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rNIABHbI PEOAKTOP

KAMWUHCKWI Banepuit HaymoBu4 — npodeccop, 0KTOP TEXHNYECKUX Hayk; npodeccop MOCKOBCKOrO MOMNTEXHNYECKOTO YHUBED-
CUTETAa, YNeH SKCNEepTHOTO COBETA BETEPAHOB (CTapeiiLnH) OTPAC/W NOPLLHEBOro ABUraTeNecTpoeHns Poccum; 3acnyXeHHblii paboTHUK
npombiLLneHHocT MockoBckoii obnactu (Mocksa, Poccus)

OTBETCTBEHHbIA PEOAKTOP

JIENELIKUH Anexcanpp BnagmmupoBuy — npodeccop, kaHamaaT TEXHMYECKUX Hayk; npodeccop MOCKOBCKOrO MOAMTEXHUYECKOrO
yHMBepcuTeTa, A0LEeHT MOCKOBCKOro rocyiapCTBEHHOr0 TEXHUYECKOro yHBepcuTeTa umenn H.9. baymana (Mockea, Poccus)

PEAAKLMOHHAS KONJIErUA

BAXMYTOB Cepreii BacunbeBuy — npodeccop, [OKTOP TEXHUHECKUX HayK; 3aMECTUTENb FeHepanbHOr0 AMPEKTOopa MO HayyHO
pabote [0cynapcTBEHHOr0 HayYHOro LieHTPa PP «LleHTpanbHbIi Hay4HO-MCCNEA0BATENbCKIA AaBTOMOOWBHBIA 11 ABBTOMOTOPHbIA UHCTUTYT
,HAMW®» (Mocksa, Poccusi)

FOIKAEB 3axup, Apbire3anoBuy — uneH-koppecnoHaeHT PAH, npodeccop, AOKTOpP TEXHWYECKWMX Hayk; 3aMecTWUTeNb AMpekTopa
M0 MHHOBALWIOHHOM 1 BHEAPEHYECKON AesTenbHocTv MDefepanbHOro HaydHOro arpouHXeHepHoro LieHTpa BUM (Mockea, Poccus)

FOPOAELKUA KoncTautun McaakoBuy — npodeccop, AOKTOP TEXHUYECKMX Hayk; Mpodeccop MOCKOBCKOrO MOMMTEXHUYECKOrO
YHUBEPCUTETA; 3aC/yXeHHbI MalmHocTpouTens PO (Mockea, Poccus)

DEBAHUH Cepreit HukonaeBuy — npocdeccop, AOKTOP TEXHUYECKMX Hayk; npodeccop Poccuiickoro rocyaapCTBEHHOTO arpapHoro
yHuBepcuTeTa — MCXA (MockoBCckasi cenbckoxo3siicTBeHHas akanemus) umenn KA. Tumupsizesa (Mockea, Poccus)

EPOXWUH Muxaun HukutbeBuy — akagemuk PAH, JOKTOp TeXHUYECKMX Hayk; npodeccop PoCCUiACKOro rocymapCTBEHHOMO arpapHoOro
yHuBepcuTeta — MCXA (MockoBCkasi Cenbckoxo3siicTBeHHast akanemus) umenn KA. Tumupsisesa (Mockea, Poccus)

JXXAJTHUH 3pyapp BukropoBuy — npodeccop, A0KTOP TEXHUYECKMX HayK; 3aBeayloLumii oTaenom MenepanbHOr0 HaydHOrO arpouHXe-
HepHoro ueHTpa BUM; 3acnyxeHHbii pestens Haykm PO (Mocksa, Poccust)

NW3MAIIOB Auppeii lOpbeBuy — akanemuk PAH, IOKTOp TEXHUYECKUX HayK; AupekTop DeaepanbHOro HayyHOro arpouHXEHEPHOMo
uentpa BUM (Mockea, Poccus)

KOBAJIEB Muxaun MuxaiinoBuy — [IOKTOP TEXHUYECKMX HAyK; Hay4Hblii PykooauTenb DeaepansHoro HayuHoro LIHTPa NyBsHbIX
KyNIbTyp; 3aCnyXeHHbIii n306peTarens PO (Teepb, Poccus)

KOTUEB T'eopruii OneroBuy — npodeccop, AOKTOP TEXHUYECKMX Hayk; 3aBedytowmii kadpenpoit MOCKOBCKOro rocynapCTBEHHOrO
TEXHUYECKOro yHMBepcuTeTa uMeH H.9. baymaHa; 3acnyxeHHblii festens Hayku PO (Mockea, Poccus)

KYTbKOB l'enHapuii MuxaiinoBu4 — npocdeccop, AOKTOP TEXHUYECKMX HayK; npodeccop PoCCHIACKOro rocyaapCTBEHHOTO arpapHoro
yHuBepcuTeTa — MCXA (MockoBCkasi CeNnbCKOX039iCTBeHHast akaaemus) umeHn KA. TuMmpsiaesa; 3aCiyXeHHbI IeSTeNb HAyKW 1 TEXHUKM
P® (Mocksa, Poccust)

JIAYYTA HOpuit dépopoeuy — akapemuk PAH, 10KTOp TEXHUYECKMX Hayk; akafieMUK-CexpeTapb OTaeneHusi CenbCKoX03sMCTBEHHbIX
Hayk PAH, npencepatens JkcnepTHoro coeta OTaeneHus cenbCckoxo3ancTBerHbix Hayk PAH (Mockea, Poccus)

JIOBAYEBCKUWN SkoB MetpoBuy — akamemuk PAH, 1OKTOp TeXHMHECKMX Hayk; MepBbiii 3aMecTutens ampektopa demepansHoro
HayyHOro arpouHxeHepHoro uextpa BUM (Mocksa, Poccus)

JIAWWEHKO Muxaun BonbdppenoBuy — npocdeccop, AOKTOP TEXHUYECKUX Hayk; 3aBefyloLmii kapenpoit Bonrorpaackoro rocynap-
CTBEHHOr0 TEXHUYECKOro yHmBepcuTeTa (Bonrorpan, Poccus)

MAPYEHKO Aupgpeii MetpoBuy — npocdeccop, AOKTOP TEXHUYECKMX HayK; NPOPEKTOp Mo Hay4yHoi pabote HTY XMW (HaumoHanbHbli
TEXHUYECKUA YHUBEPCUTET «XapbKOBCKWIA MOMUTEXHUYECKMIA UHCTUTYT»), 3aMeCTUTENb rnaebl CoBETa NPOPEKTOPOB MO HayyHOi paboTe
BY308 YkpanHsl, akafemuk Akaaemun BbICLLEN LUKOMbI YKPauHbI, YeH-KOPPECTIOHAEHT VIHXeHepHOIi akaaemum YkpauHbl (XapbKoB, YkpanHa)

HATPUALLBWUJIU Tamas MamueBuy — akanemuk HaumoHanbHON akagemun Hayk [pyaum, npodeccop, JOKTOP TEXHWMYECKUX Hayk;
pmpextop MHeTUTyTa MexaHukv MawwmH um. P. isanu (MMM); naypeat HauuoHanbHoit npemim pyaun B o6nactu Hayku (Téunucu, Mpyaus)
NPEOUIEP BukTop — npodeccop, LOKTOP TEXHUYECKMX Hayk; npodeccop YHUBepcuTeTa NpukiiaaHbix Hayk (OcHabptok, Mepmatus)
CKBOPL,OB Apkapuii AnekceeBuy — npodeccop, JOKTop Gpu3nko-MaTeMaTUIeckux Hayk; NPOPEKTOP Mo UCCNEA0BaHMAM 1 pa3paboT-
kam MockoBckoro nonutexHuyeckoro yiusepeuteta (Mocksa, Poccus)

COJIOBbEB Pynonbd HOpbeBny — [0LEHT, KAHAMAAT TEXHUYECKUX HAyK; AMPeKTOp LieHTpa CenbeKoX03fACTBEHHOrO MALLMHOCTPO-
eHus [oCcyIapCTBEHHOTO HayyHOro LieHTpa P® «LleHTpanbHbIi Hay4HO-UCCNEeaoBaTeNbCKUIA aBTOMOOWUIbHBI U aBTOMOTOPHbIA UHCTUTYT
,HAMW“» (Mockea, Poccus)

CTACUNEBMWM Anpgpeii FeopriueBuy — reqepanbHblil KOHCTPYkTop OAO «MT3» (MuHCKmii TpakTopHbIii 3a804) (MuHck, benapyck)
®OMWH Banepuii MuxaiinoBu4 — npodeccop, A0KTOP TEXHUYECKMX HayK; Npodeccop MOCKOBCKOro NOAUTEXHUYECKOTO YHUBEPCUTETA,
uneH SKCNepTHOrO COBETA BETEPAHOB (CTapeMLLMH) OTpaCcnmM NOpLUHEBOro ABuratenectpoerus Poccun (Mockea, Poccus)

®YKC Kpuctnan — n0KTOp TEXHUYECKMX HAyK; MEHEMXep NPOeKTa Mo cuctemam 6ONbLUMX ABUraTeneil MexayHapoaHO# MHXUHUPUH-
roBoii komnanum AVL List (Anstalt fiir Verbrennungskraftmaschinen List — «AHcTUTYT aBurateneii BHyTpeHHero cropanus ,Jnct») (pau,
AscTpus)

LUYMAH Onac¢ — reHepanbHbiil aupektop 000 «D3B Pyc» MexmyHapoaHo MHXUHMPUHIOBON komnanumn FEV (Forschungsgesellschaft
fiir Energietechnik und Verbrennungsmotoren — «/ccnenoBarensckasi KOMMNaHus No CUIOBLIM arperataM W BUrateisiM BHYTPEHHErO
cropaHusi») (AaxeH, Mepmanus)
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Jlopocue 0py3vs!

B 2021 roay, kak ObLJI0 aHOHCHPOBAHO B 3aKJIIOUUTEJILHOM HOMEPE 3a IMPOIILIbIHA
r'ofl, Mbl BOCCTAHABJIMBAEM PyOPUKY, MOCBANICHHYIO UCTOPUM KypPHAjIa U OTPaCsiu, OTe-
YECTBEHHON MPOMBIIIJICHHOCTH M HAYKU HAIIEH BEJIMKOM CTPaHBbl, a TAK)KE BbIAAIOIIMMCA
JIMYHOCTSIM, KOTOPBIE OJIMIIETBOPSIOT 3Ty UCTOPHUIO.

B kauyectBe mepBoii mybsinkainuu B pasaese «CTpaHUIBI UCTOPUU» TMPEIiaracTcs
CTaThs U3BECTHOIO OTEUYECTBEHHOI'O YUEHOI0 U opraHu3aropa Hayku Hukosnaa MBanoBrua
Tpowuiikoro, resepajibHOro nupexkTopa HaydHo-nccrienoBaTeIbckoro HHCTUTYTa JBUTaTe-
Jeti ¢ 1991 mo 2011 ron. 3namenaresbHo, uto HUWJI, kak u Ham >KypHaJsl, BEAET CBOIO
ucropuio ¢ 1930 rona. BcnomHuTe 3HaMeHUTBIE CTPOKU: « MBI pOKIIEHBL, YTOO CKa3Ky Cle-
JIaTh ObLIBIO, // IIpeonosieTh mMpoCcTpaHCTBO U MpocTop, / HaM pasym nas crajabHbie pyKU-
KpbLbs, / A BMecTO cepalla — riiaMeHHblil Motop...» HUW]I — 310 uctopus co3nanus ote-
YECTBEHHBIX JIBUTaTEJICH CIEIMaIbHOrO Ha3HAYEeHU S, «CEepAlla» MHOTMX BOEHHBIX MAlllH,
KaK TaHKOB, TaK M1 OPOHETPAHCIIOPTEPOB U OOEBLIX MAIIMH JIeCaHTa.

Ywurarean HalIero Ky pHasla IPEKPacHO OCBEAOMJIEHBI O TECHOM CBfI3U, KOTOPAS CY-
IIECTBOBAJIa B IpeaBoeHHbIe, BOeHHBbIE (1941-1945) n nocyieBoeHHBIE TOIBI MEXKAY TpakK-
TOPOCTPOCHUEM U OOOPOHHOU MPOMBIIIJIEHHOCTHIO. I MBI pacckakem O TOM, KaK Tpak-
TopHble TUrantel B YensouHcke, Bosrorpane (CranuHrpaae) u Apyrue mpenrnpuaTus
pazpabaTbeiBaJii U BBITYCKAJIA, IOMUMO CEJIbXO3MAIIIUH, TEXHUKY AJId 3allUThl HAICH
PonnHbl.

B.H. Kamunckuii,
0.m.H., npogheccop, 2Aa8HblLI pedaKmop
acyprana «Tpakmopel u ceabxo3mMauiuHbLy

Dear friends!

In 2021, as it was announced in the last year final issue, we are restoring a section
dedicated to the history of the journal and industry, domestic industry and science of our
great country, as well as outstanding personalities, who create this history.

A paper of the famous Russian scientist and organizer of science Nikolai I. Troits-
kiy, who was General Director of the Research Institute of Engines from 1991 to 2011,
1s proposed as the first publication in the Pages of History section. It is significant that
NIID, same as our journal, traces its history back to 1930. Remember the famous lines:
“We were born to make a fairy tale come true, to overcome space and spaciousness. The
mind gave us steel arms-wings, and instead of a heart — a fiery motor ...” NIID is the
story of the creation of domestic special-purpose engines, the “heart” of many military
vehicles, both tanks and armored personnel carriers and airborne combat vehicles.

The readers of our journal are well aware of the close connection that existed in the
pre-war, military (1941-1945) and post-war years between tractor construction and the
defense industry. We are going to tell you about how the tractor giants in Chelyabinsk,
Volgograd (Stalingrad) and other enterprises developed and produced, in addition to ag-

ricultural machinery, the equipment to protect our Motherland.
Valery N. Kaminskiy,

DSc in Engineering,
Editor-in-Chief of the Tractors and Agricultural Machinery journal
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Role of the Research Institute of Engines (NIID) in the development of special transport

engines
k.T.H. Tpowkuii H.U. N.I. Troitskiy, PhD in Engineering
MTTY um. H.D. Baymana, Mocksa, Poccus, Bauman Moscow State Technical University,
c 1991 no 2011 2. 2enepanvuwiii Oupekmop Moscow, Russia
HUum from1991 to 2011 General Director of NIID
niktrol7@rambler.ru niktrol7@rambler.ru

Paccmorpena uctopust co3maHMs W Pa3BUTHSI TOJOBHOrO MHCTUTyTa MunoOoponnpoma CCCP
no ABuratessiM — HaydHo-uccienoBaTebcKOro MHCTUTYTa JABHUrateseit (B Hactosmee Bpemss AO
«HUN[»). C yyacTueM HMHCTUTyTa NpOXOAWIAa pa3pabOTKa U COBEPILIEHCTBOBAHHWE NPAKTUYECKU
BCEX TIOCIICBOCHHBIX JBHUraTesiel I OpoHeTaHKoBoM TexHuku — cemedictBa ST/ (6T/), B2, 2B,
YT, I'TI-1000T u ero momudukammit. MccnenoBanus U pa3paOOTKH MHCTUTYTa OOeCTICYMBAJIH
OKa3aHWEe BCECTOPOHHEH TEXHHYECKOW TOMOIIM 3aBOJlaM OTpacid U CO3/IaHHE OIepekKaroliero
HAay4YHO-TE€XHHMYECKOro 3aJieria.

Knwueswie cnosa: HUNJ[, ucmopus cozoanus, osueamenu 0Jis OpOHEeMAHKOBOU MEXH U-
KU, HAYYHO-MEeXHUYeCKull 3a0e’

The history of the creation and development of the head institute of the Ministry of Defense In-
dustry of the USSR for engines - the Research Institute of Engines (nowadays JSC “NIID”) is con-
sidered. Institute participated in the development and improvement of almost all post-war engines
for armored vehicles: the 5TD (6TD), V2, 2V, UTD, GTD-1000T families and its modifications.
Research and development of the institute ensured the provision of comprehensive technical assis-
tance to the factories of the industry and the creation of an advanced scientific and technical re-
serve.

Keywords: NIID, history of the creation, engines for armored vehicles, scientific and
technical reserve.

Jna yumuposanun: Tpovukwii H.U. Pomes HayyHo-uccnenoBaTenbCKOro MHCTUTYTA JIBH-

rateneid (HUW]I) B pa3BuTHM CHielMABLHBIX TPAHCTIOPTHBIX ABUratTeseu // Tpaxkmopwol u cenvo-
xozmawunst. 2021. Ne 1. C. 6-13. DOI: 10.31992/0321-4443-2021-1-6-13

Cite as: N.I. Troitskiy Role of the Research Institute of Engines (NIID) in the development
of special transport engines. Traktory i sel’khozmashiny. 2021. No 1, pp. 6—13 (in Russ.). DOI:
10.31992/0321-4443-2021-1-6-13
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IKOJJIOI'MYECKHU YUCTBIE TEXHOJIOT'UU U OBOPYJIOBAHHUE
ENVIRONMENTALLY CLEAN TECHNOLOGIES AND EQUIPMENT

DOI: 10.31992/0321-4443-2021-1-14-22

Onpede/leuue onmumda /iHo2o0 cocmaeda cmecesozco mon/aued no 3Ko/s102u4ecKum
nokazameasnm ousens

Determination of the optimal composition of mixed fuel based on the environmental
performance of a diesel engine

a.17.41. [Tnoraukos C.A., S.A. Plotnikov, DSc in Engineering
k.T.H. by3ukos 111.B., Sh.V. Buzikov, PhD in Engineering
Koznos U.C. 1.S. Kozlov

Bsaimcxuii cocyoapcmeennviii ynusepcumem, Vyatka State University, Kirov, Russia
Kupos, Poccus shamilvb@mail.ru

shamilvb@mail.ru

IIpumeHeHre B TPAaKTOPHBIX ABUraTEIIX M JIPYrOM CEJbCKOXO3SMCTBEHHOM TEXHHKH PAIiCOBOTO
Macna (PM) B unctom Bune wim cmecu PM ¢ nmenpabiM TommBoMm (/IT) HakmagbiBaeT psijg orpa-
HUYEHUH, CBSI3aHHBIX C HEKOTOPBIM pa3iMdueM (PM3HKO-XUMHUYECKHX CBOMCTB. [losTomy Hambonee
MepCTIIEKTUBHBIM SIBJIETCS HcTonb3oBaHue cMmeceBoro Tommsa (CT) coctosmero w3 AT u PM. Ile-
JIbIO HACTOSAIIMX HCCJIEJIOBAHMIA SIBISIETCS omnpejaesieHre ontuMmaiibHoro coctaBa CT, cocrosdiero u3
AT nu PM nyrém onruMuszaimy arpoKCUMHUPOBAHHBIX 3aBHCUMOCTEHN IKOJOITMYECKHUX TOKa3aTesei
nmenst. Jns pelieHus MoCTaBICHHOM 3a7jauyd TPOBECHBI CTEHAOBBIE WCTIBITAHMS pa0OThI IH3EIIs
J-245.5C, pa3smepHocthio 4UH 11,0/12,5. B xauecTBe onpeensieMbIX dKOIOIMUECKHX MOKa3zaTemnei
paborsl mmsens BoiOpasbl: caxka (C), okcunsl asora (NOy), Hecropesmme yrieBogoponst (CyHy),
nuokcun yriepoaa (CO,) u monookcun yriepona (CO). McenenoBanusi MpoBeaeHBI HA Pa3IMIHBIX
coctaBax CT cocrogammx m 80% AT u 20% PM, 55% AT u 45% PM, 20% AT u 80% PM no mac-
C€ COOTBETCTBEHHO. B pe3ynbTaTe NpOBEAECHHBIX CTEHIOBBIX MCIBITAHMI MOMYY€HBI JBE HArpy304-
HbIE XapaKTEPHCTHKH, OlHA W3 KOTOpBIX IpU yacToTe BpaweHus N = 1400 MHH COOTBETCTBYIOLLECH
3HAYCHUIO MAKCHUMAJILHOTO KPYTAILLETO MOMEHTA, a BTOpas IpH yacTore BpameHust N = 1800 MUH
COOTBETCTBYIOIICH 3HAUEHUIO HOMHHAJBHON MOIIHOCTH, @ TaKXKe BHEIHsAsS CKOPOCTHAsI XapaKTepu-
cTtuka TpaktopHoro amens [1-245.5C, pazmepnocthio 4UH 11,0/12,5. AHanm3 moimydeHHBIX JKCIIe-
PUMEHTAJIBHBIX JAHHBIX BBISABIWI 3aBUCHMMOCTH SKOJIOTMYECKHX IOKa3aTesIed OT 4acTOThl BpallCHUSA
KOJICHIATOro Basia Au3elisi, cpenHero dddekrusHoro nasnenns u 1o6asku PM B CT mo macce. [pu
MOMOILM METOJa HAMMEHBIIMX KBAaJApPAaTOB OIpEJEJICHbl allPOKCUMHUPOBAHHBIE MAaTEMaTHYECKHEe
3aBUCHMOCTH 3KOJIOTMYECKHUX TMOKa3aTesel au3ens. AHaiuW3 TOMy4eHHbIX 3aBHCHMOCTEH, Mokaszal,
YTO: MPU YBEJIMYECHUM YaCTOTHI BpallleHusi KosendaToro Bana N, gomu PM B CT u cHibkeHMn cpei-
Hero 3(hEeKTUBHOTO JaBJICHHUS Pe NMPUBOAUT K cHIKeHHMIO caxxu C 10 4,0 %, okcunoB azora NOy o
100,0 ppm, necropesmmx yraesomoponoB CyHy mo 1,0 ppm, auokcuna yraepoga, CO, no 2%, u
yBenuueHnro MoHookcyaa yriepoga CO no 0,16 %. B pesynbraTe perieHus NoiqydeHHOW CUCTEMbI
YpaBHEHUI aMMpPOKCUMHUPOBAHHBIX 3aBUCHMOCTEM HKOJOTMUECKHX TOKa3aTesel Onpeaeswin Oll-
TuManbHyto 100aBky PM B CT no 35 % mo macce.

Knroueente cnosa: cmecesoe monitueo, IKojocuuecKue nokasameiu, xapaKkmepucmuxKu
au3€ﬂ}l, annpoxkcumayusd dKkcnepumernmalbHblx OAHHDBIX.

The use of rapeseed oil (RO) in tractor engines and other agricultural machinery in its pure form
or a mixture of RO with diesel fuel (DF) imposes a number of limitations associated with some dif-
ference in physical and chemical properties. Therefore, the most promising is the use of mixed fuel
(MF) consisting of DF and RO. The purpose of these studies is to determine the optimal composi-
tion of the MF, consisting of DF and RM by optimizing the approximated dependences of the envi-
ronmental indicators of a diesel engine. To solve this problem, bench tests of the operation of the D-
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245.5S diesel engine (4ChN 11.0 / 12.5) were carried out. The following determined environmental
performance indicators of a diesel engine are selected: soot (C), nitrogen oxides (NOy), unburned
hydrocarbons (CyHy), carbon dioxide (CO2) and carbon monoxide (CO). The studies were carried
out on various compositions of MF, consisting of 80% DF and 20% RO, 55% DF and 45% RO,
20% DF and 80% RO by weight, respectively. As a result of the bench tests, two load characteris-
tics were obtained, the one at a speed of n = 1400 min™ corresponding to the value of the maximum
torque, and the second at a speed of n = 1800 min™ corresponding to the value of the rated power,
as well as the external speed characteristic of the D-245.5S tractor diesel engine (4ChN 11.0/ 12.5).
The analysis of the obtained experimental data revealed the dependence of environmental indicators
on the rotational speed of the diesel engine crankshaft, the average effective pressure and the addi-
tion of RO in MF by weight. Using the least squares method, the approximated mathematical de-
pendences of the ecological indicators of a diesel engine are determined. The analysis of the ob-
tained dependencies showed that: the increase in the crankshaft speed n, the proportion of RO in
MF and a decrease in the average effective pressure pe, leads to a decrease in soot C to 4.0%, nitro-
gen oxides NOy to 100.0 ppm, unburned hydrocarbons CyHy, to 1.0 ppm, carbon dioxide, CO, up to
2%, and an increase in carbon monoxide CO up to 0.16%. As a result of solving the obtained sys-
tem of equations for the approximated dependences of environmental indicators, the optimal addi-
tion of RO to MF of up to 35% by weight was determined.

Keywords: mixed fuel, environmental performance, diesel characteristics, approxima-
tion of experimental data.

Jna yumupoeanua: I1noraukos C.A., by3ukos III.B., Kozno U.C. Omnpenenenvie onru-

MaJIbHOTO COCTaBa CMECEBOrO TOIUIMBA IO SKOJOTHUECKUM TokazatensM mumsens /| Tpaxmopor u
cenvxozmawunst. 2021. No 1. C. 14-22. DOI: 10.31992/0321-4443-2021-1-14-22

Cite as: S.A. Plotnikov, SH.V. Buzikov, 1.S. Kozlov Determination of the optimal compo-

sition of mixed fuel based on the environmental performance of a diesel engine. Traktory i
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NEW MACHINES AND EQUIPMENT
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Ludghposoe ycmpoiicmeo 60pmoeozo duazHOCMupo8aHusl cyenaeHus

Digital on-board clutch tester

k.T.H. ['epamenko B.B., V.V. Gerashchenko, PhD in Engineering,
k.T.H. JIobax B.II., V.P. Lobakh, PhD in Engineering,

k.T.H. KoBanenko H.A., N.A. Kovalenko, PhD in Engineering,
K.T.H. Poroxun B.JI. V.D. Rogozhin, PhD in Engineering
benopyccko- Poccutickuil ynugepcumem, Belarusian-Russian University, Mogilev,
Mocunes, benapycw, lobakhvp@mail.ru Belarus, lobakhvp@mail.ru

PaGora nocssiieHa co3aHMIO OOPTOBOrO YCTpOICTBAa IM(POBOrO THIA AJSI AMATHOCTHPOBAHMS
CLCIUIEHMs TATOBO- TpaHCNOpTHHIX MalmH (TTM) 1 no3BossieT ¢ BHICOKOH TOYHOCTBIO ONPEEATh
OyKCOBaHHE CICIUICHMS TpH IMOSIBIICHUM B HEM HEHCIIPaBHOCTEH.

[TpyHpm paboTHl YCTpPOICTBA OCHOBaH Ha MPHMEHCHMHM IM(PPOBON TEXHHMKH JJISI M3MEPEHUs 4a-
CTOTHI BpalieHusi (KOJIMYECTBAa MMITYJbCOB) B IM(PPOBOM KOJE MAaXOBHKAa W NMEPBHYHOTO Basia KO-
pobxu nepenayu (KIT).

C NOMOIIBIO CBETOM3IIYYAIOMIMX JTHOJI0B BBHICBEUMBAIOTCS TONYYECHHBIE LH(PPOBBIE KOIBI, OTOO-
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pakarolye KOIMYECTBO MMITYJbCOB HAIPSKEHUA 33 OHY CEKYHAY OT JaTUMKOB 4acTOTHI Bpallle-
HUA MaxoBuWkKa M mectepHd nepBuuHoro Bayna KII. Ilomyuennple 1mpoBbIe KOIBI BOAHTEIEM
(omepaTopoM) MEpeBOJAT B ACCATUUHYIO CHCTEMY CUHCICHUs. Y UUThIBasA, YTO KOIMYECTBO 3yObEeB
MaxoBHKa OOIbllIe, YeM KOJIMYECTBO 3yObEB IIECTEPHH, MPOU3BOAMUTCS KOPPEKTHPOBAHHE KOJIWYe-
CTBa MMIIyJIbCOB OT JIaTYMKOB, pPa3/ie/IMB KOIMYECTBO MMITYJIbCOB OT MaxXOBHKa 3a OAMH 00OpOT Ha
OTHOLIEHHE KOJIM4EeCTBA 3yObE€B MaxOBHKa K KOIMYECTBY 3yObeB mecTepHu. [lanee omnpenemnsror
Pa3HOCTh CKOPPEKTHPOBAHHBIX KOJMYECTBA HMMILYJIbCOB OT LIECTEPHU U MAXOBHUKA, KOTOPYIO CpaB-
HUBAIOT C JOIYCTUMBIM KOJMYECTBOM HMIIyJbCOB U HA OCHOBAHWM CPABHEHMS JIE€JIAIOT 3aKJIIOYEHUE
O TEXHMYECKOM COCTOSHMM clemieHus. [Ipu pa3HOCTH pPaBHOM Hy/MIO WIM MEHEe JIOMyCTUMON
CIEIUIEHHEe OyeT CUMTAThCS UCIIPABHBIM.

YCTpoicTBO 1T JUMATHOCTHPOBAHMS CLETUICHUS BKITIOYAET JBa IM(PPOBBIX AATYMKA YaCTOTHI
BpallICHUsA, KaXKIbIi U3 KOTOPBIX CONEPKHUT KATYIIKYy MHAYKTMBHOCTH C MAarHUTHBIM CEpPAECYHHKOM,
KECTKO 3aKpEIVICHHbIX BOM3M 3yObE€B MAXOBMKA M IIECTEPHU NEPBUYHOIO Bajia KOPOOKH mepeaad.
IlepBast nuddepeHimpyoas Lemnb, ¢ OTCEKAIOUMM JAHOAOM Ha BBIXOZE, BXOJOM IOJCOEIUHEHa K
KaTYIIKEe MHIYKTUBHOCTH W BBITIOJIHEHA HA TEPBOM M BTOPOM PE3HUCTOPAaX M KOHIEHcaTope. Bropas
auddepeHmpyromas Ienb ¢ OTCEKAOIMM JUOAOM Ha BBIXOJE BBINOJHEHA HA PE3UCTOPE M KOH-
JIeHCATOpE M BXOJIOM COE/IMHEHA C BBIXOJOM aBTOKOJIEOATEILHOIO MYJIbTUBHOpPATOpA.

ABTOKONIEOATENBHBI MYJIbTUBHOPATOp BBINOMHEH Ha JIBYX Jormueckux snemenrax M-HE, nByx
KOHJIEHCaTopax, JBYyX IUOJAx M JIByX pe3ucTopax. Beixox BTopol nuddepeHimpyromei nem co-
€JMHEH CO BXOJaMU YCTAHOBKM HyJIs ILECTHAJLATUPA3PSAIHBIX CYMMHUPYIOIHMX JIEKTPOHHBIX CYET-
9UKOB. BBIXOzbI Jlormyeckux 3meMeHToB M coelMHEeHBl MOCPECTBOM PE3UCTOPOB CO CUETHBIMU
BXOJIaMH JIBYyX O3JIEKTPOHHBIX CUETYHKOB, Ha BBIXOZE KOTOPBIX (OPMHUPYIOTCS LM(PPOBBIE KOJBI,
0TOOpaXarolye YacTOThI BpallleHUs MaXOBUKA M ILECTEPHU NIEPBUYHOIO BaJsia KOPOOKHU repeaad.

[TpuBeneH mpuMep pacueTa MapaMeTpoB 3JIEMEHTOB JupdepeHIMpyromeld Iend aBTokoneoa-
TEJIbHOr0 MYJbTHBHOpATOpA.

Knroueewie cnosa: 6yxcosanue, yugposou usmepumens, yuppoeoii Koo, MmoniusHas
9KOHOMUYHOCMb, Oupepenyupyrowas yenvb, UHMESPUPYIOWAs Yenv, CYMMUPYIOUUL
9JIeKMPOHHBIU CUeMYUK, TOSUYECKUU dIeMeHm, cyenienue, KamyurKa uHOyKmueHoCmu,
MyTbmusubpamop.

The work is devoted to the creation of a digital type on-board device for diagnosing the clutch of
traction vehicles (TV) and allows to accurately determine the slipping of the clutch when failures
appear in it.

The principle of operation of the device is based on the use of digital technology for measuring
the rotational speed (number of pulses) in the digital code of the flywheel and the input shaft of the
gearbox (GB).

The received digital codes are displayed with the help of light-emitting diodes, showing the
number of voltage pulses per second from the flywheel speed sensors and the gearbox primary shaft
gear. The received digital codes are converted by the driver (operator) into the decimal number sys-
tem. Given that the number of flywheel teeth is greater than the number of gear teeth, the number of
pulses from the sensors is adjusted by dividing the number of pulses from the flywheel per revolu-
tion by the ratio of the number of flywheel teeth to the number of gear teeth. Next, the difference
between the corrected number of pulses from the gear and the flywheel is determined. Further it is
compared with the permissible number of pulses and a conclusion about the technical condition of
the clutch based on this comparison is made. If the difference is equal to zero or less, the clutch will
be considered efficient.

The device for diagnosing the clutch includes two digital speed sensors, each of which contains
an inductance coil with a magnetic core, rigidly fixed near the flywheel teeth and gears of the input
shaft of the gearbox. The first differentiating circuit, with a cut-off diode at the output, by the input
is connected to the inductor and is made on the first and second resistors and capacitor. The second
differentiating circuit with a cut-off diode at the output is made on a resistor and a capacitor, and the
input is connected to the output of the self-oscillating multivibrator.

The self-oscillating multivibrator is made on two NAND logical elements, two capacitors, two
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diodes and two resistors. The output of the second differentiating circuit is connected to the zero-
setting inputs of sixteen-bit summing electronic counters. The outputs of the AND logical elements
are connected by means of resistors with the counting inputs of two electronic counters, at the out-
put of which the digital codes are formed. The codes reflect the rotational speed of the flywheel and
gears of the input shaft of the gearbox.

An example of calculating the parameters of the elements of the differentiating circuit of an auto-
oscillating multivibrator is given.

Keywords: slipping, digital meter, digital code, fuel efficiency, differentiating circuit,

integrating circuit, summing electronic counter, logic element, clutch, inductor, multivi-
brator.

Jlna uyumuposanusa: I'epamenko B.B., Jlobax B.II., KoBanenxko H.A., Poroxun B.JI.
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Cunme3 cucmembsl UHEPYUOHHOU OUHAMUYECKOU cmabuau3zayuu c ynpas/aeHuem no
Ha6opy napamempo08, usmepsiemMbiX Ha 60pmy camMoxo0HOU MAW UHbI

Synthesis of a system of inertial dynamic stabilization with control according to a set of
parameters measured on board of a self-propelled vehicle

k.1.H. Cuporun I1.B. P.V. Sirotin, PhD in Engineering
FOoicno-Poccutickuti 20cyoapcmsenmbiil Platov South-Russian State Polytechnic
nonumexnuyeckutl ynusepcumem (HIIH) umenu  University (NPI), Novocherkassk, Russia,
M.U. I[Tnamosa, Hosouepkacck, Poccus spv_61l@mail.ru

spv_6l@mail.ru

Pabora mocBsimieHa pa3BUTHIO HANPABICHHMS MHEPLMOHHOTO TWHAMHMYECKOTO TalleHus U cTadu-
TM3alMM CAMOXOJHBIX TPAHCTIOPTHO-TEXHOJIOTMUECKUX MAIMH C HAaBECHBIM pabodYMM OpraHoM.
OG6ocHoBaHa HEOOXOIUMOCTH M BO3MOXKHOCTH COBEPIIECHCTBOBAHMS pa3paOOTaHHBIX paHEe ypaBHE-
HUA YTIpaBIICHUS CUCTeMOW crabwmmsaimd. [IpuBeneHO omvicaHWe TOAXOMa JUII CHHTE3a CHUCTEMBI
yIpaBieHUsT M OOOCHOBAHO MPUMEHEHHE WHTETPAJIbHBIX KpUTEepHeB 11 (QopMupoBaHus TpeOoBa-
HUM K IEPEXOAHBIM IPOLIECCaM CUCTEMBI ynpasieHus. [Ipenyioxkena Mozienb ONTUMabHOIO YIIpaB-
neHws1, N7l obecrieueHus MH(POPMAIMOHHOTO TONsT KOTOPOHM ompejesieH Habop mapaMeTpoB, W3M e-
psieMbIX Ha OOpPTY caMOXOAHOW MalllMHbI. AJTOPUTM PabOThl CUCTEMBI YIpaBJICHUS SIBJISETCS ajall-
THUBHBIM, aBTOMATHYECKH MEPEHACTPAUBAIOLINM YCWICHHE B CUCTEME B 3aBUCHMOCTHU OT M3MEHEHUA
€€ MHepLMOHHbIX MapaMeTpoB. Ha mnpuMepe KuHeMaTHUeCKOM CXEeMbl NPHUBOAA IOABWKHOCTHIO
ajlanTepa COBPEMEHHOr0 KOpMOyOOpOouHOro koMmOaifHa MpejicTaBlieHa pacueTHas cxema JUIsi nepe-
pacueTa BeIMYMH TPeOyeMbIX CTaOWIM3HUPYIONIMX MOMEHTOB B CHIY, Pa3BUBAEMYIO THIPOIIUH-
IpOM WIM JPYTUM HUCTIONHUTENBHBIM TpuBoAoM. [IpuBeneHsl TpeOGoBaHMs K HHPOPMALMOHHOMY
TOJII0 CUCTEMBI CTaOWIM3alMy B BUIE HaOopa M3MeEpseMbIX NapaMeTpoB, AUAlla30Ha UX W3MEpPEHUM,
MECT YCTaHOBKH JATUMKOB U JIOMYCTHMBIX TIOrperHocTed mMmepennit. [Ipemnoxen HaOop Kpure-
pueB 3(PEeKTUBHOCTH U pabOTOCTIOCOOHOCTH CUCTEMBbI cTabwim3aipy. Ha oCHOBE UMCIIEHHBIX 3KC-
NEPUMEHTOB TOA00paHbl 3HAYEHMS] HACTPOCUHBIX KOIPOHUIMEHTOB CHUCTEMBl CTAOWIM3AIMU U TIO-
CTPOEHBI TMEPEXO/IHbIE MPOLECCHl M3MEHEHMsI YIJIOB IMPOAOIBHOIO HAKJIOHA M TMPOJIOJIBHOWM YIJIOBOM
CKOpPOCTH KOpIyca MpH €JUHUYHOM YyJapHOM HArpyK€HWM MaumHbl. [loka3zaHo, 4TO IpeaJioxke H-
HBI MONXON O0eCIeYnBaeT aCHMITOTHYECKYIO YCTOHYHMBOCTH PAacCMaTpUBAEMOM KoieOaTeIbHOM
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cuctembl. C IeNIbI0 OICHKH PabOTOCTIOCOOHOCTH HA OCHOBE WMMUTAIMOHHOTO MOJEIMPOBAHMS IIO-
CTPOEHBl OCIWLIOTPaMMBbl M3MEHEHHUs YIJIOB MOBOPOTA ajlamnrepa M CWI Ha IITOKE TUAPABIMYECKO-
ro IWIMHApPA TPH JIBWKEHWM KoMOaiHa ¢ BKIIFOYEHHOM CHCTEMOI cTaOWIM3aIlMy N0 TPYHTOBOM J10-
pore u ac¢anbToOETOHy C pa3IMIHBIMU cKopocTsMmu. [IpuBenena ouieHka 3pQeKTHBHOCTH paspa-
60tkn. CdopMyIMpOBaHbl YCIOBHS MOJEPHHM3AIMK CYIIECTBYIOIIETO TOKOJICHUS KOMOAMHOB ISt
UX OCHAIICHHS TPEIJIOKeHHON cucteMor ctabwnmpamm. ChopMyaupoBaHbl BBIBOJIBI M OIpEIcIie-
Hbl HAIpaBJICHUS AaJbHEUIIINX HCCIIEJOBAHMUIL

Kniouegwle cnosa: kopmoy6opounsiii KOMOAUH, NIABHOCHL X00d, CIMAOUIUZAYUSL 08U~

JHcenus, ¢ exmusHocmob, pabomocnocoOHoOCmb, Cucmema YynpasieHus, arcopumm, pac-
uemHas cxema

The work is devoted to the development of the inertial dynamic damping and stabilization of
self-propelled transport and technological machines with a mounted working body. The necessity
and possibility of improving the previously developed control equations for the stabilization system
is substantiated. The description of the approach for the synthesis of the control system is given and
the application of integral criteria for the formation of requirements for the transient processes of
the control system is substantiated. A model of optimal control is proposed. Its information area is
determined by a set of parameters measured on board of the self-propelled vehicle. The algorithm of
the control system is adaptive, automatically reconfiguring the gain in the system depending on the
change in its inertial parameters. The kinematic diagram of the drive of the modern forage harvester
adapter was taken as an example to present a design diagram for recalculating the values of the re-
quired stabilizing moments into the force developed by a hydraulic cylinder or other actuator. The
requirements for the information field of the stabilization system are given in the form of a set of
measured parameters, the range of their measurements, the locations of the sensors and the permis-
sible measurement errors. A set of criteria for the effectiveness and efficiency of the stabilization
system is proposed. On the basis of numerical experiments, the values of the tuning coefficients of
the stabilization system were selected and the transient processes of changes in the angles of the
longitudinal inclination and the longitudinal angular velocity of the body under a single shock load-
ing of the machine were constructed. It is shown that the proposed approach provides asymptotic
stability of the considered oscillatory system. In order to assess the performance on the basis of
simulation modeling, oscillograms of changes in the angles of rotation of the adapter and the forces
on the rod of the hydraulic cylinder when the combine moves with the stabilization system turned
on on a dirt road and asphalt concrete at different speeds were constructed. The evaluation of the
development efficiency is given. The conditions for the modernization of the existing generation of
combines for their equipping with the proposed stabilization system are formulated. Conclusions
are formulated and directions for further research are determined.

Keywords: forage harvester, smooth running, motion stabilization, efficiency, working
capacity, control system, algorithm, design scheme.

Jna yumupoeanusa: Cuporun [1.B. Cunre3 cucTeMbl MHEPLMOHHOM JUHAMHYECKOW CTa-

OWmBaIMK C YIpaBlIiCHHEM IO HaOOpy mapaMeTpoB, M3MEpSEMBIX HAa OOPTYy caMOXOIHOW MaIlllu-
uel /| Tpaxmopul u cenvxosmawuner. 2021, Ne 1. C. 29-39. DOI: 10.31992/0321-4443-2021-1-
29-39
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Evaluation of methods for experimental and analytical determination of the contour area
of the contact patch of a pneumatic tire with a supportbase
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IlIpeomem uccnedoeanusa J{nsi S5KONOTHUECKOM OLEHKM MOOWIHHOTO SHEPreTUYECKOro CpelicTBa
(MOBC) mpencraBieHbl pe3yabTaThl AKCMEPUMEHTOB IO OICHKE TMOTPEIIHOCTH CIIOCOOOB AKCIICPH-
MEHTAJbHOIO M PacyeTHOrO ONpeJeeHUs KOHTYPHOM IUIOLIaJM HAa NPUMEPE COBPEMEHHBIX paju-
anpHbIX 1mH 360/70R24 mon. «ben-89» u 18,4R34 mon. ®-11 cenbCKOXO3SIMCTBEHHOTO TPAKTOPa
MT3-1025.2. B pexxuMax HEHOMMHAJIBHOIO HArpyK€HHS IPH ITATHOW HArpy3Ke Ha LIMHBI U HU3MeE-
HEHHM BHYTPHIIMHHOTO JAaBJICHUS BO3/AyXa B JUama3oHe., PEKOMEHIYeMOM JJisi TIOJEBBIX paboT.
Ilenv uccnedosanun OueHka BO3MOXKHOCTH COBEPIICHCTBOBAHMS PACUETHONO METOJa Ompeaesie-
HUSI KOHTYPHOW IUIOLIA/IM ISITHA KOHTAKTa MPOTEKTOpa IIMHbI ITHEBMATHUECKOIO KOJIECA, OCHOBAH-
Horo Ha Matemartmieckor moaemu B.JI. bunepmana. Mamepuanvt u memoowt. OnicHKa TIpoOBEICHA
JUT 9eThIpeX CTIOCOOOB OMpeJesICHHs IO MATHA KOHTAKTa IIMHBL: 1) HeMmOCpeICTBEHHO M3M e-
pEeHHEM IUIOLIA/IM, UCTIONB3YS LHppoBylo (ororpadguio oTmeyaTka IMHITHA KOHTAKTa IIMHBI B cpeie
nporpamMmbl «Kompas-3D» V13 ¢ ompeneneHreM MacIITaOMpOBaHKMS W TIOTPEITHOCTH METO/IA HC-
noib3yst kBajgpaT w3 MuwumMeTpoBku 100x100 mm; 2) pacueroM 1o ¢dopMyse IUIOMAINA AIUIUANCA,
UCTIONB3YS JUIMHY W IIAPHMHY TSITHA KOHTAKTa IIMHBI, M3MEPEHHBIE PYJIETKOM HEMOCPECTBEHHO IO
MOMY4eHHOMY OTIIeYaTKy; 3) pacdyeToM, OMpejesieHHble Mo ero ImdpoBoi (ororpaduu B cpene
nporpamMbl «Kompas-3D» V13; 4) pacueTom, onpe/esieHHbIC PaCUYeTOM C HCTIONB30BAHHEM Tapa-
METpPOB YHHBepcabHON XapakrepucTuku mvHbl (Y XII). Pezyabmamut u oocyxycoenue B pesyib-
TaTe TPOBEJICHHBIX SKCTIEPHMEHTOB YCTAHOBJICHO, YTO JIJII COBPEMEHHBIX PaJIMaIbHBIX TPAKTOPHBIX
IIWH, cTaTUdecKas nedopMalmsi KOTOPhIX He mpeBbimaeT 18-22%, MOXeT ¢ TOCTaTOYHOM (IS UH-
KEHEPHOM MPAaKTUKHU) TOYHOCTHIO, HCTIONB30BATHCS CIOCOO TEOPETUUECKOrO OMNpE/IesICHUs] KOHTYP-
HOM IUIOIIA/IM TSITHA KOHTAKTa IIMHBI ¢ HMcrnonb3oBaHueM mapamerpoB Y XIII. IlomHast cxoammocThb
pacyeTHOM M HKCIIEPUMEHTAIbHOM KOHTYPHBIX IUIOMIAJCH TSTHA KOHTAKTa IMHBI MOXKET oOecre-
YUBAaThCA KOIP(UIMEHTOM HX COOTHOLICHUsA. Bwieoowt 1lpoBeneHHas oOLEHKa BO3MOXKHOCTH HC-
TOJTb30BaHMS METOJOB PACUETHOTO OMNpeEsICHHs YCIOBHOW KOHTYPHOW IUIOIIAJM IIMHBI TIOKa3ana,
9YTO 3TH METOBI BIOJHE MOTYT OBITH WCTIONB30BaH Il CPaBHUTEILHOM OLCHKHA TE€XHOT€HHOTO Me-
XaHMYECKOT0 BO3JIEMCTBUSI BIDKUTEINICH HA TOYBY.
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Kniouegwie cnosa: osusicumens, degpopmayus, Xapaxmepucmurd, cnocod, KOHmypHas
nIOWadb, ONOPHOE OCHOBAHUEC, MAKCUMAIbHOE 0A8IeHUe.

Subject of study. The results of experiments on the estimation of the error of methods of experi-
mental and calculated determination of the contour area for the ecological assessment of a mobile
energy device (MED) are presented. There was used the example of modern radial tires 360 /
70R24 of Bel-89 and 18.4R34 of F-11 agricultural tractor MTZ-1025.2. in modes of non-nominal
loading at nominal load on tires and changes in tire pressure within the range recommended for
field work. The purpose of the study. To assess the possibility of improving the computational
method for determining the contour area of the contact patch of the tire tread of a pneumatic wheel
based on the mathematical model of V.L. Biederman. Materials and methods. The assessment was
carried out for four ways of determining the area of the tire contact patch: 1) directly measuring the
area using a digital photograph of the tire contact patch in Kompas-3D V13 software with the de-
termination of the scaling and method error using a square from 100x100 mm graph paper; 2) calcu-
lation by the formula of the area of an ellipse, using the length and width of the tire contact patch,
measured with a tape measure directly from the obtained print; 3) by calculation, determined from
the digital photograph in Kompas-3D V13 software; 4) by calculation, determined by calculation
using the parameters of the universal tire characteristic (UTC). Results and discussion. As a result
of the experiments, it was found that for modern radial tractor tires, the static deformation of which
does not exceed 18-22%, the method of theoretical determination of the contour area of the tire con-
tact patch using the UTC parameters can be applied with sufficient (for engineering practice) accu-
racy. Full convergence of the calculated and experimental contour areas of the tire contact patch can
be provided by the coefficient of their ratio. Conclusions. The carried out assessment of the possi-
bility of using methods for calculating the conditional contour area of the tire showed that these
methods can be well used for a comparative assessment of the technogenic mechanical impact of
propellers on the soil.

Keywords: propeller, deformation, characteristic, method, contour area, support base,
maximum pressure.
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Development of the design of an internal combustion engine cooling system with a pre-
starting heating function
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['maBHas Tema cTaThu — pa3paboTka 3(HPEKTUBHON KOHCTPYKIMH CHCTEMBI TPEIITyCKOBOTO Pa3o-
rpeBa JBUraTessl BHYTPEHHEIO CTOPaHMsl JJISl YCJIOBUM OrpaHUYEHHOTO 3HEProcHaOKeHUs.

B TuxookeaHCKOM ToCyJapCTBEHHOM YHUBEpPCUTETE BeeTCs paboTa MO COBEPLICHCTBOBAHUIO
KOHCTPYKIMM JIETKUX KOJIECHBIX BE3JIEXO0B HAa IMHEBMATHKaX HM3KOro naBieHws. OmbITHbIE 00-
pasIpl JIETKAX KOJECHBIX BE3JIEXOIOB HCTIONB3YIOTCS B OCHOBHOM B CEIILCKOM XO3SIMCTBE M I Jie-
CONPOIYKLMOHHOTO TPOM3BOACTBA. CyYIIECTBYIOT MPEANOCHUIKH JJISI MX NMPUMEHEHU Ha Hegme- u
easonpomviciax, 6 ycirosusax Kpaiinezo Cesepa.

Hannas mexnuka sKcnayamupyemcs Kpy2avlid 200, 8 YCA08UAX NOJIHO20 OMCYMCMBUS IHeP2 O-
CHabIICeHUsL, XPAHUMCS NOO OMKDPIMbIM HeOOM, NOIMOMY NPobdIemMa 3anycka X0N100H020 08uzane-
N cmoum 00CMamo4yHo OCmpo, a meMa CO3IaHu KOHCTPYKIMM CHCTEMBI TPEIIyCKOBOTO pa3o-
rpeBa JIBC B yclOBHSX OrpaHMYEHHOro, JUOO TOJIHOTO OTCYTCTBHSI SHEProCHAOXKEHHUS SIBISCTCS
aKTyaJIbHOM.

Ileap paboTsl — pa3paboTka U HcciiegoBaHue 3(QPEeKTUBHOCTH pabOThl CUCTEMBI MPEIITyCKOBOTO
pa3orpeBa JABHUratesiss BHYTPEHHEI'O CrOpaHUsl C KHIAKOCTHBIM OXJIAKICHHUEM JUJIsl YCIIOBUI OrpaHu-
YEHHOI'0 PHEProCHAOKECHUS.

Pa3paborana coOCTBEHHas KOHCTPYKLMSI CHUCTEMbl OXJaKAeHUs C (DyHKIMEH NpeamycKOBOro
pasorpeBa Ha 0a3e OeH3MHOBOH ropeiku. s oneHKH 3pdeKTUBHOCTH Tpoliecca pa3orpeBa JIBUTa-
Tensi cxeMa OblIa coOpaHa Ha JIETKOM KoJlecHOM Beszaexofe. [IpoBeaeHbl SKCrieprMeHTalbHbIE HC-
CIEJIOBAaHUS TIO ONPEJCIICHUI0 3aKOHOMEPHOCTH W3MEHEHHS TEeMIIepaTypbl — OXJIaXKIaroIei
KUIKOCTH JIBUTATeNIsd B XOJI€ TMPEANYCKOBOIO pa3orpeBa NpU pa3MdHBIX TeMIepaTypax
OKpY)Karoueu Cpeasl.

Pe3ynbTaThl NMpOBEEHHOIO SKCIEPUMEHTA CBUIETEIbCTBYIOT O BBICOKOM 3(h(EKTHBHOCTH pa3-
paboraHHOI cucTembl Ha 0Oa3e OeH3uHOBOW ropenku. CpefHss CKOPOCTh HArpeBa OXJIaXKIaromeit
JKWJIIKOCTH JIBHTaTessl B mporiecce pasorpeBa cocraswia 2,1 — 2.8 °C B MHUHYTY, YTO TOBOPHT 00 HH-
TEHCHBHOM TEMIIe MPEJIITyCKOBOrO pa3orpesa.

Knwuesvle cnosa: npeonyckosoii pazozpes 0gusamelis, 1e2Kull KOJIeCHblll 8e30eX00, CU-
cmema oxXaaxcoenus, 20peika OeH3uHo6as, meniooOMeHHUK.

The main topic of the article is the development of an effective design for a pre-starting heating
system for an internal combustion engine for conditions of limited power supply. The work to im-
prove the design of light wheeled all-terrain vehicles on low pressure pneumatics is done at Pacific
National University. Prototypes of light wheeled off-road vehicles are used mainly in agriculture
and for forestry production. There are prerequisites for their use in oil and gas fields in the Far
North conditions.

This vehicle is operated all year round, in the absence of power supply, it is stored in the open
air, so the problem of starting a cold engine is quite important, and the topic of creating a design for
a pre-starting heating system for an internal combustion engine under conditions of limited or com-
plete absence of power supply is relevant.
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The purpose of the work is to develop and study the efficiency of the pre-starting heating system
for an internal combustion engine with liquid cooling for conditions of limited power supply.

Our own design of the cooling system with a pre-starting heating function based on a gasoline
burner was developed. To assess the efficiency of the engine warm-up process, the circuit was as-
sembled on a light wheeled all-terrain vehicle. The experimental studies were carried out to deter-
mine the regularity of changes in the temperature of the engine coolant during pre-starting heating
at different ambient temperatures.

The results of the experiment indicate the high efficiency of the developed system based on a
gasoline burner. The average heating rate of the engine coolant during the warm-up process was 2.1
- 2.8 °C per minute, which indicates an intensive pace of pre-starting heating.

Keywords: engine pre-starting heating, light wheeled all-terrain vehicle, cooling sys-
tem, gasoline burner, heat exchanger.
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Features of the operation of engine oils in a combined lubrication system “engine-

gearbox”
n.1.H. Kpoxra I'.M., G.M. Krokhta, DSc in Engineering
k.T.H. Kpym B.A., V.A. Krum, PhD in Engineering
Vcareix H.A., N.A. Usatykh,
K.T.H. Xomuenko E.H. YE.N. Khomchenko, PhD in Engineering
Hosocubupckuit 2ocyoapcmeennwviii acpapnwii - Novosibirsk State Agricultural University,
yrusepcumem, Hosocubupck, Poccus Novosibirsk, Russia
mshipo@mail.ru mshipo@mail.ru

[IpencraBieHsl pe3yabTaThl HCCIEJOBAHMNA BO3MOXKHOCTH BTOPHYHOTO HCTONB30BAHMS YacTHU
TEIUIOTHI, pacceMBaeMoON CHCTEMOI CMa3Kd JBUraTellsi B OKpYXKarollyto cpedy. s MoBBIIEHHS
3pdeKTUBHOCTH HCTIONBH30BaHUS OpPOCOBOM TEIUIOTHI MPEASaraeTcsi KOHTAKTHBIA CTOCO0 TeIuioo0-
MeHa. MccaenoBanus mokaszaim, 9TO 3TOT Croco0, He cCMOTPs HAa AP(PEKTUBHOCTH MPOIIECCOB TEIUIO-
1 MaccooOMeHa, IPOCTOTY YCTPOKMCTB JJIs €T0 peajM3alid He BCEr/la MOXKET OBITh MPUMEHUM.

[Ipy KOHTAKTHOM CIMOCOOE TPOMCXOAUT HETOCPEICTBEHHOE CMEIICHHE JBYX TEIUIOHOCUTEIICH:
rOpsSiYero M XOJOAHOTO, B pe3yybTaTe yero Ooliee 4eM B TPU pa3a CHIKAETCS KPAaTHOCTH IMPKYIISi-
MM, YTO CIOCOOCTBYET CHIDKEHHIO >KECTKOCTH YCIIOBHI pabOThI Macjia B CHUCTEME <«JIBHIaTellb-
KII». I'opsunm TermioHOCUTEeM B JAHHOM CIIy4dae SIBJSICTCS MOTOPHOE Macyio paboTaromiero JBu-
raTeds, a XOJIOIHBIM — MAacJIo TOH ke Mapku, Haxozsmieecs: B KIT Tpakropa.
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OMBUKO-XUMUYECKOW aHalM3 Mpo0 Macell, B3ATHIX B MPOIECCE AKCIUTYyaTAIMOHHBIX HCTIBITAHHI
TPaAKTOPOB, TOKA3aJl, YTO MpPH MPOJJICHAN CPOKa CIIyKObl Maclia B 00BEIUHCHHOW CUCTEME CMa3Ku
OCHOBHBIE TOKA3aTEJIM HE BBIXOASAT 3a MpejiesibHble COCTOsHU. ClenyeT OTMETUTh HE3HAUUTEJIbHOE
MPEBBILICHUE COACPKAHUA MEXaHMYECKHX MpuMecei oTHocuTenbHO ux kommaecTBa B KII cepuitHo-
IO TPAKTOpa, YTO HAMHOTO MEHbIIE NPeIeIbHOro 3HaueHus 3%.

Knwuesvie cnosa: osucamenv, kopooka nepedau, 00beOUHEeHHAs CUCEMA CMA3KU, 8513-
KOCMb, 30JIbHOCb, WeN04YHOe YUCIO, MeXAHUYecKue npumec.

The paper presents the results of studies on the possibility of recycling part of the heat dissipated
by the engine lubrication system into the environment. To increase the efficiency of using waste
heat, a contact method of heat exchange is proposed. Studies showed that this method, despite the
efficiency of heat and mass transfer processes, the simplicity of devices for its implementation can
not always be applicable.

With the contact method, there is a direct mixing of two coolants: hot and cold, as a result of
which the circulation rate is reduced by more than three times. This contributes to a decrease in the
severity of the oil operating conditions in the “engine-gearbox” system. The hot coolant in this case
is the engine oil of the running engine, and the cold one is the same oil located in the tractor gear-
box.

Physicochemical analysis of oil samples taken during operational tests of tractors showed that
when extending the service life of the oil in the integrated lubrication system, the main indicators do
not go beyond the limit states. It should be noted a slight excess of the content of mechanical impu-
rities relative to their amount in the gearbox of a serial tractor, which is much less than the limiting
value of 3%.

Keywords: engine, gearbox, combined lubrication system, viscosity, ash content, base
number, mechanical impurities.
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B craThe ormeuaeTcs, 4TO SNEKTPOHHOE YIpaBjieHHE pabOuyMMH IpoLiecCaMi B arperatax | CHu-
cTeMax aBTOMOOWIEH SBIsIeTCA OJHUM W3 3(P(EKTUBHBIX U COBPEMEHHBIX CIIOCOOOB YIyUILICHUS UX
AKCIUTyaTalMOHHBIX MapamMeTpoB. CpencTBa AMEKTPOHUKU MO3BOJSIOT YBEJIMYUTH CPEIHIOI0 CKO-
pPOCTH JBWKEHHS aBTOMOOWIEH, CHUM3HTH pPacxXo]] TOIUIMBA, YIYYIIMTh YIPaBIIEMOCTb, YCTOWY U-
BOCTb, POXOIUMOCTH U IUNIABHOCTH XOJIa, MOBBICUTH TOPMO3HBIE KauecTBa U OE€30MaCHOCTH JIBIDKE-
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HUSI, OOJIETYUTH YIIPaBJICHWE aBTOMOOWIEM.

Bce coBpeMeHHbIE 3JEKTPOHHBIE CUCTEMBI aBTOMOOWIS — IM(POBBIC, CKOPOCTH Mepeayu JaH-
HBIX — 10 1 Merabura B CeKyHIy. DTO MO3BOMSIET KaKIbIM TaTYMK MCTIONH30BATh JJISI HECKOIBKHX
cucteM. Pa3Mephl [OaTuMKOB TMOCTEMEHHO YMEHBIIAIOTCS, TOBBIIIACTCA KX OBICTPOJEUCTBUE,
HaJIe)KHOCTh M TOYHOCTh. OJHUM M3 TEPCTEKTUBHBIX IyTE€Hl COBEPIIEHCTBOBAHMS TPAHCTIOPTHBIX
CPEJICTB SIBIISIETCSl WUCTIOJIb30BAHME B KauE€CTBE BCIIOMOTaTEJIbHOM TOPMO3HOM CHCTEMBI JIBUIaTesst
BHYTPEHHETO CrOpaHUsl C 3JIEKTPOHHBIM YIPABICHHEM €r0 TOPMO3HBIM MOMEHTOM.

Paccmorpen nmatenr Ne 153 247 Ha nonesHyro mozens «BcrnomorarenbHasi TOPMO3Hask CUCTEMA
aBTOMOOWISI C ANEKTPOHHBIM YIIPaBJICHHEM», TIPOBEJCH €r0 aHAJIM3 C HCIONB30BAHHEM JHATPaMM
a3 razopacnpeneneHus. BbisBieHbl OMyIIEHHbIE B OMKMCAHWM MaTeHTa ommOku. [lpu omvicanuu
TaKTOB BITyCKa W BBIIyCKa HE YYTEHO yBEJMYEHHE O0O0beMa IWIMHApPA Ha 00BEM KOJUIEKTOpa M3-3a
OTKPBITUS COOTBETCTBYIOIIMX KJIAaNaHOB, @ TAKXKE TO, YTO JABJICHHE B BBITYCKHOM TPAaKTE OTrpaHU-
YEHO CWIOM NpeJABAPUTENILHOIO MOMXKATHUA TPYXUH BBITYCKHBIX TOPMO30B JBUTaTEIsl. DJIEKTPO-
MAarHATHBIA KJAMaH AODKEH 00JajaTh OBICTPOAEHCTBHEM HA MOPSAOK OONBIIMM IITATHBIX Kilama-
HOB M TaKOW K€ MPOMYCKHOM CHOCOOHOCTHIO, €ro MPY)KUHBI JODKHBI MMETh OOJbIIOe MpeaBapu-
TEJbHOE TIOJKATHE, YTOOBI OH HE OTKPBIBAJICS TOJ AEHUCTBHEM JaBJICHHS B PECUBEPE IITATHOM TOP-
MO3HOU CHCTEMBI.

st OpicTporo cOpoca JaBieHHs SMEKTPOMATHUTHBINA KJIamaH JODKEH MaKCUMallbHO OBICTPO OT-
PBITH OOJBIIOE MPOXOJHOE CEYEHHeE, MpeooyieBas CWIy ACHCTBYIOUIETO HA €r0 TapeiKy BBICOKOTO
napienwst B mwmmHApe (7,5 MIla) mmoc cwiy npeaBapUTENILHOTO TOKATHS KIIAMAHHBIX TPY>KUH.
[TpuBeens! GopMyibl 171 ONpeesieHUs MPOIyCKHOM CHOCOOHOCTH KilalaHa, aHaJM3 KOTOPBIX IIO-
KazaJl, YTo Uil oO0ecrieyeHus 3aJaHHOW TPOMYCKHOW CIIOCOOHOCTH KJIarlaHa IpH CHIDKEHHH BpPEM e-
HUA €TO OTKPBITUS HEOOXOIMMO TMPOTOPIFOHATIHFHO YBEJIMYMBATH BBICOTY TOABEMa AIIEKTPOMATHUT-
HOTO KJlaliaHa WM CPEeJIHUNA JHUaMEeTp, UTO HE BCETJa BO3MOXKHO.

[IpoBeneHHBIN B CTaThe aHAIM3 MOKa3as, YTO 3(P(PEeKTUBHOCTH MPEIJIOKEHHON CHCTEMBI HIDKE
3asIBJICHHOM, @ €€ CO3[JaHHEe HEBO3MOYKHO, TIOCKOJIbKY HE CYIIECTBYET AJIEKTPOMArHUTHOTO BO3YIII-
HOTO KJIATIAHA YIOBJIETBOPSIONIETO MPEIbSBISIEMBIM K HEMY B JAHHOM KOHCTPYKIMM TPEOOBAHMSIM.

Knroueswie cnosa: asmomoouns, 0sueamenb BHYmMpeHHe20 c20paHUs, MOPMO3HOL MO-
MeHm, 2JIleKMPOHHAs CUCTEMA YAPABIeHUS.

The paper notes that electronic control of work processes in vehicle units and systems is one of
the most effective and modern ways to improve their operational parameters. The means of elec-
tronics make it possible to increase the average speed of vehicles, reduce fuel consumption, im-
prove controllability, stability, passability and smoothness of driving, improve braking performance
and safety, and facilitate driving.

All modern vehicles electronic systems are digital, data transfer rate is up to 1 megabit per se-
cond. This allows each sensor to be used for several systems. Dimensions of sensors are gradually
decreasing; their speed, reliability, and accuracy are increasing. One perspective way to improve
vehicles is the use of an internal combustion engine with electronic control of its braking torque as
an auxiliary braking system.

The analysis of the utility patent No. 153 247 “Auxiliary braking system of vehicle with elec-
tronic control” is considered. Its analysis using the valve timing diagrams is made. The errors made
in the description of the patent were revealed. The description of the intake and exhaust strokes
does not take into account the increase in the cylinder volume by the manifold volume due to the
opening of the respective valves and the fact that the pressure in the exhaust tract is limited by the
preloading force of the engine exhaust brake springs. The electromagnetic valve must have opera-
tion speed of an order of magnitude greater than standard valves and the same capacity; its springs
must have a large pre-pressure so that it does not open under the pressure in the receiver of the
regular brake system.

For fast pressure release, the electromagnetic valve must open a large flow cross-section as
quickly as possible, overcoming the force of the high pressure acting on its disc in the cylinder (7.5
MPa) plus the force of pre-pressure of the valve springs. The formulas for determination of the
valve throughput capacity are given. Their analysis showed that to ensure a given capacity of the
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valve by reducing its opening time it is necessary to proportionally increase the height of the rise of
electro-magnetic valve or the average diameter that is not always possible.

The carried out in the paper analysis showed that the efficiency of the proposed system is lower
than the declared one, and its creation is impossible because there is no electromagnetic air valve
satisfying the requirements for it in this design.

Keywords: automobile, internal combustion engine, braking torque, electronic control
system.
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Beimnonsena oreHka 3(QeKTHBHOCTH pabOTHI MPENpHsATHI, N0 YOOpKEe KyKypy3bl HAa CHIOC 3a
CUET TO3WIMIOHMPOBAHWS W MOHHTOPHHIa TPAHCIIOPTHBIX cpeAcTB. [IpoBeseH pacdeT HeoOXOXMMOW
MOIITHOCTH KOPMOYOOpPOUHOTro KoMOaiHa JUisi BBINONHEHMs Oecriepe0oiHOi paboThl 00CITyKHBa tO-
X TPAHCIIOPTHBIX CPEJICTB, KOTOPBHIE OTBEYAIOT 3a TPAHCIIOPTHPOBKY 3€JIEHHOW Macchl. BhisBie-
HO HECOIJIACOBAHHOCTh MEXIY OTHE3JaMU 3arpy)KEHHbIX TPAHCTIOPTHBIX CPEACTB U MpHE3aMHU I10-
POXKHUX TPAaHCHOPTHBIX CpeAcTB. OTCYTCTBHE CpPEJACTB TNO3HMIMOHMPOBAHMS W MOHHTOPHHIA Hera-
TUBHO CKa3bIBa€TCSl Ha TPOM3BOIUTEIHHOCTH YOOPOYHO-TPAHCIIOPTHOrO mporecca. B pesynbrate
UCCJICZIOBaHM OBLIO YCTAHOBJICHO, YTO (PaKTHUYECKasl TPOM3BOAMTEIBHOCTh KOPMOYOOPOYHOrO
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KoMOaiiHa mpu yOOpKe KyKypy3bl Ha CHWIOC 3HAYMTEIHHO HIDKE, YEM TEOpeTHUECKas IPOHU3BOU-
TeNbHOCTH. [lyTeM SKCTIEpMMEHTOB OBLIO BBISBICHO NMPOCTOM KOPMOYOOPOUHBIX KOMOAHOB Ha MoO-
Je ¢3-3a HeTpaBWIHLHOM OpraHM3alMd TPaHCTIOPTHOro oOciyxuBaHus. [Ipu aHanmm3e cOCTOSHHS
napka KOPMOYOOpOYHBIX KOMOANHOB M TPAaHCIOPTHBIX CPEACTB BBISBWIOCH TPeOOBAHHS HOBBIX
MOAXOIOB B PEIICHMM TPAHCIOPTHBIX 3aj]ad, CHOCOOCTBYIOIMX KOPEHHOMY YIIydYIICHHIO TpaHC-
HOPTHOTO TIporiecca MNpu YOOpKe CIIOCHBIX KyibTyp. [lomydeHHble pacueThl M 3aKOHOMEPHOCTH
M3MEHEHUS TEXHUKO-TEXHOJOTHIECKUX MapaMeTPoOB MOTYT OBITh HCIOJIb30BAHBI JJISI MPOCKTHPOBA-
HUS HOBBIX, CIICIMAJIBHBIX CEJIbCKOXO3SHCTBEHHBIX TPAHCIOPTHBIX CPENICTB, @ TAKXKE B YOOPOUHO-
TPAHCIIOPTHOM TPOIIECCE AN OmNpefesieHiss TpeOyeMoro KONMYecTBa TPAHCTIOPTHBIX €IMHUILL, TIPH
TPAaHCTIOPTUPOBKE W3MEJIbYCHHOM 3€JI€HHOM Macchl. [lomydeHbl Ha OCHOBAHMH SKCIIEPUMEHTAJlb-
HBIX JaHHBIX 3aKOHOMEPHOCTH W3MEHEHHs o0beMa Ky30Ba TPAHCTIOPTHOIO CPEACTBA OT MAacCCHI
IpUIeNia ¥ 3aBUCHMOCTH M3MEHEHHS 00beMa Ky30Ba TPAHCIIOPTHOTO CPEICTBAa OT MAaccChl NPHUIETIA
Ipy TPAHCTIOPTHUPOBKAX 3€JICHHOM Macchl. Ha OCHOBaHMM aHajM3a CTaTUCTHMYECKHUX JIAHHBIX U TPO-
M3BOJICTBEHHOM SKCIUTyaTaI B CEJIbCKOXO3SIMCTBEHHBIX NpeanpusaTusix HoBocuOupckoil obmacTu
MMEETCS OCTpasi HeXBaTKa TEXHOJIOTMIECKOTO TPAHCIIOPTA IH €TI0 OTCYTCTBHE.

Knroueewie cnosa: xopmoybopounvlii KOMOALH, 3a20MOBKA KOPMO8, I02UCTIUKA, NO3U-
yuoHuposanue, y60pouHo-mpanCcnopmHblil NPoyecc.

An assessment of the efficiency of the enterprise for harvesting corn for silage through position-
ing and monitoring of vehicles was carried out. The calculation of the required power of the forage
harvester for the smooth operation of service vehicles, that are responsible for the transportation of
green mass, was done. An inconsistency was revealed between the departures of loaded vehicles
and the arrivals of empty vehicles. The lack of positioning and monitoring tools negatively affects
the productivity of the harvesting and transport process. As a result of the research, it was found
that the actual performance of the forage harvester when harvesting maize for silage is significantly
lower than the theoretical performance. Through experiments, the downtime of forage harvesters in
the field due to improper organization of transport services was revealed. When analyzing the state
of the park of forage harvesters and vehicles, the requirements of new approaches in solving
transport problems were revealed. These contribute to a radical improvement of the transport pro-
cess when harvesting silage crops. The obtained calculations and patterns of change in technical and
technological parameters can be used for the design of new, special agricultural vehicles, as well as
in the harvesting and transport process to determine the required number of transport units, when
transporting chopped green mass. On the basis of experimental data the regularities of changes in
the volume of the vehicle bed on the mass of the trailer and the dependence of the change in the
volume of the vehicle bed on the mass of the trailer during transportation of green mass were ob-
tained.

Keywords: forage harvester, forage procurement, logistics, positioning, harvesting and
transportation process.
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Reducing the energy consumption of the aerodynamic heating dryer
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[TepcieKTUBHBIM HalpaBi€HHEM pa3BUTHS CYIIWIbHBIX YCTAHOBOK B TEXHOJIOTHSIX NepepadoTKu
IUIO/I0BO-SITOTHOTO  CBIPbsI SIBJISIETCSl UCIOJIb30BAaHUE CYIIWIOK a’poAMHAMMYECKOro moporpesa. B
HUX peal3yeTcsl TpUHLMI TpaHChOpMalmM >JIEKTPHUECKOM SHEPruM, PacXoqyeMOH Ha TpPHBOA
LEHTPOOEIKHOTO BEHTWIATOPA, B TEIUIOBYIO SHEPTHIO 32 CUET B3aMMHOTO TPEHUS IMPKYIUPYIOIIHX
B 3aMKHYTOH Kamepe BO3IYIIHbIX MOTOKOB. IIpu 3TOM mojamisiomias 4acTh MOABOJMMOM K POTOPY
ANEKTPUUECKOW SHEPrHM PACXOAYETCS Ha TMPEONIOJICHWE a’3pOJMHAMUYECKUX MOTEPh B IMPOTOYHOM
yacTh paboyero Koneca U B CYIIWIbHOM kamepe. sl CHIDKEHMS] SHEPrOEMKOCTH MPOLIECCa CYLIKH
IyTEM CHIDKEHMS pacXo[a SHEpPruy Ha HarpeB CYIIWIHHOIO areHra B CYIIWIbHOM Kamepe Ipenasio-
KEHO YTWIM3UPOBATH TEIUIOTY OTPabOTAHHOTO CYIIWIHHOIO areHra 3a CY€T OCHAIICHUS CYIIWIKH
KOMOMHHMpPOBaHHBIM TemuiooOMeHHUKOM. OH coBMelaeT B ce0e IUIacTUHYATBhI TEIUIOOOMEHHUK U
BO3/YIIHBIN COJMHEYHBIA KOJUIeKTOp. lLlenbro mcciemoBanms sBISIICS aHaIM3 A(P(PEKTUBHOCTH HC-
TIOJIb30BAaHMS  KOMOWHMPOBAHHOTO TEIUNIOOOMEHHWKA JIJISI CHWKCHHS OHEPrOEMKOCTH  CYILIIKA
a’pOJIMHAMHMYECKOr0 HarpeBa mpu cymike s0jok. MccnenoBanach paboTa CYIIWIBHOW YCTaHOBKU
NpY UCTIONIb30BAaHUM KOMOWMHHPOBAHHOTO TEIVIOOOMEHHHKA M 0e3 ero ucronb3oBanust. J{ms ukc -
pOBaHUSI MAapaMeTpPoB CYIIMILHOTO areHra, OKPYKAaIoIIell cpeibl, pacxoia 3IeK-TPOIHEPIUH HC-
MOJIb30BAJIM  BOCbMHUKAHAJBHBIA M3MeEpUTeb-TepMoperyaTop TPM-138 ¢ nmatumka-mu TepMoco-
NPOTHBIICHUS U CUETUHK AEKTPUIECKON SHEPruM ¢ TpachopMaTopaMu TokKa. Pe3ynabrarsl uccieno-
BaHW TOKA3aJM, YTO HCIOJIH30BAHHE KOMOWHMPOBAHHOTO TEIUIOOOMEHHHKA TO3BOJIUIO TIOBBICHTH
TEMIIEpaTypy MOCTYNAIOUIETO B CYLIWIBHYI0 KaMepy CYLIWIBLHOrO areHra B cpenHeMm Ha 20 °C ot-
HOCHUTEJIbHO TeMIepaTypsl aTMoc(epHOro Bo3ayxa. bonee MHTEHCUBHBIN POCT TeMIEpaTypbl Cy-
UIWIHLHOIO areHra MNpHU HCIOJIb30BAHMM KOMOMHHUPOBAHHOTO TEIUIOOOMEHHMKA TMO3BOJIWI COKPAaTUTh
MPOIOJDKUTEIBPHOCTh CYIIIKK Ha 3 waca. Pacxom anekTposHepruy npu 3ToM yMeHbmmwics Ha 274 %.

Knroueswie cnosa: komouHUpo8aHHbIL MeN1000OMEHHUK, CYUUILIKA AIPOOUHAMUYECKO2O0
Hazpesa, dHep20eMKOCHb NPoyecca CyuKu

A promising direction in the development of drying plants in the technologies of processing fruit
and berry raw materials is the use of aerodynamic heating dryers. They implement the principle of
transformation of electrical energy consumed to drive a centrifugal fan into thermal energy due to
mutual friction of air flows circulating in a closed chamber. In this case, the overwhelming part of
the electrical energy supplied to the rotor is spent on overcoming aerodynamic losses in the flow
path of the impeller and in the drying chamber. To reduce the energy consumption of the drying
process by reducing the energy consumption for heating the drying agent in the drying chamber, it
is proposed to utilize the heat of the spent drying agent by equipping the dryer with a combined heat
exchanger. It combines a plate heat exchanger and a solar air collector. The aim of the study was to
analyze the efficiency of using a combined heat exchanger to reduce the energy consumption of an
aerodynamic dryer when drying apples. The operation of the drying plant was investigated with and
without a combined heat exchanger. To record the parameters of the drying agent, the environment,
and the consumption of electric energy, an eight-channel TRM-138 thermoregulator meter with
thermal resistance sensors and an electric energy meter with current transformers were used. An
eight-channel TRM-138 thermoregulator meter with thermal resistance sensors and an electric en-
ergy meter with current transformers was used to record the parameters of the drying agent, the en-
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vironment, and the consumption of electric energy. The research results showed that the use of a
combined heat exchanger made it possible to increase the temperature of the drying agent entering
the drying chamber by an average of 20 °C relative to the ambient air temperature. A more intensive
increase in the temperature of the drying agent when using a combined heat exchanger made it pos-
sible to reduce the drying time by 3 hours. At the same time, electricity consumption decreased by
27.4%.

Keywords: combined heat exchanger, aerodynamic heating dryer, energy consumption

of the drying process.
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B cTtaTbe mpoaHanM3MpOBaHBl PE3yNbTATHl M3MEPEHHUS YCIIHA, HEOOXOAMMOTO ISl pa3pylieHuUs
TOJICOXIIIEOro CTE0IsI MaJMHBI MOCPEICTBOM MONEPEYHOro BO3ACHCTBYS HA Hero. B kauecTse Bapu-
aHTOB OINbITA KCIOJIb30BAJIU TEpepe3aHe cTeOIIs C ONopol B OJHOM U B IBYX TOUYKAaX, a TAKKE €ro
riepeslaMbIBaHie NPU paccTosHUM Mexay onopamu 30 u 54 MM. YcTaHOBIEHO, YTO YCWIME Ha pa-
06odeM opraHe JIMHEHWHO 3aBHCHUT OT nuameTpa cTebus. [lonTBepkaeHa cyiecTBeHHasi 3aBUCHMOCTD
HEOOXOAMMOro ycwius OT croco0a BO3JEWCTBUS Ha MaTepHall. BbIsBIeHO, UTO ycwive mepepesa-
HUSI TIOAICOXILETO CTeOJIl CYIIECTBEHHO BBINIE YCWIMS, HEOOXOAMMOro Il €ro IepesaMbIBaHU.
Jlnst ocymiecTBIeHUsI Tporecca MepesiaMbiBaHusl MpeioKeH paboumii oprad B BUIE TNapbl TOPU30H-
TaJIbHBIX JBEHAALATWIONACTHBIX POTOPOB, CMOHTHUPOBAHHBIX C pPaJMaJIbHBIM MEPEKPBITUEM MEXKIY
HUMU Ha BEJMYMHY, IPUMEPHO PABHYIO PACCTOSHUIO MEXKIY HAPYKHBIMH KPOMKaMH COCEIHHUX JIO-
nacted. [Ipu aToM poTopbl nOWKHBI MMETh auaMeTp nopsaka 200 — 210 mMm. Kpome Toro, onu
JOJDKHBI OBITH CHAOKEHbI CHHXPOHHBIM TIPUBOAOM U CABMHYTHI TIO (ha3e Ha yrol 15°. B pe3ynbTaTe
MozemmpoBaHus (a3 paspyulieHus cTeOJisl MolepedHsIM TMepeslaMbIBaHUEM TOIy4€Hbl CHWIOBBIE U
SHEpreTUIEeCKHe mapaMeTpsl npouecca. [Ipu mimHe poropa OfMH METP M OJHOBPEMEHHOM HM3MEIIb-
yeHun 25 ctebiieil cpeHsisi MOILIHOCTh, HeoOXonuMas Ui ero mpuBoja, coctaBisieT 9,3 kBt, mpu
BEPOSITHOCTH THMKOBBIX 3HaueHUd B 16,4 kBT. IIpy mpoYHOCTHOM pacyeTe ClIeyeT YYUThIBaTh, YTO
Ha BaJl poTOpa B BEPTHKAJbHOM IUIOCKOCTH ACHCTBYET paclpelielieHHasl Harpy3ka BeJIMYMHON /10
12400 H, a B ropm3oHTaJbHONM IUIOCKOCTH paclpejiesieHHas Harpy3ka BesmumHou 2750 H. Makert-
HBII 00pazel M3MeNbYUTeNs ObLI UCTIFITAH U MOATBEPAI CBOIO pab0oTOCTIOCOOHOCTb.

Knroueesnie cnosa: MajluHa, cme6/m, Ymuausayusl, usmelb4eHue, pe3arue, nepelamobléa-
HUe, OHepcoemMKoCmo
The article analyzes the results of measuring the force required for the destruction of a dried

raspberry stem by means of transverse action on it. There was used as a variant of the experiment
the cutting of stem with support at one and two points, as well as breaking it with a distance be-
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tween the supports of 30 and 54 mm. It was found that the force on the working body linearly de-
pends on the diameter of the stem. The essential dependence of the required force on the method of
action on the material was confirmed. It was revealed that the effort to cut a dried stem is signifi-
cantly higher than the effort required to break it. To implement the breaking process, a working
body in the form of a pair of horizontal twelve-blade rotors mounted with a radial overlap between
them by an amount approximately equal to the distance between the outer edges of the adjacent
blades is proposed. In this case, the rotors should have a diameter of about 200-210 mm. In addi-
tion, they must be equipped with a synchronous drive and shifted in phase by an angle of 15°. As a
result of modeling the phases of the destruction of the stem by transverse fracture, the force and en-
ergy parameters of the process were obtained. With a rotor length of one meter and simultaneous
crushing of 25 stems, the average power required to drive is 9.3 KW, with a probability of peak val-
ues of 16.4 KW. When calculating the strength, it should be taken into account that a distributed
load of up to 12,400 N acts on the rotor shaft in the vertical plane and a distributed load of 2,750 N
acts in the horizontal plane. A prototype grinder was tested and proven to work.

Keywords: raspberries, stems, disposal, chopping, cutting, breaking, energy consump-

tion.
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