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

MyONMMKyeT opurvHaibHble HayyHble cTathil (Full Articles) Ha pycckoM M aHIIHIICKOM
S3bIKaX, paHee He MyOIMKOBaBIIMECS B APYTUX U3IAHUAX. MUCCHS 3aKirodaeTcs B my0-
JMKAUK Pe3y/bTaToOB HAay4YHbBIX HCCICIOBAHUM, CHOCOOCTBYIOIIMX PAa3BUTHIO HAYKH
B 00J1aCTH MHYKEHEPHBIX CUCTEM M TEXHOJIOTHH.

JKypHan agpecoBan ucciie1oBarelisiM, aHaIUTHKAaM U IIPAaKTUKaM B 001aCTH (hU3UKU
U CENTbCKOXO3SMCTBEHHOTO TIPOU3BOJICTBA, & TAKXKE IIHUPOKOMY KPYyTy YHMTaTelei, HHTe-
pecyrommxcs mpolieMaMy TEXHUUECKUX HayK.

Penakims sxypHaia OCyIIECTBIISIET HAyYHOE PELIEH3UPOBaHUE (JIByCTOPOHHEE Clle-
10€) BCceX MOCTYMAIOUMX cTareil. Pykonuch crarbi HanpapisieTcsl Ha peLieH3upOBaHUE
JUISl OIICHKH €€ HAay4HOTO COJIep)KaHHsI HECKOIBKUM BEAYIUM CIICIIHAINCTaM COOTBET-
CTBYIOLIET0O NPOQUIIs, UMEIOLIMM HayYHYIO CIIELHMaIN3alnio, Hanbosee OJIM3KYIO K Te-
MaTHKe CTaThH.

Penakuns sxypHaia peaausyeT IPUHLMII HYJICBOH TOJIEPaHTHOCTH K Iuiaruary. Mo-
HUTOPHHT HEKOPPEKTHOTO [IUTUPOBAHMS OCYILIECTBISIETCS C TIOMOIIBIO CUCTEM «AHTH-
riarua™ 1 CrossCheck.

Pacnipoctpanenne — Poccuiickas @enepariust, 3apyOesKHbIE CTPAHBI.

JKypHan npenocrapisieT OTKPBITBIN AOCTYII K ITOJHBIM TEKCTaM ITyOIMKaLMN, HCXOs
W3 CJEAYIOIIETo MPUHIINIA: OTKPBITHIH JOCTYII K pe3yJabTartaM HCCIIEIO0BaHUN CIIoco0-
CTBYET YBEINYEHHIO TNI00aJIbHOT0 0OMEHa 3HAHUSIMH.

Kypnan BkirodeH B llepedeHb pelieH3MpYEMBIX HAyYHBIX HM3IaHHH, B KOTOPBIX
JIOJDKHBI OBITh OITYyOIMKOBaHbl OCHOBHbIE HAayUHbIE PE3YJIbTaThl JUCCEPTALIMI HA COMCKa-
HHE YUCHOH CTEeNeHN KaHAu/aTa HayK, Ha COMCKaHNE YUSHOM CTENEeHH JOKTOpa HayK I10
Hay4YHBIM CIICIIMAIIBHOCTSAM U COOTBETCTBYIOIIMM MM OTPACIISIM HayKd (IIO COCTOSHHIO
Ha 20.07.2022 1.):

1.3.2. IIpuGops! 1 METO/IBI AKCIIEPUMEHTATBHOMN (PU3NKN (TEXHHUECKUE HAYyKH )

1.3.6. Ontuka (TeXHUYeCKHe HayKN)

1.3.13. Dnexrpoduznka, HMeKTpoPU3nIECKre YCTAaHOBKHU (TEXHHUYECKIE HAyKH)

2.5.3. Tpenue 1 U3HOC B MaIIMHAX (TEXHUYECKHE HAYKH)

4.1.4. CagoBOACTBO, OBOLIEBOJCTBO, BUHOTPAAAPCTBO U JIEKAPCTBEHHBIE KYJIBTYPhI
(TexHuYeCKre HayKH)

4.3.1. TexHOIOTHH, MALIMHBI U 000PYIOBAaHKE AJIs arPOIIPOMBIIIJIEHHOTO KOMILIIEKCa
(TexHuYeCKre HayKH)

4.3.2. DIeKTPOTEXHOJIOTHH, NEKTPOOOOPYIOBAHIE U SHEPrOCHAOKEHUE arpoIpo-
MBIIIEHHOTO KOMITJIEKCA (TEXHUUECKHE HAyKH )

XKypHnan nuagekcupyercs 1 apXUBUpyeTcs B 0a3ax JaHHBIX:
Web of Science Core Collection (ESCI)
Poccuiickom nnaexce Hayunoro uutupoBanust (PHHLI)
EBSCO

Kypnan siBnsercst wieHom Open Access Scholarly Publishers Association (OASPA),
Directory of Open Access Journals (DOAJ), Committee on Publication
Ethics (COPE), Accounanuun Hay4dHbix penaktopoB u uznareneit (AHPU), CrossRef
Y MEX/IyHapOJIHOT0 coo0IiecTBa pereH3enToB Publons

Marepuaisl xKypHana ocTynHsl 1o auuen3un Creative Commons “Attribution”
(«Atpubynms») 4.0 BcemupHas
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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 incor-
rect 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 20 July 2022):

Instruments and Methods of Experimental Physics

Optics

Electrophysics, Electrophysical Installations

Friction and Wear in Machines

Gardening, Olericulture, Viticulture and Medicinal Plants

Technologies, Machinery and Equipment for Agroindustrial Complex

Electrotechnologies, Electrical Equipment and Power Supply of Agroindustrial
Complex

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



ersp MHXKEHEPHBIE TEXHOJIOTMU U CUCTEMBI Tom 32, Ne 4. 2022

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
temiosHepreruyeckux 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
(JTap60opo, Bemmkobpuranus); npopeccop Komremka nckycers n Hayk Yausepeutera Xamugs, Ph.D.
(AGy-1abu, OAD)

Kyxapes Ouer HuxonaeBuu — pekrop @I'bOY BO «Ilen3eHckuii rocymapcTBeHHBIH arpapHbIit
YHHBEPCUTET», TOKTOP TEXHUUECKUX Hayk, mpodeccop, ORCID: 0000-0002-3519-4066
(ITensa, Poccuiickas deneparust)

JlodayeBckmii SIxoB IleTpoBuy — nepselii 3amecturens aupekropa PITBHY «DenepanbHblil HayuHbIH
arpounkeHepHslii ieHTp BUM»; akanemuk-cekperapb OTaenaeHus cenbCKoxo3aicTBeHHbIX Hayk PAH,
JIOKTOp TeXHHYECKUX HayK, mpodeccop, akanemuk PAH, ORCID: 0000-0001-7863-2962
(Mockga, Poccuiickas denepariuist)

MuxkaeBa CBeTi1ana AHaTobeBHA — ipodeccop Kadenps! anexkrpornku PI'EOY BO
«MHUPDA — Poccuiickuii TEXHOTOTUYECKUN YHHBEPCUTET, TOKTOP TEXHUUECKUX HAYK, TOLICHT,
ORCID: 0000-0001-6992-455X (MockBa, Poccuiickas denepars)

Hecvmusin Anapeii FOpbeBHY — 3amMecTHUTENb AUPEKTOPA 110 HAYYHOU paboTe 1 MHHOBALUSIM A30BO-
UYepuomopckoro urwxeHepHoro uHctutyra ®I'bOY BO «/lonckoii [AY», TOKTOp TEXHHUECKUX HaYK,
noueHt, ORCID: 0000-0002-5556-1767 (3epHorpan, Poccuiickas denepariust)

OctpuxoB Banepnii BacuibeBuu — 3aBeyromuii 1adopatopreii HCTIOIb30BaHMs CMa30dHbIX
MaTepHaloB U oTpadoTtanHbIX HedrenpoaykTtoB PI'BHY «Bcepoccuiickuii HayqHO-MCCIEIOBATEILCKUI
HWHCTHTYT UCTIONb30BaHNS TEXHUKU 1 HE(YTEIPOTYKTOB B CEITBCKOM XO3AHCTBE», TOKTOP TEXHMYECKIX
Hayk, mpodeccop, ORCID: 0000-0003-2927-768X (Tamb0B, Poccuiickas denepariust)

InornukoB Cepreii AsiekcanapoBuy — npodeccop kadeapsl TEXHOJIOIUH MALTMHOCTPOCHNUS
OI'BOY BO «Bsrckuii rocy1apcTBeHHbII YHUBEPCUTET, JOKTOP TEXHUUECKUX HAYK,
ORCID: 0000-0002-8887-4591 (Kupos, Poccuiickas ®eneparmsi)

IIpsiTkos FOpuii Hukonaesuu — nupexrop Arpapaoro uacruryra ®I'bOY BO «MI'Y um. H. I1. Orapéay,
JIOKTOP CENBCKOXO3SIHCTBEHHBIX HayK, mpogeccop (Capanck, Poccuiickas Denepartis)

Pynux ®@enuxe SAxoBiaeBny — npodeccop xadeaprl TexHoIoruit npoaykros nuranus PI'6OY BO
«CapartoBCKuil rocyJapCcTBEHHbIN arpapHblii yHuBepcuteT numenu H. V. BaBunosay, 1okrop
texHuueckux Hayk, ORCID: 0000-0001-8444-0115 (Caparos, Poccuiickas ®enepanus)

Psi6ouxnna Iloanna AHaTo/IbeBHA — HAYYHBIH PyKOBOANTEINb JIJAOOPATOPHHU ONITHYECKOI
crieKkTpockonuy jazepHbix MarepuaioB @I'BOY BO «MI'Y nm. H. I1. Orapésay, nokrop ¢uznko-
MareMarndecknx Hayk, npogeccop, ORCID: 0000-0001-8503-8486 (Capanck, Poccniickas Oeneparms)

Canem Abnenn-bagex Moxamen — pyKOBOIUTEIb UCCIIECIOBATEILCKUX JIAOOPATOPHIA B 007IaCTH
HCKYCCTBEHHOTO MHTEIUIEKTA M 3HaHUH, mpodeccop (akymbreTa KOMIBIOTEPHBIX H HH(OPMAITHOHHBIX
Hayk yHHBepcuTeTa AlfH Lllamc, TOKTOp HayK B 001aCTH KOMIIBIOTEPHBIX TEXHOJIOTHUH, 3aCITyKeHHBIN
npodeccop, ORCID: 0000-0003-0268-6539 (Kaup, Erumner)

CuMasiHKIH ApKajmii AHaToIbeBHY — Ipodeccop Kadeapbl TEXHUYESCKOH IKCILUTyaTalluy TPAaHCHOpTa
®I'BOY BO «Ps3anckuil rocynapcTBeHHbIH arporexHosioruueckuil yuusepeuret um. I1. A. Kocteiuesay,
nokrop TexHnuecknx Hayk, ORCID: 0000-0001-9761-6183 (Ps3anb, Poccuiickas deneparis)

Cxpsoun Baagumup AjekcanapoBuy — nmpodeccop kadeapsl TEXHOTOTHI 1 000pyIOBaHUS
mammHocTpoeHuss PI'BOY BO «IleH3eHCKHil rocynapCTBEHHBIH YHUBEPCUTET, TOKTOP TEXHUUECKUX
Hayk, ORCID: 0000-0001-7156-9198 (Ilen3a, Poccuiickas denepariust)

TapacoB EBrennii MuxaiinoBuu — 3aBeayrounii kKageapoit aBTOMaTHKH, TEIEMEXaHUKU U CBSI3H
Ha xenie3HotopoxkHOM TpaHcnopre PI'BOY BO «Camapckuii rocyiapcTBeHHbIH yHUBEPCUTET Iy Tel
COOOMICHUSI», TOKTOP TEXHUYECKHUX HayK, mpodeccop, ORCID: 0000-0003-2717-7343
(Camapa, Poccuiickas denepariyist)

®arpixoB FOpuii AqramoBu4 — 3aBeyronuii Kageapoil HHKHHAPUHTA TEXHOIOTHIECKOTO
obopynoBanust IHCTHTYTa arpONHKEHEPHHU U MUIIEBBIX cHcTeM KamnHIHTpaackoro rocyjapcTBEHHOTO
TEXHUYECKOTO YHUBEPCHUTETA, JOKTOP TEXHHUECKUX Hayk, mpodeccop, ORCID: 0000-0002-8189-0433
(Kamuaunrpan, Poccuiickas deneparis)

®enynoBa JInaus BsiuecsiaBoBHA — 3aBeIyIONIHI SKCIIEPUMEHTAIBHOM KIMHHUKOIT 1abopaTtopun

OMOJIOTMYECKH aKTHBHBIX BELIeCTB )KUBOTHOTO npoucxoxaenus ®IBHY «Denepanbublii HaydHbIH

LEeHTp NMUIeBbIX cucteM uM. B. M. T'opbaroBa» PAH, noxrop Texnuueckux Hayk, npopeccop PAH,
ORCID: 0000-0003-3573-930X (Mocksa, Poccuiickas ®enepanmst)

Mumenosa Tamapa Unbuaunyna — npodeccop xadenpst pmsuxku GPI'BOY BO «UpkyTcknit
HAI[MOHAJbHBIH MCCIIEIOBATEILCKUI TEXHUUECKUI YHUBEPCUTET», IOKTOP TEXHUYECKUX HayK
(Upxkytck, Poccniickas ®enepanus)
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MeTononornyeckasi 0CHOBA ISl CO3AaHUS
no4BoodpadarsiBaOIIKX (ppe3

A. B. Bespykos ™, H. U. Haymkun, B. ®. Kynpsimkus,
B. B. Kynpsimkun

Hayuonanvnwiii uccneoosamensckuii Mopoosckuil
20Cy0apCmeeH bl YHUgepcumen

(e. Capanck, Poccutickas @edepayust)

Y bezrukowl57@yandex.ru

Annomauusn

Beeoenue. PaccmarpuBaeTcs mpobieMa MOBBIIICHUS d3P(PEeKTHUBHOCTH (yHKIIMOHUPOBa-
HUSI CAMOXOZIHBIX MaJorabapUTHBIX I0YBOOOpadaThIBAIOIIMX (pe3 3a cueT ajanTaluu
K MU3MCHSIOLIMMCS YCIIOBUSIM BHEIIHEH CpEfbl, B YaCTHOCTH, K W3MEHSIOMMMCS Gu3sm-
KO-MEXaHHYECKHM CBOMCTBaM 1ouBbl. Llenb uccienoBanus — pa3padoTKa METOAOIOTHH
MPOEKTHPOBAHHUSI CAMOXOIHBIX MaJOradapUTHBIX OYBOOOPAOATHIBAIOIINX (Bpe3.
Mamepuaner u memoousl. B uccienoBaHHN NPUMEHSUIUCh OCHOBHBIC IIOJIOKEHUS TEO-
PHH MEXaHM3MOB M MAlllMH U TEOPUH TPOCKTUPOBAHHS B MalIMHOCTpoeHHH. OCHOBHOE
BHMMaHHE y/IeJIEHO OOIeHayuHOMY MPUHLUITY aJanTaluy MPH CO3[aHHH CaMOXOAHBIX
MaJiorabapUTHBIX OYBOOOpabaThIBarOINX (Gpe3. ABTOPI HIOHUMAIOT STOT MPUHIMI KaK
CIIOCOOHOCTB aBTOMAaTHYECKOT0 00eCTIedeHNs TpPeOyeMOro peskiumMa paboThl MallHbI PH-
MEHHTEJIBHO K MIOYBEHHBIM YCIIOBHSM.

Peszynomamul ucciedoséanus. TIpencTaBieHHbIE B CTaThe PE3YJIbTAThl TO3BOJIMIH TIPELIO-
JKUTh METOJIOJIOTMYECKUH MOJIXO/] K CO3/IaHHI0 3 (HEKTHBHBIX CAMOXOHBIX MaJlorabapuT-
HBIX MOYBO0OPaOATHIBAIOINX (Ppe3 ¢ BOSMOKHOCTBIO MX aJaNTallid K N3MEHSIOLINMCS
BHEIIIHUM YCJIOBHSIM. Pe3ysbraThl MPEACTABICHBI B BHAC METOAUKH IMPOCKTHPOBAHUS
(bpes' 1 HOBOT'O TEXHUYECKOTO PECUICHUS UX aJallTalluy K IOYBEHHBIM YCJIIOBUSAM. Ha ocno-
BE [TATCHTOB Ha M300pPETEHHs M MOJIE3HBIC MOJIEIH, B KOTOPBIX Peajn30BaH 3TOT CIIOCO0,
Ob11 pa3paboTaH ONBITHBII 00pasel (ppe3bl, aBTOMATHYECKH OXBATHIBAIOIICH BeCh TPEOy-
€MBIil IHana3oH PeXXUMOB PaboOTHI.

Obcyorcoenue u 3axaovenue. 110 CpaBHEHUIO C M3BECTHBIMU (Ppe3aMyl TAKOE TEXHUUECKOE
pelIeHIe KOHCTPYKIMH TT04B000padaTkiBatoliell (hpe3sl MO3BOIISIET MOBBICHTH Ka4€CTBO
00paboTKK MOYBBL. DTO MPOMCXOAUT ONArogaps TOMY, YTO 3HAYEHHE KMHEMaTHYECKOTo
MOKa3aresis HAXOUTCS B HY)KHOM JIHalla30He, a arpoTeXHUYECKUe TPeOOBaHUs, PE/IbsIB-
JsieMble K 00paboTKe MOYBbI, COOTIOAIOTCSL.

Knrouesvie cnosa: ananraims, o6padoTKa MOYBBI, pEXKUMBI pabOTHI, ABTOMATH3AIIMs, 110~
4BOOOpabaThIBAIOIIKE (PPE3bI, METOMOIOTHS TIPOSKTUPOBAHHUS

Kongpnuxkm unmepecog: aBTopbI 3asBISIIOT 00 OTCYTCTBUH KOH(IUKTA HHTEPECOB.
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Methodological Basis for Designing Tillage Cutters

A. V. Bezrukov™, N. I. Naumkin, V. F. Kupryashkin,
V. V. Kupryashkin

National Research Mordovia State University

(Saransk, Russian Federation)

™ pezrukowl57@yandex.ru

Abstract

Introduction. The paper considers the problem of improving the efficiency of self-pro-
pelled small-sized tillage cutters by adapting to changing environments, and in particular,
to changing physical and mechanical properties of the soil. The aim of the research is to
develop a methodology for designing self-propelled small-sized tillage cutters.

Materials and Methods. The study used the basic provisions of the theory of mechanisms
and machines and the design theory in mechanical engineering. The main attention is paid
to the general scientific principle of adaptation in designing self-propelled small-sized till-
age cutters. The authors understand this principle as the ability to automatically provide
the required mode of machine operation in relation to the soil conditions.

Results. The results presented in the article made it possible to propose a methodological
approach to designing efficient self-propelled small-sized tillage cutters with an ability to
adapt them to changing environments. The results of the study are a methodology for de-
signing tillage cutters and a new technical solution for their adaptation to soil conditions.
On the basis of patents for inventions and utility models, in which this method is imple-
mented, there was developed a prototype tillage cutter, which automatically covers the full
range of required operating modes.

Discussion and Conclusion. Compared to the known tillage cutters, the proposed technical
solution for the soil tillage cutter design allows improving the quality of soil tillage. This
is due to the fact that the value of the kinematic index is in the required range, and the
agrotechnical requirements for tillage are met.

Keywords: adaptation, tillage, operating modes, automation, tillage cutters, design me-
thodology
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BBenenue

B Hacrosmmee Bpemsi TEXHOJIOTHYE-
CKHE TIPOIIECChI, peajHM3yeMble B arpo-
MIPOMBIIUIEHHOM KOMIUIEKCE, B YaCTHOCTH
00paboTKa TOYBBI, HEBO3MOXKHEI 0€3 WC-
MOJIb30BaHKST COBPEMEHHBIX BBICOKOIPO-
M3BOIUTENBHBIX TI0YBO0OPaOATHIBAIOIITIX
MammdH ¥ opyauid. OJHAKO B YCIOBHAX

Agricultural engineering

JKECTKUX TpPeOOBaHHUN, TPEHABSIBISIEMBIX
K KauecTBy 00pa0OTKH IOYBHI, HE BCE CY-
IIECTBYIOIINE MAIIUHBI MOTYT IpUMe-
HATBCSA UL 9TOTO B CHJIY 3HAYUTEIHHOU
HEOTHOPOJHOCTH  (PU3NKO-MEXaHUIECKUX
CBOMCTB MMOYBHI U ee cocTossHus. [loaromy
3a1a4a MPOEKTHPOBAHMS  CEIbCKOXO3SH-
CTBCHHBIX MalllUH C BO3MOXXHOCTHBIO HX
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afanTauuid K M3MEHSIOUIMMCS TOYBEH-
HBIM YCIIOBHSIM SIBJISICTCS] aKTYaJIbHOM.

Kak moka3pIBaloT uccienoBaHus, Ka-
YeCTBO OOpa0OTKHU IOUYBHI ONPEACISAETCS
TaKVMH TTOKa3aTelsiMH, Kak 1) peIxiieHue,
aspanus M KpolleHne YIUIOTHEHHOM moY-
BBI; 2) IMepeMelNIMBaHUEe BEPXHETO CIOs
MOYBHIL; 3) YHUUYTOKEHUE COPHSAKOB ITyTeM
MOAPE3aHMST I MIPUKPBITHS CIIOEM TI0Y-
BbI; 4) BBIpaBHUBAHHE MTOBEPXHOCTH TOJIS
Y TIOJITOTOBKA CEMEHHOTO JIOXKa; 5) obec-
MEYCHUE MUHUMAJILHOUM BBICOTHI IPeOHEH
nHA OO0po3ibl; 6) COOMIOEHHE HOPMU-
POBaHHBIX PEXKUMOB PAOOTHl MAIIHMHBL,
B YaCTHOCTH BO3MOXXHOCTH HW3MEHATH
CTETICHh M3MENFYCHHSI TI0YBBI; 7) CPOKH
BEITIOTHEHUS paboT; 8) coOMofeHne Tex-
HUYECKOTO COCTOSHUS TI0YBOOOPabaThI-
Bafomux MamwuH (dpopma pabodnx opra-
HOB, MPAaBHIBHOCTH PETYIUPOBKH H T. T1.)
n ap. [1-4]. Tonpko mpuMeHeHue anan-
TUBHBIX MAIllMH II03BOJISIET OOECTICYHTH
BBHITIOJTHEHUE TIEPEYUCIICHHBIX TpeboBa-
HUM W TIOBBICUTH MPOM3BOAMUTEILHOCTH
paboThl, UTO SABJSIETCS 3aJI0TOM XOpOLIe-
ro ypoXas HpPOJOBOJBCTBEHHBIX KYIb-
Typ' [5-7].

Bce aTr mokazarenu BayKHBI JJ151 petie-
HUSl CPOPMYIMPOBAHHBIX 3314, HO B Ha-
IIeM HCCIIEIOBAHUAN 0C000€ BHHMaHHE
YAENSETCS] COONMIOACHNIO0 HOPMUPOBAHHBIX
PSKUMOB Pa0OTHI MAIMHBI, COOTBETCT-
BYIOIIUX COCTOSTHHIO 00padaTbiBaeMOi
MOYBBI. DTO TIO3BOJISIET OTCIICKUBATH H3-
MEHEHHE TapaMeTpOB TIOUBBI M 33/1aBaTh
HEOOXOANMBIE PEKUMBI pabOTHl TOYBO-
oOpa0barbIBaroIIeii MaIlIuHE.

Haubonee »ddexktuBHO 3TO peanu-
3yeTcsi B CaMOXOIHBIX Majoradapur-
HBIX TI0YBOOOpabaThBarommx (pe3ax
(CMII®D) [8-11]. OHM ucTIOMB3YIOTCS IS
(dbpe3epoBaHUS MTOYBHI B JTMYHBIX TOJCO0-
HBIX, (pepMepcKrX, TETUIMYHBIX XO3SH-
CTBax W HE3aMEHHMBI B YCJIOBHSX OTpa-
HUYEHUS y4acTKoB MecTHOCTH. CMIID

MIPUMEHSICTCS I YHUUYTOXKCHUSI COPHS-
KOB, PABHOMEPHOTO MEPEMEIINBAHUS YI0-
OpeHuli ¢ MOYBOM, CO3JaHMSI MEIIKOKOMKO-
BaTOr0 CTPOCHHS Pa3phIXISIEMOTO CIIOS,
BOJIOOOECTIEYCHHS TIOYBBI, ITOBBIIICHHS
ee MHUKPOOHMOJIOTHYECKOW aKTUBHOCTH
W WHTEHCUBHOCTH «JIBIXaHUSM», CO3IAeT
TTyOWHHBIC 3allachl BIAard, a TaKXKe CIIO-
COOCTBYET YCHIJICHHUIO B ITOUYBE ITPOIIECCOB
HUTPUPHUKALUKN, CO3/1aBasi ONaromnpusT-
HBIC yCJIOBUS JII MUHEPAILHOTO THTa-
HUS BBIPAIIUBAEMBIX KYJIBTYP.

OnHako OOJBIIIMHCTBO BBITYCKACMbIX
cerogas CMII® obmanaroT psjaoM Hemo-
cTarkoB: 1) BBICOKME TUHAMUYECKHE Ha-
Ipy3KH, BO3HUKAKOIIUE BO (hpe3e BO BpeMs
paboThl; 2) HeCTaOMITBHOCTh TPOTEKAHHS
mporecca 0OpabOTKU TTOYBHI; 3) ITOBBI-
IeHNE YTOMIIIEMOCTH olleparopa; 4) He-
pPaBHOMEPHOCTh 3arpy3KH JIBHTATEIsl Ha
pa3nu4HBIX ~ 00pabaThlBa€MBIX  y4acT-
Kax; 5) meperpyska 3JIeMEHTOB MPUBOJA;
6) TPYIHOCTH B HU3MCHEHUHU PEKUMOB
paboThl; 7) HEBO3MOXKHOCTh aBTOMAaTHYe-
CKOM MOJICTPOMKH IOJT BHEIITHUE U3MEHSIC-
MbI€ MOUBEHHBIE ycnoBus [5; 9; 10].

B cBsa3u ¢ 3TUM BO3HWKaeT 3ajadya
paspaborarh 0OIIMe MpaBWiIa CO3TAHHS
¢bpes, ciexys KOTOPBIM MOYKHO YCTPaHHUTh
BBIIIICTIEPEUHCIICHHBIE HEJIOCTATKH.

Lens wmccrienoBanus — pa3padoTaTh
MeTOIOJIOTHIO 17151 co3manust CMITD.

Jns  1ocTWKeHUs  TPeNIoKEeHHOU
LENU HEOOXOIUMO PEIIUTh CIISIYIOIIUEe
3a1auu: 1) BBIOTHUTH aHAN3 UMEIOIINX-
Csl CCIIEJIOBAHUI MO CHOPMYTHUPOBAHHON
npoOiemMe; 2) BBIIBUTH HauOoJiee 3HAYM-
MbI€ METOJ0JIOIMYECKUE TOAXOAbI, METOIbI
Y ITPUEMBI IPOEKTHPOBAHUsI TIOYBOOOpada-
THIBaIOIIMX (pe3; 3) BbIISIUTh Haubomee
Ba)KHBIE METOJIONIOTUIECKHE aCTIEKTHI TIPH
npoektupoBanun  CMII®; 4) BBIIBHTH
NPUHIUIIEL  PYHKIIHOHUpOBaHUS (pe3
(amamrarus, OTCYTCTBHE W30BITOUYHBIX
CBSI3€H, BOBMOYKHOCTH KOHBEPTAITHH B XOJIC

''Yarkun M. H. Kunemarnka v JuHaMuKa POTALMOHHBIX OYBOOOPAOATHIBAIOIINX Pab0OUYMX OPraHOB
¢ BUHTOBBIMH »1eMenTamu. Capanck : M31-Bo Moprosckoro yH-Ta, 2008. 313 ¢. URL: https://search.rsl.
ru/ru/record/01004106561 (mara obpamenus: 21.06.2022).
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MPOEKTUPOBAHUS U p.); 5) CHHTE3UPOBaTh
HOBBIH CIIOCOO ajanTanyuy Ha OCHOBE OT-
CIICKMBAaHUSI W3MEHSIONINXCS  YCIOBHM
W pa3paboTarh YCTPONUCTBO LIS ATOTO.

O0630p uTEpaTypsbl

BonpmnHCTBO MccaenoBaHUN MOCBS-
IICHBI TIOBBIMNEHUIO (DYHKIIMOHUPOBAHHS
CMII® 3a cyer OTAETBLHO paccMaTprBa-
emoro (pakTopa U HE UMEIOT CUCTEMHOTO
XapakTepa WIN METOIUYECKUX PEKOMEH-
Haruu.

Tak, BOMpOCHl ajanTalUy poTaIU-
OHHBIX TI0YBOOOPA0ATHIBAIOIIMX MAIIHH
K M3MEHSIOUIMMCSL YCIOBHSIM 00padatsl-
BaeMOW TOYBHI paHee CTaHOBHIIUCH 00b-
ektamu uccienoanus [1-7]. IIpu stom
MOJ] a/IanTaIeil MOHNMalloCh odecreye-
HHUE padOTHI MAIIMHEI B IOCTOSTHHO M3Me-
HSIOIINXCSl YCJIOBUSAX BHEITHEH Cpesbl.
MpEI B nanpHEHIIIeM Mo aganTamueii Oy-
JIeM ITOHUMaTh CITIOCOOHOCTh aBTOMAaTHYe-
CKOro obecrneyeHus: TpeOyeMoro pexxuma
paboThl MalIUHBI TPUMEHUTEIBHO K TI0-
YBEHHBIM ycioBHsM [8]. Hike mpencras-
JICHbI OCHOBHBIE PE3YJILTAThl 3TUX PA0OT.

OTedecTBEHHBIE YUCHBIC MpPEAIaraioT
OCYIIECTBIISITh aJIalTalnio 3a c4yer 1) co-
XpaHEHHsS TIIOCTOSHHOTO YIVIa pe3aHHs
B TEUYEHHE BCETO IHMKJA PE3aHHS TTOYBBI
JUTSE OJTHOTO MJTH BCEX KHUHEMAaTHIECKHX pe-
YKUMOB; 2) 00eCIIedeHHsT BCETO qUara3oHa
PEKMMOB PETYJIMPOBAHHS C BMeEIIATEIb-
CTBOM orfeparopa; 3) BHeIpeHus Oioka
YIpaBIEHUS, ABTOMATUYECKH H3MEHSIO-
IIET0 PeXuM paboTsl MarmHe” [8—11].

OJIHUM U3 TIEPBBIX ATy MPOOIEMY TIPH-
MEHHTEIIFHO K TI0YBO0Opa0aThIBAIOIIIM
¢dpe3aM B Hamied CTpaHe Hadal HU3ydarb
I'. ®. IlonoB, KOTOPBI NPEATIOKUIT CIIOCOO
U YCTPOWCTBO OOECIEYeHHsI TTOCTOSHCT-
Ba yria pe3aHus (pes3sl 3a BClo (azy OT-
pe3aHusi OYBEHHOM CTpyKku. Bo Bpems
paboThl OapabaHa KaXKIbIM HOX (Hpe3s

OIUCBHIBAET TPACKTOPHIO TPOXOHIBI C MH-
HUMaQJIBHBIM OTKJIOHEHHWeM oT Hee. [Ipa-
KTUYECKOe MPHMEHEHHE TaKOro padodero
opraHa Io3BoJIsIeT CHU3UTh YJHEPTOEMKOCTh
¢dpeseposanusa Ha 30 % npu coXpaHEHUH
3aJITaHHBIX arpOTEXHUYECKUX TPEeOOBaHUH.
OnHaKo KOHCTPYKIUS TakuX (pe3epHBIX
OapabaHOB OKa3ajach 3HAYUTEIIHHO CIIOXK-
Hee OOBIYHBIX, KPOME TOTO, y HEE TOJILKO
OIMH PEXKUM pabOThI, OOYCIIOBICHHBIH
KOHKPETHBIMU TTOYBCHHBIMHU YCIJIOBUSIMH,
YTO SIBISICTCS CACPKHUBAIOIINM (hakTopom
UX MPAKTUYECKOTO MCIIOIb30BAHUS’ .

B paGore B. ®. KymnpsmkuHa
n A. C. Kns13pKoBa U1 yCTpaHEHHUS 3TUX
HEJIOCTAaTKOB W IIIABHOTO PETYIHPOBAHUS
yTIIa pe3aHus MpesiaraeTcs UCTIOb30BaTh
IIPOCTPAHCTBEHHBINA KyJIAUOK CO CIJIOXKHOMU
KPUBOJIMHEMHON TMOBEPXHOCTHIO, IO KO-
TOPOH PONHK HOXKa OyJIeT TepeMemnaThes
BAOJIb BaJla W 33/1aBaTh OIPEe/ICHHBIN
3aKOH €ro ABWKEHHs JJIsl JTF00OH MoCTy-
narenbHON ckopoctd CMII® B cooTBeT-
CTBHUHU CO CBOWCTBAaMHM TOYBHI U B 3a/aH-
HOM auanazone. O0s3aTenbHBIM yCIOBHEM
HOPMaJIbHOM pabOThI TAKOTO KYJIa4YKOBOTO
MEXaHHU3Ma SBISETCS HATMYAE 3aMbIKAHHS
KyJIa4KOBOTO MeXaHHM3Ma, TO eCTb olec-
TIEYeHNEe TIOCTOSHHOTO KOHTAaKTa POJIMKa
U Kynmadka [9].

B uccnenosanusix B. @. Kynpsmikuna
OeccTymeH4yaroe peryianpoBaHUE CKOpO-
CTH U IOJIa41 HA HOXK 00ecriedrBaeTCs 3a
CUET HCIOJIb30BAHHS B TIPUBOJIC XOJOBBIX
kojec CMII® kiIMHOpEeMEHHOTO Bapuaro-
pa. V3MeHeHne nepeaaroyHoro OTHOILE-
HUSl KIMHOPEMEHHOTO BapuaTropa B TaKOM
(pese ocymiecTBISCTCS MyTeM BpaLeHUS
MaxXOBHUKa, PaCIOJIOKEHHOIO Ha pe3b0o-
BOM y4YacTKe Baja ABUTATeIs IPUBOJIA XO-
JoBbIx Kojec [10; 11].

B paHHuUX WcclenoOBaHUSAX — aBTO-
POB OBUT TIPEIIOKEH CITOCOO amanTarum

2 TTonoB I. ®. VccrenoBaHue TEXHOIOTHYECKUX PEKUMOB H 000CHOBaHHE KOHCTPYKTHBHBIX Mapa-
METPOB paboYMX OPraHOB MPOMAIIHEIX (QPE3EPHBIX KYJIBTUBATOPOB : aBTOped. AUC. ... KaH/A. TeXH. HayK.
M., 1970. 23 c. URL.: https://search.rsl.ru/ru/record/01007331052 (nara obpamenus: 21.06.2022).

3 Tam xe.
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MAaIlMHBl Ha OCHOBE OOECIEYEHUs BO3-
MOXHOCTH aBTOMAaTHYECKOTO PEeryaupo-
BaHMS PEXKUMOB paboThl Ppe3bl (M3MEHe-
HHUE MOCTYNaTeJIbHOW CKOPOCTH) 3a CUET
OJ0Ka ymnpaBiIeHHsI 4acTOTOM BpalICHUS
(BYUB) ee anektponBuraTelieii, B 3aBHU-
CHMOCTH OT M3MEHEHHS CBOWCTB 0Opaba-
TheIBaeMo# mouBHl [8]. Jlmst ero peanmza-
UK ObIJT CKOHCTPYHPOBAH M M3TOTOBJICH
onbITHBIN 00pa3zer; CMII® ¢ aganrarueit
PEKUMOB PabOTHl K M3MEHSIOIIUMCS T10-
YBEHHBIM YCJIOBHSAM. it 9TOro B KOH-
CTPYKIHIO MAaIlIMHBI 100ABUIIN IBUTATENh
MIPUBOJIa XOIOBBIX KOJIEC, KOTOPBIH YIIpaB-
nsercs yepe3 bYUB. On npu nmomoniu
CKaHepa TBEPIOCTU IOYBBI OTCIIECKHBACT
W3MEHEHHUE CTPYKTYpPHI IIOYBBI M IOACTPA-
MBaeT PEXHUMBbI paOOThl MALLIMHbI K BHEIII-
HUM YCJIOBUSIM.

WHTtepeceH onbIT 3apyOeKHBIX HCCIie-
JIoBaTeNel 0 pa3pemeHuio IToi mpooe-
Mbl. Psi7i aBTOpOB, HCIIONIB3ysl HAy4HBIN
METO]] aHAJIOTHH, MPEAJIOKIWINA sl CHH-
JKEHUSI CPEJTHETO COMPOTHBIICHHS PE3aHUI0
WCIIONB30BaTh B POTAIMOHHBIX TIOYBO-
00palaTbIBafOIIMX MAITMHAX OHOHHYE-
ckue pexymue 3yobs [12]. Kuraiickue
WCCIIeOBaTeNIn sl CHIDKEHUsT pabodero
COIIPOTUBIICHUS U YBEJIMYECHHUS HPOU3-
BOJMTEJIBHOCTH IPOBEIM ONTUMH3ALHUIO
KOHCTPYKITHH POTOPHOM TOYBOOOpadATHI-
BaIONIE MalllMHBl HA OCHOBE MOJIEITUPO-
BaHMs MPOIECCca BBIEMKH C JUCKPETHBIM
anemeHToM [13]. AHaJIOTMYHBIE HCCIIE-
JIOBaHHSI TPOBOIMIMCH TNPHMEHHUTEIHEHO
K TI04B0OOpadaThIBarOMMM (pe3am st
OYHCTKH COJIOMBI M CTEpHH, OCTABLIMXCS
nocse coopa ypoxas, B CEIbCKOM XO3sTii-
ctBe 0e3 00padorku noussl [ 14—17]. C no-
MOUIBIO METO/Ia UMHUTALIOHHOTO aHaIn3a
JMCKPETHBIX JIEMEHTOB OIPEACIISICS OIl-
TUMAJIbHBIA YTOJN N3rnba CTepHEeBOU (pe-
3p1. st coOnmomeHnst arpoTeXHUYECKUX
TpeOOBaHUH TOHKOHTCKUMHU  yYCHBIMH

NPy TIOMOILIM TEOPETUYECKOTO aHaIn3a
U aBTOMAaTHU3UPOBAHHOTO IPOEKTHPOBA-
HUs OBLT pa3paboTaH CaMOPETyIUPYFOIIHI
pe3ax Ui CTepPHH, MOBBIIIAIONINI TTPOH3-
BOJUTEIFHOCTh PaOOTHl M CHUYKAOIIHI
conporuBieHue pesannto [18-20]. Onu
e TIPEIUTOKHUIN METof] paboThl MMOJI0COo-
BOTO THITA C MCHbBIIEH 00pabOTKO#M mOod-
BBI M pa3paboTain MPUBOAHON pe3aK s
crepuu [21; 22]. Jdns MHOroh)akTOpHBIX
IKCIIEPUMEHTOB aJIAlITHBHBIX POTOPHBIX
MO4YB00OpadaThIBAIOIINX MALIMH ObLT pa3-
pabOTaH UCHBITATSIIBHBIA CTCHJ, MOJIe-
JUPYFOIIUI MTOJICBBIC YCIOBUS IS TTOBBI-
meHns: 3PGEKTHBHOCTH MPOESKTUPOBAHHUS
HOBBIX MalluH [23].

TakuMm oOpaszom, u3 0030pa IUTEpa-
Typbl CIeayeT, 4To Mpobiema ajanTa-
IIMA POTAIIMOHHBIX TOYBOOOpadaTHIBA-
IONIMX MalluH aKTyallbHa BO BCEM MHpE
W pemaroT ee mo-pasHomy. Ilpenmoxen-
HBIE CIOCOOBI U CPEICTBA MX pealin3a-
MY B OCHOBHOM TIO3BOJISIIOT 00€CIeunTh
perieHre chopMYITUPOBAHHBIX YaCTHBIX
3amad. OIHAKO B 3TUX HCCIICOBAHUSX HE
penraercsi Takas BajkHasi poOiieMa, Kak
ajlanTarus.

MarepuaJjibl 1 METOAbI

Mertomonorusi NpeACcTaBIeHHOTO HC-
CJIEIOBaHUSI TIOCTPOEHA HA HMHTETpaIUH
OCHOBHBIX ITOJIOKCHUN TEOPUN MEXaHH3-
MOB M MaIlllMH B 00JacTH HMCCIEIOBaHUS
MEXaHMYECKMX CHCTEM U TIOJOKCHUH
TEOPUH TPOCKTUPOBAHUS B MAIIIMHOCTPO-
EeHHH BOOOIIE W CEeIbXO3MAIIMHOCTPO-
enun B yactHocTH [10; 24; 25]. MbI Tak
JK€ WCIOJIb30BAIM METObl MOP(OJIOTH-
YECKOTO aHaIM3a U KJIacCU(UKAIUK BMe-
CTe C METOJaMH aHaJIW3a-CUHTE3a U Jie-
TYKIUA-WHAYKIAW JJI TIOMCKa HOBOTO
TexHuveckoro pemenus’, Tlox MeTomom
OyZeM MoHNUMaTh COATAHCUPOBAHHYIO CH-
CTEMY SMIHPUIECKOTO H TEOPETHIECKOTO
YpOBHEH HCCIETOBaHMs, MO3BOJISIONIYIO

* Haymkun H. 1., Kynpsikus B. @., Ipomesa E. I1. MeTomonorus Hay4HOTo TBOpYECTBA : yUeOHHUK.
Capanck : M3n-Bo Mopros. yu-Ta, 2015. 200 c¢. URL: https://search.rsl.ru/ru/record/01008146532 (nara

oOpamenust: 21.06.2022).
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OIepalroHaIbHO, OCIEA0BATENBHO H T10-
3TalHO MOJNydYaTb M 0000IIaTh HOBOE
HayyHOE 3HaHHME OT (haKTOB JI0 3aKOHOB
u Teopuit [26].

Hame ocHoBHOE BHUMaHue ObUIO yrie-
JIEHO OOILEHAYYHOMY IPUHLUILY ajarTa-
LMK U €T0 HUCIOJIb30BAHUIO NIPU CO3NaHUU
CMII®. B Haunbosee odmieM BUIE Coaep-
JKAHUE U CTPYKTYPY METOIUKH TPOCKTH-
poBanus Hpe3 MOKHO MPEACTABHUTH PSIIOM
OCHOBHBIX CYOOpPJMHHPOBAHHBIX ATaIlOB,
KOTOpBIC MPECTABICHBI B TAOIHUIIC.

Pe3ynbTarsl nccieaoBanus

[NocnenoBarenbHOe MPOXOXKACHUE ITa-
noB (Ta0i1.) MO3BOJIMIIO HAM CIIPOCKTHPO-
BaTb U co3aarb HOByro CMIID, koropas
o0ecrieynBaeT HaXOXKACHUE 3HAYCHHS KH-
HEMATUYECKOTO mapameTpa (A =v /v , e
V. — OKPY)KHasi CKOPOCTb aKTMBHBIX Pabo-
YMX OPraHoB, M/C; V. — TOCTyNareabHas
CKOPOCTb (ppe3bl, M/C) B TpeOyeMoM (j1orry-
CTHMOM) JTMana3oHe u3MeHeHus (4 = 4-6)

W aJanTalHio PEXHMOB PalbOThl (Ppe3bl
K TIOYBCHHBIM ycroBusM (puc. 1)° [27].

[lepBrIit aTan npoexkTrpoBanusi (Tadm.)
MOAPOOHO PACKPHIT HAMU B 0030pe Ju-
TepaTypbl HacTOsIIEH cTathu. B pamkax
BTOPOTO M TPETHETO ITAIOB OBLIO CHHTE-
3UPOBAHO TEXHUYECKOE PEIICHHE, B KOTO-
POM 3a OCHOBOIOJIArarOIINM KpPUTEPHIA,
npu  COOMIONEHUN BCEX BBIIICTIEPEYH-
CIICHHBIX OCHOBHBIX TpeOOBaHMH K (pe-
3¢, ObUI TPHUHSAT MPHHIHUI aJanTaliu
MammHbl, [Ipy 3TOM aBTOpBI PYKOBOJI-
CTBOBAJIUCh OCHOBHBIMU TTOJIOKEHUSIMH
TEOPUU U AITOPUTMA PEIICHHs H300peTa-
tenbekux 3anad (TPU3 u APU3), B coor-
BETCTBUH C KOTOPHIMHU ObLJT MPOM/ICH MYTh
OT MOCTAHOBKH TPOOJIEMBI U MOTYUCHUS
U/IeaJIbHOTO0 TEXHUYECKOTO PEIICHHS 0
KOHKPETHOTO WHHOBAIIMOHHOTO TIPOIYK-
Ta: ciocob amanranun CMIID k mensto-
IIMMCS TIOYBCHHBIM YCJIOBHUSIM U YCTPOH-
CTBO JUIst €0 peanusanuu’ [26].

Tabnuma
Table

JTanbl METOANKHU IPOCKTHPOBAHUS 10YBO00padaTbiBalomuX Qpe3s
Stages of designing the methodology of tillage cutters

Oransl npoextupoBanus / Design stages

AHanu3 1po6JIeMHO# CHTYaINH CYIIECTBYIOIIHX HEJOCTATKOB, BBIIBIKEHUE TPOOJIEMHOT0 3aMbICIIa,
obocHoBaHHE W (OPMYIHPOBKA MpoOIeMbl, KOHKpeTH3alus npobieMsl B 3agadax / Analyzing
the problem situation of existing shortcomings, developing the problem plan, understanding and
formulating the problem, specifying the problem in the tasks

BrrasmkeHne mepBUYHOTO MPEIOIoKeH s, pabodeil n pasBepHyToilt rumore3sl / Making initial,

2 .
working and extended hypotheses
OGoCHOBaHHUE THITOTE3bI ITyTEM YCTAHOBIICHHS €€ SKCIIEPHUMEHTAIEHON POBEPSIEMOCTH, TEOPETHIECKOI
3 00OCHOBAaHHOCTH, JIOTHYECKOH COCTOATENbHOCTH M jgoctoBepHocTH / Justifying the hypothesis by
establishing its experimental verifiability, theoretical validity, logical consistency, and credibility
ITporpamMma 3KCIEPHMEHTAIBHOTO HCCIEOBAHUS, BBIOOD MPOLEAYP M TEXHHYECKHX CpPEJCTB,
4 paspaboTka omnbITHOTO 0Opasia ¢ppesnt / Developing the program of experimental research, choosing
procedures and technical means, designing a prototype cutter
5 [IpoBeieHHe MOJIEBBIX AKCIEPUMEHTOB, COOp M 00paboTKa JaHHBIX HAOIIOACHUS M M3MEpEHUi /
Conducting field experiments, collecting and processing observation and measurement data
CpaBHEHHE SKCIEPUMEHTAIbHBIX JAHHBIX C COJEPKAHUEM MIPeUIaraéMOoi THIIOTE3bl, €€ TIPUHATHE,
6 nopabotka mn orOpaceiBanne / Comparison of experimental data with the content of the proposed
hypothesis, its acceptance, refinement or rejection
7 dopmynmupoBaHne HEPELIEHHBIX 33/1a4 ¥ HOBOW Hay4yHOH npobiemsl (moanpobnemsr) / Formulation

of unsolved problems and a new scientific problem (subproblem)

5 Sluyx E. I1., [Taros U. M., Edumos /1. I1. PoranrosHbie mouyBooOpadariBaroiiie MauiHbL. M. : Marm-
HocTtpoenue, 1971. 256 c. URL: https://search.rsl.ru/ru/record/01007206070 (mara obparmenmst: 13.09.2022).
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[IpennoxkeHHass MallMiHa COCTOMT U3
Kopmyca §, OpraHoB ynpasJeHus 7, OJ0Ka
ynpaBieHus [ 4acTOTON BpallleHUs! Baja
ANIEKTPOABHUTATENsS 2 TPUBOJIA aKTHBHBIX
pabounx opraHoB 6, OIOKa YIPaBICHHS
9 yacToTOH BpallleHUs Baja 3JIEKTPOIBU-
rareis 3 MpUBOJA XOJOBBIX KOJieC J, CBS-
3aHHOIO CO CKAHEPOM TBEPJOCTH ITOYBBI 4
C BO3MO)KHOCTBIO OTCIICKUBAHMSI H3MEHE-
HUA INIOTHOCTH ITOYBBI.

YCTpoHCTBO  paboTaeT  CIeIyHONUM
oopazom. CMII® noxBoasT K Kparo odpa-
0aThIBAEMOT0 y4acTKa. DJIEKTPOIUTAHUC
ANIEKTpOABUraTesnei 2 u 3 0CyIecTBIICTCS
yepe3 O1oku / 1 9 yrpaBiIeHUs 4aCTOTaMU
BpallleHrs] UX BaJIOB. BHauaie BKIIOYarOT
ANEKTPOJBHUTATENF 2 TPHUBOJA AKTUBHBIX
paboumx OpraHoB 6, 3aTeM 3JIEKTPOIBHU-
rareib 3 MPUBOAA XOHOBEIX kojiec 5. On-
HOBPEMCHHO C Ha4daJIOM AIBUKCHHSA I10-
yBoOOpadaTsIBaromeil (hpes3sl MPOUCXOTUT
3armyOsieHre CKaHepa 4 COMPOTUBIICHUS
pe3aHusl IOUBBI M aKTUBHBIX pabovnX op-
raHoB 0. HpI/I JABUIKCHHU HA YIUIOTHCHHBIX
y4acTKax CKaHep 4 OTCICKUBACT H3Me-
HEHHE COIPOTHUBJICHUSI PE3aHUS TIOYBI

Y TIO/IaeT CUTHAI Ha OJIOKH yrpaBiieHus [
1 9, KOTOpbIE U3MEHSIOT YacTOTHI Bpalle-
HUs BaJIOB anekTpoasurareneil 2 u 3. To
€CTb MpU JABWKEHHU 1O YIUIOTHEHHOMY
YUYacTKy MOUYBBI IOCTYIATENIbHAS CKOPOCTh
MAllIMHbl YMEHBIIAETCS U YBEJIMUMBACTCS
YacToTa BPAILCHUS AKTUBHBIX PabOuMX
OpraHoB, II0 Y4acTKy C MEHbIIEH TBEPIO-
CTBIO HA00OPOT, 3a CYET Yero rmoYBoodpa-
OarpIBatomasi (pesza aJanTHPyeT PeKUM
paboThI 1MOJ] BHEIIHUE YCJIOBHS, TEM Ca-
MBIM TIO3BOJISIET 00ECIIeUnBaTh TpedyeMoe
3HaYeHHE KMHEMaTHYeCKOTO mapamerpa A
1 KauecTBO 00pabOTKH MOYBBI.
[oaTBepkaeHEM NPaBUILHOCTH MIPH-
HSTBIX PEIICHNUH SBISIFOTCS UCCIICIOBAHUS
A. A. KypoukunHa, B KOTOpBIX MNpeaJIO-
JKEHO METO/bl MPOEKTHUPOBAHMUS MAIINH
U anmaparoB repepadaTbIBaIOLUINX IPOU3-
BOJICTB JI€JIUTh Ha ABE OOJbIINE TPYIIIIbL:
IBPUCTHYCCKHE U  aITOPUTMHUYECKHUE .
DOBpPHUCTUYECKHE METO/bI TMPEICTABISIOT
co0OH yMopsiIOUCHHBIE MTPaBUiIa U PEKO-
MEHJIAIMY, TOMOTAIOIIUE TPU PEIICHUH
3aJa4 TIPOCKTUPOBAaHUSI 0€3 MpeABapH-
TeJILHOU OLeHKH pe3ynbrata. K Hanbomnee

Puc. 1. Cxema dpessl ¢ GokaMu yrnpaBIeHUs
Fig. 1. Diagram of the tillage cutter with control units

7 Kypoukut A. A., 3umusikoB B. M. OCHOBBI pacuera 1 KOHCTPYHPOBAaHHs MAIIHH U alaparos Ie-
pepabarbiBaronux npousBoncts / [lox pen. A. A. Kypoukuna. M. : KomocC, 2006. 318 c¢. URL: https://
search.rsl.ru/ru/record/01002887336 (nara obpamenus: 21.06.2022).
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paclpoCTpaHEHHBIM M3 HUX OTHOCSTCS:
3IIEMEHTAPHBIX BOIPOCOB; AHAJIOTOB; OT
[EJOr0 K 4YacTHOMY (TIPUHIUI CHHEp-
TUH); HABOJMIINX OIEPaNnii; KOJIEKTHUB-
HOE CIIOHTaHHOE MBINUICHHE (MO3TOBOM
MITYpM) B JIp. ANTOPUTMAYECKHE METOIBI
WCTIOIB3YIOT BO3MOXKHOCTH  JIEyKITHH,
CTpEMSICh K OIICHKE OIEpaIfif, a TaKxke
OTIPEICNICHHI0 WX OUYEepPEeJIHOCTEH W CBf-
3eil. B pesynbrare cozgaercs pan mnoclie-
JIOBATEJIbHBIX U MPHOIMKAOMIUX K [EITH
nporenyp (JIOTHYeCKHMX M MareMaTHye-
CKHUX aJITOPUTMOB).

Jis pa3paboTKM 4YeTBEpTOro 3Tama
(TabI.) UCIOIBH30BATUCH METOMBI TEOPHH
MEXaHU3MOB M MallMH B 00JIacTH HCCIie-
JTOBaHUS MEXaHWYECKUX CHCTEM M TIOJO-
JKEHHSI TEOPUHU TTPOSKTUPOBAHMS B MaIllld-
HOCTPOCHHH, a UMEHHO: 1) KiTaccudecKas
METO/IMKA TIPOCKTHUPOBAHUS M KOHCTPYH-
pOBaHHS JleTallell M MAaIlldH COBETCKHX
yuensix I1. U. Opnosa®, I. U. Pommna’,
B. U. Anypsea'® [23], I1. ®@. [lyHacsa,
O. I1. JlenukoBa!! u ap.; 2) METOIOIOTHU-
yeckuii monxon A. B. JloOpunoa [24]
JUIL  CO3JaHUsl  CENIbCKOXO3HCTBEHHON
TEXHUKH OT OpraHH3allH WCCIICIOBAHHS
JI0 TIPOIIECCOB Pa3pabOTKH, KOHCTPYUPO-
BaHUS W TIPOM3BOJICTBA, ITO3BOJISIOIIHIA
pa3paborarh OOIIyI0 CTPYKTYpHYIO MO-
JIeNb TIpoIecca MPOEKTHPOBAHUS TIOYBO-
obOpabarpIBaroero arperara, 0OO0OCHO-
BaTh MapaMeTpbl MallWHBI U ee padoune
OpraHbl IMyTeM HCCIICOBAHHI, HHKEHED-
HBIX pacyeToB, MareMaruueckoro u ¢u-
3WYECKOTO MOJACIMPOBAHMS IPOLECCOB

U B KOHEYHOM UTOre 00ECIeunuTh MHOTO-
(DyHKIIMOHAIBHOCTh ¥ BBICOKUH YpPOBCHB
YHHUBEPCAIBHOCTH TMPOCKTHPYEMOH TeX-
HUKW; 3) yHUBepcajbHas CTPYKTypHas
CHCTEMa IIOWCKa CTPYKTYp KHHEMaTHye-
CKHX IIeTIel J1t000# CIOKHOCTH Tpodec-
copa JI. T. /IBopHUKOBa, IMO3BOJISAIONIAS
CHUHTE3UPOBATh BO3MOYKHBIC KHHEMaTHYe-
CKH€ LIETH JF000H CI0KHOCTH C BO3MOXK-
HOCTBIO UX M300pakeHHs B 3yOuaTroM Ba-
puaHTe, BKJIF0Yasi METOJ UACHTU(DUKAIIUU
CTEP)KHEBBIX MEXaHU3MOB C 3y04YaThbIMH
JBopuukoBa — CaaneBoii'?, 0CHOBaHHBIN
Ha BbIOOpe BeAyIIMX 3BCHBHEB M Oasmc-
HOTO 3BEHa C KHHEMAaTUYECKUMH ITapamMu
MATOTO M YeTBEpTOro kiaccoB. Crpoek-
TUPOBAHHBINA U U3TOTOBICHHBIN ONBITHBIN
obpasernr ppe3sl MoKa3aH Ha PHCYHKE 2.
Takol Xoi WHCCIEIOBaHUM aBTOPOB
MOATBEP)KAACTCS Takke COAepKaHUEeM
pabotsl B coaBropctBe ¢ H. U. [Ihxab6opo-
BBIM, B KOTOPOH ITPOBEACHO KOMITHIOTEPHOE
MOJIETTMPOBAaHNE U MPOESKTUPOBAHUE SHEP-
rodQEeKTUBHBIX MOYBOOOPAOATHIBAOIINX
paboYKXx OpraHOB U MAIIMH C YY€TOM KOM-
TUIEKCHOTO B3aMMOJICHCTBUS TIOYBHI U pa-
00uMX OpraHoB B Ipolecce ee 00pabOTKU.
IIpu mpoBexeHUN WMCCIENOBAaHHUNA MPHMeE-
HSUTACh METOJ[l MaTeMaTHYECKOTO MOJle-
JUPOBAHMSI, aHATTU3 U 00O0OIIECHHE Teope-
TUYIECKUX U PACUCTHBIX MaHHBIX [25].
TIsThIi ¥ IECTOM ATAlTBI TPOBOJIUIUCH
Ha KOHTPOJIbHBIX Y4YacTKaX OTKPBITOTO
rpyara KOX «Emucees A. H.» Pomona-
HOBCKOro paiioHa PM u Ha nonurone M-
CTUTYTa MEXaHUKU M 3Hepretuku MI'Y

§ Opios I1. Y. OcHoBbI KOHCTPYHpOBaHus : CripaBouHO-MeToAnueckoe nocodue. B 2 ku. Ku. 1/ Tlox

pen. I1. H. YuaeBa. U3n. 3-¢, ucnp. M. : Mammuoctpoenue, 1988. 560 c. URL: https://search.rsl.ru/ru/
record/01001417878 (mata obpamenus: 21.06.2022).

° Jletand MalivH ¥ OCHOBBI KOHCTPYHMpOBaHHs @ yueOHuK s Gakamaspos / non pen. I. W. Po-
muHa, E. A. CawmoiinoBa. M. : UspmarensctBo [Opaiit, 2012. 415 c. URL: https://search.rsl.ru/ru/
record/01005080513 (nara obpamenus: 21.06.2022).

1 Anypres B. WM. CripaBO4YHHMK KOHCTPYKTOpa-MatuHocTpouTens. Mz, 7-¢ 8 3 T. M. : MamuHocTpo-
enne, 1992. URL: https://search.rsl.ru/ru/record/01001097565 (nara obpamenus: 21.06.2022).

! Tynaes I1. @., Jlenmkos O. I1. [leranu mammn. KypcoBoe npoekTupoBanuie: yueOHoe mocobue. 5-¢
u3., gor. M. : Mammuoctpoenue, 2004. 560 c. URL: https:/studizba.com/files/show/pdf/4145-1-detali-
mashin-kursovoe-proektirovanie.html (zata o6pamenus: 21.06.2022).

12 CammeBa A. D. Pa3paboTka METOJOB CTPYKTYPHOTO CHHTE3a CJOXKHBIX 3yO4YaThIX MEXaHH3-
MOB : aBToped. Iuc. ... A-pa TexH. Hayk. bumkek, 2010. 31 c. URL: http://arch.kyrlibnet.kg/uploads/
KSTUSADIEVA_A.pdf (nara obpamenus: 21.06.2022).
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Puc. 2. O6mwuii Buj onbiTHOrO 00pasia Gpesbl: 1 — 60K yIpaBiIeHus ¢ 00paTHOM CBS3BIO;

2 — 3NIeKTPOBUIaTEeNb NPHBO/IA PAOOYUX OPraHOB; 3 — AIEKTPOJBUTATEIb IPUBO/IA XOIOBBIX KOJIEC;
4 — cxaHep TBEpJIOCTH IOYBHI, 5 — XOJ0OBBIE KoJieca; 6 — paboure OpraHbl; 7 — OpraHbl yIpaBICHHs;
8 — pemykTop
Fig. 2. General view of the prototype tillage cutter: 1 — feedback control unit;

2 — electric motor of the drive for working tools; 3 — electric motor of the drive for running wheels;
4 — soil hardness scanner; 5 — running wheels; 6 — working tools; 7 — operating controls; 8 — gearbox

uM. H. I1. Orapesa. [lepen mpoBemeHneM
II0JIEBBIX UCIBITAHNUHN OLIEHUBAIMCH (PU3U-
KO-MEXaHUYECKHUEe CBONCTBA TOYBHI KOH-
TPOJILHBIX yYaCTKOB IyTEM OIpPEACICHUS
BIIXKHOCTH, TBEPAOCTH, KOIPPHUIIMESHTOB
00BbEMHOT0 CMSITHSI U TPEHHs TOYBHI [8;
26].

CenpMoii 3Tan NpeCcTaBiIeH B ClELy-
foleM paszgene cratbi. llo cpaBHEeHHIO
C H3BECTHBIMHM DELICHUS MM Tpeiarae-
Mast pe3a [03BOJISIET HOBBICUThH KAUYECTBO
00pabOTKH TMOYBHI 32 CUYET OOCCTICUCHUS
3HAUEHHUs] KMHEMATHUYECKOTO IOKa3aTess
/A 00pabOTKHU TIOYBEI B HYXKHOM JTHAIa30-
He, COOJIOCTH arpoTeXHUYECKue Tpedo-
BaHMS, MPEbIBIsIEMbIe K 00padoTKe 1o4-
BB, & TaK)K€ MOBBICUTH d(PPEKTUBHOCTH
(YHKIMOHUPOBAHUSL.

O0cy:x1eHue U 3aKJII09eHne

[IpencraBnenHble B cTarbe ucce-
JOBaHHs TO3BOJIMIIM aKTyaJH3UpPOBaTh,
JIopaboTarh M KOHKPETHU3UPOBAaTh METO-

JTOJIOTHIO TIPOCKTHPOBAHUS W CO3TAHHS
CaMOXOJIHBIX MaJorabapUTHBIX TI0YBO-
obpabarsiBatomux ¢pes. B xome ee pea-
JIN3aluu GI)UII/I TMOJTY4YCHbI Ba’XHBIC HAy4-
HBIE PE3YIIBTAThL.

BrInoiaHeH no u3BeCTHLIM ABTOPCKUM
METOJIMKAM aHaJIM3 HMMEIOIIUXCS HCClie-
JIOBaHUW 10 0003HaueHHOW mpoldieme,
MO3BOJIUBIINY BBISIBUTH HaubOoliee mep-
CIIEKTUBHBIE W XOPOIIO pealln3yeMble
CIOCOOBI U yCTPOWCTBA ajanTaiuu (pes
KakK B Halllell cTpaHe, Tak U 3a pyoexom'.

Takoil aHajau3 MO3BOJIMII CO3/1aTh Me-
TOJNKY TpOEKTUpoBaHus (pe3 m cuHTe-
3MPOBaTh HOBBIA CIIOCOO HX ajanTal|u
Ha OCHOBE OTCJICKUBAHUA HU3MCHAIOUIIUX
YCIIOBHH, a TAK)Ke pa3padoTaTh yCTPOUCT-
BO peajM3aluu 3Toro criocoba [26].

Co3pman onbITHBI oOpazen; CMII®.
s aroro Obuia co3laHa TeXHUYECKAs
JIOKYMEHTAIIUS Ha OCHOBAaHUH M3BECTHBIX
MOJIOKEHUH TEOPUU  TPOSKTUPOBAHHS

13 Haymxun H. U., Kynpsikun B. @., T'pomesa E. TI. MeTogomnorust Hay4HOTO TBOPYIECTBA.
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Y KOHCTPYUPOBAHUS POMBIIIUICHHBIX U3-
nenuit [23].

TakuMm 00pa3om, Bce paCCMOTPEHHBIC
nmoyBooOpabareiBatonie  (ppe3pl  Haxo-
JSIT CBOEC NMPUMEHEHHE B ONpPEeSICHHBIX
yCIoBUsIX, HO it d(hheKkTuBHON 00pa-
OOTKM IOYBBI PEKOMEHIYETCSI MCIIOIb30-
BaTh npemioxkernnyo CMIID [24]. Takas
¢dpe3a MO3BONSIET ABTOMATUYECKH OXBa-
TUTh BECh JIMANa30H PEXKHUMOB pabOTHI,
OTBEUAIOIINX M3MEHSIOMICHCS TUIOTHOCTH
MOYBBl Ha 00pabaTbIBaeMBIX YdYacTKax,
TEM CaMbIlM COXPaHUThb 3HAYEHUE KUHE-
MaTUYeCcKoro IapameTrpa B TpedyeMoMm

JMara3oHe U o0ecneuuTh Tpedyemoe Ka-
YeCTBO 00PaOOTKH MOYBHI TIPH ONITHMAITb-
HOM COYETAaHUHM C BBICOKOW TPOU3BOIU-
TEJILHOCTBIO PabOT, YTO MOATBEPKICHO
MPOBEJCHHBIMUA  SKCIIEPUMEHTATBHBIMU
uccienoBanusamu [20].

Byayliee BBINOIHEHHBIX HCCIIEI0BA-
HUU BHUIUTCS B aBTOMAaTH3aI[MK PaOOTHI
CMII® u ee umdposoii TpaHchopma-
1y, Matepuaiibl cTaThd OyIyT MOJIE3HBI
UCCIICZIOBATENISIM, YbH PA0OThI CBSI3aHBI
¢ mpoOJieMaMH TPOCKTHPOBAHUS TTOYBO-
00pabaThIBAIONIMX MAIIUH BOOOIIE U I10-
4yBooOpabarsiBatomux (hpe3 B 4aCTHOCTH.
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Annomauusn

Bseoenue. MuHepanbHble yI100peHus, 63 KOTOPbIX HEBO3MOXHBI HHTCHCUBHBIC TEXHO-
JIOTHH TIPOU3BOJICTBA CEIbCKOXO3SIMCTBEHHBIX KYIBTYP, SIBISIFOTCSI TOPOTOCTOSIIIIAM U KO-
JIOTHYECKH HeOe30MacHBIM PECYPCOM, 3aTrPSA3HSIONIMM MOUBY M MPOXYKTHI 3eMIIEIEINs
IIpU U30BITOYHOM BHECEHHUH. [109TOMy MCTIONB30BaTh YA00OpEHHS HEOOXOANMO HCXO/S U3
JIMAarHOCTHYECKHX JaHHBIX MOTpeOHOCcTH pactenuid. Llenb mccnenoBanus — npubopHoe
U METOHOJIOTHYECKOe O0eCIeUeHNe COBPEMEHHOH (YHKIIMOHAIBFHON AMarHOCTUKH MO-
TpeOHOCTH PACTEHHI B IE€MEHTaX MUTaHMs, OPUEHTUPOBAHHON Ha aKTHBH3ALMIO MPO-
necca (orocunTe3a.

Mamepuanst u memoost. IIpeanoxkeHo B Mpolecce AMarHOCTUKH MHOTOYHCIIEHHBIE TTPO-
MEKYTOUHBIE IUTACTUKOBEIE TPOOHPKH CO CMECHIO TIOCTOSTHHBIX KOMIIOHEHTOB (XJIOPHCTO-
r0 HaTpHs, CyCIIEH3MH XJIOPOIUIACTOB M Kpacku TuibMaHca) BapUaHTOB JMarHOCTHYE-
CKOTO PacTBOPA 3aMEHHTH IACTUYHOM €ANHOH CBETO3AIMUTHON eMKOCThI0. OXHOPOTHAS
CMeCh B €IMHON €EMKOCTH UCKITFOYAeT OIIMOKY KOHLIEHTPAIlui KOMIIOHEHTOB PacTBOpPa, CO-
Iy TCTBYIONIYI0 MHOTOPa30BOMY (DOPMHPOBAHHIO CMECEH B IPOMEKYTOUHBIX IIPOOUpKAX.
OTO MO3BOIMIO YMEHBIIUTE KOIUYECTBO OJHOTUIIHBIX OMEPAIM 3aMONHEHHs MUIETOU-
HBIMH JI03aTOPaMH ITPOMEKYTOUHBIX IIPOOUPOK, MOBTOPSIOMNXCS IS KaXKI0H CMECH 3J1e-
MeHTOB. MccnenoBanus BeimonHeHsl B 2021-2022 IT. ¢ NCTIOAb30BaHMEM MEXaHUUECKHX
IMUINETOYHBIX 103aTtopoB «Jlenmumer» Thermo Fisher Scientific (Qummstammst) — 10 mu,
«Jlennunet Konop» — 100 Mk u «Jlennuner Konop» — 200 mki1. [TorpeniHocts ux onpe-
JIeJsUi Ha AneKTpoHHBIX Becax BK-600.

Pezynomamur uccneooganus. C IpuMeHEHHEM HHHOBALUK BO3POCHA JOCTOBEPHOCTD -
AarHOCTHYECKHUX JTAHHBIX BCIIEACTBUE YMECHBIICHUS OMIMOKH KOHIICHTPAH KOMIOHEHTOB
B pacTBOpe cMecH B cpeaHeM Ha 8,6 %. Kpome Toro, cHU3MIINCh 3aTpaThl BpEMEHH Ha
BBINIOJIHEHUE JUATHOCTHKY B 1,7 pa3a, 4To B yCIOBHAX OTPAaHWYEHHOTO BPEMEHH XXH3HHU
XJIOPOIIIACTOB OIArONPHUATHO CKa3aJI0Ch HA MOMYYE€HUU JOCTOBEPHBIX JTaHHBIX.
Obcyorcoenue u 3axniovenue. JJoCTOBepHBIC TaHHBIC JHATHOCTHKU ITOTPEOHOCTH pacTe-
HHH B 2JIEMEHTAX IUTAHUS MO3BOJIAIT COKOHOMHUTB YIOOPUTENIBHBIC PECYPCBI,  TAKKE 110-
BBICUTH KQu€CTBO IIPONU3BOANMON CEIBbCKOXO3IHCTBCHHON MPOMYKIUH, HEe 3arps3HEHHOI
N30BITOYHBIMH 3JIEMEHTAMHU TUTAHMS.

Knrwuesvie cnosa: q)yHKL[I/IOHaHbHaﬂ JUArHoCTrkKa, 10CTOBEPHOCTD, DJIEMEHTHI ITUTAHUS,
XJIOPOIJIACTHI, (pOTOXHMH‘IeCKa}I AKTUBHOCTbL, OITUMU3AlUOHHAA ITIpOrpaMmMma
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Abstract

Introduction. Mineral fertilizers essential for intensive crop production technologies are an
expensive and environmentally unsafe resource polluting the soil and agricultural products
when applied in excess. The purpose of the research is instrumental and methodological
support for modern functional diagnostics of nutritional requirements of plants, which is
aimed at activating the photosynthesis process.

Materials and Methods. 1t is proposed, for identifying nutritional requirements of plants
to replace numerous intermediate plastic test tubes with a mixture of permanent com-
ponents (sodium chloride, chloroplast suspension and Tillmans’ paint) for the diagnostic
solution variants by a separate elastic light-protective container. A homogeneous mixture
in a separate container eliminates the error in the concentration of solution components,
which accompanies the repeated formation of mixtures in intermediate test tubes. This
made it possible to reduce a number of repeated operations of filling intermediate test
tubes with pipette dispensers for each tested mixture of elements. The studies were carried
out in 2021-2022 using mechanical pipette dispensers Lenpipet Thermo Fisher Scientific
(Finland) — 10 ml, Lenpipet Color — 100 ul and Lenpipet Color — 200 pl. Their error was
determined on a VK-600 electronic balance.

Results. The use of innovation increased the reliability of diagnostic data due to a 8.6%
average reduction of error in the concentration of components in the mixture solution. In
addition, the time spent on performing diagnostics decreased by 1.7 times that, under the
conditions of a limited lifetime of chloroplasts, had a favorable effect on obtaining reliable
data.

Discussion and Conclusion. Reliable diagnostic data on nutritional requirements of plants
will save fertilizer resources and improve the quality of agricultural production free from
excessive nutrients.

Keywords: functional diagnostics, reliability, batteries, chloroplasts, photochemical acti-
vity, optimization program
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Brenenne

VYpokail KylnbTyp BO MHOIOM 3aBHUCHT
OT MPOAYKTUBHOCTH (PUTOLIEHO3a, KOTO-
pBIN SIBISIETCSI HE TOJBKO OHMOJIOTHYECKOM
KaTeropuei, Ho U arpoHoMu4eckoi. B mmpo-
Hecce BEreTalu KyJIbTYp (OTOCHHTE30M
cozmaercst mpuMepHo 95 % MacChl CyXoro
OpPraHW4ecKoro BeIIecTBa ypoxas. Oie-
MEHTBI K€ MUHEPAIbHOIO MTUTAHUS COCTaB-
JISIFOT JIUIIb OKollo 5 % cyxoit maccel. Ho
OHH SIBISIIOTCS CPEACTBOM (DOPMHUPOBAHHUS
(hOTOCHHTETUYECKOIO ammapara, a TaKKe
€ro ajanTauuy K BapuadeIbHOMY paanaLiu-
OHHOMY pexkuMy U noBbiarotT KITJ[ aktus-
Hol (porocuHTeTHIeCcKOH paguanuul (DAP).

IToTpeOHOCTH pacTeHMIA B dIEMEHTaX
MUHEPAJbHOTO MUTAHUSA YIOBIETBOPSIOT
YIOOpEHUSIMH — HEOTHEMIJIEMBIM KOM-
MTOHEHTOM COBPEMEHHBIX HMHTEHCHUBHBIX
TEXHOJIOTUH TPOU3BOJICTBA CEJIBCKOXO-
3stiicTBeHHBIX KynbTyp [1]. C npumenenu-
eM ynoOpeHuil ypokaitHOCTh B XX Beke
Bo3pocia 6osee yem Ha 50 % [2]. bes yno-
OpeHMii HIHTEHCUBHBIC TEXHOJIOTHU abco-
JIFOTHO HE KOHKYPEHTOCIIOCOOHBI.

Ho ymoOpenust — moporocrosimiuit
U DKOJIOTMUYECKH HeOe30macHblil pecypc,
3arps3HAOLIMN IOYBY M HPOILYKTHI 3€M-
nenenus mpyu M30bITOYHOM BHECEHHH. [le-
bunuT ynoOpeHuii, Tak ke Kak U U30bITOK,
HETraTUBHO CKa3bIBaeTCs HA YPOXKAWHOCTH
1 KauecTBE pacTeHHEBOTUYECKON MpOyK-
nuu. Becbma CyliecTBEHHBI SKOHOMMYE-
CKHE€ TPEANOCHUIKA ONTUMHU3ALUK MHTAa-
HUSI KYJBTYD, TaK KaK IPUMEPHO TPETh OT
BCEX 3aTpar Ha MPOU3BOJCTBO MPOLYKINU
3eMyIeeNUsl MPUXOAUTCS HAa MHHEPAJlb-
Hbele ynoOpenus. Hambomnee panmonams-
HO€ HX HCIOJIb30BAaHHUE BO3MOXKHO IpU
HayqYHO OOOCHOBAaHHOM YYeTe OWMOJIOTH-
YECKUX OCOOCHHOCTEH BO3IEIBIBAEMBIX

KyJIBTYpP U BapuaOelIbHbIX TOYBEHHO-KIIH-
MaTHYECKUX YCIOBH [3].

ITosTOoMy wWcmob30BaHNE YIO0OpEeHHUH
B aJIAIITUBHOM PEXUME COIPSDKEHO ¢ HE0O0-
XOAUMOCTBIO CHCTEMaTHYEeCKOW JHarHo-
CTHKHU TIOTPEOHOCTH PACTEHHUH B IIUPOKON
HOMEHKJIaType JIEMEHTOB MUHEPaJIbHOTO
nutanus’ [4].

llenp wuccnenoBanuii — mpuOOpHOE
U METOJOJIOTHYEeCKOEe 00ecreyeHne COB-
pEMEHHOH (YHKIIMOHATHHON JIHAarHOCTH-
K{ TOTPEOHOCTH PACTEHUH B 3JIEMEHTaxX
IIUTAHUSL

0030p auTEpaTYpPHI

B 3emnieniennu cucTeMaTHYECKH B Te-
YEeHUE JJTUTEIHLHOTO BPEMEHH HCIIONB30-
BAINCh MPEUMYIIECTBEHHO YyHIOOpEeHUs
¢ MakposnemeHTamu mnutanusi (NPK).
OpHako, COMIacHO 3aKOHY OrpaHMYHBAaIO-
miero ¢akropa 0. JInbuxa, 1uis pacTeHui
HanOoJjee 3Ha4MM TOT HJIEMEHT NMUTaHu,
KOTODPbIM 0OoJiee BCEro OTKJIOHSETCS OT
ONTUMAJIBHOTO 3HAYEHMs, TO €CTb MIJIS
MPOIYKTUBHOTO Pa3BUTHUs PACTCHUI OOM-
HaKOBO 3HAYMMBI kKak Makpo- (NPK), Tak
¥ MUKPODJIEMEHTHI (MeJlb, Kelle30, Mapra-
Hell, 60p, MOTUOIEH, KOOAIBT U JIp.).

IlorpeGHOCTH pacTeHHI B MakpoJie-
MEHTaX HAaMHOTO OOJIbIle, YeM MOoTpeo-
HOCTh B MHUKpOJJIEMEHTax. B To ke Bpe-
MSl HeXBaTKa Ja)Xe Majoro KOJIMYecTBa
MHUKPOYIOOPEHUI MOXKET SBUTHCS MPHYH-
HOH 3a00JIeBaHuUs PACTEHUH U CYILIECTBEH-
HOTO CHWDKEHHUS! IPOAYKTUBHOCTH BIUIOTh
IO THOEJIH.

OCHOBHBIM TIOCTaBIIMKOM MHKPO3JIe-
MEHTOB Ul 3€MJIEAEIBYECKON OTpaciiu
SIBJISUTMCH UX 3a1achl B TIOUBE, KOTOPBIE IO-
creneHHo ucronjanuch. Hampumep, B ben-
rOPOJICKOI 00JIaCTH JIOJIS MAITHU ¢ HU3KUM
COZIep)KaHHEM IOJBIKHBIX COEIMHEHUH

! Xopomwkus A. b. Crioco0s! moBbImeH:sT 3G ()EKTHBHOCTH MUHEPAIBHOTO MUTAHUS CEIbCKOX03SIi-
CTBEHHBIX KyJlbTyp. KpacHonap : Arpomacrep, 2010. 67 c.
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uHKa Bo3pocina 10 90,3 %. s kobansra
W Maprasiia JaHHBIH TOKa3aTelb COCTa-
Buil 99,3 u 38,6 % coorBeTcTBEHHO [5].
AHaJOTHYHOE COCTOSTHHE C 00eCTIeYeHHO-
CTBIO MMAITHA U APYTUMH MUKPOAJIEMEHTa-
MU ruTaHus. TakuM 00pa3om, B YCIOBHUSX
WHTeHCH(DHUKAINN 3eMJICICTNS aKTyallb-
HOCTh HayYHO OOOCHOBaHHOTO COBMECT-
HOTO TIPUMEHEHHSI Makpo- H MHKPOY/IO-
Openuii pe3ko Bo3pocia [6].

CbanaHcupoBaHHOE WCIOJIb30Ba-
HUE MaKpO- U MHKpOYJI0OpeHul oba-
JaeT CHHEPTUYECKUMH CBOMCTBAMH, TaK
KaK HE TOJBKO MOBBIMIAET yPOXKAWHOCTh
U KaueCTBO MPOU3BOIUMBIX KYJIETYp, HO
U crocoOcTByeT pocTy 3(h(HEeKTHBHOCTH
NPK [1; 7; 8]. YcTaHOBIEHO MO3UTUBHOE
MCTIOJIh30BaHNE MUKPOYI0OPEHNH B Kaue-
CTBE CpEICTBA MPOTUB (PUTONATOTEHHBIX
rpuboB u 6akrepwii [9; 10].

[IpakTudeckoe NPUMEHEHWE MHUKPO-
yI0OpEeHUH HMMEET HEKOTOphIe OCOOCH-
HocTU. MX KkpaiiHe He uenecoodpa3Ho
ABTOHOMHO 3aJIeJIbIBaTh B MOYBY, TaK Kak
20-80 % JneHCTBYIOIIETO BEIIECTBA Ma-
JBIX /103 CBSI3BIBACTCSI MOYBEHHO-TIOTIIO-
IIAFOIIMM KOMIUIEKCOM B HEIOCTYITHYIO
pacrerusm Qopmy [10; 11]. Ilostomy
pactpoCcTpaHeHO TPEAIIOCEeBHOE HaHece-
HUE MUKPOYAOOpEHUI HEMOCpPEeICTBEHHO
Ha CeMEHa, yBEeIMYHBAIOIIee >KU3HECIIO-
COOHOCTH TIPOPOCTKOB, a TAK)KE INCTOBBIC
nofakopMkH [12]. JIucTes Xopomio morio-
Ial0T PACTBOPEHHBIE B BOJIE MAJIbIE J103bI
MpernaparoB, U YCBOSEMOCTh MHUKPOYIO-
O6pennii MmoxkeT gocturatsb 90 %.

Jlyuiime arpoTeXHHYECKUE pe3yJibTa-
TBI TOJTyY€HBI OT UCTIOIB30BaHMS XeIaTHBIX
¢dopm Mukpoynodpenuit [13]. B omimuue
OT HEOPraHWYECKHX COSIUHEHWH XelaThl
B pacTBOpax HE pachajaloTcs Ha arpec-
CUBHBIE MOHBI M HE Pa3pyIIalOT CTPYKTYPHI
JIEHCTBYIOIIETO BEIIECTBA IECTHIINIOB.
BcnencrBre qero BO3MOXXHO COBMEIIEHHE
JIMCTOBBIX TIOJKOPMOK MHKPOYJI0OpCHUSI-
MU B OAKOBBIX CMECSIX C ITECTHIHIAMHU.

MaxposJeMeHTBl MUTaHUSI BHOCST
B TOYBY IO pe3yibraTaM MOYBEHHOH

Agricultural engineering

JUArHOCTHKH, HCIOJb3ys MPEeUMYILecT-
BeHHO OamaHcoBbIii Metoxa. [lociemyro-
LIYI0 K€ KOPPEKTUPOBKY U ONTUMHU3AIUIO
MUTaHUS PACTEHUM MPOBOISAT C YUYETOM
JUCTOBOW JMArHOCTHKHU. Jledumut sire-
MEHTOB [0 €€ pe3yJbTaraM YCTPaHSIOT
B BEreTAalMOHHBIA NEPUOJ KOPHEBBIMU
W JINCTOBBIMHU TIOJIKOPMKaMH, HEOOXOIH-
MBIMH 11 JOPMHUPOBAHUS YPOXKAS KYIIb-
Typ BBICOKOTO KadecTna [14-16].

JluctoBasi TUAarHOCTHKA MOXKET OBITh
BU3YaJIbHOM, XUMHYECKOW M (YHKIIUO-
HabHON. BusyasibHasi nuarHoctuka Oa-
3UpyeTcs Ha aHajgu3e MOTPeOHOCTH pa-
CTEHUH B 3JIEMEHTAX MMUTAHUS BCICICTBUE
W3MEHEHWUsI [IBEeTa JIMCThEB, Kod(duimeH-
Ta oTpaxeHus ceera u Ap. [17; 18]. Ho
BHEILIHUE BU3yallbHbIC IPU3HAKU Hapy-
IICHNS TTUTAHUS OTPAXKAIOT yXKe HeobOpa-
TAMBIE W HE TMOJJAlOINecs KOPPEeKTH-
POBKE TIPOIIECCH B PACTEHHSX, BEIYIIHE
K CHIDKEHHUIO YPO)KaWHOCTH M KadecTBa
CeNbCKOX03a1cTBeHHON npoaykuuu. Kpo-
M€ TOTr'0, CUMIITOMBI IIPOSIBIIAIOTCS Ha JIH-
CThSIX PACTEHUN A1 TPYNN SIEMEHTOB,
B KOTOPBIX CIIOKHO HICHTU(DUIIMPOBATH
Je(UITUTHBIN 2JIEMEHT.

[Ipu xumudeckoil TuarHocTuke aado-
PaTOpHBIM aHAJIM30M OLICHMBAIOT COCTAaB
TKaHEW pacTeHMM, HO HE YUUTHIBAIOT U3-
MEHSIOIIYIOCS MX PEaKklUl Ha Bapua-
OenmpHBIE TTOYBEHHO-TIOTOHBIE YCIIOBHSL.
B omnpenenennbie Ga3bl Bereraiuu Tpeody-
IOTCSl PAa3JINYHbIE HOMEHKJIATypa U KOJH-
YeCTBO AIIEMEHTOB IMUTaHMS, 4TO 00yCIIaB-
JMBaeT HEOOXOAMMOCTD WX YIPABIIEMOIO
MOCTYIUIEHUS] B TEUEHHE BCEro IMepuoja
JKU3HEIEATEIbHOCTH PAcTUTENBHOIO Op-
raHu3Ma.

[lepcriekTrBeH MeTOA (PYHKIIMOHAIH-
HOM JIMCTOBOW IMArHOCTUKH, OPHEHTHU-
pOBaHHBIH Ha aKTHBU3ALHUIO Ipouecca
MPOAYIIMPOBAHNSA ypokasi — (POTOCHHTe-
3a [19; 20]. YuureiBas, 4to ynoOpeHHS
JIEHCTBYIOT HE TOJBKO HA PacTEeHHUs, HO
¥ Ha MUKPOOPTaHU3MBI TIOYBBI, OKa3bIBa-
IOI[e 3HAYMMOE BIIMSHUE HAa Pa3BUTHE
pacTeHuid, pe3ynbTar OHMOXUMHUYECKUX
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MIPOLIECCOB B PACTEHMSX U TOYBE MOXKHO
OIICHWUTH JIMIIB 10 PEAKIMH >KHUBBIX pa-
CTCHUI KOHKPETHBIX KYJIBTYp Ha MPHUCYT-
cTBue ynoopennii [21; 22].

Merton (YHKIMOHAIEHOW TUATHO-
CTHKH OTPa’kaeT CBOMCTBO XJIOPOILUIACTOB
pacTeHMH U3MEHATh (DOTOXMMUYECKYIO
aKTUBHOCTHh TPOTOPIHOHAIBHO HX IIO-
TpeOHOCTH B 3JI€eMEHTax mnuTaHus [23].
Ho emy mpucymu cepbe3Hble HEIOCTaT-
kM. J[MarHocTHpOBaHUE KaKJOro U3 3Je-
MEHTOB TIUTaHHsI TIPOBOIAT 000CO0ICHHO
OT JAPYTMX KOMIIOHEHTOB IMTAaTEJIbHOM
cpensl. I1o3ToMy HEBO3MOXKHO OLIEHHUTH
UX B3aMMHOE BJIMSTHHE M, COOTBETCTBEH-
HO, ONTHUMAaJbHOE COOTHOLIEHHE, CO-
OnroeHrne KOTOPOTO OKasbIBAET OIpEere-
JsiIolee ACHCTBHE HA IIPOLYKTUBHOCTh
pacTeHuil U KadecTBO ypoxkas. ledwummr
WA U30BITOK KaKMX-TO SJIEMEHTOB MOXKET
HapyIINTh YCBOCHHE PACTEHUSIMHU APYTHUX
3JIEMEHTOB, YTO HEraTUBHO CKa3bIBACTCS
Ha YpOXKaWHOCTU KYJIBTYP U COCTOSTHUU
MOYBHI [2; 24].

Bbonee Toro, akTyaJbHOCTH ydeTa cH-
HEPreTHYECKHUX TOCIEICTBUI JJOMOIHU-
TEJIbHO BO3pacTacT NPU BBIHYKICHHOM
OrpaHUYEHHH HCIIOIb30BAHUS 3JIEMEHTOB
MUTAHUSI TI0 HKOJOTMUYECKUM TNPUYUHAM.
Taxk, ¢ 2021 rona B I'epmaHuu BCTynuiIn
B CWJIy IpaBHja BHECEHHs YIOOpEHMH,
COINIACHO KOTOPBIM B pailOHax 4yBCTBU-
TEIBHBIX K HHUTpaTaM, OTPAHWYUBAIOT
WCIIOJIb30BAHUE a30Ta BOIPEKH TOTped-
HOCTH pacTeHuil [25]. Dxomorumueckue
OTpaHMYEHHs] Ha MHCIIOJIB30BaHHUE YJIO0-
Openwuii, 04eBHIHO, OYIyT MPUMEHSTHCS
U IpYTUMH CTpaHaMH, B TOM yucie u PO.

IloaToMy mnpeasoxkeHo peaTu30BbI-
BaThb HEOTPAHUYEHHBII Pe3epB SKOHOMHO-
IO PacXOfOBaHUs yIOOPUTEIBHBIX pecyp-
COB 3a CUET CHHEPrHMM B3aUMOICHCTBUS
MEXIY 3JIEeMEHTaMU IUTaHUs [IpU cOaaH-
CUpPOBAHHOM MX BHECEHHUHU. Takoi moaxon
MPEIoIaraeT OIeHKY (HOTOXUMHUYECKOM

AKTUBHOCTH XJIOpPOIIJIACTOB PacTeHU Ha
MPUCYTCTBHE B IHUTATEIBbHOW cpele He
€MHUYHBIX 2JIEMEHTOB NUTAHMs, a pas-
JIUYHBIX HUX HEMOBTOPSIOLIUXCS CMECEH.
BapuanTtel cMeceli 3aBe1oM0 TOAOMPArOT
B COOTBETCTBUM C MaTpUIEH IJIaHUPOBA-
HUSl OKCIIEPUMEHTa, OPUEHTHPOBAHHOMU
Ha TIOCTPOEHUE MOJETH C MOCIEAYIOIeH
ONTUMH3AINEH MUTATENLHON cpe/bl -
POBBIMH MeTOnaMu [26].

Xapaktep HM3MEHEHHs (OTOXUMHYE-
CKOW aKTUBHOCTH HCCIIEAYeTCs MOCpe.-
CTBOM prOopa « AKBaIOHHC, CIOCOOHO-
r0 B CTAlMOHAPHBIX U MOJEBBIX YCIOBHUAX
OIICHMBAaTh MOTPEOHOCTh PACTEHUI B Ma-
KpO- M MHUKPO3JIEMEHTax AJisi MpOBEe-
HUSI KOPHEBBIX WJIN JIUCTOBBIX MOJIKOPMOK
JFOOBIX CETbCKOXO3SIMCTBEHHBIX KYJIBTYp .
OcHOBO# mpuOOpa SBISIETCS (POTOMETP

(puc. 1).

Puc. 1. [Ipubop «AKBaIOHUCY AJIsI AUATHOCTUKH
MOTPeOHOCTH PACTEHHH B HIIEMEHTAaX MUTAHUS
Fig. 1. The device Aquadonis for diagnosing

nutritional requirements of plants

2Typees U. U., Huruenko JI. b., Ilpymuk W. A. YrmyOneHnas afantamnusi TEXHOJIOTHIA TPOM3BOICTBA
3epHOBBIX KynbTyp B LlenTpansno-Ueprosemuom peruone. Kypek : ®T'BHY «Kypckuit dpenepanbHblii ar-

papHbIii HayuHBIH neHTp», 2021. 238 c.
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[IpubGop mpomien MNPOU3BOICTBEH-
HYI0O MPOBEPKY Ha CEIbCKOXO3SIMCTBEH-
HBIX KyabTypax lLlenTpansHo-UYepHozem-
HOM MAaIlIMHOWCIIBITATEIPHON CTaHIUH,
a takxke B 10 permonax Poccun, Ykpaune,
Bbenopyccuu n Kazaxcrane. B tpexnerHux
OTIBITaX yCTAHOBJIEHO, YTO NCTIOIH30BaHHUE
CHUHEPTHH B3aWMOJICHCTBUSI MEXIy dJie-
MEHTaMH [TUTAHUSI TO3BOJIMIIO 3a CUET PO-
CTa YPOXKaifHOCTH U MUHUMH3AIINN PACX0-
Jla yloOpeHUI MTOBBICUTH YPPEKTUBHOCTD
npou3BojcTBa ssuMeHs 10 40 %, a o3uMoit
nmenuts 10 16,4 % [27; 28].

BosmoxxHoCcTH mpHOOpa MO3BOJISIIOT
B aBTOMATHYECKOM PEKUME ONMTHMH3UPO-
BaTh 00ECIIEYEHHOCTh PACTCHHUU AIIEMEH-
TaMU MIUTAaHUS ¥ HATJISTHO JeMOHCTPHPO-
BaTh YPOBEHb MOTPEOHOCTH TIO KAXKIAOMY
U3 HUX.

KonmuuectBennoe 3HadeHne (HOTOXU-
MHUYECKOM aKTUBHOCTH  XJIOPOILJIACTOB
MOJTY4YaloT MOCJIe 3aCBETKU Ha (hoToMeTpe
pacTBopa WX CyCIIEH3UH B COBOKYITHOCTH
CO CMECSAMH DJIEMEHTOB mNuTaHus. s
MOAJEPKAHUST HEOOXOJUMBIX CBOWMCTB
BBIJICJICHHAs] CYCIEH3Ms XJIOPOIUIACTOB
B HEM3MEHHOW KOHIIEHTPAIIUU HCIIONb3Y-
€TCs TIPU aHAJIN33aX COBMECTHO C IPYTHMH
MTOCTOSTHHBIMH KOMITOHEHTaMH PacTBOpa:
XJIOPUCTBHIM HaTpUeM M Kpacko Tuiib-
MaHca. C (oToMeTpa CUUTHIBAIOT JaHHBIC
(OTOXUMHUECKOI aKTHBHOCTH XJIOPOTLIa-
cTOB, (hOPMATU3yIOT MOJETH B3aUMOYBSI-
3aHHOTO (PAaKTOPHOTO MPOCTPAHCTBA U OII-
TUMU3UPYIOT MUTaTeNbHyI0 cpeny [29].
N30bITOYHBIC BJIEMEHTHI IIUTAHUS B MTUTA-
TEJILHOW Cpesie TIOCPEICTBOM MaTeMaTH-
YecKol 00pabOTKU MOJEIH HeHTpanusy-
0T KOPPEKIHel BeIMYUHBI Je(OUITUTHBIX
AIIEMEHTOB. BBISBIEHHBIH ASPUINAT TH-
TaHUs TIOKPBIBAIOT JTUCTOBBIMH TIOJKOPM-
KaMH, KOMIIOHEHTHI KOTOPBIX YCTaHaB-
JUBAIOT COOTHOIICHHWEM CTaHIapTHBIX
ymobpenwutii [24].

[To u3BecTHOMY CHIOCOOY TMATHOCTH-
KA KaXIbld W3 BapUAHTOB Pa3IMYHBIX
cMecell 2JIeMEHTOB MHUTAaHUS TOTOBHT-
Cs WHJAMBHJYyaJbHO B IPOMEXYTOYHBIX
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IUIACTUKOBBIX ~ MPOOMpPKax  COBMECTHO
C MIOCTOSIHHBIMHM KOMITOHEHTaMH1 pacTBOpa.
OO0pa31pl pacTBOPOB M3 MPOMEKYTOUHBIX
MPOOUPOK TTOOYEPETHO OTOMPAIOT B KBAp-
IIEBYIO MMPOOUPKY, CIOCOOHYIO MPOITyCKaTh
yABTPa(HOIETOBOE U3ITyIEHHE, 1 32CBEUH-
BaloT Ha (oToMeTpe. AHAJIOTUYHEIC ICH-
CTBUSI TIPOBOJISIT MTOCIIEAOBATEIBHO CO BCe-
MU HETIOBTOPSIIOLIMMUCS CMECSIMH COJIeH
B 00beMe AuarHocTuku [23].

OnHako onHUM U3 (AKTOPOB JIOCTO-
BEPHOCTHU Pe3yNbTaToB (YHKIHOHATBEHON
JIUATHOCTHKH  SIBJISICTCSI  MUHUMH3AIHS
OomMOKN OIBITa. DTOMY CIIOCOOCTBYIOT
OJTMHAKOBBIC UCXO/IHBIEC YCIOBHSI /IS BCEX
o0ciemyeMbIX BapUaHTOB, TJE IMTOCTOSH-
HbIE KOMITOHEHTHI PacTBOpa B KBapIle-
BOH TIPOOHpPKE IMepe 3aCBETKON JOIKHBI
UMETHh OIHOPOIHYIO ONTHYECKYIO IUIOT-
HOCTh, YTO JIOCTHTAeTCs HEM3MEHHON X
KOHIIEHTpAIlMEl B pacTBOPE.

Ho mMHOTOKpaTHbIit 0TOOP MOCTOSHHBIX
KOMITOHEHTOB B KQKAYIO U3 ITPOMEKYTOY-
HBIX MMPOOUPOK MPOU3BOIUTCS WHIUBUJTY-
IBHO MUNETOYHBIMU J03aTopamu. OHH
00nagaroT COOCTBEHHBIMH TOTPEIIHOCTS-
MU, KOTOPBIC VBEIUYMBAIOT BapUAIIHIO
WCXOTHOW ONTUYECKON IJIOTHOCTH PaCTBO-
POB B KBapIIeBOil MpodupKe 3a onbIT. B pe-
3yJBTaTe BO3PacTaeT OINOKA 1 TIOHMKAET-
Cs1 TOCTOBEPHOCTbH JHATHOCTHKH.

HemanoBaxno, 9to hoToxumudeckas
AKTHBHOCTb JKUBBIX XJIOPOIJIACTOB MOCIIE
otOopa mpob JIUCTHEB JIJIs aHAJIM3a HECTa-
O6mipHa. OHA TOCTENEHHO yracaeT Ao
Hyl1sl B TeueHHe mnpuMepHo 40 MHUHYT.
[TosTomy B MeHIO oTOMETpa IPELyCMO-
TPEHO 8 KOHTPOJIBHBIX TOYEK, Pa3MEICH-
HBIX C OJMHAKOBBIM IIIarOM I10 BPEMEHH
BBITIOJIHEHUST TMAaTHOCTHKHU, OTHOCHUTEIh-
HO KOTOPBIX aBTOMATHYECKH KOPPEKTH-
pyloTCsl MaHHBIE MO XOAy aHammza. J[is
TOBBIIIIEHNS JTOCTOBEPHOCTH THATHOCTH-
YECKHX JIAHHBIX HEOOXOANMO CTPEMHUTHCS
YCKOPUTH TIPOIIECC WCIIONHEHHS JINArHO-
CTHKH, YTO JTOCTUTAETCsI 000CHOBaHHBIM
COKpAII[CHUEM KOJIMYeCTBa HEOOXOAMMBIX
onepauui B €e NpoLeaype.
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MarepuaJbl 1 MeTObI

Uccnenosanust BuImoaHeHsl B 2021
u 2022 rr. B 1ab0paTtopuu ceBOOOOPOTOB
1 ajanTuBHbIX arporexHosorud GI'bHY
«Kypcknit  ®AHIl». s poctukeHHs
LEJIM UCCIIEIOBAHUH NPEIIOKEH HHHOBA-
LMOHHBIN CITI0Cc00, MCKIIOYAIOIMNA HEOO-
XOIUMOCTb B MHOTOYHCIIEHHBIX IIpOMeE-
KYTOUHBIX IIPOOMPKAX C OHEepalMsIMU HX
3amoHeHMsI (puc. 2a) [30].

CymiecTBeHHOE OTIIMYHE HOBOTO CITO-
co0a COCTOWT B CO3JJaHWW OJTHOPOIHOM
KOHIIGHTPAIIMM  PAacTBOpa MOCTOSHHBIX
KOMIIOHEHTOB B 3JJaCTHYHOH CBeTo3a-
LIMTHOM €MKOCTH, €JUHON Ha BCIO pa3o-
BYIO MIPOrpaMMy UCTbITaHHN. B kauecTBe
CBETO3ALIUTHOH EMKOCTH HCIIOJIb3YeTCs
SNACTUYHAsl MPOMBIBAJIIKA, ITOMEILEHHAS
B CBETOHEINPOHHIIAEMBbII MEMIOK (puc. 2b).
N3 Hee ynoOHO 3amONHATH PAacTBOPOM
MOCTOSIHHBIX ~KOMIIOHEHTOB KBapLIEBbIE

MPOOUPKU, UHAMBH/YaIbHBIC IS KaXKI0H
HCIIBITBIBAEMOIl CMECH DJIEMEHTOB ITUTA-
Husi. OHOPOIHASI CMECh B €IMHOM E€MKO-
CTH WCKJTIOYAET OIIMOKY KOHIICHTpAIUU
KOMITOHEHTOB, COIMYTCTBYIONIYIO MHOTO-
pazoBoMy (OpMHPOBAHUIO ITOH cMecH
B IIPOMEKYTOYHBIX IIPOOHPKAX.

IIpouenypa TMarHOCTUKU MO MHHOBA-
[IMOHHOMY CITOCOOY CBOJIUTCSI K BHECECHHIO
MTUITETOYHBIM JI03aTOPOM B KBapIIEBYFO IPO-
OMpKy JHIIb HEMOBTOPSIOIIMXCS cMecel
DJICMCHTOB IIMTAHMA. 3aTCM OTHU KC HpO-
OHMPKH M3 CBETO3AIUTHON €MKOCTH TI00Ye-
PEITHO 3aIOTHSIOT MPEABAPUTEIHHO MTOTO-
TOBJICHHBIM OJTHOPOJHBIM T10 COJICPIKAHHIO
MOCTOSIHHBIX ~ KOMIIOHEHTOB  PacTBOPOM
W 3acBeunBaloT Ha (oromerpe. [l KoH-
TPOJIBHBIX 3aMEPOB KBAPIIEBYIO MPOOHPKY
repet 3aCBETKOM 3aI0JIHSIOT PACTBOPOM M3
CBETO3AINTHON €MKOCTH 0e3 mo0aBiIeHUS
CMCCH DJICMCHTOB ITUTAHUS.

b)

Puc. 2. Onepamnuu 3anogHeHUs TPOMEKYTOUHBIX IPOOHPOK (a) 3aMEHEHbI Ha 3allpaBKy eAMHON
CBETO3AIUTHOH eMKOCTH (b), N3 KOTOPOH 3anOIHsIeTCS KBapIeBas IpoOupKa

Fig. 2. The process of filling intermediate test tubes (a) are replaced by filling
a separate light-protective container (b), from which a quartz test tube is filled
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ITocnenoBaTenbHOCTE  BBIMOJIHEHUS
aHaM3a TI0 MHHOBAIIMOHHOMY CIIOCO0Y
clenyIomasl.

B smacTriyHON CBETO3AIlMTHOU €M-
KOCTH TIpEABApUTEIHLHO TOTOBST  pac-
TBOP TIOCTOSTHHBIX KOMIIOHEHTOB: CMECH
xynopuctoro Harpus 0,2 %, kpacku Tuis-
MaHnca 1 % W cycCIeH3un XJIOPOIIaCTOB
2 % (o0beM JI0JDKEeH OBITh HE MEHee T10-
TpeOHOCTH pPa30BOW MPOrpaMMBbl HCIIBI-
TaHui).

B kBapueBylo mnpoOMpKy NUIETOY-
HBIM 703aTopoM BHOcAT 100 MK pacTBo-
pa HETMOBTOPSIOIICHCS CMECH 3JIEMEHTOB
MUTaHusI. 3aTeM OJHOPOIHBIM PacTBO-
POM TIOCTOSTHHBIX KOMIIOHEHTOB W3 CBe-
TO3AIIUTHOW EMKOCTH 00BEM pacTBOpa
B KBapIIeBOH MPOOMPKE JOBOAAT 10 7 MIT
1 3aCBEUHBAIOT Ha (hOTOMETpE.

IIpy BBINOJIHEHHH OJHOIO aHaNIM3a
KBapIIEBYI0 MPOOUPKY 3aCBEUYMBAIOT HAa
(hotomerpe 24 pasa: 16 3aCBETOK C UCIIbI-
THIBAEMBIMH HETIOBTOPSIFOIIIUMUCS CMECSI-
MU 3JICMEHTOB TUTAHUS U 8§ KOHTPOJIBHBIX
3aMepoB, IJIe CMECH DJICMEHTOB MUTAHHUS
He UCTIoNB3yIoT. CyMMapHBI 00beM TIpo-
OMPOK, 3aIOHAEMBIX U3 CBETO3AIIUTHOM
eMKocTH, He MeHee 7(16 + 8) = 168 ML

ITokazanust poTroMerpa oTpaxkaroT ¢oro-
XUMHUYECKYH aKTHBHOCTbH XJIOPOILIACTOB
U SIBJISIFOTCSL UCXOHBIMH JIJIsl IMATHOCTH-
KM TIOTPEOHOCTU PACTCHHUU B 3JIEMEHTaX
MTUTaHMSL.

Pe3yabrarsl Hcclie10BaHus

Jlmarnoctuyeckue JEUCTBUSL COEp-
JKar 5 TOCJIEeIOBATEIBHO BBITOIHIEMBIX
sTanos [24] (puc. 3).

Jis M3BECTHOTO W WMHHOBAIIOHHO-
TO CIIOCOOOB JMArHOCTUKH OTambl 1-3
U 5 uaeHTUYHbL. Pasmuums 3akimodarorcs
JIIIB B ATare 4, OpHEHTUPOBAHHOM Ha HC-
MOJTH30BaHUN TPHOOpa « AKBAIOHUCY.

B mporecce peanuzanuu  JaHHOTO
JTana BapuaOeNbHOCTh KOHIICHTPAIUH
KOMITIOHCHTOB B IPOMEXYTOYHBIX TIPO-
OMpkax 1O H3BECTHOMY cCrocoly orre-
HUBAQJIM BEJIMYUHOW OINMOKHU, C KOTOPOWM
KOMITOHEHTBI JIO3UPYIOTCSl ITHIIETOYHBI-
MU JI03aTOpaMi. B MpoMekyTOUHBIX TIPO-
OMpKax TOTOBWJIM PACTBOPBI JUISI 3aCBET-
KA Ha ()OTOMETPE C IIENBI0 OTIpPeIeTICHHS
(hoTOXUMIYECKOW aKTUBHOCTH XJIOPOTIJIa-
CTOB, TSl 9€TO B HUX MIOCPEICTBOM ITHTIE-
TOYHBIX JI03aTOPOB BJIMBAJIMA PACTBOPHI:

— 10 ma (10 r) XJOpHCTOTO HATPUS
0,2-TIpOIIEHTHON KOHIICHTPALIHH,

1. IloaroToBKa NpenapaToB JJisl BHINOJIHEHHS AaHAJIN3A /
Preparing preparations for the analysis

2. OT0Op JHCTBEB KYJIBTYPbI U5l JHATHOCTHYECKUX
neiicrBuii / Selection of crop leaves for diagnostics

3. BbITS2KKA CyCHEH3HH XJI0POILIACTOB U3 JIMCTheB
KyabTypbl / Chloroplast suspension extract from leaves
of the plant

4. BoinoJiHeHHe IHarHOCTHKH € HCIO0JIb30BaHUEM
npudopa «AxkBagonuc» / Performing diagnostics with
the device Aquadonis

5. KomnbloTepHasi ONTHMH3AIUs NHTAHUS PacTeHuit /
Computer optimization of plant nutrition

Puc. 3. TocnenoBarenbHOCTD BBITOMHEHHS (PyHKIIMOHAIBHOW IHATHOCTUKH
Fig. 3. The sequence of performing functional diagnostics

Agricultural engineering
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— 100 mxu (0,1 1) kpacku Tunbmanca,

— 100 mxu (0,1 T) HemOBTOPSFOIICHCS
CMECH COJIeH DIIEMEHTOB UTAHUS,

— 200 mkn (0,2 T) TIPUTOTOBICHHOM
CYCITEH3WH XJIOPOILIACTOB.

[TonyyeHHON B Ka)I0H U3 NPOMEXY-
TOYHBIX TMPOOUPOK CMECHIO HAITOIHSIH
KBapIIEBYI0 MPOOUPKY, KOTOPYIO 3acBe-
yuBajiM Ha (HOTOMETpE C TMOCIEAYIONIUM
ompeeNneHHeM 3HaueHul (QoTroxumude-
CKOHM aKTUBHOCTH XJIOPOILIACTOB.

[TpuumrHa BBICOKOW BapHaOEIbHOCTH
WCXOIHOW ONTHYECKOW IUIOTHOCTH pac-
TBOPOB, TOCTYNAIOUIMX B KBapLEBYIO
MPOOHPKY, 3aKIFOYACTCS B HaKaITMBarO-
mieiicss OIMMOKe MPU MX pa3iiuBe 10 Mpo-
MEXYTOYHBIM TIPOOHMpKaM  KOMIIOHEH-
ToB. OOyciOBICHA OHAa Pa3HSIIIAMCS
00BEMOM PacTBOPOB MOCTOSTHHBIX KOM-
MOHEHTOB BCJICACTBUE CYMMAapHOH TO-
IPEITHOCTH JI03aTOPOB TPH 3aIOJHEHUN
MIPOMEKYTOUHBIX TIPOOHPOK.

Jna onpenenenus OmMOKU J103UPO-
BaHMS IPOM3BEICHO TECTUPOBAHUE HC-
MOJB3YEMbIX MHIETOYHBIX  JI03aTOPOB.
O0beM omHOpOmHOM KuAKocTH (1 M)
sKBHBaJieHTeH ee Becy (1 T). YuwurbiBasd,
YTO WMEIOIIMMCS TPUOOPHBIM 000pyIOo-
BaHUEM Mallble 00BhEMBI Uepe3 BeC HJICH-
tuduupyercs 0ojee TOYHO, BapradeIb-
HOCTHh KOMIIOHEHTOB PacTBOpa OIIEHHUBAJIH
COOTHOIIICHUEM HUX BECOB.

s TecTupoBaHMsS  UCIOJB30Ba-
mu anexktponneie Bechl BK-600, y xo-
TOPBIX TPW B3BCIIMBAHWU B JHaria3o-
He 0,5-600 r AUCKPETHOCTH OTCUETa
cocrapisier 0,01 1°. XiopucThIii HaTpHiA
mo 10 mu (10 r) mo3upoBaiy MexaHHYe-
CKHUM IHIIETOYHBIM J03atopoM «JleHmu-
me™» Thermo Fisher Scientific (®urIsIH-
nust). JI7s O3MpOBKM pacTBOpa KpacKH
TunbMaHca ¥ HEMOBTOPSAIOIIUXCS cMecen
COJNIEl HWCIBITHIBAEMBIX DIIEMEHTOB ITH-
TaHWsl TPUMEHsUIM J1o3arop «JleHmumer
Komop» — 100 mxx (0,1 r). Cycnensuto

XJIOPOIIACTOB  JIO3UPOBAIA  MIPUOOPOM
«Jlennumer Komop» — 200 mxn (0,2 ).

Pe3ynbraThl TeCTUpOBaHUS 103aTOPOB
MIpeICTaBIeHBI B TabmwmIe 1.

Hwxanii paGounii nuana3oH BecOB
BK-600 cocrasinser 0,5 1, 4TO NpeBbIIAET
Bec 103 0,1 T (100 mxi) m 0,2 T (200 MxT)
npudopoB «Jleamumer Komop». YToOsr
YI0XKHUTBCA B pabounii nuanazon BK-600,
MaJjbie TO3UPYEMBIE Beca TOTIOTHSITH BBI-
BEpPEHHBIM OajylacTHBIM BecoM G MpOU3-
BOJILHOM, HO ITOCTOSIHHOM BEJIMYUHBI. Bec
G TmpeBbINIACT HIKHUK TIpeiesl pabodero
JTMara3oHa B3BEIINBaHUS (B JaHHOM CIIy-
gae G =10>0,5r). [locne 3amepa cymmbl
BeCoB 0ayutacTHBIN BeC (G BRIYATAJIH.

Hanpumep, no3y Tectupyemoro mo3a-
topa «Jlennuner Konop» 100 pasrpyxa-
mu Ha iatgopmy BK-600 B nomonHeHn™
Kk Becy G. IlepBoe mokazanue BECOB CO-
craswio G + 0,1 . IIpu sTOM BenmuuHY
pasTpyKEHHOU MTO3bI OTPEACIISITH Pa3Ho-
cteio (G + 0,1) — G = 0,1 1. 3arem Oan-
JIACTHBIM BEC C NIEPBOM 1030 TOMOJIHSIIN
BTOPOW /1030, BEIMUMHY KOTOPOU OIpe-
nensma passocteio (G + 0,1 + 0,09) —
- (G+0,1)=0,09 T u 1. 1. KoMIIOHEHTBI
pacTBopa, 3acBEUYMBAEMOrO Ha (oToMe-
Tpe, pacHpeelstoTCs MO0 TPOMEKYTOU-
HBIM TIPOOMpPKAM THIIETOYHBIMH J103aTO-
paMu ¢ OITHOKON A:

(1

IIe X, 0 — COOTBETCTBEHHO CpeaHee
apudmeTnyecKkoe 3HAYCHHWE U CpelHe-
KBaJ[paTHYeCKOE OTKIIOHEHHWE Beca 03
KOMITOHEHTOB TIpH (DOPMHUPOBAHUH CMECH
B pactBope, I. IIpomoprimoHaabHO Becy
KOMITOHEHTOB U3MEHSETCS UX KOHIICHTPa-
st B pactBope. [Ipu BeIOOpKe /103 72 TO-
KazaTeJy X, 0 OTPEJISIISUIH 10 (POpMyIam:

1 n
X==>x,T
noo

A=100Z %,
X

3 URL: https://www.medcomp.ru/catalog/product/vesy-laboratornye-massa-k-vk-600/ (nara oGpaiie-

aus: 20.07.2022).
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Tabnunal
Tablel
TecTupoBaHue CTAHAAPTHBIX MHNETOUYHBIX 1032TOPOB
Testing standard pipettes
X10puUCTBIA HaTpuit Kpacka Tunpmanca Cycnensus
KOMITOHEHTEL 0,2-npouieHTHON | 1-NIPOLIEHTHOM KOHIIEHTPALIH, XJIOPOIUIACTOB
pacteopa / Solution goggeHTpﬁuH% / cMech conei I/ICHLITBI];aleMLIX 2-Hp0LIeHTH/OgI
components odium chloride JIEMEHTOB NUTaHusi / 1 per | koHueHTpawun / 2 per
0.2 per cent cent Tillmans paint, a mixture cent suspension of
concentration of salts of the tested nutrients chloroplasts
Hopmupyemas
J103a pacTBopa, T /
Normalized dose of 10 0.1 0.2
solution, g
«Jlennumer»
Thermo Fisher Jle 1 Komiony
Mapka nro3aropa / Scientific, 10 mn/  «Jlernmuner Komopy», 100 Mk / 200H£E§ /TLenHi pet’
Dispenser brand Lenpipet Thermo Lenpipet Color, 100 pul Color. 200 P lp
Fisher Scientific, ’ "
10 ml
1 9,97 0,10 0,20
2 9,93 0,09 0,20
3 9,87 0,09 0,21
4 9,96 0,10 0,20
5 9,83 0,08 0,18
6 9,92 0,09 0,20
7 9,91 0,11 0,19
8 9,95 0,08 0,21
9 9,86 0,09 0,19
Bribopxka o3, r/ 10 9,92 0,10 0,19
Sample of doses, g 11 9,98 0,09 0,19
12 10,06 0,09 0,18
13 9,98 0,15 0,20
14 9,98 0,15 0,19
15 10,04 0,13 0,19
16 10,04 0,09 0,19
17 10,05 0,10 0,21
18 9,99 0,10 0,19
19 9,98 0,08 0,19
20 10,05 0,09 0,19
Cpennee
apupMeTHIECKOe
3HaueHue, T / Arithmetic 9,96 0,10 0,19
average, g
CpenHeKBaipaTHIecKoe
OTKJIOHEHHE, +T / 0,0661 0,0205 0,0089
Standard deviation, +g
Ommbka, % / Error, % 0,7 20,5 4,6
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G:i\/sT,r,

e s° — JAUCTIEPCHs OTKIIOHEHHST KOHIICH-
TpPAIUH KOMIIOHEHTOB B CMECH OT CpEIIHE-
r0 apU(pMETHIECCKOTO, T

—\2
2= 27115?1_)6) T

ITo mHHOBaIIIOHHOMY CTIOCO0Y KBap-
11eBasi MpOOHpPKa 3arOIHAETCS PACTBOPOM
M3 CBETO3ALIUTHONW EMKOCTH, COJEpIKa-
el ONHOPOJIHYIO JJI BCEX MCIBITaHUMN
KOHIICHTPALIMIO TOCTOSIHHBIX KOMIIOHEH-
TOB, TO €CTh BapruadeIbHOCTh KOHIICHTpA-
[IUU JIAHHOTO PAacTBOPA JIJISl BCEX UCIIBITA-
HUU CTPEMUTCSI K HYJIIO.

Amnanu3 Tabnmuibl 1 MOKa3bIBAET, UYTO
paccuntanHas 1o Qopmyne (1) ommo-
Ka TECTHPYEMBIX J103aTOPOB BO3pacTaeT
¢ yMeHblUIeHHeM 103 u coctaiser 0,7;
4,6 m 20,5 %.

IIpu  popmupoBaHUM  M3BECTHBIM
CIoco0OM pacTBOpa CMECH IMOCTOSHHBIX

KOMIIOHEHTOB 00111asi OIIMOKa X KOHICH-
Tpalyy ONpPEAesieTCs] KOCBEHHBIM ITyTeEM
0 pe3yJIbTaTaM NPSIMbIX U3MEPEHUH KaX-
JIOTO U3 KOMIIOHEHTOB. TOYHOCTH OIIBITa
JUIS. CyMMBI KOMIIOHEHTOB B pacTBOpeE 3a-
KIIIOYEHAa MEX1y HauOOJbIIMMHU M Hau-
MEHBIIMMH 3HAYCHUSIMHU CJIaraeMbIX.
[IpakTrueckn GepyT cpenHio apudpme-
TUYECKYI0O BEJIMYMHY OIIMOKH, KOTOpas
JUTS TAHHOTO Cliy4ast cocTaBisieT 8,6 %°.
WHHOBaMOHHBIN cIOCO0 POPMUPOBAHUS
OJTHOPOJHOM KOHLEHTpPAlUd KOMIIOHEH-
TOB pacTBOpa MPEAOTBpAILAET Ty OIIUO-
Ky U TeM CaMbIM IIOBBIIIAET JOCTOBEP-
HOCTb AuarHoctuku [30].

Kpome Toro, yctpaneHnue psizia onepa-
LU IpoLeAYphl AUATHOCTUKHU 110 HOBOMY
croco0y YCKOpSAET €€, YTO B YCIIOBHAX
OTrPaHUYEHHOTO BPEMEHH KU3HH XJIOPO-
TUTACTOB ONATOTMPHUSATHO CKa3bIBAETCS Ha
MOJTyYEHUH JOCTOBEPHBIX JaHHBIX. Jlis
CPaBHUTEIHHON OIIEHKH 3aTpaT BPEMEHH
Ha HCIIOJTHEHHE JMarHOCTUKH CpaBHUBA-
eMBIMH CIIOCO0aMU BO3HHKJIA HEOOXOOM-
MOCTB MX XpOHOMeTpaxa (Tali. 2).

Tabnuma?2
Table2

XpoHOMeTpaK 3aTPaT BpeMEeHU Ha BbINOJIHEHHE 3TAaNa AMArHOCTHKH
¢ HCIO0JIb30BaHHEeM NPHOOPa KAKBAaJOHHC», MUH

Analyzing the time spent on the implementation of the diagnostic stage
using the device Aquadonis, min

[ToeTopHOCTH / Repetitions
N3BecTHBIN NHHOBAIIMOHHBIN
Ne HanmenoBanmne nprema / Name of reception cnoco6 / Known crocob /
method Innovative method
2 3 1 2 3
1 2 3 4 5 6 7 8

HaronHeHne MmiacTHKOBBIX HPOOUPOK XJIOPHUCTHIM Ha-
tpueM 0,2-TpOLIeHTHOW KOHIEHTparuu (24 mT. 10
10 mut). Mcnonb3yercss mUneToyHbld j103atop «JIenmnu-

1 mer» Thermo Fisher Scientific, 10 mu / Filling plastic test

511 5,07 533 0 0 0

tubes with 0.2 per cent sodium chloride (24 pcs of 10 ml).
It is used the pipette dispenser Lenpipet Thermo Fisher

Scientific, 10 ml

4 Benensimua I B. OG1asi METOMKA SKCIIEPUMEHTAIBHOTO MCCIIENOBAHMS U 0OPAOOTKH OMBITHBIX

nmaaaeix. M. : Koxoc, 1973. 199 c.
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Oxonuanue mabnuywt 2 / End of table 2

L]

2

[ 3 [als e [7]s

11

12

BHeceHne B IIaCTUKOBBIE MPOOMPKH PacTBOpa Kpacku
TunpmaHca 1-pOLEHTHON KOHIEHTpamuu (24 MmT. 10
0,1 mun). Mcnonb3yeTcss muneTouHslid go3arop «Jlenmnu-
et Komop», 100 Mk / Adding 1 per cent Tillmans paint
solution (24 pcs of 0.1 ml) into plastic test tubes. It is
used the pipette dispenser Lenpipet Color, 100 pl

BHeceHue B IIaCTHKOBbIE POOUPKH PacTBOpa CMECH CO-
JIeldl WCTIBITHIBAEMBIX JJIEMEHTOB NHTaHusA (16 ImTyK 1O
0,1 mu). Mcnomnb3yercst nUneTo4uHslil no3atop «Jlenmumner
Komnop», 100 mxi1 / Adding a solution of a mixture of salts of
the tested nutrients (16 pcs of 0.1 ml) into plastic test tubes.
It is used the pipette dispenser Lenpipet Color, 100 pl

IIpoMbIBKa JIUCTHJUIMPOBAHHOM BOIOM IMHIIETOYHOTO
J103aTopa Mocje KaXkJ0r0 BHECEHUsS] CMECH HCIBIThIBAc-
MBIX 3remMeHToB nutanus (16 pa3) / Rinsing the pipette
dispenser with distilled water after each addition of the
mixture of tested nutrients (16 times)

BHecenne B IUIaCTHKOBBIE IPOOUPKU CYCIICH3UH XJIO-
porutacToB 2-mpoLeHTHON KoHumeHTpamuu (16 mT. mo
0,2 mi). Mcronmp3yeTcst MUTIETOMHBINA f03aTop «JIeHmu-
niet Komop», 200 mxit / Adding 2 per cent suspension of
chloroplasts (16 pcs of 0.2 ml) into plastic test tubes. It is
used the pipette dispenser Lenpipet Color, 200 pl

IlepememmBanue pacTBopa B Kaxxa0i u3 16 mr. rmactu-
KOBBIX IPOOMPOK OCTOPOKHBIMHU BpAIlaTeIbHBIMHU JIBU-
sxxeHussmu / Mixing the solution in each of the 16 plastic
test tubes with gentle rotational movements

HaronHeHne pacTBOpPOM KBapIeBOW NPOOUPKH U3
16 mnactukoBbIX mpobupok / Filling a quartz test tube
with a solution from16 plastic test tubes

3acBeunBaHUE KBAPIEBOM MPOOMPKHU Ha (poTomeTpe, 16 miT. /
Iluminating a quartz test tube with a photometer, 16 pcs

OmnopokHEHHE KBAPIEBOW TPOOUPKH U IPOMBIBKA €€ JIU-
CTHJUTUPOBAaHHOM Bomoii, 16 mT. / Emptying the quartz
test tube and washing it with distilled water, 16 pcs

DopMHpOBAHKE B €JMHON CBETO3AILUTHON €MKOCTH pac-
TBOpA IOCTOSIHHBIX KOMIIOHEHTOB (CMECH XJIOPHCTOTO
Harpust 0,2 %, xpackn Tumbmanca 1 % wu cycreHsnm
xyioporutactoB 2 %) / Forming a solution of permanent
components (a mixture of 0.2 per cent sodium chloride,
1 per cent Tillmans paint and 2 per cent suspension of
chloroplasts in a separate light-protective container

BHecenne B KBapIIeBYIO MPOOUPKY PacTBOPA CMECH colelt
HCTIBITBIBAEMBIX dNIeMeHTOB rmutanus (16 mrt. mo 0,1 m).
HMcnone3yercs nuneTouHsit no3arop «Jlennumner Konopy,
100 mxxn / Adding a solution of a mixture of salts of the
tested nutrients (16 pcs of 0.1 ml) into a quartz test tube. It
is used the pipette dispenser Lenpipet Color, 100 pl

3anonHeHne KBapLeBOW MPOOMPKH PAacTBOPOM IOCTOSH-

HBIX KOMITOHEHTOB U3 €IMHOHN CBETO3AIINTHOW E€MKOCTH,

16 . / Filling a quartz tube with a solution of permanent

components from a single light-protective container, 16 pcs
Bcero / Total:

Cpennee / Average:

Agricultural engineering

425

3,36

4,48

532

3,11

3,25

0,53

0,32

29,73 29,69 29,21

4,09

3,50

4,21

5,46

3,03

3,51

0,51

0,31

3,90

4,36

537

2,84

3,40

0,50

0,34

29,5+0,29

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0,52 0,52 0,53
0,33 0,30 0,34
9,15 937 9,18
3,06 292 296
4,12 3,94 3,87
17,18 17,05 16,88
17,04 £ 0,15
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[lo pesympratam  BBIIOJIHEHHOTO
XPOHOMETpaXka 3aTpaTbl BPpEMEHH Ha HC-
MOJIHEHUE TUArHOCTHKH 110 M3BECTHOMY
croco0y coctaBwid 29,5 MUH, a ¢ IpuMe-
HEHMEM MHHOBALIMU OHU COKPAaTUIINCH A0
17,04 muH.

O0cy:xaeHue u 3aKJII0YeHHe

Wznoxennoe mnpuOOpHOE W METOJO-
Jlorugeckoe obecrieueHne PyHKINOHAIb-
HOW JMAarHOCTUKH HOTPEOHOCTH pacte-
HUH B 2JIeMEHTax MUTaHHU 00eCreYrBaeT
B CpellHEM CHIDKeHHue Ha 8,6 % omuoOKu
B MOJyYEHUN TUATHOCTHYECKUX JAHHBIX.
Kpome Toro, B 1,7 paza cokparmiarorcs
3aTparbl BPEMEHHM H, COOTBETCTBEHHO,
TpyJa Ha BBIIIOJHEHUE JUArHOCTHYECKHX
MPOLEAYP BCIEACTBUE OTCYTCTBUSI HEOO-
XOAUMOCTH 000COOJICHHOTO pacmpee-
JIeHHsl 10 NPOMEKYTOUYHBIM HPOOMpPKaM

MOCTOSIHHBIX KOMIIOHEHTOB PacTBOpa. ITO
MO3BOJISIET YCKOPHUTH 00CIeJ0BaHUE OTO0-
paHHBIX JINCTHEB B HamOOllee aKTUBHOM
JKU3HEHHOW (pa3ze XJIOpOIUIACTOB U JIO-
MOTHUTENIFHO CMOCOOCTBYeT MHWHUMH3aA-
[IUU OIMOKY B MCTIbITaHusIX. ClencTBHEM
MPAKTHYECKOTO HCIOIB30BAHUS MHHOBA-
IIUH SIBJISIETCSI OOJIee PKOHOMHOE PacXo/0-
BaHHE YJOOpPUTEIBHBIX PECYpCOB, a TaK-
JK€ YJIydllleHHE KayecTBa MPOU3BOIUMOMN
CEIIbCKOXO3SIMICTBEHHOW MNPOMYyKLUU, HE
33Fp513HCHHOI71 M30BITOYHBIMA DJIEMEHTA-
MU TIUTaHMsI. YUYUTHIBAs, YTO HEKOTOPHIC
U3 DJIEMCHTOB IHTAHUS SIBIISTIOTCS TSDKE-
JBIMHA METAJIAMH, TOYHOE JIO3UPOBAHHE
WX, B COOTBETCTBUH C MOTPEOHOCTAMU pa-
CTEHUH, O0O0€ECIeUnBAET JKOJIOTHUYECKUI
3¢h(deKT B BUAC IMIAIANIETO XUMHUICCKOTO
BO3/ICHCTBHUS Ha OKPYIKAIOIIYIO CPEy.
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OnpenesieHne HOMHUHAJIBHBIX 3HAYEHUI pa3MepoB
U I0NYCKAaeMbIX OTKJIOHEeHMIi 0TBETCTBEHHBIX JieTaJjeil
arperaroB 3apy0e;KHOH TeXHUKHU
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Annomauusn

Beeoenue. bes TexHnIeCKOl (KOHCTPYKTOPCKOW) JOKYMEHTAIMH pa3paboTKa 1 aTanTanus
OTCUCCTBEHHBIX TEXHOJOTHH, HAMPABICHHBIX HA TEXHUYCCKOC O0CTYKUBAHUE U PEMOHT
3apyOeXHOU TEXHHWKH, HE TIPECTABIICTCS BOSMOKHOM. B KauecTBe 00beKTa Mccaeq0Ba-
HUI BEIOpaH HanboJiee pacipoCTPaHeHHBIH 3apyOeKHbIN 00bEeMHBIIT THIPONTPHUBO Sauer-
Danfoss cepun 90, cocrosmuit u3 ruaponacoca 90R100 u ruapomortopa 90M100. Lens
HCCIIEZIOBAHUS — OIPEIEINTh HOMUHAJIbHBIC 3HAYEHHSI pa3MEPOB U JOMyCKAEMbIE OTKJIO-
HEHHS JICTalleil B PECYpPCOTMMHUTHPYIOMINX COCANHEHNAX 0O0BEMHOTO THAPOIPUBOAA 3a-
PyOEKHOTO TIPOU3BO/ICTBA.

Mamepuanvt u memooui. [lepBast ceprsi CTEHIOBBIX UCTIBITAHUH MOCBSIICHA IMOUCKY JTHa-
MMa30HOB M3MEHCHHUS 3HAUUMBIX (DAKTOPOB, OKA3BIBAIOIINX BIUsHUE HA 00bemHbIH KIT/I.
Bropast cepust — MOIy4eHUIO PErpeCCHOHHBIX MOJIENEH U OTIPEETICHUIO METOIOM KPYTOTO
BOCXOX/ICHUS 3HAUEHUI M3HOCA JIeTaliell ¥ 3a30POB B PECYPCOTMMUTUPYIOIIUX COEUHE-
HUSX 00bEMHOTO THAponprBoaa Sauer-Danfoss, COOTBETCTBYIONIMX BETHYHMHE 00BEMHO-
ro KII/] HoBoro arperara. HomuHanpHble 3Ha4€HUsI pa3MEPOB U JIOMYCKAEMbIE OTKIJIOHE-
HUS JeTajell B COeqUHEHHSIX THIPOIPUBO/IA OTPEIEIISUTA METOAOM Pa3MEPHOTO aHAIIN3a.
Pezynemamur uccneoosanus. CTEHIOBBIE WCIBITAaHUS TIO3BOJWIN OMNPENEITUTh JUANa30HbI
W3MEHEHHMS M3HOCOB JICTANICH M 3a30pPOB B COSIMHEHHUAX OOBEMHBIX THIAPOIPUBOIOB, BIIHS-
rormx Ha oobemusiii KT/, [peioxkeH u peaTi30BaH KOMILICKCHBIN MOIXO K OTPEICIICHHIO
HOMHUHAJIBHBIX Pa3MEpOB U JIOIMYCKAEMbIX OTKJIOHEHHI OTBETCTBEHHBIX JICTANICH arperaTon
3apyOSIKHOW TEXHHKH, BKIIOUAOIINA KOMOWHAIIMIO SKCIICPUMEHTATIBHBIX HCCIICIOBAHMUI
(CTeHIOBBIE UCTIBITAHUS) H METOA Pa3MEPHOT0 aHajm3a. J{jisi HOBOro 00beMHOTO THAPOTIPH-
Bozia Sauer-Danfoss ceprn 90 MoyUeHbI CITEIYIONIHE 3HAYCHUS: THAMETP OTBEPCTHS B OJIOKe
[AJTHH/IPOB 1101 Tiopiiiers 22,7 0%% vm; nuamerp mopiast 22,7 004 MM; THAMETP OTBEPCTHSI
B 3aJ(HEH KPBIIIKE [10]1 30JI0THUK 9,57%%%* Mm; uaMeTp 30510THHKA 9,5 40025 MM.
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Obc¢yorcoenue u 3axnouenue. OTpeieleHbl HOMUHAJIBHbBIE 3HAYCHHSI pa3MEepPOB 1 JI0ITyCKa-
eMble OTKJIOHEHHSI JIeTajel, a TAK)Ke BEIMYMHBI TEXHOIOTHIECKUX 3a30POB B PECyPCOIIH-
MUTHPYIOIIUX COSTUHCHUSIX HOBOrO 00beMHOr0 ruaponprBona Sauer-Danfoss cepunt 90.
TlomydeHHBIE Pe3yNbTAThl SBISIIOTCS OCHOBOW ISl pa3padOTKU TEXHOJIOTHH BOCCTAHOB-
JICHUs1 PabOTOCTIOCOOHOCTH U TIOBBIIICHUSI IOJTOBEYHOCTH arperaroB 00beMHOTO THAPO-
NPUBO/IA 3apYOSKHOTO TIPOM3BO/ICTRA.

Kntoueevie cnoeéa: 0GbEMHbIH I'HAPONPUBO, CTEHIOBBIC HCIBITAHMS, KOIQOHUIMEHT MO-
JIE3HOTO JEHCTBUS, KPUTEPHI MPENEIBHOTO COCTOSHUS, PECYPCOIMMUTHPYIOIIEE COSIH-
HEHHE, PerpecCHOHHAs MOJIEIb, pa3MEpHast Lelb

bnazooapnocmu: aBTOpHI BEIPXKAIOT IPH3HATEIIBHOCTH AHOHUMHBIM PEIICH3EHTaM.
Kongpnuxm unmepecog: aBTopsl 3asBISIOT 00 OTCYTCTBUH KOH(INKTAa HHTEPECOB.

Jna yumupoeanun: OnpeneneHne HOMAHAIBHBIX 3HAYCHUH Pa3sMepoB U JOITyCKAeMBIX
OTKJIOHCHUH OTBETCTBEHHBIX JeTaliell arperaroB 3apyOexxkHoil Texuuku / I1. A. MonoB
[u np.] // Umxenepusie Texnonoruu u cuctemsl. 2022. T. 32, Ne 4. C. 520-538. doi: https://
doi.org/10.15507/2658-4123.032.202204.520-538
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Determination of Nominal Dimensions
and Permissible Variations in Dimensions
of Critical Parts of Foreign Machinery Units

P. A. Tonov, P. V. Senin, S. V. Pyanzov*, N. V. Rakov,
A. M. Zemskov

National Research Mordovia State University

(Saransk, Russian Federation)

1 serega.pyanzov@yandex.ru

Abstract

Introduction. Developing and adapting domestic technologies aimed at the maintenance
and repair of foreign equipment is impossible without design documentation. The object
of the study was the volumetric hydraulic drive Sauer-Danfoss of 90 series consisting of
a hydraulic pump 90R100 and a hydraulic motor 90M100. The purpose of the study is to
determine the nominal dimensions and permissible variations in dimensions of critical
parts that affect efficiency of the foreign hydraulic drive.

Materials and Methods. The first series of bench tests was devoted to finding the ranges of
variation of significant factors influencing the volumetric efficiency. In the second series,
there were constructed regression models and by using the steepest ascend method, there
were determined the values of critical parts wear and clearances in the critical parts con-
nections affecting efficiency of the hydraulic drive Sauer-Danfoss. The nominal values of
dimensions and permissible variations in dimensions of the hydraulic drive critical parts
were determined by the dimensional analysis method.

Results. The bench tests made it possible to determine the ranges of changes in critical
parts wear and clearances in the critical parts connections of volumetric hydraulic drives
that affect the volumetric efficiency. There has been proposed and implemented a com-
prehensive approach to determining the nominal dimensions and permissible variations
in dimensions of critical parts of foreign equipment units. This approach suggests a com-
bination of experimental studies (bench tests) and the method of dimensional analysis.
For the new volumetric hydraulic drive Sauer-Danfoss series 90 the following values are
received: diameter of a hole in the cylinder block under the piston 22.77%% mm, piston
diameter 22.7 4004 mm, diameter of a hole in the rear cover under the spool 9.5 mm,
spool diameter 9.5 05 mm.
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Discussion and Conclusion. There have been determined the nominal values of dimen-
sions, permissible variations in dimensions of critical parts, and the values of technolo-
gical clearances in the critical parts connections of the new volumetric hydraulic drive
Sauer-Danfoss series 90 that affect its efficiency. The results obtained are the basis for
the development of technology to restore the efficiency and increase the durability of the
volumetric hydraulic drive units of foreign origin.

Keywords: volumetric hydraulic drive, bench tests, efficiency factor, limit state criterion,
regression model, dimensional chain

Acknowledgements: The authors express their gratitude to the anonymous reviewers.
Contflict of interest: The authors declare no conflict of interest.
For citation: lonov P.A., Senin P.V., Pyanzov S.V.,, et al. Determination of Nominal Di-

mensions and Permissible Variations in Dimensions of Critical Parts of Foreign Machin-
ery Units. Engineering Technologies and Systems. 2022;32(4):520-538. doi: https://doi.

org/10.15507/2658-4123.032.202204.520-538

BBenenne

B nepuog 2005-2015 rr. Poccuiickas
®denepanys aKTHBHO 3aKymayia SHEproHa-
CBIIIIEHHYIO U BHICOKOTIPOU3BOIUTEIHHYIO
TEXHHUKY 3apyOeKHOTO IPOU3BOJICTBA.
B rapanTuiiHblii niepuoa dKCIUTyaTaluu,
B cpemHeM 3—5 JeT, IpoOJeMbl C TEXHH-
YECKUM 00C/Ty)KMBaHUEM U PEMOHTOM BblI-
HICIICH W3 CTPOsi TEXHUKH peliaii Ju-
JIepcKue LEeHTpsl mnpousBogutenei. Ilo
WCTEYEHUH rapaHTUIHOTO MepHoAa ¢ TeX-
HUYECKUM OOCIYy)KUBAaHHEM W PEMOH-
TOM BO3HHKAIU CJIOKHOCTH. [luiiepckue
[EHTPbl YaCTUYHO PEIalT 0003HAuCH-
HYIO MPOOJIEMY: OCYIIECTBISIFOT 3aMeHY
(ponaxy) HOBBIX arperaToB WM HEOO-
XOIMMBIX 3allaCHBIX YacTed 3a OONBIIYIO
cronMocTh. OTHAKO B OOJBITHHCTBE CITY-
4yaeB, HE UMes IOCTaTOYHBIX (PHHAHCOBBIX
CpEenCTB, MPOOIIEMY TEXHUIECKOTO 00CITy-
JKUBAHUS U PEMOHTA B IIOCTTapaHTUIHBIN
MEPUOJT peliaii COOCTBEHHBIMHU CHJIAMU
U CpeJCTBaMM 3KCILTYyaTHPYIOLIUX Opra-
HU3aIui.

Beenenne B 2014-2022 rr. caHkiuii
MIPUBEJIO K CYIIECTBEHHOMY COKPAILEHHIO
MMIIOPTa HOBBIX arperaroB W 3allaCHBIX
YacTel s TEXHUYECKOTO 00CITy)KUBAHHUS
1 peMoHTa. V3-32 3TOT0 OOIBIIMHCTBO JTH-
JIEPCKUX IEHTPOB 3aKPBIJIOCH. DTO CEPhe3-
HO 00OCTPHIIO CHUTYaIHIO C TEXHUYECKUM
00CITy>)KNBaHUEM U PEMOHTOM 3apy0OeKHOM
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TEXHUKU. BBIXOm BUIUTCS B pa3paboOTKe
HOBBIX TEXHOJIOTHI TEXHUYECKOTO 00CITy-
JKUBAHUSI M PEMOHTA 3apyOeI)KHOW TEXHH-
KM WM aJanTalud CYIISCTBYIOMNX OTE-
YECTBEHHBIX TeXHonorui. OmHako 0e3
TEXHUYECKOW (KOHCTPYKTOPCKOM) OKY-
MEHTAIIUH, SBIISIOLICHCS KOMMEPYECKOM
TallHOW 3aBOJIOB-M3TOTOBUTENIEN, PELINUTH
JNAaHHYIO 3a/a4y HEBO3MOXKHO. [loaTomy
aKTYaJIbHBIM SIBJISICTCSI HCCIIEJIOBAaHUE, Ha-
MPaBJICHHOE Ha OIpE/eICHUe HOMUHAIb-
HBIX 3HAUEHUH pPa3MepoB H JIOYCKaeMbIX
OTKJIOHEHHH OTBETCTBEHHBIX JCTalleH ar-
peraToB 3apyOesKHON TEXHUKH.

Opnott 13 HamboJiee CIOXKHBIX U J0-
pPOTOCTOSANITX CHCTEM B COBPEMEHHOM
SHEPrOHACHIIIEHHOHN 3apy0eKHOI TeXHUKE
SIBJISICTCS IPUBOJT XOJIOBOM YaCTH, BKITIOUA-
IOLIMI B CBOE€ KOHCTPYKTHBHOE HCIIOJIHE-
HUE CJIOKHBIC aKCHUAIIbHO-TIOPIIHEBbIC TH-
JIpoarperarbl: TUAPOHACOC U THIPOMOTOP.
JlaHHble THIpOArperatbl 00pasyroT eau-
HYI0 3aMKHYTYH CHCTEMY — OOBEMHBIH
THJIPOTIPUBO/I, OT TEXHUYECKOTO COCTOS-
HUSI KOTOPOTO BO MHOTOM 3aBHCST HaJIeXK-
HOCTh ¥ JKCITyaTaIl[MOHHBIE ITOKa3aTelH
TEXHUKH.

ITo pesynmpTaram IpOBEICHHBIX paHEe
WCCIICNOBAaHUN YCTAaHOBJICHBI HamOoliee
pacmpoctpaneHnbie B PO momenu 00b-
eMHbIX ruapornpuBogoB: OAO «Ilues-
MocTpoiimamuHay, Poccus, u Hydrosila,
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VYkpauna, (momenu ['CT-90, I'CT-112
nu PVH/MFH-112) — 65,7 %; Sauer-
Danfoss, I'epmanus, — 24,5 % (90R100
u 90M100); Eaton, CUIA, 3,4 %
(6423-618 u 6433-113); Linde, ['epma-
Hus, — 5,4 % (BMV 70R u BMF75); Bosch
Rexroth, I'epmanus, — 0,99 % (AA4VG90
n A2FM90)".

OO6bemubIi THaporpusox PVH/MFH-112
komrannu Hydrosila siisieTcss oredect-
BEHHBIM aHAJIOTOM 0OBEMHOIO TH/POTIPH-
Bona I'CT-90, -112 mpoumsBoactea OAO
«ITneBmocTpoiimMauHay. JlaHHbIE TUIPO-
MIPUBOJIBI JICTAIBHO W3YYEHBI, €CTh KOH-
CTPYKTOpPCKasi JOKYMEHTAIMsI, M3BECTHBI
TEXHOJIOTHUECKHE 3a30pbl B OTBETCTBEH-
HBIX COCJIMHEHUSX, OTIPE/ICTICHBI IPUIHHBI
MOTEPH MX PabOTOCTIOCOOHOCTH, pa3pado-
TaHBl TEXHOJIIOTUYECKHE PEKOMEHIAIIH
[0 MX JMarHOCTUPOBAHUIO, TEXHUUECKOMY
00CITy)KUBAaHUIO U PEMOHTY?.

B mHacrosimiee Bpemsi uUHTEpec A
UCCIIeIOBaHUs TIPEJCTABISIIOT 3apyOesk-
Hble OOBEMHBIC THAPONPHUBOILL. Maio
JIAHHBIX O TMPUYMHAX TIOTEPU UX PabOTO-
CHOCOOHOCTH, OHHM CYIIECTBEHHO OTIH-
YalOTCsl B KOHCTPYKTUBHOM HCIIONTHEHUH
OTHEJIBHBIX JIeTaJIEW U coequHeHuii. Hau-
0oree pacmpoCTpaHEHHBIM 3apyOeKHBIM
npousBojutTenaeM B PD spnsercs komra-
Hus Sauer-Danfoss ¢ 0ObeMHBIM THIIPO-
npuBogoM cepur 90 (THapoHacoc MapKu
90R100 u rumpomorop 90M100)*. Drot
THIPOTIPHUBOJL BHIOPAH B KaueCTBE OObEK-
Ta UCCIIEOBAHUN.

Iens wuccnemoBaHus — OMpPENETUTH
HOMUHAJIbHBIC 3HAYCHHS Pa3MEPOB U JI0-
MyCKaeMble OTKJIOHEHHs JIeTaneid B pe-

CYPCOIMMHUTHUPYIOIINX COEJMHEHHUSAX O00b-
€MHOI0 THAPOINpHUBOAA 3apyOeKHOTO
MIPOU3BOJICTBA.

O030p uTEpaTypHI

OOBeMHBIH THAPOTPUBOI KOMITAHUU
Sauer-Danfoss cepun 90 Hammen mmmpokoe
MPUMEHEHHEe B KOHCTPYKIMSAX OTEYECT-
BEHHOW M 3apy0eXKHOI TEXHUKHU CEITHCKO-
xo3stiicTBeHHOTO (Acros 530, 580; Torum
740; RSM-161; RSM-1401)* [1], moposx-
Ho-cTpoutenbHoro (Volvo Construction
G-900; Ammann AV 70X; Case 885 B
AWD; Doosan DX255NLC-5) [2-6]
n xommyHansHOro (JCB 4CX ECO;
MKCM-800; Nilfisk City Ranger 3500;
ITYM-5021) nazuagenwus [7-13].

Kputeprem mnpenensHOTO COCTOSHHS
(kpuTepreM OIIEHKH pPaboTOCIIOCOOHO-
CTH) 00BEMHOTO THAPOTIPUBOAA SBIISETCS
CHIDKCHHE BENMYWHBI oO0bemHOTo KIIJ]
(1,;) THAPOHACOCA/TUAPOMOTOPA Ha HO-
MUHAJBHBIX PEKUMaxX paboTHI Ooliee YeM
Ha 20 % OT HOpMaTUBHOTO (TTACTIOPTHOTO)
sHaueHus’ [ 1-4].

B wuccnnmenoBaHusIX OTMEUEHO, YTO
PECYPCOTMMUTHPYIOUIMMH  COCAMHEHH-
SIMHA, BHOCSIIIUMHU 3HAYUTEIbHBIA BKIIA]I
B CHIDKEHHE BelW4YuHBI 00beMHOro KIT/]
ruaporpuBogoB ['CT Hydrosila, sBins-
IOTCSl IIOPIICHb — BTYJKA»; «30JIOTHUK —
KOpIyC», «pacmupenenuTens 1 — pacmpe-
JIETTUTENb 2» THIPOHACOCA/TUAPOMOTOPA
obwemHOTO THUApONpUBOaa. s Boccra-
HOBJICHUSI Pa0OTOCIIOCOOHOCTU JaHHBIX
THJIPOTIPUBO/IOB CYIIECTBYET TEXHOIOTHS
peMoHTa®. BOCCTaHOBUTH W3HOILCHHBIC
JISTAJId aHAJIOTUYHBIX COCIMHCHUN 3a-
PYOCKHBIX OOBEMHBIX THUIPOIPHUBOJIOB,

' TIbst30B C. B. CoBepIICHCTBOBAHIE CTEH A X METOIHUKH JULSI KOHTPOJIS TEXHHYECKOTO COCTOSIHUS 00b-
€MHBIX THPONPUBOJIOB CEJILCKOXO3SHCTBEHHOM TEXHNKH : JIUC. ... KaH[. TeX. Hayk. CapaHnck, 2021. 318 c.

2 Tam xe ; T'amun . A. Onenka paboTOCIOCOOHOCTH U IOBBIICHHE NOITOBEYHOCTH OOBEMHOIO
ruapornpusofa I'CT-90 : nuc. ... kaux. Tex. Hayk. Capanck, 2007. 224 c. ; 3emckoB A. M. TexHonorus
MOBBINIEHUS JOJITOBEYHOCTH 00beMHOro rujponpusoza (Ha npumepe ['CT-112) : quc. ... KaHA. TeX. HayK.

Capamnck, 2014. 295 c.

3 TesinzoB C. B. CoBepIieHCTBOBAHHE CTEH/IA H METOIHKH. .

4 Tam xe ; F'amun . A. Ouenka pabOTOCMOCOOHOCTH M MOBBIMICHHE JOITOBEYHOCTH... ;

3em-

ckoB A. M. TeXHOIOTHsI OBBIIMICHUS TOJITOBEIHOCTH. ..

> Tam xe.
® Tam xe.
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Hanpumep Sauer-Danfoss, He mpexncTas-
J€TCA BO3MOXHBIM, MPEXkKAE BCEro, U3-
32 OTCYTCTBHS JaHHBIX O HOMUHAIBHBIX
KOHCTPYKTOPCKHX pa3zMepax W JIOITycKae-
MBIX OTKJIOHEHHSX JeTajieil M 3Haue HUSX
TEXHOJIOTHYECKUX 3a30POB B COEIH-
HEHUSX.

B nacrosmee Bpems ans ompenere-
HUS pa3MepOB OTBETCTBEHHBIX JeTajei
B MAaIIMHOCTPOEHUH HCIIONB3YIOT JIBa
MOJX0Jla: CTAaTHCTUYECKHM M pacyeTHOo-
AHAIUTUYECKUM.

CrartucTuyecKkuil MOAXOJ IMO3BOJSIET
ONpENETUTh CPEHEE 3HAUCHHE Pa3MEPOB
JeTaliell W JIOMyCKaeMbIX OTKJIOHEHHI
B HCCIEIyeMbIX COEIMHEHUSX arperara
Ha OCHOBaHWM cOOpa, 0OpabOTKM W aHa-
nr3a OONBIION BRIOOPKH HOBBIX JCTAJICH.
Omnpenenenne KOMMYECTBA JAETalIeH IS
MPOBEACHNS HCCIIEIOBAaHUH OCYIIECTB-
JISIOT C JIOBEPUTENIbHOW BEPOSTHOCTHIO
0,80-0,957. JIOCTOMHCTBO JaHHOIO Me-
TOJa 3aKJII0YaeTcs B BBICOKOW TOYHOCTH
nojryyaemsIX pesynbsraros [14; 15]. Heno-
CTaTOK METOJa — B CJIOKHOCTH €ro pea-
JIM3alllH, CBSA3aHHON C HEOOXOIMMOCTBIO
0OJIBIIIOTO KOJIIMYECTBA HOBBIX HCCIIEIYye-
MbIX aetainei [16—19].

PacueTHO-aHAIUTUYECKUN HOIXOM
OCHOBaH Ha METOZIe pa3MEpHOTO aHa-
TM3a AeTaneil myTeM IMOCTPOeHHs U pe-
IICHUA Pa3MEpHBIX Ienell COeNMHEHHS.
B kauecTBe JOCTOMHCTBA aBTOPHI OTMe-
YaroT MPOCTOTY, HAIVISIAHOCTh U JIOCTYI-
HOCTh JaHHOTO MeToja 0e3 MpUMEHEHUS
CJIO)KHOTO MaTeMaTH4YeCKOro arnrmapara
n 100-mpoLEeHTHYIO0 BEPOSATHOCThH IOMa-
JIaHUsl JIOMYCKOB HCCIEAYEMbIX IeTaneit
B 3a/1aHHbIE Tpeaensl [20-22].

Hemocrarok meTtoma  oOycioBieH
HEOOXOAMMOCTBIO HATUYHS HEKOTOpPO-
rO KOJMYECTBA WCXOMHBIX MaHHBIX [IS
pacueta. Hampumep, mpu OTCYTCTBHH
BEJIMYMH 3a30POB B COCIWHEHHSX O0B-
€MHOTO THJIPOINPHUBO/A ONPEAETUTh HO-
MUHAJIbHbIE pPa3Mepsl M JOMyCKaeMble

OTKIJIOHCHHUSI UCCIICyEeMBbIX JIeTajei NaH-
HBIM METOIOM HEBO3MOYKHO.

Takum o00pa3oMm, MOXHO CJearb
BBIBOJI, UTO HU OJIMH U3 CYIIECTBYIOIIUX
METO/IOB HE TI03BOJIIET JOCTHUTHYTH 3a-
SBIIEHHYIO 11eJb. [loaToMy mpemmaraercs
MPUMEHUTH KOMIUIEKCHBIH TTOIXO0/T — KOM-
OMHALIMIO SKCIICPUMEHTAIBHBIX HUCCIIEI0-
BaHWH (CTEHIOBBIC UCIIBITAHIS) K METO/IA
pasmepHoro ananu3a. CTCHIOBBIC HCITHI-
TaHUsI HOBOTO OOBEMHOTO THAPOIPUBOJIA
Sauer-Danfoss 103BonsIT yCTaHOBHUTH Be-
JIMYMHBI 3230pPOB B COCIMHCHHUAX, a pa3-
MEPHBII aHaJIN3 JIOCTOBEPHO OTPEICTUTh
3HA4YEeHUs] HOMUHAJIBHBIX pa3MepoB U JIO-
ITyCKaeMbIX OTKIIOHEHUH AeTamneil pecyp-
COMMMHUTHPYIOIUX COCTUHEHHN.

MarepuaJjibl M METOABI

KoHTponb TEXHWYECKOTO COCTOSHHS
o0BemMHOTO THApOoIprBoAa Sauer-Danfoss
MPOBOAT 10 HaubOJIee Ba)KHBIM I1apa-
METpaM JHArHOCTHUPOBAHMS:  T0Oja4a/
pacxof pabodeii )KUIKOCTH, pabodee 1aB-
JICHWE, KPYTSIIUA MOMEHT, TeMIepary-
pa paboueii xunkocta u KII/ (momHbIi,
THJIPOMEXaHUYECKHi U 00beMHbIN). [Ipu
sTOoM BenmuuHa oobeMuoro KIIJI sister-
Csl KpUTEPUEM OLIEHKH PabOTOCTIOCOOHO-
CTH TMaTHOCTHPYEMOTO OOBEKTa.

O6bemubpie KIIJ[ oTmembHBIX THOPO-
arperatoB (THIpoHAcoca 7]“06’@‘/ THAPO-
MOTOpa ;7M06‘np') 00BEMHOTO THIPOTIPUBO/IA
OTIPEICIISIFOTCS UCXOASl M3  CICTYIOIIIX
BBIPAKEHUI:

]7H06.np. = (’7HO6.HDB. - 072 : ”HOG.HOB.) =

=(0,95-0,2-0,95)=0,76, (1)
”Modnp. = (;7M06AH0BA - Oa2 : ;7M06AH0BA) =
=(0,95-0,2-0,95)=0,76, (2)

TIE 7 o500, = 0,95 — 00bemusbIil KI1/] HOBO-
IO THIPOHACOCA; /M50 = 0,95 — 00BEM-
ubiil KI1/I HoBOrO rugpoMoTopa.

Takum o0Opaszom, mageHne O00BEM-
Horo KIIJ[ Huxe mnpeneiabHOro 3Have-
HUA (Ho50p. = 0,76) TOBOPUT O TOM, 4TO

"TIesinzos C. B. CoBepIlieHCTBOBAHKE CTEH/IA U METOIMKH. .
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00bEeMHBI THUAPONPHUBOL HENPHUIOACH
K JIaTIbHEHIIIEH SKCIUTyaTaIluy BCIICICTBHE
0OJBIINX yTEUEK PabOYei KUIAKOCTH H3-
32 M3HOCOB JIeTaJIell W yBEIWYCHHS 3a30-
POB B €r0 COETMHEHUSX.

Juis onpenenenus BIUSHUA Ha pabo-
TOCTIOCOOHOCTh  (BEIMUMHY OOBEMHOTO
KIIJ]) o6bseMHOTO THIPOIPHBOAA 3HAYEC-
HUWA M3HOCOB JI€Tajeil U 3a30pOB B cOe-
JUHEHUSAX TPOBOJMIN CEPUIO0 CTEHIOBBIX
UCTIBITAHUA Ha  CHEIUaTU3UPOBAHHOM
CTEH/IE C THIPABINYECKUM Harpy>KaroLim
YCTPOWCTBOM, pa3padOTaHHBIM B PaMKax
peanmzanun  nporpamMmbsl  «Y.M.H.M.K.»
(®oHx conmeiicTBUS MHHOBAIUSAM, TPOEKT
Ne 0038566, Ne roc. per. 124541'Y/2017)8.
[TapaMeTpbl AMarHOCTHPOBAHUS UCTIBITYE-
MBIX OOBEMHBIX THAPOIPHUBOIOB KOHTPO-
JUPOBAIM C TOMOIIBIO0 Pa3padOTaHHOTO
CHETMAJIN3UPOBAHHOTO  MTPOTPAMMHOTO
obecrieueHns (CBHIETEILCTBO O TOCyaap-
CTBEHHOH pEerucTpanuu MpOrpaMMBbl IS
OBM Ne 2019614369) B pexume pe-
anbHOro  BpeMmeHH. KoHTponupyemble
napaMeTpbl CpPaBHUBAIA C PErJIaMCHTH-
POBaHHBIMH, YCTAaHOBJICHHBIMU 3aBO/IaMHU-
W3TOTOBUTEIISIMHL.

CreH/IOBbIE WCHBITAHUS pa3AelIn
Ha fBe rpynmsl. [lepBas rpymma BriIro4a-
ma B ceOs ogHO(aKTOpHBIC (TTAaCCUBHEBIC)
9KCIepUMEHTHI. BTopas rpymma — MHOTO-
(hakTOpHBIC (AKTUBHBIC) YKCIICPHUMCHTEHI.

OnHo(aKTOPHBIM YKCIEPUMEHT TPO-
BOJIMJIM JIJISI TPEX 3HAUMMBIX COEIMHEHHH
o0beMHBIX rupponpuBogoB Hydrosila
u Sauer-Danfoss. IlepBblif dTam mocss-
HieH BiussHU0 Ha o0bemHbId KI1J] 3a30pa
B COCIMHEHUH IIOPIIEHB — BTYJIKa». DKC-
MEPUMEHT HaYMHAIU OT TEXHOJIOTHYe-
CKOTO (MHHHMAJBHOTO TIO0 KOHCTPYKTOP-
CKOW JOKyMEHTaIlMH) 3a30pa z = 25 MKM
JUTSE HOBOTO OOBEMHOTO THAPOIIPUBOIA
Hydrosila ¢ marom 10-15 MM 1o mame-
Hust Benuuunbl KITJ[ Huke npeneabHoro
3HA4YeHUs. YBENWYEHHs 3a30pa J0OuBa-
JICh MEXaHUYeCcKoi 00padoTKO# paboumnx

8 Tam xe.

Technologies, machinery and equipment

noBepxHocTel nopuHei. s 06beMHOro
ruzaporpuBoaa Sauer-Danfoss 3HaueHue
TEXHOJIOTUYECKUX 3a30POB HEU3BECTHO,
MO3TOMY TIPUHUMAJIA MAUHUMAJIbHbIE 3HA-
YEHWSI, TIOJTy9IeHHBIC ITePEKOMILIEKTOBKOM
HOBBEIX jgetaneit, z = 10 MxM. BennmauHe!
3a30pOB M M3HOCHI JeTaleil B APYTHX CO-
SIMHCHUSIX HCIIBITYEMBIX OObEMHBIX TH-
JIPOTIPUBOIOB TIPUHUMAJIACH TTOCTOSTHHBI-
MU, paBHBIMA MUHUMAJLHBIM 3HAUYCHUSM,
MOJTYYCHHBIM MEPEKOMILIEKTOBKOM HOBBIX
JIeTajei UM COOTBETCTBYIOIIUM IIEPOXO-
BaTOCTH UX TTOBEPXHOCTEH.

BTopoii sTan mocesiiieH BIUSHUIO Ha
oobemubrit KIIJ[ 3a30pa B coennHeHUH
«30JIOTHUK — KOPITyC». OKCIIEPUMEHT
HAaYMHAIM OT MHHUMAIBHOTO TEXHOJIO-
TUYECKOTO 3a30pa z = 8 MKM JUIsI HOBO-
ro obsemHoro ruaponpuBona Hydrosila
¢ marom 4—15 MKM 10 majeHus BEIHYU-
Hbl KIIJI HUKE NpenesbHOrO 3HaYeHUsI.
VYBenuueHust 3a3opa TOOMBAIIMCh Mexa-
HUYECKOH 00padoTKOH pabounx MoBepX-
HOCTEW 30JIOTHUKOB. Jljis 00BEMHOTO
ruzapornpuBoaa Sauer-Danfoss 3HaueHue
TEXHOJIOTUYECKUX 3a30pOB HEWU3BECTHO,
MO3TOMY IPUHUMAJIA MAUHUMAJIBHBIEC 3HA-
YEHWSI, TIOJTy9eHHBIC ITePEKOMILIEKTOBKOM
HOBBIX nerajel, z = 4 Mkm. [lpu stom
W3HOCHI B COGAMHEHUSX «pacIpeneiu-
tens 1 — pacnpenenurens 2» (Hydrosila)
1 «OJIOK ¢ HamalKoW — pacrpeneTuTeNb)
(Sauer-Danfoss) HCHIBITYeMBIX 00BEM-
HBIX THAPOIPUBOAOB MPUHUMAIUCH TIO-
CTOSSHHBIMH, PAaBHBIMH MHHUMAJIbHBIM
3HAUEHUSIM, COOTBETCTBYIOIIUM IIEPOXO-
BAaTOCTHU MOBEPXHOCTEHW HOBBIX JAETalCH.
3a30pbl B COCAMHEHUSIX «IOPHICHb —
Bryaka» (Hydrosila u Sauer-Danfoss) co-
OTBETCTBYIOT MUHHMAJIbHBIM 3HAYEHUSM,
MTOTyYEHHBIM ITEPEKOMILIEKTOBKOH HOBBIX
Jeranei.

TpeTuii aTan NoCBsILEH BIUIHUAIO CYyM-
MapHOH TUTOMIAZM W3HOCA B COEAWHEHUH
«OJIOK ¢ HamakoW — pacrpeie/iuTeIby
(Sauer-Danfoss) u «pacnpenemurens 1 —

N
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pacupenenutens 2» (Hydrosila) Ha 00b-
emubiii KIIJ[ rugponacoca. Ilnomanu
M3HOCOB pacCHpeieTuTeNeH Onpeersiiun
o nmpoduIorpaMmam, MoIyYeHHBIM C UC-
MmoJk30BaHreM rnpoduinorpada-mpoduo-
metpa «Taitmop Xobcom»’.

Bo BrOpoii rpynmne cTeHIOBBIX HC-
MBITAHUE  MPOBOAWIM  MHOTro(axKTop-
HBIA DKCIEPUMEHT [0 METOIUKE, MpeJ-
cTaBlIeHHOW B Apyrux pabdotax'®. Ilems
JKCIIEpUMEHTa 3aKjoyajgach B IIOJY-
YEHUM PErpPeCCUOHHBIX MOJICINeH BIIHS-
HUs 3HAUYMMBIX (PAKTOPOB Ha IapameTp
ontuMuzauuu — obwvemubld KIIJ] mpu
HOMHHAJIBHBIX 3HAUYEHUSAX pabouero JaB-
neHus. OnpeneneHne 3HAYCHUN HM3HOCA
JieTajeil 1 3a30pOB B PECYPCOTUMUTHPY-
IOIUX COEAMHEHHSIX 3apy0eHOro 00b-
eMHOro ruapomnpuBoga Sauer-Danfoss,
COOTBETCTBYIOIIUX BEIMYUHAM OOBEM-
Horo KIIJ[ moBoro ruapompuBoma 0,95
n 0,98, mpoBoawiIM ONTHUMH3ALUEN per-
PECCHOHHBIX MOJIeNIeH METOIOM KPYTOTrO
BOCXOXIEHUA'.

Ha ocHoBe HaliileHHbIX 3HaYEHUH 3a-
30pOB BBIMOJHWIA PacdeT HOMUHAIBHBIX
pa3MepoB U JOMYCKAEMbBIX OTKJIOHEHHI
JeTanell  pecypcolMMUTHPYIOIINX —Coe-
MUHEHWI METOJOM pa3MEpHOTO aHallu-
3a [16-22].

Znap =15, 24,9 mer

Y74

CxeMbl peCcypCOTUMUTHPYIOLIUX COe-
JMUHCHHI 00BEMHOTO THIPOIIPUBO/IA Sau-
er-Danfoss nipezicraBneHsl Ha pucyHke 1.

JlaHHBIE COCTUHEHUS] OJHOTHUITHBIC,
COCTOSIT U3 JIBYX COCTABJISIFOIIUX 3BCHLEB
1 3aMBIKAFOIIero 3BeHa (CM. puc. 2).

Puc. 2. O6mas cxema pasMepHO# LCH
COE/IMHEHHUH: 4| — UaMeTp OTBEPCTHUSL
B KOPITyCHOU JeTanu (O10Kax MUIMHAPOB, 3aIHCH
KpBILIKE); A, — TMameTp Bana (MOPLIHs UK
30JI0THUKA)

Fig. 2. General scheme of the dimensional
chain of connections: 4, — diameter of the hole in
the body part (cylinder blocks, back cover); 4,—
diameter of the shaft (piston or spool)

B paccmarpuBaeMbIX pa3MepHBIX Lie-
51X W3BECTHBI NPEACIbHbIC 3HAYECHUS 3a-
MBIKAIOIIMX W HOMHHAJIBHBIE DPa3Mepbl
COCTABJLIIOLIMX 3BCHBEB, CJIEHAOBATEIb-
HO, pelaiach mpsiMasl 3ajia4a pa3MepHOn
uernu. [Tpu 3ToM HCTONB30BaI METOJI TTOJT-
HOW B3aUMO3aMEHSIEMOCTH M CIocod pac-
Yyera MakCHMyMa-MHHHUMYMa, 4TOOBI Tpe-
Oyemast TOYHOCTh 3a30POB B COEIMHEHHAX

Z30n = 5,116 Mt

Loy
o
w

Puc. 1. CxeMbl pecypCOIMMHUTUPYIOLINX COCAMHEHHH 00REMHOTO THApOonpuBoaa Sauer-Danfoss:
a) COeJIMHEHNE IIOPIIEHb — BTYJKa» ruaponpusoaa Sauer-Danfoss;
b) coennHeHne «30J0THUK — KOPITyc» rHaponpuBona Sauer-Danfoss
Fig. 1. Schemes of critical parts connections that affect efficiency of the volumetric hydraulic drive
Sauer-Danfoss: a) connection “piston — sleeve” in the hydraulic drive Sauer-Danfoss;
b) connection “spool — case” in the hydraulic drive Sauer-Danfoss

 3emckoB A. M. TeXHOIOIMs MOBBIIICHHS JOJATOBEYHOCTH. ..
10 Tam ke ; [TbsirzoB C. B. CoBEpIICHCTBOBAHUE CTEHA U METOIHKH. .
1 3emckoB A. M. TeXHOIOIUS TOBBILICHHS JOJITOBEYHOCTH. ..

526

Texnonoauu, mawiumvl u o6opy006aﬁue



Vol. 32, no. 4. 2022

ENGINEERING TECHNOLOGIES AND SYSTEMS .

o0ecrieynBanach Npy CaMbIX HEOIaromnpu-
ATHBIX COYETAHUAX COCTABISIOIINX 3Be-
HbEB 0€3 KaKUX-JIMOO JOMOIHUTEIBHBIX
orepanyii B BUJIE MoA00pa WK IPUTOHKH.

Pacuer 3BeHBEB ITPOBOAMIICS HA OCHO-
Banuu PJ[ 50-635-87 B caenyromeil mo-
CJIEI0BATEIILHOCTH:

1. Onpenenunn Hmwknee A 1 BEpX-
Hee A PEIeTIbHBIE OTKJIOHEHHUS 3aMbIKa-
OIIINX 3BEHBEB.

2. Hamumi KOOp/iMHAaThI Cepenbl 4
MOJIE JTOMYyCKOB 3aMBIKAIOIINX 3BEHHEB
COMIACHO CJIEAYIOLIEMY BBIPAXKEHUIO:

— [40H + ’403
AOC_ 2 *

3. Jlasiee onpenenuin noss J0MyCKOB
3aMBIKAIOIIKX 3BEHbEB T

Ty = Ay~ Ay @)

4. Hanmu cpegHee 9ucio eIuHuUIl 10-
ITyCKa COCTABJIAIOIIMX 3BEHBEB ¢

G)

T
— 0
o, = - —.

lsl + l32

)

e 1'31 u 1'32 — €IMHUILIA JOIyCKa COCTABIIA-
fomux 38eHbeB Mo [OCT 25347-8212,

5. Ilo momyYeHHbIM 3HAYCHUIM O
oTpeeIsieM KBAJIUTETHI COCTABJISTFOIIIIX
3BEHBCB, HA3HAYaeM OCHOBHBIC OTKJIOHE-
aust mo TOCTy'. [Tamee mpoBOIHIIH TIPO-
BEPOUYHBIN pacuer.

6. Ompenenuin AOMYCK 3aMbIKAIOIIe-
TO 3B€HA C yYETOM MPUHSATHIX COCTaBII-
IOIMX 3BCHBEB 17"

T, =T +T,. (6)
rne 7| u T, — IOIyCKH 3BCHEB 1u2.

7. HazHaueHMsl JOIYCKOB IIPOBEPSIIU
HCXOJISl U3 BBITIOJIHEHUS YCIOBUS:

TpoB
T, > T7™".

Pacuer pasmepHbIX nened ¢ Kop-
PEKTUPYIOIMMHU 3BEHbSIMU TPOBOIUIICS
B CJIEIYIOLIEH MMOCIE0BATENBHOCTH.

8. Ecnu mpoBepouHble YCHIOBUS HE
BBINOJIHSIOTCS, TO MpUOEraroT K pere-
HUIO Pa3sMEPHBIX LENel ¢ KOPPEKTHPYIO-
IIMMH 3BEHbSIMU, PAcueT BKIIOYA B ceOs
CIIEIYIOIIHUE [Iarn:

— B KauecTBE KOPPEKTHPYIOIIUX 3Be-
HbCB HA3HAYAIINCh 3BCHBA A,

— OTpeAeNsuId JIOMYCK KOPPEKTHUPY-
romero 3seHa I,

T

2xkop

=T,+T,. (7)

— M0 TIOJYYEeHHBIM 3HAYCHHSM JIOITY-
CKOB Ha3HAYAJIUCh KBAJUTEThI KOPPEKTH-
PYIOIMX 3BEHBEB U BEIUYMHBI MPEIesb-
HBIX OTKJIOHEHUH (OCHOBHBIE OTKJIOHEHMS
3BEHbEB MPEKHUE);

— HaXOAMJU JIOMYCK 3aMbIKAIOIINX
3BEHBEB C YUETOM JIONYCKOB KOPPEKTUPY-

IOLIKX 3BeHbEB 10"

®)

— MPOBEPSUTN IPABUILHOCTH Ha3Haue-
HUS JIOIYCKOB C Y4E€TOM KOPPEKTHPYIO-
IIUX 3BEHBEB.

Pesyabrarsl ncciienoBaHus

Pesynbrarel nepBoii rpymnmsl CTEHIO-
BBIX MCIIBITAHUH 00BbEMHBIX THJIPOTIPUBO-
JIOB IIPE/ICTaBIICHbI HA PUCYHKaX 3—5.

Ha pucyske 3 npeacraBiieHO U3MeHe-
HHE Beln4uHbl o0bemHoro KIT/] 1,5 I
3apyOeKHBIX OOBEMHBIX THAPOIPHUBOIOB
Sauer-Danfoss u Hydrosila ot 3a3opoB
B COCTMHEHNH «TIOPIIEHb — BTYJIKaY.

AHanu3upysd pPHUCYHOK, MOXKHO CcJie-
JaTh BBIBOJ, YTO MpPHU MaKCHMaJIbHOM
3HAUEHUM BeNUYMHBI oOBemHoro KII/]
Nosmop, BEIMUMHA 3a30pa B COEIHMHE-
HUHM «IOPLICHb — BTYJIKa» Uil 0ObeM-
HBIX  THIponpuBoaoB  Sauer-Danfoss
u Hydrosila cocrasnser z =15 MKkM

TI0p.HOB. |

MnpoB __
T(v]Kop - T; + ];Kop'

2TOCT 25347-82. OcHOBHBIE HOPMbI B3aHMO3aMEHIEMOCTH. EinHast cucTeMa JI0MmyCKOB U ITOCaI0K.
[Tons nomyckoB u pekomenayeMsle nocaaxu. M. : UIIK M3narenscTBo ctangaptos, 1982. 54 c.

13 Tam xe.
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Mog.1 = 4E-06 - 2,02~ 0,003 - z,, + 1,024; B = 0,996
Hog.2 = 4E-06 - 2,,,2-0,002 - z,,, + 1,057; R? = 0,989
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Puc. 3. U3menenne oosemuoro KI1/1 7, OT 3a30pa B COEAMHEHUN «IIOPIICHB — BTYIKA Z, :

nop*

Nogmon. — MAKCHMaIIBHOE 3HAUCHHE 00BeMHOr0 KI1/I mpr MHHUMAaIbHOM TEXHOIOTHYECKOM 3a30pe
B COCIMHEHUH HOBOTO Tuapomnpusoaa Hydrosila; 0,76 — npenenbHoe 3HaueHue oobemuoro KII1/1;

1 — 3a30p, COOTBETCTBYIOLIHH 7] .., A1 THAPOTIpHBOAA Sauer-Danfoss (z,
2 — 3a30p, COOTBETCTBYIOLINH 7], VIS THAponprBoaa Hydrosila (z,

1" — 3a30p, COOTBETCTBYIONIAH 7], 1, VI THAPOTIPUBOAA Sauer-Danfoss (z
2' —3a30p, COOTBETCTBYFOIIUH 7],5 e, V11 THAPOTIPHBOAA Hydrosila (z,

15 mMxm);
MKM);
nop.npen.l' 97 MKM);
= 140 mMxm)

mop.HoB. 1

T0p.HOB.2 =

nop.npen.2'

Fig. 3. Change in the volumetric efficiency caused by a clearance in the connection “piston — sleeve”

Znop: M o6.10e.

— maximum value of volumetric efficiency with a minimum technological clearance in the

connection of the new hydraulic drive Hydrosila; 0.76 — limit value of volumetric efficiency;

1 — clearance corresponding to 7., for hydraulic drive Sauer-Danfoss (z
2 — clearance corresponding to 7,,., for hydraulic drive Hydrosila (z
1" — clearance corresponding to #,,,., for hydraulic drive Sauer-Danfoss (z

nop.Hos.1 15 ’J‘m)9
25 pm);
=97 pm);

nop.HoB.2

nop.npes. 1"

2' — clearance corresponding t0 7,5, for hydraulic drive Hydrosila (z,, e, »= 140 pm)

M Z,00 0n2 — 29 MKM COOTBETCTBEHHO. [Ipe-
JIEIbHOE 3HAuEHUE BEINIMHBI 00HEMHOTO
KIIJI oObeMHBIX THIPOIIPUBOIOB Sauer-
Danfoss u Hydrosila naGmogaercs mpu
CIIENYIONIUX BENUIUHAX 3830PA: Z, ) oen 1+ =
=97 MKM © z = 140 MKM COOTBET-
CTBEHHO.

Ha pucynke 4 npencraBieHo H3MeHe-
Hue BenuuuHbl o6bemuoro KIII # . mms
3apy0OeIKHBIX O0OBEMHBIX THUAPOIPUBOIOB
Sauer-Danfoss u Hydrosila ot 3a3opoB
B COCJIMHEHHUH «30JI0THUK — KOPITYC.

AHanmu3upysi PUCYHOK, MOXHO CJe-
JaTh BBIBOJ, YTO TIPU MaKCHUMAaJIbHOM
3HAUCHUU BeJIWYMHBI oObemHOro KIIJ]
BEITMYMHA 3a30pa B COCAMHEHHUU

nop.npes.2'

”06.1—1034
528

«30JIOTHUK — KOPIYC» JIJIsi 0ObEMHBIX TH-
nporpuBogoB Sauer-Danfoss n Hydrosila
COCTaBJISCT Z&muos.] = 5 MKM H Z341<4 HOB.2
8 MKM cooTBeTcTBeHHO. I[Ipemenn-
HOE 3HA4YE€HWE BEINYUHBI OOBLEMHOTO
KIIJ o0beMHBIX THIPOTIPUBOJOB Sauer-
Danfoss, Hydrosila ne Hnabnromaercs,
MO3TOMY ISl HCCIEyeMbBIX OOBEMHBIX
TUJIPOTIPUBOJIOB IPUHUMACM TPEICIHHOC
3HAYCHHE BEJIUYMHBI 3a30pa B COCIUHE-
HUW Z, oo = 250 MKM.

Ha pucynke 5 mpencrapieHo n3MeHe-
HHE Beln4uuHbl o0bemHoro KIT/] 1,5 WA
3apyOeKHBIX OOBEMHBIX THAPOTPHUBOIOB
Sauer-Danfoss n Hydrosila ot cymmap-
HOW TUIOMIA N H3HOCA B COCTUHEHUAX.
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Mo N1 = 1E-06 -z, 2-0,001 - z, .+ 0,955; R?= 0,994
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P u c. 4. U3menenne o6semuoro KIIJI 77, OT 3a30pa B COETMHEHMSAX «30IOTHHK — KOPITYC» Z, , ©

3K

Nog.mos. — MAKCUMaIIBHOE 3HAUCHHE 00beMHOro KII/I mpu MUHUMAaIbHOM TEXHOIOTHMYECKOM 3a30pe
B COeIMHEHNU HOBOTO THAponpuBonaa Hydrosila; 0,76 — npenensroe 3HaueHne oobemuoro KI1/1;
1 —3a30p, COOTBETCTBYIOLIHH 75 .0, AT THAPOTIPHBOAA Sauer-Danfoss (2, o, 1 = S MKM);

2 — 3a30p, COOTBETCTBYIOMINH 75 ,.,, U151 THApONpHBOaa Hydrosila (z = 8 MKM);

y4 — OPEACIbHOC 3HAYCHUE 3a30pa B COCAMHCHUAX Z,

3.K.TIpeJ.

3.KHOB.2

=250 MEM

3.K.IIpefI.

F i g. 4. Change in the volumetric efficiency caused by the clearance in the critical parts connections
“spool — housing” z, . : 7,5 .., — Maximum value of volumetric efficiency with a minimum technological
gap in the connection of the new hydraulic drive Hydrosila; 0.76 — limit value of volumetric efficiency;

1 — clearance corresponding to 7, for hydraulic drive Sauer-Danfoss (z, ., ;=5 pm);
2 — clearance corresponding to 7.4, for hydraulic drive Hydrosila (z,, ,.,,= 8 wm);

z, — limit value of the clearance in the connections z

3.K.TIpe/l.

AHanM3Upys PUCYHOK, MOXKHO C/IENAaTh
BBIBOJI, YTO TO IPH MAaKCHMAaJIbHOM 3Ha-
YeHuM BemMuuHbl oobemuoro KII # .
BEJIMYMHA CYMMAapHOH IUIOMIAJHd H3HOCA
B COCIMHCHUU «OJIOK C HAalkoW — pac-
npenemurensy (Sauer-Danfoss) u  «pac-
npeAeauTeNib 1 — pachpeieiuTeNb 2
(Hydrosila) cocraBnseT S, = 0,001 MM
U S 0,002 MM?> COOTBETCTBEHHO.
[IpenenbHOE 3HA4YEHWE BEIMYUHBI O0B-
emuoro KITJI oObeMHBIX THIPONPHBOIOB
Sauer-Danfoss u Hydrosila HaGmonaercs
NpU CIEAYIOIUX BEIMYHMHAX CYMMapHON
IIOMAA U3HOCA: Sepympenr = 0,086 MM
U Sepmen2 = 0,128 MM? COOTBETCTBEHHO.

CrnemyeT OTMETHTD, YTO C YBEITHUYCHH-
€M U3HOCOB U 3a30POB B COCTUHEHUSIX IS
BCEX THPONPHUBOIOB ITPOUCXOIUT PE3KOE
najicHne BenuunHbl o0bemHoro KIT/T.

Technologies, machinery and equipment

250 um

3K Tpen.

HaunGonemee nagenue odbemuoro KIIJ]
HaOmogaeTcs y 0OBEMHOTO THAPOIIPHU-
Boma Sauer-Danfoss. [lo mamemy MHe-
HUIO, 9TO CBSI3aHO C BEIMYMHON pabodero
JaBJICHUA B JIMHUAX 00BEMHOTO Tuapo-
ImpuBoJa: 4€M BLILIC JaBJICHUEC, TCM HH-
TEHCHBHEE MPOUCXOIUT yTeUKa padouei
KUJIKOCTH U B pe3yibTare HaOIrogaeTcs
peskoe nagenue ooremuoro KII/I ruapo-
arperara.

[IpoBeneHHbIC HKCIIEPUMEHTHI TIO3BO-
JIMJIM OTIPENENINTh TUana30Hbl H3MEHEHUS
3a30pOB I JaIbHEUIINX UCCIEIOBAHMM.

Ilo pesynbraraMm MHOTO()aKTOPHOTO
JKCIIEPUMEHTA IIOJIyY€HbI PETPECCHOHHBIE
MOJIEIIH, OTIMCHIBAIOIINE CBS3b 00HEMHOTO
KII/I 3apy0exxHBIX THAPOTIPUBOIOB Sauer-
Danfoss n Hydrosila ¢ u3nocamu geraneit
Y 3230paMHU B COETUHEHUSX:
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— st Hydrosila:

Nos1 = 1, 0326 - 1,5742 . ScyM _
-1,165-107 - z,,, =5-10" - z,, -

nop

-5,29-10° “Sep " Zop> 9)
— st Sauer-Danfoss:
N> = 1,0186 -2,5948 -5 —
-2,267-10°° “Znop — 6,3-107* T —
-7,41-107 S * Znop- (10)

AJIeKBaTHOCTh TOJIyYE€HHBIX perpec-
CHOHHBIX MOJENEH MPOBEPSUIH MO KPUTE-
puto ®uiepa. Ilpu 3Haunmoct ¢ =5 %
U CTEINEHU CBOOObI Nl,ad =3u Nz,ad =16
TMOJy4eHO KPUTHYECKOE 3HAueHHE F| =
= 3,24 (comracHO METOIUKE, U3TIOKECHHOM
B PIMY 109-77). PacdeTrHoe 3HaueHue
kputepusi dumiepa A 0ObEMHBIX TH-
nporpuBonoB Hydrosila n Sauer-Danfoss
cocraBmio: F, = 3,103 (F, = 3,103 <
<F,=324)nF,=2931 (F,=2931<
< F, = 3,24) coorBercTBenHo. Tak Kak
pacueTHOE 3Ha4Y€HHWE MEHbIEe KpUTHYe-
CKOro, runore3a 00 aJeKBaTHOCTH IOJy-
YEHHBIX MOJENeH mnpuHuUMaeTcs. Takum
00pa3oM, NONyYeHHBIE PErpecCHOHHBIC
MOJIENIA aJIeKBaTHO OIUCHIBAIOT B3aWMO-
cBs3b (pakTopoB ¢ 06bemHbIM KI1/I.

YcraHOBJIEHO, 4TO HanOO0JIee 3HAUNMBI-
MH (aKTOpaMH, BIMSIOIUMUA Ha OOBEM-
ueiii KI1J[ rugponpuBona Sauer-Danfoss,
SBJSIFOTCS: CyMMapHasi IUIOIIaAb H3HOCA
ScyM B COCIUHEHUHN «OJOK C Halankod —
pacIpefieTnTeNb»; 3a30p B COCTMHEHUH
«IOpIIEHb — BTYIKa» Z, : 3a30p B COC/H-
HEHUHU «30JIOTHUK — KOPIIYC» Z, U KOM-
OuHanms (hakTOpoOB: CyMMapHas IUIOIIA/b
M3HOCA B COCTUHEHNH «OJIOK C HAMaKoH —
pacnpenenuTens) U 3a30p B COCIUHCHUU
«TOpILIEHb — BTYNKa». JlaHHBIE CoeauHe-
HUSI 00BEMHOTO THAPOIPUBOJA SIBIISHOTCS
PECYPCOTUMUTUPYIOITUMH.

s ompeneneHuss COOTBETCTBUS Be-
anunuH o0bemuoro KIIJI 3HaueHusIM W3-
HOCa JIeTalell W 3a30pOB B COENMHEHUSX
3apyOexxHbIX THIponpuBoaoB Hydrosila
n Sauer-Danfoss mpoBomguiam omnTHMH3a-
IO perpeccroHHbIX Mozeneit (9) u (10)
METOZIOM KPYTOTO BOCXOXKICHUA. Pe3ynb-
TaThl ONTUMU3AIMY TIPEJICTABICHBI B Ta0-
munax 1, 2.

Pe3ynbraThl onTUMH3aIUU perpeccu-
OHHOU MOJIeIH JiJ1s1 00BEMHOTO TUAPOTIPH-
Boza Hydrosila moka3zanu, 4to 3HaYCHHS
KIIA 7, = 0,95 cOOTBETCTBYIOT BEPXHUM
TEXHOIIOTUYECKUM 3a30paM B COCAMHEHU-
ax, a KIIL 7, = 0,98 — HHKHUM TEXHOJIO-
rudeckuM 3a3opam. [lomydeHnHsie pesyis-
TaThl KOPPEIHPYIOT C KOHCTPYKTOPCKOM

Tabonumal
Tablel

Pe3yabrarsl oNTHMHU3ANMHU PerpeccuoHHoi mojaenu (9) nis odbemuoro ruaponpusoaa Hydrosila
Results of regression model optimization (9) for volumetric hydraulic drive Hydrosila

[Mapamerp / Seyws MM? / Ziops MKM / Zyo MKM / O6bemusbiii KIT 7705 /
Parameter Seyws M Ziops MM Zyx WM Volumetric efficiency 7.6
b, —1,57420 -0,001656 -0,0005 -
b4 —-0,09917 —-0,095220 -0,0605 -
/ 0,00001 0,300000 0,1400 -
OnbITHl HAa TMHAU BocxokaeHus / Experiments on the line of ascent
1 0,00200 25,0 8,00 0,983787
0,00201 25,3 8,14 0,983200
57 0,00256 41,8 15,84 0,950863
58 0,00257 42,1 15,98 0,950274
59 0,00258 42,4 16,12 0,949685

Technologies, machinery and equipment

9]
w



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

Tom 32, Ne 4. 2022

JIOKYMEHTAIMeH U MacIIOPTHBIMU JTaHHBI-
MU, YCTAHOBJICHHBIMU 3aBOAOM-U3TOTO-
BUTEJIEM, 4YTO IOJITBEPIKIAAET JOCTOBEP-
HOCTb MOJYYCHHBIX PE3YJIBTATOB'*,

[IpuMeHnB naHHBIA TMOIXOM K 00B-
eMHOMY TruaponpuBony Sauer-Danfoss,
OTIpe/IeTTNM BepXHHUE (MaKCHUMaJbHBIE MTPH
KIIJ 7, = 0,95) n Hwxane (MUHIMAIb-
ueie npu KILJ 77, = 0,98) Texromorude-
CKHE 3a30phI B PECYPCOTMMHUTHPYIOIIIX
COCTMHCHHUSIX.

PesynbraTel onTUMU3ANMKM TIO3BOJIHU-
JU TIONYYHTh HOMUHAJIBHBIC 3HAYCHHUS
MUHUMAJIBHBIX M3HOCOB M TEXHOJIOTH-
YECKUX 3a30pOB B COEIWHEHUSX HOBO-
ro oO0BEMHOTO THAPONPHUBOAA Sauer-
Danfoss (S, = 0,001 MM?, z,,, = 15 MKM
Uz, = 5 MKM IIpH 7], = 0,97) n Makcu-
MaJIbHBIX H3HOCOB 1 TEXHOJIOTHUECKHX 3a-
30pOB TIPH 75 = 0,95 (Seyu = 0,00166 Mm?,
Zyop = 24,9 MKM ¥ z,,. = 11,6 MKM).

[Tonmy4yeHHbIe PE3yIBTATHI SBIISIOTCS
WCXOHBIMU NaHHBIMHU JJIs pacueTa Ho-
MUHAJBHBIX 3HAYCHUN Pa3MEPOB U JIOMY-
CKaeMbIX OTKJIOHEHUH JeTaneil pecypco-
JUMHUTHPYIOIIUX COSTUHEHUI 00BEMHOTO
runponpusozaa Sauer-Danfoss.

Jns cymMMapHO# Iulomiaad HM3HOCA
COCIIMHEHHS «OJIOK C HamalWkoW — pac-
MPEEIINTENb» 00bEMHOTO THIPOIIPUBO/IA
Sauer-Danfoss B kauecTBe MaKCHMaIbHO-
TO TEXHOJIOTHYECKOTO 3a30pa MEXKIY TUIO-
CKMMH CTEHKaMHU IIPUHUMACTCS 3HAUCHHE,
paBHOE CyYMMapHOMY OTKJIOHEHHIO OT
IJIOCKOCTHOCTH TSI  PacCMaTPUBAEMBIX
oBepxHocTed aeraneid. J[aHHoe 3Hade-
HUE COOTBETCTBYET BEJIMUYNHE CYMMapHOU
[IEPOXOBATOCTU 30HBI YIUIOTHEHHS COE-
nuHeHus u coctapiisieT 0,2 MKM.

Pe3ynbraThl pacyeToB MO COEIUHEHU-
AM Zyop U Z,,, OOBEMHOIO THIPONPHBOAA
Sauer-Danfoss npuBenens! B Tadmuie 3.

MeTtomoM pa3MepHOTO aHajm3a yCTa-
HOBIICHBI HOMUHAJIHHBIE 3HAYSHHSI pa3Me-
POB U JIOITyCKaeMble OTKIOHEHHS JeTajei
B PECYPCOTUMHUTHUPYIONINX COCTHMHEHHSIX
IUIT HOBOTO OOBEMHOTO THIPOIPUBOIA
Sauer-Danfoss cepuu 90:

— IMaMETP OTBEPCTHUS B OJIOKE IIUJTHH-
JIPOB TIOJ TTOpIeHb 22,72 Mum;

— AMAMeTp nopmiHs 22,7 MM;

— IUaAMETpP OTBEPCTHS B 3aIHEH KPHbIIII-
Ke T0J1 30JIOTHUK 9,570:004 pvm;

— IaMeTp 30J10THUKA 9,5 MM

—0,0025 :

Tabnuma?2
Table 2

Pe3yasrarsl onruMu3anun perpeccuonHoii monesu (10) asist od0beMHoro ruaponpusona Sauer-Danfoss
Results of regression model optimization (10) for volumetric hydraulic drive Sauer-Danfoss

[Mapamerp / Seyns MM? / Znops MKM / Zy, MKM / O6bemusiit KT 745 /
Parameter Seyw> LM Znops LM AT Volumetric efficiency 745
b, —2,59480 —0,002267 —0,00063 -
b4 -0,11027 —0,092947 -0,07717 -
I 0,00002 0,300000 0,20000 -
OmebiThl Ha TMHUK BocxoxieHust / Experiments on the line of ascent
1 0,00100 15,0 5,0 0,978726
0,00102 15,3 52 0,977864
33 0,00164 24,6 11,4 0,951082
34 0,00166 24,9 11,6 0,950217
35 0,00168 25,2 11,8 0,949352

14 TTbsinzoB C. B. CoBepIICHCTBOBAHHUE CTCH/A U METOHKH. .
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Tabnuma 3
Table 3
Pe3yabTarsl pacueTra pasMepHBIX Lemneii cnocofoM MakCHMyMa-MHUHUMYMA
Results of calculation of dimensional chains by the maximum-minimum method

JlumuTHpyromme coequHeHNE /
Orarnsbl / O06o3HavyeHue napamerpa / Limiting connections
Stages Parameter designation
Znop Zs k.
1 Ay MEM /A4, pm 15 5
Ay, MEM /A, pm 25 12
2 Ay, MM / 4, pm 20 8,5
3 T, mxm/ T, pm 10 8
4 i 1,31 0,90
a, 3,82 3,89
5 IT (xBamurer) / 4 4
IT (accuracy degree)
TuT,,mxm/ T and T,, pm 6 4
OcHOBHOE OTKJIOHEHHE 3BeHa A / 22, 7TH 9,5H
Main deviation links 4,
OcHoBHOE OTKIIOHEHME 3BeHa 4, / Main deviation 22,7h 9,5h
links A4,
Ione yomycka 3Bena A, MM / 22,7+0.006 9,5+0.004
Tolerance field links 4 , mm
[Tone nomycka 3seHa 4,, MM / 22,7707006 9.5 4004

Tolerance field links 4,, mm
IMposepounslii pacuer / Verification calculation

6 T,mes, mxm / 7™, um 12 8
7 [IpoBepxka ycnoBus / 10<12 7<8
Condition testing He Bomonnsiercsi /  He Boinonusiercs /
The condition is The condition is
not met not met

Pacuer pa3sMepHBIX IeTei ¢ KOPPEKTHPYIOIIUMHE 3BEHbBSIMU Amp /
Calculation of dimensional chains with corrective links AZkop

8 Pacuetnoe 3nauenue 7)., MKM / 4 3
Calculated value T, pm
IT (xBamurer) / 3 3

IT (accuracy degree)

[Ipunsroe 3nayenue 7. peop? MKM / 4 2,5

Accepted value T oy M

ITone nomycka 3sena 4, , Mm / 22,7 9,5
Tolerance field links Azmz, mm oo o0
Tyoer, wiow | Tymer, 10 65
Hposepxka ycnosust / 10=10 7>6,5
Condition testing Beinonusiercs / Brimonnsercs /
The condition is The condition is
met met

Takum oOpa3zom, B paboTe Npeio- | JIONMYyCKAeMBIX OTKJIOHCHHWH OTBETCT-
JKCH U pCaJIN30BaH KOMILIEKCHBIN Ioaxoa  BEHHBIX z[eTaneﬁ arperatoB 3aPY6CX(HOﬁ
K OMpEACICHUIO HOMUHAJIBHBIX PA3MCPOB  TCXHUKHU, BKJ'IIO‘IaIOH_H/Iﬁ KOM6I/IHa]_II/IIO
Technologies, machinery and equipment 533
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SKCHEPHUMEHTAIbHbIX HCCIIeIOBaHU I
(cTeHIOBBIC MCIBITAHUS) U METOHa pas-
MEPHOTO aHaJIN3a.

O0cy:x1eHue U 3aKJII0YeHne

[locraBnenHass 1eab AOCTUTHYTA.
[IpoBeneHHble  HMCCIENOBAaHMUSA  I103BO-
JWIM  ONpPENeNUTh HOMMHAJIbHBIE 3Ha-
YeHHWs] Pa3MepoB M JOIMyCKaeMble OT-
KIIOHCHU ﬂeTaHeﬁ, a TAKXC BCIINYNHBI

TEXHOJIOTHYECKUX 3a30pOB B peECypco-
JUMUTHPYIOIIMX COEAMHEHHUSAX HOBOTO
3apyOe)XKHOTO 00BEMHOTO THAPOIPHUBOIA
Sauer-Danfoss cepun 90. IlomyueHHbBIE
PE3yNbTaThl SBISIOTCS OCHOBOW ISl pas-
pabOTKH TEXHOJOIMH BOCCTAHOBJICHUS
paboTOCTIOCOOHOCTH W TIOBBITIICHHS JOJI-
TOBEYHOCTH arperaTtoB 00beMHOTO THIPO-
MIPHUBO/IA 3apyOEKHOTO TIPOU3BOCTBA.

CIIMCOK NCITOJIB30BAHHBIX NICTOYHUKOB
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Ouenka 3¢ppeKTHBHOCTH MOYBOOOPAOATHIBAIOIIIETO
KOMOUHUPOBAHHOIO KYJIbTHBATOPA
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Annomauusn

Beeoenue. B HacTosilee BpeMsi TPUMEHEHHE KOMOMHUPOBAHHBIX MAIIMH U arperaTos Mo-
3BOJIICT 3HAYUTEIBHO COKPATUTh BpeMs Ha 00paboTKy mouBbl M 00ecneduTs Tpedyemoe
kagecTBo. CoBMelleHHe onepanyii B KOMOMHUPOBAHHBIX MAlllMHAX MPUBOAUT K YMEHb-
IICHUIO BIIMAHUS HEONAaronpHATHBIX IOTOIHBIX YCIOBHI Ha TEXHOIOTMYECKHE IPOLEC-
cbl. Mcnonp3oBaHue JaHHBIX MAlIMH MO3BOJSAET JIydllle 3arpy3UTh MOIIHBIE TPAKTOPA,
0COOEHHO Ha ydacTKaX C HEeOONbIION IMIOMmaablo, Iae padoTa ¢ MIMPOKO3aXBATHBIMU
arperaramu 3arpynHeHa. COBMEIEHHE TEXHOJIOTHYECKHX Onepanuii Hanbonee BBINOAHO
B MHTEHCHUBHOM 3€MJIE/IeNIMU Ha NOJsAX 0e3 copHsakoB. [ToaTomy pa3paboTka TeXHOIOTHI
U CPEACTB MEXaHU3ALUH, TTO3BOJISIONIMX KaUECTBEHHO U C HAUMEHBIINMHU 3HEpreTuue-
CKMMH U MaTepuabHBIMHU 3aTPaTaMu 00€CIIEUUTh TTOATOTOBKY MOUBBI, SIBIAETCS BaKHOU
3ayaueil. [lens vccnenoBanus — oneHNTsh 3G PEeKTUBHOCTE KOMOMHUPOBAHHOTO KyJIBTHBA-
TOpA /171 TIOBEPXHOCTHOI 00pabOTKH MOYBBI M TIOBBICUTH Kau€CTBO €r0 PadOThI.
Mamepuanst u memoowsi. Ha ocHOBaHMM MHOTOUYMCIIEHHBIX HCClEloBaHMI U Tpebopa-
HHH, IPEBABIAEMBIX K 104BO0OPa0aTHIBAIONINM MAIIMHAM C YIIPYTUMHU CTOHKAMH, pa3-
paboTaH KOMOMHHPOBAHHbIN KyJIBTHBATOP JUISl MOBEPXHOCTHOH 00paboTKM 1MO4BbI. Jlis
oneHKH d(Q(EKTHBHOCTH U U3y4YeHHMs TOKa3aTesnel paboThl Ky/lIbTHBATOpa ObLI IIPOBEJICH
MHOTO(aKTOPHBIIl SKCIIEPUMEHT MEPBOTrO MOps/Ka. 3a MapamMeTpbl ONTHMU3ALUN ObUIH
HPHHATHI TATOBOE CONPOTHBIICHHE CEKI[MM KyIbTUBATOPa M KPOIICHHE MOYBHI (pa3Mep
dbpakuuii ot 0 10 25 MM).

Pesynomamur uccnedosanus. IIpuMeHeHne SKCIIEPUMEHTATIBHOTO KYJIBTHBATOPA, 110 CPaB-
HEHHIO C CEpUIHBIMH, MO3BOJIAET CHU3UTH TATOBOE conpoTusnenue Ha 10—15 %, a Taxxke
HOBBICUThH Ka4€CTBO KPOIIEHHS MOYBBI Ha 5—6 %.

Obcyacoenue u 3axnouenye. B pesynbraTe NPOBENEHHBIX JKCIIEPUMEHTAIbHBIX HCCIIe-
JoBaHMil J1oka3aHa 3GGdEKTHBHOCTD Pa3pabOTaHHOTO KOMOMHUPOBAHHOTO KYJIBTHBATOPA.
Hcnonp3oBaHne JaHHOTO KyJbTUBATOpa MPHBOJMUT K CHUKEHHUIO SHEPro3aTpar u yimyullle-
HUIO Ka9ecTBa 00pabOTKH MOYBHI.

Knrouegvie cnoea: ob6paboTKa MOUBHI, NPYKUHHAS CTOWKA, KOMOMHUPOBAHHBINA KyJIBTHBA-
TOP, TATOBOE CONMPOTUBIICHHE, IPUKATHIBAIOIIHI KaTOK, 3P()EKTHBHOCTb, KPOILIIEHUE ITOYBbI

Kongnukm unmepecos: aBTopsb! 3asBISIOT 00 OTCYTCTBUH KOH(INKTA HHTEPECOB.
Jna yumuposanusn: Ouenka >pQeKTHBHOCTH TOYBOOOPadATHIBAIONIET0 KOMOMHUPOBAH-
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Tillage Cultivator
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(Saransk, Russian Federation)
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Abstract

Introduction. At present, the use of combined machines and aggregates makes it possible
to significantly reduce the time for tillage, while ensuring the required quality. Combining
operations in these machines also reduces the impact of adverse weather conditions on the
performance of technological processes. The use of combined machines makes it possible to
fully load large tractors, especially on the land plot of a small area, where working with wide
web units is difficult. The combination of technological operations is most advantageous for
intensive farming in fields free of weeds. Therefore, the development of technologies and
means of mechanization, which allow preparing soil with high quality and the least energy
and material costs, is an important task. The purpose of the study is to evaluate the efficiency
of a combined cultivator for surface tillage and improve the quality of its work.

Materials and Methods. Based on numerous studies and requirements for tillage machines
with elastic struts, a combined cultivator for surface tillage has been developed. To assess
the efficiency and study the cultivator performance, a multifactorial experiment of the first
order was conducted. Traction resistance of the cultivator section and soil crumbling (frac-
tion size from 0 to 25 mm) were taken as optimization parameters.

Results. The use of an experimental cultivator, in comparison with serial ones, allows
reducing the tractive resistance by 10-15%, and improving the quality of soil crumbling
by 5-6%.

Discussion and Conclusion. The conducted experimental studies have proved the develo-
ped combined cultivator to be effective. The use of this cultivator leads to a reduction in
energy consumption and improvement of the quality of tillage.

Keywords: tillage, spring rack, combined cultivator, traction resistance, rolling roller, ef-
fectiveness, soil crumbling
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Beenenne

B Hacrosimee Bpemsi mpu MpOU3BOJI-
CTBE CEJIbCKOXO3SIUCTBEHHOM  IMPOAYK-
oMM Ha O0OpabOTKYy IMOYBBI PACXOAYETCs
10 40 % osHepruu. CHIKEHHE pacxo/oB
SHEPTUU BO3MOXKHO Onarojapst yMeHb-
LICHUIO KOJHMYecTBa OOpPaOOTOK IOYBBI
U COBEPLICHCTBOBAHHIO MAapaMETPOB pa-
0ounx opranoB. OZHAKO NPH ITOM YBEJIH-
YMBAIOTCS 3aTpaTbl Ha OOpHOY ¢ COpHOM
PacTUTENBHOCTBIO XMMUYECKUM CIIOCO-
O0oM. YmpoieHne KOHCTPYKIIUA padOdIrx

540

OpraHoOB BC€ACT K CHWIXCHHUIO TATOBOI'O
COIPOTHUBIICHHUS arperaroB. JTo BJICYET 32
co0oil yxyiieHne kadectBa 00pabOTKH
nmouBel. C Jpyroil CTOPOHBI, YTOOBI IO-
BBICHTH Ka4eCTBO 00pabOTKH, HEOOXOIH-
MO JIOTIOJIHUTEIHHO WHTCHCU(PHUIINPOBATh
BO3/ICHICTBME HA TOYBY, YTO MPUBEICT
K POCTy dHepreTudeckux 3arpar [1-5].
IIpu 06paboTKe MOYBHI JTOJDKHEI BBI-
MOJTHATHCS CIIEAYIONIUE YCIOBHS: COXpa-
HEHUE U yilydileHHue (U3UKO-MEXaHH-
YECKUX CBOMNCTB IMOYBbI, YHHYTOKCHUC
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COPHOH PacTHTENLHOCTH, CO3AaHUE Hau-
Oosiee ONMaronpuSATHON cpenpl Ui pas-
MHOXKEHHSI M JKH3HEACATEIbHOCTH II0Y-
BEHHBIX MUKPOOPTIaHU3MOB, IPOPACTAHUS
CEMsIH, pa3BUTHsI pacTeHul [6—8].

B coBpemMeHHOM 3emienenuu OJHUM
U3 HaNpPaBJIEHUH CHUXEHUS TATOBOIO CO-
MPOTUBIICHUSI SBJSIETCSI COBMEIIICHUE TEX-
HOJIOTUYECKHX OIepaluii ¢ y4eToM To-
YBEHHO-KJIMMAaTHYCCKUX YCIOBUH 30HBI
MIPUMEHEHUSI U OCOOCHHOCTEH BO3JIEIIBI-
BAEMBbIX CEJILCKOXO3SHCTBEHHBIX KYIIBTYP.
CoBmernienue omepauuii B KOMOMHHPO-
BaHHBIX MalllMHaX M arperarax mo3BoJisieT
CHHM3HTB SHEPIo- U MaTepuajbHbIC 3aTpa-
TBI, @ TaKXXe 00eCHeYnTh BlarocOepekKe-
Hue [9; 10].

Jis agantanuu K pasiddHbIM YCIIO-
BUSIM W COCTOSHHSIM 00pabaThIiBaeMOTO
noJisi KOMOWHUPOBAHHBIA KYJIBTHBATOP
HEOOXOJIMMO OCHACTUTh TAaKUMH PabOyvH-
MU OpraHaMH ¥ MEXaHHW3MaMH, KOTOpbIE
obecrieyaT BBICOKYIO I(PQEKTUBHOCTH
BBITIOJTHEHUSI BCETO KOMIUIEKCA B3aUMHO
JOTOJHAIOIINX TEXHOJOTMYECKHX OIle-
pauuii. [losToMy nccrnenoBanusi, HarpaB-
JICHHBIE Ha Pa3pabOTKy COOTBETCTBYIO-
IIero MOoYBOOOPa0AaTHIBAIOIIETO OpPYyANSs,
OCTAIOTCSl aKTyaJbHBIMH M MMEIOT OO0JIb-
LI0€ 3HAYCHHE JUIsl arpONPOMBIIIIIEHHOTO
koMIuiekca Poccun.

Ilens wccrmenoBanmsi — OINEHUTH d(-
(EKTHBHOCTh KOMOWHHPOBAHHOTO KYJIb-
TUBATOpPa JJIsl IOBEPXHOCTHOH 00paboTKH
MIOYBHI U TIOBBICUTDH Ka4€CTBO €ro padoTHI.

O030p TuTEpaTYpPHI

KomOuHupoBaHHBIE  KYJIBTHBATOPHI
U arperarsl 0OOBIYHO BBITYCKAarOTCS B MO-
JYNPULETTHOM HCHOJIHEHUHM WM arperaru-
PYIOTCSI C DHEPreTHYECKHMMHU CpEACTBa-
MU. OCHOBHBIMH paOOYMMHU OpraHaMu
ABJSIFOTCSL  CTPEJIBYaThie, J10J0TO00pas3-
Hble Jlallbl W IPUKATBIBAIOIINE KaTKU.
JIONONHUTENFHO Ha pame KyJIbTHBaTOpa
YCTaHABIIMBAIOTCS BBIPABHUBAIOIINE JI0-
CKHM, OOecreunBarolue pa3OuBKY KOM-
KOB U BBIPaBHHMBaHHE MMOBEPXHOCTH TI0Y-
BBI, a TaKke cepuueckne AUCKU. Jlambl

Technologies, machinery and equipment

YCTaHABIMBAIOTCS Ha MPYKUHHBIX WU
JKECTKUX cTorKkax [11].

B uccnenoBaHusX yCTaHOBJIEHO, YTO
9KOHOMMYECKH BBITOIHBIMHU  SIBISIOTCS
04YBOOOpadaTHIBAIOIINE arperaTsl C Ipy-
JKUHHBIMUM cToMKamu. [IIupokoe mnpume-
HEHHE B KOHCTPYKLHMSAX KyJIbTHBATOPOB
W arperatroB HaIlUTH J[Ba THIIA PYKUHHBIX
croek: S-oOpasnast u C-oOpa3Hasi cToui-
KH. /laHHBIE CTOWKM OONAAaroT JIyUIIUMH
SHEPTETHYECKUMH M arpoTeXHUYECKHMHU
MOKa3aTeNsIMM, MEHBIIUM H3HOCOM Op-
TaHOB M BO3MOXKHOCTBIO pabOTHI Ha IO-
BBIIICHHBIX CKOPOCTSIX, YTO TNPHUBOIUT
K CAMOOYHCTKE OT COPHOM PacCTHUTENILHO-
cru [12-14].

OCHOBHBIMH HEIOCTATKaAMM IPY>KUH-
HBIX CTOEK SIBJISIETCS TO, 4TO padouue op-
raHbl U3-32 HEOJHOPOJHOCTH [I0OYBEHHOIO
CJI0S B TIpoIiecce padoThl OTKIOHSFOTCS OT
nepBOHavaIbHOTO Nookenust. [lpu yBe-
JMYSHUU yIia HaKJIOHA OpraHa K TOpH-
30HTY BO3pacTaeT TIrOBOE COIMPOTHBIIC-
HHE KyJIBTHBAaTOpa, 060p031000pa3oBaHue,
IrpeOHUCTOCTh U HEYCTOMYMBOCTH TITyOH-
HBI 00pabOTKH.

s npoOnenust Tibl0, YIUIOTHEHUS
Y BBIPAaBHUBAHMS IIOYBBI, Pa3pylICHUS
MOYBCHHON KOPKHM NPUMEHSIOT KaTKH.
[loBepxHOCTh PabOUYMX OPraHOB KATKOB
pa3HOoOOpa3Ha U HpenHa3HauYeHa Ul BbI-
MTOJTHEHUST MHOTO00Opa3HbIX QyHKmmiA. Ha
KaueCTBO BBIMOIHIEMOrO TEXHOJIOTHYe-
CKOTO TIpoliecca BIHSET KOHCTPYKIIHS,
TEOMETPUYECKUE Pa3Mepbl KaTKOB, KUHE-
MaTHYECKUE U TMHAMUYECKUE MapaMeTphl
uX paboThI, a TAKIKE COCTOSIHUE 00padaThI-
Baemoro arpodona. Hns sddexTuBHOrO
KPOLICHHS KOMKOB NPHUMEHSIOT IPYTKO-
BbIe KaTKH. [IpoqonbHO-IPYTKOBBIE KaTKU
CBapHOH KOHCTPYKLMU COOpaHbI B OHO-
PSLIHYIO CEKLMIO U C IOMOIIbIO PhIYAaroB
HPUCOEIUHSIOTCS. K paMe KyJIbTHUBATOPA.
[ITapHUPHO-NOANIPYKUHEHHOE  COEAMHE-
HHUE KaTKOB C paMol arperara ofOecredu-
BaeT KONHMPOBaHHWE MHKpopenbeda Ios
U TIpeIOXpaHsieT OT MOJIOMOK TIPH BCTpe-
4ye ¢ mpenarcTBusmMu. s obecrieyeHus
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KauecTBa BBIPABHUBAHUS IOBEPXHOCTHU
MOYBBI IPUMEHSIFOT CIIMPAICBUIHYIO (op-
My pacnoyiokeHus nmpyTkos' [15-19].
OnHako B COBPEMEHHBIX KOHCTPYKIIUSX
KOMOMHHPOBAHHBIX KYJIBTHBATOPOB OTCYT-
CTByeT aBTOMAaTHYECKOE PETYIHPOBAHUE
BEJIMIHMHBI TaBJICHUS PA0OUNX OPTraHOB KaT-
KOB Ha TTOYBY B 3aBHCHMOCTH OT €€ COCTOSI-
HUSL U (QPU3UKO-MEXaHUIECKUX CBOWCTB.
MarepuaJjibl U METOAbI
IIpykuHHYIO CTOHKY C MEXaHHU4e-
CKOM TOYKHU 3PEHHUS MOXKHO MPEICTaBUTH
B BHUJC MPYXHUHBI NBOSKOM KPUBU3HBI,
a ¢ TEOMETPUUECKON — KaK KPUBOJIMHEH-
HbIH cTepxens [20; 21].
CBOOOIHBIE W3rHOHBIE KOJIcOaHUS
MPYKAHHOW CTOWKH MOXKHO OITHCATh CIie-
JYIOIIUM YpaBHEHHUEM:

d*u(x, 1)

d*u(x, 1) d’u(x, t)
dx4 +m

k
dtdx* dr’

+h

=0, (1)

e u(x, £) — OTKJIOHEHHE MPY>KUHHOM CTOM-
KA OT IEPBOHAYAJIBHOTO TOJOKCHUS, M;
k — secTKOCTh cTOMKM, H/M; m — moronnas
Macca CTOWKH, Kr/M; i — Kod(hQUIHMEHT,
YYUTHIBAIOIINI BHYTPEHHEE TPEHUE.

J1s J)KECTKOTO 3aKperieH s TPy >KUH-
HOH CTOMKH K pamMe KyJbTUBaTOpa rpaHuy-
HBIC YCIOBHS UMEIOT CIICIYFOIIHIA BHI:

u,t)y =u(l,t) =0
dl _ du(x,t) -0 )
dx |1 dx |5t

)

-~

riae L — niauHa npy>KUHHON CTOMKH.
XKectkocTh CTOMKM £ M ee MOroHHAs
Macca m BBIYUCISIOTCA 110 popMynaM (3)
u (4).
KectkocTh Ha W3rHO TPYXKUHHOU
CTOMKH onpeneisiercs 1o popmyie:

2EJ sin f3,

2
pcos” B
i,

k= , (3)

2+ ucos’ B, + sin4ri,

rne E — wmomyns ympyrocru, Ila;

J = %(h2 +b%) — oceBoii MOMEHT HHEp-

UK CTOWKH, M*; | — yro HaKJIOHA, TPA/T;
i} — YMCJIO BUTKOB, IIT; i — KOAPDUITUCHT
Ilyaccona.

m:”'Scqu'll.l’ @)
L -cosp, g

rae D — quaMerp Npy>KuHbL, M; S, —
IUIOIIA/(h MOMEPEUHOTrO CeYCHHs, M%; y —
VIETbHBIM Bec Marepuana (IUNIOTHOCTh
CIIOXKEHHMS ), H/M®; g — YCKOpeHHe CBOOOI-
HOTO IaJIeHus, M/c.

BeimieniepedriciieHHbIE TapaMeTphl PhIX-
JUTENLHOTO pabouero oprana odecredn-
BAlOT YCTOHYMBOCTH XOla IO TIyOHHE,
WHTEHCHBHOCTh  KOJIEOATeNIbHOrO  TPO-
Hecca M BEPOSITHOCTH €r0 BBINTYOJICHUS
C Y4ETOM MMOYBEHHBIX YCIOBHH.

MakcumanbHasi TIIOTHOCTb TTOYBBI TIPH
YIUIOTHEHHH €€ IPYTKOM KaTKa JOCTUIaeTCsl
MpU €ro 3anTyOlIieHuH Ha TITyOWHY, PaBHYO
pamuycy npytka. [Ipu ganpHeieM ero 3a-
DTyOJICHAW TTPOMCXONUT YBEIMUYCHUE TITyOH-
HBI paclpOCTpaHEeHusI YIUTOTHEHUS [22-25].

Jlist onpeiesieHust pacCTOSTHUSI MEXKTY
LHEHTpaMU TIPYTKOB Karka / paccMOTpUM
cilydai, KoTna B IMOYBY BHEIPSIETCS TOJb-
KO OJTMH MPYTOK U [IIyOWHA €ro MOorpyxe-
HUSI paBHA €T0 PaNycCy 7.

W3 nmansbIX pucyHka | paccrosiHHe
MEXKIY LUEHTPaMHU MPYTKOB OMPEACISIETCS
0 BeIpaxeHuto [16]:

> =2R*> —2R*cos2a, (%)
rae R — paauyc KaTka, M; o — yToj 3arty-
OneHust MpyTKa KaTKa; rpaji.

3Has, uTo cos2a = 1 — 2sina?, nocie

npeoOpa3oBaHusl ypaBHEHHUS (5) MOTYUUM:

1={2r R. (6)

I ¥ — paguyc MpyTKa, M.

! TIpoeKTHPOBaHUE KATKOBBIX IPHCTABOK Ul MaxoTHbIX arperaroB. Pexomenmammu / . C. Kpyk

[u np.]. Munck. : BIATY, 2017. 104 c.
542
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Puc. 1. Cxema K onpenesieHuIo pacCTOSHUS
MEXXTy [EHTpaMU MPYTKOB

Fig. 1. Diagram for determining the distance
between the centers of the bars

C arporexHHYecKOll TOYKH 3pEHHUs
ABTOMAaTHYECKHE HM3MEHEHHS YKECTKOCTH
CTOWKH W CHJIbI JIABJICHUS KaTKa Ha ITOYBY
MO3BOJISIIOT TIOBBICUTH KauecTBO 00pa-
OOTKH TMOYBBI, YMEHBIIUTh MOTEPH TOY-
BEHHOH BJIaru, a TakKe CHH3HUTh 3aTPaThl
SHEPTUHU TIPH 00paOOTKE TTOYBHI TSHKEIOTO
MeXaHW4YecKoro cocrana. [Tpu mpoxosxkie-
HUH arperara 1o yIiIOTHEHHOMY y4acTKy

YBEJIUYMBAIOTCS JaBJICHUE KaTka Ha I0-
YBy M KECTKOCTh CTOWKH, M HA00OpOT,
MIPH TPOXOXKJCHUH arperara 1o PhIXJIO-
My YYacTKy JaBlIeHHE KaTka Ha IOYBY
M JKECTKOCTh YMEHBIIATCA. JTO TIPUBO-
JIUT K TIOBBIMICHUIO KadecTBa 00pabOTKH
mouBHI [26-31].

Ha ocHOBaHWM 3TOrO TpeIIOKeHa
1 pa3paboTaHa KOHCTPYKIIHSI KOMOUHUPO-
BaHHOTO KyJlbTHBaTOpa (puc. 2).

B KOHCTpPYKIINIO KOMOMHHPOBaHHOTO
KyJIBTHBaTOpa BBEICH MEXaHU3M peryIu-
poBaHHA 5 TIYyOMHBI XoAa pabouux Op-
raHoB &8, 3aKpPEIUICHHBIX Ha TPYKUHHBIX
CcTOMKax 6. MexaHu3M peryaupoBaHus S
IIAPHUPHO 3aKpEIUIeH C OAHON CTOPOHBI
K pame [/ KyIbTHBaTopa 4depe3 peryar 3,
a C IPYyroi — K perysasiTopy *eCcTKOCTH 4.

B mpomnecce paboTsl, B 3aBHCHMOCTH
OT cuJibl P, xoTopasi IeiCTByIO€T Ha pa-
Ooune opransl 8§ u ompeznensercs Qusm-
KO-MEXaHUYECKUMHU CBOMCTBAMH TOYBBI
Ha KOHKPETHOM y4acTKe MOJisl, CTOWKa 6
nepopmupyercsi. Curran ot jaedopmu-
pyeMoil cTOWKH MOCTYIaeT Ha clesiiee
3BEHO, KOTOpPOE, B 3aBHCHUMOCTH OT Be-
JUYMHBI CUTHAIIA, U3MEHSET IOJIOKEHHE
MeXaHu3Ma PEeryJlIMpOBaHUs J, YBEIHYH-
Bas WJIH CHW)XXas JKECTKOCTh CTOHKH 0.

#

Pwuc. 2. KoMOuHUpOBaHHEIH KyTbTHBATOp: 1 — pama; 2 — mouBo0OpadaThIBaIOIINIT KaTOK;
3 — pbruar; 4 — peryssaTop JKeCTKOCTH; 5 — MEXaHU3M PEryJaHpOoBaHus; 6 — IPYKUHHAsI CTOMKa;
7 — npyxwuHa; 8 — pabounii opran
Fig. 2. Combined cultivator: 1 — frame; 2 — tillage roller; 3 — lever; 4 — stiffness regulator;
5 — control mechanism; 6 — spring rack; 7 — spring; 8 — working body
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OnHOBpPEMEHHO NpPH M3MEHEHUHU IO0JIO-
JKEHUSI perynsaTopa 4 MeHsAeTcsl BO3JeH-
CTBHE Ha MPYXUHY 7, a OT pbryara 3 co-
OTBETCTBYIOIIlEE yCHIIME Tepenaercs Ha
MOJIBECKY KaTKa.

[Ipy>xuHa 7 B MeXaHU3ME BBICTYIIAET
KaK yIpyTHi 2JIEMEHT, OCHOBHBIM pabounM
CBOWCTBOM KOTOpPOTO SBJISIETCS CHOCO0-
HOCTh CYIIECTBEHHO Je(OPMUPOBATHCS
noji Harpy3koi. Kak npasuiio, 3ta nedop-
Marusl yrnpyras, ¥ ocjie CHATHsI Harpy3Ku
JIEMEHT BOCCTAHABJIMBAET CBOU pa3Mephl.

[Ipu nepemenieHny arperara o Moo
C I3MEHEHHUEM (POCTOM) TUTIOTHOCTH Y4acT-
Ka [IOYBBI PETYIISTOP KECTKOCTH 4 TIOBOPa-
YHBAETCS TI0 YaCOBOW CTpEJNKe, yBEIHUIH-
Basi KECTKOCTh CTOWKH 6, TPEOIONIeBacT
COTIPOTHUBIICHHUE TIPY>KUHBI 7 (CXKIMAET ee)
Y BO3/CMCTBYET Ha pblyar 3, KOTOPbIH Iie-
pemenaeTcs BHU3, YCHINBAs JaBJIcHUE Ha
katok. [Iporcxonut cTabumu3arus Tryon-
HBI X0Jla PadOYUX OpraHoB § HA MPYKUH-
HBIX CTOMKax 6, M yCUJIMBAETCs JaBJICHHUE
katka 2. Ilpoiins yruloTHEHHBIN y4acTOK
MOJIA, KECTKOCTh CTOMKH 6 aBTOMaTH4e-
CKM TIOHM)KAETCs, MEXaHM3M pa3KUMaeT
MIPY>KUHY, TTPOUCXOJUT CHUKCHUE JaBIie-
HUS KaTKa 2, a cTolka 6 ¢ pabo4nm opra-
HOM § TIpY YMEHBIIIEHUH YKECTKOCTH YBe-
JMYMBAECT aMIUIUTYQy KojeOaHWid. DTHM
o0OecrieynBaeTcsl TOBBIIICHHE KadecTBa

00paboTKM B 3aBUCHMOCTH OT IJIOTHOCTH
TTOYBBI.

C 1esbio TambHEeUIIero HecieIOBaHus
B3aMMOJICHCTBUS PBHIXJIANINX, TPOOSIIUX
W TIPUKaTHIBAIOMINX pPa0OYMX OpraHoOB
Ha TouyBy Ha 0aze MHCTHTyTa MEXaHHWKH
u s"epretukd MI'Y um. H. II. Orapéna
Obuta pazpaboTaHa 3KCIIEpUMEHTAbHAS
MOZIeTTh KOMOWHHUPOBAHHOTO —KYJIBTHBA-
Topa (cekuus KynbTHBaropa). JlaHHyio
MOZIeTb KYJIBTUBATOpa HMCIBITHIBAINA Ha
MMOYBECHHOM KaHalie KadeJpbl MOOUIIBHBIX
JHEPreTUYECKUX CPEICTB M CEJbCKOXO-
3sICTBEHHBIX MAIlTMH UMEHU mpodeccopa
A. U. JlemankuHa (puc. 3).

ITouBeHHBIH KaHAI 3aTIOTHEH JIETKOCY-
DIMHUACTOM MOYBOM BakHOCTH 17-21 %,
TBEPIOCTh TONICPKUBAIN TIOCTOSHHOM
Ha pa3nuaHoi TiyOmHe oOpaboTtkm. Ha
rryounne 4 cm TBeprocTs Obi1a 1,15 Mlla,
8 cm— 1,2 MIla, 12 cm — 1,25 MITa.

B kadyecTBe KpuTepusi ONTHMHU3AIUH
paccMaTpuBajd TITOBOE COIPOTHBIECHHUE
CEKIIUM KyJIBTUBATOPA U KPOIICHUE TIOYBBI
(pa3mep ¢paxmuit ot 0 10 25 Mm). C uc-
MOJIh30BAHMEM  METOJMKH  allpUOPHOTO
paHKUPOBaHUs OBLIN OTIPEJIeNICHBI CIIey-
forre (paKTophl, OKa3bIBAIOIINE HANOOIb-
1ee BIUSHUE HA KPUTEPUH ONTHMHU3AIIH:
CKOPOCTh KyJBTHUBATOpa, TIyOMHA OOpa-
OOTKM 1 TaBJIeHNE KaTKa Ha TIOYBY.

Puc. 3. JlJaboparopHast yCTaHOBKA IO UCITBITAHUIO KYJIBTHBATOPA
Fig. 3. Laboratory installation for testing the cultivator
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TaroBoe ycuine Ha MepeMelleHne
CEKLIMN KyJIBTUBATOpa 3aMEPSIIU C MOMO-
b0 TATOBOTO 3BEHA, MOAKIIOYEHHOTO
K KoMITbroTepy uepe3 komruiekc ZETlab.

Pe3ysbTarsl necsenoBaHus

st omeHkn >(GGHEKTUBHOCTH W H3-
yueHMs IOoKazaTeled paboTbl KyJIbTHBA-
Topa OBLI TIPOBEIEH MHOTO(AKTOPHBIH
SKCHEPUMEHT TEPBOTo MOopsaKa. JKCIe-
pPUMEHTAJIbHBIE HCCIIEOBAHUS CEKIHH
KyJIBTHBATOPa MPOBOAMIN C BHEAPEHUEM
B €€ KOHCTPYKIIMIO MEXaHu3Ma peryiu-
poBaHust 5 (puc. 2) >KECTKOCTH CTOHKH
W JaBICHMS KaTka Ha MOYBy U Oe3 Hero
(cepmiiHast cekuusi KynsTuBaropa). Pe-
3yJBTaThl 3KCIIEPUMEHTANBHBIX HCCIEI0-
BaHWH CEKLIUH KyJIbTHBATOPA IIPECTABIIE-
HbI Ha pUCYHKax 4 u 5.

N3 nomydyeHHON 3aBUCUMOCTH CIIEy-
€T, 4TO MpH YBEIMYEHUH TIIyOWHBI 00pa-
OOTKH TATOBOE COIIPOTUBIIEHUE BO3paCTa-
er. OnHako MPUMEHEHHE B KOHCTPYKIHH
MOJIENIM KyJBTHBAaTOpa MEXaHM3Ma pery-
JUPOBaHMUS MPUBOAUT K CHUKEHHUIO €ro
TATOBOTO CONPOTHUBIIEHUS MO CPaBHEHHIO
C CepUMHBIM. DTO CBA3aHO C yMEHbIIe-
HUEM pabodell AJMHBI YNPYrOM CTOHKH.

2500
2250
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5z 2000
=
o Q
2 g 1750
= 2
é? 5 1500
S 8
35]250
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S = 1000
=
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750
500
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B cBsi3M ¢ 3TUM yBenTMUMBAETCS €€ JKeCT-
KOCTb, @ YToJl HakjoHa paboyero opraHa
(cTpenbuaToil Jambl, 3aKpeIUICHHOM Ha
CTOIKE) K TOPU30HTY YMEHBIIACTCH.

Kak BugHO Ha puUCyHKe 5, KpoLleHUE
MOYBEI TIpHU €€ 00paboTKe IKCIEPUMEH-
TaJbHBIM KyJIBTHBaTOPOM BBIIIE IO CPAB-
HEHUIO C CEPHMHBIM. DTO OCTHUTAeTCS
Onmaromaps yBETWYEHHUIO JABICHUS TPH-
KaTBIBAIOLIEro KaTka Ha mouBy. OpmHaKo
C yBeJIMUEHHEM IITyOHHBI 00padOTKH Kpo-
IIEHHE TIOYBBI TOHUKAETCH.

O0cy:x1eHue U 3aKJII04eHne

Hcnonb3oBanue pa3paboTaHHONW MO-
JeNd  KyJAbTUBAaTOpa (CEKUMU KYyJIbTUBA-
TOpa) MPUBOIUT K CHIXKEHHIO TATOBOIO
conporusienns Ha 10-15 % u x ymydme-
HHUIO KPOLICHHUS IIOYBBI. DTO BO3MOXHO
Onaromaps BHEAPCHHMIO B KOHCTPYKLIUIO
KyJbTHBaTOpa MeXaHWU3Ma peryaupoBa-
HUs. B mpomecce paGoThl Ha TBEPHABIX
y4YacTKax IIOJIsi yroJ HakioHa pabodmx
OpraHoB (CTPENBYATHIX JIal) K TOPU30HTY
HE YBEJINYMBAETCS, & JOMOJHUTEIBHOE
NPUIOKEHHOE YCWIIME K KarKy CcrocoO-
CTBYEeT pa3pyLICHHIO 00pa30BaBIINXCS
OOJIBIIMX KOMKOB TIOYBBI.

—x—2

9 11 13

I'mybuna o6pabotku, M / Processing depth, m

Pwuc. 4. M3MeHeHHE TATOBOTO CONPOTHUBIICHUS OT ITyOUHBI 00pabOTKH (CKOpOCTh 12 KM/4):
1 — sKCTIepUMEHTaNIbHBIN KyJIBTUBATOD; 2 — CEPUHHBIN KyIbTUBATOP

Fig. 4. Change in tractive resistance caused by the tillage depth (speed 12 km/ h):
1 — experimental cultivator; 2 — serial cultivator
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Puc. 5. 3aBuCHMOCTD KpOLICHHS TTOYBHI OT ITyOHHBI 00pabOTKU (CKOPOCTh 12 KM/4):
1 — oKCTIepUMEHTAJIBHBIN KYJIBTUBATOP; 2 — CEPUIHHBII KyJIETHBATOP

Fig. 5. Dependence of soil crumbling on the tillage depth (speed 12 km/h):
1 — experimental cultivator; 2 — serial cultivator

ITonmyyeHHbIE MOJOKUTENbHBIE pe-
3yAbTaTbl NpU J1a00PaTOPHBIX HCIIBI-
TaHHUAX SBISAIOTCS NPEANOCHIIKOW ISt
JajpHeimend paboTsl Mo 000CHOBaHUIO
KOHCTPYKTUBHO-TEXHOJOTHYECKUX TMa-

paMeTpoB U PEXKHUMOB pPabOTHl KOM-
OMHMPOBAHHOTO  KYJIbTHUBaTOpa IS
MOBEPXHOCTHON 00pabOTKH € mocie-
IYIOUIMMH HCIBITAHUSIMU B TOJIEBBIX
YCIOBHSIX.
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Mertoj onpeaesieHusi HAYAJbLHBIX 3HAYEHU I
peryJupyeMbIX MapaMeTPoB KATBEHHOH YacTH
3epHOYOOpPOYHOIro KoMOaiiHa

B. I1. Tumutpos ~, JI. B. Bopucosa, U. H. Hypytaunosa
JloHckoti 2ocyoapcmeenHblil meXHUYeCKUll YHUBEPCUmen

(e. Pocmos-na-/lomny, Poccuiickas @edepayust)

™ kaf-gm@donstu.ru

Annomauusn

Bseoenue. TIpeacTaBieHo penieHUe 3a1a9u HACHTH(DUKAIIIH TPEAMETHOH 00IacTH «Ipe-
BapuTeNbHAs HACTPOWKa pabOoYMX OpraHoB >KaTBEHHOH dacTH KomOaitHay. IIpaBuibHbIHM
BBIOOp 3HAUCHHUI TapaMeTPOB JKAaTBEHHOH YacTH KaK BayKHEHIIEro ieMeHTa kombaiina —
OJIHO M3 TIaBHBIX yCJIOBHI 00€CIIeUeHNs BEICOKOTO KauyecTBa yOOPKH, YTO U ONPEIEINIO
00BEKT HACTOSIIETO UcciaenoBanus. Llenp nccnemoBanust — pa3paboTka MeToaa BbIbOpa
3HAUCHHUH PETYIUPYEMBIX MapaMEeTPOB JKaTBEHHOH YacTH 3epHOYOOpOYHOTO KoMOaiiHa,
COOTBETCTBYIOIINX yOHpaeMoil KyJIbType U YCIOBUSIM YOOPKH.

Mamepuanet u memoOs!. PemieHnst 0 3HAYCHUSIX TEXHOJIOTHYECKNX MTapaMeTpoB KoMOaii-
Ha, SIBJISTFOIETOCS CIIOKHOM HePapXUUECKON CUCTEMOM, MPUHUMAIOTCS Ha OCHOBE HH(OP-
MalliH O BHEIIHEH Cpefe M TeXHHYECKOM COCTOSHMM MammHbl. [locTymaroniue naHHbIe
MMEIOT KOJMYIECTBEHHBIN, KAUeCTBEHHBII M OIIEHOUHBIH XapakTep. YUHUThIBask pa3HOPOI-
HOCTh ¥ HEUETKOCTb MH(OPMAIHH, JUIS MIPUHATHS PEIICHHS MPUMEHSIOTCSI HHTEIUICKTY-
AJIbHBIC PIH(l)OpMaLlI/IOHH]:Ie CHUCTEMbI, OCHOBAHHBIEC HA MAaTEMaTUYCCKOM arnapare HEUeT-
KO JIOTMKHM M HCIIONB3YyIOMINE JTMHTBUCTHUYECKUII MOAXOA IS OMHCAHUS NPEAMETHOM
obnacty. JlaHHBIH MOIXOM MPUMEHSIETCS H3-3a CIOKHOCTH U HEOAHO3HAYHOCTH B3aHMO-
CBsI3eH MEXy PEryInpyeMbIMHU ITapaMeTpaMH U BHEITHUMH (pakTopaMu.

Pesynomamor  uccredosanus. ViccnenoBana mpeaMeTHas o00acTh —«IIPEABAPUTEINb-
Hasi HACTpOWKa TIapaMeTpoB >KaTBEHHOH wyacTu komOaiiHa». [logpoOHO ommcaHa
(opMaIbHO-JIOTHYECKas CXeMa BBIOOpA 3HAUCHUIT PEryIHpyeMbIX IMapaMeTpOB XKATBEH-
HOM 9acTH. YCTaHOBIJICHBI OCHOBHEIE (DAaKTOPBI, BIMSIOMINE HA 3HAUCHUS PETyIUPYSMBIX
nmapamMeTpoB JKaTBEHHOM YacTH, JaHO UX JIMHI'BUCTUYECCKOC ONMMCAHUEC, BBEACHBI COOTBCT-
CTBYIOIINE BXOJHBIE U BBIXOHBIE IMHTBUCTHUECKHE TIEPEMEHHbIE, HA OCHOBE YKCIEPTHOM
nH(pOpMaINH MOCTPOEHB! (PyHKIMU NPUHAICKHOCTH. [IpoBe/ieH aHan3 coracoBaHHO-
CTH TIPEACTAaBIEHHOW MH(OpMAanUu M BBHIOpaHbI onTHMaibHble Mozesn. Cozmana 0asa
HEYETKUX 3HaHWUH, Ha KOTOPOH OCHOBAH ACAYKTUBHBIN BBIBOJ PELICHUH.

Obcyacoenue u saxarouenue. [IpenyioxeHHbIN TOIXOA U CO31aHHAs 0a3a HEUETKUX 3HAHUN
MOTYT OBITh TOJOXKEHBI B OCHOBY HHTEIUICKTYAJIbHOH CHCTEMBI NIPUHSTHUS PEHICHHH 110
HACTPOHKe peryJaupyeMbIX ImapamMeTpoB komOaiiHa. [IpruMeHeHne Takoil cHCTeMBI B HO-
JICBBIX YCJIOBHMAX BMECTE C JAaTYMKAMU HENPEPhIBHOIO MOHUTOPUHIA YCIOBHH yOOpKH
ypoKasi 1 aBTOMAaTH3MPOBAHHOM CHCTEMOI aHAIN3a H300paKeHNH MTO3BOIUT ONIEPATHBHO
pearupoBaTh Ha M3MEHEHHE YCIOBHH, CYIIECTBEHHO MOBBICHT PE3YIBTaTHBHOCTE PAOOTHI
U COKPATHT BPEeMsI IPUHATHS PEIICHUH.

Kniouesnvle cnoga: 3epHOyOOPOUHBII KOMOAKH, TEXHOIOTHUECKAs! PETYIHPOBKA, TIPHHSI-
THE pEUIeHWH, JMHTBUCTUYECCKAs MEepeMEeHHas, (yHKIHS MPUHANICKHOCTH, HEUCTKHI
JIOTMYECKHI BBIBOJ
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Method for Determining the Initial Values
of the Adjustable Parameters of the Combine
Harvester Cutting Unit

V. P. Dimitrov"’, L. V. Borisova, I. N. Nurutdinova
Don State Technical University (Rostov-on-Don, Russian Federation)
“ kaf-gm@donstu.ru

Abstract

Introduction. The article presents the solution of the problem of identifying the subject
area “Preliminary adjustment of the working elements of the combine harvester cutting
unit”. The correct choice of parameter values of the cutting unit as the most important
element of a combine harvester is one of the main conditions for providing high quality
harvesting. It is the fact that defined the object of the present study. The aim of the study is
to develop a method for adjusting the values of parameters of a combine harvester cutting
unit for the harvested crop and harvesting conditions.

Materials and Methods. Decisions on the values of technological parameters of the har-
vester, which is a complex hierarchical system, are made on the basis of information about
the external environment and the machine technical state. The incoming data are quan-
titative, qualitative and evaluative in nature. Taking into account the heterogeneity and
vagueness of the information, the decisions are made through using intelligent information
systems, which are based on the fuzzy logic programming and use a linguistic approach to
describe the subject area. This approach is used because of the complexity and ambiguity
of the relationships between regulated parameters and external factors.

Results. The subject area “Preliminary adjustment of the combine harvester cutting unit
parameters” has been investigated. The formal-logical scheme for selecting the values
of adjustable parameters of the combine harvester cutting unit is described in detail. The
main factors influencing the values of the combine harvester cutting unit adjustable para-
meters are defined, their linguistic description is given, the corresponding input and output
linguistic variables are introduced, and the membership functions are built on the basis of
expert information. The agreement analysis of the presented information has been carried
out and optimal models have been selected. A fuzzy knowledge base is created, on which
the deductive inference of decisions is based.

Discussion and Conclusion. The proposed approach and created fuzzy knowledge base
can be used as the basis for an intelligent decision-making system for adjusting combine
parameters. Using this system in the field in combination with sensors for continuous mo-
nitoring of harvesting conditions and an automated image analysis system will allow re-
sponding quickly to changing conditions, will significantly improve operational efficiency
and reduce decision-making time.

Keywords: grain harvester, technological adjustment, decision-making, linguistic vari-
able, membership function, fuzzy inference
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Beenenune

KauecTBo npouecca yoopku 3epHOBBIX
U JIPYTHX CEIIbCKOXO3SHCTBEHHBIX KYilb-
Typ B 3HAYUTEIHHON Mepe ONpeemseTcs
TEM, HACKOJIIBKO YCTaHOBIICHHBIC Peryiu-
pyembIe TapameTphl KOMOaifHa COOTBET-
CTBYIOT YCIIOBHSM yOOpKHU. 3epHOYyOOpOU-
HBII KOMOAWH — OJHA U3 CAMBIX CJIOKHBIX
CEJIbCKOXO3AUCTBEHHBIX ~MallliH, obec-
MEYMBAIOLINX MEXaHHM3ALUI0 yOOPOUHBIX
pabor B pacTeHHMEBOACTBE. 3ajada TeX-
HOJIOTUYECKOW PETYJIUPOBKM  MAIIHHBI
JaJleko He TMpocTas, TaK KaK OTHOLICHUS
MEXJly BHEITHUMH (DaKTOpaMH, Peryu-
PYEMBIMU TTapaMeTPaMH U XapaKTEePUCTH-
KaMHU Ka4ecTBa YOOPKH XapaKTepU3yIOTCs
MHOTOCBSI3HOCTBIO, HEOJIHO3HAYHOCTHIO,
ucXofHas WH(OpPMAIUs HOCUT HeYeT-
KW XapakTep W He OTpeleieHa CUcTeMa
NPEAIOYTEHUH JIUIA, TPHHUMAIOIIETO pe-
nreHus. B pesynbrare 9TOro Ha mpakTuke
3a4acTyi0 HaOIIOMAIOTCS TMOTEePH 3epHa,
3acopeHue U JpoOIieHUEe, 4T0 00yCIIOBIIe-
HO HEaJIeKBaTHOCTHIO TEXHOJIOTHYECKOM
HACTPOMKU KOHKPETHBIM ycJIoBHM [1].

[lockobKy BHEIIHHE YCIOBHS, B KO-
TOPBIX paboTaeT KoMOaiH, CyIIECTBEHHO
BIMSIOT Ha YCTAaHOBOYHBIE IapaMeTphl,
TO K WH(pOpPMAINK O BHENIHUX (aKTopax
MPEABABISIIOTCS  BBICOKHME TpeOOoBaHUS
B 9acTH JIOCTOBEPHOCTH W a/IEKBaTHOCTH.
Hudopmanus moctynaer B BUJIE OICHOK
9KCIEpPTOB, a TaKXke B pe3yabrare oOpa-
OOTKM JTaHHBIX JATYMKOB M aHAllU3a H30-
OpaskeHWH, Y4TO TOBOPHT O €€ HEYECTKOM
xapakrepe. B3aumocBs3u perynmpyembix
napaMeTpoB KomOaliHa ¢ BHEUIHHMHU YC-
JOBUSIMM elle Oojiee OYeBHIHO MOYKHO
OTHECTH K HEYETKUM B CHITY HEKOHKPETHO-
TO OMHUCAHUS BHEITHUX YCIOBHUH, a TaKkkKe
HEOJHO3HAYHOCTH W HAJIUYUS CIIOMKHBIX
KOPPEJSIIIMOHHBIX  3aBUCUMOCTEH.  Jlis
onucanwsl  (PYHKIIMOHUPOBAHHS ITOI00-
HBIX CHCTEM TPaJHMIUOHHBIC METOJbI Ma-
TEMaTHYECKOTO MOJICIIUPOBAHUS, TaKHe

KaK MOCTPOCHHE DPErpecCHOHHBIX MOJe-
Jeld W JApyrue CTaTHCTHYECKHE METOJBI,
ONUPAIOIINECS] Ha SKCIIEPUMEHTAIbHBIC
naHHble W 1HQpoByr0 00paboTky [2-6],
NPAaKTUYECKH HETPUIOTHBI, IOCKOJIbKY
IPUMEHUMBI TOJIKO B PAcCMaTpUBAEMOM
JMana3oHe BeJIMYHH, a ONlepaTUBHOE Iepe-
CTpOCHUE MOJICTH, HEOOXOIMMOE B ITOJIC-
BBIX YCIIOBHSX, HEBO3MO)KHO 0€3 aHanm3a
HOBBIX YKCIIEPUMEHTANBHBIX JaHHBIX. [To-
MHUMO 3TOTO, HaJHYHE MHOXKECTBA HEOJ-
HO3HAYHBIX CBSI3€H MEXAy BHEITHHUMHU
YCIOBUSIMH, PETYIUPYEMBIMH IapaMeT-
paMu M TOKa3aTelsIMU KayecTBa YOOpPKH
NPUBOAUT K TPYIHO ONTUMH3HPYEMBIM,
IPOMO3IKMM MaTeMaTH4e€CKUM KOHCTPYK-
LUSIM B paMKax MHOXKECTBEHHOT'O perpec-
CHOHHOTO aHaJIM3a U AENaeT caMo IpuMe-
HEHHE 3TOTO MMoaxona Hed(pPEeKTHBHBIM.
[epcrieKTHBHBIM HaNpPaBICHUEM pe-
LICHWS JIAHHOW 3aj[aul SIBIISICTCSl MPOCK-
TUPOBAaHHWE WHTEIUICKTYAbHBIX CHCTEM,
WCTIONB3YIOIMX ~ OKCIEPTHBIE — 3HAHUS
u  oOecreynBaromuX  APPEKTUBHOCTH
YIPaBICHHUS PA3NUYHBIMH TEXHUYECKHUMHU
cucremMamu'. Co3qaHHE HHTEIUICKTYallb-
HOM CHUCTEMBI JUIsl TEXHOJIOTHYECKON pery-
JMPOBKHU TIpeArnosaraeT MACHTH()UKALNIO
MpeIMETHOIN 00J1aCTH, JIOTHKO-JIMHIBUCTH-
YECKOE OIMCAHKE U IPUBJICUEHUE MaTeMa-
THYECKOTO amapara HeUYeTKON JIOTUKH.
Lenmpro HacTosimed padOTHI SBIAETCS
pa3paboTka MeToma BBHIOOpAa HAYATBHBIX
3HAYEHUH peryIHpyeMbIX TapaMeTPOB KaT-
BEHHOI YaCTH 3epHOYOOPOYHOTO KoMOaliHa.
0030p TUTEpPaTYpPHI
s onucaHus MPOLECCOB MPUHATHS
pELICHNH MO YNPaBICHHUIO TEXHOJIOTHYEe-
CKMMH IPOLIECCAMHU B CIIOKHBIX CHCTEMAaX
UCIIONIb3YETCSl MaTeMaTHYeCKUH anmapar
HEUYETKOU JIOTUKHU. B 1mociennue roasl OH
JOCTAaTOYHO IIMPOKO IPUMEHSETCS IS
pelieHnss 3ajad  arpoNpOMBIIIIIEHHOTO
KOMIIJIEKCA, CPEAH KOTOPBIX HACHTH(H-
Kalisi COPHSIKOB, OLICHKA YPOXKAWHOCTH,

! ABepkuH A. H. HeyeTkne MHOXECTBa B MOJICIISAX YIIPABICHUS U HCKYCCTBEHHOTO HHTEIIEKTa. M. :

Knwura no tpe6osanmio, 2021. 312 c.
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OIICHKA Ka4eCTBA MIOYBBI, TOBBIIIICHUE MTPO-
JYKTUBHOCTH KYJBTYp U 3(pdekTHBHOCTH
UCTIOB30BaHusl ynoopenuii u ap. [7—10].
O00CHOBaHO TMPHMEHEHHE TaHHOTO IO[-
X0/la K OIEHKE 3HAUeHHWH PEeTryIUPyeMBIX
nmapaMmeTpoB komoOaitHa [11-13] u k mpo-
Oneme omepaTUBHON KOPPEKTHPOBKH TeX-
HOJIOTHYECKHX HACTPOCK B CIIydae 00Hapy-
JKEHUSI HApyIIeHUH KadecTBa yoopku [ 14].
3amava npeaBapuTEIHLHON HACTPOUKH
OTHOCHTCSI K KJIacCy 3a/a4 MPUHSTHUS pe-
ICHUI B HEUETKUX YCIOBUSX, MOCKOIb-
Ky XapaKTePUCTUKH BHEUTHHX (haKTOPOB
UMEIOT HEUYETKUE PAa3MbIThIC TpPaHUIIbL,
HEOJIHO3HAYHO BIIHSIHHE Pa3IUYHBIX KOM-
OMHAIM{ TTapaMeTPOB HACTPOMKH Ha II0-
Ka3aresy KayecTBa YOOPKH, a yCTaHaBIH-
BaeMbIe alpPUOPHO B3aWMOCBS3H MOTYT
OKa3aThCs HEaJeKBAaTHBIMHU IS PEabHOM
cutyanud. Bce 3TH (GakThl TOCITYKHIN
OCHOBaHHEM JUIsl BbIOOpa crocoba pe-
IICHUST TAaHHOM 3amaud — CO3JaHHsS WH-
TEJUICKTYaJIbHOU CHUCTEMBI, HCIIOJb3YIO-
LWEN IS MOJIYYEHUs] PELIEHUs] HEUETKUMI
JIOTUYECKUM BBIBOJ, OCHOBAaHHBIM Ha
WHPOpPMAIIMKA  IKCIEPTHOTO, OIEHOYHO-
ro M 53BpUCTHYECKOro xapakrepa [11].
HcTounnkamu Takoit mHpOpMaNUU sSBIS-
FOTCS KBaTU(UITPOBAHHBIE CTIEIIHATACTHI
B JIaHHOW 00J1aCcTH, HAKOTUICHHBIE 3HAHUS
0 B3aMMOCBS3SIX ITOKazaTelell KadecTBa
yOOpKH, BHEIITHUE YCIOBUS U TTAPAMETPHI
HACTpOIKHU koMmOaiiHa. Takoit moaxom ObLT
WCIIONIb30BaH JUISI BBIBOJIA Ba)KHEHIIIHX
perynupyeMbIX TapaMeTpoB KombaifHa:
CKOPOCTH JIBIDKCHUS, YaCTOTHI BPAIICHUS
MOJIOTHJIBHOTO OapabaHa, 4acTOThI Bpa-
IIeHUS BEeHTWsITopa ounctku [11; 15].
Hapsimy ¢ mnepeuucneHHbIME Tiapa-
METpaMu Il  KaueCTBEHHOW YOOpKH
ypoXkasi CyIIECTBEHHOE 3HAYCHHUE HMeEET
MIPaBUJIHHBIN BHIOOP IMapaMeTpOB KaTBEH-
HOM 4YacTH KoMOaliHa, TaKHMX KaK BBLIHOC
MOTOBHWJIA 110 BEPTUKAIU W TOPU3OHTAIN
u apyrue. lIpeaBapuTenbHas HACTpOHKa
peryiupyeMbIX IapaMeTpoB KoMOaiiHa,
COOTBETCTBYIOIIMX YCIOBHSM YOOPKH,
OXBaTHIBAET BECh KOMIUIECKC MapaMETPOB,
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W HACTOSILEE HCCIIE0BAaHUE IOCBSIIEHO
pa3paboTke MeTo/1a BEIOOpa ONTUMAaILHBIX
3HAUCHUH MapaMeTPOB KaTBEHHOH YaCTH.
B mpoBeneHHBIX paHee HCCIIEAOBAHUIX
NPE/CTAaBICHO JIMHIBUCTUUECKOE OIHCa-
HHE BHEWHUX (AKTOPOB, PacCCMOTPEHbI
YPOXXalHOCTb, BIAXKHOCTh, 3aCOPEHHOCTh
u comoMucTocTh 3epHa [11; 14; 15]. Ha
OCHOBE aJIrOpuTMa OBLTH YCTaHOBJIECHBI
ONTHUMAJIbHBIE MOJCIH JTMHIBHCTHYECKHX
MepEMEHHBIX, COOTBETCTBYIOIINX Mepeyu-
cieHHbM (hakropam [16]. [ HacTpoiiku
napamMeTpoB JKaTBEHHOW YacTH SBISIFOTCS
aKTyaJbHBIMUA M JpYrHe HapaMeTpsl, Ta-
KHE KaK BBICOTA, MOJIENIOCTh XJIeOOCTOS
U apyrue. VX TMHrBUCTHYECKOE ONMCaHne
MpEeACTaBICHO B Apyroi padote [17].

B nanHOM wuccnenoBaHMH B paMKax
pa3paboTaHHOTO METO/Ia BEIOOPA TTapaMeT-
POB KaTBEHHOM 4acTH OIMCAHO CHCTeMa-
TU3UPOBaHHOE  (POpMaIbHO-IOTHYECKOE
MOCTPOEHHE YCJIOBUH 3ajja4yd, BKIIOYArO-
iee JIMHIBUCTHYECKOE OIMCAHWE BHEII-
HUX (PaKTOPOB M PETYIUPYEMBIX TTapamMeT-
POB KaTBEHHOM YacTH M CO3/laHa CUCTeMa
NPaBHUJI HEUETKUX MPOAYKLHI JJIsl BEIBOJA
pCLICHHS.

MarepuaJjibl U METOAbI

[Ipemnaraemerii momxox kK hopMupoBa-
HHUIO METOJIa MPEJIBAPUTEIIHLHON HACTPONKHU
pErynupyeMbIX IapaMeTpOB >KaTBEHHOH
yacTH 0a3upyeTcss Ha MaTeMaTHYECKOM arl-
rapare HEYeTKOW JIOTHKH M B OOIIEeM BHIE
COCTOMT U3 3TanoB (azzuduKamim, KOMIIO-
suimu U aedaszzudukanuu [11; 15]. Janee
OCTaHOBUMCSI ITOAPOOHO Ha KAXKJIOM U3 HUX.

Ha orane d¢a3zsudpuxkaunn ¢dopmy-
JUpYEeTCS JIMHTBUCTHYECKOE OIMCAHUE
ycinoBuit 3amaun  [18], ompexaensercs
MHOXXECTBO {X} BXOIOHBIX MEPEMEHHBIX
3aJa4d B BUJIE COBOKYIHOCTH 3HAYCHUH
(hakTOpOB BHEIIHEH Cpelbl, CYLIECTBEHHO
BIMSIOLIMX HA BEJIMYMHY BBIXOTHOH Iie-
peMeHHO Y — peryaupyemMoro napamerpa
MallvHbL. B Hamem ciydae npu HaIn4Iuu
HECKOJIbKUX PEryIUpyeMbIX MapaMeTpoB
BBIBOJIbI MX 3HAYEHHUH paccMaTpHBarOTCS
Kak MapaJuleJIbHble TPOLECCHI.
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Mopnenu BXOTHBIX M BBIXOAHBIX MPH-
3HAKOB X, Y MpEICTaBISIIOTCS B BHIE CE-
MaHTUYECKHX MPOCTPAHCTB M COOTBETCT-
BYIOUIMX UM (YHKLHMH NPUHALIC)KHOCTH
(DIT) [18].

Crenyrouye 3Tambl PEeLICHUS BKIIIO-
YaroT KBAJIUMETPUUECKYIO OLIEHKY LIKaJ
HOCHTEJS, BHIOOP 0a30BBIX M pacUINpeH-
HBIX TEPM-MHOXECTB JIMHI'BHCTHYECKON
nepemennoi (JIIT), moctpoenue @I ox-
HUM U3 METOOB, ITPOBEPKY BBIMOTHECHUS
TpeboBanmii k @II, oueHKy creneHu co-
IJJACOBAHHOCTH HEUYETKUX DKCIEPTHBIX
3HaHUH, MocTpoeHue 00600meHHon DII.

IIpu mnocrpoennn @Il wucnonb3y-
IOTCSl HOPMaJIbHBIE HEUETKHE MHOXKe-
CTBa C BEpxHEH rpaHuuei, paBHoH 1
(sup i (x)=1), IpHUYEM KaKk yHUMOZIAJb-

xeE

Hble (Hampumep, TPEyrojbHON HIU 3KC-
MMOHEHIINATBHON (POPMBI), TaK U UMETO-
ue 00JIacTh TOJICPAHTHOCTH (HAIIPHMED,
TpanernueBuaaeie). Cpeawm  mporenyp
noctpoernst OII BeIOepeM mpeacTarie-
HHUE C MOMOIIBIO CTAHAAPTHBIX (PYHKIINH
TPEYroNbHOW M TpanenueBHIHON (opMm,
OIIEHKA MTapaMeTpOB KOTOPHIX HE BBI3bIBA-
€T 3aTpPYy/IHEHUH y 3KCIIEpPTOB U OTBEYaeT
cnenn(uKe HEONPEAETCHHOCTH.

CornacoBaHHOCTh JKCHEPTHOW WH-
(dopMay OLEHUBACTCS CICAYIOLIUMH
xapakrepuctukamu [16; 18]:

— Marpuuei K napHoi cortacoBaHHO-
CTU MOJIEJIEN SKCIIEPTOB;

— Marpuiied D HEeYeTKOCTH;

— aJINTUBHBIM k U MYJIBTHILIHKATHB-
HbIM K TOKa3aTes M.

IlepBble /1Be XapaKTEpPUCTUKU OIIpe-
JIeNIAT TapHYI0 COIVIACOBAaHHOCTh MoOJIe-
e, a mociieJHIE — COIIACOBaHHOCTh MO-
JIeJIed B LIEJIOM.

OxcnieptHeie Moaenu JIII ucmonssy-
I0TCSl B TIPOLIECCE HEYETKOIO JIOTHYECKO-
rO BBIBOJIA PEILEHMS, YTO 00yCIaBIMBACT
BBICOKME TpeOOBaHUS K aJIeKBaTHOCTH

2 TaM xe.

9KCTEepTHOH  HMH(OpManuMu  pealbHbIM
ycnoBusiM. CornacoBaHHOCTh OKCIEPT-
HOM WH(OpMALMK SBISETCS OJHUM W3
KpHUTepHeB ee KadyecTBa. Huskas cornaco-
BaHHOCTh MOJKET BO3HHMKAaTh W3-3a HEMIO-
CTaTOYHOM KBaTM(UKAIUH KOTO-TO W3
9KcneproB. [l yCTaHOBJIEHHS STOTO
(akTa aHATU3UPYIOT MATPHIBl HEYET-
koctd D W mapHoil comnacoBaHHOCTH K
MojieTiell M BBITONHSIOT KOPPEKTHPOBKY
comtacHo airoputMy [16]. OOmas pac-
COIVIaCOBaHHOCTh TpelOyeT Oomee yrimy-
OJICHHOTO aHaIM3a MOJENH, MOJIOKEHHON
B OCHOBY (hOpMasbHOTO OMHCAHHMS.
dopmabHOE TIPECTABICHNUE 3aBUCH-
MOCTEH MEXIY BBIXOJHBIM M BXOIHBIMH
napaMeTpaMy MMeeT BHJI SMIHPHIECKUX
MpaBwWil, OO0paszylommx 0a3y HEYETKUX
3HaHWI, B YaCTHOM CIy4ae, MHOKECTBO
IIpaBUJI HEYETKUX NPOAYKIUNA BUJIA

it A= B;(F).

rme i — UMA HEYETKOH MPOIyKILUU;
A= B — a1po npoaykuuu, B KOTOPOM
A — aHTCUEHICHT, BKIIOYAIONIUHN »dIe-
MEHTapHBIE TIPEIOKEHSI, COCTUHCHHBIE
JIOTHYECKMMHU CBSI3KaMH «W», a B — KOH-
CEeKBEHT, BBIPOKAIOMIMKA 3aKJITIOUCHUE;
—> — Omeparop JOTUYECKOTO CIIe0Ba-
Husl; F — Kod(pPUIHEHT TOCTOBEPHOCTH
npoxykuuu’. B croBecHoi dopme simpo
nponykiuu umeet Bun «ECJIN A4, TO By.
Jlist ipoBepKH aJIeKBaTHOCTU CPOPMYJIHU-
POBaHHBIX MPABUJI CTPOAT MOBEPXHOCTH,
OTpaXKalolue 3aBUCHMOCTH BBIXOAHOMU
JIIT oT pa3nu4HBIX KOMOMHAIIUH BXOTHBIX
JII1, B3SITBIX MOMAPHO.

B o6mem ciryuae pazBepHyTas opma
HEYETKOTr'0 JIOrHYECKOr0 BBIBOAA JJIS CHC-
TEMBI IIPOAYKIHIA UMEET BHUI

Hy = x\E/X (1 ()AL (). (1)

3 Acau K., Barana JI., Cyrano C. TIpukiia/iHpie HEYeTKHAE CUCTEMBI / Tiep. ¢ sioH. M. : Mup, 1993. 368 c.
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Ha srane nedas3uduxauuu 1 KoH-
KPETHONH KOMOWHAIIMKM BHENIHUX (DaKTo-
POB BBIBOASITCSI METO/IOM LICHTPA TSDKECTH
3HAYEHUsI BBIXOAHBIX MapameTpos*. Bbl-
BOJl peanmu3yercss B makere Fuzzy Logic
Toolbox (MatLab).

Pe3yabTarhl Hccie10BaHUA

Ha ocHoBe cucremaruzanum OIHU-
CaHHBIX BBIIIC TAMOB M UX MPHIOKEHUS
K HCCJIEJOBAaHHIO TPEIMETHOW 00nIacTu
«TIpeaBapuTeNbHAs HACTPOMKA >KATBEH-
HOW YacTu KoMOaiHa» MPeIOKEH METOJ
pelleHust 3ajaud BbIOOpa ONTHMATbHBIX
HaualbHBIX 3HAYCHUI MapaMeTpoB pa-
Ooumx opraHoB arperara. Mepapxwus co-
CTaBJSIIOLMX METOAa BKJIFOYAET HECKOIIb-
KO YpOBHEH U NpHUBEICHA Ha PUCYHKe 1.
[anee paccMOTpUM MOIPOOHO OT/IENBHEIE
3JIEMEHTBI JJAHHOW CTPYKTYPHOM CXEMBI.

B pesynbprare ncnonp3oBaHus METOAA
KOHLIENITYaIM3alluy BBITIOJHAETCS OTIpe-
JICTICHUE BXOJHBIX M BBIXOIHBIX (PaKTO-
pOB, WX OTHOIICHWH W THUIOB JaHHBIX.
PaccmarpuBaroTcsi BHelIHHE (PaKTOPBI,
OKa3bIBAIOIIME BIHSHUE HA PEryIUpy-
€Mble TapaMeTpbl KAaTBEHHOW YacTu.
Cpenu HHX HamOosee CyIIeCTBEHHBIMH
SIBIIIIOTCSL YPO’KaHOCTh, 3aCOPEHHOCTb,
BJIQ)KHOCTb, BBICOTA, MOJEMIOCTh, T'YCTO-
Ta, cIyTaHHOCTH xjeboctos. [Ipu ompe-
JeneHUN JTUHTBHCTHYecKOM mmkaiber JIII,
COOTBETCTBYIOIIUX ITEPEUUCICHHBIM (aK-
TOpaMm, HEOOXOIMMO YUYHUTHIBATh THIT yOU-
paeMoil KyiapTypbl. MokeT moTpedoBaTh-
cs u quddepeHnuanys Takoro (axropa,
KaKk ypoxkailHOCTh. Tak, 1 NIIEHULbI
paccMaTpUBaIOT YPOKaWHOCTh MPUMEPHO
60, 50, 40 n/rau T. 1.

BrixomgasiMu JIII B mocTaBieHHOI
3a/1a4€ SIBJSIIOTCA CKOPOCTh MAIlMHBI, MO-
JIO)KEHUE MOTOBMJIA IO BBICOTE OTHOCH-
TEJBHO PEXYLIEro anmnapara, MoJI0KEHHUE
MOTOBHJIA TIO TOPH3OHTAIH (BEIHOC MOTO-
BHJIa), BEICOTA CPe3a, a TAKXKE pazINIHbIe

3a30pbl, TAKUE KaK 3a30p MEXAYy BUTKaAMU
ITHEKA M JTHUILEM XKaTKH, 3a30p MEXKIY
naJblaMH IIHEKa U JIHUILEM KaTKU.

Bribop 3HaueHWH IepedrciIeHHBIX
BXOJHBIX (DaKTOPOB M BBIXOAHBIX Iapa-
METPOB SIBISIETCS 4acThlO OOIIEel 3amaun
HACTPOMKH  PETYJIUPYEMBIX Iapamer-
pOB KomOaliHa, cXema perIeHns KOTOPO
MpeicTaBlIcHa Ha PUCYHKE 2.

Iloctpoenne Mopenn mpeIMETHOR
00acTu BKIIIOUAeT CTPYKTYPHYIO U Mapa-
MeTpuueckyro uaeHrupukanuoo. CTpyk-
TypHas WACHTH(UKAIMS MOApa3yMeBaeT
YCTaHOBJIEHHE B3aWMOCBSI3EH pETryiupy-
€MOro napamerpa M BHEIIHHMX (haKTOPOB
Ha OCHOBE SMIHMpHYECKUX mpaBmia. Ha
JTane mapaMeTpUdYecKod HAEHTH(UKa-
LM ONPENEIIAIOTCS HOCUTEIM U YHCIIO0
tepmoB JII1, mapamerper OII u xo3dhdu-
IIUEHTHI TOCTOBEPHOCTH MPABHII MPOTYK-
U, TIPH KOTOPBIX PACXOXKICHNE MOIEIh-
HBIX M IKCIEPUMEHTAIBHBIX PE3yJbTaToB
JTIOTDKHO OBITh MUHUMAJIbHBIM.

[IpuBeneM JMHIBUCTHYECKOE OIU-
CaHME HECKOJNbKHX BHEIIHHX (HaKTOPOB
U peryaupyeMbIX NMapamMeTpoB AJIsl OIHOM
U3 KyJIbTyp — MIICHUIBI (Tabm. 1).

Breibop rpaHuMil TEpMOB NPOMILIIO-
cTpupoBaH Ha pucyHke 3 st JIIT «momo-
JKEHHE MOTOBMJIA IO BBICOTEM.

Ykazano konuuecTBo TepMoB JII1, BbI-
OpaHHBIX HAa OCHOBE KPHUTEPHEB COIIACO-
BaHHOCTH Tpu 00paboTke mHopManuu
YeThIpeX IKCIepToB [16]. XapakrepucTu-
KM COIVIACOBAaHHOCTH BBIYMCIIEHBI C IIO-
MOIIBI0 TPOTrpaMMHOr0 KoMmIuiekca [19]
U TpeACcTaBieHbl B Tabnmuie 2 Aias He-
ckonbkux JIII.

Ha pucynke 4 npuBeaeHO HECKOJIBKO
rpacduxoB ®II paccmarpuBaempix JIII.

Ha ocnose uvactheix @II nocrpoena
o6oommennas DI gua Bcex JIII, xoro-
pBIE UCIIONB3YIOTCS TIPU pa3paboTKe Oa3bl
MPOAYKITMOHHBIX TPaBUIL.

* MlcKyCCTBEHHBIIM HHTEIUICKT W HHTEIUIEKTyallbHBIC CHCTEMBI yrpasienust / 1. M. Maxkapos [u jp.].

Mockga : Hayka, 2006. 333 c.
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I/IH)KEHEPH]:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 32, Ne 4. 2022

Tabnuma 1
Table 1
Onucanue JHHIBUCTHYECKUX MepeMeHHbIX
Tuples of the linguistic variables

VenosHoe 0003HaueHHE /
Unit designation

<V¥poxaitnocts 40 1/ra {Menee 40, [Ipumepno 40, bonee VP ={VYPM40, YPII40, YPb40}

40}, 34-46> / <Productivity of 40 centners/ha {Less than 40,
Approximately 40, More than 40}, 34-46>

Kopresxu JIIT / Linguistic variable tuples

<Bmaxnocts x1e60cTos1,% {Cyxoit; Hopmanbblif, Bnaxusrit}, BC ={CX, HOPX, BJIX}
0-20>/ <Humidity of corn crops,% {Dry; Normal, Wet}, 0-20>

<Comomucrocts, % {Manas, Hopmansnas}, 40-70> / COJI ={MCOJI, HCOJI}
<Strawiness, % {Small, Normal}, 40-70>

<3acopeHHOCTH xaebocTos, % {Hwuskas, bonpmas}, 040>/ 3X ={H3X, b3X}
<Wildage of corn crops, % {Low, Large}, 0—40>

<Bsicora xie6ocrost, cm {Huskopocnsrit, Hmxe cpennero, BricX = {HX, HCpX, CpX, BX}

Cpennuid, Beicokuii}, 30-120> / <Height of corn crops, cm {Low,

Below average, Medium, High}, 30-120>

<Ilonernocts x1edoctos, % {IIpsamocrosmuii, Huskas, Cpennss, IIX = {III1X, HIIX, CIIX, BIIX}
Beicokas}, 040>/ < Lodging of corn crops, % {Right, Low,

Medium, High}, 040>

<CrytanHOCTb xiebocros, % {Hopmanbublit, CrryTaHHBIH }, CX = {HCX, CCX}
0-40>/ < Confusion of corn crops, % {Normal, Confused}, 0-40>
<I'ycrora xnebocrost, cred./m? {Paspexennsbiii, Huxe cpennero, I'X = {I'PX, HCpX, CT'X, ITX}

Cpennmuit, ['ycroii}, 100—1 000>/ < Density of corn crops, stems/m?
{Fragile, Below average, Medium, Dense}, 100—1,000>

<[lonoskeHre MOTOBHIIIA IO BeIcoTe, cM {OueHb HU3KOe, Huskoe, MIIB = {OH, H, C, B}
Cpennee, Bricokoe}, —10-110>/ < Reel height position, cm {Very
low, Low, Medium, High}, —10-110>

<IlonoxeHHe MOTOBUJIA 110 TOPU3OHTANH, cM {He3HaunTe bHBIH, MIII" = {H, HC, C, A}
Hwxe cpennero, Cpennnii, lanpnuii}, 20-70> / < Reel

horizontal position, cm {Significant, Below average, Medium,

Far}, 20-70>

ITomo>xenne morosmia 1o Beicote / Height position of reel:
—10-35 ouenn Huzkoe / —10-35 very low
10-60 ruzkoe / 10-60 low
40-95 cpennee / 40-95 average
70-110 BeIcokoe / 70-110 high

[ ]

-10 0 10 20 30 40 50 60 70 80 90 100 110 cm/cm

Puc. 3. I'panunst repmoB JIIT «ronoxenne MOTOBUIIA 110 BHICOTE
Fig. 3. Limits of the terms of the linguistic variable “Reel vertical position”
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Tabnuma?2
Table?2

Marpuua K napHoii cor;iacoBaHHoCTH ¥ noKa3atenn k u K o6meii cornacoanuocTu
Matrix K of pair consistency and Indices k and k of overall consistency

JITT / Linguistic Variable Marpuna K / Matrix K k k
«CoIoMHUCTOCTH XJ1€00CTOS / 1,000 0,667 0,667 0,964 0,699 0,677
“Strawness of corn CI‘OpS” 0,667 1’000 0,946 0,667

0,667 0,946 1,000 0,667

0,964 0,667 0,667 1,000
«BpricoTa xnebocros» / “Height of 1,000 0,945 0,901 0,812 0,812 0,812
corn crops” 0,945 1,000 0,951 0,862

0,901 0,951 1,000 0,911

0,812 0,862 0,911 1,000
«ITonernocts xnedocTos / 1,000 0,868 0,856 0,929 0,820 0,812
“Lodging of corn crops” 0,868 1,000 0,912 0,839

0,856 0,912 1,000 0,927

0,929 0,839 0,927 1,000
«I'ycrora xneboctos» / “Density 1,000 0,958 0,896 0,872 0,787 0,779
of corn crops” 0,958 1,000 0,857 0,832

0,896 0,857 1,000 0,867

0,872 0,832 0,867 1,000
«ITomokeHne MOTOBHIIA TIO 1,000 0,868 0,868 0,874 0,850 0,840
BeicoTe» / “Reel height position” 0,868 1,000 1,000 0,747

0,868 1,000 1,000 0,747

0,874 0,747 0,747 1,000
«ITonoxxeHne MOTOBHIIA 10 1,000 0,860 0,860 0,892 0,880 0,870
TOPH30HTAIII / “Reel horizontal 0,860 1,000 0,960 0,810
position”

0,860 0,960 1,000 0,920

0,892 0,810 0,920 1,000

Ha ocHoBe Meronuku ¢GopMupoBaHUS
0a3bpl 3HAHWH CO37]aHA CHCTEMa MPOTYKIU-
OHHBIX TIpaBwI. OHa WMeeT pa3BeTBICH-
HYI0 HEPapXUUECKYIO CTPYKTYpY, KOTOpas
Ha ITEPBOM YPOBHE JISITUTCS T10 YOUpaeMbIM
KyJlbTypaMm, Ha CIEIYIOIIeM YpPOBHE IS
psana KyibTyp (Hampumep, MIIEHHUIA) Iie-
71eco00pa3Ho BBIACTATH YPOXKaHHOCTh. CH-
CTEMYy CJIOXKHBIX B3aHMOCBSI3eH BXOJHBIX
U BBIXOJHOTO IApaMeTpOB, OTPAKEHHBIX
B MIPaBUJIax, HJUTIOCTPUPYET PUCYHOK 5.

baza 3HaHmii cdopmynupoBaHa IS
KaXX/I0H KyJBTYypBhI M PEryIIMpPyeMoro ma-
pameTpa, KOod()PUIMEHT AOCTOBEPHOCTH
nipaBui1 paBeH 1. Hanpumep, st neHu-
Il C ypoxkaitHOCTBIO mpuMepHO 40 1/ra

Technologies, machinery and equipment

u BbixoaHOU JIII «monoskeHne MOTOBUIIA
M0 BBICOTE» 0asza 3HAHWU comep UT 128
MIPaBHJI BU/IA:

ECJIN <BpicoTa x51€00CTOS «HHU3KO-
POCIBIIT», U TIOJIETIOCTD XJIe00CTOS «ITPsi-
MOCTOSIIIMIY, ¥ CITyTaHHOCTh XJIE00CTOS
«HOPMaJIbHBINY», MU TYyCTOTa XJIEOOCTOS
«pazpexxeHHblit», TO monokeHue MoTo-
BUJIA TI0 BBICOTE «OYCHB HUZKOEH™>.

Heuerkuii TOrn4ecKuii BEIBOJ Kax10-
T0 U3 PETYIUPYEMbIX MapaMETPOB OCHO-
BaH Ha CO3JaHHOH 0a3e 3HAHWI U BBITION-
HsieTcs cortacHo ¢opmyre (1), a TouHoe
€ro 3Ha4eHue Il OTpeIeIeHHON KOMOU-
HaIlMd BHEMTHUX (DaKTOPOB MOXKET OBITH
MOJTy4EHO METOMIOM IIEHTPa TSKECTH.
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fu(x) 1,0 \/ \.\/ \/
0,5 /\ /\ /\
0,0 > » +
30 35 40 45 50 55 60 65 70 75 80 8 90 95 100 105 110 115 120
X
=—Huskopocasrii / Low-growth  -==Hmxe cpennero / Below average =+=Cpennmii / Average ——Bpsicokwuii / High ‘
a)
S \/ \/ \/
0,5 /\ /\ /\
0,0 +
0 4 8 12 16 20 24 28 32 36 40
X
==IIpsimocrosiumii / Upright ==Huskas / Low =+Cpennsis / Average —Bpsicokas / High
b)
u(x) 1,0 \/ \\/ \/
0,5 /\ /\\ /\
0,0 > » *
100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
X
‘ =—Pazpexxennblii / Sparse  ==Huwxke cpennero / Below average ~ =+Cpennuii / Average  —I'ycroii / Dense ‘
¢)
lu(x) 1,0 \/ \\/‘ \\/
0,5 /\ /\\ /\\
0,0 T # T

80 90 100 110

X

[o)
(=3
~
=3

50

o3
=1
(%)
(=}
&
(=}

-10 0 10

‘ ==QOvyenp HHU3K0E / Very low -=-Huskoe / Low —+~Cpennee / Average ~ —Bgicokoe / High

d)
u(x) 10
N \/ \/ \/
0,0 /\ /\ /\
20 25 30 35 40 45 50 55 60 65 .

‘ =~Hesnaunrenbhblii / Insignificant -s~Hwxe cpenuero / Below average =+=Cpenuuii / Average =—/lanbnuii / Distant ‘
e)

Pu c. 4. I'papuku ¢pyrkpm npuHaiesxxaoctd Tepmos JIIT: a) «Beicota x1me60ocTos»;
b) «Ilonernocts xnedoctosny; ¢) «I'ycrora xedoctos»; d) «IlonokeHre MOTOBHIIA TIO BBICOTEY;
e) «IlonoxeHre MOTOBHIIA TIO TOPH3OHTAIIID

F i g. 4. Graphs of membership functions of the terms of the linguistic variables:
a) “Height of corn crops”; b) “Lodging of corn crops”; c¢) “Density of corn crops”;
d) “Reel vertical position™; e) “Reel horizontal position”
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TMonoxenue MOTOBUIA
10 BBICOTE /
Reel height position

Puc. 5. Cucrema B3aumocssseit Bxogubix JIIT u Beixomnoit JIIT «momoskeHrne MOTOBHIIA TI0 BEICOTEY.
YcnoBHBIE 0003HAYEHYSI, HCIIOIb3YEMbIC Ha PUCYHKE, pacIIu(ppoBaHbl B TadmIe 1

Fig. 5. The system of interrelationships of input linguistic variables and output linguistic variable
“Reel vertical position”. The symbols used in the figure are shown in Table 1

O0cyxaeHue u 3aKJII04eHAE

Pazpaboran mertom BbIOOpa Havaib-
HBIX MTapaMeTPOB JKaTBEHHOM YacTH KOM-
OaifHa. B pamkax MpemiokeHHOTO ITOI-
X0Ja MOAPOOHO PAacCMOTPEHbI 3JIEMEHTHI
(hOopMaTbHO-TIOTHYECKOM CXEMBI BBIBOZA
perieHui. JIaHbl JMHTBUCTUYECKHE OIMCa-
HUSI 3HAYMMBIX BHEITHUX (PaKTOPOB M Ta-
paMeTpoB HACTPOMKH, BBIOpaHBI ONTHU-
MaJIbHbIE MOJIEJIM Ha OCHOBE ITOKa3aTesnei
COIVIACOBAHHOCTH, CO3/1aHa 0a3a HEUEeTKHX
JKCTIEPTHBIX 3HaHUM. [lomydeHHbIe pe3yib-
TaTbl, COBMECTHO C AHAJIOTMYHBIMU pa3-
pabOTKaMH TI0 HAcTpOWKEe NapaMeTpoB

JIpyrux pabouMx OpraHoB KoMOalHa, CO-
CTaBIISIIOT OCHOBY ISl JTAJIbHEHINeH pas-
pabOTKM MHTEIUIEKTYaIbHOW HH(OpMAIIU-
OHHOM CHCTEMBI MPUHATHUS PEHICHUM 110
MIpEBAPUTEIHLHON HACTPONKE peryiupye-
MBIX TTapaMeTpOB KoMmOaifHa, KoTopasi Cy-
IIECTBEHHO O0JIerdaeT paboTy omeparopa.
B mepcniektuBe pa3BUTHE TAKUX CHCTEM
MpeArnoaraeT MOAKIIOUYEHHE JaTYUKOB
MOHHUTOPHHTA BHEIIHUX YCIIOBUH YOOPKH
U TIOKa3areJiell KayecTBa YOOPKH U aBTO-
MaTU3UPOBAHHON CHCTEMBI aHaIM3a H30-
OpakeHWii JUIS OINEPATUBHOW KOPPEKTH-
POBKH PEryIHpYEMbIX TTapaMeTPOB.
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06 asmopax:

JuvutpoB Banepmii [lerpoBuy, 3aBeayromuii kageapoii yrnpapieHns KauecTBOM JIOHCKOTO rocy-
JIapCTBEHHOTO TexHUUYeckoro yHusepcutera (344000, Poccniickas ®enepanus, r. Poctos-Ha-/{ony, m1. a-
rapuHa, 1. 1), JOKTOp TexHH4ecKux Hayk, npodeccop, ORCID: https://orcid.org/0000-0003-1439-1674,
Researcher ID: E-4908-2018, Scopus ID: 57195505958, kaf-gqm@donstu.ru

Bopucosa Jlronmuna BukropoBHa, 3aBeayronmii kadenpoil MCHEKMEHTa H OU3HEC-TTPOIIECCOB
JIOHCKOTO TOCYIapCTBEHHOTO TexHI4Yeckoro yuusepcureta (344000, Poccuiickas deneparust, . Poctos-
Ha-Jlony, mi. [arapuna, 1. 1), TOKTOp TeXHHMYECKUX Hayk, mpodeccop, ORCID: https://orcid.org/0000-
0001-6611-4594, Researcher ID: E-4863-2018, borisovalv09@mail.ru

Hypyrannoa Unna HukomaeBHa, oneHT kadepel IPUKIaIHOW MaTeMaTuKy JJoHCKoTo rocynap-
CTBEHHOTO TexHuueckoro yuuepcureta (344000, Poccuiickas ®enepanus, . Pocros-na-/lony, mi. [ara-
puHa, 1. 1), kanaunar gusnko-maremarndeckux Hayk, ORCID: https://orcid.org/0000-0002-3375-1295,
nurut.inna@yandex.ru

3asenennvlii 6K1a0 asmMopos:

B. I1. luMuTpOB — aHaIM3 MPEAMETHOH 0051acTH, pa3paboTka 00IIel METOIUKH.

JI. B. BopucoBa — MoziepoBaHie HEYETKUX IKCIIEPTHBIX 3HAHUH.

W. H. HypyTtauHOBa — pacyer rmokasareliei CorIacOBaHHOCTH, BEIOOP ONTUMAIEHBIX MOZEIIEH.

Bce asmopul npouumanu u 0006punu okoHuamenbHblil 6APUAHIN PYKORUCU.
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Hayunas cmamos

P PeKTUBHOCTH NPUMEHEHH s IIIUH HU3KOI0
JAaBJIeHHs NPU BO3/1eJIbIBAHUN 03UMOI0 SIYMEHs

E. B. Tpydask*~‘, M. C. Byxapues, /I. A. CoTHUKOB
Kybanckuii I'AY (e. Kpacnooap, Poccutickas @edepayus)
“ trufliak@mail.ru

Annomauyus

Bsedenue. OTcyTCTBHE KOMIUICKCHOTO aHAIIN3a BIMSHUS IIMH HA3KOTO JIaBJICHUS HAa POCT
U pa3BUTHE 3€PHOBBIX KYIBTYp (Pa3MEpPHO-MACCOBBIC XapaKTEPHUCTUKH PA3TUYHBIX da-
cTeil pacTeHHH, OOJIE3HH U T. [1.), yPOXKAHHOCTB 10 CJIely ¥ BHE ClIe/[a C UCIIONB30BaHHEM
HA3E€MHBIX U3MEPEHUH, CHUMKOB C OECIIIOTHOTO JICTATEIBHOTO alapara U U3 KocMoca
OCTaeTcst aKTyaIbHOI npobinemoid. L{ens paboThl — ONpenennTh ¢ UCIOIb30BaHUEM IU(-
POBBIX TEXHOJOIWH, TUCTAHIMOHHBIX U HA3EMHBIX M3MEPEHUH, Ha KaKOH M3 3JIEMEHTOB
CTPYKTYpPBI ypOKasi ¥ Ha KAKOM JTale OKa3blBacT HauOOJbIIIee BINSHNC IaBJICHHUE B IIIHU-
HaX IPH BO3/ICIBIBAHUHN O3UMOTO SUMEHS.

Mamepuanet u memoowi. Ha3eMHBIII MOHUTOPHUHT BCXOIOB MPOBOAMIICS C HCIOJIB30BaHU-
€M CTaHJApPTHBIX METOIMK ITOJICBOTO ObITA. J{MCTaHIIMOHHBI MOHHTOPHHI BCXO/IOB BbI-
TIOJTHSUICS B TEUEHHE BETreTallny 03UMOTO STIMEHs OeCIIMIIOTHBIMH JIETaTeNIbHBIMHU aIlapa-
tamu (Phantom 4 Pro, Mavic 2 Enterprise Dual) u xocmocHuMkamu (cuctembsr OneSoil,
SkyScout).

Pesynomamut uccreooséanus. B pedynprate NpoBEJCHHOTO B TEUCHHUE OJHOTO TO/a UCCie-
JIOBaHUs JI0Ka3zaHa 3Q(EKTUBHOCTH MPUMEHEHHS IIHH HU3KOTO JABJICHUS IIPH BO3/IEIIBI-
BaHMUHU 03UMOTO stumenst. [Ipu cpaBHeHNH Y(PPEKTUBHOCTH UCIIONB30BAHMUS IIIHH HHU3KOTO
JaBJIeHMs C INMHAMU CTaHAAPTHOTO JaBJIEHHs IOIYyYWJIN HOBBIIICHUE OMOIOrHYEeCKOit
ypoxaiiHocTH Ha 4,4 %, xombaitHOBOH — Ha 9,5 %.

Obcyorcoenue u 3axmovenue. ONpeeNIeHo, YTO AAaBJICHNE B IIMHAX OKA3bIBAeT BIIMSHHE
Ha POCT U Pa3BUTHE O3UMOTO SUMEHS, pa3BUTHE OOJE3HEH, a TaKke ypoxKaHOCTh. [Ipu
9TOM 3aMeTHa Pa3HHIIa [I0Ka3aTeseil Py IBMKEHUH MIMHEI 10 CJIey U BHe ciiena. Takum
00pa3zoM, Ba)KHBIM BOIIPOCOM MHTEHCHU(HKALUK CETLCKOXO35HCTBEHHOTO MPOU3BOACTBA,
Hapsily C MCIIOJIb30BAHIEM COBPEMEHHBIX TEXHOJIOTHI M TEXHHYECKHUX CPEJCTB, BEICOKO-
MPOIYKTUBHBIX COPTOB M THOPHIIOB, CPEICTB 3AIUUTHI PACTCHUH, SBIACTCS UCIOIb30Ba-
HUE IIMH HA3KOTO JIaBJICHUSL.

Knrouesvie cnosa: NMHBL, HU3KOE IABJICHHE, O3UMBIH STIMEHb, YPOXKAITHOCTB, OIIBIT, KOHTPOJIb
QDunancuposanue: WCCIEIOBAHNE BBINOIHEHO Npu (uHaHCOBOH momuepxke Kyban-
cKoro Hay4Horo (oHza B pamkax HaydHoro mpoekra Ne 20.1/73 u moroBopa HUP ot
15.09.2021 . Ne 128a/21.

bnazooapnocmu: BelpaxkaeM OJaroflapHOCTh YYaCTHHKAM OKCIEPHMEHTA: IUPEKTOPY
000 «Arpo-Codt» A. A. TeHekoBy, 3aBeaytouiemy kadenpoit pusznku Kybanckoro FAY
H. 1O. Kypuenko, nouenty kadenpsr ¢usnonornu u Omoxumun pacreHuii Kybanckoro
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Efficiency of Low-Pressure Tires in the Cultivation
of Winter Barley
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Kuban SAU (Krasnodar, Russian Federation)
™ trufliak@mail.ru

Abstract

Introduction. Today, a pressing problem is the lack of a comprehensive analysis of the
impact of low-pressure tires on the growth and development of crops (dimension and
mass characteristics of different plant parts, diseases, etc.), yield within the track and off
the track using ground-based measurements, images from drones and from space. The aim
of the work is to determine, using digital technology, remote and ground-based measure-
ments, which element of yield structure and at which stage is most affected by tire pressure
during the cultivation of winter barley.

Materials and Methods. Above-ground monitoring of sprouts was carried out using stan-
dard methods of field testing. Remote monitoring of sprouts was carried out during the
vegetation of winter barley by an unmanned aerial vehicle (Phantom 4 Pro, Mavic 2 En-
terprise Dual) and by satellite images (OneSoil, SkyScout systems).

Results. As a result of one year research the efficiency of low-pressure tires application
in the cultivation of winter barley was proved. The results of comparing the efficiency of
low-pressure tires with standard pressure tires show that when using low-pressure tires the
biological yield increases by 4.4% and combine yield increases by 9.5%.

Discussion and Conclusion. It was determined that tire pressure affects the growth and
development of winter barley, the development of diseases, and crop yields. At the same
time, the difference in indicators when the tire moves within the track and off the track is
noticeable. Thus, the use of low pressure tires is an important issue of agricultural produc-
tion intensification just like the use of modern technologies and technical means, highly
productive varieties and hybrids, and plant protection means.

Keywords: tires, low pressure, winter barley, yield, experience, control
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Beenenue

TToBbllIEHNE YPOKAWHOCTH 3EPHOBBIX
KOJIOCOBBIX KYJIBTYp SIBJISETCSl Ba)KHOM 3a-
Jladeid MPOJIOBOIbCTBEHHOW O€30MacHOCTH
cTpaHbl. B HacTosiiee BpeMsi HEBO3MOKHO
NOJIy4yaTh XOpOLIME pe3yabTaThl 0e3 Hc-
MOJIb30BAaHMSI MOILIHBIX TPAKTOPOB W LIH-
POKO3aXBaTHbIX  CEJIbCKOXO3SMCTBEHHBIX
MallNH, JaBJIE€HUE ILIHH KOTOPbIX OKa3bIBa-
€T BIIMSHHE Ha ypOXKalHOCTh BO3/EIIbIBaC-
MBIX KYJBTYD.

AKTyaJTbHBIM BOTIPOCOM SIBJISIETCS M3-
y4eHHE BO3MOXXHOCTH MOBBIIICHHUS YpO-
JKalfHOCTH 3€PHOBBIX KOJIOCOBBIX KYJIBTYD
32 CyeT WCHOJb30BAHUS IIWH HU3KOTO
JIaBJICHUSI.

Lens paboTel — ompenenuTth C HUC-
MOJIb30BaHUEM LU(PPOBBIX TEXHOJIOTHH,
JUCTAHIIMOHHBIX W HAa3eMHBIX H3Mepe-
HUM, HA KAaKOM M3 3JEMEHTOB CTPYKTY-
PBI ypOKasi 1 Ha KaKOM 3Tale OKa3bIBaeT
HauOoJIbllee BIUAHUE JaBICHHUE B IIMHAX
TIPH BO3/IETIBIBAHUU O3UMOTO SIMEHS.

Jia noctrxeHns 1enu ObUTH MOCTaB-
JICHBI CIIEAYIOIINE 3a1a4uu:

1. BbIOOp 105151, ONBITHOTO M KOHTPOITh-
HOTO 9KCIIEPUMEHTAJIbHBIX YYaCTKOB.

2. AHanu3 30H NPOAYKTUBHOCTH, ar-
POXUMHUYECKOTO  OOCHEeIOBaHUS  TIOYB,
YPOKaHOCTH KYJIBTYp IOJIS 10 IIPOBEie-
HUSI OKCTIIEPUMEHTA.

3. OGoCcHOBaHHE TPAaHUI] U Pa3MEPOB
OIIBITHOTO ¥ KOHTPOJIBHOT'O 3KCIEPUMEH-
TaJIbHBIX Y4aCTKOB.

4. IlogrotoBka arperatoB, 000OCHOBa-
HUE W KOHTPOIb JaBJeHHS IIWH, COTPO-
BOXKJCHHE TEXHOJIOTMYECKHUX OIepariuii
JIMCKOBaHUSI CTEpHH, 0TOOpa MPpoO MOUBBI,
BHECEHHS yIOOpEHUH, TUCKOBaHUS MTOCIIE
BHECCHHsI yIOOpEeHHil, moceBa, MPUKAThI-
BaHUS TOCEBAa, BHECEHMs >KUIKUX YJIO-
Openuii, BHeCEHUS TepOUIMIO0B U QYHTHU-
LIUJIOB.

5. IlpoBeneHune Ha3eMHOIO U AUCTaH-
LIMOHHOI'O MOHUTOPHHIA BCXOAOB B TeUe-
HHE BereTally 03UMOro sTUMEHSI.

6. AHanu3 pe3ylnbTaTOB HCCIEN0-
BaHUM.

Technologies, machinery and equipment

0030p uTEpaTYpPHI

B ynusepcurere Xapmnepa Anamca
(BenukoOpuTanus) W3ydanoch BIMSHHE
croco0a ABMKEHHUS M 00paOOTKU MOYBBI HA
YPOXKalHOCTh 03UMOMH IMIICHULBI K CBOUCT-
Ba nouskl [1]. Ienbto JaHHOTO KCCIe0Ba-
HUSI SIBJSIacCh 00paboTKa ¢ TIPOU3BOIBHBIM
nmekenreM (RTF); ucrons3oBanremM Hu3-
xoro maieHus Ha TpyHT (LGP); oO6pabot-
ka koHTpormpyembiM mBmkeHueM (CTF)
C pPa3NMYHBIMH CHUCTEMaMu OOpabOTKH
oYBbL. POCT M ypO)KalfHOCTb CEJIbCKOXO-
3AHCTBEHHBIX KYJIbTYyp HM3yYald C TIOMO-
b0 aHanmm3a (ororpaduii U cOOPaHHOTO
ypoxasa. CTF yBennunn ypokaiiHOCTb BO
BCEX CHCTEMax 00paOOTKHU MOYBBI.

Lenbto uccnenoBanus B APyroi pado-
Te OBLIO OIpeAeTeHNuE BIUSHUS T'yCEHHUI]
U MWH Ha (U3NYECKHEe CBOWCTBA MMOY-
Bbl [2]. CpaBHUIM BIHSHHUE PE3UHOBBIX
rycenur; (Challenger 765C), cranmaprt-
HeIX mH 1 muH LGP (Massey Ferguson
8480). Cranmaptasie muHB! ¥ IHHE LGP
OBUIM HaKauaHBI 70 BHICOKOTO JIaBIICHHS
(1,2 6ap cnepenu; 1,5 Gap c3aau) U HU3-
Koro JaBieHus Hakauku (0,7 Gap crepe-
Iu U c3aau). JlaBineHue MouBbl U3Meps-
JOCh C TIOMOUIbIO TEH30METPUUYECKUX
JIATYUKOB JlaBjieHUs Ha miryouHe 300 mm
B LIEHTpe Kojeca. JlaHHble ObuM coOpa-
HBI C HCIIONIb30BaHNEM crcTeMbl National
Instruments CompactRIO u 3aperucrpu-
pPOBaHBI C TIOMOMIBIO IPOTPAMMHOTO
obecmieuenus Virtual Instrument uHa mmop-
taruBHoMm [IK. ®usudeckue cBoiicTBa
MOYBBI OTIPENIEISITNCH C TOMOIIBIO KOHYC-
HOTrO TieHeTpoMmeTpa. [IukoBoe maBneHue
MOYBBI TOJA PE3WHOBBIMH T'yCEHUIIAMHU
(0,27 6ap) OBLIIO 3HAUUTEIILHO HUXKE.

Wzydeno BnustHUS DTyOOKOH, MEKOH
Y HYJIEBOM 00paOOTKH MOYBBI C OOBIYHBIM
Y HU3KHUM JIaBJICHUEM B IIMHAX U PETyJH-
PYEMBIMH CHCTEMaMH JBM)KEHHS Ha ypo-
JKAfHOCTDb O3WIMOM TIIIEHUIIBI, O3UMOTO
SIMEHSI W SIPOBOTO OBca. Pe3ymbrarhl mo-
Ka3bIBalOT, YTO ypPOKAWHOCTH TIPH HyJle-
BOl 00paboTKe TOYBHI ObLIa HIKE, YeM
MIPY TITyOOKOH 1 MEJIKOM 00pabOoTKe TTOUBBI
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JUIE BCEX KYJBTYp C OOIIMM CHHXCHUEM
Ha 1,0 T/ra HIKE CpEHEro 3HAYCHUS MPH
n1yOOKOH 1 Menkoi 00paboTke mouBsl [3].

CucremMbl HA3KOTO JaBJIEHHS Ha TPYHT
(LGP) moryT criocoOcTBOBaTh CITy4aitHO-
My TIepEeMEIIeHHIO0 U YacTO MCIIONB3YIOTCS
JUTSL IOCTYTIA K TIOJISIM BO BPEMsI BITAYKHBIX
YCJIOBHA, CBOJISI K MUHUMYMY HETr'aTHBHbIC
TIOCJIEACTBUS JIOPOKHOTO JIBHIKEHUS. Mex-
JIMCUMIUIMHAPHBIN  TOJTOCPOYHBIA  TIPO-
€KT, CO3JIaHHbIll B YHUBEpcUTeTe Xaprepa
Anamca (BenmukoOpuranust) B okTsiope 2011
ro/ia, U3y4ajl BO3ICHCTBUE TOPOKHOTO JIBH-
JKEHUSI U 00paOOTKHM Ha PEaKIHIO0 TIOYBHI,
ypOoXKasi ¥ SHEPTHH B PaHIOMH3HPOBAHHOM
Y TIOBTOPHOM HCCIIEZIOBAHUH TS OTIPEIeIie-
HUsE BIUsHASA cirydaitHoro aprkenns (RTF),
ynpasistemoro neikeHust (CTF) u Hu3KoTO
nmasnenns Ha TpyHT (LGP) cuctems! ¢ miy-
OOKOM, MEJTKOI 1 HyIIEBOI 00pabOoTKO# T0Y-
BbL. Llepio ATOr0 MCcnenoBaHus SIBISIETCS
pa3pabOTKa HMHTEIPHUPOBAHHON CHCTEMBI
MEXaHU3ALUKN JIJIsl ONTUMU3AIUKA TIOYBCH-
HBIX U BOJIHBIX PECYpCOB, pocTa ypoxkas,
YPOKAHOCTH, TPOU3BOAUTEILHOCTH CHUC-
TEMBI 1 SKOHOMUKH B KOMMEPYECKOH Cellb-
CKOXO3SMCTBEHHOM MpakTuke [4].

B nmucceprauun 3. K. Cmut npen-
CTaBJIeHbl O0O0OIIEHHBIE MaTepHabl 10
BIIMSTHUIO CENTbCKOXO3SHCTBEHHOTO TpaH-
cropra u 00pabOTKM TIOYBEI Ha (hU3UUe-
CKHe CBOMCTBA MMOYBHI M ypoxKaii'.

B. A. PycanoB B monorpadum
u B. IO. PeBenko B auccepramnuu paccmo-
TPEIH BOMPOCH! TOYBEHHOTO YIUIOTHEHHS,
a TaKKe MyTH €ro yCTpaHEeHHs .

Paccmotrpensl  3amaum  pa3paboTku
KOHCTPYKLHU OIOPHOTO Kojieca C IIH-
POKOTIPOPHIILHON IIMHON MEePEMEHHOTO
JTABJICHUS, TPOBEICH aHAIIU3 H MOZEIUPO-
BaHUE DPA3IUYHBIX MTUPOKOMPOMUIHHBIX
KOHCTPYKIIMH IIIMH OMOPHBIX KoJiec [5; 6].

Teoperndecknn 00OOCHOBAaHO WCTIONb-
30BaHUS KPYITHOTA0APUTHBIX IIIMH HU3KO-
ro AaBieHus [7].

K. A. 3enenoB B amccepranuu pac-
cmorpen  pabory Tpakrtopa JIT3-155
n mwryra [1IJIH-5-35 ¢ mmHaMu HH3KOTO
JIABJICHUSI U TPUIIET K BBIBOMY, YTO OHH
MO3BOJISIIOT CHU3UTH OYKCOBaHHE U YIyd-
HINTh TATOBBIC CBOMCTBA’.

Komnanuss «ABuon» B 2016 1. co-
BMecTHO ¢ Boponexckum I'AY uccneno-
Bajia BIMSIHHA IIMH CBEPXHU3KOTO JaBlie-
HUSI HA YPOXKAUHOCTh U KQY€CTBO O3UMOM
mreHuns'. B pesyasrare momydeHo, uTo
YPOBEHb CHIDKCHHS YPOXKAHHOCTH 3aBH-
cuT ot (ha3bl pa3BUTHs pacTeHuil. B ¢a3sy
KyLICHUS] CHUKEHUE YPOXKAMHOCTH pa-
CTEHM 110 cliefy KOJeC HE MPOUCXOMIIO.
Pactenust, mpumsThIC KOJIECAMU MAIIUHBI
B a3y TpyOKOBaHHMsI M KOJOIICHUS, JAFOT
ypoxkail, Ho Ha 11 u 29 % Huke KOHTpOIIS.

IlokazaHo, KaKk BIHAET HAa XOJIOBYIO
4acTh B TPaKTOpax HHU3KOE MIaBlICHHUE
B IIMHAX, MPEIJI0KEHBI Iy TH ITOBBIIICHHS
OKCITyaTalMOHHBIX KauyecTB Marue’ [8].

0. H. CpIpOMATHUKOB pE3IOMHUPYET,
YTO OJMH M3 CaMbIX HPOCTHIX U 3PPek-
THUBHBIX CIIOCOOOB CHU3UThH JaBJICHHUE
TpPaKTOpa Ha MOYBY — YMEHBIIICHUE JIaBJIe-
HUsl B MHax [9].

! Smith E. K. The Effect of Agricultural Traffic and Tillage on Soil Physical Properties and Crop Yields :
A thesis Submitted in Partial Fulfilment of the Requirements for the Degree of Doctor of Philosophy. Newport,
2017. 242 p. URL: https://hau.repository.guildhe.ac.uk/id/eprint/17337/ (zara oopamenus: 10.09.2022).

2 Pycanog B. A. TIpoGiema nepeyioTHeH S OB JABHXKUTEISIMU 1 3 ()EKTHBHBIC ITyTH €€ PELICHNMS :

MoHorp. M. : BUM, 1998. 368 c. ; Peenxo B. 1O. [ToBbimenne 3peKTHBHOCTH MAIIHHHO-TPAKTOPHBIX
arperaroB ¢ KOJICCHbIMHU TpaKkTOpamu KjiaccoB 1,4, 2 u 3 Ha OCHOBE ONTUMH3AIMH [1aPAMETPOB JIBUIKHUTE-
JIeH : IuC. ... KaH]. TexH. HayK. Mockaa, 2006. 182 c.

3 3enenoB K. A. TIoBbIIICHHE TATOBO-CLICTTHBIX CBOWCTB KOJIECHBIX MOIHOIPHBOAHBIX TPAKTOPOB pe-
TYJITUpOBaHHEM JIaBJICHUS BO3IyXa B IIMHAX : JIUC. ... KaHA. TeXH. HayK. Caparos, 2003. 178 c.

4Msi3un H.T. VicenejoBaHne O BIHMSHAY LIWH CBEPXHU3KOTO JIABIICHHS HA YPOKAHHOCT U KAY€CTBO O3H-
Mol mmeHuIs! [ DnekTporHbii pecypce]. URL: https://avion-agro.ru/research_articles?mode=view&post
1d=1490286 (nara oopamienus: 10.09.2022).

5 Xomossle cucteMsl TpaktopoB / B. M. 3abposckuii [ 1p.]. M. : Arponpomuszar, 1986. 269 c. URL:
https://search.rsl.ru/ru/record/01001335506 (mata obparenus: 10.09.2022).
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[IpennoxxeHo ycTpoiicTBO, MO3BOIS-
Iolee TTPOU3BOJUTH ABTOMAaTHUECKOE M3-
MeHeHue aasneHus B muHax [10]. Ipen-
CTaBJICH aHAJIU3 U aJITOPUTM BO3JIEHCTBHS
XOJIOBBIX CHCTEM Ha MOYBY®.

BrusiHre XOIOBBIX CHCTEM Ha TOYBY
OCBEIICHO W B APYrux crarbsx [11-14].
VcripITaHusIM IIMH HU3KOTO U CBEPXHU3KO-
TO JIABJICHUS TIOCBSIIEHBI paboTsl’ [15; 16].

A. A. Jlonapes eme B 1984 r. uzyuan
BIMSHUE (PAKTOPOB XOJIOBBIX CHCTEM
TPaKTOPOB TIATOBOTO Kiacca 1,4 Ha CBOM-
CTBAa JCPHOBO-TIOA30JIUCTHIX CYIJIMHU-
cthix mouB®. KoMIiekcHbIe pe3yibTaThl
PaCIIMPEHHOTO UCCIIEIOBAHMS OTPAKEHBI
B ero aucceprain’. OIHAKO 32 MPoIIe-
me 20 JeT MHUpPOBBIE NPOU3BOAUTENIN
IIFH BBIITYCTHIIM HOBBIE MOJIENH, KOTOpPbIE
WCTIOB3YIOTCA B PA3NUYHBIX TOYBEHHO-
KITUMaTH4YeCcKuX ycioBusax. llosBummch
HOBBIC BBICOKOTOYHBIC THUCTAHIIMOHHBIC
U(QPOBBIE HHCTPYMEHTHI, KOTOpBIE OBLITH
He ToCTynHbI paHee. [Ipu 3ToM nposese-
HBI UCCJICIOBAHUS TOJNIBKO JIJISI TPAKTOPOB
TATOBOrO Kiacca 1,4 Ha JEpHOBO-IOA30-
JIUCTBIX CYTJIMHHUCTBIX TTOYBaX.

O030p JHTEpaTypHBIX HCTOYHHKOB,
CBSI3aHHBIX C HCIIOJIh30BAaHUEM IIUH HU3-
KOTO JIaBJICHHS, TIOKAa3bIBACT aKTyaJIbHOCTh
W3y4YeHHsl TAHHOTO BOIIpOCa Kak Hay4dHO-
00pa3oBaTeNFHBIMI OPTaHU3AIMAMH, TaK
Y TIPOU3BOIUTEIISIMU IIIWH. BBIMOIHSIOTCS
TEOpPETHYECKHe W OKCIIEPUMEHTAJIbHbIC

uccnenosanusi B Poccun u 3a pyOesxom
MPUMEHUTENBHO K BO3/EJIBIBAHUIO CEJIb-
CKOXO3AWCTBEHHBIX ~ KyJabTyp. OnHako
OTCYTCTBYET TIIIyOOKHH KOMIUIEKCHBIN
aHaJU3 BIMSHUS IIUH HA3KOTO JaBJICHNS,
YCTAHOBJICHHBIX Ha TPAaKTOpax pas3jiny-
HBIX MOILHOCTEH, Ha POCT MU pa3BUTUE
KyJasTyp (pa3MepHO-MacCOBBIE XapakTe-
PUCTUKH PA3IMYHBIX YacTed pacTeHMI,
pasBuTHEe OOJE3HEW W T. M.) MO CIedy
M BHE ClleJla C HCIIOJIb30BaHUEM Ha3eM-
HBIX U3MEpPEHHI, CHUMKOB € O€CITUIIOTHO-
ro nerarensHoro anmapara (BITJIA) un u3
KOoCcMOca.

Marepuanibsl M METOABI

OKCIIEpUMEHT I10 OIeHKE d(PPEKTHB-
HOCTH IIPUMEHEHUS IIMH HU3KOTO JaBIie-
uust MICHELIN AXIOBIB2, texHoio-
run n3rotossieHusst MICHELIN Ultraflex
MIPH BO3JIEITBIBAHIH O3UMOTO STIMEHS TIPO-
BOoMWJICA HA moiie 155 ra B I'marmHCckOoM
paitone Pecrybnuku Anpirest ¢ 12 okTsi-
6pst 2021 r. mo 4 urons 2022 1.

[IpenBaputensHO miepen  BHIOOpPOM
MOJISL BBHIMOJIHEH AaHANW3 WHTErPaJbHBIX
30 monst ¢ 21.03.2013 r. B ruiargopme
SkyScout. Beero paccmorpeno 1090 caum-
koB, oroOpaHo 82. B cucreme OneSoil
BBIIIOJIHEH aHAJM3 30H NPOLYKTUBHOCTH
¢ 2016 no 2021 rr.

AHanu3upys UWHTETpaJlbHble 30HBI
M 30HBI TNPOAYKTUBHOCTH, MOXKHO 3a-
METUTh WX TPUMEpPHOE COBIAJCHHE.

¢ Koznos [I. T, OctpukoB B. B. Ananu3 myTeil CHIKEHHs HeTATHBHOTO BIIMSHUS KOJICCHBIX IBUKH-

Tenel Ha pU3NKO-MEeXaHWYeCKHe CBOMCTBA IOYBHI M TATOBBIE KauecTBa TpakTopa // Hayka u oOpa3oBanue
B COBPEMEHHBIX YCIIOBHSIX : MaT. MEKAyHap. Hayd. KoH}. BopoHex, 2016. C. 230-241. URL: https://www.
elibrary.ru/item.asp?id=26102667 (nara oopamenus: 10.09.2022).

" Mleromuxuua T. A., Tonsrsimun B. 5. CaMmoxo/HbIe SHEpreTHIECKHe CPeICTBA ISl BHECSHUS yI00pe-
HHUH 1 CPEJICTB 3alllUTHl PACTEHUH Ha IIMHAX HHU3KOTO AaBiieHus // VIH)XeHepHble peleHus JUls arporpo-
MBIIIIEHHOTO KOMIUIEKca : Mat. Beepoc. Hayu.-mpakT. kKoHG. Pszanb : Mzn-Bo PIAY, 2022. C. 196-201. URL:
http://www.rgatu.ru/archive/sborniki_konf/24 03 22/programma.pdf (mara oopamienus: 10.09.2022) ; Axu-
kuH H. B., [lopodeesa K. A. OCHOBHBIE IPEUMYIIIECTBA UCTIONB30BAHHMS ITMH HI3KOTO JIABIICHUS B arpoIpo-
MBIIIICHHOM KoMmruiekce // TlepcreKTHBHbIC TeXHONOrHN B coBpeMeHHOM ATIK Poccun: Tpaauiiu 1 HHHO-
BaIuy : Mar. 72 MexayHap. Hayd.-TipakT. kKoH®. Ps3ans : Mza-Bo PTAY, 2021. C. 115-118.

8 JlJonapes A. A. BiusiHie KOHCTPYKTHBHBIX M SKCIITyaTallHOHHBIX (DAaKTOPOB XOJ0BOM CHCTEM TPAKTO-
poB MT3-80, MT3-82 Ha cBOWCTBA IEPHOBO-MOA30JIUCTHIX CYIITMHUCTBIX TIOYB : JHC. ... KaHJl. TEXH. HayK.
Kupog, 1984. 241 c. URL: https://search.rsl.ru/ru/record/01003435726 (nara oopamienus: 10.09.2022).

? Jlonapes A. A. TToBblnieHne 3pGEKTHBHOCTH KOJIECHBIX YHHBEPCAIBHO-TIPOIIAIIHBIX TPAKTOPOB TSI~
rOBOTO KJacca 1,4 B pacTeHHEBOJICTBE ITyTEM COBEPIICHCTBOBAHNSI KOHCTPYKTHBHBIX ITapaMETPOB JIBHIKH-
TeNel ¥ ONTHMHU3AINN TEXHOIOTHIECKUX PEXKUMOB : JTUC. ... A-pa. TexH. HayK. Kupos, 2003. 475 c. URL:
https://search.rsl.ru/ru/record/01002624033 (nara obpamenus: 10.09.2022).
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Opnako B cucteme SkyScout oHU 3aHUMa-
10T 27,2 ra, a B cucreme OneSoil 51,2 ra.
BrimonHera 0OprCcOBKa 30H BBICOKO
npoayktuBHocTH matgopm  SkyScout
1 OneSoil B cucreme KOMITAC 3D u ux
HaJIOKEHUe JIpyT Ha apyra (puc. 1).
AHanm3upys pe3yabTaThl KapTHPOBa-
HUS YPOKaMHOCTH O3UMOM TIIEHUIIBI 3a
2020 1., caenaH BBIBO, 9TO BAPhUPOBAHUE

oy

' Knaccet / Mrowans /
Classes Area, ha

e 231

2 1049

‘ H: 272

OTHOCHTENLHaA NPOAYKTUBHOCTL 30H / Relative productivity zones
Cpenwan / Average  Ouemb Bwicokan / Very high
e —

Ouets Hiakan / Very low
-

a)

B 30HE BBICOKOH MPOMYKTUBHOCTU CO-
craBigeT oT 7 10 9 1/ra, Hu3Kou 3—6 T/ra
(puc. 2).

Ilo pesympraram arpoxumoOcieno-
BaHUS JI0 TIPOBEACHUS DKCIIEPUMEHTAIb-
HBIX WCCIIEJIOBAaHWH Ha I0JIe COMIepIKaHUe
kamus U (ochopa B 30HE MPOTYKTHBHO-
CTHU BBICOKOE, KpOME HIKHEHN JIeBOM ua-
ctu s kanus (puc. 3).

MpoayktueHocTe / Productivity
89%
512raf 51,2 ha

87%

522ral 522 ha
85%

52ral 52 ha

Huakan / Low

Buicokan / High

b)

Puc. 1. 30HBI 9KCIIEPUMEHTAIBHOTO IIOJIS: @) HHTETPaIbHbIC; b) MPOLYKTHBHOCTH
Fig. 1. Zones of the experimental field: a) integral; b) productivity

YpoxaiHocTb, T/ra /
Crop yield, tha

M 200..2,9
3,00..3,99
4,00...4,99
5,00..5,99

..6,99

7,00...7,99

8,00...8,99

EEEREREOQO

9,00...99,00

Puc. 2. Kapra ypoxkaitHocTn mrenns! o3umoit (2020 1., nanasie OO0 «Arpo-Codr»)
Fig. 2. Map of winter wheat yield (2020, data of Agro-Soft LLC)
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B nenom no mosnto 3HaueHUE Mapra-
a OYeHb BBICOKOE, KOOAIbTa MOBBIIICH-
HOE, KaJbIHsl BBICOKOE, TyMyca CpeIHee,
MEIU CpeJHee, MarHusli HU3Koe, LHHKa
OYEHb HHU3KOE.

[IpoBexns mpenBapuTensHyIO a’spodo-
TOCBHEMKY, 3aMETWJIM HaJMYHe BBIMOUYEK
(puc. 4), KOTOpBIE TaK k€ OBUTH BUIHBI HA
KOCMOCHMMKax MHpH aHAJIM3€ BEreTaluH
3a TIpeIbIIYIHE TOBI.

B pesynbrare nose pazienuim Ha YacTH
TaK, 4ToObl OMBIT 43 Ta (MCIOIB30BAIHCH
IIMHBl HHU3KOTO JaBIICHUSI) W KOHTPOIb
43 ra (MCIIONB30BAINCH IIUHBI CTAHIAPT-
HOTO JIaBJICHNs1) OBLTH B OJTHOPOJTHOM 30HE,
a HEOIHOPOJHBIH y4acTOK HE 3aIeHCTBO-
BaJIM B AKCIIEPUMEHTE (pHC. 5).

Jnst 000cHOBaHUS JaBIeHUs B IIMHAX
Ha ONbITE TPAKTOpP C CEIbXO3MAIIUHON
nepesi Kaxa0M TeXHOJIOrMYEeCKON orepa-
nyel B3BemmBacs (puc. 6).

OCyIECTBISUINCH CIECTYIONIHE TEXHO-
Joruyeckue onepamnuu (puc. 7):

— auckoBaHue cTepHH (TpakTop John
Deere 9520 u auckoBas Oopona John
Deere-650 (2.10.2021 r.): mmHBI HE y4a-
CTBOBAJIN B 9KCIIEPUMEHTE);

— BHeceHHe ynoopenuit (Tpaxrop John
Deere 7830 u pa30OpacsiBatens yioOpeHuit

Puc. 4. Penbeduble yuacTKH SKCHEPUMEHTAIBLHOTO OIS (MOYAKH)

Amazone ZA-TS 3200 (13.10.2021 r.):
JapieHue muH (onelT) P = 1 Oap; nasie-
Hue muH (Koutpons) P = 1,6 6ap);

— IMCKOBaHHUE MOCIJIE BHECCHUS ynoOpe-
Huii (Tpaxrop John Deere 8430 u nuckoBast
o6opona Lemken Rubin 9 (13.10.2021 1.):
P =0,6 6ap; P_= 1,4 6ap);

— moceB (tpakrop John Deere 7830
u cesutka John Deere 9400 (¢ 17.10.2021 mo
18.10.2021 r.): P, = 0,6 6ap; P, = 1,2 Gap);

— TPUKATHIBAHUE IOCEBOB (TPAKTOP
John Deere 7830 u karok Cambridge
CV500P (20.10.2021 r): P, = 0,6 Gap;
P, = 0,6 6ap; 06paboTKa IPOU3BOIUIACH
MO JIMATOHAIIH TT0JIsT);

— BHECEHHE KUAKUX YI0OpEeHHH (OTIpHI-
ckuBarenb John Deere 4730 (27.02.2022 1):
P,=0,6 6ap (nepenuue); P, = 0,8 6ap (3axa-
uue); P, = 1,4 6ap (nepenune); P, = 1,4 6ap
(3amHue));

— BHECCHHUE TepOMIIMIOB U (DYHTUIIN-
1o (ompsickuBatens John Deere 4730:
P,=P.=2,506ap).

BBINONHAIMCh  Ha3eMHBIC HM3MEPEHHS
KOJIMYECTBA M BBICOTHI PACTCHUIA; KOJIMUE-
CTBa JINCTHEB B PACTEHUH; MACChl PACTCHHSI;
JUTHHBI ¥ ITUPUHBI KOPHEBON CHCTEMBI; T10-
kazanust N-tecrepa u unaekca NDVI; mo-
paxXeHUs pacTeHUI OOIE3HIMH U JIp.

Fig. 4. Reliefareas of the experimental field (flooded areas)
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780 M /780 m

2000 m/
2000 m

juswuadxa 8y} ul paajoAul Jou si pialy ay|
/ @1nanmndauie 8 1aka10ehk 8H HOLOBhA

215 M/

215 m/

215m

215 m

Puc. 5. DkcnepumenranbHoe mone

Fig. 5. Experimental field

Puc. 6. B3semmuBanue arperara John Deere 8430 + Lemken Rubin 9

Fig. 6. Weighing of John Deere 8430 + Lemken Rubin 9
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Puc. 7. Texnonoruueckue onepaiyu cieBa HalmpaBo: MEPBBIN psil — IUCKOBAHUE CTEPHU; BHECEHUE
yAoOpeHuit; TMCKOBaHKE MOCIIe BHECEHUS yIOOPEHUIA; BTOPOIi psiji — ITOCEB; IPUKATHIBAHUE TIOCEBOB;
BHECEHHE JKUJIKIX yIoOpeHnit

Fig. 7. Technological operations from left to right: first row is disking stubble field; fertilizer
application; disking after fertilizer application; second row is seeding; rolling; spreading liquid fertilizer

JIMCTaHIIMOHHO C WCIOJIb30BAHUEM
BITJIA Phantom 4 Pro m Mavic 2 Enterprise
Dual mpowmsBommiach cheMKa ITONICH TS
TTOJTy9IeHUs OpTOhOTOIUIaHA U OMOWH/IEKCA.

Kocmocuumku cuctem OneSoil u Sky-
Scout mo3BoISUN B 1IETIOM aHATTU3UPOBATh
BETeTAIMIO Ha BCEM I10JI€, N3MECHEHHE HH-
JIeKca BereTalnu, CO3pEBaHne KyJIbTypPHI.

Pe3yabrarsl ucclieoBaHus

CpaBHUM OCHOBHBIE Pa3MEPHO-Mac-
COBBIE XapaKTEPUCTUKH PACTEHUH B TPO-
[[ecce WX BETreTaIluy Ha OIBITe H KOHTPO-
JIE TIO CIIEeNy.

Wsmepenust mpon3BOAWINCh B (azax
BcxomoB 2-3 mmetheB (17.11.2021 T); Ha-
gaya Kymenus (22.12.2021 r); KymeHus
(25.02.2022 r.); xomomenust (5.04.2022 r);
MosouHo# crienoctu (20.05.2022 r). B ta6-
nuie | IpeacTaBlIeHbI TOIBKO cpenHeapud-
METUYCCKUE 3HAYCHUA HCCICOYCMBIX I10-
KazaTenei 1o JaHHbIM (azam (pe3ylbTarhl
CTaTHCTUYECKUX JIAHHBIX HE TIPE/ICTABIICHBI
n3-3a 00ONBLIOro 00beMa HH(POPMALHN).

MOXHO BHIETh B OIBITE 1O CIELy
CIIEIYIOIIUE Pe3yIbTaThI:

— KOJTMYECTBO PACTEHUI: yBETUICHUE
Ha 27 % (17.11.2021 1.), cHIKeHHE Ha
12 % (22.12.2021 r.), yBenmaenue Ha 3 %
(5.04.2022 r);

576

— BBICOTA PACTCHHUH: YBEJINYCHUC
Ha 14 % (17.11.2021 1.), cHIKeHHE Ha
4 % (22.12.2021 r.), yBenmuenue Ha 4 %
(5.04.2022 r);

— KOJIMYECTBO JIMCTHEB B PACTCHHUU:
oonbire Ha 14 % (22.12.2021 1), Ha 3 %
(5.04.2022 r);

— Macca pacTeHus: pocT Ha 18 %
(25.02.2022 1);

— JUTHHA KOPHEBOW CHCTEMBI: OOJIbIIE
Ha 8 % (22.12.2021 r.), meHbIe Ha 2 %
(5.04.2022 1);

— IIMPUHA KOPHEBOM CHCTEMBI: BBIIIC
Ha 57 % (22.12.2021 r.), vmxe Ha 13 %
(5.04.2022 r);

— moka3anus N-tectepa: Boimie Ha 5 %
(17.11.2021 r), Ha 3 % (22.12.2021 1.);
Hwke Ha 4 % (25.02.2022 r);

— nokazanust NDVI: 6onbiie Ha 7 %
(22.12.2021 1.), Ha 4 % (25.02.2022 1.);

— JTOJIS TUCTHER, MOPAKEHHBIX PUHXO-
criopuo3oMm: Hike Ha 38 % (25.02.20221.);

—  PAacKyIICHHOCTh: OOIbIle Ha
36 % (22.12.2021 1), Gomeme B 2,9
pasa (25.02.2022 r.), menbme Ha 16 %
(5.04.2022 1).

Ha KOHTpOTEHOM yuacTKe pacipocTpa-
HEHUE CeTYaTOH MSATHUCTOCTH HA HEOOJb-
IIIOM YZIaJICHUU OT Kojien cocTaBmiio 51 %,
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apazsutne 13 % (nannsie 0. B. [Togymm-
Ha). Ha ombITHOM ydwacTke pacmpoctpa-
HeHue 95 %, passurue 32 %. Pazmnuus
MEK1y BapHaHTaMH 0 paclpOCTPaHEHUIO
U Pa3BUTHIO CETYATOrO CENTOPHO3a ObUIN
CyILIeCTBEHHbIMU. B omnbITe pacnpocrpane-
Hue nHbeknnu 0su10 Ha 44 % BBIIIE, YeM
B KOHTPOJIC; pa3BUTHE MATHUCTOCTH — HA
19 %. PazBuTne nH(pEKIMU B 000UX CITyda-
SX HE TPEBBIIAI0 YKOHOMUYIECKUIT TTOpOr
BPEIOHOCHOCTH.

PaccmarpuBanm  MPOSKTHBHOE  TIO-
KPBITHE B COOTBETCTBYIOIIUX TOYKAX
usMepeHuii B (ase Ha4Yamo KyIICHUS
(22.12.2021 1.). Iloka3arenb TPOEKTHB-
HOTO TOKPBITUSI IO CIIEMy Ha OIBITHOM
yYacTKe BBINIE, YeM HA KOHTPOJBHHOM,
Ha 55 %; BHe cjela Ha OIMBITE TaK Ke
BEITIIE, UeM Ha KoHTpose Ha 50 % (Tadm. 1,
puc. 8). [Ipu 3ToM HAOIIOMAETCS BRICOKAS
Bapualms Mpu3HaKka Ha KOHTpoie (Oonee
20 %) u BbIcOKas omroka (6bonee 7-8 %).

Tabonumal
Tablel

CBoaHble pe3yabTaThl
Summary results

Omeit / Experience Kontpoms / Control
IToxasarens / Indicator gﬁtﬁfﬁ% e/ BHe ciiena / r\;}(’lt‘fggzg e/ BHe ciiena /
track off the track track off the track
1 2 3 4 5
KomuectBo pacrenwid, mt. / Number of plants, pcs:
17.11.2021 (1 m?) 200 172 157 210
22.12.2021 (1 m. m.) 25 32 28 30
5.04.2022r (1 m. m.) 31 28 30 20
Beicora pacrennii, mm / Plant height, mm:
17.11.2021 66 67 58 64
22.12.2021 112 134 117 106
5.04.2022 201 223 193 207
IMpoexTrBHOE mokpeITHE (22.12.2021) / Projective
cover (22.12.2021) 0,031 0,036 0,020 0,024
KonnuecTtBo nucTheB B pacTeHuy, wt. / Number
of leaves in the plant, pcs:
22.12.2021 4,0 3,7 3,5 3.8
5.04.2022 22,2 25,0 21,5 24,4
Macca pacrenus, T / Weight of the plant, g:
22.12.2021 0,3 0.4 0,3 0,35
25.02.2022 1,88 1,82 1,6 1,93
Jlniuna kopHEeBo# cucteMbl, MM / Root system
length, mm:
22.12.2021 77 83 71 73
5.04.2022 112 112 114 118
[npuna KopHEBOH cucteMsl, MM / Root system
width, mm:
22.12.2021 4,7 4,6 3,0 34
5.04.2022 7,6 8,2 8,6 9,0
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Oxonuanue mabnuyer 1/ End of table 1

1 2 3 4 | s
Hokasanust N-rectepa, ex. / N-tester indications,
units:
17.11.2021 461 488 437 446
22.12.2021 528 581 515 484
25.02.2022 578 611 604 622
[Mokazanust NDVI/ NDVI indications:
22.12.2021 0,15 0,15 0,14 0,15
25.02.2022 0,49 0,53 0,47 0,52
JIo1st TMCTHEB, TIOPAKEHHBIX PHHXOCIIOPHO30M, %o
(25.02.2022) / Share of leaves affected by 2,9 1,8 4,0 1,3
rhinchosporiosis, % (25.02.2022)
PackymennocTs, mT. / Spread, pes:
22.12.2021 1,9 1,9 1,4 1,4
25.02.2022 4,6 4,3 1,6 1,9
5.04.2022 4.4 5,0 5,1 5,6
eV /e ae - @ - B

Puc. 8. IlpoekruBHOE MokpwITHE B Touke 1 (nanubie B. E. Kypbsn)
Fig. 8. Projective cover in point 1 (data of V. E. Kuryan)

Onpenensiii  BETeTalui0  03UMOTO
SYMEHS TI0 KOCMOCHHMKaM B CHCTEME
OneSoil ¢ 7 saBaps mo 25 anpens 2022 1.
B Oe300maunsle nHU (puc. 9). Jlamee mpo-
WCXOJIMIIO CHU)KEHHE UHJICKCA BETeTallHH.
o 24 ¢eBpans BuIeH pOCT BEre€TaINH 10

onbITy Ha 3—6 %, a 3aTeM BereTauus Oau-
HaKOBasl.

C 12 Mag npoucxoAauT CO3pEBaHUE
ypoxast — ungekc NDVI HaunHaeTr cHU-
JKaThCS, TIOITOMY JaJIbIIIe HE CPAaBHUBAEM
BETCTAITHIO.
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Ha 11.06.2022 r. cpegauit NDVI no
ombity 0,48; o kouTposro 0,49 (B cpemHeM
o Bcemy nomo 0,48), To ecTh co3peBaHue
Ha OTBITe TPOUCXOAUT ObicTpee Ha 2 %;
HeogHopoaHocts NDVI no omsity 0,05
o xoHTpomo 0,03 (B cpemuem 0,05), To
€CTh HEOTHOPOIHOCTD BHIIIIE HA OTIBITE.

Ha 16.06.2022 1. cpennuit NDVI o
ompITy 0,29; xorTpomio 0,28, To ecTh co-
3peBaHUE HA KOHTPOJIC MPOUCXOTUT ObIC-
Tpee Ha 4 %; HeogHopoaHocTs NDVI o
onbiTy 0,08; mo koutpomo 0,03, To ecTh
HEOJHOPOAHOCTD BBILIE HA OTIBITE.

O160p MpoO TMOYBHI OCYIIECTBISIICS
13.10.2021 r. aBTOMaTU3UPOBAHHBIM TIPO-
6ootb6opHUKOM (puc. 10) ¢ mepemenieHN-
€M T10 33JJaHHBIM KoopauHaraM (puc. 11).

OnbiT / Experimenta field

032 0,76

oau—__\
0,19
T

023

0,08

1.02.2022 1.03.2022 1.04.2022 1.05.2022 1.06.2022

[IpencrarieHsl AaHHBIE MO MOKa3a-
TEJSIM, TPaHYIOMETPUYECKOMY COCTaBy
MOYBBI, HU3KOH O0OECTIEUEHHOCTH IOYBBI
sneMeHTaMu nuTaHus (Tabi. 2, puc. 12).

YpoxaillHOCTh 03UMOTO SYMEHS OIpe-
nensiachk 3 crnocodaMu: OMOIOTHYECKUM,
KOMOAITHOBBIM (JTaHHBIC C BECOBO) U C HIC-
MOJIb30BaHUEM KapTHPOBAHUS YPOXKAHHO-
cTH KomOaiiHa.

buonoruueckas ypoxaliHOCTh Ompe-
nensmack 29.06.2022 1. mytem cpesa
BCcell Macchl B paMKe IUIOmanasio 1 m2
(pasmep 0,7x1,43 M MO IWIKUPHUHE KOJEH).
Cpe3sbl IPOU3BOWINCH B MIECTH TOYKAX
Mo Cliely W IMIECTH TOYKax BHE ciena
Ha ONBITHOM W KOHTPOJBHOM Yy4acTKax
(puc. 12).

Koutpoas / Control field

0381 0,76

1.02.2022 1.03.2022 1.04.2022 1.05.2022 1.06.2022

Puc. 9. /luHaMuKa HHAEKCA BET€TAllMH TI0 ONBITHOMY ¥ KOHTPOJILHOMY ITOJISIM
Fig. 9. Dynamics of vegetation index in experimental and control fields

Pwuc. 10. ApromarusupoBanuslii mpodoordéopark (OO0 «Arpo-Codr»)

Fig. 10. Automated sampler (LLC Agro-Soft)

Technologies, machinery and equipment



I/IH)KEHEPHI:»IE TEXHOJIOTUN 1 CUCTEMBI Tom 32, Ne 4. 2022

|

Onhn' | Experimental field

Kourporlb I Control field

Puc. 11. Tpexu or6opa npod mo4YBsI
Fig. 11. Soil sampling tracks

Tabonuma?2
Table2

Pe3ynbTaTsl arpoxumMudeckoro odcietosanus nousnbl (SGS Jlaboparopust)
Results of agrochemical soil survey (SGS Laboratory)

OmnbIT (Tpekn) / Konrposs (Tpexn) /
Ioxkazarens / Indicator Experience (tracks) Control (tracks)
1| 2 | 3 4 | 5 ] 6

Bnaxunocts 3aBaganus, cMm’ Boabl / cM® noussl / Wilt 0281 0336 0313 0335 0287 0.296
moisture, cm® water / cm® soil > > ’ ’ ’ ’

3 3
Hanmeﬂbmaﬂ BJ'laFOCI'V[KOCTb; cMm? BOJIbI / c1§4 T0YBBI / 0443 0487 0467 0486 0448 0455
Least moisture capacity, cm’ of water / cm? of soil
[TnotHoCTh OYBSL, I/cM?/ Soil density, g/cm? 1,209 1,184 1,201 1,187 1,207 1,203

3 3
Hom{aﬂ BnaroeMKOCTI;, cM® BOZIBI / c13v1 LOYBBI / Total 0,544 0553 0547 0552 0544 0,546
moisture capacity, cm’® of water / cm’ of soil

Koabdunment punsrpyemoctu, mm/uac / Filterability 2039 2792 2558 2712 2.853 2784
coefficient, mm/hour > > > > > >

Joctymiai ‘i“v‘;;‘:e‘r’“fcfr‘l?ﬁé’(‘)i/lCMS noussl / Available 0.162 0,151 0,154 0,151 0,161 0,159
Tiuma, % / Clay, % 483 565 531 564 492  50.6
W, %/ Silt, % 475 401 398 39,1 461 446
Tecox, % / Sand, % 42 34 71 45 47 48

O0ecneyeHHOCTh TOYBBI JIEMEHTAMH TUTAHUS
(am3kas) / Soil supply with nutrients (low):

Opr. B-Bo, % / Organic matter, % 3,9 - - - - -
Zn, mr/xr / Zn, mg/kg 5,6 7,6 7,0 9,0 5,6 109
S, mr/xr / S, mg/kg - 15,7 16,9 17,2 - -
Na, mr/kr / Na, mg/kg - 445 443 — — -
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Puc. 12. ®oro pamku 1o (a) u nocie (b) cpesa credieit
Fig. 12. Photo of the frame before (a) and after (b) cutting the stems

Jamee coOpaHHBI MaTepuan Hy-
mepoBasics (puc. 13) u oOpabaThIBaICs
30.06.2022 r. Ha OIIBITHOM CTAHITHH y4IeO-
HO-OIIBITHOTO ~ X03siiicTBa  KyOaHckoro
T'AY «KyGanby.

B pesynbrare ananmsza JaHHBIX IOC-
Jie 00pabOTKU TMOJIyYCHO YBEIMUCHUE Ha
OTIBITHOM YYacTKe B CPEIHEM IO CpaBHE-
HUIO ¢ KOHTPOJIBHBIM (Tabi. 3):

— KOJIMYECTBO KOJIOChEB 6 %0;

— mmHa Konoca 2 %;

— Macca 3epeH 20 konocbeB 6 %o;

— macca 3epHa ¢ 1 M? 4 %.

Jlanee cpaBHEHHE BBIIOJIHEHO TIO Clie-
ny (puc. 14a) u BHe cnena (puc. 14b) o
OIBITY W KOHTPOIM0. MOXKHO 3aMETHTh,
41O OOJNBIIAS YacTh IOKa3aTeseH 1o cie-
Iy BbIme Ha 4-24 % B ombITe, BHE Cleqa,
Hao00poT, Ha 2—13 % BHIIIE 0 KOHTPOITIO.

O0cy:x1eHue U 3aKJII0YeHne

B pesynbrare momy4eHbl crenyroIe
CpeaHue JaHHBIE 10 YPOXKaHHOCTH: OHUOIIO-
rudeckas (Ha 29.06.2022 1) wist onbira Y, =
=7,1 t/ra; nns konTposs Y = 6,8 T/ra (pas—
auta 4,4 %); komOaitHOBas (Ha 4.07.2022t.)
VY,=691/ra; ¥, = 6,3 1/ra (pasauma 9,5 %).

Puc. 13. [IpoOsr ast 06pabOTKH
Fig. 13. Samples for processing
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IIporenn, % / Protein, % | g

—
Macca 3epna ¢ 1 M, kr / Weight of grain 577
from 1 m?, kg 71
Macca 3epHa 20 konocbes, r / Grain weight 32
of 20 ears, g 35
. 46
Jlnuna xonoca, MM / Spike length, mm 48
KonnuectBo xomockes, mT. / Number of 15

|w

spikelets, pcs 398

¥ Kontpouns / Control field ~ ™ Omsit / Experimental field

a

=~

Ipoteun, % / Protein, %

9

9

Macca 3epna ¢ 1 M2, kr/ Weight of grain _ 791
from 1 m?, kg 701

Macca 3epHa 20 konocbeB, T/ Grain weight 38
of 20 ears, g 39
. 51
Jmaa xonoca, MM / Spike length, mm 50
KonuuecTBo komockes, mt. / Number of 409
spikelets, pcs 369

® Kourpons / Control field ~ ™ Onsit / Experimental field
b)

Pwuc. 14. Pesymsrarel 00paboOTKH MOCTe cpe3a cTedieid: a) mo ciey; b) BHe ciena
Fig. 14. Treatment results after cutting the stems: a) along the trail; b) outside the trail
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Uccaenosanns mnuinnck 10 Mecsies.
B utore onpeneneHo ¢ UCnoab30BaHUEM
IU(POBBIX TEXHOJOTHH, JHUCTAaHIIUOH-
HBIX ¥ HAa3eMHBIX HU3MEPEHHH, 4TO JaB-
JIEHWE B IIMHAX OKa3bIBAE€T BIMSHHUE Ha
pPOCT O3WMOTO STUMEHS, Pa3BUTHE 0OJIe3-
HeHl, a Takxke ypoxalHocTb. [Ipu sTom
3aMeTHa pa3HUIla TTOKA3aTeJIeH 1O CIeHy
NIBYDKEHMS INMHHBI M BHE ciena. TakuMm
00pa3oM, Ba)KHBIM BOIIPOCOM HHTECHCH-
(UKaKUKU CeTbCKOXO3SIMCTBEHHOTO IPO-
W3BOJICTBA, HAPSANY C HCIOIB30BaHUEM
COBPEMEHHBIX TEXHOJIOTHMH M TEXHUYE-

COPTOB M THOPUOB, CPEACTB 3ALIUTHI Pa-
CTCHMI, SIBIISIETCS MCIIONb30BaHHE IIWUH
HHU3KOTO JIaBJICHUSI.

[TomyyeHHble  pe3yabTaThl  ONU3KU
K HCCIEJOBaHUSAM OpPUTAHCKHX YYEHBIX
W3 yHUBepcuTeTa Xaprnepa Ajnamca, Ko-
TOpPBIE TIPOBOANIIN SKCTIEPUMEHTHI B T€Ue-
HUE 9 JIeT Ha IWHAX HU3KOTO JaBJICHUS
MICHELIN Ultraflex ¢ pa3nn4HbiMu TEX-
HOJIOTUSIMU 00paOOTKH TTOYBBI.

Iloxa3aHHast B cTarbe MeTojuKa Oy-
JIET pacnpoCTaHEeHa U Ha IPyTUe PETHOHBI
C pa3MIUYHBIMHU TOYBEHHO-KIMMAaTH4YeCKH-

CKHUX CpCACTB, BBICOKOIIPOAYKTUBHBIX MU YCIOBUAMU.

CIIMCOK UCITOJIB30BAHHBIX NICTOYHUKOB

1. Effects of Traffic and Tillage on Crop Yield (Winter Wheat Triticum Aestivum) and the Physical
Properties of a Sandy Loam Soil [Onexrponnsii pecype] / E. K. Smith [et al.] // American Society of Ag-
ricultural and Biological Engineers. 2014. doi: https://doi.org/10.13031/aim.20141912652
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06 asmopax:

Tpydpask EBrennii BiagumupoBuy, 3aBenyrommii kKadeapoi SKCIUTyaTallii H TEXHUYECKOTO cep-
BHCA, PYKOBOAUTEIb LICHTPA IPOTHO3UPOBAHUS 1 MOHMTOPHHIA B OOJIACTH TOYHOTO CEIBCKOTO XO3SHCT-
Ba, apToMaru3auuu u podorusanuu Kybdanckoro ['AY (350044, r. Kpacuonap, yn. um. Kanununa, 1. 13),
JIOKTOp TeXHHYECKUX Hayk, npodeccop, ORCID: https://orcid.org/0000-0002-4914-0309, Researcher ID:
D-1301-2018, Scopus ID: 57188716454, trufliak@mail.ru

Byxapues Muxana CepreeBud, cryneHT 5 kypca Kybanckoro I'AY (350044, . Kpacuonap,
ya. um. Kanunauna, 1. 13), 10ovi@mail.ru

CotnukoB [lenuc AnapeeBuy, ctyaeHT 5 kypca Kybanckoro 'AY (350044, r. KpacHoaap, yi. um. Ka-
nuHuHa, 1. 13), inspaike1337@gmail.com

3asenennwviii 6K1a0 asmMopos:

E. B. Tpy¢uisik — ob1iee pyKOBOJCTBO HCCIICIOBAaHUEM, YUaCTHE BO BCEX ITalax dKCIIEpUMEHTa, 00-
paboTKa 1 aHAIN3 TaHHBIX.

M. C. ByxapueB — 0030p JUTEpaTyphl, yIacTHE BO BCEX ATalax IOJIEBBIX HCCISI0BAHIH, 00paboTka
TIOJIY4CHHBIX SKCIIEPUMEHTAJIBHbIX JaHHbIX.

J1. A. COTHUKOB — y4acTHe B IOJIEBBIX HCCIEAOBAHUSIX.

Bce asmopul npouumanu u 0006punu okoHuamMenbHbIL 6APUAHI PYKORUCU.
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Annomauus

Beseodenue. PaccmoTpeH ciabonpoBOISIINH rpaJMeHTHBIN CBETOBOA B OTHOMOJIOBOM PEXKHUME,
PEIICHO ypaBHEHHUE TSl JICKTPHYCSCKOTO IOJISI B CEP/ILIEBUHE TAKOTO CBETOBOZIA B O0IIIEM BHJIE
B 1epBoM NpuOmmkeHnn. Llenbro paboTh sIBISIETCS HCCIIeI0BaHUE MTOJIS M SHEPTHU B CepALe-
BHHE CJIA00TPOBOJISIIIETO IPAJUEHTHOTO CBETOBO/A O€3 yueTa MOJSIPU3aluK B OHOMOZIOBOM
peXuMe B cilydae CTENEHHOTO (B o01eM Brjie) MpoduiIst oKa3aTes MpesIOMICHHS.
Mamepuanet u memoos:. I3 ypaBaeHnit MakcBesa Ayt AUDIEKTPHUSCKHUX CpeJ] BEIBE/Ie-
HO YpaBHEHHE JUISl TI0JIs B CBETOBOJIE C IPaJJUCHTHBIM MPOGHIEM MOKa3aTels npeaomiie-
nust. [Ipon3Boast cOOTBETCTBYIOIINE MOICTAaHOBKH, 3aMeHsis (yHKuuio beccens myneso-
r0 HOpsJKa Ha rayccoBy (YHKILHMIO U aesias He0OXOQUMOe HNPUOIMKEHHUE MOJIyYEeHHOTO
yPaBHEHUS, IPUXOUM K YpaBHEHHMIO, KOTOpOe pemraeM MeronoM Bentmens — Kpamep-
ca — bpunmosna, 1 noigydaeM aHaTUTHYECKUE BBIPAXKEHHS JUIS IOl M SHEPTHU BHYTPH
BOJTHOBOZIA JUTS TIPOM3BOJIBHON CTETICHHU ITOKA3aTelIsl IPEIIOMIICHYS.

Pezynomamur uccnedoosanus. IlomyueHo perieHne ypaBHEHUs JUIS 1OJIS B CBETOBOJIE CO
CTENEeHHBIM POQHIIEM IToKa3arels mpesnomiaeHus. [Iposenens! unciennsie pacuerst. [1o-
CTpOeH rpauK 3aBUCUMOCTHU 0e3pa3MepHON BETHIUHBI — KHOPMHUPOBAHHOI» SHEPTUH —
OT BOJIHOBOJIHOTO ITapaMeTpa JJIst HepBhIX IATH cTernenei npopwst (n =1, 2, 3, 4, 5).
Obcyorcoenue u 3axnodenue. TlokazaHo, 4yTo ObICTpee pacTeT HEPrHs ISl MPOQUIIS
¢ n =1, amoce TOro 3HaYCHHUS C PE3KUM OTPBIBOM pacTeT SHEprHs I npopusic n =1,
a Ut n > 1 pocT 3HEPTUM yMEHbIIaeTcs ¢ yBenudenueM n. Ilomydennsie B pabote pe-
3yJBTaThl MOTYT OBITH IPUMEHEHBI TP CO3/IaHUY YHEPIeTHYECKH BBITOAHON CEpAIICBH-
HBI M 111 BO3MOXKHOTO aHalIM3a Tepeauyl nHYOPMAIUH, a TakKe Ul KOHCTPYUPOBAHUS
BOJTHOBOJIOB C YU€TOM KOHKPETHBIX IPHIIOKECHHH.

Kniouesvie cnoea: cnabonpoBOASIINI TPAAUCHTHBINH CBETOBO, OJHOMOJOBBIN PEXUM,
CTeNeHHO mpodmiIb MoKaszaTessl MpeloMiIeHus, ypaBHeHUss Maxkcseuia, meton BKB,
HOPMUPOBAHHAs DHEPIUs

bnazooaprocmu: aBTOps! BHIPAXKAIOT IPU3HATECIBHOCTD AHOHUMHBIM PELICH3CHTAM.
Kongpnuxkm unmepecog: aBTopsl 3asBISIIOT 00 OTCYTCTBUH KOH(IIMKTA HHTEPECOB.

Jna yumuposanusn: I'magkux B. A., Bnacenko B. JI. MccnenoBanue mnosis ¥ sHEpruu
B CJ1a00TNPOBO/ISIIIEM ONTOBOJIOKHE CO CTENEHHBIM MPOQUIEM MOKa3aTeNs MPeTOMICHUS
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Investigation of Field and Energy
in a Weakly-Conducting Optical Fiber
with an Arbitrary Degree of Refractive Index Profile
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of the Russian Academy of Sciences (Khabarovsk, Russian Federation)
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Abstract

Introduction. We consider a weakly conductive gradient fiber in the single-mode regime
and solve the equation for the electric field in the core of this fiber in a general form in
the first approximation. The aim of this study is to study the field and energy in the core
of a weakly conductive gradient fiber without taking into account the polarization in the
single-mode regime in the case of a power-law (generally) refractive index profile.
Materials and Methods. From Maxwell’s equations for dielectric media, there was derived
an equation for the field in a fiber with gradient refractive index profile. Making the ap-
propriate substitutions, replacing the zero-order Bessel function with a Gaussian function,
and making the necessary approximation of the resulting equation, we arrive at an equation
that we solve by the Wentzel — Kramers — Brillouin method and obtain analytical expres-
sions for the field and energy inside waveguide for an arbitrary degree of the refractive
index.

Results. There was obtained a solution of the equation for the field in fiber with a power-
law refractive index profile. Numerical calculations were carried out. A graph of the de-
pendence of a dimensionless quantity — “normalized” energy — on the waveguide param-
eter for the first five powers of the profile (n =1, 2, 3, 4, 5) was plotted.

Discussion and Conclusion. It is shown that the energy increases faster for the profile with
n =1, and after this value, the energy for the profile with » = 1 increases sharply, and for
n > 1, the energy growth decreases with increasing n. The results obtained in this work
can be used for creating an energy-efficient core, for carrying out a possible analysis of
information transmission, and for designing waveguides taking into account specific ap-
plications.

Keywords: weakly conductive gradient fiber, single-mode regime, power-law refractive
index profile, Maxwell equations, WKB method, normalized energy
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BBenenune

B kauecTBe onTHUYECKUX BOJOKOH MPH-
MEHSIIOTCSl AUAIEKTPUKU CO CTYIEHYATHIM
WIW TPAJMEHTHBIM TPO(HIeM TIOKa3aTes
npesoMieHus. BenyTcs HHTEHCUBHBIE SKC-
MepUMEHTAJIbHbIE UCCIIEIOBAHUS 10 TOU-
CKYy ONTUMAaJIbHBIX MarepuajioB BOJOKOH
JUJIST TEX UJIN UHBIX uenef/i. AHaJII/ITI/IT-IeCKI/I

Technologies, machinery and equipment

WCCIIeIOBaHbl BOJHOBOMBI IJISi BOJIOKOH
CO CTYINEHYaThIM MPOQUIEM TOKA3aTeNs
npenomicans. C TpagueHTHBIM TMpodu-
JIeM TIOKa3aTemsl TPeJOMIICHHS aHaJUTH-
Ka OCJIOKHSIETCS B CBS3U C TPYIHOCTS-
MU IIpU PCHICHUN JOCTATOYHO CIIOXKHBIX
YPAaBHEHUH, BO3HMKAIOIIMX M3-3a IIPO-
CTPAaHCTBEHHON 3aBUCHUMOCTH MpOduIIs
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MoKa3aTessl MPEIOMIICHUS. JKCIePHUMEH-
ThI TIOKA3aJIM, YTO XOPOIIIEH MOJIEIBIO JIIsI
MaTreMaTUYeCcKOro MCCIICIOBaHUS (hU3nYe-
CKHUX TIPOIIECCOB C I'PaJUEHTHHIM MPOhu-
JIeM MOXKET CIYKUTh MOJIENb CTETIEHHOTO
npodmis mmokasarens mpenomireHus. Ca-
MO€ HW3BECTHOE TOYHOE pelIeHHe CBS3a-
HO C HEOTPaHWUUYCHHBIM MapabOIMIeCKUM
npoduieM  TOKazarens  MPEJOMIICHHSI.
B ¢Bsi31 €O CIIOKHOCTSIMH TTPU TIOTYUCHUH
TOYHOTO PpEIICHUS JJsl IPYTHX ClydaeB
rpaJieHTHBIX Tpoduiieil pa3padbaTbiBatoT-
csl pa3HOOOpa3HbIe MPHOIMKEHHBIE METO-
JTbI PEIICHUS TAKUX YPaBHECHUI.

Lenpro HacTosielt pabOTHI SIBIISET-
cs TpUONMKEHHOE pEeIIeHUe IS IO
B CEp/IeBHHE CIIa0OMPOBOMIAIIETO Tpa-
JTUEHTHOTO CBETOBOJA (B OJHOMOIOBOM
pexXUMe) B clTydae CTEIICHHOTO (B 00mIeM
BH/IE ) TPOQUIIS TOKA3ATENs TPETOMIICHHS
U WCCIeOBaHHE 3aBUCHUMOCTH YHEPTUU
TOJIS1 B CEP/IIIEBUHE BOIHOBOA OT BOJHO-
BOJIHOTO TTapaMeTpa.

0030p TuTEpPaTYpPHI

B Hayke W TeXHHKE JaBHO HCIIOJIb3Y-
IOTCSl ONITUYECKUE BOJIOKHA (CBETOBOJIBI),
M0 KOTOPBIM MOTYT PaclpOCTPAHATHCS
onThyeckue Ty4yH. J[oCTaTouyHO TONHBIE
1 o0IIre CBEeNeHUS O CBETOBOJAX M -
SIIEKTPUYECKUX BOJHOBOJAX COAEpIKaT-
c1 B (yHmamMeHTAIBHONH MOHOTpadun
A. Cuaiinepa u JIx. JlaBa, tae mmpoxo
npezcTaBieHa HHGopMaIs 0 pa3InIHbIX
BU/IaX BOJHOBOJIOB C KPaTKUM OIHMCAaHUEM
IKCIICPUMEHTAIILHBIX U TEOPETUYCCKUX
pE3yNBTaTOB € OOJIBIIUM KOJUYECTBOM
MIPUMEPOB U PA3JIMYHBIX MATEMATHYCCKUX
MetooB'. OJHAKO CO BPEMEHHU W3/IaHHS
3TOTO TpyJa MPOILIO HEMAJIO BpPEMEHH,
Y HCCIEIOBAHUS 10 dTOW TeMaTHWKe 3Ha-
YUTENHFHO TMPOABHHYIUCH. KpaTko oTme-
THUM MX HalpaBIICHUS.

IIpemyioxkeHo ycroiiumBoe K M3rndOam
OJTHOMOJIOBOE BOJIOKHO C OOJBIION TUIO-
[aJIbI0 MOJIbI M HU3KHMHU IOTEPSIMH Ha
n3rube [1]; AaH aHAIU3 MHOTOXHJIBLHOIO

MaJIOMOJIOBOTO BOJIOKHA C COCTaBHBIM MPO-
(uiteM mokasarens MpeIoMIICHHUS W JBOH-
HOW BCIIOMOTATENbHOM CTPYKTypoH [2];
CMOJIEIIMPOBaHA ¥ BEIUYUCIICHA YHUKAIIbHAS
TpeXMepHasi TPEphIBUCTas KOHEYHO-DIIe-
MeHTHas moxenb IlerpoBa — lanmepkuHa
JUTS MOJZIETMPOBAHNS JIa3€PHOTO YCHIICHHS
B BOJIOKOHHOM ycunmtene [3]; mpemso-
’KEHBI OITOBOJIIOKOHHBIC JATYUKH, OCHO-
BaHHBIC Ha (PPEHENEBCKOM OTPKCHUH Ha
KOHIIe BOJOKHA [4]. YcoBepIiieHCTBOBaH
1 MOIU(HULIUPOBAH METOJ PACIIMPEHHON
TaHTeHC-PYHKIMK (TIPUMEHSETCS ISt
MOJTYYCHUS! ONTUYECKUX COJUTOHOB JUIS
JIBYXbSIICPHBIX ~ OTBETBHUTEIICH KyOude-
ckoit yerBeptd (CQ) B ONTHYECKHX Me-
TamarepuasiaX, WMEIOIINX CEKCTHYECKHUI
cTeneHHOM 3akoH KyapsimoBa ¢ mpous-
BOJILHBIM TTOKa3aTeJIeM MPEIOMIICHUS) [S];
pPaccMOTpEHBI  pEOPUCTBIC  BOJIHOBOJIEI,
B KOTOPBIX HAIPABIISIIONINI CIIO B OCHOB-
HOM COCTOHUT M3 ITACTHHBI C HAJIO)KEHHON
Ha Hee OJIHOW WJIM HEeCKOJIBbKHUMHM Mojoca-
MU [6]; ucciaemoBaHbl CETMEHTUPOBAHHBIC
BOJTHOBOJIBI (TaKUE BOJIHOBOJBI MOTYT IIe-
PHOOMYECKH M3MEHSTH CBOE IONEPEYHOE
ceueHue, o0ecrieurBas nepenady ceera 6e3
MOTEPh 4Yepe3 TaK Ha3bIBaeMble OJIOXOB-
ckue Mofsl) [7].

3acmy)XuBaeT BHHMaHHWEe padora,
I7le BOEPBBIE OBUIM TIPEIJIOKEHBI Tep-
CIICKTUBHBIC MHKDPOCTPYKTYPHUPOBAaHHBIC
WM JIIpYaThle BOJIOKOHHBIC CBETOBOJIBI
13 KBapleBoro crekia. B obomouke Ta-
KHX CBETOBOJIOB JEJAlOTCS IPOJIOJIbHbIE
OTBEpCTHS, PACTIONOKEHHBIE B TOIEpEY-
HOM CEUEHHMU OTHOCHTEIILHO JpYT Apyra
B TOM MM MHOM mnopsake [8]. bomproit
KOHTPACT TIOKa3aTessi MPEIOMIICHUS Cep/l-
[IEBUHBI U OOOJOYKU OTpENeNseT YHH-
KaJbHbIE ONTHYECKHE CBOWCTBA TaKWX
BOJTHOBOZIOB. B wacTHOCTH, Bapbupys Te-
OMETPHUI0 O0O0JIOYKH, MOXKHO YIIPABISATH
JIICTIEPCHOHHBIMH CBOWCTBAMH CBETOBO/IA.
Maremarnueckuil anmapar i aHajau3a
TaKUX CBETOBOJIOB MOYKHO HAWTH B JAPYTUX

! Cuaiinep A., JTa JIx. Teopust onTuueckux BOIHOBOIOB. Ilep. ¢ anrt. M. : Pajuo u cBsi3b, 1987. 656 c.
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cratbax [9-11]. BosamoxkHocTh ympasie-
HHS TIOKa3aresieM NpesoMIICHUST 000JI0UKH
B TaKHMX BOJHOBOJAX ITO3BOJISICT CO3AaBaTh
OJTHOMOJIOBOE OITOBOJIOKHO. B Hem Ha
M000# JJTMHE BOJHBI PACTIPOCTPAHSETCS
TOJTLKO OITHA MofIa (e1I1e 0JJHa 0COOEHHOCTD
TaKWX BOJIHOBOJIOB — CYIIIECTBOBAaHHE OJI-
HOMOJIOBOTO pEXHMa B BOJIOKHAX C OO0JTb-
MM JIMaMETPOM CepIIeBUHbI). Pazmmy-
HBI€ aCIEKThI 3TOTO HAPABJIEHHS XOPOIIO
npezacrasnexs! [12—15].

Uro kacaercs KIaCCHYECKUX TIpaju-
EHTHBIX CBETOBOJIOB, TO Ha CErOAHSALI-
HUI J€Hb TOJy4€HO TOYHOE pElIeHHUE
JUTSI TIOJISE B BOJIOKHE TOJIBKO B CIIy4ae He-
OTPaHHYEHHOTO MapabOIUIecKOro Tpo-
¢us: 06o0IIeHHbBIe TONMHOMEI Jlareppa
B IWJIUHAPUYECKUX KOOPAWHATAX WIIH
¢ynakmuu ['aycca — DpmuTa B JIeKapTo-
BbIX. [1opoOHBI aHamN3 3TOTO peleHHs
MOKHO HaWTH B KJIACCUYECKOH JIUTEpaTy-
pe*. Jlis mpoM3BOJNIBHOTO TPAIMEHTHOTO
TUTAaHAPHOTO BOJTHOBO/IA MOJTyY€HBI MOJIO-
BbIC pEIICHHs YpaBHEHHMs | enbpMmrosibua —
aMIUTUTYAa MOJbl MpEACTaBlIeHa B BHJE
9KCTIOHEHTHI C MOKa3aTesleM B BUAE psjia
Teitnopa, k03((GUIMEHTH KOTOPOrO Ha-
XOIATCS W3 PEKyPPEHTHBIX COOTHOIIE-
Huit [16]. C momoup0 MOAEIUPOBAHUS
MOKa3aHo, YTO TPaJWEHTHBIE MHUKPOIUH-
36I MUKadIISTHA U «pHIOHIA TI1a3» MakcBe-
7a MOTyT (hOpPMHUPOBATH N300PAKEHHS CO
CBEPXpa3peIICHNEM.

IIpencrasien HOBBIM MOAXOM K pa3pa-
0O0TKE CTPYKTYpHUPOBAHHBIX ONTHYECKUX
BOJIOKOH. [lokazaHo, 4TO mpH BHYTpEH-
HEM HaHOCTPYKTYpHUPOBAaHUH CEp/LECBHU-
HBI, COCTOSIIEH M3 JBYX CTEKOJ, MOTYT
OBITH CO3/1aHBI BOJIOKHA C A(P(PEKTUBHBIM
npoduieM TpaJueHTa IOKa3aTels Ipe-
JIOMJICHHS C 33/IaHHBIM pacmpezesieHueM
moKasaress mpejaoMieHus [17].

B cryuae TpexmMepHOTo rpaareHTHOTO
CBETOBO/IAa C KPYIVIBIM TIOMEPEYHBIM Ce-
YeHWEM paHee HaMH TOIyYeHO B MEPBOM

NpUOIMKEHHN  aHATUTUYECKOE BbIpaXe-
HHE JUISA TIOJISl ¥ SHEPTUH B OTHOMOJOBOM
PEeXHMME BHYTPU CIaOONPOBOISIIECIO BO-
JIOKHA CO CTENEHHBIM MPOQHUIEM MOKa-
3arensi TIPENIOMJIHUS C TPOU3BOJBHOM
CTETeHbI0 (C YYeTOM TMOJSpU3aIlN) IIy-
TEM pelleHns ypaBHEHHs |erpMronbiia
MetonoM ¢yuknuu [puna. IlocTpoeHs!
3aBUCHMOCTH JHEPTUH OT BOJHOBOIHOTO
rapaMeTpa JJisi BTOpOil U TPETheU CTENEeHN
npoduiisl MoKa3aTess MPEIOMJICHUS BbI-
paxenus. [lokazano, 4to B paccMarpuBa-
€MOM NPpHUOIMKEeHUH SHEPrHsl YBEINUUBa-
eTcsl ¢ POCTOM BOJIHOBOJHOTO MapaMerpa
JI0 OTIPEICIICHHOTO 3HAYCHUS IapaMeTpa,
MOCTIe KOTOPOTO 3aBUCHUMOCTH SHEPTHU OT
BOJTHOBOZHOTO TIapaMeTpa MEHSIOTCS Me-
CTaMH JIJIsl BTOPOH U TpeThel crerenu [ 18].

B Hacrosmmieit pabote apyrumu Me-
TOJaMH, OTIMYHBIMH OT TPUMCHEH-
HBIX B cTarbe [18], MBI ompenenum moie
W DHEPrHI0O B OJHOMOJOBOM DEXKHME
BHYTpU CIabOMPOBOASAIIETO BOJOKHA CO
CTENICHHBIM MpOQUIeM TOKa3arels Ipe-
JIOMJICHUSI C TIPOU3BOJIHOM CTETIEHBIO Oe3
yueTa HOISpH3alUH (YTO YHPOIIAET BbI-
YHUCIICHHS ), TIOCTPONM COOTBETCTBYIOIIHIE
3aBHCUMOCTH DHEPTHUHM U PE3YNbTaThl CO-
MOCTaBUM C PEe3yJIbTaTaMH TIPEIbITyIIeH
pabots [18]. Tem caMbIM MBI TIOJTHOCTBIO
pemuM 3amady 0e3 ydera MOISpU3AIIH
U C y4eToM TMoJsipu3aiiuu. Pesynbrarsl
maHHoON W mpeapaymei [18] pabor mo-
ryT OBITh HMCIOJB30BAaHbI Uil KOHCTPYH-
pOBaHHS CBETOBOJIOB B 3aBUCHUMOCTU OT
KOHKPETHBIX MPUJIOKEHUH (B YaCTHOCTH,
MOCTPOCHHBIE 3aBHCUMOCTH JHEPIHU OT
BOJIHOBOJIHOTO YHCJIa MOTYT IIOMOYb ITOJI0-
Oparb MaTepuall CEep/IeBHHBI CBETOBOJA
C TIOAXOJIAIICH CTETIEHHOW 3aBHCUMOCTBIO
po TS TIOKa3aTels MPEITOMIICHHS).

MarepuaJjibl 1 METOAbI

BriBenem ypaBHEHWE A TOJNA
B CBETOBOJI€ C TPaJMEHTHBIM Mpodu-
JeM Iokazareis npejaomieHus. IlycTts

2 Anamc M. BBejeHne B TEOPUIO ONTHYECCKHX BOJHOBOMOB. [lep. ¢ anmi. M. : Mup, 1984. 512 c. ;
CemenoB H. A. Onrrueckne kabenu cBsi3u: Teopust U pacueT. M. : Pagno u cBsa3b, 1981. 152 c.
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{E(l,R),fz(t,R)} — COOTBETCTBEHHO 3JIEK-
TpUYECKass U MarHUTHAs COCTaBIISIOLIHE
AIIEKTPOMArHUTHOTO Toys (¢ — Bpems,
R = (x, y, z) — xoopauHater). U3 ypaBHe-
Hui MakcBemna Juisl TUAIEKTPUYECKUX
cpen ¢ mokasareneM mpeigomiaeHus n*(R),
OTJCIIsisE BPEMEHHYIO 4YacTh, B Pe3ybTa-
T€ MPeoOpa3oBaHUN IS AJICKTPUUECKOM
KOMITOHEHTBI 3JIEKTPOMArHUTHOTO TIOJISI
(11 MATHUTHOM KOMITOHEHTBI aHAJIOTHY-
HO) TIOJTYYHM:

é(t,R)=E(R)exp(—iot) > AE +k'n’E =
= —V(E,v[ln(nz)]), )

IJIe ¢ — CKOPOCTh CBETa, ( — UKIINYECKast
yacrora, k = w / ¢. J{ns BonokHa (cepa-
[IEBUHBI) TPAAMEHTHOTO CBETOBOJA 1> =

2 2
= n’(r), r=+/Xx"+y°, mone B BOJIOKHE

TaKk)Ke 3aBUCHUT OT 7 W PacHpOCTpaHseT-
¢ BIOAb ocH z. [ nons E 3anumiem
(n,, B, @ — COOTBETCTBEHHO EIMHHYHEII
BEKTOp HANpaBJICHUS PaCIpPOCTPAHEHHS
MOJISt BJIOJIb OCH z, TIOCTOSIHHASI PacIpo-
CTPaHEHUS U YToJl B INIOCKOCTH (X, )'))

E(R)=1i,exp(iBz)exp(imp)E(r). (2)

City4ail ¢ HEHyJIE€BOM ITpaBOM 4ACThIO
B (2) B mepBOM MPHUOTHKCHHH PacCMO-
TpeH HamMHu B Apyroi pabore [18]. Ot-
OpaceBasg B (1) mpaByio wacth (He pac-
cMaTpuBas MOJIIPU3AI[MOHHBIC CBOWCTRA,
OTKCHIBACMBIC YJICHAMH, COJICPIKALITUMHU
V{ In nz}), ot (1), (2) mepeiinem K ckasip-
HOMY YPaBHEHUIO B MOJISIPHBIX KOOPJIMHA-
Tax JUIsi OCHOBHOM MobI (m = 0):

2
d E(r)+ldE(r)+
dr’ rodr
+{k*n* (r)-B*}E(r)=0. (3)
ITokazarennb IMPCIIOMJICHUS IJIA BOJI-

HOBOJa OOBIYHO 3aMKMCBLIBACTCS B CJICaYyIo-
meM BUC:
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n, [1-2Ah(r)],0<r<p,

w2 (r) =

n,r>p,
2 _n? h(0)=0
ZA:ncoznd’ ( ) ’
nco h(p)El’ (4)

rae h(r) — Bo3pacratomas ot 0 o 1 pyHK-
¥s pu u3MeHeHuH 7 ot 0 1o p; n2,, n —
MOKa3aTes Iy MPEIOMIIEHHUS BOJIOKHA 1 000-
JOYKH; A — BBICOTa TIPOQWIIS; p — paginyc
KPYIJIOTO B TIONIEPEYHHUKE BOJIOKHA.

Iloncrasnas (4) B (3), 3anmmem pe-
3ynaeTar B Buje (mepeiimeM k Oe3pa3zmep-
HOM MepeMeHHOH y)

d’E(y)
dy2

%E;yy) +(up) E(r)=

=V?h(y)E(y);
j/E}"/p, %12 Ekzncza_ﬁza

V=kpNA, NA=\n) —n,

3nech V, NA — BOJIHOBOJHBIM NapaMerp
Y YHCJIOBas areprypa.
ITpu 3TOM (4) MpUHKUMAET BUJT

)

i [1-2an(y)], 0<y <1,

(1)

nf,,y>1,
2 _n2 h(0)=0
2A:nwznd, ( ) 2
n., h(l)El. (6)

Pesyabrarhl uccienoBaHus

Haiinem penienue ypaBHEHHUS s
II0JI1 B CBETOBOJE C I'PAJUEHTHBIM IIPO-
¢usiemM moxasarelsi IpeIOMIICHUS.

ITockonbky

d2E0 ()/)
dy?

lEo(y) 2
+— +(xp) E(y)=0—>
y dy ( 1 ) 0( )

%EO(V):JO()CIP}’), (7)
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TO pelieHue ypaBHeHus (5) OyaeM uckarb
B BUJIE

E(y)=1(r)E (7). (8)

[oncrarnsas (8) B (5), ¢ yuerom (7)
JUIS. HEU3BECTHON QyHKIMH f(y) MOTydnM
ypaBHEHHE

f”(ﬂ{%ﬂmjf/(y)—

E, (J’)
—V”dy)f(7)=0,(j”(7) qyg))(9)

3amennM 31ech (yHkumio beccens
E,(7)=J,(x,py ), onuceiBaromy:o oaHo-
MOJIOBBIN PEKUM BOJHOBOAA CO CTYTICH-
YaThIM MPOQUIIEM, Ha rayCcCOBY (HYHKITUIO
(r0 — paJuyc MOZOBOTO TISITHA):

E(7)=Jy(2py) > Ey(v)=exp{~ay’ /2],
a=p’/r, (10)

npuaeMm (cM. [18-22]):

2
=0 P 016
NA I
V E(O; 2,405)

(NAzqnfo —nf, ,
V =kpNA, k=9=2—”), (11)
c A

000CHOBaHWE TIPUMEHEHHUS OTOU (op-
MYJIBI JUIs HAIero cliydasi, MOJXy4eHHOH
JUTS. BOJTHOBOJIA CO CTYTIEHYATBIM MPOQH-
JIeM TIOKa3aresis MPeoMIICHUS], TIOKa3aHo
B apyroit pabore [21]. Iloncrasmss (10)
B (9), 3anuieM ypaBHEHHUE B BUJIEC

f”(y)+G—2ayjf/(y)—

~V?h(y)f(7)=0. (12)

PacecmoTrpum xosddumment mpu mep-
BOM MPOU3BOIHOM M BBISICHUM, MPU KaKUX
3HAUEHUSAX Y OH 0OpamaeTcs B HyJIb (BOC-
nonb3yemcs (11)):

1 1
oy =0—>y=—=
,~2ar 7=

1 e{V e(0;2,4)} €(0,74; 3,54),

1.J0.32

OTKyJIa

1 1

—>2ay —>y<0,74, —<2ay >y >3,54. (13)
/4 /4

BriOupast nepBbIii BapuaHT AJ1s1 TIOJIS
BHYTPH CEpALIEBUHBI BOIHOBO/A, TIEpETIH-
meM (12) B ynporieHHOM BHE

f”(y)+%f/(y)—V2h(y)f(7)=0,

(y <O,74). (14)
Pemrats ypaBHeHue OyaeM aHajorwy-
Ho metony BKbB (Benruens — Kpamepca —
BpumttosHa)® (COBpeMEHHOE H3IIOKEHHUE
B [23]).
Urak, uckoMyto (DYHKLIHUIO 3alMLIEM
B BHUJIE

f(r)=exp{p(y)} >
=1 (r)=r(r)f(y)
(v)

) (15)
7')=0" ) )+ (2 () ()

Iloncrasnas B (14), momygaem ypas-
HeHue st GpyHKIn p(y)

P )+ () +

1

L ()-rh()=0. 16

3 JMangay JI. [1., JTudmun E. M. Teoperuueckas ¢usnka. KBantoBast mexanuka (HepenstuBucrekas
Teopus). 4-e uzn., ucnp. M. : Hayka. I'n. pea. ¢pus.-mat. 1ut., 1989. 768 c.

Technologies, machinery and equipment

593



I/IH)KEHEPHI:»IE TEXHOJIOTUU U CUCTEMBI

Tom 32, Ne 4. 2022

[IpeamnonoxumM MaaocTh BTOPOU Mpo-
usBozHoit p’/ (7):

o' (1) <<|2h(r)|=v2h(r). (7)

Torma mst (16) MBI MOYKEM 3amucaTh

:_L+L\/m—>{17(y)}.f

2y 2y

:ln(LJilj—\WW/d% (18)
Jr) 2 y

u cornacHo (8), (10) u (15) momydnm st
ToJst

1o T

19)

[TockonbKy B cllydae CTYNEHYATOTO
Bonsosoga h(y)=0 (y€(0,1)), To BBI-
OupaeM 3HaK ILTIOC — B 3ToM ciydae (19)
cBOUTCS K BhIpakeHuio (10).

OKoHYATEIBHO MMOTydaeM

xexp{—ay?/2}.

xexp{-ay’/2}. (20)

ITonuepkHeM, uto npu y — 0 mosie He
oOparaeTcsi B Hyllb, COIIACHO MPEAbIIY-
LIEMY BBIPAXKEHUIO.

Tuddepentupys p; (v) us (18), yeno-
Bue (17) 3anuiem B BUjIC

2270 )|

\/1+4V2h(y)y2

594

®opmynsr (20), (21) noxydensr s
TIPOU3BONIEHOM (PyHKIHH /(y), YIOBIETBO-
psrote TpedoBaHusIM U3 (6).

[Tonarasi BEITIOJIHEHHBIM HEPABEHCTBO
(21), nnst o B citydae CTENEHHOTo Mpo-
¢buIist moxaszaresist MPeOMIICHUS 3aUILEM
GyHKIMIO /(Y) BMECTE C BBIPaXKCHUEM JIJISI
nosist (20):

h(y)zy"(n=1,2,3,---)—>

2, n+2
L XD le/l+4V7 dj/ y
Jro |2 y

—E(r)=

xexp{—ayz/Z}.

C MOMOIIBI0 BCIOMOTATEIHLHOIO HH-
Terpajia

.[\/1+axm

X

dx =

I/m
1+ ax —1} .(22)

2
==AVl+ax" +In{ ————
m {\/1+axm+l

IpeAbIAyIee BBIPAKEHHE UL IO,
B Cilydae CTEIEHHOro mpoGmiis Mmokasa-
TeJIsl TPEJIOMIICHUSI, TPUHAMAET OKOHYA-
TenbHbIN BUI (B (22) a =4V, m=n+2):

h(y):y"(n:1,2,3,---)—>

/4n
P N N I
I ar a

1
Xexpy—-—
p{n+2

xexp{—iy2/2}.

1+4p2y"2 }x
(23)

Hakonen, mnmst 0Ge3pa3mepHON HOp-
MHPOBAHHOW SHEPTHU VV,,O,,,,(”) (V') (or-
Howenue sueprun mons (23) W, (V)=

—IEZ )ydy x osueprum moms (10)
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s crynendaroro npodumst W, (V)=

1 1
E.[E()z (v)ydy = jexp(—ayz)ydy B OJHO-

M((;IIOBOM pe>1<1/1(1)v1e) HaxoauM (HECMOTps
Ha BeIOpaHHBIN BapuaHT B (13), He cHIKas
OOIIHOCTH, UHTETPUPYEM TI0 Y OT HYJIA A0
€IMHULIE]) (V €(0,5,2,4), n=1,2,3,4, 5)

Wiy (V)
oy (V) W:

st

= jexp(_ayZ)yd}/ Zi[l—exp(—a)] -

0

1/2n

0,321? ol V1+4r2xm? —1

~ 1-exp(-0,16/) ! VI+4V2x"2 41
><exp(ilel+4V2x"+2]~exp(—0,16V2x2)dx}.

n+

Ha pucynke s cnabonpoBosero
ONTOBOJIOKHA C TPaJdueHTHBIM Tpodu-
JieM ToKa3aTessl pesloMIIeHus, 0e3 ydyera
MOJISIPU3allMd B OJTHOMOJOBOM PEXKHME
B ClIydae CTENEHHOTo Mpoduiis MokKasa-
Tens npenomienus npu n =1, 2, 3,4, 5,
MMOCTPOCHBI 3aBHCHUMOCTH «HOPMHUPOBaH-
HOW» oHepruu W, .. OT BOJHOBOIHOTO
napametpa. [lokazano, 4To 10 3HAYCHHS
V.~ 0,9 OwicTpee pacteT sHEprus s
npopuis ¢ n = 1 (1o B Touke V_~ 0,9 mst
BCEX PAaCCMOTPEHHBIX CTEMeHel sHep-
TUsl COBIAAET), a MOCJIe 3TOTO 3HAYCHUS
C PE3KUM OTPBIBOM PAcCTET SHEPIrHs IS
npoduisi c n = 1, a st n > 1 pocT Hep-
UM YMEHBIIACTCS C YBETHUCHHUEM 71.

Ecnu cpaBHUTBH pe3ysbTaThl C JaHHBI-
MU HaIlel npeapaymui padotst [ 18], mo-
CBSAIIICHHOM aHAIIN3Y TOJISl M DHEPTUH Clia-
OOIPOBOIAIIETO ONTOBOJIOKHA, C YYETOM
MONSIPU3AIMA B OTHOMOJIOBOM PEXHME
B Cllyyae CTENEHHOro mpodwuis mokasa-
TEJsI TIPEJIOMIICHUS], PACCMOTPEHHOTO IS
ciy4aeB n = 2, 3, TO y4eT MOJIsIpU3aIiH

CBOJIMTCS K CMEIICHUIO TOYKH V| OT 3Ha-
yenus 0,9 1o 3xHayenus 1,55.

O0cy:x1eHue U 3aKJII0YeHne

Kak BumHO W3 pHCyHKa, TIpU HU3Me-
HeHuu napamerpa V ot 3Hauenus 0,5 no
2,405, cornacuo dopmyne (11), HOpmu-
posanuas sHeprust W pacrer ot 1 10
~ 7,5 mnsa mpoduns ¢ n=1, mo

worm(miny 2 g mpodunst ¢ n = 5. s

BCEX PACCMOTPEHHBIX Tpoduiel 3Hadve-
HUSl COOTBETCTBYIOLIUX DHEPIUU IPEBbI-
HIAI0T DHEPTUH CTYIEHYATOTO MPOQHISL
JUI COOTBETCTBYIOLIMX 3HAUCHHWH TMapa-
Merpa V. Mckinrodass Majio MpUMEHSEMbII
npopuns ¢ n=1, BUAMM, 4TO Hamboiee
9HEProdPPEKTHBHBIM U3 BCEX CTETICHHBIX
npo¢uieii oka3piBaeTcs mpodwits ¢ n =1,
YTO TIOATBEPKIACTCS AKCIEPUMEHTAIh-
HBIMH JAHHBIMU®.

ITockonbky coritacHo dopmyie (5)

norm(max)

U 9HeprodpeKTUBHOCTH BO3PACTACT
C pOCTOM mapameTpa ¥, To Ipu MOCTOSIH-
HOH 4MClIeHHOU anepType NA B paccMma-
TPUBAaEMOM cIabOHANpPaBIAIOLIEM CITy-
gae (NA << 1 — mamas pa3HOCTb MEKIY
[I0Ka3aTejaeM IPEeJIOMIICHUSI B cepale-
BHHE BOJIOKHA W IIOKa3aTeJeM MpesioM-
neHuss 00OJOYKH) mapamerp V MOXKHO
MOBBIIATh OO YMEHBIICHHEM JJTMHBI
BOJIHBI, JMOO YBEIWYCHHEM pajuyca
CEep/ILIEBUHBI.

Hannas paboTa MOCBSIIEHA HCCIIe-
JIOBAaHUIO 3aBHCHMOCTH MOJS M SHEPTHH
B IPAJMEHTHBIX BOJIOKHAX CO CTETICHHBIM
npoduieM nokasaress npejaomieHus. Pe-
3yJbTaThl HOMTyYeHbl B OOIIEM BHIE AJIS
IPOU3BOJIBHON CTENEHM IOKa3aTess mpe-
JIOMJICHUST ¥ HPOWJUIIOCTPUPOBAHBI JIS
BBIOpaHHBIX CTereHel (B MpeablayIiei

* CemenoB H. A. Ontudeckue KaGesu CBSI3U: TEOPHUS U Pacyer.
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P u c. 3aBucuMocTh HOPMUPOBAHHOH SHepruu W, . OT BOJIHOBOJHOTO mapamerpa V'
JUTSL TPOQUIIS TTOKA3aTelIst pesioMleHus n: 1 — mpoduinb n = 1; 2 — npoduis n = 2;
3 —npoduns n = 3; 4 — npoduis n = 4; 5 — npoduib n =5
Fig. Dependence of the normalized energy #,,,, on the waveguide parameter V for the refractive index

profile n: 1 — profile n = 1; 2 — profile n = 2; 3 — profile n = 3; 4 — profile n =4; 5 — profilen =5

pabote [18] mns crydaeB n = 2, 3, a B Ha-
crosimieit st n = 1, 2, 3, 4, 5). Ilpu atom
AQHAJIMTUYECKHE pacueThl ObUIN IPOBEZE-
HBl pa3HbIMH Meronamu. IlokazaHo, uTo

0,9 no 3nauenus 1,55. [lonyuyennsie pe-
3yJbTaThl, C YU€TOM KOHKPETHBIX MPHJIO-
JKEHUH, MOTYT OBITh IPUMEHEHBI IIPH KOH-
CTPYUPOBaHUU HEPI€THUECKU BBITOIHO-

VUeT TMOJBSIPU3AINN CBOAUTCS K CMeIe-
HUIO TOYKHU TIEPECEUEHHs V, OT 3HAYECHHUS

T0 TIPOMUIIS CEPAIICBUHBI BOJIOKHA U JIJIS
aHanM3a nepeaadu nHHOpPMaIIH.
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Ob6ocHOBaHUE MPUMEHEHUS TEXHOJOTHYECKOM CXeMbl
00J1yueHHs ¢ pa3aesieHHeM IHePreTu4ecKuX NoToKoB
B CBETOKYJIbTYp€ MPOMbINLJIEHHBIX TeNJIHI
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Annomauusn

Bseoenue. Obecnieuenre TpeOyeMbIX ITApaMETPOB U XapaKTEPUCTHK NICKTPOMArHUTHOTO
U3ITyYEeHHs CBETOTEXHNYECKUX 00IydaTeIbHbIX YCTAHOBOK JIs TETIIMI] SIBIISIETCS] BAYKHOM
3a7adei py NOBBIICHNY () (EKTHBHOCTH HCIIOIb30BAHMS SHEPTHHU 1 YITyUYIICHUH XapaK-
TEPUCTHK PacTeHUEBOAUYECKON mpoaykuuu. Llens pabotsl — onpeaenenue 3pGeKTuBHOTO
pexuMa paboThl TEXHOJIOTHYECKON CXEMbI OOIydEHHs C pa3/ieNICHUEM DHEPreTHYECKHX
MOTOKOB B CBETOKYJIBTYPE MIPOMBIIITIEHHBIX TETUIHUII.

Mamepuanvt u memoowi. B pa3paboTaHHON MOJECITH TEXHOJIOTUIECKON CXEMBI OOIYYCHUS
3a CYeT KOHCTPYKTHBHBIX PELICHHH €CTh BOZMOKHOCTH PA3AENUTh SHEPTEeTHUECKUIM MO-
TOK Ha COCTaBJISAIOIINE U YIPABIATH STUMH MOTOKaMH. [IpeiokeHo myTeM pa3ielIbHOro
PETyIHpOBaHHs HAMPSKEHNS Ha 0OydaTesne ¥ BEHTUIATOPE CO3aBaTh yCIOBUS A U3-
MEHCHUS! BEJIMYUHBI OT/IEJIBHBIX CIEKTPAIBHBIX JIMHUH M3IIY4eHHs C [eIIbi0 JaibHeHIeH
OLIEHKH 3 eKTa OT JaHHBIX U3MEHECHHM.

Pezynemamer uccneoosanus. IlomydeHsl pe3yiabTaTbl 10 W3MEHEHHWIO PACIIPEAeICHHS
PPFD B 3aBucuMOCTH OT HanpsHKEHHS HA TEIUIMYHOM obmydarene oT 198 no 242 B u Tem-
neparypbl Bo3ayxa BOim3u namiiel oT 38 10 47 °C. CpaBHEHUE YCPETHCHHBIX 3HAYCHHIA
PPFD B uccnenyembix pexxumax co 3HaueHueM PPFD B HoMuHanbHOM pexxumMe Ajis 3TUX
JIMAIIa30HOB ITO3BOJIMIIO ONIPEACIUTD PEKUM Ipu HanpspkeHnn 220 B u temneparype Bo3-
Iyxa BOmu3u gamiisl oT 43 10 47 °C Kak parroHaIbHbINA I IPAKTHYECKOTO TPUMEHEHUS
B TEXHOJIOTHUYECKHX CXeMaX OOIydUeHUs C pa3JeieHHeM dHepPreTHUeCKUX MMOTOKOB B CBe-
TOKYIIBTYPE TIPOMBIIITIEHHBIX TETUIHUII.

Obcyorcoenue u 3axniouenue. PazpaboTka 1 IPUMEHEHNE PALlIOHAIBHBIX PEKIMOB pado-
THI TETUTMYHBIX 00TydaTeneil, ¢ y9eToM PeXKUMOB pabOTHI CETU U JIAMITBI, SIBIISIETCSI OCHO-
BOH U151 0OecTIeYeH s TEIUTMYHOTO TPOU3BOCTBA aJIFTEPHATUBHON TEIJIOBOI SHEPT UL,

Knrouesvte cnosa: npoMBIIUICHHBIC TEIUTHIBI, TEXHOJIOTHYECKAst CXeMa 00TydeHNs, SHep-
TeTHYECKNE MOTOKH, TETUIMYHBIN 0OIydaTenb, paclpeielieHue YHEPIu U3IydeHHs 110
CIEKTPY, PEryJIUpPOBaHHIE HALIPSKCHUS, HU3KOIIOTEHIMAIbHAS TEILUIOBAsl SHEPIUs
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Rationale for the Application of the Technological Scheme
of Irradiation with Separation of Energy Flows
in the Lighting Systems of Industrial Greenhouses

P. P. Dolgikh

Krasnoyarsk State Agrarian University
(Krasnoyarsk, Russian Federation)
dppl0@yandex.ru

Abstract

Introduction. Ensuring the required parameters and characteristics of electromagnetic ra-
diation of lighting irradiation facilities for greenhouses is an important task to improve the
efficiency of energy use and the characteristics of crop production. The aim of the work is
to determine the effective operation mode of technological irradiation scheme with separa-
tion of energy flows in lighting systems of industrial greenhouses.

Materials and Methods. In the developed model of the irradiation technological scheme,
constructive decisions make it possible to divide the energy flows into components and
to control these flows. It has been proposed that separate regulation of the voltage on the
irradiator and the fan can be used to create conditions for changing the values of separate
spectral lines of radiation in order to further assess the effect of these changes.

Results. We obtained the results on the change of PPFD distribution depending on the
voltage on the greenhouse irradiator from 198 to 242 V and the air temperature near the
lamp from 38 to 47°C. The comparison of averaged PPFD values in the studied modes
with the PPFD value in the nominal mode for these ranges allowed determining the mode
at voltage 220 V and the air temperature near the lamp from 43 to 47°C as a rational for
practical use in technological irradiation schemes with energy flows separation in the ligh-
ting systems of industrial greenhouses.

Discussion and Conclusion. The development and application of rational modes for ope-
ration of greenhouse irradiators, taking into account the modes of network and lamp is the
basis for greenhouse production with the use of alternative thermal energy.

Keywords: industrial greenhouses, technological scheme of irradiation, energy flows,
greenhouse irradiator, distribution of radiation energy over the spectrum, voltage regula-
tion, low-potential heat energy
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Beenenue 1 TpeOYIOT ONITUMAJIBHBIX PeIIeHHH PU pas-
TexHonoruyeckue onepanyy 1no odmy- paboTKe MEPONPHSTHIA TIO MOBBIIICHHIO 3()-
YEHUIO PacTeHUH B TEIUIMYHON CBETOKYb- (EeKTUBHOCTH. [IprMeHseMble Ha CEroHsILI-
Type SIBILIIOTCS] SHEPrOEMKUMH IIPOLIECCAaMU  HUf MOMEHT B MPOMBIIUICHHBIX TETUIMIIAX
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o0JTy4arenbHbIe YCTAHOBKH C ra30pa3psili-
HBIMU JIAaMIIAMHA BBICOKOTO JaBJICHHS JO-
CTHUIIU, TIyTEM TEXHHYECKOTO COBEPIIICH-
CTBOBaHHS, MaKCHMaJbHBIX ITOKa3aTelNei
mo kputepuio 3(Pp(eKTUBHON OTHa4M, HO
paboThl TO YIYYIIEHUIO WX XapaKTepH-
CTHK TIpomospKaroTcs'. OqHako 0COOESHHO-
CTSIMH, KOTOpPbIE HEOOXOIMMO YUYHTHIBATH
[IPY 3KCIUTyaTalliH, SBJISIOTCS MTOBBIIICH-
Hble TpeOOBaHHS K CHEKTPaJIbHOMY CO-
CTaBy U MHTCHCUBHOCTHU M3JIyYCHUS HM3-32
PECYPCHBIX M3MEHCHUH, 3aBHCAIIUX OT
CpOKa IKCIUTyaTaluu’, OTKJIOHEHHS MHTa-
Iolero HampspkeHust [1], cxem nuTaHus
WCTOYHHUKOB m3iydeHus [2]. JlroObie ort-
KIIOHEHHs B TOKazarensix 3(deKkTuBHOro
MOTOKA CKa3bIBAIOTCSA KaK TMOJIOKUTEIHHO,
TaK ¥ OTPHUIIATENIFHO Ha KOHEYHOM pacre-
HUEBOIYECKOM pEe3yJIbTare M SKOHOMHUYeE-
CKUX TIOKa3aTeJisiX KOHCYHON MPOIYKIIHH.
Takxke y ra3opaspsyiHbIX JIaMIT BBICOKOTO
JIABJICHUsI UMeeTCsl TpodieMa, CBS3aHHas
C HEpaBHOMEPHBIM pacIpeieiieHIEM dHEp-
MU U3ITy4eHHUs 110 crieKTpy. OCOOSHHO 3TO
KacaeTcsi «CHHE» YacTH CIEKTpa, Ipo-
LIEHT COJICPXKaHUsI KOTOPOW HUW3KHH, 4TO
TpeOyeT JIOTIOTHUTENEHBIX MEp 110 KOPPEK-
LMY U YCTPAHEHMIO 3TOr0 HegocTaTka [3].

[IpenBaputensHble MCCIENOBAHUS IO
TTOBBIIIICHAUIO YHEPTOAPHEKTUBHOCTH TIPO-
recca OOMy4eHHUs] pPACTeHUH TTO3BOIHIIH
YCTAHOBHTB, YTO MPEJCTABIISETCS BO3MOXK-
HBIM PaCHIMPUTh (PYHKIIMH CBETOTEXHHUYC-
CKHUX 00JTydaresIbHbIX YCTAHOBOK B TEILIH-
[ax MyTeM MCIOJIb30BaHuUs MH(PpaKpacHOH
COCTABJISIFOLICH M3TydeHHs 00TyJaresns Ha
HYJIbI OTOTUICHUSI B CUCTEMaX MUKPOKIIU-
Mmara [4].

B xone skcriepiMeHTOB ObLT YCTaHOB-
JIEH Ppsl 3aBUCHUMOCTEH, ITO3BOJISIOIINX
JieNaTh BBIBOABI 00 3(dekTuBHOCTH TIpH-
MEHEHHS B CHUCTEME MHKpPOKJIMMara Te-
TTAI] 00JTy9aTeIbHBIX YCTAaHOBOK C (DYHK-
[UCH  TPUHYIUTEIBLHOTO  OXJIAXKICHHS

BO3IYLIHBIM criocoOom [5]. Ympasnenue
MMOTOKAMH YTHIM3UPOBAHHOM TaKMM 00pa-
30M TETUIOBOM SHEPTHH, KOTOPast 3aTeM HC-
MOJB3YETCs B CUCTEME OTOTUICHHS TETUTHI]
W SBISETCSI OCHOBOW JJIsi OOecrieueHuUs
TETUTMYHOTO MPOU3BOJICTBA JIOTIOHUTEb-
HOM aJbTepHATUBHON 3KOJOTUYECKH YH-
CTOW JHEpTHeH, JaeT mpeuMmyiecTsa [6].
[Tpu sTOM OBUIM OIpEZIETICHBI HOBBIC JI0-
MOJTHUTEJIbHBIC IPEUMYIIIECTBA UCTIONB30-
BaHMS TAKUX YCTAHOBOK, 3aKITFOYAIOIIHECS
B 3HAUUTEIHHOM H3MEHEHHH (POTOCHHTE-
THUYECKOTO TIOTOKAa (POTOHOB B (PYHKIIMH
TeMIeparypbl BO3/1yXa BOJHM3HM JIAMIIBI
MpU  PETYIMPOBAaHUK YPOBHS HarpshKe-
HUSI B Mpejenax, PeriaMeHTHUPOBAHHBIX
crangaproM. OHAKO BOIPOCHI CMEIICHUS
B OTJENBHBIX CIEKTPAJIBbHBIX O0NIACTIAX
W3JTydeHHsT OONydYaresIbHbIX YCTaHOBOK
¢ QyHKIUEH MPUHYIUTEIHLHOTO OXJIAKIe-
HUSL TPYU HM3MEHCHHMU BHEIIHUX (haKTo-
POB, K KOTOPBIM, B YaCTHOCTH, OTHOCHTCS
YPOBEHb HAINpPSDKCHUSI B CETH, UMEIOIINE
B2)XHOE 3HAYCHHE B IMOKa3aressix dpQek-
TUBHOCTH TEXHOJIOTHYECKHX MPOLIECCOB
PacTeHUEBOACTBA 3AIUILICHHOTO TPYHTAa,
He wWccienoBanbl. JlIsi KU3HenesTelNb-
HOCTH PACTeHHH OCOOCHHO HEOOXOH-
MBI (hoTocHHTeTHYECKH akTHBHas (DAP)
(AL = 360-720 uM) ¥ (PHU3HOIOTHIECCKU
aktuBHas paguammn (AL = 300-800 HM),
3aBUCSIIME OT pPACIpeleNieHUsT SHEPTUr
no crekrpy. Mx perynupoBaHue Jaet Jo-
MOJHUTENBbHBIE Y(Q(EKTHI B yIIPaBIsieMOM
pactenueBoacTse [7].

Llenbro paOoTHI SIBIISIETCSI ONPEAEICHHE
s dexkTBHOrO pexrMa padoThl TEXHOIIO-
THYECKOH CXeMbl OOIyUYeHUs ¢ Pa3aeiIeHH-
€M DHEPreTHYECKUX MTOTOKOB B CBETOKYIIb-
Type MPOMBINUICHHBIX TETUIUIL.

O0630p uTEpaTyphbI

OmHUM W3 YpOBHEH JHEPTOIKOJIO-
TUYHOCTH CBETOKYJIBTYpPhI B COBPEMEH-
HOM TMIPEJCTABICHUH SIBISIETCS MOJICITh

! Termmunoe ocemienue. [Dnexrpornsiii pecypc]. URL: https:/www.reflux.ru/catalog/glighting/

(mara obpamenus: 10.09.2022).

2 Nonrux IT. I1., Kynre 4. A., Hymienox H. B. DHeprocGeperaromye 31eKTpOHHbBIE Ty CKOPETyIUPYIO-
[IME armnaparsl s 00IydJaTeNbHBIX ycTaHOBOK Terunil. KpacHosipek : Kpacl'AY, 2003. 116 c.
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TEXHOJIOTHYECKOTo Mporecca O0MydeHus,
IJIe YaCTHBIM ITOKA3aTeNIEM 3HEPro3KOJIO-
THYHOCTH SIBJISICTCS CIICKTPAJIbHBINA COCTaB
mznyuyenus [8—10]. [Ipu aTom onpenenena
POJIb K&KIOTO CHEKTPAIBLHOIO JHAaIa3oHa.
Pacrenust 4yBCTBYIOT U pearupyroT Ha OIl-
THUUYECKHE CIEKTPBI OT YIbTPadHOIETOBOIO
m3nydenust (UV) 1o manbHero KpacHOTO
(FR), a xagecTBO WM3My4YeHHs WM JJTHHA
BOJIHBI ONITHYECKOTO CIEKTpa 3HAYUTENbHO
BIIMSIET Ha POCT, Pa3BUTHE, MOP(HOIOTHIO
W BTOPUYHBIA MeTabonu3M pacTenuil. Pe-
aKIUs PACTEHUH Ha Ka4eCTBO M3ITyUEHMS
3aBHCHUT OT BUJIa U copTa pacTeHuil. B 3a-
BUCUMOCTH OT YCJIOBHH OKpYXaroLIeH
Cpelbl peakuus pacTeHU Ha OTHO U TO K€
KaueCTBO M3JIy4CHHSI MOXKET OBITh M3MEHE-
Ha «(pOHOBBIMM» YCIIOBUSIMH, HAIpHMED,
konnyecTBOM PAP, koTOpoe pacTeHue no-
mydqaet B Teuenne nus (DLI).

Kpacnoe (R) wm3myudeHwe BoCHpuHU-
MaeTcsi pacTeHHsSMH C TOMOIIBIO phys
U peryaupyeT peakiiuy, CBI3aHHbIE C MIPO-
pacraHueM CeMsH, YUIMHEHHUEM CTeOIs,
paclIupeHreM JINCThEB, MHIYKIMEH LiBe-
TeHUs U T. 1. A cuHee (B) usnydenue Boc-
npunuMaercsi CRY's u phots u perynupyer
TaKue IPOLECChI, KaK AEATUOIISLHUS pacca-
161, (OTOTPOIU3M, IBIKEHUE XJIOPOILIa-
CTOB, LIMPKaJHbIE PUTMbI, POCT KOpHEH,
YCTBUYHOTO OTBEPCTHS U T. 1. OmHAKO U3-
aydeHus R n B nefcTByOT aHTaroHUCTH-
YECKH B PETYIMPOBAaHHMU pa3Mepa W TOll-
IIMHBI JKcTa. B-n3ny4yenue criocoOCTByeT
CIUTIOLIIUBAHHUIO JIUCTHEB 3a CUET YCUIICHHS
(OTOaKTUBHOCTH, B TO BpeMsl Kak R-n3ziy-
YeHHE NPEUMYIIECTBEHHO CIOCOOCTBYET
BETBJICHUIO, akTUBUPYs phyB [11].

Takum o00pa3oM, HEOOXOAMMO ye-
JSITH MPHUCTAIbHOE BHUMAHHUE OIpeaese-
HUIO Oananca Mexay R- n B-m3myuenuem,
4yTOOBI APXUTEKTypa PACTCHUH PEryIupo-
BaJIaCh B COOTBETCTBMU C MOCTABJIEHHON
1enbi0. BRICOKyI0 3 (EeKTHBHOCTD 3THX
M3Iy4YeHU Uit (OTOCHHTE3a W pocTa
pacTeHui JIETKO MOHSTh, MOCKOIbKY OHH
U7eallbHO COOTBETCTBYIOT MUKaM IOTJIO-
HICHUS XJIOPO(UILIOB.

Electrical technologies and equipment

MHoro4nciaeHHbIE UCCIe0BaHUS ObI-
JY TPOBEICHBI ISl OLCHKH BIMSHUS
R- u B-uznyueHuss Ha HaKOIUIEHHUE BTO-
PUYHBIX METabOJIIMTOB pPAcTeHHH, U pe-
3yIBTATHl B HEKOTOPHIX CITydasX MPOTHBO-
peuar apyr apyry [12].

KpacHoe n mampHee KpacHOE H3Iyde-
HUSI SIBJISIFOTCSl BAYKHBIMH CUTHAIIAMHE JIJIS
pacrenuii, a coorHomieHue R:FR Bnusg-
eT Ha (U3MOIOTUYECKU PErylupyemMble
peaxium, Takhue Kak mpopacTaHue CEeMsIH,
JIEOTHONAINS CEMsIH, M30eranue 3areHe-
HUSI ¥ penpoAyKuus. beuto yctaHoBieHo,
yto nobasnenue Kk FR-uznydenuro usimy-
yeHus: ¢ Oonee KOPOTKOH JTMHOW BOJIHBI
(400-700 ©M) MOXeT cOaraHCHPOBATh
BO30yXkaeHne Mexnay Qortocuctemont |
(PSI) u PSII, uT0o cuHEpreTHYECKH yBEIH-
guBaeT GoTroxuMuio U ¢gorocuaTes [13].
PSI u PSII paboraror mocnenoBaTenbHO
JUTSL TIpOBeIeHUs] (POTOXMMHUYECKHUX PeaK-
Ui, KOTOpBIE TPENNOYTUTEIHLHO BO30Y-
)kparcsi FR- U KOPOTKOBOJHOBBIM U3-
JTy4eHHueM cooTBeTCTBeHHO [14]. OnHa u3
TUIOTE3 TJIACHT, YTO (POTOCHHTETUYECKAS
3 PEKTUBHOCTh PACTEHNH, BBIPALICHHBIX
npu KoMOMHHpoBaHHOM FR- u KopoTko-
BOJTHOBOM H3IJTy9€HUH, TOJKHA OBITh yBe-
JTUYeHA W3-3a JIYYIero OajaHca MeEXITy
BO30YXKXJeHHEM JBYX (DOTOCHCTEM, B TO
BpeMsi KaK HEKOTOpPbIE WCCIEeI0BaTEIH
MPEINOIOKUIH, 9To 3(PpexTnBHOCTH (ho-
TOCHHTE3a BCEro pacTeHus OyJeT CHIDKe-
Ha u3-3a Oojee muskoir PPFD [15; 16].
HeoOxonuMbl  panbpHEHIIME HCCenoBa-
HUSI, YTOOBI JIy4llle TOHTH BiusiHue FR-
M3JTy4eHUs Ha POTOCHHTE3 PACTCHUH.

3enenoe (G) wm3nyueHWe ACHCTBYET
KaKk CHUTHAJ, perynupyrommii HedoTo-
CHHTETUYECKUE DPEaKIMH PACTeHUH, Ta-
KHe KaK BEeTe€TaTUBHBIN POCT, HAKOTIICHHE
AHTOIIMAHOB W WHUIIMALIMS [[BETCHHS I10-
cpenctBoM phys u cry [17]. Peakmus pa-
crennit Ha G-m3mydeHne moxoka Ha FR-
U3JTy4YeHUE M MMEET OOIIYI0 TCHJCHIIUIO
NPOTUBOCTOSATh PEAKIMSAM, HHIYIHPO-
BaHHBIM B- ninn R-m3myuenusmu [18; 19].
Kpome Toro, B To Bpems kak qyun B u R
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CHJIBHO TIOTVIONIAOTCS BEPXHUMHU JIUCThSI-
MU, uznydeHue G mpoHUKaeT B OoJee Try-
0OOKHeE CIIOM PaCcTUTEILHOTO ITOKPOBa, 4TO
MOTEHITUAIIEHO MOXKET IMTOBBICUTH YPOXKaH-
HoCTh [17].

UV-uzinyderne OOBIYHO paccMarpu-
BaeTcs Kak (akTop crpecca Uil pocTa
pacTeHnii u3-3a W30BITOYHON SHEPTHH
BO3OYXKICHHS, HEM30EKHO TMPUBOISIICH
K 00pa3oBaHMI0 aKTHUBHBIX (OPM KHC-
Jopofla B PpAcCTUTEIbHBIX OpraHeiax,
TaKMX KaK XJIOPOIUIACTBI, MUTOXOHJPHUU
U TepoKcucoMmbl. B mocnenHee Bpems
00JIBIIOC BHUMAHHUE YACISETCS HCIOIb-
30BaHUIO JIOTIOJIHUTENIEHOTO YD-n3myue-
HUS IS MHIYKIAA CHHTe3a (PUTOXUMHU-
YECKUX BEIIECTB B PACTEHUSX, TAKHX KaK
aHTOIMAHbI, (PJIABOHOMIBI, KAPOTHHOUIBI,
TIyTaTHOH U IpyTrre ONOaKTHBHBIE METa-
OOJHTHI, KOTOpPBIE IOJIE3HBI IS 3/10pO-
Bbs [20; 21]. HomomaurensHoe YD-B-
V3IIyYCHHE TIOBBINIANI0 KOHIIEHTPAIUIO
AHTOIIMAHOB, (CHOJIOB W (IABOHOUIOB
B 3€JIEHBIX JINCThIX Oasminka Ha 9—18 %,
28-126 % u 80-169 % cooTBeTcTBEH-
HO, a AaHTHOKCHJaHTHas CIIOCOOHOCTb
JUCThEB 0a3WIIMKa TIOJIOKUTEIBHO KOp-
penupoBana ¢ nozamMu Y®-B-uznyuenus.
Opnnako nononHutenbHoe Y®-B-n3nyue-
HUE B IEJIOM CHIDKAJIO YPO)KaWHOCTh Kak
3€JIEHOTO, TaK M (hHOJIETOBOTO Oa3MITHKA.
[TosTOMy HEOOXOMMMBI MaTbHEHIIHE WC-
CJIeI0BaHuUs1, YTOObI HAWTH TOYKY PaBHO-
BECHUSI MEK/1y MTOBBIIIICHUEM MTUTATEIbHBIX
Ka4eCTB U CHIDKCHUEM YPOXKAMHOCTH.

MarepuaJjbl 1 METOIbI

OOBEKTOM UCCIIECOBAaHMS  SIBJISJIACH
TEXHOJIOTUYECKas cXeMa, B KOTOPOH TpH-
MeHsieTCsl  oONyvarelbHas  yCTaHOBKa
¢ (yHKIMEH NPUHYIUTEITHHOTO OXJIaX]Ie-
HUS BO3AYIIHBIM criocobom. [Ipeamer wc-
CIIEIOBAaHMSI — 3aKOHOMEPHOCTH BIIMSHUS
HAIpsHKEHHUS CETH W TeMITepaTypbl BO3MY-
Xa BOJIM3W JIaMITbI HA OTIENBHBIC CITCKT-

3 SON-T 1000W E40 1SL/4. Texuuueckue

pajbHBIC JIMHUM HW3IYYeHUS TEeIUIMYHOTO
obmyuarens. Ha pucynke 1 mpezncraBnena
TEXHOJIOTHYECKas CXeMa YCTaHOBKH JUIS
MCCIJICOBAHMS TEIUINYHOTO O0TyJaresis.

HccnenoBanusi NPOBOIWINCH C Te-
mwmyHbeM  obmydareniem FitoTech Cool-
Master 125 ¢ mammoit SON-T 1000
W E40 ¢ nHoMuHambHBIM (OTOCHHTE3-
HeIM TI0TOKOM (hoToHOB (PPF), paBHBIM
1 700 MKMOJB/C, PACIOJIIOKEHHBIM Hajl
BETETAIIMOHHOM KaMepol ¢ MpuOOpHOU
MaHeNblo, H300paKEHHOH Ha pUCYHKE 1.
[Tpu pabote B HOMHHATBHOM PEKUME TIPU
U, =220 B n orcyTCTBUY NPUHYAUTETHLHO-
IO OXJIXKJICHUSI KOJIOA JIaMIIbl MOXKET Ha-
rpeBatbcst 10 450 °C3. Jliist paboThI JIaMITbI
HCTIONIB30BAJICS AIEKTPOMAarHUTHBIN He3a-
BHCHUMBII ITyCKOPETYIHPYIOIIMNA ammapar
1K1000 IHaT46-001 ¢pupmer GALAD.

CraHnapTHBI  CIIEKTp  HM3ITyYCHHS
WCCIIEyeMOl JlaMIbl B HOMHHAJIBHOM
pexxuMe padoThl TpeJCTaBlIeH Ha pH-
cynke 2% Kak BHJHO, CTIEKTp M3Iy4eHHS
MOXHO TIOACIHMTh Ha ISTH JIUANa30HOB
¢ mmHou BoaHbl A or 300 mo 800 HM
u A/=100 HM. BoOnpmas 4acte u3Iyde-
HUSl JIaMIIbl PAcCIOJIOKEHA B JHara3o-
He amuH BomH AL = 500-600 aM (50 %)
n AL =600-700 am (37 %). B cunem nuna-
nmazone A4 = 400-500 HM cITeKTp HU3ITyde-
Hus cocTasiset 4,5 %.

B xagecTBe BEHTHIIATOpA OXJTAXKICHUS
npumensui JJomosent 100 BKO D100 mm
14 Bt ¢ npou3BoauTeIbHOCTHIO 105 M/4.
CxopocThb BO3IyHIHOTO NOTOKA (v, M/C) Ha
BBIXOJIE M3 TO(PUPOBAHHOIO TEILIOOTBO-
Ja 4 v TeMIieparypy BO31yxa BOIW3H JlaM-
1bl (7', °C) HaIPOTHB BBITYCKHOTO (haHIa
3 n3mepsiiu anemomeTpoM Mereon 11002,
CHMMAJI CIIEKTPOrpaMMBbl U  ONpPEAEs-
T IUIOTHOCTH (POTOCHHTETHUYECKOTO I10-
toka ¢ororoB (PPFD, MkMmonb/(M*-c)),
criektpomerpom PAR OHSP350P na pac-
CTOSTHAM | M OT TETUIMYHOTO O0TydaTes.

XapaKkTepucTuku [DnexTponHb pecype]. URL:

https://www.lighting.philips.ru/prof/lamps/high-intensity-discharge-lamps/son-high-pressure-sodium/
dsont/928154509228 EU/product (gara obpamenus: 10.09.2022).

4 Tam xe.
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Puc. 1. Texnomornyeckas cxemMa yCTaHOBKH ISl HCCIIEAOBAHMS TEIUIMIHOTO OOJTydaTelis:
1 — obmyuarenp; 2 — BeHTWIATOP KaHAJBHBIN B MaTpyOKe; 3 — BBITYCKHOU (riaHer;

4 — ro¢pUpOBaHHBIN TEIIOOTBO/I; 5 — 3aKAJICHHOE CTEKJIO; 6 — JlamIia; 7 — TEXHOJIOTHYCCKHI OTCEK;
8 — mpubopHas na"esb; 9 — mycKoperyaupyromuii anmapar; 10 — aBToMaTHUECKUI BBIKIIOUATEIb;
11 — perymupoBodHas pydka Juis JabOpaTOpHOTO aBTOTpaHC(hOpMaTOpa BEHTHIISTOPA;

12 — BombT™MeTp A BEHTWIATOPA; 13 — perynupoBodHast pydka Ajist 1a00paTopHOTO
aBroTpaHchopmaropa odiydareis; 14 — BoinsT™MeTp st ooiydarens; 15 — cnekrpodoromerp PAP;
16 — anemomerp; 17 — naTynk aHeMoMeTpa; 18 — ropU30HTaIbHAS IEPETOPO/IKA;

19 — BeHTWISALIMOHHBIE KaHanbl; 20 — kaMepa A BbIpaluBaHus; 21 — pacTeHus;

22 — naruynk cnekrpoporomerpa AP

Fig. 1. Technological scheme of the installation for the study of the greenhouse irradiator:
1 — irradiator; 2 — duct fan in the nozzle; 3 — outlet flange; 4 — corrugated heat sink;
5 — tempered glass; 6 — lamp; 7 — process compartment; 8 — dashboard; 9 — start-up device;
10 — circuit breaker; 11 — adjustment knob for laboratory autotransformer fan;
12 — voltmeter for the fan; 13 — adjustment knob for the laboratory autotransformer of the irradiator;
14 — voltmeter for the irradiator; 15 — spectrophotometer PAR; 16 — anemometer;
17 — anemometer sensor; 18 — horizontal partition; 19 — ventilation ducts; 20 — growing chamber;
21 — plants; 22 — spectrophotometer sensor PAR
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P uc. 2. PacnpeneneHue SHEPrUr U3IYYCHHUS II0 CIIEKTPY®
Fig. 2. Distribution of radiation energy in spectrum
5 Tam xe.
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PerynupoBanne HampsKeHUs — OCy-
LIECTBISIM C TOMOLIbIO ABYX Jabopa-
TOPHBIX  aBTOTPAaHC(HOPMATOPOB, I03-

BOJISIIOLIMX HE3aBHCHUMO JPYr OT Apyra
YOPaBIATh pabOTOM BEHTHISATOpA OXJIa-
KICHUS U TEIUIMYHOro obOmydaress. bout
WCCJIEA0BAH JMAala30H HANpPsDKEHUH Ha
temwmmaHoM obnyyarene (U, B) or 198
10 242 B ¢ AU = 22 B, DkcrepuMeHT
MIPOXOJIMIT B CIEAYIOIIEH IMOCIIeI0BaTelNb-
HocTH. llepBoHayaIbHO € TMOMOIIBIO JIa-
OoparopHoro aBToTpaHc(opMmaTopa st
TEMIMYHOTO 00NydaTesss yCTaHaBIMBAIN
HOMHUHaJbHOE Hanpsbkenne U = 220 B.
[Tocne 3TOrO0 ¢ MOMOIIBIO JTAOOPATOPHO-
ro aBTOTpaHc(opmaTopa Ui BEHTHIISITO-
pa OXJIKACHHS YCTaHABJIMBAJIM IIOCIC-
JIOBAaTeJIbHO C BPEMEHHBIM HHTEPBAJIOM
B 5 MuH Tpu ypoBHs Hanpsokenus (U):
198, 220, 242 B — ¢ 11enp10 peryanpoBaHUs
CKOPOCTH W TEMIIEpaTypbl BO3IYIIHOTO
noroka. ITpu atom n3mepsuin PPFD B nsitu
criekTpanpHbIX quamazonax: UV, B, G, R,
FR. Jlanee 3KCIIEpUMEHT MPOBOAUIM IIpU
YPOBHE HANPSLKEHUS HA TEIUTMYHOM 00ITy-
yatene Uy =198 B u U5;=242 B.

Pe3ynbTarhl ncciie10BaHus

Bb110 ycTaHOBIIEHO, YTO MIPU OJUHAKO-
BOM XapaKTepe U3MEHEHUsI U, BO BCEX TPEX
pexuMax npu peryiuposanuu U, (Tak, mpu
U, =198 B v,,=2,7 m/c; mpu U,,= 220 B
V= 3,0 M/c; Uy=242 B oz =3,4wm/c) T,
M3MEHsIach HEpaBHOMEPHO (puc. 3).

Ha pucynke 3 mpencraBieHbl JaHHBIC
110 n3MeHeHuto pacnpenenenus PPED B 3a-
BUCHMOCTH OT UCCIeyeMbIX pakTopos (U
u 7). Kaxibiii rpadk conepykuT 11st Cpas-
HEHUS CIEKTPalbHbIC JIMHUM H3IIy4YCHHUS
JaMIibl B HOMHHAJIBHOM pekuMe. [padu-
KU IEMOHCTPUPYIOT UCKAKEHNE OTACIIBHBIX
CIEKTPAJIbHBIX JIMHUI M3ITy4eHHs 10 CpaB-
HEHUIO C HOMHUHAJIbHBIM PEKUMOM.

J1J1s1 OLIEHKM CTENeHU BIMSHUS UCCie-
JTyeMbIX (paKTOpOB Ha MCKAKEHUE CIIEKTPa

CpaBHUBaJM ycpeaHeHHoe 3HadyeHue PPFD
B KaXJOM CHEKTPAJIBHBIM JHalla30HE CO
3HaueHneM PPFD B HOMHHaIBbHOM pexu-
Me JUIS 3TUX AUAna30HoB (puc. 4).

I'padukn  AEMOHCTPUPYIOT —CYyIIIECT-
BeHHOE BimsHue U u T Ha KOJIMYECT-
BEHHOE pacrpeniesieHe SHepruu 1o OT-
JICNIbHBIM CIIEKTPAJIbHBIM JIMHUSAM H, KaK
CIENCTBUE, HA TEXHOJOTHIO TMpoIlecca
BBIpAIMBAHUS, YYUTHIBASI POJIb KAKIOIO
CIIEKTPAIFHOTO JMANa30Ha [0 OTIETb-
HOCcTH B A((dEeKTHBHOCTH MPOIECCOoB,
OMPEEIIONMX (DU3UOIOTHUIO U TPOIYK-
TUBHOCTh pacTeHud. Tak, B pexume |
3HaueHue PPFD cHukaeTcss BO BceM HcC-
CJIelyeMOM JTUaIia30He JAJTHH BOJTH 110 CPaB-
HEHHWIO C HOMHHAJIBHBIM peXuMoM: A4 =
= 300400 um Ha 1,44 MxMons/(M?-c); AL =
= 400-500 um ma 7,3 MKMONbB/(M?-C);
AA=500-600 am Ha 171 MrMois/(M*-¢); AL=
= 600-700 uM Ha 151,6 MrMONB/(M?-¢);
AL =700-800 um Ha 19,5 MkMOIIB/(M?"C).
B pexume 3 3nauenue PPFD nmepkurcs
B JIOMYCTUMBIX TMpENenax BO BCEM HCCIe-
JIyeMOM JMara3oHe, OIHAKO CHIKACTCS
B A4l = 500-600 u™M Ha 56 MKMOJIB/(M*-C).
[lony4eHHbIe pe3ynbTarhl MO3BOJISIOT Clie-
JIaTh BBIBOJ O HEBO3MOXKHOCTH TPUMEHE-
HUS Ha TIPAaKTUKE PEXMMOB PabOTHI 00ITy-
yarelid Mpu HanpsbkeHuu 198 u 242 B.

B pexume 2 3mauenme PPFD cra-
OMIBPHO BO BCEM HCCIIETyeMOM JHara-
30HE, YTO JENaeT dTOT PEXUM Hamboiee
paIMOHAIBHBIM JIJISl IPAKTUYECKOTO TPH-
MEHECHHUSI B TEXHOJIOTUYECKUX CXeMax 00-
JYYEHUS C Pa3[CICHUEM YHEPTeTUUCCKIX
MMOTOKOB B CBETOKYJIBTYPE MPOMBIIICH-
HBIX TEIUTUI]. Ba)KHBIM MPEeUMYyIIeCTBOM
3TOTO pEeXHMMa SBISETCS YBEIHMUYCHHE
nmomu PPFD B «cuHel» obnactu n3myde-
Hus (A4 = 400-500 HM), IO CpaBHEHHIO
C HOMHMHaJbHBIM pexumoM, B 1,9 pa3za:
¢ 25 no 47 mxmons/(M*-c). JlaHHOe 00-
CTOSTEITLCTBO TTO3BOJISIET CHIETaTh BBIBOI

STOCT 32144-2013. Dnekrpuueckast s3uepris. COBMECTUMOCTb TEXHHYECKUX CPEJICTB IICKTPOMAr-
HHUTHas1. HOpMBI KauecTBa MEeKTPHIECKOI SHEPIHN B CHCTEMaX JIEKTPOCHAOKEHHS OOIIEro Ha3HAYCHUS.
M. : ®T'VII «Crangaprurdopmy». 2014. 19 c. URL: https://cenerg.ru/files/Norm_lab/gost-32144-2013.pdf

(mara obpamenus: 10.09.2022).
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P uc. 3. U3menenue pacnpenenenus PPFD B 3aBucumoctu ot Uy 1 T
a) Uss1 = 198 B (pexnm 1); b) Uys, =220 B (pexxum 2); ¢) Uosz =242 B (pexum 3)
Fig. 3. Change in PPFD distribution depending on the U, and 7:
a) Uss1 =198 V (mode 1); b) Uy =220 V (mode 2); ¢) Uys3 =242 V (mode 3)
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Fig. 4. Graphs of averaged PPFD values in the studied modes
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O TIOBBIICHUU 3PPEKTUBHOCTH H3Tyde-
HUS UCCIIeyeMOl JlaMIibl 0e3 BHECEHUS
M3MEHEHUI B KOHCTPYKIHMIO CaMOM JlaM-
IIBI, YTO SIBJISIETCS] HOBBIM CIIOCOOOM, B OT-
JMYHE OT U3BECTHBIX .

[Tony4yeHHbIE TaHHBIE SIBIISIOTCS OCHO-
BaHUEM ISl ONpEesICHHUs] KaueCTBEHHO-
IO BIUSHMUSA W3MEHEHMs DPACIpPEAETICHUS
PPFD B cpeanem Ha 3(()EKTHBHOCTH
nporecca OOTy4eHHsI ¢ YYETOM CIEeKTpa
neiicteust porocuntesa mo K. Jbx. Mak-
KpH, a Takke (YHKUUH CHEKTPAIbHOTO
pacnpeseneHuss THTEHCUBHOCTH paccesiH-
HOT'O COJTHEYHOT'O M3ITy4YEHHS.

Jl1d OLIEHKM CHEKTPaNIbHBIX XapakKTe-
PHCTHK MCTOYHHUKA ONTHYECKOTO H3ITyde-
HUSI Ha OCHOBE NPOLIEHTHOTO pacipeze-
JIEHUSl B CIHEKTpajbHbIX ydacTkax DPAP
UCIIOJIB3YEM  METOAMKY, HU3JIOKEHHYIO
B JIPYTOM HccienoBaHuu®. PacueT mpous-
BOJIMJIA IS JIBYX PEXKUMOB: HOMHHAIb-
HBIA PEKUM U PEXKUM 2.

Yc10BHOE IIPEACTABICHUE YCPEIHEH-
HOU CHEKTPAJIbHOW IJIOTHOCTH ONTHYECKO-
TO M3My4yeHus ucciaegyeMoi sammsl SON-T
1000 W E40 B HOMUHAJIBHOM peXUME U pe-
JKUMe 2 TIpUBENIEHO Ha pUcyHKe 5. HoBbIM,
B OTIMYHE OT W3BECTHOW METOAMKH, SIB-
JSIETCSL TO, YTO OLIEHKA MPOBOIUTCS HE IO
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Pacdyer OTHOCHTENBHOTO CHEKTPaJb-
HOT'O paclpeaesIeH s, ¢ y9eToM (GpHU3noIIo-
TMYECKOTO BO3JCHCTBHS, IIPOU3BEIEM 110

dhopmyme (1):
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HUSL; A, — YCJIOBHBIE XapaKTEPHbIE JIMHbI
BOJIH, CyILICCTBEHHBIE 111 OCHOBHBIX IIPO-
LIECCOB B PACTECHUSIX.

[TpuOAMKEHHO MOXHO IIPUHSATB,
YUMTBIBAs CIIEKTP ACHCTBUS (OTOCUHTE-
3a o K. JIxx. Maxkpu [22], Ky(4)) = 0,4;
Ky(4s)= 0 3 HpI/I A4=320 M /12 445 HM
A3 = 570 um; 1,= 680 HM™; /15 760 HM.
YuurteiBas q)yHKuH}o CIEKTPaIBLHOTO
pacupeneieHus HWHTEHCUBHOCTH pac-
CESIHHOTO COJIHEYHOTO H3Jy4eHHus’,
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Puc. 5. YcnoBHoe npeacTaBiieHUe yCPEAHEHHOM CIEKTPAIbHON TNIOTHOCTH ONTUYECKOTO U3JIyUEHUs
nmamnsl SON-T 1000 W E40: a) B HOMHHAIEHOM peXuMe; b) B pexnme 2

Fig. 5. Conditional representation of the averaged spectral density of optical radiation
of the SON-T 1000 W E40 lamp: a) in nominal mode; b) in mode 2

7 CnpaBouHas kaura 1o ceerorexuuke / I[log pex. 0. b. Aiizentepra, I. B. booca. 4-¢ u3n. nepepad.
n jom. M., 2019. 892 c. URL: https://www.elibrary.ru/item.asp?id=26707983 (nara ooparmenust: 10.09.2022) ;
Poxyun I H. Pa3psanble uctouHuku cBeta. 2-¢ u3f., nepepad. u pom. M. : Dueproaromusaar, 1991. 720 c.

8 Myrnenok H. B., Tonrux IT. I1., Kynre SI. A. DHepreTudeckoe 000py10BaHHE TEIUNIMYHBIX XO3SHCTB.

Kpacnospek : Kpacl'AY, 2001. 139 c.
® CripaBo4Hasi KHUTa 10 CBETOTEXHHUKE. ..
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Ky(4) = 0,4; Ky(4,) = 0,65; Ky(4,) = 0,8;
Ky(4,) 0,7, Ky(4) = 0,6 mpu
A= 380 aMm; A, = 420 aMm; 4;= 540 HM;
A= 680 uM; As= 740 M.

Ha pucynke 6 nipencraBieHsl rpadu-
YEeCKHE 3aBUCHUMOCTH, IOCTPOEHHBIE II0
JIaHHBIM, TIONYYCHHBIM 110 dopmyre (1),
C yderoM (hU3MOJIOrMYECKOTO BO3JEH-
CTBHSI M3JTyYCHUSI JTAMITBI B HCCIIETyEeMBIX
peXUMax.

W3 pucynka 6 BUIHO, YTO 3a CUET CMe-
IIEHUSI OTHOCHUTEIBHOIO CHEKTPaIbHOIO
pacnpenenenusi 3pdeKTHBHOCTD (PHU3HO-
JIOTUYECKOTO BO3JCHUCTBUS M3IY4YCHHS OT
JIaMIIbl B PEKUME 2, B CPABHEHUH C HOMH-
HaJIbHBIM PEKUMOM, U3MEHSIETCS HE3HAYH-
TespHO. Tak, npu 000X pexuMax paboThl
IpU OLICHKE (DPU3HOIIOTHYECKOTO BO3IEH-
ctust o kpuBoit K. [[x. Makkpu sdhdek-
THUBHOCTb COCTaBisieT okoio 78-80 %.
[Ipu omenke >(pPeKTHBHOCTH paccMaTpu-
BAaEMOU TEXHOJIOTUYECKOHN CXEMBI C yUETOM
(YHKIMH CHEKTPaIbHOTO PacIpeeTICHUsI
WHTEHCUBHOCTH PACCESIHHOTO COJIHEYHO-
r0 M3JIy4YCHHUsS] 3HAYCHUE OTHOCHTEIHHOTO
CHEKTPAIBLHOTO pacipeiesieHNs] COCTaBIIsI-
eT okoJsio 74 % B 000MX peKUMax.

OO0cyxneHue U 3aKJII04eHUE

[Tony4eHHbIE pe3yabTaThl MO3BOJISIOT
CemaTh BEIBOZBI O BO3MOXXHOCTH IIPAKTH-
YECKOro IMPUMEHEHUS] TEXHOJIOTHUYECKOI

82

CXeMBbI OOJTyYeHHsI C pa3eieHUuEeM JHep-
FeTUYECKUX TIOTOKOB B CBETOKYIBTYpE
MIPOMBIIIUICHHBIX TeIuull. B xome ucce-
JTIOBaHUS OBLIO YCTAHOBIICHO, YTO CHIDKE-
HUE TETUTOBON HATPY3KH HA HICTOYHUKE U3~
Jy4eHHs] BO3AYITHBIM TPUHYIUTEIBHBIM
CIIocoO0M TIO3BOJINT 0OECTICUUTH IIPO-
MBIIUICHHBIE TETUIUIBI HU3KOITOTEHIIHU-
aJIbHOM 2KOJIOTMYECKHU YUCTOW TEII0BOM
SHeprueu ¢ Temmneparypoil TerIoHOCHuTe-
nst 43—47 °C, OTHOBPEMEHHO HE MCKaXKast
B IIEJIOM CIIEKTPAJIbHYIO COCTABIISIOLIYIO
W3Iy4YeHUs] OO0Iy4aTeNbHOH YCTaHOBKH
npu Hanpspkenuu 220 B, nonydas gomnoin-
HUTEIILHOE TMPEUMYIIECTBO B BHJIE YBe-
JUYEHUS JIOJU «CHHEW» COCTaBISIONIEH
B 00IIIeM CITeKTpe N3ITydeHHs JIaMIIbL.

[IponsBenenHas orneHka (pU3NOIOTH-
YEeCKOTO BO3JEHCTBHSA, C YIETOM CIEKTpPa
netictBust ¢orocunteza o K. JIx. Mak-
KpU U (QYHKIIUU CHEKTPaJIHLHOTO pacrpe-
JIeNIeHNns HMHTEHCHUBHOCTH PACCESTHHOTO
COJTHEYHOTO M3JIy4eHUs, TOATBEP/IIIIa TH-
MoTe3y O MPUMEHHMOCTH pa3pabaTbiBae-
MBIX CIIOCOOOB 00TyUeHHS C Pas3AeiIeHUEM
SHEPreTHYECKUX TTOTOKOB OT OOIydaTesst
JUTSL TIOBBIIMIEHUS YHEPTOIKOJIOTUYHOCTH
CBETOKYIBTYPHI.

B nanprelimem pazpaboTka u mpume-
HEHHUE PAIMOHAIBHBIX PEKUMOB M CXEM
paboOThI TETUIMYHBIX OOTydaTelled MOKET
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Fig. 6. Relative spectral distribution

Electrical technologies and equipment

609



-'- WHXEHEPHBIE TEXHOJOT MU U CUCTEMBI

Tom 32, Ne 4. 2022

CTaTh OCHOBOH ISl 0OeCTIeUeHus] TerIny-
HOTO MPOU3BOJICTBA JIOTIOJTHUTEIBHON allb-
TepHaTHUBHOW sHeprueid. Crabwimzaunus
PEKUMOB PabOTHI CETH C OAHOBPEMEHHBIM
PEryIMpOBaHUEM TEMIIEpaTypbl TEIJIOHO-
CHUTEJSI IIPU BO3LYLIHOM CIOoco0e 0TBOJA
TEIUIOBOM HArpy3ku SBJSIETCS €LIe Of-
HUM CIIOCOOOM YIIPaBIEHHS CHEKTPalb-

U3IIy4YEeHHUsI, & BMECTE C 3TUM U POCTOBBI-
MU Tpoueccamu pacTeHuil. CHukeHue
TEMIIEpaTypbl 3JIEMEHTOB TEIUIMYHOTO
o0y4aress o3BOJIHUT OoJiee paluoHalb-
HO PAaCIpeeNATh SHEPTETHUECKUN TTOTOK
B TIPOCTPAHCTBE, a TAaKXKe CO3/1aBaTh JIO-
TOJIHUTENBHBIA TMOTOK TEIJIOBOM 3HEp-
THUH, HEOOXOTUMBIA JIJIsST OTOIIICHUS TIPO-

HbBIMH  XapaKTCPUCTHUKaMMW  MCTOYHMKA MBIIJICHHBIX TCILJINII.
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Abstract

Introduction. The main component of the compound feedstuff is fish meal, which has
unstable quality and high price. Fish and meat-and-bone meals are replaced with protein
concentrates and higher quality larvae proteins. The source of feed protein is the biomass
of the black soldier flies (Hermetia illucens), which have a rich amino acid composition
and also process food waste. The aim of the work is to study the thermal-physical charac-
teristics of the muscle mass of the black soldier fly larvaes (Hermetia illucens).
Materials and Methods. The study focused on the muscle mass of black soldier fly larvaes
(Hermetia illucens). The subject of the study is thermal-physical regularities during the
drying process. The studies were conducted on the basis of Don State Technical Universi-
ty. The article describes determination of thermal-physical characteristics such as specific
heat, thermal conductivity, moisture of the raw material, and oiliness.

Results. Heat conductivity coefficient of water 0.555 W/(m-K) for food and feed products
from 0.25 to 0.40 W/(m'K) black Soldier Fly larvae have a heat conductivity equal to
0.144 W/(m'K), which is lower than conventional feedstuff components. The humidity of
the examined raw material is 45% or higher while the heat conductivity remains linear and
practically does not increase.

Discussion and Conclusion. The results obtained during the work can be used for param-
eter determination and design of various types of dryers, and for mathematical description
of the dynamics and kinetics of drying.

Keywords: biomass, compound feedstuff, black soldier fly larvae, drying, specific heat, protein
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MBIIIEYHOH MACChI JIMYMHOK YePHOH JIbBHHKHU
(Hermetia illucens) kak 00beKTa CyLIKH
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Aunomayusn

Bseoenue. OCHOBHOM KOMIIOHEHT KOMOMKOpMa — pbIOHAas MyKa, KOTOpasi UMeeT HecTa-
OMJIPHOE KAaueCTBO M BBICOKYIO LeHY. Ha 3ameHy pbIOHOH, MSCOKOCTHOM MyKe MPHUXO-
JIT TIPOTEHMHOBBIE KOHIEHTPATHI, pecypcocOeperaronuii 6eok Gosiee BBICOKOTO Kaue-
crBa. VICTOYHHKOM KOPMOBOTO Oelika BBICTYIAeT OMOMacca JIMYMHOK YEPHOW JIbBHHKH
(Hermetia illucens), kKoTopble 0071aJaI0T OOTaThIM AMUHOKHUCIIOTHBIM COCTABOM, & TaKIKE
nepepadaThIBalOT MUIIEBBIE OTXOABL. Llenms paboThl — HccienoBanue TEIo(pu3nIeckux
XapaKTEePUCTUK MBIIICYHOH MacCChl JIMYMHOK YepHOU JIbBUHKH (Hermetia illucens).
Mamepuanst u memoosl. OOBEKT UCCICA0BAHUS — MBIIICYHAs Macca JIMYMHOK 4epHON
nbBUHKH (Hermetia illucens). IlpeaMer uccienoBanust — TEINIOPU3UIECKUE 3aKOHOMEP-
HOCTH, TpoTeKarouue npy cymke. VccienoBaHus mpoBOIMINCh Ha Oase JJOHCKOTo ro-
CYIapCTBEHHOIO TEXHMYECKOIo YHHBepcHuTeTa. B paboTe onmcaHo ompeneseHue Tero-
(U3NYECKNX XapaKTePUCTHK, TAaKUX KaK yAeNbHAas TEIIOEMKOCTb, TEIIONPOBOAHOCTD,
BJIQ)KHOCTb HCXOIHOTO CHIPbsl, MACIMYHOCTb.

Pesyromamut uccnedosanus. Kospduuuent temnonpoorHocta Boxel 0,555 Bt/(m-K)
JUIS IUIIEBBIX ¥ KOPMOBBIX IpoykToB oT 0,25 110 0,40 B1/(Mm-K), MbIreunas Macca J1u4u-
HOK YEPHOI1 JIbBUHKH UMEET TEIUIONPOBOAHOCTD, paBHyto 0,144 Bt/(M'K), uto HIDKE, UemM
Y HPUBBIYHBIX KOPMOBBIX KOMIIOHEHTOB. BiiaxkHOCTh HccieryeMoro cepbsi 45 % u BbILIe.
TennonpoBOIHOCTb IPU ATOM OCTAETCS TMHEHHON U MPAKTUUYECKHU HE BO3PACTAET.
Obcyorcoenue u 3axnouenue. Pe3ynbrarhl, MOTy4YCHHbBIC B X0/€ PA0OTHI, MOTYT HCIIOIB30-
BaThCs JUIS PAcyeTa U MPOCKTUPOBAHUS CYIIHIIOK PA3IMYHOIO THIIA, @ TAKXKE IIPU MaTeMa-
THUYECKOM OIMUCAHHH MPOLECCa AMHAMHUKN M KUHETHKH CYIIKH.

Knrouesnvle cnoga: 6uomacca, KOMOMKOPM, JIMYMHKN YEPHOMU JIbBUHKH, CYILIKA, yJCIbHAs
TEMI0EMKOCTb, IPOTEHH

Bnazooapnocmu: BbIpakaeM TPU3HATEIBHOCTh HAYYHO-TIEJATOTMYECKOMY KOJUICKTHUBY
Kagepbl TEXHUKU M TEXHOIOTUH muIieBbix npoussoacts @BIOY BO «II'TY» u ucrbi-
TaTeIbHON 1a00paTOpUN OMOXUMHIYECKOTO U CIIEKTPATBHOTO aHAIHN3a MHUIIEBBIX MPOIYK-
TOB. biiarogapum pereH3eHToB JaHHOM CTaThbU.

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

Hna yumuposanus: Viccnenosanue TeIoQU3nIecKUX XapaKTePUCTUK MBILICYHOH Mac-
CBI TMYUHOK YepHOit n6BUHKY (Hermetia illucens) kak o0bekra cymku / B. A. JloporieHko
[m np.] // Nmxenepuble Texuonoruu u cuctemsl. 2022. T. 32, Ne 4. C. 613-629. doi: https:/
doi.org/10.15507/2658-4123.032.202204.613-629

Introduction food. The demand for mixed fish food is
Fishing industry is one of the im- only increasing every year. In Russia, ac-

portant strategic directions for ensuring cording to the Federal Agency for Fisher-
world food security. The development of ies, no more than 100 thousand tons of
this industry depends on the stocks of fish feed are produced for aquaculture, while
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the current needs of the industry exceed
250 thousand tons!. For 2021 in Russia,
there were produced 4,918 tonnes of fish
food that is 0.36 times less than in 2020,
while global feed production according
to analysts from Oil World decreased by
5% [1-4]. The decline can be caused by
several factors: reduction in cereal pro-
duction as a result of drought and low
rainfall, environmental disasters in the
oceans (oil spills, loss of a large barrier
reef, etc.), reduction in the number of fish
species and, subsequently, in fish meal,
economic preconditions associated with
an increase in the prices of processed fish
food and imported fish meal. Such compa-
nies as Le Gouessant, Biomar, Coppens,
Aller Aqua, Skretting are still the world
leader in the production of high-value
fish feed. Fish meal is the main compo-
nent and, as mentioned above, production
is declining. Scientists around the world
have long been puzzled by this problem
and the search for alternative sources of
proteins other than existing ones [5-9].
Today, there is already a trend to replace
meat-and-bone meal with alternative
sources of protein of stable quality and
environmentally friendly in the form of
insect biomass. There are 1,900 species
of edible insects in the world. The most
common insects consumed are beetles
(Coleoptera) — 31% of the total. Among
the most promising species for indus-
trial feed production are black soldier fly
(Hermetia illucens), silkworms (4Anaphe
panda), fly (Muca Domestica) and meal-
worms (7enebrio molitor). Grasshoppers
(Oxya fuscovittata, Acrida exaltata, Hi-
eroglyphus banian) and termites (77i-
nervitermes) are also used, but to a lesser
extent [10-13].

To date, there are studies related to
the addition of whole black soldier fly
larvae (Hermetia illucens) to the diet of
pigs [14; 15], the purpose of the study was

to evaluate the effectiveness of introduc-
ing black soldier fly larvae (Hermetia il-
lucens) to the diet of store pigs. The study
was conducted in 2016-2017, when for
feeding, there was used the dried biomass
of larvaes and prepupaes of the black sol-
dier fly (Hermetia illucens) in the amount
of 7.0%. There was conducted a physi-
ological experiment on 3 experimental
groups of hybrid boletuses (Sus scrofa
domesticus Erxleben) during 27 days. The
results of the experiment showed a posi-
tive effect. The average daily live weight
gain in the experimental group, which was
fed with food with the addition of 7.0%
of black soldier fly larvaes (Hermetia il-
lucens), was 6.1% more compared to the
control group, which was fed with a rou-
tine diet. Such a study is not a single one.
In other countries, insects have long been
a source of a new feed protein to be used
in feeding farm animals [16; 17]. The stu-
dies also revealed a positive effect on the
live weight gain of experimental groups
of pigs.

However, in addition to the good
results of studies in feeding pigs with
the addition of black soldier fly larvaes
(Hermetia illucens), there are studies con-
ducted by domestic scientists N. A. Usha-
kova, S. V. Ponomarev, and others on the
effect of new feed additives in the form
of the black soldier fly larvaes (Hermetia
illucens) when growing tilapia (cichlid
family) and rainbow trout in recirculat-
ing water supply systems (RAS) [18; 19].
The results of the studies showed that the
use of such a feed additive has a positive
effect on the digestive tract, however, the
passage of this feed increased by 35%
compared to the traditional ration.

The research conducted by S. V. Pono-
marev on the digestibility of chitin of the
black soldier fly larvaes (Hermetia illu-
cens) with valuable fish species, such as
rainbow trout and sturgeon, showed that

! Federal Agency for Fisheries. Available at: https://clck.ru/32in5z (accessed 12.11.2022). (In Russ.)
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the presence of a large amount of poly-
saccharides (including chitin) in the
black soldier fly larvaes makes it diffi-
cult to digest feed, this because the lack
of the special enzyme chitinase. In addi-
tion, chitin can negatively affect the ac-
cess of proteinase to feed, and as a result,
the absorption of proteins and fats de-
creases®. The chitin content in the outer
skeleton (cuticle) of the black soldier fly
larvaes (Hermetia illucens) is up to 8%.
Accordingly, in order to be added to fish
food, chitin must be removed, and only
the inner part (muscle part) of the black
soldier fly larvaes (Hermetia illucens)
should be used. But before adding to the
feed, the muscle part must be prepared,
namely dried, since its moisture content
can reach up to 45%, and sometimes up
to 60%, depending on the substrate on
which the black soldier fly larvaes (Her-
metia illucens) were grown. Such mois-
ture content does not allow long-term
storage and use of the muscle part of the
black soldier fly larvaes (Hermetia illu-
cens) in feed production, so the drying
process is the main task when preparing
the feed component.

Protein concentrate from the black
soldier fly larvaes is a good source of es-
sential amino acids when added to a feed
mixture for aquaculture [19-23]. Today,
the technology for producing protein meal
from insects is not publicly available and
is a trade secret. Therefore, for the pro-
duction of protein concentrate, a special
technology was developed at the Depart-
ment of Technique and Technology of
Food Productions of Don State Techni-
cal University (DSTU). This technology
includes a number of operations, such as
separating of shell (chitin), drying of the
intestines and chitin, squeezing of fat, and
grinding. Drying is one of the most energy

intensive processes and one of the most
difficult. Due to the fact that raw materi-
als under study are non-standard and little
studied, drying process touches upon such
problems as: influence of drying tempera-
ture on the quality of finished products, fat
burning process [24-27], mass exchange
processes, rheological properties of raw
materials during drying and many oth-
ers. Today, there are many ways to dry
viscous material. They are microwave
drying, vacuum drying, inductive drying,
infrared one, etc. Choosing the drying me-
thod affects how much protein in the ma-
terial can be preserved. Entoprotek Com-
pany, located in the Russian Federation,
is engaged in breeding and processing the
black soldier flies on an industrial scale,
and produces drying with 4 different types
of dryers. However, all these methods
have a high degree of energy consump-
tion of the drying process with different
degree of preservation of the properties
of raw materials. A promising method of
drying the studied raw materials (biomass
of the black soldier fly larvaes) is infrared
drying [18; 28-30].

However, there are still unresolved is-
sues related to the parameters of the dry-
ing unit and the quality of the raw materi-
als to be dried.

The aim of the article is to study the
thermophysical characteristics of the mus-
cle mass of the black soldier fly larvaes
(Hermetia illucens) for constructing a ma-
thematical model of drying and for deve-
loping a drying unit.

Literature Review

The insect production and consump-
tion industry is developing rapidly, and
the demand for new products, both in pure
form and as ingredients (protein concen-
trates, flour, fat, etc.), is increasing. In-
sect processing is practiced all over the

2 Ponomarev S.V. [Study of the Digestibility of Chitin in Black Soldier Fly Larvae by Sturgeon,
Trout and Tilapia]. 2018. Available at: URL: https://hermetia.ru/otchet-po-perevarivaemosti-xitina-u-ryb/

(accessed 12.11.2022). (In Russ.)
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world® [31-33]. There are different pro-
cessing technologies depending on the
type of insects, but there are general prin-
ciples. For example, D. Azzolini in his
works considered the influence of drying
regimes and hygroscopicity of meal worm
larvaes (7enebrio molitor) on qualita-
tive characteristics [34]. D. Azzolini per-
formed the blanching before air-drying at
50, 60 and 70°C, and sorption isotherms
were studied after air-drying and subli-
mation drying. The studies resulted in
moisture diffusion coefficients of D 4.85
10-11 and 1.62 10-10 m*/s. He also de-
scribed the dependencies of the Arrhenius
equation, estimating at 52.1 kJ/mole. The
Guggenheim — Anderson — de Bura mo-
del corresponds well to experimental data,
showing type II isotherms and estimating
a homogeneous layer of 0.05 gH,0/g dry
matter. Scientists are engaged in proces-
sing the black soldier fly larvaes (H. illu-
cens) and meal worm larvaes (7. molitor)
into meal [35]. The purpose of the study
was to study the technical and functional
characteristic of the meal for the feed in-
dustry. Processing the meal worm larvaes
(T. molitor) and black soldier fly larvaes
(H. illucens) affected the composition,
appearance, microbiological property,
and the technical-functional and protein
properties of the selected insect products.
It was found that the direct processing of
frozen or dried larvaes into meal was not
feasible because of the thermally induced
melting of the fat content during grind-
ing. The results of this study show that
the parameters of processing the studied
insects are similar to those of processing
vegetable proteins that allows the use of
traditional methods of processing protein.
Also to ensure microbiological safety,
a combination of several physical separa-
tion methods or the use of different ways

of thermal processing may be more suit-
able for producing protein-rich intermedi-
ate products.

Most insects are rich in irreplace-
able amino acids, for example, the authors
in works compared the protein content of
the larva and pupa cuticles of the meal
worm (7Tenebrio molitor) [36-38]. A com-
plete amino acid sequence has been de-
termined for one of the pupa cuticle pro-
teins. According to the partial amino acid
sequences and the mass-spectrometric
peptide card for the corresponding larval
cuticular protein, it was concluded that
the larval protein has the same amino
acid sequence as the pupa protein. The se-
quence is characterized by a high content
of alanine, proline, valine and tyrosine
and a complete absence of acidic amino
acid residues, sulfur-containing amino ac-
ids and tryptophan.

Besides to foreign experience of the
use of insects for feeding, there are also
researches by domestic scientists.
A team of scientists from the Agrarian
Scientific Center conducted a review and
analysis of technologies for extruding
feed and food products with the addition
of insect biomass [39]. In the course of
this work, there were found general reg-
ularities of extrusion process, influence
of components on the appearance of pro-
ducts, and technological properties. The
paper indicates the prospect of scientific
research on the use of various insects as
a feed additive for Aquacultures. Other
researchers describes the positive effects
of the microwave processing of dried
biomass of black soldier fly larvaes be-
fore removing fat mechanically (squeez-
ing) [40-42]. The results of the study
showed a decrease in pressure in the
press chamber after the microwave pro-
cessing from 6 to 4.5 MPa. In addition,

3 Official Website of LLC EcoBelok. Available at: https://hermetia.ru/kontakty/ (accessed 12.11.2022).
(In Russ.) ; Official Website of Buhler. Available at: https://www.buhlergroup.com/content/buhlergroup/
global/ru/industries/insect-technology.html (accessed 12.11.2022). (In Russ.)

Electrical technologies and equipment

617


https://hermetia.ru/kontakty/
https://www.buhlergroup.com/content/buhlergroup/global/ru/industries/insect-technology.html
https://www.buhlergroup.com/content/buhlergroup/global/ru/industries/insect-technology.html

-‘- WHXEHEPHBIE TEXHOJOT MU U CUCTEMBI

Tom 32, Ne 4. 2022

microwave heating does not affect such
an important fat indicator as the acid
number. The use of microwave heating
can be used not only for fat pressing,
but also for pre-drying.

Scientists from Wuhan University of
Technology conducted the research into
the effect of convective and microwave
drying methods on the nutritional value
of black soldier fly larvaes (Hermetia
illucens) [43]. The pre-prepared frozen
larvaes were thawed and divided into
two parts. One part was dried at 60°C in
a drying oven (WGL-230B, TAISITE,
Tianjin, China) to constant weight, and
the other part was dried in a microwave
oven (MI-211A, Midea, Guangdong,
China) at 500 W for 15 minutes. Then
both samples were crushed. The dried in-
sect meal was kept at 4°C in a refrigera-
tor and analyzed. At the same time, the
drying results were presented in the form
of curves divided into 3 stages, namely,
that the first stage of the decomposition
process was relevant with the loss of
free and weakly bound water up to 150°C.
The second stage of decomposition at the
temperature of 150-450°C, and at this
stages proteins and carbohydrates vola-
tilized. And the third stage at the tem-
perature of 450-550°C can be associated
with the polypeptide degradation. The
overall conclusion obtained during the
study showed that the microwave drying
did affect the amino acid composition.
As a result, the proteins of black soldier
fly larvaes (Hermetia illucens) obtained
by the conventional drying (60°C) have
a higher amino acid content and better di-
gestibility that can have a positive effect
when added to compound feed.

The influence of the method of pre-
processing and drying on the physico-
chemical properties of meal worm larvaes
(Tenebrio molitor L.) was carried out in
Germany by B. Purschke [36]. The physi-
cochemical properties of the dried larvaes
have been found to be highly dependent
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on method of the preprocessing used. In
addition to color and size, bulk material
properties such as bulk density and hard-
ness had a significant influence, resulting
in different grinding behavior.

A study dealt with the influence of
the convective drying and freeze drying
as a mean of ensuring long-term stor-
age [37]. Drylng of whole larvaes was
carried out using preprocessmg, and the
positive effect of preprocessing (piercing,
blanching and scalding in boiling water)
was proven. The time was reduced by up
to 6 times when using the convective dry-
ing. It is worth noting that the study con-
sidered only the microbiological safety of
the products without affecting its chemi-
cal composition.

It should be noted that preprocess-
ing of black soldier fly larvaes (Herme-
tia illucens) before the drying process
does not always have a positive effect,
as evidenced by R. Bogusz’s study [38].
Preprocessing with a pulsed electric field
did not affect the water-binding proper-
ties of the dried insect biomass, regard-
less of the type of drying. Also, during
the infrared drying during preprocessing,
the optical properties of the biomass did
not change compared to the unprocessed
raw materials.

The use of insects as an alternative
protein source for feed is growing ex-
ponentially. Drying is a main technolo-
gical process for further processing of
insect biomass. The convective drying
(with hot air) is one of the most time-
consuming and energy-consuming, so it
is necessary to look for alternative me-
thods, which will meet the quality of the
finished product and energy consump-
tion, and will allow improving the pro-
cess kinetics.

Materials and Methods

The research was carried out in
DSTU, at the department “Techniques
and Technologies of Food Productions”.
The object of the study is the muscle part
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of the black soldier fly larvaes. The sub-
ject is the thermal-physical regularities
of the drying process of the materials un-
der study.

The material for the study was grown
at the experimental area of the DSTU and
was used as a test material as shown in
Figure 1. The black soldier fly larvaes
(Hermetia illucens) were grown on food
waste (cabbage leaves, bran). Previously,
the material was divided into chitin (shell)
and muscle part (insides) using labora-
tory roller machines, then the muscle part
(insides) were dried by the thermoradia-
tion method (infrared drying) at a tem-
perature of 100°C. For the convenience of
the study, the dried material was ground
in a laboratory mill (HM 310 ERKAYA)
shown in Figure 2.

Fig. 1. The black soldier fly larvaes
(Hermetia illucens)

Fig. 2. Dried muscle part of the black soldier fly
larvaes (Hermetia illucens)

Electrical technologies and equipment

The object of the study is the black
soldier fly larvaes, a species of Diptera of
the family Stratiomyidae. The homeland
of this species is South America, and in
our regions it is grown only under certain
conditions (air temperature +32°C, and air
humidity of at least 80%), the fly itself is
not very mobile, which makes it easier to
keep, the mouthparts is weakly expressed
and has a licking type. The growth and
development of larvaes from laying eggs
to full maturation (the larva is ready for
processing) takes 32 days, while the larva
grows from 19 to 27 mm per day, depend-
ing on the substrate it was grown, the nu-
tritional value (proteins and fats) also de-
pends on this.

The biomass of the black soldier
fly larvaes includes 8 replaceable and
10 indispensable amino acids [39-41].
Most amino acids are degraded (dena-
tured) when exposed to high tempera-
tures. For example, collagen consisting
of arginine, lysine, proline, etc., begins
to break down at 65°C, but at the same
time, its reactivity increases and accord-
ingly increases digestibility. When heat-
ed to 100°C, the aromatic molecules are
separated from the protein part and par-
tially destroyed, while prolonged hea-
ting over 100°C hydrolyzes the muscle
proteins, which eventually breaks down
to low-molecular nitrogen compounds.
There is a theory that at close to the iso-
electric point the protein is denatured at
low temperatures and accompanied by
maximum destruction of protein molecu-
les, but the displacement of the pH me-
dium can increase the thermal stability
of proteins [42-44]. Earlier, during the
processing, namely the drying of the exa-
mined material, the similar technologies
used temperatures above 100°C that does
not allow speaking about the preservation
of protein [45—47]. However, under the in-
fluence of temperature regimes from 60 to
100°C, it is possible to achieve maximum
safety of amino acids and non-ignition
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of fat and exipients, which are in the raw
material (biomass of black soldier fly lar-
vaes) in large quantities [46; 48; 49].

In addition to the influence of tem-
perature drying modes, the other impor-
tant indicators are structural (mechanical)
and thermophysical properties of the ma-
terial, such as thermal conductivity, heat
capacity, viscosity, thickness of the layer,
and moisture-holding capacity of the ma-
terial influence. Calculation formulas for
each indicator were used to determine the
thermal and physical properties of the ma-
terial. Due to the fact that the fat content
directly affects the drying rate and is an
integral part of such parameters as heat
capacity and critical humidity, this param-
eter must be determined as the initial cha-
racteristic of the raw material.

The specific heat capacity depends on
moisture and the amount of fat. The spe-
cific heat capacity influences the tempera-
ture of the drying agent. The parameter is
calculated by formula (1) [50]:

c=0.1-10"[ (100 )x
x(0.16M, +0.049+32.2)+100% |, (1)

¢ — specific heat, kcal/kg-°C; W — raw ma-
terial moisture, attributed to the weight of
moisture in the raw material, %; M — oil
content of raw material on absolutely dry
substance, %; 3 — raw material tempera-
ture, °C.

The humidity of the examined mate-
rial was determined by a standard tech-
nique adapted to the raw material. The
humidity of the biomass is determined
by the adapted arbitration method accor-
ding to GOST 13496.3-92. The weight-
ing cup prepared for the study was placed
in the drying cabinet for pretreatment
103°C within 30 minutes. The sample was
weighed to within 1 mg. Then the samples
with the analyzed mass are sent into the
drying cabinet, preheated to 103°C, pre-
sented in Figure 3.
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Fig. 3. Drying cabinet HORYZONT SPT-200

The drying process lasts 4 hours. The
weighting cups with dried biomass are re-
moved and cooled to room temperature,

then weighed samples. Dried sample,
shown in Figure 4.

-

Fig. 4. Dried sample of larvaes

The moisture mass fraction is deter-
mined by formula (2):
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W]:[ml_(m3_mz) '@a (2)
m
where m, — weight bottle, g; m, — weight
bottle, lid, g; m, — weight bottle, lid and
the dried test sample, g.

The oil content of the raw material is
determined by the Soxhlet method. The
device is mounted on the round-bottomed
bulb /, which already contains the ex-
tracting solvent (hexane was used in the
study), then the refrigerator is installed 3.
In the center of the extractor 4, there is
placed a cardboard case (cartridge) 2, in
which there is 5 g of the sample between
two layers of cotton wool (Fig. 5). Hex-
ane is brought to a boiling point and, in
the course of the evaporation, enters the
siphon by passing through the side outlet.
When the solvent fills the cavity, the sub-
stance is extracted. When hexane reaches
the upper level in the siphon, it is devas-
tated: hexane drains into the bottom round
sample and the cycle repeats. The extrac-
tion time is eight hours. Next, we place the
round flask with the remaining fat on the
bottom in a preheated up to 105 degrees
for 1 hour. After drying the flask is placed
in the desiccator and then weighed. Sub-
sequent weighing is carried out after re-
drying for 30 minutes. Drying and weigh-
ing shall be repeated until the difference
between the two consecutive weighings is
no more than 0.001 g.

Mass fraction of raw fat X, %, is cal-

culated by formula (3):
—m, -100
x="Tm 3)
m

where m, — mass of flask with raw fat, g;
m, — mass of empty flask, g; 100 — per-
centage conversion factor; m — sample
mass, g.

Hygroscopic properties of both food
and feed depend on their structure, com-
position, and on the temperature and hu-
midity of the environment. The method

Electrical technologies and equipment

for determining the hygroscopicity of
a substance is based on the determination
of the mass difference after experimental
storage in a desiccator within 24 hours.
The increase in mass of the test substance
in percentage X by formula (4) shall be
calculated:

X:u.mo’
my —m,

“4)

where m, — the mass of an empty glass
bottle, g; m, — the mass of the glass bot-
tle with the test specimen prior to ex-
posure in a moist environment, g; m, —
the mass of the glass bottle with the test
specimen after exposure in a moist en-
vironment, g.

Fig. 5. Soxhlet apparatus: 1 — round-bottomed
flask, 2 — cartridge, 3 — refrigerator, 4 — extractor

Critical humidity is determined by
analogy with the moisture content of oily
vegetable raw material. The critical mois-
ture value of the oily raw material can be
calculated using formula (5):
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_ Bulk density p, depends on the type, di-
W =14.5 (IOOMJ ‘

(5) mension and humidity. When determining
100 this characteristic, humidity, raw material
where 14.5 — dimensionless coefficient; dimensions and ge_ometric dimensioqs of
M — amount of fat in the sample, %. the measuring container should be specified.

Thermal conductivity. The higher the Laboratory equipment used in the

humidity, the greater the thermal con- study: .
ductivity is. The thermal conductivity of — laboratory analytical scales LV 210-A

the liquid fraction biomass is expected to of the 2 clas§ of accuracy, error not more
be high due to the moisture content and than 0.0001 g; ,.
low air content* [32; 51]. For this purpose, —measuring cylinder, volume 0.0001 m;

Iculate th ficient dine b — metal ruler;
glee tggrfx?u?ae(@;e COCTICIENT Accotaing By —screen with cell width 1, 2, 5 mm;

— standard truncated cone funnel.

100w Prior to testing, a pre-weighed mea-
-6 . . .
2=0.8-10 ( + 125) X suring cylinder should be installed under
100—w the tube. The distance between the upper
9-p edge of the cylinder and the valve shall be
x +p+225 |, (6) 50 mm (Fig. 6). The material must be pre-
273 . .
dried and weighed.
p — bulk mass or density, kg/m?®; w — raw 2

material moisture, attributed to the weight
of moisture in the raw material, %; 9 —
raw material temperature (20°C), °C.

The thermal conductivity coefficient
determines inertial properties of both
a layer and single structural oily molecu-
les. The higher the coefficient, the faster
are the heating processes during dry-
ing® [52-55]. Formula (7) determines this
parameter:

P (7)

c-p
p — bulk mass or density, kg/m*; w — ther- e
mal conductivity calculated by formu- Fig. 6. Flow chart of bulk density instrument:

la (6); c— specific heat capacity calculated | measuring cylinder; 2 — truncated cone funnel;
according to formula (1). 3 — valve; 4 — material equalisation location

4 Baykov V.I., Pavlyukevich N.V. [Thermophysics. In 2 vols. Vol. 1. Thermodynamics, Statistical
Physics, Physical Kinetics]. Minsk; 2013. 400 p. (In Russ.) ; Serdyuk V.A., Maltseva T.A., Tupolskikh T.I.
[Investigation of the Physico-Chemical Properties of the Lipid Fraction of the Biomass of Black Soldier
Fly Larvae (Hermetia Illucens)]. In: Innovative Technologies in Science and Education (ITNO-2019):
Proceedings of the VII International Scientific and Practical Conference. S. Divnomorskoe: DSTU; 2019.
p. 141-145. (In Russ.) ; Maltseva T.A., Serdyuk V.A. [Analysis of the Main Factors Affecting the Com-
pleteness of Fat Extraction from Pressed Raw Materials]. In: Innovative Technologies in Science and Edu-
cation (ITNO-2019): Proceedings of the VII International Scientific and Practical Conference. S. Divno-
morskoe: DSTU; 2019. p. 255-259. (In Russ.)

5 Sergeev A.G. [Guidelines for the Technology of Obtaining and Processing Vegetable Oils and Fats].
Vol. 1. Book 1. 2" ed. L.: VNIIZH; 1975. 382 p. (In Russ.)
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The dry material is poured into the fun-
nel, then the valve is opened, the cylinder is
filled with excess, the bolt is closed and the
excess material is cut off from the middle
to both sides with a metal ruler on a level
with the cylinder edges. The material may
not be compacted (Fig. 7-9). The cylinder
with the material is then weighed within to
1 g. The tests are carried out in 3 repeats.

Fig. 7. Weighing of the test sample

Fig. 8. Levelling for better installation

Electrical technologies and equipment

Fig. 9. Biomass in a dimensional cylinder

Bulk density is defined as the ratio of
the mass of a product to the volume of
a dimensional container, according to the
formula (8):

py =T ®)

where m — mass of material tested and
measuring capacity; m — tarra mass; V' —
dimensional capacity.

The arithmetic mean of the results of
3 parallel definitions is taken as the test
result.

Statistical analysis

All experiments were repeated three
times and each used a new batch of larval
samples for independent testing. Experi-
mental results were expressed as mean +
standard deviation. The data from all rep-
licates were analyzed using the statistical
program Statistica 10.0 followed by one-
way analysis of variance with a signifi-
cance level of 0.05.
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Results

Thermal properties of both food and
feed products were assessed in the sec-
tion Materials and Methods, the results of
the obtained studies were summarized in
table for ease of presentation.

Table
Research results
Indicator Value Unit of
measure
Raw material moisture 45 %
Critical humidity 9.5 %
ghprmal conductivity coef- 0.00055 m?/s
cient
Coefficient of thermal con- W/(mK)
ductivi 0.144
uctivity
Hygroscopic 7.14 %
Specific heat 0.429  kcal/kg°C
Raw fat content 51.45 %
Bulk density 605 kg/m?
Specific volume 1.652 cm’/g

Knowing the regularity of heat and
moisture movement, it is possible to draw
conclusions about the appropriateness of
the use of infrared drying method, and
the amount of energy spent for the drying
process. These properties determine the
parameters and modes of the drying pro-
cess and the design of the working body.

The coefficient of thermal conduc-
tivity determines how much heat passes
through the unit of the surface area of the
raw material into a unit of time at a tem-
perature gradient equal to one. This indi-
cator influences the correctness of the lo-
cation of the working body (IR emitter)
when forming the direction of heat flow.

The thermal conductivity of water is
0.555 W/(m'K) for food and feed pro-
ducts from 0.25 to 0.40 W/(m-K), and the
muscle mass of black soldier fly larvaes
is 0.144, which is lower than that of con-
ventional feed components. The humidity
of the material has a significant influence
on the thermal conductivity of the entire
raw material, so at high humidity the in-
vestigated raw material has a humidity of
45% and above, the thermal conductivity
remains linear and practically does not in-
crease® [53; 54]. However, if we consider
the specific heat capacity of the dried ma-
terial, we observe an inverse pattern, the
higher the humidity, the higher the coef-
ficient of thermal conductivity, as con-
firmed also by studies’ [57]. In accordance
with the universal physical principle by
Le Chateller-Brown, the stronger the ex-
ternal influence on the treatment object at
the initial moment, the more intense are
the internal processes that seek to return
the system to a state of equilibrium. The
obtained coefficients are theoretically cal-
culated. Further experimental studies are
needed to fully confirm the hypothesis.

Discussion and Conclusion

The study conducted to determine the
heat-physical characteristics of the muscle
mass of the black soldier fly larvaes (Her-
metia illucens) showed that the processes
associated with heat processing are typi-
cal non-stationary and irreversible ones,
for which the principles of thermodynam-
ics of irreversible processes and first of all
the principle of linearity are applicable.
The increasing of the driving forces of the
process has certain technological limits

¢ Kasyanov G.I., Semenov G.V., Gritskikh V.A., et al. [Technologies of Food Production. Dry-

ing of Raw Materials: A Textbook for Universities]. 3™ ed. Moscow: Yurayt Publishing House; 2019.
116 p. (In Russ.) ; Mikhaliev M.F., Treyakov N.P., Milchenko A.I., Zobnin V.V. [Calculation and Design of
Machines and Apparatuses of Chemical Production]. L.: Mechanical Engineering, Leningrad Department;
1984. 301 p. (In Russ.)

7 Gordienko M.G. [Drying of Multicomponent Chemical, Pharmaceutical and Biological Mate-
rials]. Dr.Sci dissertation. Ivanovo; 2019. (In Russ.) ; Natareev O.S. [Modeling and Calculation of the
Drying Process of Wet Materials in a Chamber Dryer]. Cand.Sci dissertation. Ivanovo; 2016. (In Russ.) ;
Shevtsov S.A. [Scientific Support of Energy-Saving Processes of Drying and Heat-Moisture Treatment
of Food Vegetable Raw Materials with Variable Heat Supply]. Dr.Sci dissertation. 2015. 587 p. (In Russ.)
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(maximum permissible gradients of tem-
perature, moisture content, pressure, etc.),
while in increasing the kinetic coefficients
(which include the above thermal and
mass exchange characteristics) there are
significant reserves. The results of the
study are recommended to be used in the
development of a mathematical model for

drying of the highly wet oily raw material,
which is the muscle mass of the black sol-
dier fly larvaes® [57-63].

In view of the diversity of literary
sources, such studies were not found,
which determines the relevance of the stu-
dies. However, the results of the experi-
ment require further research.
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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 (1o coctosiauio Ha 20.07.2022 1):

1.3.2. [TpuGops! ¥ METOBI SKCIICPUMEHTATFHON (DH3UKU (TEXHHUYECKUE HAYKN)

1.3.6. OnTuka (TeXHUUECKHUEe HayKH)

1.3.13. Dnexrpodusuka, MIeKTPoGU3NIECKIE YCTAHOBKH (TEXHNISCKUE HAyKN)

2.5.3. Tpenue 1 U3HOC B MAIIMHAX (TEXHUYECKHUE HAYKH)

4.1.4. CaoBOZICTBO, OBOIIEBOJICTBO, BHHOTPAAPCTBO M JIEKAPCTBEHHBIC KYJIBTYPbI (TEXHHUYECKUE HAYKH)

4.3.1. TexHONMOTHH, MAIIHBI ¥ 000PYIOBaHE TS arpONPOMBIIIICHHOTO KOMILIEKCA (TEXHMIECKUE HAYKH)

4.3.2. DNeKTpOTEXHOIOTHH, 3JIEKTPOOOOPYIOBAaHHE U 3HEProCHaOXKEHHE arpoNpOMBIIUICHHOIO
KOMIUIEKCA (TEXHUIECKHE HAYKH)

He nomyckaeTcs HampaBlieHHEe B PEAAKIHUIO YK€ OIyOIMKOBAHHBIX CTATeH MM CTaTel, OTIPaBIEHHBIX
Ha IyONMKAIMIO B JIpyTHe >KypHalbl. B ciaydyae oGHapy:KeHHsI OXHOBPEMEHHOH MOJA4YH PYKONMHCH
B HECKOJbKO M3IaHUH ONMy0JUMKOBAHHAS CTAThsl OyleT peTparupoBaHa (0TO3BaHA U3 MeYaTH).
MOHHTOPHHT HECAaHKIIMOHHPOBAHHOTO [UTHPOBAHUSI OCYIIECTBIISIETCS C TOMOIIBIO CUCTEM «AHTHILIaruaT
u CrossCheck.

JKypHau1 IpUBETCTBYET CTaThbH, UMEIOLIHE IOTEHIMATEHO BBICOKHI MMITAKT-()aKTop W/WIIH COAepIKaLLIe
MaTepua 0 3HAUUTEIHBIX JOCTIKEHUSX B YKa3aHHBIX HanpaBiieHusX. Oco0oe BHIMAaHHE CIISTyeT YACIUTh
Ka4ecTBy mepeBojia. JKemarensHo, YT0Ob! OH OBLIT BBIITOIHEH HOCUTENEM AHITINICKOTO S3bIKA.

Ilpy moOAroTOBKE CTAaThM K ITyOJIMKaLMHM B IKypHane «l/H)XKCHEpHbIE TEXHOIOIMH U CHCTEMBD)
HEOOXOANMO y4eCTh CICAYIOMNe MyHKTHI:

1. Ykazars YIK.

2.3aro/I0BOK CTaTBH JIOJDKSH KPATKO M TOYHO OTPAXKaTh COJEPIKAHUE CTAThH, TEMATHKY U PE3YIIBTaThl
MPOBEIEHHOTO UCCIIE0BAHUS. [Ipugooumes na pycckom u aH2utiCKOM A3bIKAX.

3. Annortanus (200-250 cioB) BBIIONHSET (PYHKINIO PACIIMPEHHOTO HA3BAHHS CTAaThU M ITOBECTBYET
0 ee coziepskaHun. B Helt TOMKHEI OBITh 4ETKO 0003HAYEHBI CIIEIYIONIHE COCTABHBIC JACTH:

1) Beenenue (Introduction);

2) Marepuans! u Metonsl (Materials and Methods);

3) Pesynbrarsl uccnenosanust (Results);

4) O6cyxnenune u 3akiroueHue (Discussion and Conclusion).

TIpusooumcs na pycckom u aHnUICKOM A3bIKAX.

4. KnroueBble cioBa (5-10) sIBISIIOTCS NMOMCKOBBIM 00pa3oM Hay4dyHOW CTaTbu. B cBs3M ¢ 9TuM
OHH JIOJDKHBI OTpa)kaTh OCHOBHBIC MOJIOXKEHHMS, JOCTIDKEHHMS, PE3YIbTaThl, TEPMHUHOJIOTHIO HAYYIHOTO
uccnenoBanusl. [Ipueoosames na pycckom u aHnutiCKOM A3bIKAX.

5. Braronapnoctu. B sTOM pasgene crexyer ynoMsHYTh JIFOZSH, TOMOTABIINX aBTOPY MOITOTOBUTH
HACTOAILYIO CTaThiO, OPraHM3alMH, OKa3aBIIME (PUHAHCOBYIO MOIJEPXKKY. XOPOIIMM TOHOM CYHTAETCS
BBIPKEHHE 0J1aro/IlapHOCTH aHOHUMHBIM pelieH3eHTaM. [Ipuso0amcs Ha pyccKom U AH2TUTICKOM A3bIKAX.

6. OCHOBHOIi TEKCT CTAaThbH M3/1aracTCsl Ha PYCCKOM HMIJIM AHIIIMHCKOM SI3BIKAX.

1) BBenenne — nmoctaHOBKa Hay4HOM MPOOJIEMBI, €€ aKTyalbHOCTb, CBSI3b C BKHEUILIMMH 3a]aduaMH,
KOTOpBIE HEOOXOMMO PEIINTh, 3HAYCHNE ISl PA3BUTHS OIPEICICHHON OTpacin HayKH WM MPaKTHIECKON
JIEATENBHOCTH.

2) O030p mmuteparypbl. HeoOxomumMo ormmcaTh OCHOBHBIC (IIOCIIEMHHE TI0 BPEMEHH) HCCICIOBAHUS
U MyOnWKaluy, Ha KOTOPBIE OMUPAeTCs aBTOP; COBPEMEHHBIE B3IIAABI Ha MPOOIEMY; TPYIHOCTH IIPU
pa3paboTKe JTAHHOW TEMBI; BBIICIUTH HEPELICHHBIE BOIPOCH! B Ipeaesiax oOmied MmpoOieMbl, KOTOPhIM
MIOCBAIICHA CTAThSL.

3) Marepuanbsl 1 MeTobl. B JaHHOM pasjene OMUCHIBAIOTCS MPOLIECC OPraHU3aIMU IKCIICPUMEHTA,
NPUMEHCHHBIE METOAWKH, WCIIONB30BaHHAS almaparypa; JaloTcsl IOApOOHBIC cBeleHHs 00 0ObeKTe
HCCIIEZIOBAHNS; YKa3bIBAETCS TOCIIEA0BATEIbHOCTh BBITIOTHEHHS NCCIEOBAHNUS M 0O0CHOBBIBAETCS BBIOOD
HCIIOJIB3yEMbIX METOIOB (HAOIIONEHHE, OIPOC, TECTHPOBAHNE, IKCIIEPUMEHT, JJAOOPATOPHBIN OIBIT H T. [1.).

4) PesynbTaTbl HCCICIOBAHHA. DTO OCHOBHOM paslel, Lelb KOTOPOro — IpU TIOMOLIM aHaIn3a,
0000IIeHNs ¥ Pa3bsCHEHHs JaHHBIX JI0Ka3aTh PabOodyIo TUIOTe3y (TMIOTe3kl). Pe3ybraTsl JOKHBI OBITH
M3JIOKEHBI KPaTKO, HO IPH 3TOM COJIeprKaTh JIOCTATOYHO MH(MOPMAIMH IS OIIEHK! C/ICIAHHBIX BBHIBOJOB.
Taxoke 10/KHO ObITH 000CHOBAHO, IOYEMY ISl AHAJIM3a ObUIH BBIOPaHBI IMEHHO 3TH JIaHHBIC.
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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 20 July 2022):

Instruments and Methods of Experimental Physics

Optics

Electrophysics, Electrophysical Installations

Friction and Wear in Machines

Gardening, Olericulture, Viticulture and Medicinal Plants

Technologies, Machinery and Equipment for Agroindustrial Complex

Electrotechnologies, Electrical Equipment and Power Supply of Agroindustrial Complex

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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CymmMa mmarexxa: 500 py6. 00 xon. CymMa IuiaTel 3a yCIIyTH: pyo. KO
Hroro pyo. KOII. “ 7 20
C YCIOBHAMH NpHEMa yKﬂKﬂllllOﬁ B IUIATEKHOM JOKYMEHTE CYMMBI, B T.4. C CyMMOVI B3UMAaeMoif ITaThI 32 ycunyru banka
‘O3HAKOMIJIEH M COTTIaCeH. Hoﬂﬂﬂch IaT s
VOK no Pecniybnuke Mopiosust (@I'BOY BO «MI'Y um. H.IL. Orapésa» 1/c 20096X35120)
KIIM132601001
(HaMMEeHOBaHHE TOJTyyaTels MIaTexKa)
1326043499 03214643000000010900
(MHH nosryuarens njaresxa) ( HOMep cueTa mosryyaTess IiaTeKa)
40102810345370000076
KOPPECTIOH/IEHTCKUI cueT
Otaeaenne-Hb PECITYBJIMKA MOPJIOBU A
BAHKA POCCHUW//Y®K o Pecy6nmke BUK 018952501
MoppoBus r. CapaHck
(HauMeHOBaHUe GaHKa IOJTydaTess IJ1aTexa)
KBK 440 OKTMO 89701000
3a peajm3anuio xkypHaiaa «n:keHepHble TeXHOJIOTHH H
CHCTEMBI»
Kputanuus (HaMMEHOBaHHE IUIATEKA) (HOMep JMIEBOro cyeta (Koi) IuiaTelbIiKa)
®.1.0. muaTenpumKa:
Kacceup

AJpec miaTenbnKa:

Cymma mnatexa: _ 500 py6. 00 xom. CyMma IUIaThl 3a yCIIyTu: pyo. KOII.
HUroro pyo. KOIL «“ > 20 r

C ycnoBuAMH NpHeMa yKa3aHHOMH B MIIATEKHOM JOKYMEHTE CYMMBI, B T.4. C CyMMOH B3HMAeMOii ILTaThl 3 yCIyrH Ganka
03HAKOMJIEH M COTITACEH.

TMoanuck maTe/bIMKa

3< - nuHMsA oTpe3a



