 0COOOTr0 ONTHMAJIEHOTO
YIPaBICHUS MOAXOJOB B PEILICHUU 3a1au
ONTHMAJBHOTO ¥ KBa3HONTUMAIBHOTO
yIpaBJIeHHUS IMHEHHBIM 00BEKTOM, JTWHA-
MHKa KOTOPOTO OIHCHIBAETCS JTMHEWHBIM
nrddepeHnInanTsHEIM YpaBHEHHEM

)

rjae Ko3((GUIMEHT YCUJICHUS U MOCTOSH-
Hasi BPEMEHHU paBHbI 1, Ha yIpaBlicHUE
U COCTOSHHE HAJIOKCHBI OTPaHUYCHHUSI
0<U<1,0<x £1.I'pannunsie yciuo-
BUSA Xy = 0, Xieou = Xc. BBIOOp 00BEKTa
OOBSICHSIETCS MEHBIIEH TPOMO3JIKOCTHIO
BBIYUCIICHUN U OOJBbIIICH MPO3PauHOCTHIO
pe3yNbTaTOB JIJIsl OLICHKH BBIYHCIUTEb-
HBIX, BPEMCHHBIX M DHEPreTHYCCKHX 3a-
TPaT M OIICHKH YCTOHYMBOCTH IONyYae-
MBbIX PEIICHUH.

3aoaua onmumanvbrnoco snepeocbepe-
2anwezo ynpasienus

YOII B pacmiupeHHOM MPOCTPAHCTBE
KOOP/IMHAT R, IPUMEHSIOTCS K Py IUpPO-
BaHHOU 3aj1a4ye

x,=U-x,

-0
X =),

< _ 0
X=X —X,
2
. 0
h=(x).

Berancisitores Bektopsl B, j = 1,2, 3,
Mo cooTHOMIeHNIO (4), n obpasyercs Ma-
Tpuia D,

1 0 0
D,=(B, B, By)=l0 -1 -l
0 —2x° 2y

U3 det D, = 0 onpenensiercs ocoboe
yOpaBJeHHE B PEAyIHUPOBAHHON 3ajaye
y —x° =0, mocie nepexoia K ONTHMAJIb-
HOMY YIPaBICHUIO B HWCXOJHOM 3ajadye
permmaercs crucreMa nu(QepeHITHaTbHBIX
ypaBHEHUH

x,=U-x,
U=U.
OOmuM peIeHueM CHCTEMBI Tud-

(dhepeHIMaNbHBIX  ypaBHEHWH OOBEKTa
1 YIIPABJICHUS SABJIAFOTCSA

° Esnanos JI. T. Teopust ¥ pakTHKa NPUHATHS pemeHuil. M. : DxoHomuka, 1984. 176 ¢. URL: https://
hram-sveta.ru/9189-teoriya-i-praktika-prinyatiya-resheniy.html (nara oopamenus: 24.01.2022).
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x(1)=Ce' +C,e”,
U(r)=2C¢.

[TocTositHHBIE MHTETPUPOBAHUSI OIIpE-
JIENSAIOTCS W3 TPAHUYHBIX  YCJIOBHUH.
Iyctb x,(0) = 0, X140 = 0,5 ipu 7 = 2.
I'paduku MEepexofHbIX MPOLECCOB s
koopauHarel x, (f) = 0,069(¢' + e) u or-
TUMAaIIbHOTO  MPOTPaAMMHOTO  YITIpaBJie-
aus U'(¢) = 0,138e’ mpuBenieHsl HA pH-
cynke 1. Ilpu 3TOM 3aTpaThl SHEPrUH

E:Iz(U*(t))zdt:O,SL uto Ha 30,7 %

MEHBIIIE, YeM SHEPro3arparhl B pAa30MKHY-
ToM cucreme ¢ ympasiaenuem U'(f) = 0,5
Ha wHTepBaje Bpemenu ¢ € [0, 3]. Ho
aHaTUTHYECKH BbIpasuth U™ uepes x,*
U3-32 TPAHCLEHJCHTHOCTH HEBO3MOJKHO,
K TOMY € HYKHO OyZIeT AOTOIHUTEIHHO
pemars 3agaq4y cTabuIn3anuid KOHEYHOTO
COCTOSIHUSL.

3(10(1’{(1 KeasuonmumaitbHoco ynpae-
JIeHUSL

PaccmoTpum 3amady mporpaMMHOTO
IBIDKEHUS 111 00bekTa (9) ¢ KpuTepuem

1,2
U, x

1,0
0,8
0,6
0,4

0,2

0 0,5 1,0

_XI*(U*) _U*

T ! ’
I:_[0 xK(l—efJ—x1 dr,

YYHUTHIBAIONIUM TIEPEXO] U3 xl(O) =0
B x(T — o) = X ¢ MHHUMAJIbHBIMHU
KBaJPAaTHUYHBIMA OTKJIOHCHHUSMH OT TIe-
PEXOMHOTO TIpollecca amepruoIHICCKOTO
3geHa TX=U—x ¢ U=x.

IIpumenum VYOIl B pacmmpeHHOM
IPOCTPAHCTBE KOOPAMHAT R, K IIOCTaB-
JIEHHOI 3aaue

X, =1,
X =U-x,

Xo 2
X, =£xK (l —efj—xlj .

Ilocne BBIYMCIIEHHA BEKTOPOB B, j =
=1, 2, 3, mo cootHoteHMIO (4) oOpasyem
marpuny D, = (B, B, B,):

%' (0, U'(0), (U =0.5)

0 0 0
D=1 1 1],
O b32 b33
t
1,5 2,0 2,5 3,0

xi(U)

Puc. 1. Tpaexropun x,” u U’ ONTHMANBEHOTO HPOTrPAMMHOTO YHPaBIEHUs
Fig. 1. Trajectories x," and U" of optimal programmed control
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13 3JICMCHTOB KOTOpOﬁ

b, = 2x, [l - eTJ -2x,,

0

by = 2{xK (1—e’]—x1]+2x“e :
T

omnpenensoTcst B QYHKIUH BPEMEHH OCO-
0as TpPaeKTOpHs, COBIAJAIOIAs C JKe-
naemoii mo kpureputo (10), m ocoboe
yIpaBJIeHHE, SBISIONICECS ONTHMAIEHBIM
B 3aJ1a4€ IPOrPaAMMHOTO JIBUIKCHUS

-2U +2x,

t
U(t,x,7)=x, 1+e_f(1_rj . (11)
T

Ilocne uckmroYeHUs BpEMCHU B I10-
CJICAHUX HAXOAUTCH YHNPABJIICHUC B 3aM-
KHyTOfI CUCTEME, JIMHEHHO 3aBUCAIICC OT
KOOpAWHATBI X | :

Ha pucynke 2 npusenena rpaduue-
CKasl WUTIOCTpALUs CBsI3eH MEXIy mepe-
MEHHBIMHU B ypaBHeHuH (12). U3 ypaBne-
Huit (11) u (12) cnemyer, 9To HadaIbHAS
ammumtyna ympasneHus U(x;(0) = 0)
0o0paTHO TPOMOPIMOHAILHA  Tapame-
Tpy 7. llpm 7 < 7, (puc. 2) HaYANBHBIHI
YYaCTOK YINpPAaBICHUS B IMPOTPAMMHOM
IBIDKCHUHW, KaK B 3amade OBICTPOICH-
CTBHSI, TPHHAJICKAT OTPAHUYCHHUIO Ha
ynpasienne U = 1 u 4em Oonbine x,
TeM Npu OOJBIIMUX T, BBIXOAUM Ha ITO
OrpaHUuEHHEe, YTO CIIEAYyeT M U3 CBSI3U

U(x(0)=0)<1= % DT0 03HauaeT,

MWH

YTO TIPU OOJBIINX JTUANA30HAX 3aJIaHHBIX
IPAaHUYHBIX YCJIOBHH B MPOTrPaMMHOM
JBHKECHUU Hcye3aeT 3¢ ekt sneprocoOe-
pEraromiero ymupaBJIeHUS U OHO MPHUOIH-
JKaeTCsl K ONTUMAJIbHOMY YIIPaBICHHIO TI0
obicTponeicTBHIO [2].

BenuunHa sHepruu, 3arpayrBaeMoii
na nepexon u3 x,(0) = 0 B x_3a Bpems 7=
= 37 npu ynpasienuu (13), paBHa

X

0,6 0,8 1,0

Tau=opt ——Tau=min ——Tau

P u c. 2. CBs3u nepeMeHHbIX B IPOrPAMMHOM BUKCHUU
F i g. 2. Relationships of variables in the program motion

x. —x(l-1
U(x,x,,7)= M. (12)
T
14
U
Ulx,,
12 (1, 7)
1,0
0,8
0,6
0,4
0,2
0
0 0,2 0.4
——Tau=00 ——Tau=2 Tau=1
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5 (312 +2t +1>

37 2
E:_[0 (U(t,xk,r)) dt = x; 5
MunuMyM 3Hepruu E 1o napamerpy ¢
OIIPEIEITUTCS U3 YCIIOBHS

oF 2(3‘[2—1)_
g_xk 272 =0,

OTKYJA Ty = 0,58. OTMETUM, UTO OTYUCH-
HBIH APAMETP 7oy, HE 3aBUCUT OT X,.. 3aBU-
CUMOCTh DHEprud £ OT mapamerpa 7 Mpu
x = 0,5 nokazana Ha pucyHke 3. Cnana-
IO B TTOJIOKATEITFHOM HAaIPaBICHUH T
y4acTok GyHKIHU E(t) XapakrepusyeT -
(heKTUBHBIC TIO OBICTPOACHCTBUIO U DHEP-
rozarparam pexxumsl [18]. OnTumManbHOe
B MPOrPaMMHOM JIBWKCHUHM PEIICHHUE
C Tyw = 0,58 maer 9,3 % OTHOCHTEIND-
HOW 3KOHOMHUHU SHEPIHH, IO CPABHCHHIO
C YIPaBJICHUEM B Pa30MKHYTOW CHCTEME
¢ t =1, uro cymectBenno mmwxke 30,7 %
SKOHOMHH 3HEPIHH TPH ONTHMAIHHOM
MIPOTPaMMHOM YIIPABJICHUHU, HO TIPU IIPO-
TPaMMHOM JIBIDKCHHH 00€CIeYrBaeTCs
YCTOWYHBOCTH KOHEYHOTO COCTOSTHHS.

b E(7)

[Ipu BBIOOpE X, > T\, TO €CTH, KOTJA
Ty > Tome (PUC. 2, 3), IIEPEXOMM Ha BOC-
XOISIIYI0 BeTBb (yHKUMH F(7), OBICTpPO-
JISHCTBUE W YHEPro3aTparbl HEMPOTHBOPE-
YUBBI, UX APQPEKTHI XOTSI U CHIKAFOTCS, HO
COXpaHsIOTCA MO cpaBHEeHUIO ¢ 7 = 1. Ot-
METHM, 9TO BEIOOP MEHBIIIETO 7 JaeT OOJIb-
mid 3PQPEKT Mo OBICTPOACUCTBUIO WU
IMPOU3BOAUTCIIBHOCTU  YCTAHOBKH, UYEM
3¢deKT Mo PHEeprozarparaM, 4to CICIYeT
u3 cynaboil Boruyroctu KpuBoit £(7). Ilpu
OonbIMx X, HaOJIrOJaeTcs Oosiee BbIpa-
JKCHHBIA DKCTPEMYM B 3aBUCUMOCTH E(7).
I'padmku mepexomHbIX MPOIECCOB B IMPO-
TPAMMHOM JIBWXKEHHH C Ty = 0,58 7 =1
st x,. = 0,5 mpuBeeHBI Ha PUCYHKE 4.

CrpykTypa TO3UIIMOHHOW CHCTEMBI
yIpaBJIeHHS, KBa3HONITUMAIBHON 110 OBI-
CTPONIEHCTBHUIO W dHEprosarparam, Ioiry-
ueHHas u3 (12) ¢t ¥ TEXHUIECKU MPOCTO
peanu3yemasi, PUBEJCHA Ha PUCYHKE 5.
Ecnu rpanuuHble ycloBUS X, > T,,, WU
Ty > Tonrs TO X > Tonr WM Ty > Tomr, TO IJIA
OrpaHUYCHHUA AaMIUIATYyAbl YIIPABJICHUA
BBEJICHO 3BEHO HACBIIICHUS C JTMHEUHBIM
Y4aCTKOM €MHHYHOIO HAKJIOHA B JHaria-
3o0He [0, 1].

P u c. 3. 3aBucumocTs sHepruu E OT mapamerpa 7 B IPOrpaMMHOM JIBUKCHUH
Fig. 3. Dependence of the energy E on the parameter 7 in the program motion
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1,0
0,9

U, x

0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

0
0 0,5 1,0

—x(TAUonr)

— U(TAUonr)

U(Tnm')v XI(TOFIT)’ xl(T T 1)

1.5 2,0 2,5 3,0

x1(TAU=1)

P u c. 4. I'paduku TepexoaHbIX TPOIECCOB B IPOrPAMMHOM JBIKCHHH
F i g. 4. Graphs of transients in the program motion

Puc. 5. Crpykrypa NO3HLHOHHON CUCTEMBI YIIPABICHUS
Fig. 5. Structure of the positional control system

HenocpencreenHoe mnpumeHeHHe pe-
3yABTaTOB JaHHOM pPabOThI MOXKHO II0-
Kazarb Ha INpPUMEpEe  ONTHUMAJIBHOIO
SHEprocOeperaromero ynpaBieHus: Cy-
MITEHOW KaMEepOH, IPUBEICHHOTO B pabo-
te B. W. JloByakoBa [2]. XoTs moBeneHUE
oObekTa omuckiBaeTcs: AuddepeHIaib-
HBIM ypaBHEHHEM BTOPOTO MOPSIKA, JUIS
KOHKPETHBIX T'PAHUYHBIX YCJIOBUN MOXKHO
MOCTPOUTH AJIEKBATHYIO MOJEJb MEPBOIOo
MopsiIka C TOMOIIbIO METOAa HauMEHb-
IIMX KB3JparoB IO KPHUBOM IMEpEXOqHO-
ro Ipolecca WM YacTOTHBIX XapakTe-
puctuk. [lanee, NpHUMEHssS IOLIATOBO
METOAMKY JAHHOW padOoThl, MO’KHO B 3aM-
KHYTOM YCTOMYMBON CHCTEME MOIY4YHUTh
KBa3HONTUMAJBHOE II0 JHEprosarparam

290

1 OBICTPOACHCTBHIO YIIpaBIeHUe, obec-
neuusaromiee 10-30 % HSKOHOMHHU JNEK-
TposHepruu u B 1,5-2,0 pasa Oombiiee
OBICTPOICHICTBIE TIPH KOPPEKTHOM CpaB-
HEHUM C YINPABICHUEM B Pa30MKHYTOU
CHUCTEME, COOTBETCTBYIOLIUM KOHEUHOMY
3HAYCHUIO BBIXOAHON KOOPIUHATEHI.

O0cy:xneHue U 3aKJII0YeHHe

B nenom nperaraemMslii oaXox K 110-
CTPOCHHIO ONITUMAIILHBIX CUCTEM IO KPHU-
TepusiM OBICTPOJICHCTBUS, dHEprocoepe-
JKEHUS W TOYHOCTH Ha ocHoBe YOII mis
HEJIMHEHHBIX OOBEKTOB B PACIIMPEHHOM
MPOCTPAHCTBE KOOPAUHAT IMOKa3al CBOIO
PE3yNBTaTUBHOCTE H  3(PPEKTHBHOCTS.
KBaznonTumanbHOCTh MO BSHEPro3arpa-
TaM W OBICTPOACHCTBUIO B YCTOWIHUBOM
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JUHAMUYECKOM pPEeXHUME JIOCTHraeTcs
TEM, 4TO B 3aJla4e MPOrpaMMHOTO JIBHXKE-
HUSI BBITOJTHACTCSI MUHUMU3ALIMsl SHEPTUU
10 TTapaMeTpy MPOrPaMMHOTO JIBHIKECHHUS,
NPOTHBOPEYHBO BIUSIONIEMY Ha BpeMs
HEPEXOAHOTO TIpoIiecca M AMIUTHTYIY
YIPaBISAIONIEr0 BO3eHcTBUsA. Dopmanu-
30BaHHOCTh TOJAXOJA TPEIIONIAraeT ero
UCIIONIb30BAHUE B 3a/1auaX MHOTOKpHUTE-
pHaIbHON ONTHMHU3AIMK U CHCTEMaX aB-
TOMaTU3UPOBAHHOTO MPOCKTUPOBAHUSL.

B npanbHeiiiem npemiaraerca mpuMe-
HATh TIONXOI K OObEKTaM Oonbliel pas-
MEPHOCTH C YYeTOM CTPYKTYpHO-(pyHK-
LMOHATBHBIX  OCOOCHHOCTEH, pa3inYHbIX
npencraBieHnii mudhepeHManbHbIX ypaB-
HEHNI 00BEKTa B HOPMAJIGHOH (opMe WITH
C OTpaXeHHeM (H3MYECKOW CYIIHOCTH.
He pemena 3amaga TOCTHIKEHHS TIpeeib-

HOTO 9HEProcOEepeKeHUs], IOTy4aeMOro
NpH ONTHMaJILHOM TIPOrPaMMHOM YIIpaBJie-
HHH, C aJITOPUTMOM U CTPYKTYpOH YCTpPOH-
CTBa ONPEACJICHUS] YAaCTHBIX PpELICHUH
1 00ecIevynBaroIIero yCTOHYMBOCTD 3aM-
KHYTOM CTalMOHAPHOU CUCTEMBI.
Pesynmerarer paboThl MOTYT OBITH HC-
IMMOJIB30BaHbl IIPpU MCCIICAOBAaHHWU JUHA-
MHUYECKHX PEKHUMOB 3JIEKTPOYCTaHOBOK
B NPOMBINUICHHBIX U CEIBCKOXO3STMCTBEH-
HBIX TEIJIOBBIX IMpoHeccax ()KI/IJ'II)IC n HE-
JKHUIIBIC TIIOMCIICHUS, TCIUIMIBI, IICYH,
CYIIMJIbHBIE KaMEPbl, aBTOKJIABbI ); B CBETO-
TEXHUYECKUX YCTAHOBKAX; Ha TPAHCIIOPTE
B ABTOHOMHBIX 3JIEKTPOIIPUBO/AX; B MEXa-
TPOHHBIX U POOOTOTEXHUYECKUX YCTPOIi-
CTBaX, HANpHUMeEp A 00CCIICUCHHUS] MST-
KOI'O ITyCKa JIEKTPOIPUBOIOB, M B IPYIHX
Tporieccax u ycrtaHoBkax [19; 20].
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Annomauusn

Beseoenue. XapaktepHOil 0COOGHHOCTBIO OOJIBIIMHCTBA OSKCIEPUMEHTAIBHBIX HAydHO-
HCCIIEIOBATENbCKUX PAbOT O CBETOKYJBTYpE SBISETCS HEOOXOIMMOCTb BapbHPOBaHHs
OCHOBHBIX ITapaMETPOB CBETOBOTO PEXMMa IPH IOIICPKAHUU APYTHX (AKTOPOB OKpY-
JKAIOILEeN Cpeibl Ha OJJTHOM YPOBHE B TeUeHHE Bcero skcnepumenTa. [loaxon x co3ganuro He-
00XOIMMOT0 Pa3HOOOPa3Hs BAPHAHTOB ITAPAMETPOB CBETOBOTO PEXKMMA 33 OANH LUK BEIPa-
LMBaHUS PACTEHUM, pacCMaTpUBAEMbIii B JaHHOW paboTe, MOXKET OKa3aThCsl IPUEMIIEMBIM
JUISL COKPAILICHHSI BPEMEHHU IIPOBEICHUSI SKCIIEPUMEHTOB HIIN JUISL OMCKOBBIX pador. Llems
PabOThI — IIOKa3aTh BO3MOXKHOCTb HCIIOJIb30BAHHS I'PAJIMEHTA OCBEILIEHHOCTH KaK HCTOYHHU-
Ka BapHallK €€ BEIIMINHEI B OKCIIEPIMEHTAIBHBIX PA00TaX 110 CBETOKYIIBTYPE.
Mamepuanst u memoost. VIcrionb30Bajcs CBETOIUMOHbIN CBETHIBHUK C KOCHHYCHBIM CBE-
TOpaCIIpeieNICHHEeM, Pa3MelIeHHbIH Ha/l pabodueil ITOBEPXHOCTHIO, Ha KOTOPOIi pacroiara-
JIMCh KOHTEHHEPBI C PAaCTEHUSIMH CJIAJIKOTO Tepia. B kauectBe Onomerpuueckoro napa-
MeTpa, XapaKTePU3YIOLIEro OTKIMK PacTeHHs Ha YPOBEHb OCBEIICHHOCTH, IPHUMEHSIACh
OINTHYECKAs! INIOTHOCTh JIUCTHEB B PA3JIMUHBIX CHEKTPANbHBIX JUANa30HaX.

Pezynemamut uccneoosanus. Ha pabGoueil MmOBepXHOCTH HaOIIOAICS CyNIECTBEHHBIN
IpaJyeHT OCBEUIeHHOCTH. IIpy OIMHAKOBOM [HMAama30HE OCBEIIEHHOCTEH KOIMYECTBO
KOHTEIHEpOB C PacTCHUSIMHU JUISl ITAaHHOW 30HBI PAa3iIMYHO U JOCTaTOYHO JUIs IPOBEPKU
CTAaTUCTUYECKUX TUIOTE3. BEMMUMHBI CPEHUX OCBEIIEHHOCTEH 10 30HaM 00eceYBalH
JIMAITa30H U3MEHEHHs OCBEIICHHOCTH B 2,5 pa3a. CpeHeKBaipaTHiHbIe OTKIOHEHHUS OC-
BEIICHHOCTH 10 30HaM COCTaBISUIN 97—163 5K U ObUIM MPAKTUUECKU HEKOPPEIUPOBAHBI
C BEJIMYMHAMH CPEJJHUX OCBEIICHHOCTEH.

Obcyxcoenue u saxnouenue. Pa3paboTaHHas MaTreMaTHdecKas MOJIENb TPAJUEHTHOTO
9KCIICPHMEHTAa B CBETOKYJIBTYPE ITO3BOJISIET MO CBETOTEXHUYCCKHM U KOMIIOHOBOYHBIM
rapaMeTpaM OCBETHTEIbHON YCTAHOBKM ONPEJEINTh BO3MOKHOE KOJIHUYECTBO MOBTOP-
HOCTEH P NPOBEJCHUM JKCIICPHMEHTA, CPeAHEee 3HAYeHHE OCBEIICHHOCTH, CpeIHe-
KBaJ[PaTU4YHOE OTKJIOHEHHE, KOA(D(OUIMEHTHl BapUAllMd U PABHOMEPHOCTH B KAXKIOU
30HE pa3MENICHHs PACTeHUH. OKCIEPHMEHTAIBHO IOATBEPXKICHO, YTO IPHMEHCHUE
CBETUJIbHUKA C KOCHHYCHBIM CBETOPACHpEEIeHHEM 00eCIeYnBaeT HAa TOPU30HTAIbHOI
MIOBEPXHOCTH TPATUCHT OCBEUIEHHOCTH, CPEIHHUE 3HAUCHUSI KOTOPOH B OTAENBHBIX 30HAX
o0pa3ytoT nuHelHy1o mkany. KoadduuuenTs: Bapuany 0CBEIEHHOCTH B OTICIbHBIX 30-
HaX OCBELICHUS IIPH YCTAaHOBJIECHHBIX B IpuMepe mnapamerpax cocrasisum 3,0-11,5 %.
Ipu 3TOM K03 GUILIMEHTHI BapHaluK ONTHYSCKON INIOTHOCTH JIHCTHEB PACTEHHH Mepla,
BBEIPAIICHHOTO B YCJIOBHSX I'PAJUEHTHOTO SKCIEPUMEHTA 0 OCBELIEHHOCTH, COCTABIIS-
1 6,0-11,6 %. Paznuuus cpenHuX 3HaYCHUH ONTUYECKON TNIOTHOCTH JIUCTHEB PACTCHUI
B PA3INYHBIX 30HAX I'PAJUEHTHOTO OCBEIICHUS CTATUCTUYECKH 3HAYUMBI. JTO MO3BOJISIET
PEKOMEHI0BaTh MCHOJIb30BAHUE MIPEIaraeMOro METOa AJIsl IOUCKOBBIX IKCIIEPHMEHTOB
TI0 CBETOKYJIBTYpE.
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Abstract

Introduction. A characteristic feature of most experimental research works on horticulture
lighting is the need to vary the main parameters of the light regime while maintaining
other environmental factors at the same level throughout the experiment. The approach
to creating the requisite variety of variations of light regime parameters in one cycle of
plant cultivation, considered in this work, may be acceptable for reducing the time of
experiments or for exploratory works. The aim of the work is to show the possibility of
using the illuminance gradient as a source of variation in its value in experimental works
on horticulture lighting.

Materials and Methods. We used an LED lamp with a cosine light spatial distribution,
placed above the work surface, on which containers with sweet pepper plants were placed.
The optical density of the leaves in various spectral ranges was used as a biometric param-
eter characterizing the response of a plant to the level of illumination.

Results. A significant gradient of illumination was observed on the working surface. With
the same range of illumination, the number of containers with plants for a given zone is
different and is sufficient to test statistical hypotheses. The values of the average illumina-
tion by zones provided the range of illumination change by 2.5 times. The standard devia-
tions of illumination by zones were 97—163 lux and were practically no correlated with the
values of the average illumination.

Discussion and Conclusion. The developed mathematical model of a gradient experiment
in horticulture lighting makes it possible to determine the possible number of replicates
during the experiment, the average illumination value, the standard deviation, the coef-
ficients of variation and uniformity in each zone of plant placement, based on the lighting
and layout parameters of the lighting installation. It has been experimentally found that
the use of a luminaire with a cosine light distribution provides an illumination gradient
on a horizontal surface, the average values of which in individual zones form a linear il-
lumination scale. Coefficients of illumination variation in individual lighting zones with
the parameters set in the example were 3.0—11.5%. The coefficients of variation of the
optical density of the leaves of pepper plants grown under the conditions of the gradient
experiment on illumination were 6.0—-11.6%. The differences in the mean values of the
optical density of plant leaves in different zones of gradient illumination are statistically
significant. This allows us to recommend the use of the proposed method for searching
experiments on horticulture lighting.

Keywords: greenhouse horticulture, horticulture lighting, lighting installation, illumina-
tion uniformity, gradient, biometry, phenotyping
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BBenenue

CBeTOKYIIBTYpOl Ha3bIBAIOT HAay4YHBIC
OCHOBBI U TIPaKTHYECKHE TPUEMBI BBIpa-
[IMBAaHUS PACTEHUH B YCIOBUSAX HCKYC-
CTBEHHO CO3JIaHHOH cpenasl. B pe3ynbra-
T€ MHOXKECTBA WCCIIEIOBAaHUI BBISBICHO,
YTO CBET SBISIETCA BAKHEHIIUM 3KOJIO-
THYECKUM  (PaKTOpOM cpelbl OOUTaHUS
pacteHuii. XapakTepHOH OCOOEHHOCTHIO
OOJIBIIMHCTBA PKCIICPUMEHTAIILHBIX HAYyY-
HO-HMCCJIEOBATEIbCKUX paboT Mo CBETO-
KYJBTYpE SIBISICTCSI HEOOXOUMOCTh Baph-
WUPOBAHUS TIPU UX MMPOBEICHUN OCHOBHBIX
[apaMeTpoB CBETOBOTO PeKUMa (MHTEH-
CHUBHOCTH W3Ty4YEHHsI, €ro CIIEKTPaIbHO-
ro cocrasa, (hoTorepuoaa) Mpu IMOAIEP-
JKaHUH JIPYTUX (PAKTOPOB OKpY’KaIOIIeH
cpens! (MOJMB, TEMIIEpaTypa, BIaXHOCTh
U T. 1.) HAa OIHOM ypOBHE B T€UECHHE BCe-
ro 3KcrepuMeHTa. Takne 3KCTIepUMEHTHI
MO3BOJISIIOT HANTH ONTHMAJIbHBIC YCIOBHSI
BBEIpAIIMBAHUS PACTCHUH, YTO TMPEICTaB-
JsieT OO0 He TOJBKO HAYYHBIH, HO U XO-
3511ICTBEHHBINH MHTEpEC.

[IpumeHeHne WMCKYCCTBEHHOTO OC-
BEIICHUS TIPWU BBIPANIMBAHWUU PACTCHHUU
nMeeT Ooraryro ucropuio. Hagamom ce-
TOKYIIBTYPbl KaK HayYHOH TUCITHILIH-
HBI, TIOXAJIyH, MOXXHO CYHTaTh paboOTy
JI. X. beitmu 1891 1., B KOoTOpOIt M3Mara-
JIUCHh PE3yAbTaThl UCCIETOBAHNIN BIUSHUS
OCBEIIEHUS OT JYTOBBIX 3JIEKTPUUYECKUX
JIaMIl HA PAacTeHHs], BBIpAIIUBAEMBbIC B Te-
mwiune [1]. [Hocnemyronme nccneaoBanus
MOKa3ajH, YTO PACTEHHsS BOCHPUHHMAIOT
CUTHAJIBI O CBETOBOU cpene uepes (oTo-
PEIenTopsl U KOHTPOIHUPYET MHOKECTBO
IIPOUCXOIAIINX B HUX TPOIIECCOB, TAKUX
KaK MpopacTaHue, POCT IO KOHKYpHUPY-
IOIUMH  TIOJIOTaMH, pa3BUTHE KOpHEH,
[IBETCHUE, aJaNTHPYs CBOIO MOP(]OIOTHIO

U (GU3HOJIOTHI0 K MEHSIOIIMMCS BHeIl-
HuM ycnoBusM [2]. CymecTByeT B3au-
MOZICUCTBHE MEXJY CUTHAILHOW (YHK-
ueit ceera, koropas d(PQPEKTHBHA Jaxe
MIpU OYeHb HU3KOW OCBEIEHHOCTH, U €ro
9HepreTuyeckoil QyHKUMeH B (OTOCHH-
Te3€, IOCKOJIbKY HEKOTOpBIE U3 peaklui,
3aIycKaeMbIX (POTOPELENTOpaMH, OKa3bl-
BAIOT HEMOCPEACTBCHHOE BIMSHUE HA 3()-
(exTUBHOCTD (POTOCHHTE3a, YIIIEPOIHBIN
METabO0IM3M, TPOU3BOACTBO OHMOMACCHI
U cTpeccoBble peaknnu [3]. B korTpOIN-
PYEMBIX HPOM3BOACTBEHHBIX YCJIOBHSX
(TeruIBl, CUTH-(QEPMBI) CBET SBISAETCS
OTpPaHUYMBAIOMINM (AKTOPOM UL ypo-
JKalTHOCTH CEITbCKOXO3SMCTBEHHBIX KYJIb-
Typ. B yCHOBHSIX IOCTOSHHOIO pocTa
HaceJIEHUs IUIaHeThl UCKYCCTBEHHOE OC-
BEIlIEHHE CTaHOBHUTCS Bce Ooiee HeoOXo-
JUMBIM B CTPYKTYPE CEIILCKOTO X035CcTBa
Uil 00ecTIeueHus! TOCTOSIHHO PacTYLIEro
cIpoca Ha MPOAYKThI MuTaHus [4].
®duznonornueckre, MopHoIOruIecKue
U aHaTOMMYECKHE II0Ka3aTeln PacTeHUH
3aBUCST OT OCHOBHBIX IAPAMETPOB CBETO-
BOT0 pexuma. JIMCTbs pacTeHHi CHIBHO
TMOIVIOMIAIOT CBET B CHHEM M KPAacHOM JTH-
ara3oHax, IMOCKOJBKY 37IECh PacIookKe-
HBI [TUKW TIOTJIOIIEHUS XJI0poduuioB (660
1 460 uM). B 3eneHoMm uanazoHe B OCHOB-
HOM TPOMCXOIUT OTpakeHHe cBera'. Ha-
npuMep, Ul pacTeHUH mepla HMeeTcs
KOPPEJISILIUS MKy CBETIIO-3€JICHON OKpa-
ckoli mucteeB (B (pase paccanibl) U CBET-
JIOW OKpackoil IUIOJOB B TEXHUYECKOU
criesocta [S5]. M3BecTHO, YTO BBICOKAs
MHTEHCUBHOCTb OCBELICHUS HPENATCTBY-
eT yIUIMHEHUIO cTeOmst [6]. st B3poCimbIx
pacTeHuii mepua ypoBeHb OCBEIIEHHOCTH
BIMSET Ha TapaMeTpbl pocTa M HWHTEH-
CUBHOCTH (poTocuHTe3a [7]. B pactenusix

! Taiz L., Zeiger E. Plant Physiology. 5" ed. Sunderland : Sinauer Associates, 2010. 781 p.
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nepiia Npu HU3KOM YPOBHE OCBEIIEHHOCTH
MPOUCXOIAT MOP(OJIIOTHYECKUE H3MEHE-
HUS 11 TOTO, YTOObI MaKCHMH3HPOBAaTh
WCIIOTb30BAHNE CBETA. YBEITMYHBACTCS
TUTOIIA/Ib TTOBEPXHOCTH JIUCTHEB, MEXKY3-
JIMYHBIE PACCTOSIHUS, JINCThS CTAHOBSATCS
TOHBIIIe, YIITMHSAETCS CTe0eTh. YBEINInBa-
eTcsl pa3Mep XJIOPOIUIACTOB U KOJIMYECTBO
xJiopodmia B HuX [8].

KonndecTBeHHOE OMHCAaHHE KOMIIO-
HEHTOB DJKOCUCTEMbI MU HX B3aI/IMOZ[eI71-
CTBHA BO3MOXHO JIMIIb B CTPOTO KOH-
TPOJIUPYEMBIX YCIOBHSIX Ha HaTypHOH
MozeH. B ecTecTBEHHBIX YCIOBHAX U3-3a
MEHSIOIIMXCS (PAKTOPOB BHEIIHEH Cpelibl
3TO KpaifHe 3aTpyaHEeHO. B cBs3M ¢ 3THM
Ba)XHOE 3HAYCHHE TIPHOOPETAIOT BOMTPOCHI
METOAMKH TIPOBEJCHHS JKCIIEPHMEHTOB
B CBETOKYIBTYpE.

Ilens paboTBl — TOKa3aTh BO3MOXK-
HOCTh HCIIOJIb30BaHMsI T'PAJIMEHTa OCBE-
HIEHHOCTH KaK WCTOYHHMKA BaphallH ee
BCJIMYMHBI B 3KCICPUMECHTAJIbHBIX pa60-
Tax 10 CBETOKYJIBTYPE.

0030p TuTEpPaTYpPHI

[Tonsitie rpaanenTa GU3NIECKON Be-
JIUYMHBI O3HAYAeT, YTO OHA MPHUHUMAET
pa3ianyHOE 3HAYCHHWE B PA3IUYHBIX TOY-
Kax TpocTpaHcTBa (moBepxHOCcTH). Cpen-
CTBaMH OOECIleYeHHsI Takoro 3ddekra
JUTSL CBETOTEXHWYECKWX BEIMYHMH SBIIS-
IOTCA CIICHUAJIIBHBIC OIITHYCCKHE U CBEC-
TOTEXHUYECKUE JIEMEHTHI U YCTPOMCTBA:
IrpaaACHTHBIC CBCTO(l)I/IJIBTpLI, JIMH3BI,
HUCTOYHHUKH CBETa, CBETHWILHUKH’, Tak,
W3BECTCH TPaJMCHTHBIA CBETO(UIBTD,
BBITOJTHEHHBIA B BUJE MPO3PAYHOM ILIO-
CKOW MapaijenbHOM IulacTUHbl. B ka-
4YecTBe Marepuaiia cBertouiabrpa uC-
MONIb3yeTCS  ONTHYECKOE CTEKIIO WM
rTacTMacca ¢ painajbHbIM TPaJUeHTHBIM
npoduiIeM ToKaszaTels IMPEeOMIICHHUS,
KOTOPBIH OTIpEe/IeTICHHBIM 00pa3oM 3aBH-
CUT OT ToJisIpHOTO pammyca [9]. M3Bec-
TCH I‘pa}:[HeHTHBIﬁ 06BCKTI/IB, B KOTOpOM

BBINYKJIO-TUIOCKAs JIMH3a BBITIOJHEHA U3
Marepualia C OMNpPEICIICHHBIM pacIpe/ie-
JeHueM nokaszarens npenomienus [10].

CpaBHUTENBHBIN IKCIIEPUMEHT B CBe-
TOKYIIBTYpE — 9TO TpOoIenypa CHcTeMa-
TUYECKOTO cOOpa HayYHBIX JaHHBIX B Iie-
JSX TPOBEPKH TPABUIHLHOCTH THIIOTE3BI
uccrnenoanus. [ MOTHOTO PacKphITHS
MOTCHIIMANA WCCICAOBAHUS  DKCIICPH-
MEHTBI 110 CBETOKYJIBTYpPE JO/DKHBI OBITh
MPaBUIIBHO CIJIAHWPOBAHBI U OpPTraHU30-
Baubl [11]. IIpaBUibHO CHIPOCKTUPOBAH-
HBII SKCIICPUMEHT TPEXK]IC BCETO JOIDKCH
OBITh PaHIOMHU3UPOBAHHBIM C JIOCTATOY-
HBIM KOJIMYECTBOM HCTHHHBIX MOBTOpE-
HUH. AJeKBaTHOE KOJMYECTBO MOBTOpE-
HUA HEeOOXOMUMO I OLICHKH OIIHOKHA
SKCTIEpUMEHTA, 3HAYMMOCTH U CHJIIBI BO3-
nerictByromux  (pakTopoB. IlpaBmiibHas
paHIoMH3aIrs 00ecreyBaeT HECMEICH-
HYIO OILIEHKY HaOuonaembIx 3 dekToB.

B cBeTOKyIBTYpe MOXHO BBIICIUTH
OT/EJIbHBIC THUIBI HCCIEAOBAHUN: B pO-
CTOBBIX KaMepax, B TCIIUIIAX, B MOJIEBBIX
ycioBusix [12]. PocroBast kamepa obecrie-
YHBACT CICIHAIBHBIC KOHTPOJIUPYEMBIC
YCIIOBUSI, B KOTOPBIX HCCIIE0BATENlh MO-
JKET M3YYHTh BIHSHUE (aKkTopa CBeTa Ha
pPOCT pacTeHHi, BBIACPKUBAs 3HAYCHHS
nIpyrux (akTopoB Ha 3aJaHHOM ypPOBHE
B T€UCHHME BCEro JKcrepuMeHnTa. OCHOB-
HOW TIpoOIeMoil B HICCIEIOBAHUIX B PO-
CTOBOU Kamepe SIBISICTCS HEJIOCTAaTOYHOE
KOJIMYECTBO MIOBTOPOB WJIM UX OTCYTCTBHE
BooOmIe. [TockonbKy BenM4YMHA UCCIETY-
eMoro (Qakrtopa 3ajaercs Ui Kamephbl
B II€JIOM (2 HE K OTJCIIbHOMY PacTEHUI0),
IKCIICPUMEHTAIILHOW  SIMHUICH  sIBIIS-
ercsi cama kamepa. PacreHuss B kamepe
CYHTAIOTCSl TO/IBHIOOPKAMH U HE JIOIDK-
HBI pacCMaTpyBaThCs KaK WCTUHHBIE pe-
k. st obecriedeHnss TOCTOBEPHBIX
MMOBTOPOB  KCIEPHUMEHTHI  TTIOBTOPSIOT,
UCIIOJNIB3Ys OJIHY U TY JKE POCTOBYIO Kame-
Py HECKOJBKO pa3, Ha3Hayas Cly4alHbIM

2 Conumeno C., Kposunbsau b., {u [Topro I1. Audpakims 1 BOIHOBOJHOE PACIIPOCTPAHCHUE OITH-
yeckoro m3nydenus : [lep. ¢ anmt. M. : Mup, 1989. 664 c.
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00pa3oM YpOBHH HCCIIeIyeMOro (axropa,
YTO YBEJINYMBAET CPOKH M CTOMMOCTH HC-
CJIEZIOBaHUS. DKCIIEPUMEHTHI B TEILTUIIC
MIPOBOMATCS. B KOHTPOJIMPYEMOM H yIpaB-
JSeMOi cpefnie, CBOAS K MHUHUMYMY TIO-
YBEHHbIE W KIUMATHYECKUE Pa3TU4ns.
3nech AKCTIePUMEHTAIBHBIMHA STUHHUIIAMHI
SABJIIIOTCA OTACJIBHBIC PACTCHUSA HWIIM HX
T'pynribl, BbIpAIUBACMbIC B OTACIbHBIX
ropuikax win jJoTkax. Hecmorps Ha BO3-
MOXXHOCTb KOHTPOJISI M YIPAaBIIEHUS BHY-
TPEHHEW CpEJoM, €€ MapaMeTpbl MOTYT
BapbHPOBAThCS BHYTPH BCETO TIOMEIICHHS,
co31aBasi TPAJIMCHT TapaMeTpa, 4To SIBIIs-
eTcst HexenarelbHbIM. [loneBbie necneno-
BaHMS TMPUMEHHUTEIFHO K CBETOKYIBTYpE
MoAipa3yMeBaloT HaOMIOEeHUs 3a pacca-
JIOM, BBICAXKEHHOW B T'PYHT IOCIE OIpe-
JIEJIEHHOTO BO3/IEMCTBUS B paccaJHbIi 11e-
puon. OTnenbHBIE OIXHOPOAHBIE TMOJEBHIC
y4acTKH ¢ 0oJiee 4eM C OIHUM PacTeHHUEM
OOBIYHO HCIIONB3YIOTCSl B KAUECTBE DKCIIe-
PUMCHTAJIBHBIX €AWHUI] B UCCIICAOBAHUAX
OTHOJICTHHUX U MHOT'OJICTHUX KYJIBTYD. IIJIH
YMEHBIIICHUS] 3KCICPUMEHTAIBHBIX OIIIU-
0OK MpH TUIAHHUPOBAHMU CPABHUTEIHHBIX
OKCIIEPUMEHTOB HACTOSITEIBHO PEKOMEH-
JTyeTcsl CKITIOUeHHE TPpajieHTa (GaKTopoB
Ha onbITHOM Mosie [ 13].

[Ipu ucmonb30BaHUM aKTUBHOTO HKC-
MepUMEeHTa, KaK TPaBHUJIO, MPOU3BOIUT-
Cs €ero Tak Ha3blBaeMoOe IUTaHHPOBaHHE,
TO €cTb BBIOOp coueTaHHs (PAKTOPOB,
BIUSIIONINX HA TPOIECC. DTa MPOoIeaypa
COKpalaer HeoOXOJMMOe KOJHYECTBO
OIIBITOB U MO3BOJIACT OLICHUTDL CUJIYy B3au-
MOAEUCTBHS (HaKTOPOB.

[ToMrMO aKTHBHOTO, HMCCIIEIOBATEIIO
YacTO MPUXOAUTCS MTPUMEHSIT TACCHUBHBIH
OKCIIEPUMEHT, KOTJa YPOBHH (PaKTOpPOB
B KaXKIOM OIIBITE PETUCTPUPYIOTCS, HO HE
3amaroTcs. Takas cUTyalus 4acTo BO3HU-
KaeT B JKOJOTHH, TOCKOIBKO yYCTAaHOBUTH
ypoBHU (HaKTOPOB OKPYKAIOIICH CPEIIBI
3aTpyIHEHO, €CIM HE HEBO3MOXKHO. J[is
TaKUX CIy4aeB pa3paboTaH Crocod aHa-
JM3a PacTUTENBHBIX COOOIIECTB, paccMa-
TPUBAIOIIMNA PACHPEICIICHUE IOMYJISALUN
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10 TPAZMEHTY KOJIOTHUECKUX YCIOBUN —
TPaIUCHTHBIA aHAJIN3.

PaccmarpuBasi  BOIIPOCHI  BIUSIHHS
OCHOBHBIX IKOJOTHYECKUX (haKTOPOB Ha
pacTeHus: M pacTUTEIbHBIE COOOIIEeCTRa,
HEO0OXOIMMO 3aTPOHYTHh IOHSATHE DKO-
JIOTUYECKOTO TPaJNeHTa, TO0J KOTOPHIM
MOHUMAETCSl M3MEHEHHE a0MOTHYECKHX
(hakTopoB OT MHHHMAaJILHOTO 3Haue-
HUSl K MaKCHMaJbHOMY, YTO COTIPSIKEHO
C M3MEHEHHUEM YCIIOBHH CYIIECTBOBAHUS
BUJa B apeaje oOuTaHus (KIMHAIbHAS
U3MEHUYUBOCTS).

['paagveHTHBI TACCHUBHBIN BKCIIEpH-
MEHT HIUPOKO TPUMEHSIETCS B HCCIIENO-
BaHMUIX II0 DKOJIOTHUH, OOTaHWKE, IOITy-
TSIMOHHON OWOJIOTHH, TPH HAXOXKISHUH
OTKITMKa CBOWCTB JKMBBIX OPTaHU3MOB Ha
TPaJIIeHTHI KaK OTACNBHBIX (PaKTOPOB OK-
pyXKarouieil cpeapl, TaKk U UX COBOKYITHO-
ctu [14]. B wactHOCTH, OH IIUPOKO ¥ (-
(heKTHBHO HCTIONB3YETCS TMPH H3YyYCHUH
necHbIX ¢uToreHo3os [ 15]. Tak, uccieso-
BaJIM 00pa3ibl MOJIOJBIX OyKOB €BpOIEii-
ckux (Fagus sylvatica L.) v KJIeHa TuTaTaHa
(Acer pseudoplatanus L.) BOons rpanueH-
TOB JIOCTYITHOCTH CBETa M MPOAHAIN3UPO-
BaJIM IMCKU CTBOJIOB JIJISl KOJIMUYECTBEHHOM
OIIEHKH TIEPBHYHOTO W BTOPUYHOTO pO-
cra. CKopocTh pocra OyKa XOpOoIIo 00b-
SCHSIACh HAMYMEM PACCEeSTHHOTO CBETa
u oHToreHe3om. [lo cpaBHeHHIO ¢ OyKOM
JOCTYITHOCTh CBETa CHJIbHEE BIIMSUIA HA
BTOPUYHBIN POCT CTBOJIOB IUIATaHA, U ITPHU-
POCT BBICOTHI YMEHBIIAJCSI C BO3PACTOM
nepesa [16]. JI. JludumdHr ¢ xoiieramu
OOHapyKWJI, YTO JAJHMHA Yepeuka u Ouo-
Macca pacTeHHH OyApbl IUTIOIIEBUIHON
(Glechoma hederacea L.) Obina Oosnblie
B YCIIOBHSIX CBETOBOTO I'Pa/INEHTA, HEXKEIH
YeM IpU paBHOMEPHOM ocBelieHuu [17].
B aHa0ru4HOM SKCTIEpUMEHTE OBLITO Haii-
neHo, uto pactenus Abutilon theophrasti
NPy TPAJIMEHTHOM OCBEIICHHM ITOKa3a-
T paziryre TPH3HAKOB Ha Pa3IMYHBIX
ypoBHsAX [18]. DT0 yKka3bIBaeT Ha TO, UTO
pacTeHHst MOTYT IO-Pa3HOMY pearupoBarh
Ha pasHble YCJIOBHUSl OCBEIICHHS M YTO
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9TH pa3HbIE YCIOBUS MOTYT TO-PasHOMY
BIIMSATH Ha MPOHM3BOIUTEIBHOCTh U Kade-
CcTBO pacteHuil. pyroil mpumep mpume-
HEHUSl TPaJUEHTHOTO aHaM3a: HCCIeno-
BJINCHh 3aKOHOMEPHOCTH paclpeleseHus
TAKCOHOMHMYECKOI'O COCTaBa LIMAHOOAKTE-
PHaIbHO-BOAOPOCIIEBBIX LIEHO30B B IIAX-
Te Temepbl B 3aBUCHMOCTH OT YPOBHS
OCBEILIEHHOCTU. B 3aBUCUMOCTH OT Ty-
OWHBI MOTPYKEHHSI B IIAXTy CPEHHsIsT OC-
BEIIEHHOCTh MPUHUMAET 3HaueHusi oT 33
(u menee) 1o 85 (1 Gonee) mroke. [Ipsmoit
TPaJIMCHTHBIN aHaJM3 BBISBUII CHUKCHHE
0ropa3HoOOpas3ust MAHOOAKTEPH U BO-
JOpOcCIIeil 0 Mepe MPOABMKEHHS BIITyOb
LIaXThl ¥ YMEHBLICHUS] YPOBHS OCBEILCH-
Hoctu [19].

WTak, HepaBHOMEPHOCTh pacrpesesne-
HUSI OCBEILCHHOCTH IO IUNIOCKOCTH BEPXY-
IIeK pacTeHui (M BHYTpEHHEMY 00ObeMy
[[EH032) B MPOMBIIICHHONW CBETOKYIIBTY-
pe U Hay4YHBIX HCCIICIOBAHUSIX SBISCTCS
HEXKeNaTeIbHbIM  00CTOSITEICTBOM, I10-
CKOJIbKY TIPHBOJIUT K HEPAaBHOMEPHOM CKO-
pocCTH JeneHust KIeTok (mponudepanun).
[Ipu BeIpamMBaHuM pacTeHHH B OIXHON
rpyIme NpeanoiaracTes, Y0 OHU JOJDK-
HBl UIMETh OJJMHAKOBBIE (PU3NOTIOTHIECKIE
u Mopdonoruyeckue mokaszareian. B pe-
3y/bTaTe OHU BBIPACTYT PA3IMYHBIMHU, YTO
CKaKEeTCs Ha KaueCTBE CAMHUX PACTCHHUH
W TIPOAYKIMU. Pa3nmuume OTAeNbHBIX JK-
3eMILUISIPOB PACTEHHH, BHIPOCIIINX B Cpejie
C HEOIIMHAKOBBIMU ITOKa3aTelIsIMHU, TIPUBE-
JIeT K HEBO3MOKHOCTH YIIPABIISITH MU TI0
eIMHOMY anropuTMy. [103TOMY B ycTaHOB-
Kax ISl BBIpAIIMBaHUsl PACTEHUH HEOOX0-
MO o0OecreunBarh JOCTaTOYHYIO0 PaBHO-
MepHOCTb ocBenienus [20].

st mpoBeneHusT ONTUMU3ALUOHHBIX
U JIpyTUX HKCIIEPUMEHTOB 110 CBETOKYIIb-
Type HCIONB3YIOT (PUTOTPOHBI (YCTPOH-
CTBAa AJIs1 YNPaBISEMOIO BBIPALMBAHUS
pacTeHuii B MCKYCCTBEHHBIX YCIIOBHSX).
DTO JIOBOJBHO TPOMO3JIKUE COOPYKEHUS,
MUMEIOIINE, KaK MMPaBHUIIO, 3HAUUTEIHHYIO
cTouMocTh. OHM TIO3BOJISIIOT 00ECTICUHTh
nojJiepkanue TpedyeMoro mapamerpa
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CBETOBOIO PEKMMa Ha MPOTSKEHUH BCE-
ro OKCIepuMeHTa ¢ OONBIION TOYHO-
cThio [21].

Jis cokparieHusi BpeMEHH TpOBeJie-
HUS DKCTIEPUMEHTOB WJIH ISl TIOMCKOBBIX
paboT MOXKET OKa3arbCsi NPUEMIIEMbBIM
JIPYTOH TIOAXOJ K CO3[aHNI0 HEOOXOTUMO-
rO JJIsl HayYHO-HMCCIIEA0BATENHCKOM pado-
ThI Pa3HOOOpa3usi BAPUAHTOB MapaMeTPOB
CBETOBOTO PEXUMa 3a OIUH IMKJI BBIpa-
mmBanus pacteHuil. CyTh €ro B UCHONb-
30BaHUM pa3IMuuil TpeOyemoro mapame-
Tpa B pa3IM4YHBIX 0OIACTSIX MPOCTPAHCTBA
(OBepXHOCTH), 0OpPa3yeMBIX 3a CUET KOM-
MMOHOBOYHBIX JINOO JPYTMX TEXHUYECKUX
peLIeHuH.

Takoil moaxon peanu3oBaH B psje
TEeXHUYECKUX pelleHud. Tak, M3BECTEH
MHOTOSIPYCHBIN CTEJUIAX JIJIsl HAyIHO-HC-
CIIEIOBATEIIbCKUX PabOT ¢ PaCTCHHSIMHU,
COCTOSIIIIUI M3 KapKaca B BHJEC BEPTH-
KaJIBHBIX CTOEK M paM, Ha KOTOPBIX 3aKpe-
IIJICHBI TIOJIKK C Pa3MEIEHHBIMUA Ha HHUX
IO/ PA3JIMYHBIM YIJIOM K TOPU30HTY TE€X-
HOJIOTHYECKUMHU TMOBEpXHOCTAMHU [22].
[IpuMeHneHue HaKIOHHBIX MOBEPXHOCTEH
obecreynBaeT J0CTaTOYHO TJIaBHOE H3-
MEHEHHE YPOBHS OCBEIIEHHOCTH pacTe-
Hui. 3BecTeH rpagneHTHRIN (UTOTPOH,
obecrieuynBaromuii OCBEIIeHNE BCEH TO-
pPU3OHTATBHON pabodeil MOBEPXHOCTH
OIHIM HCTOYHHKOM cBeta [23]. B cumy
3aKOHOB (DOTOMETPHHM HEMOCPEIACTBEH-
HO IOJl HCTOYHHUKOM CBETa HAOJI0IaeTC s
MaKCUMajbHass OCBEIICHHOCTh, CIajia-
I0Iasi IO Mepe yAaJCHUs OT MPOCKIUU
HMCTOYHMKA CBETA HA TOBEPXHOCTH.

Pazpaboran Momynb CBETOBOTO Tpa-
JIUEHTA JIJIsl HAOJIOIEHUS 32 POCTOM TIPO-
poctkoB apabuporncuca (Arabidopsis
thaliana). Monynp pacrionaraercs Han
PSIMOYTOJIBHOM MaTpULEH, B TUeiiKax Ko-
TOPOM BBICA)KEHBI CEMeHa pacTeHuil. Pas-
JUIHBIC YCIIOBUSI OCBEIICHUS (BETMYMHA
OCBCIIEHHOCTH) B TPYMIE IOMEPEUHBIX
STYEEK MATPUIBI TOCTUTANACh MPUMEHE-
HUEM [UIEHKH, INPO3PauyHOCTb KOTOPOM
M3MEHSIACh B MPOJOJILHOM HAIPABICHUU
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(xoadpdunuent mponyckanus or 20 mo
80 %) [24].

Paccmorpena BO3MOKHOCTD HUCHOJIb-
30BaHHS TPAJUEHTOB CIEKTPAIBHOTO CO-
CTaBa B COYETAHHWH C TIOJyaBTOMAaTHYe-
CKUM ()CHOTHITHPOBAHHUEM JIJIsI OBICTPOTO
onpeneneHus GEeHOTUMUIECKUX PEaKIIH
pacTeHWd Ha BapHalUU CIIEKTpa H3IY-
yeHus [25]. IlmaBHBIA CHEKTPaJbHBIHN
TpaeHT 00eCIeUnBaCs CIeTyOIUM
oOpa3zom. Hanx paboueil MOBEpXHOCTHIO,
Ha KOTOPOW OCYIIECTBISJIOCH BBIpAIlU-
BaHUE PACTEHUH, B JHMHUIO pa3MelIain
CBETHJIBHUKU C PA3UYHBIM CIEKTpalib-
HBIM COCTAaBOM (COOTHOIICHHEM CHHEIO
W KpacHOTO M3JIyd4eHus B cuekrpe). Ha
OJTHOH cTOpoHEe pabodell TOBEPXHOCTH
CBETUJILHUKH COCTOSIITU TOJIBKO U3 CHHUX
CBETOJIMO/IOB, HAa TIPOTHUBOMOIONKHOU —
TONBKO W3 KpacHbIX. [IpoMexyTouHbIe
CBETWJILHUKHA MMEJH COOTBETCTBYIOIIUH
CMEIIAHHBIA  CHEKTPAJIbHBIM  COCTaB.
B pesynbrate 3a cUET HUCHOJIb30BaHUS
TaKOW CXeMbl JKCIEPHUMEHTa OBLIM MO-
Jy4eHBbI paCTeHHsI, OJHOBPEMEHHO BbIpa-
HICHHBIC TOJ] Pa3JIHYHBIM CIEKTPaIbHBIM
COCTaBOM.

K rpaguenTHOMYy MeTomy mo QoTo-
MEPUOAY MOXXHO OTHECTH OHOJoTHdYe-
ckuit meton lopGaueBa — Jlakdenpaa,
Oasupyromuiics Ha HAKOIUIEHHH CyM-
MapHOHM 03Bl HM3JIyYEHUs, IaJarollero
Ha OIpE/ICIICHHBIC YYaCTKH IOBEPXHO-
cti’. Mcmonb3yloT HITOPKY, 3KpaHH-
PYIOLIYI0 TOTOK HW3Iy4YeHHs, KOTOPYIO
CABUTAIOT C OMPECIICHHBIM HHTEPBAJIOM
no BpemeHu. [Ipu oguHakoBoi 00IyUeH-
HOCTH 1032 IpPONOpPIUOHATIbHA BpeMe-
HU BozfeiictBus. Torma Ha pasnuyHbIC
y4acTKu pabouell MOBEPXHOCTH Tiepe/a-
I0TCA pa3nudHbie 703bl. OOBIYHO 3TOT
METOJ] HWCIIONB3YIOT TIPU JTO3WPOBAHUH
YO-uznyuenus.

Bbu1o mokaszaHno, 4To paBHOMEPHOCTH
CO03/1aBa€MOW OCBEIIIEHHOCTH HENOCPE]-
CTBCHHO CBsI3aHa C JHEPrO’KOJIOTHYHO-
CTBbIO Tpouecca OONyueHHs pPAaCTeHHH.
YBenuueHue rpagueHTa (HepaBHOMEPHO-
CTH) OCBEIICHHOCTH CHIDKACT dHEProdd-
(heKTUBHOCTb M 3KOJIOIMYHOCTb CBETO-
KyJbTypHI [26].

AHaIM3 JIMTEpaTypHBIX HCTOYHHUKOB
MO3BOJISIET JaTh CJEAyIoIee Ompesaese-
Hue. ['palueHTHBII SKCIIEPUMEHT B CBETO-
KyJBTYpE — BHJ aKTUBHOTO SKCIEPUMCH-
Ta, B KOTOPOM JUIsl TOJTyYEeHHUs Pa3InIHbIX
YpOBHEH HccienyeMoro ¢axkropa CBETO-
BOW Cpellbl MCIOJIB3YIOT I'PaJUCHT 3TOr0
(hakTopa, ecTeCTBEHHBIM 00pazoMm Qop-
MUPYIOLIUNCSA B 00JaCTH BBIPALMBAHUS
pacTeHWil 3a cueT oOecmeueHUsT HeoO-
XOIUMBIX CBETOTEXHHUUYECKUX M KOMIIO-
HOBOYHBIX TIaPAMETPOB OCBETUTEIHLHON
YCTaHOBKH.

MarepuaJibl 1 METOBI

OKCHEpUMEHT MPOBOAMIH B  OKTSI-
Ope — Hosi0pe 2021 r. B kauecTBe 00ObeKTa
UCCIIeIOBaHUsI HUCIONB30BAIM PACTCHUS
cnaakoro nepua (Capsicum Annuum L.)
cpeanecnenoro copra KammdopHuiickoe
yyno. Ilepen siBisieTcsl MMPOKO pacHpo-
CTpPaHEHHOU OBOILHOM KyJIbTYpOH, COAEp-
JKUT 00JIbIIOE KoJindecTBO BuTamuHa C,
P-akTHUBHBIX BEIECTB, KAPOTUH, THAMUH,
HUKOTUHOBYI0O W (DOJIMEBYIO KHCIIOTHI,
Oenkn W MHUHEpanbHble conu. [loaTomy
AKCIIEPUMEHTHI 110 ONTUMH3AINN TEXHO-
JIOTHH €TO BBIPALIMBAHUSI SIBIISIFOTCS aKTY-
QJIbHBIMU M BOCTPEOOBaHHBIMU®.

Cy0OcTpar TOTOBWIIM W3 OTHOM 4Ya-
CTH TPyHTa ISl paccaibl M JABYX YacTed
YHUBEPCAJIBHOTO MHUTATEIILHOTO TPYHTA.
BHocunn »neMeHThl UTaHHus A0 HEO0OXO-
JUMBIX KosmuecTB. CeMeHa Iepra BbIca-
muma 18.10.2021 1. B kacceTy Ha TIyOHHY
OKOJIO OJHOTO CAHTMMETPa U IOMECTHIIN

3 MHCTpYKIMS 10 MPUMEHEHUI0 o0iydarens yibrpaduoneroBoro OY®n-01 «Conubimko» [Dnek-
TpouHblil pecypc]. URL: https://www.med-magazin.ru/upload/iblock/9bd/9bd9df91de30674a3da692e87

b8c77t4.pdf (mara obpamenms: 29.12.2021).

* Ipimuas O. H., MamenoB M. U., TTusosapos B. ®@. Cenexuus nepia. M., 2012. 247 c.
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B Tporiaratop npu temmneparype 27-28 °C.
3areM KacceTy C CesHIIaMU IOMECTHIIU
Ha cBeT. MaccoBble BCXOIbI HaOIonIa-
qmuck 25.10.2021 r. CesHIIBI TUKUPOBAIH
B TUIACTHKOBEIE KOHTEWHEpHI ¢ cyOcTpa-
TOM OOBEMOM OIIMH JIUTP U BBICTABHIIH
07T CBETHIIHHUK. Bcero ObII0 BHICTABIEHO
66 pactenuii. Konreiitnepsl ¢ HUMH pac-
nojaranuch B 6 psaoB, mo 11 pacrenuii
B psiy. MI3BeCTHO, UTO JJIs pACTCHUH TTepIia
YPOBEHb OCBEHICHHOCTH UMEET OOJIBIIIOE
3HaueHue [27]. YpoBEHb OCBEIIEHHOCTU
Yy KaXJIOro KOHTEHHEpa KOHTPOIHUPOBa-
nu mokemerpoM «TKA» ¢ npenenom no-
IIyCKa€MOMl OCHOBHOM OTHOCHUTEIbHOU
MOrpelHoCTH u3MepeHust +6 %. Beipa-
mBanue 3asepuwn 09.11.2021 r, Ha
15-ii neHb nocie NosBJICHUS BCXO0B.
OnTrdeckne CBOMCTBA JIMCTHEB CUNTA-
FOTCSl MHAMKATOPAaMU KOMIUICKCHOU (PH3H-
OJIOTHH PACTEHUH B IIMPOKOM IHAIIA30HE
YCIIOBHI OKpy»Karorien cpensl [28]. B Ha-
[IMX TPSIBIIYIINX HCCIICNOBAHUIX OBLIO
BBISIBIICHO, YTO OCHOBHOE TTOIVIOIICHHUE CBE-
Ta JIUCThSMU TIepIia HAOIOIACTCSI B CHHEM
CHEKTpaJbHOM JHamna3oHe. Takxke ObDia
oOHapykeHa 3aBUCUMOCTh ONTHYECKOM
TUIOTHOCTH JIUCTBEB OT YPOBHS OCBEIIEH-
HoctH [29]. [losTtomy mpm deHoTHIHpPO-
BaHWM B KauecTBE OJHOTO W3 OMOMETpH-
YECKHUX IapaMeTpOB, XapaKTEepU3YIOIIHX
OTKJIUK PAaCTEHHsSI Ha YCIIOBHSI BBIPAIIABA-
HUs (B JJaHHOW paboTe — Ha YpOBEHb OC-
BEIIICHHOCTH), UCTIOIH30BATIN ONITUYECKYIO
TUIOTHOCTB JIUCTA B j-M CIIEKTPAILHOM JTHA-
nasone D; (j =r, g, b), KoTOpyI0 M3Mepsin
nipudopom JII1-1M. JlnanazoHsl mipu orpe-
JICIICHUY ONITUYECKUX TUIOTHOCTEN B CHHEM
D , 3C€JICHOM D 1 KPaCHOM D Jyana3oHax
BLICTaBJISIJ'II/I CBeToq)HnLTpaMI/I C MakcH-
MyMmaMu Tponyckanust 421-467, 511-562
1 607-676 HM COOTBETCTBEHHO.
Wcnonp3oBasin  MaTeMaTUUECKUNA  arl-
mapar TeopeTHdecKkoil poromeTpuu, KOTo-
PBI TPUMEHUTENIEHO K TAHHOU 331a4e M3-
JIOKEH B HaIten npeapiayiiei padore [30].
PacuerHas cxema rokasaHa Ha pucyHke 1.
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P uc. 1. PacueTrnas cxema 111 HaTypHOH MOJENIH
rPaMEeHTHOrO OCBEILCHHUS

Fig. 1. Calculation scheme for the full-scale
model of gradient lighting

I'panueHT OCBElEHHOCTH co3JaBajcs
Ha TOPHU30HTAJILHOM MOBEPXHOCTH HCTOY-
HukoMm cBera (MC), pacnonoxeHHbIM Ha
BBICOTE [ ¥ UMEIOIIIIM KPHBYIO CHITBI CBETA
(KCC), 3anannyto BeipaxenueM 1, = fla).

Pacrenus pacnonaranu B y3max mps-
MOYTOJIbHOW KOOPJMHATHOM CETKH, Imar
Mo ocu X COCTaBIsI Ax, IIar mo ocu Y
cocTtaBisl Ay. B kauecTBe y4acTKOB IIO-
BEPXHOCTH, MEXIy KOTOPBIMH OIIpese-
JISUIA TPAJMEHT OCBEIIEHHOCTH, MPUHSAT
KBaJpar co cTopoHoii b. [lonoxxenue kpa-
JIpata B KOOPAWHATHOMN CETKEe XapaKTepH-
30BaJIM €ro LEHTPOM — TOUKOH P ¢ Koop-
JIUHATaMU X U y COOTBETCTBEHHO.

Co3nmaBaemasi OCBEHICHHOCTh E(x, V)
MPOTIOPIIMOHANEHA CHJIE CBETA B JIAHHOM
HaIpaBJIeHNH [, U KOCHHYCY yIJIa . MEXTY
BEPTUKAIIBIO ¥ HOPMAJIBIO K TIOBEPXHOCTH
1 00paTHO TPOIOPIMOHATFHA KBAAPaTy
BBICOTHI CBETHJIbHMKA /1 HaJT TNIOCKOCTHIO:

I cosa
H?

Ilycts ocBemaemas TOBEPXHOCTb
npeAcTaBisieT co0ol  MPSMOYTOJBHHK
pasMepamu 4 X B, cuctema KOOpAUHAT
XoY coBnazaer ¢ OIHUM U3 YIJIOB NIPSIMO-
YTOJIbHUKA.

Jlns mpou3BOJIBHOM pacyeTHOM TOd-
KA Ha IIOBEPXHOCTH C KOOPAMHATAMH X

E(x,y)= (1)
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" y pacCTOAHUEC OT HEC O IMPOCKIUU CBC-
THJIbBHHUKA Ha IIJIOCKOCTb

R=x*+y" (2)

PaccTossHmE OT CBETOBOTO IEHTpa
CBCTHJIBHHKA 10 pvaeTHOﬁ TOYKH

L=NR+H*. 3)

Kocunyc ymia Mexay BEpTHKAJIBIO
Y HaIpaBJICHUEM Ha PACYETHYIO TOUKY

H
coso =—

H
s
L JH*+x*+)* )

IIpu KoCHMHYCHOM CBeTOpacnpenene-
Hun (m3mydarenb JlamOepra, muddys3HO
U3JIy4arouas IUIOCKOCTh) 3aBUCUMOCTh
CUJIbl U3JIYUCHUA Ia B IIPOU3BOJIBHOM Ha-
IIPaBJICHUH 0 CBSI3aHA C OCEBOM CHIION
cBeTa [ BBIpaKEHUEM

I, =1 cosa. (5)
ITpu sTom
()
1, =-"1<. 6)
T

OxoHYaTeNnbHO MoTy4aeM
I,H®

(H* +x*+y*)

Koaddummentsr paBHOMEpHOCTH, Ha

BCEH MOBEPXHOCTH M B OTJEIBHBIX 30HAX
OCBEIIEHUS, ONPEAEIAIOTCS 110 hopMyIre

E(xay): (7)

=g (8)
min

rae Ecp— CpeaHec 3HAUYCHUEC OCBCIICHHO-

CTH, Emm — MUHHUMAJIbBHOC 3HAYCHUE OCBC-

IMIECHHOCTH.

1
Ecpz_ZE;" (9)
nig
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B okcmepumMeHnTte BbICOTa MoOABECa
CBeTWJIbHUKA cocTaBisia H = 240 wm,
pasmep padoueii moBepxnoctu 4 = 2,0 M,
B=15m Ax=02m, Ay = 0,3 m. Pasz-
Mep CTOPOHBI KBaJIPaTHOTO KOHTEWHepa
b = 0,1 m. B kauecTBe HMCTOYHHMKA CBETA
WCTIOJH30BAII PETryIUPYyEeMbIil CBETOIH-
OITHBIN CBETHIIFHUK TETIIOTO OETI0TO M3JTY-
yeHus. M3mydaeMblil UM CBETOBOM IIOTOK
coctaBisin @y = 60 xJIm, cBeTopacmpe-
JejieHne KocuHycHoe. Haxomumm ocBe-
IICHHOCTh PACYCTHBIM METOAOM M CO-
MOCTABISUTM CO 3HAYCHUSIMU HATYPHBIX
n3mepennii. OOpaOOTKy HaHHBIX BEIU
B AJIEKTPOHHBIX Tabmuuax Excel u makere
Statistica.

Pe3yabrarhl Hccie10BaHus

PacuerHpie 3HaueHUs OCBEIICHHO-
CTH COOTBETCTBOBANM JaHHBIM HATyp-
HBIX M3MEPEHHH B TIpefenax TOYHOCTHU
mokcMeTpa. Ha pabouell 1OBEPXHOCTH
C pa3MeEIleHHbIMU Ha HEWl KOHTeWHepamu
C pacTeHUsIMU HaOIIIOIAJICS CYIIECTBCH-
HbI T'PaJUEHT OCBEUICHHOCTH. UuCIeH-
HO 3HAUEHHUS OCBEIICHHOCTH B MeCTax
pa3MelleHusT KOHTEUHEPOB  MOKA3aHBI
B Tabmune 1. MakcumaiabHOE Ul BCEU
MOBEPXHOCTH 3HAYEHHE OCBEIICHHOCTH
E.. = 3 316 ik HaOmoganocs Hemocpe/-
CTBEHHO TI0J] CBETHJILHUKOM, MHHHMAaJIh-
Ho€ E,;, = 763 JIK — B TOYKE, MAKCUMAJILHO
yIAJICHHON OT MPOEKIINY CBETHIILHUKA Ha
pabodyro MOBEPXHOCTh. 3HAUYCHHUE KOD(]-
(uimeHTa paBHOMEPHOCTH JJIsi BCEU pa-
0oueit MOBepXHOCTH COCTaBIsET z = 2,51.

Ha pucynke 2 mnokazaHo Teiao oc-
BEIIICHHOCTH, CO3JlaBaeMoOe Ha paboueit
noBepxHocTH. [lokazanbl oOmactu, odpa-
3yeMble CEYCHHEM Tella OCBEIICHHOCTH
TOPU30HTAIBHBIMU TUIOCKOCTSIMHU  (H30-
JIOKCHI). PHCYHOK MaeT HammsiiHOE IIpe/l-
CTaBJIIEHWE O TJIABHOCTH W3MEHEHHs Be-
JUYYHBI OCBEIIEHHOCTH T10 TOBEPXHOCTH.

Opnako Il aHaIM3a CO3aBACMOTO
rpaguceHTa HEoOXomuMa KapTHHA OCBE-
IICHHOCTH B TUCKPETHBIX TOUKAX MOBEPX-
HOCTH (MeCTax pa3MEIICHHsI KOHTEHHe-
POB C pacTEHUSIMU, XapaKTEPU3YEMBIX UX
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Tabnumal

Tablel
3HayeHHUs O0CBelIeHHOCTH E,, JIK, B y3/1aX KOOPAUHATHOM CETKH
INluminance values E,, lux, in the nodes of the coordinate grid
v 2 [ 3 ] 4] s [ e | 7| 8 | 9 | 10| 1
1 3316 3270 3139 2937 2686 2407 2122 1846 1589 1358 1155
2 3215 3171 3046 2853 2612 2345 2070 1804 1555 1331 1134
3 2937 2899 2789 2620 2407 2170 1925 1685 1460 1256 1074
4 2549 2518 2429 2291 2116 1920 1715 1512 1320 1143 985
5 2122 2099 2031 1925 1790 1636 1474 1311 1155 1009 877
6 1715 1698 1648 1570 1470 1355 1232 1107 985 869 763
3500
3000
2500 @3 000-3 500
2 000 02 500-3 000
1500 |2 000-2 500
1000 01 500-2 000
500 01 000-1 500
0 @m500-1 000
@0-500

P u c. 2. Terno oCBEIIEHHOCTH
Fig. 2. [llumination body

neHTpamu). [pynmupoBKa KOHTEHWHEpPOB
C PacTEeHUSAMH IO MPHUHAIIEKHOCTH K 30-
HaM OCBCIIEHHOCTH IOKa3aHa Ha PUCYH-
ke 3. Jlumazon pa3ianunii B OCBEIIEHHOCTH,
Kak ¥ Ha pucyHke 2, mpuHAT AE = 500 5k.

B Tabmune 2 mnpuBeICHBI CTaTHCTH-
YECKME I0Ka3aTesd JUIsl OCBEIIEHHOCTU
KOHTeWHepoB 1o 30HaM. [1epBbIii cTonberr
TabiauLbel — HOMep 30HBL. [lanee mpuBe-
JIeHbl TPaHUIIBl JHMara3oHa OCBELIEHHO-
CTH B 30HE, KOJMYECTBO KOHTEHHEPOB
C PacTeHMSMH H, CPEIHHE 3HAYEHUs OC-
BEWIEHHOCTH £ 10 KOHTeHepam B 30HE,
CPEIHEKBAJAPAaTHYHOE  OTKIOHEHHUE O,
304

KO3 GUIIMEHT Bapyallid OCBEIICHHOCTH
K,, K03phHUITHEHT PaBHOMEPHOCTH z IS
Ka)kJI0M 30HEI.

W3 nanpHeiiinero a"amamsa HCKIIIOYE-
Ha IIecTas 30Ha, MMOCKOJIBKY CO3/aBaeMast
B HEH OCBEIIEHHOCTh OKa3ajach HeJI0CTa-
TOYHOM NIl pa3BUTHUSL PACTCHUM.

Kak BusHO M3 TaONUILI 2, IPU OJH-
HAKOBOM JHalla30HE HU3MCHCHUS OCBE-
HIEHHOCTH AE KOIWYECTBO KOHTEHHEPOB
C PacTEHUSIMU JJIs1 KOXKIOW 30HBI pa3iind-
HO. Ho maxxe 11t mepBoii 30HHI (72 = 6) 3TO
KOJIMYECTBO TOCTATOYHO IS TPOBEPKHU
CTaTUCTUYECKUX THITOTE3.

Onexmpomexnonozauu u 21eKkmpoo6opyoosanie
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P u c. 3. ['pynnupoBka KOHTEHHEPOB 110 30HaM OCBELICHHS
Fig. 3. Grouping of containers by lighting zones

Tabnuma?2
Table2
CraTncTnyeckue mapaMeTpsl OCBEIIEHHOCTH KOHTEITHEPOB 110 30HAM
Statistical parameters of container illumination by zone
N | Mmoo | npes, | Eom/ Bl | TN | 2 elatve anit
I 3000-3 500 6 3193 97 3,0 1,05
17 2 500-3 000 10 2740 163 59 1,09
Vi 2 000-2 500 12 2217 148 6,7 1,09
w 1 500-2 000 16 1721 136 7,9 1,14
14 1 000-1 500 17 1256 144 11,5 1,24
Vi 500-1 000 5 896 93 10,4 1,17

Benuuunbl cpenHUX OCBELICHHOCTEH
E 1o 30naMm usmenstores ot 3 193 nk uis
nepBoit 1o 1 256 nk nus OSATOH 30HBL,
obecrieunBasi TUara3oH U3MEHEHUS OCBe-
IIEHHOCTH B 2,5 pa3a.

CpenHekBagpaTHYHBIE  OTKJIOHEHUS
OCBEIIIEHHOCTH ¢ TI0 30HaM JIeXKaT B TIpe-
nenax 97-163 gk M HEKOPpPEIUPOBAHBI
(R*=0,0179) ¢ BenmMYMHAMH CPETHUX OC-
BeIlleHHOCTEH .

bonee HamAHOM XapaKTEpPUCTUKON
pazbpoca OCBEIEHHOCTH BHYTPHU OIHOMN
30HBI SBJIAETCS BeMUYnMHA Kod(duimen-
ta Bapuauuu K. Jlns pasiuyHbIX 30H
STH BEIWYUHBI CHJIBHO KOpPPEIUpOBa-
Hel (R? = 0,9101) ¢ BenuuuHaMu cpe-
HUX OCBEIEHHOCTEH £, mpuuem st 30H
Electrical technologies and equipment

C MEHBIIEH CPEHEN OCBEMIEHHOCTHIO K|
MIPUHUMAET OOJIbIIINE 3HAYCHUS, [TPH ITOM
He npeBblmas 3Hadenus 11,5 %. O1o sB-
JISIETCS BIOJHE JIOMYCTHUMBIM JUISL DKCIIe-
PUMEHTOB TI0 CBETOKYIBTYPE.
3HaueHnss kodpdummenTa paBHOMEP-
HOCTH Z BHYTPH 30H BapbHPYIOTCS B -
amaszone 1,05-1,24 oTH. €. U CUILHO
KoppenupoBansl (R? = 0,852) ¢ Benuum-
HaMH CPEJHHUX OCBEIleHHOCTeN £ (6071b-
1IMe 3Ha4YeHUs! z HaONIONAIOTCS B 30HAX
C MEHBIIEH cpeHel OCBEIIEHHOCTBIO).
Ha pucynke 4 moka3zaHsl cpeiHUe 3Ha-
YEeHMsI OCBEIIEHHOCTH E Mo 30HaM W ee
pa3dpoc +o. Takum oOpa3oM, HCIOIb-
30BaHUE TPAJMEHTHOTO TOAX0/a K Oopra-
HU3AIUN JKCIIEPUMEHTa TPEAOCTaBISIET
305
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BO3MOXHOCTh CO3/1aHUS PABHOMEPHOM
HIKaJIbl OCBEIIEHHOCTH.

Ha pucynke 5 nmokasaH BuA TUIINYHO-
rO pacTeHus nepiia, chopMUPOBABIIETOCS
Ha MOMEHT OKOHYaHHSI 3KCIEPUMEHTA.
Pa3zmepbl mepBoil mapbl HACTOSIIUX JIU-
CTHEB MO3BOJISIFOT POU3BECTU U3MEPEHUS
MX ONTUYECKOU IJIOTHOCTH.

Ha mMoMeHT oKOH4YaHUS IKCIIEpUMEH-
Ta pacTeHus Iepla WMeNTu Iapy BIOJ-
HE pa3BUTHIX JIMCThEB. Pe3ynprarsl H3-
MEpEHHUSI ONTHYECKOW IUIOTHOCTH B j-X
CIEKTpaJbHBIX JUANa3oHaX JINCTHEB

4 000

pacTeHull, BBIPAIEHHBIX B Pa3IUYHBIX
30Hax ocBenieHus (¢ / mo V), moka3aHsl
Ha PUCYHKE 6.

Kak u oxumanoch, OCHOBHOE IIO-
IJIONIEHNE CBETa JIMCThSIMHU HaOIO/IaeT-
Csi B CHHEM CIEKTpaJIbHOM JHara3oHe,
HauMeHbIllee — B 3eleHOM. OmnTudeckas
IUIOTHOCTh JIMCTHEB BO BCEX JHAra3oHax
MajaeT C YMCHbBIICHHEM BEJIUYMHBI OC-
BEIIEHHOCTH. JlMCIepCUOHHBINA aHaIu3
MoKa3ajl CTaTUCTUYCCKH 3HAYMMBIC pa3-
JIMYUS CPETHUX 3HAUCHUH OCBEIICHHOCTH
B OTJENIbHBIX 30HaX (p < 0,05).

3 000

2 000

1000

CpenHsisi OCBEIICHHOCTb, JIK /
Average illumination, lux

I II

I v

3ona ocemenwus / Lighting area

P u c. 4. Cpennee 3Ha4eHHE OCBEIICHHOCTH MO 30HAM
Fig. 4. Average value of illumination by zones

Cemstonu /
Seedlings

IlepBast mapa auctbes /

First pair of leaves

Bropast mapa nucrbes /
Second pair of leaves

P u c. 5. Pactenue nepuia Ha MOMEHT OKOHUAHMSI SKCIIEPUMEHTA

Fig. 5. Pepper plant at the end of the experiment
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P u c. 6. OnTuyeckas IIOTHOCTB JINCTHEB PACTCHUI, BEIPAIIIEHHBIX B PA3IMYHBIX 30HAX OCBEIICHUS
Fig. 6. Optical density of leaves of plants grown in different light zones

O0cykaeHue U 3aK/II0YeHne

AHanmu3 HAydYHOH W TEXHHYECKOH
JIUTECPATyphbl BBIABUJI, YTO HaJIMYUC I'pa-
JIMEHTa JKOJIOTUYECKOro (axkropa B ec-
TECTBCHHBIX YCJIOBHAX ITO3BOJIACT Opra-
HU30BaTh ITaCCHUBHBIN OKCIICPUMCHT 110
BJIMSIHUIO 3TOTO (haKTopa Ha KHBBIE Opra-
HU3MBI (TpaJMeHTHBIA aHanu3). B ycio-
BHUSX HWCKYCCTBEHHOW Cpelbl OOUTaHHSA
JKUBBIX OPTaHM3MOB HAIIMYHE T'PaucHTa
HCCIenyeMoro (akTopa OOBIYHO SIBIISET-
CSl OTPHUIIATEIHHBIM SBJICHHEM, ITOCKOIBKY
BHOCHUT HEOIIPE/IeICHHOCTh B 3HAYCHHE
(bakTOpa B KOHKPETHOM TOYKE MPOCTpaH-
cTBa (moBepxHOCTH). B cBETOKyIbTYpe
HaJIWYHMEe TPajreHTa uccienyemoro (ak-
TOpa CBETOBOM Cpelbl, €CTECTBEHHbIM
oOpa3oM Qopmupytolieiicss B obiacTu
BBIpaIllMBaHUs pacTeHHU 3a cyeT obecre-
YEeHUS! HEOOXOANMBIX CBETOTEXHUYECKHX
U KOMIIOHOBOUHBIX MMapaMETPOB OCBETH-
TEJIHHON YCTaHOBKH, TO3BOJISIET OpPTaHU-
30BaTh OCOOBIN BHJI aKTUBHOTO AKCIEPH-
MEHTa — TPaINEHTHBIN SKCIIEPUMEHT.

Pa3zpaboTtannas maremarndeckas Mo-
JIeNTb TPAJUEeHTHOTO SKCIIEPUMEHTa B CBe-
TOKYIIBTYpE TO3BOJSIET IO CBETOTEXHH-
YCCKMM MW KOMIIOHOBOYHBLIM ITapaMETpam
OCBETUTEIHLHON YCTAaHOBKH OIIPCACINTD

Electrical technologies and equipment

BO3MOXKHOE KOJIMYECTBO ITOBTOPHOCTEH
(perMK) mpu MPOBEIEHUHN SKCIEPUMEH-
Ta, CpeAHee 3HaYe€HHE OCBELIEHHOCTH,
CPEAHEKBAAPaTUIHOE OTKJIOHEHHUE, KO-
(unMeHTs BapualMd U PaBHOMEPHOCTH
B KaXJOW 30HE Pa3MELICHHs PACTEHHI.
OKCHEepUMEHTAIBHO HaWIeHO, YTO IpH-
MEHEHHE CBETHJIbHHKA C KOCHHYCHBIM
CBEeTOpaclpeesieHueM 00ecreunBaeT Ha
TOPU30HTAIBHON MOBEPXHOCTH Tpaau-
€HT OCBEIIEHHOCTH, CPEIHHE 3HAYCHUS
KOTOPOH B OTJENBHBIX 30HaX 00pa3yroT
JUHEHHYI MKany oceeleHHoctu. Ko-
3¢ GULMEHTH  BapHalMd  OCBELICHHO-
CTH B OT/EJBHBIX 30HaX OCBEIICHUS IMPU
YCTaHOBJICHHBIX B TpUMEpe MapameTpax
cocramsim 3,0-11,5 %. Ilpu sTtom ko-
3QQULUUEHTH  BapHallUd  ONTHYECKOH
IUIOTHOCTH JIMCTbEB DACTCHUH mepua,
BBIPAILICHHOTO B YCJIOBHSAX I'PaJUCHTHO-
IO 9KCIEPUMEHTAa M0 OCBELIEHHOCTH, CO-
craBsud 6,0-11,6 %. Pazmmans cpeaamx
3HAYCHUH ONTHYECKOM IUIOTHOCTH JIHU-
CThEB PACTEHUH B Pa3UYHBIX 30HAX Tpa-
JTUEHTHOTO OCBEIICHHS CTaTHCTHYECKH
3HA4YUMBI. DTO MO3BOJISIET PEKOMEH10BaTh
HCIOJIb30BaHUE MPEIaraeMoro MeToja
JUTSL TIONCKOBBIX IKCIIEPUMEHTOB IO CBe-
TOKYJIBTYpE.
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Abstract

Introduction. One of the main objectives of the food industry is the development of bakery
technology for dietary and functional foods. The article gives a complete description of
specialized food products. The purpose of this work is to investigate the influence of ama-
ranth and linseed flours on the quality of the gluten-free bakery products. During the study,
there was determined the best proportion of gluten-free mixture ingredients for producing
a quality product.

Materials and Methods. In the course of the study, there were chosen different formulas
of mixtures with the use of amaranth and linseed flours produced by “S.Pudov” company,
corn starch by “Trapeza” company, and other ingredients such as yeast, drinking-water,
salt and sugar.

Results. To the formula under development there were added 17 grams of corn starch.
At the same time, an increase in the gas retention capacity of the dough was noted.
The starch served as the best binding component when mixing water with flour.
Discussion and Conclusion. On the basis of the tests performed, data on pH of the dough
medium with different proportions of amaranth and linseed flours were obtained. The most
acidic medium is in the dough in which the amount of linseed flour is more than the
amount of amaranth one. The conducted studies allow assuming that this is caused by the
high acidity of linseed flour.
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Bausinne 0e3ryIl0TeHOBOM MYKHM Ha KauyeCTBEHHbIE
NMoKa3aTe/in TeCTa NpH 3aMece XJ1eG00y109HOr0
U31eIus

A. A. Mepkep ™, E. H. PeBa, B. A. Cepaiok

Jlonckoii cocyoapcmeeHtblil meXHUYecKull yHugepcumen
(2. Pocmos-na-/lony, Poccuiickas @edepayus)

™ anastasia.merker@mail.ru

Annomauusn

Beeoenue. Onnolt 3 OCHOBHBIX LieJICH MUIIEBO IPOMBIIUIEHHOCTH SBISETCS pa3paboTKa
TEXHOJIOTUH XJIe000YIOUHBIX H3IEIHI IS TUeTHIeCKOTO M (DYHKIIMOHAIBHOTO ITUTAHHMSI.
B crarbe mpuBeseHa MoNIHAs XapaKTePUCTHKA CIICIHAIN3HPOBAHHBIX MHUIEBBIX MPOTYK-
ToB. llenbio JaHHOW PabOTHI SBISETCS MCCIIEIOBAHNE BIMSHHS aMapaHTOBON M JIBHSAHOM
MYKH Ha Ka4eCTBEHHBIE IIOKA3aTeNN TECTA s HPUTOTOBIEHHS OE3ITI0TEHOBBIX XI1e000y-
JI04HBIX M31enuil. ConIacHO MOCTaBICHHBIM 3a/ladaM OIIPEJe/ICHO HAaWIydllee COOTHO-
LIEHUE HHTPEAUEHTOB OE3IIIOTEHOBOM CMECH ISl OTY4EHHsI KaueCTBEHHOTO MPOIyKTa.
Mamepuanet u memoost. B xone paboTsl ObUIN MOOOPaHB! PA3INYHBIE PELENTYPEI CMe-
ceif ¢ IpUMEeHeHHeM aMapaHTOBOH u JIbHAHON MyKH (upMbl «C.ITyn0BbY, KyKypy3HOTO
KpaxmaJjia npoussoaurens « Tpamesay, a Takxke JpyriuxX UHIPEAUEHTOB: APOXKIKH, BOJA -
TheBast, COJIb MUIIEBAs U caxap.

Pesynomamul uccnedosanus. B pazpabarsiBacMyro perenTypy ObLT JT00aBIIeH KyKypy3-
HBII KpaxMain B konudectBe 17 T. Ilpu 3TOM OBLIO OTMEUEHO YBENWYEeHHUE ra30yaep KuBa-
IoIIeH crocoOHOCTH TecTa. Kpaxmai Ciry KuiT JIydmIuM CBSI3YIOIIUM KOMIIOHEHTOM IIpH
COEIMHEHHUH BOJBI C MYKO.

Obcyorcoenue u 3akmouenue. B pesyrnbrare HcciIeI0BaHus OIyYeHb! JaHHEBIe 0 pH cpene
TeCcTa C pa3In4HbIM COOTHOLIICHUEM aMapaHTOBOU M JIbHAHOHM Myku. Camast Kucnas cpena
B TOM BHJIE T€CTa, B KOTOPOM KOJIMYECTBO JILHSAHON MyKH IIpeoOiiaiaeT HaJl Colep KaHneM
amapaHToBoi. Ha 0CHOBE 3THX MCCIEI0BAHUN MOXKHO JOIYCTHTb, YTO 3TO CBSA3AHO C BbI-
COKOHM KHCJIOTHOCTBIO JIbHSIHONH MYKH.

Knioueswle cnosa: 6e3rIIOTEHOBBIN X1e0, aMapaHTOBast MyKa, JIbHSHAs MyKa, Oe3IIioTe-
HOBasi CMECh, PeLenT

bnazooapnocmu: Bripaxkaem OnarogapHOCTh HayUHO-TIEJArOTHUECKOMY KOJUIEKTUBY
Kadeapsl TEeXHUKN M TEXHOJOTHH IHIIEBBIX IPOM3BOICTB JIOHCKOTO TOCYIapCTBEHHOIO
TEXHUYECKOTO yHHBepcuTeTa, ocodeHHo M. A. XossieBy, T. U. Tymonbckux. Mbl Taxxke
OIarogapruM pereH3eHTOB JaHHOH CTaThu.

K'omjmmcm unmepecoe: aBTOphbI 3aBIISIIOT 00 OTCYTCTBUU KOH(bJ'II/IKTa HUHTEPECOB.

Jlna yumuposanusn: Mepkep A. A., Pesa E. H., Cepatok B. A. Biusiaune 6e3mroTeHO-
BOIf MyKM Ha KaueCTBEHHBIC TTOKA3aTeIN TecTa MPH 3aMece XJ1e600ynouHoro usaemnus //
Wmxeneprsre TexHosoruu u cuctemsl. 2022, T. 32, Ne 2. C. 313-323. doi: https://doi.
org/10.15507/2658-4123.032.202202.313-323

Introduction

Gluten type of vegetable protein found
in wheat, barley, rye. Gluten plays an im-
portant role in the formation of impor-
tant elastic bonding when mixing dough.
In the absence of gluten in flour prod-
ucts there are such problems as lack of
314

swelling (gas retention capacity), elastic-
ity, openness, etc. [1-4]. But gluten-free
bakery products are gaining popularity.
This increase in the popularity of gluten-
free products is caused by an increase in
the number of people suffering from glu-
ten intolerance. The only treatment for this
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disease is a strict gluten-free diet. In addi-
tion, the problem of healthy eating today is
relevant in view of the increase in allergic
and genetic diseases, as well as of the seri-
ous environmental situation in the world.

One of the main goals of the food in-
dustry is the development of specialized
bakery products for dietary and functional
nutrition. The main types of flour used for
the production of such bakery products are
following types of flour: buckwheat, ama-
ranth, rice, linen, maize, hemp, etc [5—7].

Today, the Russian market of gluten-
free products is represented by a rather
small assortment, because most produc-
tion depends directly on imports. Despite
the fact that according to various data,
0.5-1.0% of the population in the Russian
Federation has gluten intolerance, the ques-
tion of increasing the baking production is
very important. In order to solve this prob-
lem, it is necessary to increase the produc-
tion of “useful” products and improve their
quality through using new, improved ap-
proaches and production technologies [8].

For developing new technologies and
formulas of gluten-free bakery products,
Russia has been gained considerable ex-
perience. Every year, more and more nu-
tritionists choose to research raw materi-
als for specialized foods. The purpose of
this work is to investigate the impact of
amaranth and linseed flour on the quality
of the gluten-free bakery products.

The research objectives of this paper
are as follows:

— to conduct physic-chemical analysis
of amaranth and linseed flour;

— to develop the optimal formulas for
the addition of amaranth and linseed flour;

— to develop a pilot plan and metho-
dology of the experiment;

— to analyze the formulas received;

—to development the optimum formu-
la for producing gluten-free bread using
amaranth and linseed flour, and study the
rheological characteristics of the dough
depending on the quantitative content.

Food systems

Literature review

The scientists have made an indispens-
able contribution to the development of
gluten-free bakery products are L. N. Ka-
zanskaya, N. D. Sinyavskaya, V. N. Krasil-
nikov, N. V. Barsukova, N. A. Leon-
tieva, T. B. Tsyganova, T. I. Schneider,
D. V. Schneider, V. S. Mehtiyev etc.

But the question of enriching gluten-free
bakery products through using non-conven-
tional raw materials needs further study.

In the article by T. V. Orlova and
P. 1. Kudinov, there are presented deve-
loped formulas and technologies of pro-
ducing gluten-free bakery products with
the use of gluten-free flour mixtures. The
formulas of these flour mixtures include
rice, quinoa and buckwheat flours. The ar-
ticle also analysed production regimes and
bakery product formulas [1; 9].

In the work by E. V. Nelubina and
E. N. Urbancik there are considered technol-
ogies of making bread based on gluten-free
pea raw materials. The research has resulted
in producing a new product of high energy
and biological value [2; 10]. P. Zh. Anashki-
na, E. V. Moskvicheva etc. in their scientific
paper investigated gluten-free flour types for
making bakery products. The work evalu-
ated the organoleptic, physico-chemical and
functional-technological properties of the
flours under studying to determine the pro-
portion of the flour mixture for producing
a quality bakery product [3; 11].

L. V. Zaitseva and T. A. Yudina in their
scientific paper studied modern approaches
to the formulas of gluten-free products and
developed the formulas for making gluten-
free bakery products enriched with proteins
and food fibers. For this purpose, uncon-
ventional flour such as chia seed flour and
lupine flour were used. Thus, the resulting
product expanded the assortment of gluten-
free products with an increase in their non-
dietic and dietary orientation, due to the
high fiber content dietary fibers [4; 12].

In their article, S. Dracula, D. Novotni
described a study aimed at determining the
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influence of partial substitution of flour
coarse grinding with yellow pea flour on
phenols and the antioxidant capacity of
gluten-free sour and bread. The research
has shown the value of using fermentation
in a carefully proportioned sour when add-
ing pea flour to gluten-free bread, which
allows for a high antioxidant potential [13].

S. A. Urubkov and S. S. Khovanskaya
in their article considered a limited range
of functional products for children with
limited nutrition. It was concluded that it
is necessary to expand the production of
specialized gluten-free products. The au-
thors also considered the possibility of us-
ing dry gluten-free mixtures for children,
where the main component is rice and
amaranth flour with the addition of fruit,
vegetable and berry raw materials [8; 14].

All of these sources reveal most of the
problems associated with producing foods
for particular nutritional uses.

Materials and Methods

In the course of the study, there were
chosen different formulas of mixtures
with the use of amaranth and linseed
flours produced by “S.Pudov” company,
corn starch by “Trapeza” company, and
other ingredients such as yeast, drinking-
water, salt and sugar' [15; 16].

Bread formula is presented in table 1.

Tablel
Gluten-free bread formula per 100 g
Name of ingredient l\r/llg.d?] I\ﬁgfigl I\I/ll(()).d3el
Amaranth flour, g 60.0 50.0 40.0
Linseed flour, g 40.0 50.0 60.0
Starch, g 17.0 17.0 17.0
Yeast, g 1.5 1.5 1.5
Salt, g 0.2 0.2 0.2
Sugar, g 0.5 0.5 0.5
Water, ml 150.0 137.0 110.0

The formulas differed in the quantity
of several flour types and the amount of
water consumed, while other ingredients
remained in the same proportion [17-21].
Based on the formula developed, three
dough samples were mixed with a bread
maker as shown in Figure 1.

Fig. 1. Bread maker

The ready dough was tested for
anumber of important indicators such as:
the dough acidity, pH, the value of the
critical shear stress and the organolep-
tic estimation [4; 20-22]. All researches
were carried out in the laboratory of Bio-
chemical and Spectral Analysis of Food
Products of the Chair of Food Enginee-
ring and Technology of Don State Tech-
nical University.

Determination of the dough acidity

During the dough maturation, a num-
ber of organic acids are accumulated in
it: lactic, acetic, propionic and others. All
they have a characteristic odor affecting
the taste and smell of the bakery prod-
ucts. The flour acidity has a significant
influence on the quality of the finished
bakery products. The level of acidity of
flour depends on the variety and duration

! Kutz A.A., Shirokova N.V. [Development of Bakery Products Technology Using Buckwheat and
Spelt Processing Products]. In: New Approaches to the Development of Technologies for the Production
and Processing of Agricultural Products. Volgograd; 2018. p. 327-329. (In Russ.)
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of storage [23-26]. High flour acidity
results in high initial dough acidity and
rapid acid accumulation during fermen-
tation. The acidity level was determined
according to GOST 5670-962. Preparation
of the mixture: batch of test sample 5 g
was dissolved in 50 ml of distilled water;
3 drops of phenolphthalein were added to
the beaten-up flour and water, and was ti-
trated with 0.1h NaOH until a light pink
color was formed that did not disappear
within 30 seconds. Figure 2 shows the
coloring of the mixture.

Fig. 2. Titration of the mixture

Acidity is one of the most important
indicators not only of readiness but also of
quality, since the composition and quan-
tity of acids have a particular influence on
the most important processes in mixing
the bread dough, and in consequence, in-
fluence the organoleptic characteristics of
the finished product [27-30].

Determination of pH

Determination of pH is performed
with a pH-meter “Expert pH”, the device
is shown in Figure 3, intended to measure

pH activity and the mass concentration of
OH and H ions in the test samples.

Measurement error is 0.001. Sample
preparation: 5 g of sample was put in
a measuring bulb and dissolved in 20 ml
of distilled water, and then pH was mea-
sured with a measuring transducer.

Fig. 3. PH-meter “Expert pH”

A large quantity of compounds or ele-
ments in flour helps to maintain a suit-
able acid-alkali balance for a particular
type of flour. It allows controlling and fer-
mentation processes [31-34].

Determination of the critical shear
stress

Critical shear stress means the force
necessary to deform a product. The con-
sistency of the dough is determined
with a device called a conical plastome-
ter [35-38]. The method of determination
is shown in Figure 4.

2GOST 5670-96. [Bread, Rolls and Buns. Methods for Determination of Acidity]. Moscow; 1997. (In Russ.)
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Fig. 4. Unit for determination the shear stress

The test mass is placed on the surface
of the unit, the top of the cone comes into
contact with the mass surface. The depth
of the cone immersion is determined with
a ruler [39-41]. The depth of immersion
of the material is fixed in the results of
the measurements, and then the critical
shear stress is determined according to
formula:

—_ r
T, =K, x—"—,

P. — cone load; K, — cone constant, de-
pending on the angle at the vertex (K = 2);
k... — immersion value in an investigated
material.

Results

In the development of the recipe, corn-
starch was added as it increases the test’s
gas retention capacity, as well as remov-
ing moisture and is a binding component
when water and flour are combined. The
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results of the shear stress determination
are presented in Table 2.

Table2
Research results
Parameter | Shear stress pH
Model no. 1 1.00 5.00
Model no. 2 1.00 5.00
Model no. 3 1.00 5.00

Based on the results obtained, we can
assume that as the quantity of linseed flour
increases, the value of shear stress increas-
es. This suggests that the high content of
linseed flour worsens the rheological prop-
erties of the dough, such as elasticity.

One of the most important indica-
tors of the quality of finished products is
acidity. It is a measure of total acidity as
a proxy; titled acidity is the sum of free
protons and non-dissociated acids in solu-
tion. Quantitative indicators of acidity are
presented in Figure 5.

Bakery products with a high content of
linseed flour are more acidic and of a lower
specific volume. It was noted that the acid-
ity of sample 3 is higher than that of the
rest of the samples, which is related to the
fact that linseed flour has a high content of
organic acids: acetic, apple and lemon.

The main difference between pH and
titrated acidity is that pH measures the
concentration of free protons in a solu-
tion, while titrated acidity measures the
sum of free protons and non-dissociated
acids in a solution [42—44]. The research
results are presented in Table 2

The results of the studies show that in
sample 1 with a high content of amaranth
flour, the pH is less acidic than in sample 3
with a predominantly linseed flour.

Discussion and Conclusion

When comparing the two types of
flour, amaranth and linseed, it turns out that
the sample with linseed flour has a fairly
high content of protein and food fibers,
while amaranth flour is high carbohydrate
and has a low content of proteins and fats.
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Fig. 5. Acidity of different types of dough

In the course of the research, optimal
formulas of mixtures with the use of ama-
ranth and linseed flours were selected. As
a result of the research, the dependence of
the quantitative water content on the flour
was revealed. In sample no. 3, where the
content of amaranth and linseed flours was
40 and 60 g, respectively, the total amount
of water used for dough kneading was 1.5
times more than for sample no. 1, where
the content of amaranth and linseed flours
was 60 and 40 g, respectively. The sample
with high amaranth flour content (sam-
ple 1) required the most water to kneading
the dough of homogeneous consistency. It
can be concluded that amaranth flour has
a high water-absorption capacity.

With regard to rheological properties,
there is a correlation: the depth of immer-
sion is decreasing with increasing the shear
stress value. Acidity has a great influence
on the quality of finished bakery products.
The experience shows that bread with
a high content of linseed flour has an acid-
ity index of 4.1, indicating that this type of

dough has acid medium. Bakery products
with increased acidity are more acidic at
the end of the baking process.

On the basis of the tests carried out,
there were obtained the data on pH of
dough with different proportions of ama-
ranth and linseed flours. The most acidic
type of dough is one, in which the amount
of linseed flour is more than of amaranth
flour. Based on these studies, it can be as-
sumed that this is caused by high acidity
of linseed flour.

Thus, the research showed that the
optimal content of amaranth and linseed
flour when kneading dough is 40 and 60%
respectively. The high nutritional value of
linseed flour and the high content of fiber,
which improves digestion, leads to faster
saturation and releasing of toxins, while
substances contained in amaranth flour
are enzymes, which normalize the acidity
of the gastric juice and enhance secretory
function of the stomach and intestines, pro-
vide a good end product with high biologi-
cal value and significant nutrient content.

REFERENCES

1. Orlova T.V., Kudinov P.I. [Development of the Recipe and Production Technology for Bread on
the Basis of Gluten-Free Flour Mixtures]. Polzunovskiy vestnik. 2020;(2):50-57. Available at: https://ojs.
altstu.ru/index.php/PolzVest/issue/view/7/7 (accessed 20.01.2022). (In Russ.)

Food systems

319


https://ojs.altstu.ru/index.php/PolzVest/issue/view/7/7
https://ojs.altstu.ru/index.php/PolzVest/issue/view/7/7

I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 32, Ne 2. 2022

2. Nialiubina A.V., Ourbantchik A.M., Kaminskaya V.S., et al. Elaboration of Bread-Baking Techno-
logy Based on Gluten-Free Fermented Pea Product. Food Industry. 2019;(4):71-72. (In Russ., abstract in
Eng.) doi: https://doi.org/10.24411/0235-2486-2019-10035

3. Anashkina P.Zh., Moskvicheva E.V., Timoshenkova [.A., Moskvichev A.S. A Study of Gluten Free
Flour Types for the Production of Bakery Products. International Research Journal. 2021;(1):98—104.
(In Russ., abstract in Eng.) doi: https://doi.org/10.23670/IRJ.2021.103.1.014

4. Zaytseva L.V., Yudina T.A., Ruban N.V., et al. Modern Approaches to the Development of Gluten-
Free Bakery Formulations. Problems of Nutrition. 2020;89(1):77-85. (In Russ., abstract in Eng.) doi:
https://doi.org/10.24411/0042-8833-2020-10009

5. Zharkova .M., Samokhvalov A.A., Gustinovich V.G, et al. Review of Bakery Products for Gluten
Free and Herodietetic Nutrition. Proceedings of the Voronezh State University of Engineering Technolo-
gies. 2019;81(1):213-217. (In Russ., abstract in Eng.) doi: https://doi.org/10.20914/2310-1202-2019-1-
213-217

6. Popov V.G., Hajrullina N.G., Sadykova H.N. Trends in the Use of Gluten-Free Flours in the Pro-
duction of Functional Products. Proceedings of the Voronezh State University of Engineering Technologies.
2021;83(1):121-128. (In Russ., abstract in Eng.) doi: https://doi.org/10.20914/2310-1202-2021-1-121-128

7. Anashkina P.Zh., Moskvicheva E.V., Timoshenkova I.A. Using Non-Traditional Types of Vegetable
Raw Materials in Bakery Products. International Research Journal. 2020;(8):105—110. (In Russ., abstract
in Eng.) doi: https://doi.org/10.23670/IRJ.2020.98.8.015

8. Urubkov S., Khovanskaya S., Smirnov S. Prospects for Using Amaranth and Native Buckwheat
in Dry Gluten-Free Mixes for Children with Gluten Intolerance. Food Processing: Techniques and Tech-
nology. 2020;50(2):232-241. (In Russ., abstract in Eng.) doi: https://doi.org/10.21603/2074-9414-2020-
2-232-241

9. Shchekoldina T.V. [Mixing Technology of Gluten-Free Flour Mixtures Based on Quinoa]. Pol-
zunovskiy vestnik. 2019;(3):19-24. Available at: https://elibrary.ru/item.asp?id=41292254& (accessed
20.01.2022). (In Russ.)

10. Rutskaya V.I. Experience of Use of Lupin and Products of Its Processing in Food Indus-
try (Review). Legumes and Groat Crops. 2021;(1):83—89. (In Russ., abstract in Eng.) doi: https://doi.
org/10.24412/2309-348X-2021-1-83-89

11. Feofilaktova O.V., Ponomarev A.S. Technological Property Research of the Alternative Flour
Types while Food Producing in Catering in Catering. Food Industry. 2019;4(2):28-34. (In Russ., abstract
in Eng.) doi: https://doi.org/10.29141/2500-1922-2019-4-2-4

12. Khodyreva Z.R., Schetinin M.P., Musina O.N., et al. Development of a Daily Diet for Chil-
dren with Celiac Disease in Municipal Pre-School Educational Institutions. Problems of Nutrition.
2021;90(2):110-116. (In Russ., abstract in Eng.) doi: https://doi.org/10.33029/0042-8833-2021-90-2-
110-116

13. Drakula S., Novotni D., Musta& N.C., et al. Alteration of Phenolics and Antioxidant Capacity of
Gluten-Free Bread by Yellow Pea Flour Addition and Sourdough Fermentation. Food Bioscience. 2021;44.
doi: https://doi.org/10.1016/j.tbi0.2021.101424

14. Urubkov S.A., Khovanskaya S.S., Pyrieva E.A., et al. Gluten-Free Dry Mixtures with Rice and
Amaranth for Children over Three Years Old with Gluten Intolerance. Food Industry. 2020;5(1):23-31.
(In Russ., abstract in Eng.) doi: https://doi.org/10.29141/2500-1922-2020-5-1-3

15. Ushakova J.V., Paskova E.M., Rysmukhambetova G.E., Kulevatova T.B. Influence of the Compo-
sition of Composite Mixtures with a Reduced Gluten Content on the Rheological Properties of the Dough
Based on Their Basis. New Technologies. 2020;(4):74-83. (In Russ., abstract in Eng.) doi: https://doi.
org/10.47370/2072-0920-2020-15-4-74-83

16. Moskvicheva E.V., Safonova E.E., Timoshenkova [.A. Use of Flour from Seeds of Holy Thistle
in the Manufacture of Gluten-Free Products. International Research Journal. 2017;(8)46—50. (In Russ.,
abstract in Eng.) doi: https://doi.org/10.23670/IRJ.2017.62.062

17. Tiunov V.M., Chugunova O.V., Zavorokhina N.V. Feasibility of the Recipe Composition and
Technological Features of Dry Mixtures Production for Gluten-Free Flour Culinary Products. Bulletin of

320 TTuwesvle cucmempl


https://doi.org/10.24411/0235-2486-2019-10035
http://P.Zh
https://doi.org/10.23670/IRJ.2021.103.1.014
https://doi.org/10.24411/0042-8833-2020-10009
https://doi.org/10.20914/2310-1202-2019-1-213-217
https://doi.org/10.20914/2310-1202-2019-1-213-217
https://doi.org/10.20914/2310-1202-2021-1-121-128
http://P.Zh
https://doi.org/10.23670/IRJ.2020.98.8.015
https://doi.org/10.21603/2074-9414-2020-2-232-241
https://doi.org/10.21603/2074-9414-2020-2-232-241
https://elibrary.ru/item.asp?id=41292254&
https://doi.org/10.24412/2309-348X-2021-1-83-89
https://doi.org/10.24412/2309-348X-2021-1-83-89
https://doi.org/10.29141/2500-1922-2019-4-2-4
https://doi.org/10.33029/0042-8833-2021-90-2-110-116
https://doi.org/10.33029/0042-8833-2021-90-2-110-116
https://doi.org/10.1016/j.fbio.2021.101424
https://doi.org/10.29141/2500-1922-2020-5-1-3
https://doi.org/10.47370/2072-0920-2020-15-4-74-83
https://doi.org/10.47370/2072-0920-2020-15-4-74-83
https://doi.org/10.23670/IRJ.2017.62.062

Vol. 32, no. 2. 2022 ENGINEERING TECHNOLOGIES AND SYSTEMS '

South Ural State University, Series “Food and Biotechnology”. 2018;6(1):23-31. (In Russ., abstract in
Eng.) doi: https://doi.org/10.14529/food 180103

18. Bavykina I.A., Zvyagin A.A., Miroshnichenko L.A., et al. Efficient Products from Ama-
ranth in a Gluten-Free Nutrition of Children with Gluten Intolerance. Problems of Nutrition.
2017;86(2):91-99. Available at: https://elibrary.ru/item.asp?id=28990194 (accessed 20.01.2022).
(In Russ., abstract in Eng.)

19. Kuznetsova L.I., Savkina O.A., Parakhina O.1., Lokachuk M.N. [Development of Biotechnology
for Hypoallergenic Gluten-Free Bakery Products]. In: Materials of XVII All-Russian Congress with Inter-
national Participation “Fundamental and Applied Aspects of Nutritiology and Dietetics. Therapeutic, Pro-
phylactic and Sports Nutrition”. Moscow; 2018. p. 221-222. (In Russ.) doi: https://doi.org/10.24411/0042-
8833-2018-10331

20. Chernyshova V.A., Labutina N.V., Belyavskaya I.G., et al. [The Effect of Linseed Flour on the
Quality of Bread Products from a Mixture of Rye and Wheat Flour]. Food Industry. 2016;(5):66—69.
(In Russ.)

21. Ershova T.A., Bozhko S.D., Chernyshova A.N., et al. Study of the Possibility of Using Vegetable
Raw Materials for the Preparation of Dry Mixtures of Bakery Products. Technologies of the Food and Pro-
cessing Industry of the Agro-Industrial Complex-Healthy Food Products. 2019;(3):32—42. Available at:
https://elibrary.ru/item.asp?id=41746577 (accessed 20.01.2022). (In Russ., abstract in Eng.)

22. Urubkov S.A., Khovanskaya S.S., Smirnov S.O. Selenium Content in Gluten-Free Products. Prob-
lems of Nutrition. 2021;90(1):102—107. (In Russ., abstract in Eng.) doi: https://doi.org/10.33029/0042-
8833-2021-90-1-102-107

23. Moghadam F.T., Jalali H., Nafchi A.M., Nouri L. Investigating the Possibility of Producing Celiac
Bread Using Lactic Acid Corn Sourdough Using Lactobacillus Plantarum at Two Levels of 5 and 10 %.
Journal of Food Science and Technology. 2021;18(118):213-222. Available at: https://fsct.modares.ac.ir/
article-7-47755-en.html (accessed 20.01.2022).

24. Wojcik M., Rézylto R., Schonlechner R., Berger M. V. Physico-Chemical Properties of an Innova-
tive Gluten-Free, Low-Carbohydrate and High Protein-Bread Enriched with Pea Protein Powder. Scientific
Reports. 2021;11. doi: https://doi.org/10.1038/s41598-021-93834-0

25. Ding X.-L., Wang L.-J., Li T.-T., et al. Pre-Gelatinisation of Rice Flour and Its Effect on the
Properties of Gluten Free Rice Bread and Its Batter. Foods. 2021;10(1). doi: https://doi.org/10.3390/
foods10112648

26. Khairuddin M.A.N., Lasekan O. Gluten-Free Cereal Products and Beverages: A Review
of Their Health Benefits in the Last Five Years. Foods. 2021;10(11). doi: https://doi.org/10.3390/
foods10112523

27.Qin W., Lin Z., Wang A., et al. Influence of Particle Size on the Properties of Rice Flour and Qua-
lity of Gluten-Free Rice Bread. LWT. 2021;151. doi: https://doi.org/10.1016/j.1wt.2021.112236

28. Ronie M.E., Zainol M.K., Mamat H. A Review on the Recent Applications of Gluten-Free Flour,
Functional Ingredients and Novel Technologies Approach in the Development of Gluten-Free Bakery Pro-
ducts. Food Research. 2021;5(5):43—54. doi: https://doi.org/10.26656/f.2017.5(5).721

29. Da Costa Borges V., Fernandes S.S., da Rosa Zavareze E., et al. Production of Gluten Free Bread
with Flour and Chia Seeds (Salvia Hispanica L). Food Bioscience. 2021;43. doi: https://doi.org/10.1016/j.
0i0.2021.101294

30. Skendi A., Papageorgiou M., Varzakas T. High Protein Substitutes for Gluten in Gluten-Free
Bread. Foods. 2021;10(9). doi: https://doi.org/10.3390/foods10091997

31. Qin W, Lin Z., Wang A., et al. Influence of Damaged Starch on the Properties of Rice Flour
and Quality Attributes of Gluten-Free Rice Bread. Journal of Cereal Science. 2021;101. doi: https://doi.
org/10.1016/.jcs.2021.103296

32. Filipini G., Passos A.P., Fernandes S.S., Salas-Mellado M.M. Nutritional Value, Technological
and Sensory Evaluation of Gluten-Free Bread Enriched with Soybean Flour and Coconut Oil. Journal of
Food Measurement and Characterization. 2021;15:3853-3861. doi: https://doi.org/10.1007/s11694-021-
00971-1

Food systems 321


https://doi.org/10.14529/food180103
https://elibrary.ru/item.asp?id=28990194
https://doi.org/10.24411/0042-8833-2018-10331
https://doi.org/10.24411/0042-8833-2018-10331
https://elibrary.ru/item.asp?id=41746577
https://doi.org/10.33029/0042-8833-2021-90-1-102-107
https://doi.org/10.33029/0042-8833-2021-90-1-102-107
https://fsct.modares.ac.ir/article-7-47755-en.html
https://fsct.modares.ac.ir/article-7-47755-en.html
https://doi.org/10.1038/s41598-021-93834-0
https://doi.org/10.3390/foods10112648
https://doi.org/10.3390/foods10112648
https://doi.org/10.3390/foods10112523
https://doi.org/10.3390/foods10112523
https://doi.org/10.1016/j.lwt.2021.112236
https://doi.org/10.26656/fr.2017.5(5).721
https://doi.org/10.1016/j.fbio.2021.101294
https://doi.org/10.1016/j.fbio.2021.101294
https://doi.org/10.3390/foods10091997
https://doi.org/10.1016/j.jcs.2021.103296
https://doi.org/10.1016/j.jcs.2021.103296
https://doi.org/10.1007/s11694-021-00971-1
https://doi.org/10.1007/s11694-021-00971-1

I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 32, Ne 2. 2022

33. Kim W.-M., Yoon K.-H., Lee G.-H. Physicochemical Properties of Gluten Free Rice Pan Bread
with Chickpea Flour Supplementation. Journal of the Korean Society of Food Science and Nutrition.
2021;50(6):604-611. doi: https://doi.org/10.3746/JKFN.2021.50.6.604

34. Piga A., Conte P., Fois S., et al. Technological, Nutritional and Sensory Properties of an Innovative
Gluten-Free Double-Layered Flat Bread Enriched with Amaranth Flour. Foods. 2021;10(5). doi: https:/
doi.org/10.3390/foods10050920

35. Roman L., Gomez M., Martinez M.M. Mesoscale Structuring of Gluten-Free Bread with Starch.
Current Opinion in Food Science. 2021;38:189-195. doi: https://doi.org/10.1016/j.c0fs.2020.12.003

36. Coda R., Varis J., Verni M., et al. Improvement of the Protein Quality of Wheat Bread through
Faba Bean Sourdough Addition. LWT — Food Science and Technology. 2017;82:296-302. doi: https://doi.
org/10.1016/j.1wt.2017.04.062

37. Shrivastava Ch., Chakraborty S. Bread from Wheat Flour Partially Replaced by Fermented Chick-
pea Flour: Optimizing the Formulation and Fuzzy Analysis of Sensory Data. LWT. 2018;90:215-223. doi:
https://doi.org/10.1016/j.1wt.2017.12.019

38. Bourré L., McMillin K., Borsuk Yu., et al. Effect of Adding Fermented Split Yellow Pea
Flour as a Partial Replacement of Wheat Flour in Bread. Legume Science. 2019;1. doi: https://doi.
org/10.1002/1eg3.2

39. Bojnanska T., Musilova J., Vollmannova A. Effects of Adding Legume Flours on the Rhe-
ological and Breadmaking Properties of Dough. Foods. 2021;10(5). doi: https://doi.org/10.3390/
foods10051087

40. Bojianska T., Vollmannova A., Lidikova J., Musilova J. Use of Common Buckwheat in the Pro-
duction of Baked and Pasta Products. In: Waisundara V.Y. (ed.). Pseudocereals. London: IntechOpen;
2022. doi: https://doi.org/10.5772/intechopen.101960

41. Hoehnel A., Bez J., Lykke I., et al. Enhancing the Nutritional Profile of Regular Wheat Bread
While Maintaining Technological Quality and Adequate Sensory Attributes. Food & Function.
2020;11(5):4732-4751. doi: https://doi.org/10.1039/d0fo00671h

42. Di Biase M., Bavaro A.R., Lonigro S.L., et al. Lactobacillus Plantarum ITM21B Fermentation
Product and Chickpea Flour Enhance the Nutritional Profile of Salt Reduced Bakery Products. Internatio-
nal Journal of Food Sciences and Nutrition. 2019;70(6):701-713. doi: https://doi.org/10.1080/09637486
.2019.1567699

43. Gonzalez-Montemayor A-M., Solanilla-Duque J.F., Flores-Gallegos A.C., et al. Green Bean, Pea
and Mesquite Whole Pod Flours Nutritional and Functional Properties and Their Effect on Sourdough
Bread. Foods. 2021;10(9). doi: https://doi.org/10.3390/foods10092227

44. Yaver E., Bilgigli N. Ultrasound-Treated Lupin (Lupinus Albus L.) Flour: Protein- and Fiber-Rich
Ingredient to Improve Physical and Textural Quality of Bread with a Reduced Glycemic Index. LWT —
Food Science and Technology. 2021;148. doi: https://doi.org/10.1016/j.1wt.2021.111767

Submitted 02.02.2022; approved after reviewing 20.03.2022; accepted for publication 10.04.2022
Tocmynuna 02.02.2022; 00o6pena nocne peyensuposanus 20.03.2022; npunsma k nyonuxayuu 10.04.2022

About the authors:

Anastasia A. Merker, Engineer of Laboratory of Biochemical and Spectral Analysis of Food, Don
State Technical University (1 Gagarin Square, Rostov-on-Don 344000, Russian Federation), ORCID:
https://orcid.org/0000-0002-1316-6179, Researcher ID: AES-8646-2022, anastasia.merker@mail.ru

Ekaterina N. Reva, Engineer of Laboratory of Biochemical and Spectral Analysis of Food, Don State
Technical University (1 Gagarin Square, Rostov-on-Don 344000, Russian Federation), ORCID: https://
orcid.org/0000-0002-4010-925X, Researcher ID: ADI-5646-2022, rewarewarewak@mail.ru

Valentina A. Serdyuk, Assistant of the Chair of Food Engineering and Technology, Don State Tech-
nical University (1 Gagarin Square, Rostov-on-Don 344000, Russian Federation), ORCID: https://orcid.
org/0000-0003-3538-3358, Researcher ID: B-8601-2018, valy11164@mail.ru

322 TTuwesvle cucmempl


https://doi.org/10.3746/JKFN.2021.50.6.604
https://doi.org/10.3390/foods10050920
https://doi.org/10.3390/foods10050920
https://doi.org/10.1016/j.cofs.2020.12.003
https://doi.org/10.1016/j.lwt.2017.04.062
https://doi.org/10.1016/j.lwt.2017.04.062
https://doi.org/10.1016/j.lwt.2017.12.019
https://doi.org/10.1002/leg3.2
https://doi.org/10.1002/leg3.2
https://doi.org/10.3390/foods10051087
https://doi.org/10.3390/foods10051087
https://doi.org/10.5772/intechopen.101960
https://doi.org/10.1039/d0fo00671h
https://doi.org/10.1080/09637486.2019.1567699
https://doi.org/10.1080/09637486.2019.1567699
https://doi.org/10.3390/foods10092227
https://doi.org/10.1016/j.lwt.2021.111767
https://orcid.org/0000-0002-1316-6179
http://www.researcherid.com/rid/
AES-8646-2022
mailto:anastasia.merker@mail.ru
https://orcid.org/0000-0002-4010-925X
https://orcid.org/0000-0002-4010-925X
http://www.researcherid.com/rid/
ADI-5646-2022
mailto:rewarewarewak@mail.ru
https://orcid.org/0000-0003-3538-3358
https://orcid.org/0000-0003-3538-3358
http://www.researcherid.com/rid/B-8601-2018
mailto:valy11164@mail.ru

Vol. 32, no. 2. 2022 ENGINEERING TECHNOLOGIES AND SYSTEMS '

Contribution of the authors:

A. A. Merker — conducting experiments on kneading dough and moisture absorption capacity, and
developing bakery product formulas, preparing the article text.

E. N. Reva — conducting experiments to determine the qualitative indicators of the dough, namely
determining the shear stress, acidity, and pH. Revision of the article.

V. A. Serdyuk — scientific guidance, revision and design of the article.

All authors have read and approved the final manuscript.

06 asmopax:

Mepkep AHacTacusi AHApeeBHA, HHKEHEp J1a00paToOpry OMOXMMHYECKOTO U CIIEKTPAJIbHOTO aHa-
JIM3a MUIIEBBIX MPOAYKTOB JIoHCKOro rocynapcTBeHHOro trexunueckoro ynusepeurera (344000, Poccnii-
ckast Denepanus, . Pocros-Ha-Jlony, mwi. arapuna, n. 1), ORCID: https://orcid.org/0000-0002-1316-
6179, Researcher ID: AES-8646-2022, anastasia.merker@mail.ru

PeBa Exarepuna HukonaeBHa, nmkeHep 1adopaTopiuy OMOXUMHYECKOTO U CIICKTPAJIBHOTO aHAJIHM3a
MUILLIEBBIX MPOLYKTOB JIOHCKOrO rocyaapcTBEHHOro TexHHueckoro yHusepcurera (344000, Poccuiickas
Ddenepanus, T. PoctoB-Ha-/lony, . [arapuna, a. 1), ORCID: https://orcid.org/0000-0002-4010-925X,
Researcher ID: ADI-5646-2022, rewarewarewak@mail.ru

Cepniok BasenTnHa AjleKcaHIPOBHA, aCCUCTEHT KaeIpbl TEXHUKU U TEXHOJIOTUH MHIIEBBIX MTPO-
n3BOJCTB JIOHCKOTO rocygapcTBeHHOTo TexHuueckoro ynuepcureta (344000, Poccuiickas Deneparys,
r. PoctoB-Ha-Jlony, . ['arapuna, 1. 1), ORCID: https://orcid.org/0000-0003-3538-3358, Researcher ID:
B-8601-2018, valy11164@mail.ru

3asenennvlii 6K1a0 asmMopos:

A. A. Mepkep — IpoBeJIeHUE OIBITOB 10 3aMECy TeCTa U BIIArOINOIIaTHTEIBHON CIIOCOOHOCTH, pa3pa-
00TKa PELENTYPbl, HAIIMCAHUE TEKCTA CTATHH.

E. H. PeBa — nipoBejicHHE OIBITOB 110 OMPEICICHUI0 KAYECTBCHHBIX MOKa3aTesIel TecTa, a UMCHHO:
OTIpe/Ie/ICHUE HAPSHKCHUS CIBUTA, KHCIOTHOCTH, pH cpenbl. JlopaboTka cTarbu.

B. A. Ceparok — Hay4HOE PyKOBOJICTBO, 10paboTKa 1 0hopMIIEHHE CTAThH.

Bce asmopul npouumanu u 0006punu okonuamenbHblil 6aPUAHM PYKORUCU.

Food systems 323


https://orcid.org/0000-0002-1316-6179
https://orcid.org/0000-0002-1316-6179
http://www.researcherid.com/rid/
AES-8646-2022
mailto:anastasia.merker@mail.ru
https://orcid.org/0000-0002-4010-925X
http://www.researcherid.com/rid/
ADI-5646-2022
mailto:rewarewarewak@mail.ru
https://orcid.org/0000-0003-3538-3358
http://www.researcherid.com/rid/B-8601-2018
mailto:valy11164@mail.ru

' WHXXEHEPHBIE TEXHOJIOTMHW U CUCTEMBbI Tom 32, Ne 2. 2022

HNndopmanus 171 aBTOPOB U YHTATEICH

Hayunslit sxypHan «MHkeHepHbIe TEXHOIOIMH U CHCTEMbD» ITyOIUKYeT OPHUTHHAIIbHBIE HAydHbIE
HCCIICIOBAHMS, CIOCOOCTBYIOIINE Pa3BUTUIO HAYKH B OOJIACTH HHXKEHEPHBIX CHCTEM U TEXHOJIOTHHA.

Kypnan Bkmiouen B IlepedeHb peleH3UPYEMBIX HAy4HBIX H3JaHUH, B KOTOPBIX JIOMKHBI OBITH
OITyOJIMKOBaHB! OCHOBHBIC HAyYHBIE PEe3YJIBTaThl JUCCEPTAlNil Ha COMCKAHNWE YUCHOU CTeNeHN KaHanaaTa
HayK, Ha COMCKaHUE yYCHON CTETeHH JOKTOPA HAYK MO HAyYHBIM CIICIHAIBHOCTSIM U COOTBETCTBYIOIINM
UM OTpacisiM HayKH (110 cocTostHMIo Ha 25.05.2022 1):

05.20.01. TexHOIOTHH U CPEICTBA MEXaHU3ALUH CEIBCKOTO XO3SHCTBA (TEXHUUCCKIE HAYKH)

05.20.02. D5eKTpOTEXHOJIOTHH U 3IEKTPOOOOPYIOBAHUE B CEIBCKOM XO3SIMCTBE (TEXHUYECKHUE HayKN)

05.20.03. TexHONIOTMH M CPEICTBA TEXHUUECKOTO OOCITYKHBAHUS B CEITHCKOM XO3SHCTBE (TEXHUUE-
CKHE HAyKH)

1.3.2. TIpuGops! ¥ METO/IBI SKCHEPUMEHTATIBHOM (PM3UKH (TEXHUYSCKUE HAYKH)

1.3.6. OnTuka (TeXHUIECKUE HAyKH)

1.3.13. Daexrpodusuka, 3MeKTpoGU3NIECKHIE YCTAHOBKY (TEXHUUESCKUE HAyKHN)

He nomyckaercst HanpapiieHne B PEIAKIMIO yXKe OIyOIMKOBAaHHBIX CTaTell MM CTaTei, OTIPaBICHHBIX
Ha MyONuKaIMIo B JpyTHe KypHanel. B ciaydae o0Hapy:keHMsl OJHOBPEMEHHOI MOJa4M PYKONHCH
B HECKOJbKO H3IaHUi omy0JUKOBaHHAsl CTAThsl OyleT peTparupoBaHa (0TO3BaHA U3 IEYaTH).
MOHUTOPHHT HECAHKIIMOHUPOBAHHOTO IUTHPOBAHMS OCYIIECTBISETCS C TOMOIIBIO CHCTEM «AHTHILIATHATY
u CrossCheck.

JKypHnan npuBeTCcTByeT CTaThbH, UMEIOIIHE TOTCHIHATEHO BEICOKIH HMITAKT-()aKTOp H/HITH COfleprKaIine
Marepuall O 3HAYUTEIbHBIX JOCTH)KEHUSX B YKa3aHHBIX HarpasieHusx. Oco0oe BHUMaHKE CIIeyeT yAeINTh
Ka4ecTBy HepeBoja. JKemarensHo, 4T0ObI OH OBLT BEIIOJIHEH HOCHTENEM aHIIHIICKOTO SI3BIKA.

Ilpy moAroToBKE CTAaThM K IMyONMKamuu B KypHane «VHKeHEpHbIE TEXHONOTMH U CHCTEMBD)
HEOoOXOANMO y4eCTh CICAYIOLINE ITyHKTHI:

1. Ykazars YJIK.

2. 3aroJI0BOK CTaTBH JJOJDKSH KPAaTKO M TOYHO OTPaXKaTh COJCPIKAHUE CTaThU, TEMATUKY U PE3YJIbTaThl
MPOBEICHHOTO HCCIIENOBAHUS. [Ipugooumcs na pycckom u aHeuticKoM A3bIKax.

3. AnnoTtamms (200-250 c0B) BEITONHAET (QYHKLIUIO PACIIMPEHHOTO HAa3BaHUS CTAThH U MOBECTBYET
0 ee coziep>kaHu. B Hell TOIDKHEI OBITH 4ETKO 0003HAYCHBI CIIEIYIONIHE COCTABHBIC YaCTH:

1) Beenenwue (Introduction);

2) Marepwuains! 1 Metozsl (Materials and Methods);

3) Pesynbrarsr uccnenoBanus (Results);

4) Obcyxnenue u 3akmodenue (Discussion and Conclusion).

TIpusooumcsi Ha pyccKom U AH2UUCKOM A3bIKAX.

4. KimouyeBble ciioBa (5—10) sBIAIOTCA MOUCKOBBIM 00pa3oM HAy4yHOHW CTarbd. B CBs3M ¢ 3TUM
OHHM JIOJDKHBI OTpakKaThb OCHOBHBIC IIOJIOXKEHHMS, NOCTYDKEHHMS, PE3YJbTaThl, TEPMHUHOJOTHIO HAay4HOIO
UCCIeIOBAHNS. [Ipu600sSmcs Ha pyCccKOM U AHSTUIICKOM A3bIKAX.

5. BaarogapHoctu. B 3TOoM paszene cienyeT ynoMsAHYTh JIHO[EH, HOMOTaBIIMX aBTOPY [IOATOTOBUTH
HACTOSIIYIO CTaTbi0, OPTaHU3AIMH, OKa3aBIIMe (PUHAHCOBYIO MOJJICPIKKY. XOPOLIMM TOHOM CUHMTAeTCs
BBIPaKEHHE O1arolapHOCTH aHOHUMHBIM PELEH3eHTaM. [Ipueo0samcs Ha pyccKoM U AHSTUICKOM A3bIKAX.

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

1) BBenenne — mocTaHOBKA HAy4HOH MPOOJIEMBI, €€ aKTyalbHOCTh, CBSA3b C BAKHEHIINMH 3a1a4aMHu,
KOTOpBIE HEOOXOIMMO PELINTh, 3HAYCHNE [UIsl PAa3BUTHS OIPE/ICIICHHOI 0Tpacin HayKH WM MPaKTHYECKON
JIeATEIBHOCTH.

2) O0630p nureparypsl. HeoOxoaumo ommcars OCHOBHbIE (TOCIEIHUE [0 BPEMEHH) HCCIIEIO0BAHMS
n myOnWKamyy, Ha KOTOpBIE ONHMpAeTCsi aBTOp; COBPEMEHHBIE B3IIAABI Ha TpoOIeMy; TPYIHOCTH IIpU
pa3paboTKe JAaHHOW TEMBI; BBIAECIUTH HEPEIIEHHBIE BOMPOCH! B Mpeaenax oOmiel mpoOieMbl, KOTOPhIM
MOCBSIIIICHA CTAThsL.

3) Marepunansl ¥ MeTOAbl. B 1aHHOM pasjene OMHMCHIBAIOTCS MPOIECC OPTaHU3AIMH SKCIEPUMEHTa,
IPUMEHEHHbIE METOIMKH, HCIIOIb30BaHHAS allllapaTypa; [aloTcs IoApoOHbIe cBeleHUs 00 oObekTe
HCCIICJIOBAHMS; YKa3bIBACTCsl OCIIEA0BATEIbHOCTD BBITOIHEHHS NCCIICOBAHNS M 000CHOBBIBACTCS BEIOOP
HCTIOb3yEMBIX METOJIOB (HaOIIOIEHNE, ONIPOC, TECTUPOBAHUE, SKCIIEPUMEHT, Ta0OPATOPHBIN OMBIT U T. 11.).

4) PesynbTarel HMcciemoBaHUS. DTO OCHOBHOW pasfen, Lelb KOTOPOro — IIPH ITOMOIIM aHalIH3a,
0000IICHNS M pa3bsACHEHMS JaHHBIX JOKa3aTh pabOvyro THUIOTE3y (THUIOTE3bI). Pe3ynbraTsl JOIKHBI OBITH
M3JIOKEHBI KPAaTKO, HO TP 9TOM COJIepIKaTh JIOCTaTOYHO MH(OPMALMH TSl OLIEHKU C/ICNIAHHBIX BBIBOJIOB.
Taxoke TOIKHO OBITH 000CHOBAHO, TOUEMY TSI aHAJIM3a OBIIH BEIOPAHBI MIMEHHO TH JaHHBIC.
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5) O6cy>xaeHne 1 3aKiItoueHIe. B 3akiroueHny CyMMUPYROTCS pE3yJIbTaThl OCMBICIICHHS TEMBI, IeTIal0TCsl
BBIBOZIbI, OOOOIIEHHS M PEKOMEH/IAIMH, BBITCKAIOIINE M3 pabOThl, MOAYEPKHBACTCS MX IMPAKTHYECKAS
3HAYUMOCTb, @ TAKXKE OIPECACIIAIOTCA OCHOBHBIC HAIllpPaBJICHUSA JJIA ﬂal'leeﬁLL[el"O HCCJICIOBAHUA B 9TOM
obrnacTu.

7. CUCOK HCTOJb30BAHHBIX MCTOUYHUKOB (0pOopMIISeTCsl B COOTBETCTBUM ¢ TpeboBaHusamu ['OCTa
P 7.0.5-2008). CcbLiaTbcst HyKHO B IICPBYIO O4€pe/lb HA OPUTMHAJIbHBIC HCTOUHUKHU U3 HAy4YHBIX XKypHAJIOB,
BKJIFOYCHHBIX B TTI00AIbHBIE HHACKCH IUTHpOBaHMs. JKenarenbHo ucnons3osars 30—40 necrounukos. 13 Hux
3a nocnenHue 3 roga — He MeHee 20, HHOCTpaHHBIX — He MeHee 15. Crnenyet yka3ars DOI mim anpec nocryna
B cet MHTEepHET. Oopmusiemcs: Ha pyCCKOM U AH2IUICKOM A3bIKAX.

8. 006 aBTopax. ©.11.0., opranuzauusi(u), aapec opranuzauun(ii) (tpedyercs ykasars Bce Mecta paboThl
aBTOpA, B KOTOPBIX BBIMOJIHSIINCEH HCCIIENI0OBAHMS (TOCTOSHHOE MECTO, MECTO BBITIOJIHEHUSI IPOCSKTa U JIp.)),
JoIKHOCTH | y4yeHoe 3Banue, ORCID, Researcher ID, anexrponnas moura, TenedoH, MOYTOBBIN afpec s
OTIIPaBKH aBTOPCKOTO 3K3EMIULAPA. [Ipu6ooumcs Ha pyccKom U aHeutiCKOM A3bIKAX.

9. 3asiBjeHHBIl BKJIaJ] COABTOPOB. B KOHEI| PYKONMCH HEOOXOAMMO BKIIFOUHTH MPHMEYaHHs,
B KOTOPBIX pa3bsiCHsICTCs (PaKTHIECKHI BKIIAJI Ka)KI0T0 COABTOPA B BBIIOIHEHHYIO padoty. [Ipusooumcs na
PYCCKOM U AHSTULICKOM A3bIKAX.

10. Texnuueckoe ogopmiaenue.

1) Penakumst nprHEMaeT TEKCTHI, coxpaHeHHbIe B (opmare .doc, .docx, .rtf. XenarensHo ncronb3oBaTh
mpudt Times New Roman, kermib 14 nunTepsan 1,5 crpoku. PacctaHOBKa TEpeHOCOB BPYYHYIO HE IOy CKACTCSL.
3arpeniaercsi HCIOJIb30BaTh JIBOMHEIE MPOOEIBI B TEKCTE, a TAKKe BBINOJIHATH OTCTYIBI (KpacHas CTPOKa),
UCIIONB3YSI IPOOEIIBL.

2) ®opMyibl HAOUPAOTCST COYETaHUEM OCHOBHOTO LipudTa u mpudra Symbol (MckiroueHue uist Apodeii,
cyMM, kBazgparHoro koprsi) B Microsoft Equation 3.0 (Penakrop dopmyn B Microsoft Word) mm Math Type 6.
Jlatunckue 3Haku B popmynax u 0003HaUCHHSAX (KaK B TEKCTE, TaK U HAa PUCYHKAaxX) HAOMPAIOTCS KypCHBOM.
DopMmysbl HyMepyOTCsl B KpyIIbIX ckoOkax. HymepoBarh ciemyer TOnbko Te (GOpMyYIIbI ¥ ypaBHEHUs, Ha
KOTOPBIE €CTh CCHIIKA B MOCIIEIYIONIEM H3JIOKEHHUH.

3) Bce Ha3BaHusl, MOIIICH M CTPYKTYPHBIE YIEMEHTBI IPa(UKOB, TAONIHIL, CXeM U T. J. OpOPMIISIIOTCSI Ha
PYCCKOM 1 QHIJIMFCKOM SI3bIKaX.

4) PucyHku MoryT OBITH MPEACTABICHBI B PACTPOBOM HIIM BEKTOPHOM (popMare C paspelieHHeM He
Hwke 300 dpi. OHn TOJDKHBI IOyCKaTh PEIAKTHPOBAHKE TEKCTa M BO3MOXKHOCTh M3MEHEHHs pa3MepoB. Bee
rpadyecKye JaHHbIC IOMEIIAIOTCS B TEKCT CTAThH, @ TAKKE BHICHUIAIOTCS JOMOJTHNATEIIBHO B BUJIC OTACIBHBIX
(aiinoB. PazHoxapakTepHble WIUTIOCTPALMKM HEOOXOIUMO TPHBOIUTE K EAMHOMY CTHIIIO TIpadHMueckoro
UCTIONHEeHMS, coOmonas eanHoobpasue Ux opopmieHus. Ipaduku, CXeMbl M JHArpaMMbl HEOOXOIHUMO
odopmisite B Microsoft Excel.

[Mpu moyave craTby B PEJAKIHIO aBTOP COMIAMIACTCS C MOJIOKEHHISIMH MPHIIaraeMoro JINIEH3HOHHOTO
JIOTOBOpA.

BaxHbIM 3Tarom B mpouecce otOOpa CTaThy SIBISSTCS pelieH3upoBanue. B xypHane «VmxeHepHble
TEXHOJIOTMH U CHCTEMbI» MPHHATO «IBOITHOE CIIenoe» (PeLeH3CeHT W aBTOp HE 3HAIT MMEH ApYT Apyra)
peleH3rpoBanne crareil. PelieH3eHT Ha OCHOBaHUM aHaJIM3a CTaThH IPHHUMACT PELICHHE O PEKOMEH AN
ee K IMyOJIMKaluy WK O ee OTKJIOHEHHH. B ciydae Hecomacus aBTopa CTaThby C 3aMEYaHUSIMH PElleH3eHTa
€ro MOTHBHPOBAHHOE 3asBJICHUE PACCMATPHBACTCS PEIAKIMOHHOM KOJLIETHei.

[MonmuTHKa peakIOHHON KOJUICTHH Xy pHaiia 6a3upyeTcst Ha COBPEMEHHBIX FOPHANYECKUX TPEOOBAHHIX
B OTHOILICHHUH KJICBETbI, aBTOPCKOTO MPaBa, 3aKOHHOCTH U IUIaruara, nojjaepxusaet Kojgeke STHKN HayqHBIX
myOnuKanuid, chopMynupoBaHHbIi KOMHUTETOM MO 9THKE Hay4YHBIX ITyOJMKAILMH, U CTPOHMTCS C y4ETOM
ITHYECKUX HOPM PabOThl PEAKTOPOB M M3/ATENICH, 3aKperuieHHbIX B KoJieKce MOBEeHHs 1 PYKOBOJISIIINX
NPUHIMIIAX HAWITy4IIell NPaKTUKY Ul peaakTopa KypHayia 1 Kojekce nmoBeaeHus Juist U3aaress sKypHaa,
pazpaboranabeix KomureroMm no myomukarmonnoi stuke (COPE).

«VHXEeHEepHbIC TEXHOJIIOTHU M CHUCTEMBI» — JKYpHAJ OTKPBITOIO JOCTYIIA, TO €CTh BCE COACpIKAHUE
HaxXOUTCSI B CBOOOIHOM JIOCTYyIe OECIUIaTHO JUIsl HOJIb30BaTesss B COOTBETCTBUM ¢ omnpeneneaneM BOAI
OTKpBITOTO JIOoCcTyma. Marepuaisl XypHaia JocTynHsl mo yuneHsun Creative Commons “Attribution”
(«Atpudyrmsi») 4.0 Bcemuphast.

JKypnan pacmpocTpaHsercss IO IIOAINCKE, 3asBKaM BBICHIMX Y4YEOHBIX 3aBEACHUH, YUPEKICHUH
oOpa3oBaHus 1 oTAeNbHBIX JuL. [ToxnucHoi uagexc — 70539.

Cenun [letp BacunbeBny — rmaBHblid penakrop. Ten.: +7 (8342) 23-32-60.
JleBues Anexceii I1aBnoBud — 3amecTuTenb N1aBHOTO penakTopa. Tem.: +7 (8342) 25-41-01.
lopnuna Ceernana BukTopoBHa — OTBETCTBEHHEBIH cekperaph. Tem.: +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 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 as at 25 May 2022):

Technologies and Means of Agricultural Mechanization

Electrotechnologies and Electrical Equipment in Agriculture

Technologies and Means of Maintenance in Agriculture

Instruments and Methods of Experimental Physics

Optics

Electrophysics, Electrophysical Installations

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 CrossCheck systems.

The journal gives preference to the articles with potentially high impact factor and/or containing
materials 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.

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 (200250 words) serves as an enhanced title of the article and briefly presents its
content. The abstract consists of the following components:

1) Introduction;

2) Materials and Methods;

3) Results;

4) 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 (hypotheses)
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.

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 significance should be emphasized and the main directions for further research in the studied area
should be determined.
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7. References should be given in accordance with the requirements of the GOST R 7.0.5—-2008 standard.
The original sources from scientific journals included in the global citation indices should be cited first of all.
It is desirable to refer to 3040 sources. Of these, at least 20 sources should be those published over the past 3
years and at least 15 foreign ones. 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 personal copy of the journal issue.

Information about the authors should be written in Russian and English.

9. Contribution of the authors. At the end of the manuscript, the authors should include notes that
explain the actual contribution of each co-author to the work performed.

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
hyphenation 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 parentheses.
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 additionally 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 license
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
article, 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 Committee
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,
educational 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.
Svetlana V. Gordina — Executive Editor. Tel.: +7 (8342) 481424.
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