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KOHCTPYUPOBAHMUE, UCIIBITAHUSI,
MPOU3BOJACTBO U JIU3AVH TPAHCIIOPTHBIX CPEJICTB



YIAK 378.1:631
PA3PABOTKA PYKOBO/ICTBA 110 Y®®EKTUBHOM
OPI'AHM3ALIMA UHTEI'PALHUU COTPYIHUYECTBA
BBICIIEI'O OGPA3OBAHMS 1 ABTOMOBWJIBHOM
MHNPOMBIIJIEHHOCTHU PETNOHA

DEVELOPMENT OF GUIDELINES FOR THE EFFECTIVE
ORGANIZATION OF THE INTEGRATION OF COOPERATION
BETWEEN HIGHER EDUCATION AND THE AUTOMOTIVE
INDUSTRY IN THE REGION

Hasunosa /I. T., llokuposa C., Anmaraes T. O., Kocumos U. C.,
AHIMKaHCKUH HHCTHTYT 9KOHOMUKHU M CTPOUTEIHCTBA,
AHAMKAHCKUN MaIIMHOCTPOUTENbHBIA HHCTUTYT, Y30EKUCTaH
D. Davidova, S. Shokirova , T. Almataev, I. Kosimov,
Andijan Institute of Economics and Construction,

Andijan Machine-Building Institute, Uzbekistan

Paccmompenvt 6onpocul unmezpayuu 06pazo8anust U NPouU3800Cmed,
paspabomana pykogsoocmea no 3¢@hgeKkmusHoll opeaHuzayuy uHmezpa-
Yuu compyoHUu4ecmea 8ulcuieco 00Paz08aHus U NPOMbIUIEHHOCIU pe-
euona. Yrazano, umo 6 06513amenvHoM nopsoKe O0JICHbL NPUCYIMCINEO-
6amb NPeOnpusimus OMpPaciesblix Opalgepos IKOHOMUKU pecuona. /lasice
npu OMCYmcmeuu 2apanmuii. mpyooycmpoucmed OMmHOCUMENbHO MOl
2PYNNnblL 8bINYCKHUKOS, Y HUX OYO0em 6blCOKAs 2apanmus NOnAcmby HA pa-
bomy 6 Opyaue ananocuyHvle NPEONPULMUL OMPACTU.

The issues of integration of education and production are considered,
guidelines for the effective organization of integration of cooperation
between higher education and industry in the region are developed. It is
indicated that enterprises of the sectoral drivers of the region's economy
must necessarily be present. Even if there are no job guarantees for this
group of graduates, they will have a high guarantee of getting a job at
other similar enterprises in the industry.

Knwouesvie cnosa: unmezpayus, 06pazosanus, npousgoocmed, pyKo-
800CEa, cCOMpPyOHU4eCmed NPOMbIULIEHHOCHb.

Keywords: integration, education, production, leadership, industry
cooperation.



BBEJIEHUE

Y30eKkucTaH B HACTOSIIMN MTEPHOJ] AKTUBHO PEATU3yeT MOJIUTUKY T10-
BBHIIIICHUS] YPOBHSI KOHKYPEHTOCHOCOOHOCTH CTPaHbl HA OCHOBE TEXHH-
YEeCKOTO M TEXHOJIOTMYECKOTO MPOpPHIBa B OTPACISIX PEATBHOIO CEKTOpa
SKOHOMUKH. JIMIUPYIONIYIO POJIb B 3TOM MpoIiecce AOKHO UTPaTh Ma-
NIMHOCTPOCHHUE, Pa3BUTHE KOTOPOTO SIBISCTCS CHMBOJIOM WHJYCTPHANb-
HOT'O TIporpecca CTpaHbl. YUUTHIBAS OMBIT MEPEJOBBIX H IKOHOMUYECKU
Pa3BUTBHIX CTPaH, HAJ0 HApalMBaTh MAIIMHOCTPOUTEIILHYIO MPOMBIIII-
JICHHOCTh, JJAHHOE PEUICHUE 00ECTICYHUT TEXHHUECKOE MEPEBOOPYKEHHE
BCEH MPOMBITTUICHHOCTH Kaxkapie 10 mer.

HUHTETPALIMU COTPYAHUYECTBA BBICIHIEI'O OBPA3OBAHUSA
1 ABTOMOBMJIbHOM ITPOMBIIIJIEHHOCTH Y3BEKUCTAHA

B 3KOHOMHYECKH-Pa3BUTBIX CTpPaHaX JdOJS MalldHHOCTPOUTEILHOM
MPOMBIIIUIEHHOCTH cocTaBisieT oT 30 mo 50 % obmero oobema BEITyCKa
MIPOMBIIIUIEHHOW TIPOAYKIINH, Yepe3 TOCYIapCTBEHHYI0 KOMMIaHUs «Y3a-
BTOCAHOAT» YK€ JIOKATMU30BaH DA MHUPOBBIX OPEHIOB B DPa3IMYHBIX
CerMeHTax, BKJrouas JierkoBbie aBTomoOunu u LCV (General Motors),
rpy3oBuku (MAN, ISUZU) u aBTo0ych (ISUZU) [1, 2].
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Wnterpanms obpa3oBaHusi, HAYKH W MPOU3BOJICTBA, COBMECTHOE HC-
[0JIb30BaHUE MOTCHUHANA O00pa30BATENIBHBIX, HAYYHBIX WU IPOU3BOA-
CTBEHHBIX OpraHM3allil CTPOUTCSA Ha B3aUMHBIX MHTEpPEcax M OTBEYAET
CTPaTErnYeCKUM LIENIIM BCEX YYaCTHHKOB JaHHOTO IpoOIlecca, B IEPBYIO
ouepenb, B cepe MOArOTOBKM M NMOBBIMICHUH KBAIH(UKALMK KaapOB,
a TaKke OpraHU3aIlil COBMECTHBIX MCCIIEZIOBAHWN W BHEIPEHWH HWHHO-
BaIlMOHHBIX TeXHONOruH [4, 5].

B3anMmopeiicTBue YHHUBEPCUTETOB, OM3HECA U BJIACTH MOPOAMIIO Pa3-
JUYHBIE MEXaHU3MBI U (POPMBI COTpyIHUYECTBA. B 3apybexHoi murepa-
Type UMEETCsI MHOYKECTBO CTaTel, MOCBAIMIEHHBIX U3YUEHHIO MTO0JI00HOTO
poJla MEXaHHU3MOB, B OCHOBE KOTOPBIX JIEKUT MOJIENb TPOMHOHN crupanu
(mamp. Lui, Huang, 2018; Basco et al., 2021). AHanu3 eBpOMEHCKOro
OTIBITa B3aMMOJEHCTBHS YHHBEPCUTETOB M OW3HEC-COOOIIECTBa MpHUBE-
neH B (CenynoB, CenyHoBa, 2011). UHTerpanuoHHbie IpoLEcchl HMEIOT
IIMPOKUH CIIEKTP Pa3IMYHBIX HaNpaBiICHUH AEATEIBHOCTH U IIPOSBIIS-
IOTCS B CaMBIX pa3HOOOpa3HbIX ¢opmax. Paspaborka m peanmzanus
CTpaTeruy B3aWMOBBITOJHOIO COTPYIHHMYECTBA IMPEANPUITHH U BY30B
BBICTYIIAET BasKHEHIIEH NMPEANOCHUIKON yCIIEIIHON AeSITEIbHOCTH 00enX
cTopoH. CTpaTermyeckoe MapTHEPCTBO TaeT BO3MOXKHOCTh: HMOBBICUTh
KayecTBO 00pa3oBaTENILHOIO Mpoliecca B By3e, cO37aTh MPUHIIUIHAIBLHO
HOBBIE  YCIIOBHS JUIS  Hay4HO-HCCJIENOBAaTENbCKOH W ydeOHO-
METOANYECKOH paboThl IpenoaaBaTesiedl U yJammxcsl, yBeJIMIUTh 00be-
Mbel HUP (Hay4Ho-mccienoBarensckas paboTa) U JOXOIOB, TOTYYaeMbIX
0T peanu3allid 00pa3oBaTENBHBIX MPOrpaMM JOMOJHUTENBHOTO TMpO-
(eccnoHanbHOrO 00pa30BaHNUs, B TOM YHCIIE KOPIIOPATUBHBIX.

Criernanuzanusi TOATOTOBKH CTYJIEHTOB TOJ| HY)XIBI KOHKPETHOTO
NPEANPHUITUS MOXKET OCYLIECTBIISATHCS pa3HbIMHU criocobamu. Tpanuim-
OHHBII MOAXO0J COCTOMT B CO3/laHMM B caMoM BVY3e cnennanusmpoBas-
HOI'0 y4eOHO-IPOM3BOJCTBEHHOIO IIEHTPA, OPUEHTUPOBAHHOI'O Ha CIIe-
UKy paboTHl Ha IPEANPUATHH-TIApTHEPE.

OKcnepTHas IpyMnna BelIeNnia 3 OCHOBHBIX 1Iara.

IlepBplii mar: HE0OXOAWMO OCYIIECTBIJIATH HNPOQOPUEHTALUIO IS
ITKOJIBHAUKOB OTHOCHUTEIRHO Tpodeccuit AHIMMU, HEOOXOIUMBIX IS
Oynyueit pabotel Ha AO «UzAuto Motors», a Taxke B JaidbHEHIIEM Op-
raHn3oBaTh (aKyJIbTETHl TOBY30BCKOM IMOATOTOBKU, KOTOPHIE B CBOIO
ouYepelb TOTOBAT MIKOJIBHUKOB K IMMOCTYIUIEHUIO B YHUBEPCHTET;

Bropoit mar: B8 ALaAMU Heo6xonnMo OpraHu30BaTh y4eOHBIN Mpo-
uecc ¢ yuactueM «UzAuto Motors». [ljist 3TOro Ha TEppUTOPUM YHUBEP-
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CHUTE€Ta PEKOMEHIYETCsl CMOHTHPOBaTh 00OpyIOBaHHE, IOJHOCTHIO
WUICHTUYHOE TOMY, YTO HCIIONB3yeTCs Ha caMoM 3aBone. O0opymoBaHme
Ha TEPPUTOPHUU YHHBEPCUTETa OYJET MCIONb30BAThCS, BO-TIEPBBIX, AJIS
00y4YeHUsI CTYJCHTOB, a, BO-BTOPBIX, JUIS U3TOTOBJICHUS UMHU U COTPY/-
HukamMu AHIMMU netanei, HeOOXOMUMBIX IS TIPOMU3BOJCTBA KOHETHBIX
mnemuit «UzAuto Motorsy. COOTBETCTBEHHO B Y4YeOHOM TIpoIecce
YYacTBYIOT COTPYJHHMKH 3aBOJa M IperojaBaTeilu yHuBepcutera. s
CTYJIEHTOB TIOCJIETHUX KypCOB HampaBleHHsS «MaIluHOCTPOCHHUS» pe-
KOMEHJIyeTCS OpraHU30BaTh TEOPETHUYECKHE U MPAKTHYECKHE 3aHATHS C
yueTroM crenudukn pabotel 3aBona. OOyuenwe Oynymieir mpodeccun
MPOMCXOAMNT KaK Ha CaMOM 3aBOJie, TaK M B y4eOHOM IIEHTpe By3a. JTO
MO3BONUT BHITycKHWKaM AHIMW mnpuiitn Ha paboty B «UzAuto
Motors» He HOBUYKaMH, a YK€ TOTOBBIMH CIIEIIHATACTAMHU.

Tperwii miar: B By3e PEKOMEHIYeTCS OPraHHM30BaTh CIEIHATbHBIC
KJIACCHI JIJIsl TIEPETIOATOTOBKH CIIEIHATIICTOB HeoOXoauMbIxX it «UzAuto
Motors». B manHOM citydae yHUBEpCUTET OyIeT OpaTh Ha ce0s TOTIOTHHU-
TENBHYIO OIIHIO 10 MOATOTOBKE KaipoB MO pabouylM CIEHUATBHOCTSM.
JlarHas Mojenb Takke OyAeT COOTBETCTBOBATH IUIaHY By3a MO WHTErpa-
UM C TPOMBINUICHHBIMU TpeAnpuaTusmMu. Crenuaru3upoBaHHbBIC IIEH-
TpPBI Ha TUIOMIAAKE BY30B OyAyT 0COOEHHO (P (EeKTHUBHBI, KOTJa OHU NpPH-
MyT (QOpMy TEXHOMAPKOB JUIi MHOTHX MPEIIpUATHH-TIAPTHEPOB. ITO
HalpaBJIeHNE WHTETPAIll TPOW3BOJICTBA W OOYUYECHHUS SIBIISETCS JIOCTa-
TOYHO TIEPCTIEKTUBHBIM U OYAET MPOA0IDKATh pa3BUBAThCS [6—9].

DkcnepTHas Tpylna B Xoae GpopcalT-uCcCleI0OBaHUsI pEKOMEHI0BaIa
HOBBIH METOJ] MHTETPAIliH By3a C MPOMEBIIIICHHOCThIO. B maHHOM City-
Yae MperoaraeTcsi MepecMoTp yUeOHBIX MPOrpaMM B COOTBETCTBHH C
MOJENBI0 «2+2+2», T. €. CO3AaHue IBYXJIETHUX oOummx (0a30BbIX, QyH-
JMAMEHTaJIbHBIX) ¥ JBYXJICTHUX CICHHUATH3UPOBAHHBIX (TPAKTUKO-
OpHEHTHPOBAHHBIX) TIPOTPaMM [T OakamaBpuaTa W CO3/IaHUE JBYXJIET-
HUX TPOJBUHYTHIX (Y3KOTPO(UIBHBIX) IPOTPaMM ISl MarUCTPaTyPHI.

B manHOM cnydae moapasyMeBaeTcs, YTO B HOBOM MOJENH Mpenoja-
BaTENBCKHUIA COCTaB JOJDKEH OBITH pa3elieH Ha HECKOIBKO KaueCTBEHHO
pasHbIX Tpymn paboTHUKOB. I[lepBas JOMKHA COCTOSTH M3 KaJpOBBIX
(kadenpalIbHBIX) COTPYIHUKOB By3a, KOTOPbIC OYAyT BECTH TPaJUIIUOH-
Hbele (0a30BbIC) MUCIMILIMHBI B TEYCHHE IMEPBBIX JBYX JIET OOy4eHUs
CTy/IeHTOB OakamaBpuata. JlaHHas Tpymma MpenomaBareieii JohKHA
OUYCHb XOpOLIO BJAJETh COACPKAaHHEM MpPernoJaBaeMoro Marepuana U
0o0nanaTh MEAarorH4eCKUMA W METOIWYECKHMMH HaBBIKAMHU JUIS TIOBEI-
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IIeHUs] KayecTBa Mojadu yuyeOHoro martepuana. HaydHeie TpeOoBaHUS K
JTAHHBIM Pa0OTHHKAaM MOTYT OBITh MUHUMaJbHBIMH. BTOpas rpymma mpe-
nojaBarteneit ToKHA COCTOATh U3 MpenojaBaresiei-IpakTUKOB, KOTOpPhIe
CIOCOOHBI KOHKPETU3UPOBATh 0a30BbIEe 3HAHWSI NPUMEHHUTEIBHO K OIpe-
JICJICHHOM CIIEUMAalbHOCTH HAa ONpPEAETICHHBIX MECTaX MPOXOKIACHUS CTY-
JIEHTaMH TPaKTUKU. 1 3TOM rpynmbl KaapoB Hay4YHbIE TPeOOBaHUS MO-
ryT 6I)ITI) HEBBICOKUMU TIPpU YCIIOBHUHU COJIMAHOTO IMPAKTHUYCCKOT'O OIIbITa
PaboTHI IO COOTBETCTBYIOIIEH CIIEMAIBHOCTH. DTH MPEnoiaBaTesld IpH-
3BaHbI 00ECIIEYUTE CIICHUAJIM3NUPOBAHHEBIC 06yquI/Ie CTYACHTOB B TCUCHUE
MOCJIEIHUX JIBYX JIET OakaiaBpuara. JTH K€ JIMIa JOJDKHBI KypUPOBAaTh
MIPOXOXKACHUE CTYJCHTaMU MPAKTUKH, KaK BHYTPHU BYy3a, TaK U 3a €ro mpe-
nenamu Ha 3aBonax «UzAuto Motors». TpeTebs rpynna npernoaaBarenen
JIOJDKHA 00ecTieunTh 00y4YeHre CTYAEHTOB B MarkCTPaType, Ui Yero OHU
JIOTDKHBI COOTBETCTBOBATH BEICOKUM HAYYHBIM CTaHAapTaM WX 00JalaTh
BBICOKMMH IIPAKTUKO—OPUEHTUPOBAHHBIMHU KOMIIETCHLIUSAMU.

B JaHHOM CJiy4dae€ IrJiaBHbBIM 3JIEMCHTOM AOJDKHO CTAaTh TOTaJIbHOC BBEC-
JieHre 0a30BBIX Ka(ep, a BCE BBIMYCKHBIC paOOTHI JIOJIKHBI TOTOBUTHCS U
3aIUIIATHCS TOJBKO HA HUX C HEMPEMEHHBIM y4acTHEM IpelcTaBUTeNei
«UzAuto Motors». BHyTprnyHUBepcuTeTcKie kKadeapsl MOTYT 3aHIMAThCS
BBIITYCKHUKaMHU OakalaBpuaTa W MarkcTpaTrypsl TOJBKO MPU YCIOBHU
HaJIUYMs B UX apCeHalle PealbHOTO MPOU3BOACTBA UM HAYYHBIX LEHTPOB
C COOTBETCTBYIOIIMM TEXHOJIOTHUYECKIM OcHameHneM. CoOcTBeHHas 6a3a
BY30B B BUJI€ TEXHONIAPKOB WJIH APYTUX (hOPM MHTETPAITU 00pa30BaHUS C
IMPOMBINUICHHOCTBIO IMMO3BOJIACT T'OTOBUTH CIICHHUAJIUCTOB C YUCTOM peajib-
HBIX HAYYHO-IPOU3BOJICTBEHHBIX TEXHOIOIHH.

Kak 6p170 cka3zaHO BBINIE, TAPaHTHA TPYAOYCTPOHCTBA BBITYCKHUKA
By3a IOCJIe YCIEUIHOTO OKOHYaHUs, OyJeT INIaBHOH MOTHBALMEH IMOIyY-
YEeHUs BBICIIETO 00pa30BaHUs. B CBSA3M ¢ 3THM YHUBEPCUTETHI TOJKHBI
MEPEXOTUTh TIPEHMYIIECTBEHHO Ha IeJeBOd o0ydeHHe, KOTOpOoe H3Ha-
YaJbHO TAPaHTUPYET TPYAOYCTPOMCTBO cTyneHTY. IIpu 3TOM HE0OX0a1-
MO cTpeMuThes, 4To0bl «UzAuto Motors» 1mo BO3MOKHOCTH y4acTBOBAJ
B MIPOLECCE OpraHU3aluy MPAKTUKU U CTaXXUPOBKU cTyaeHTa. [lomumo
aTOTO, pabora 0a30BEIX Kadeap B pa3HBIX (opMax IO3BOJIMT €CIH HE
BCEM, TO 3HAQUUTEIbHOM YaCTH BBITYCKHUKOB TPYJOYCTPOUTHCS
B «UzAuto Motorsy, mpuyeM 3TOT «Ipu3» OyAET MOPOXKIATh Pa3yMHYIO
KOHKYPEHIIUIO CpeIr CTYIEHTOB ¢ COOTBETCTBYIOIIMM POCTOM KadecTBa
IMOATrOTOBKHU BBIITYCKHUKOB.



3AKIIIOYEHUE

Cpenn 6a30BBIX Kadeap B 005S3aTEeIHLHOM TOPSAKE JOJKHBI IPUCYT-
CTBOBAaTh IPEANPUATHS OTPACIEBBIX APAaBEPOB SKOHOMHUKU PErHMOHA.
Jlaxke mpu OTCYTCTBHH TapaHTHI TPYJOYCTPOUCTBA OTHOCHTEIBHO 3TOM
TPYMIbl BBITYCKHUKOB, Y HUX OYyJIET BBICOKAsi TAPAHTUS MOMACTh Ha pa-
00Ty B ApyTHE aHAJOTHYHBIE TPEANPUATHS OTPACIH.
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CospemeHnHblM MPeHOOM 8 MUPOBOM AGMOMOOUIECMPOEeHUL ST -
CA OCHAUjeHUue MPAHCHOPMHBIX CPEOCm8, U 6 NePayIo oYepedsb INEeKMpo-
Mobunell, 8bICOKOMEXHONOSUUHIMU UHMENEKMYAIbHBIMU CUCTHEMAMU
nomowu 600umento 01 obecneueHus 0E30NACHOCMU OOPONCHO20 O8U-
JHCeHUSL U NOBGLIUUEHUS IHEPLOIPPeKmusHocmu 8 npoyecce IKCHIYAMa-
yuu. OOHOU U3 MAKUX CUCMeM ABIAEMCs Aa0anmueHas cucmema aemo-
MAMUYecK020 NOO0ePIICAHUsI CKOPOCTU WU, MAK HA3bl8AeMblll, adan-
musHulll Kpyus-koumpoiv (AKK), komopblii agmoHOMHO KOHMPOIUPYem
3A0AHHYI0 600UMENeM CKOPOCHb 08UICeHUs. U Nodoepiicusaem beszonac-
Hoe paccmosiHue 00 6nepedu uoywe20 MmpaHcnopmmo2o cpedocmed. B
cmamve paccmampusaemcs mooeauposanue cucmemvl AKK nepeone-
NPUBOOHO20 N1e2K08020 dnekmpomodunss VFe34 ¢ ucnonv3osanuem Ha
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NPOSPAMMHOM YPOSHE CYOMOOeau KOHMPOLIEPA NPeGeHmugHo20 ynpaeg-
nenus  (ITY-konmponnep). [Junamuueckas Mmooenb IAEKMPOMOOUTS,
npeocmasnennas ou@@epenyuanvHolMy YPasHeHUsMU, BbiCmMYnaem 6
Kauecmee 0O0vekma ynpaeienus 0Jis eupmyanvho2o koumpoianepa AKK.
Ha ocnose s3apanee 3a0annozo 6e30nachozo u hakmuiecko2o paccmosi-
HUs 00 8nepeou uoyuje2o ademomoous, sHceraemoll u mexyuetl TuHetHou
cKopocmu mpanchopmuozo cpeocmea I1Y-xonmponnep paccuumviéaem
napamempul ynpasgienus 0 cucmemovl AKK, komopas 6 ceoio ouepeos,
63AUMOO0CUCMEYYSL C DIJIeKMPOHHLIMU OIOKAMU YNPABTIEHUS MA206bIM
IAEKMPONPUBOOOM U AHMUOIOKUPOBOUHOU CUCMEMOLU MOPMO308, Pop-
mMupyem ynpasisrowue 6ozoeicmeus Ha mooyasimopwvi ABC unu uneep-
MOP ACUHXPOHHO20 IJIeKMPOoOsuzameis npueooa eeoyuux xoiec. Ompa-
bomKa aneopumma Ynpasienust CKOPOCMHbIM PEHCUMOM IAEKMPOMOOU-
s C yuemom paxmuueckoeo paccmosnus 00 Gnepeou Uoyueo
ABMOMOOUNIL OCYUWECMEISLACh HA SUPTYATbHOM MAPUipyme, UMUmupy-
IoWeM CYeHapull OBUICEHUsT NO MUNOBOU CKOPOCHHOU A8MOMASUCTPA-
au. Pezynomamol ucciedosanust noOmeepiicoaiom 6blCoKyio d¢ghghexmus-
Hocmb cucmemsl AKK npu ynpaenenuu asmomobunem 6 asmoHoOMHOM
pedicume, obecneuusaroueli 3a0annbvle 00UMeNeM CKOPOCMHble Napa-
Mempbl 08UdNCEHUS U CODTII0OEHUe NPABUTL OOPOICHOU OE30NACHOCTIL.

The modern trend in the global automotive industry is to equip vehi-
cles, and primarily an electric vehicles (EVs), with Advanced Driver As-
sistance Systems (ADAS) to ensure traffic safety and enhance energy
efficiency during operation. One notable system among these is the
Adaptive Cruise Control (ACC), which autonomously controls the vehi-
cle's speed set by the driver and maintains a safe distance from the pre-
ceding vehicle. This paper focuses on modeling the ACC system of front-
wheel drive passenger electric vehicle VFe34 with using the Model Pre-
dictive Controller (MPC) at the software level. The EV’s dynamic model,
represented by differential equations, is presented as the object for the
virtual ACC controller. Based on the preset safe and actual distance to
the vehicle in front, the driver desired and current vehicle velocity, the
MPC controller calculates the control parameters for the ACC system,
which in turn, interacting with the ECU of the electric traction drive and
anti-lock brake system, generates control actions to ABS modulators or
asynchronous electric motor inverter of the driving wheels. Control al-
gorithm testing of the EV speed mode, taking into account the actual dis-
tance to the car in front, was carried out on a virtual route simulating a
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driving scenario on a typical highway. The results demonstrate that the
ACC system effectively controls in autonomous mode the host vehicle,
adhering to driver desired parameters and road safety regulations.

Kniwouesvie cnoea: snexmpomoOunv, uHmMeLIeKmMyanbHdas cucmema
noMoOwu 800UMento, A0anMUEHbLI KPYU3-KOHMPOIb, KOHMPOLLEDP npe-
BEHMUBHO20 YNPABTEHUS, UMUMAYUOHHOE MOOEIUPOSAHUE.

Keywords: electric vehicle, advanced driver assistance system, adap-
tive cruise control, model predictive controller, simulation.

INTRODUCTION

Control techniques play an important role in the application of ACC
systems to electric vehicles. In the study [1], a fractional step-reference
adaptive controller in the ACC system on electric vehicles is introduced.
On the other hand, Toroman et al. [2] used the PID-controller to build a
model of the car ACC system. Meanwhile, Xu et al. [3] presented an
adaptive cruise control strategy based on the Hierarchical Framework.
However, a significant portion of ACC research using the MPC frame-
work does not consider vehicle dynamics, which most influence on vehi-
cle’s energy efficiency. This paper addresses this gap by developing an
MPC algorithm, focusing on the design of the control algorithm through
the modeling of the control system. In establishing a simulation scenario
on the highway, the behavior of the preceding vehicle is also delineated
using a similar vehicle model, incorporating acceleration changes to en-
hance the realism of the scenario.

The first section of this paper focuses on building EV models, which
include vehicle longitudinal dynamics submodels, electric motor sub-
models, wheel submodels, braking and driving models. Then applying
the MPC, the second section builds the ACC model. Subsequently, simu-
lation is conducted under highway conditions to explore the interdepend-
encies among acceleration, velocity, and the gap between the host vehi-
cle and the lead vehicle. The outcomes of these simulations form the ba-
sis for assessing the efficacy of the ACC system in electric vehicles and
its practical suitability in real-world scenarios.

METHODOLOGY

The methodology employed in this research involves a simula-
tion-based approach, wherein the model is segmented into three key
components: ACC model, driving model, and longitudinal dynamics
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model (fig. 1). The research object used in the article is the VFe34

electric vehicle.
Driving
Model

Longitudinal Velocity

Relative
Distance

Longitudinal
Dynamics
Model

Speed Value Pedal Signal

Figure 1 — Interaction diagram of EV’s model key components

The study constructs a representation of the ACC model, integrating
MPC methodology. This model is designed to regulate the vehicle's
speed effectively and maintain a safe following distance from the lead
vehicle.

The driving model links the ACC and longitudinal dynamics models,
capturing the interplay between the control system and the vehicle's re-
sponse. It incorporates the ACC input and transforms it into commands
that govern the pedal’s signals.

ELECTRIC VEHICLE MODELING

Based on prior research in electric vehicles [4, 5], the paper presents
the methodology for constructing a dynamic model of a front-wheel-
drive electric vehicle based on the vehicle's dynamic equations.

Vehicle Longitudinal Dynamics Submodel. From [4-5], the longitu-
dinal dynamics of the vehicle is given by:

i
(m+me).V:(F;cf+F)a)_(F)f+Frr+F)"7an+ELC)9 (1)
where
1 .2 2 )
m, =r—2(JfW,, SR S R ST A B 2)
wh

The parameters represented in (1) and (2) are: m and m, represent the
vehicle mass and rotating parts mass refers to the wheel, F  and F, is

the front wheels and rear wheels traction or brake force (fig. 2), £}, is
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the slope resistance with slope angle o, F,, and F), are rolling resistance
at front wheels and rear wheels respectively, F, . is aerodynamic drag.
J s 18 the inertia moment of the front wheel, J ,, is the inertia moment
of the powertrain and the inertia moment of the rotating axle, J,,

is the inertia moment of the gearbox, J, is the moment of inertia
of the motor and u , is the total powertrain gear ratio.

Figure 2 — Forces exerted on the vehicle

The other subsystems of the EV were followed by the references [6—7].

ADAPTIVE CRUISE CONTROL MODELING

Adaptive Cruise Control System (ACC). An ACC system is a me-
thodical approach to automatically adjusting controllers in real time
to maintain desired control performance levels when dynamic
process model parameters are unknown or change over time [8]. Based
on fig. 3, this paper considers two entities: the host vehicle equipped
with an ACC system and the lead vehicle, which is the vehicle in the
same lane positioned in front of the host vehicle, with the relative
distance between them (d relative).
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Figure 3 — Working principle diagram of ACC System

When the ACC system is activated, the driver sets the desired speed
(v_set). Based on the d_relative data, the ACC system operates in two
modes as follows:

— speed Control Mode: the host vehicle travels at a constant speed
v_set;

— distance Control Mode: the host vehicle adjusts acceleration and
deceleration to sustain a safe gap (d safe) and relative velocity
(v_relative) with the lead vehicle.

The ACC system automatically switches between these two modes
based on the following conditions:

—if d _relative>d safe, the speed control mode is activated. The

control objective is to follow the driver-set velocity, v_host =v_ set with

v_host the host vehicle velocity.
—if d_relative <d _safe, then the distance control mode is engaged.

The control objective is to uphold the safe distance,d relative=d _safe.

Model Predictive Control. Model Predictive Control operates by fore-
casting future system actions using a predictive model and the current
system state at each sampling moment [9-11]. It employs a feedback
scheme to optimize forecasting errors and corrects prediction model in-
accuracies based on system output. By solving an online optimization
problem, MPC determines an optimal control sequence, with the initial
value applied to regulate the system. The process repeats as the control
horizon advances. MPC is suitable for systems with multiple inputs,
multiple outputs, and potential interactions, allowing constraints on in-
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puts and outputs. Using the ACC system's longitudinal dynamics model
[10], the predictive state can be calculated as follows:

X, (t+p|)=C,-x(0)+C, -Et+c)+C B -t+p) ()

Y+ pl)=C,-x()+Cs-clt+¢)+ G-l +p)-C,  (4)

where X -(¢+p|f) and Y, -(1+ p[t) represents the predicted state and

output vectors calculated at the time step t until the end of the prediction
horizon p, ¢, denotes the control horizon, x(¢) refers to the scaled state at

the sampling moment ¢, the calculated control sequence denotes as

c-(t+c,), Q[ denotes the acceleration of the preceding vehicle of sampling
moment ¢ —1, but is measured at the current sampling moment #. The limi-
tation of accleration and deceleration control was 2 m/s” and —2 m/s”.

SIMULATION RESULTS

With the input variable being the acceleration of the lead vehicle
(a_lead), constructed under the scenario of highway traffic with a cycle
time of 80 seconds, this paper provides simulation results of the system
based on the execution of the developed models. Overall, the graphs il-
lustrate the stable operation of the ACC System, satisfying safety regula-
tions regarding the distance between two vehicles while moving
on the highway.

The speed of the vehicles in the simulation is around 60-90 km/h in
highway conditions, so to ensure a safe following distance according to
the Safety Distance Regulations [12], the driver needs to maintain a min-
imum distance of 35 meters with the frontal vehicle.

The relevant input parameters [13] used in the simulation model are
listed in table 1.

When the speed of the lead vehicle surpasses the driver-set speed, the
host vehicle transitions to the speed maintenance mode, as depicted in
fig. 4. As the speed of the lead car decreases below the driver-set speed,
the relative speed between the two vehicles remains less than 2 m/s, and
the spacing error approaches 0 m, as illustrated in fig. 5 and fig. 6.
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Table 1 — Input simulation parameters

Symbol Value Symbol Value Symbol Value
m 1558 kg J, 0,01 kg.m* v_set 26 m/s
J o 1,63 kg.m? Uy, 2,84 L, 1,07 m
J 0,07 kg.m? o 0.0196 kg.m’ L 1,54 m
30
25 |t i e -,'11" B G S
g // ?\\ _:}// ~\“\ g ”/ v
;; il s ol m\ /
-:..S ~— T [
™ 21 I R R R - - - v_lead v_host —=-=v_set
) o 10 20 30 40 50 60 70 20
Time(s)

Figure 4 — Velocity graph of the investigated vehicles
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Figure 6 — Relative distance and safe distance between two vehicles
As shown in fig. 6, the relative distance between the two vehicles is

consistently greater than the safe distance, ensuring the prevention of
accidents while driving. Simulation results also demonstrate that the
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control system ensures the host vehicle consistently adheres to the
driver-set velocity.

CONCLUSION

This paper presents the modeling of an ACC model for electric vehi-
cles using MPC. With an input speed range for the lead vehicle between
19 m/s and 27 m/s and an acceleration varying from —0.9 m/s* to 0.9
m/s?, simulation results under highway conditions demonstrate that the
velocity and acceleration of the host vehicle consistently closely follow
those of the lead vehicle. Simultaneously, the safe distance and the dis-
tance based on speed remain within the appropriate values as stipulated
by regulations. The highway test scenario we have applied also demon-
strates the effectiveness of the system in improving safety. Simulation
results indicate that the system responds well to changes in driving con-
ditions and it additionally demonstrates that the ACC system can reduce
the number and impact of accidents by controlling the actual distance
between vehicles.
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VK 629.03
AHAJIN3 BJIUSIHUS KOHCTPYKIIMOHHBIX TIAPAMETPOB
TJIABHOI'O TOPMO3HOI'O KJIAITAHA HA PABOTY
MHEBMATHYECKOHN TOPMO3HOW CUCTEMBbI
TSXKEJBIX T'PY30BUKOB

ANALYSING THE IMPACT OF STRUCTURAL PARAMETERS
OF THE DUAL BRAKE VALVE ON PNEUMATIC
BRAKE SYSTEMS IN HEAVY TRUCKS

Jle Ban Hrua, Yan Yonr /lar,
I'pynma «ABromoOmmmy», @akynereT Tpancropra u [IpeodpazoBanus
Ounepruu, MHCTUTYT MexaHuKH,
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Le Van Nghia, Tran Trong Dat,
Automotive Engineering Group, Department of Vehicle and Energy
Conversion Engineering, School of Mechanical Engineering,
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ITneemamuyeckue mopmosa 00 Cux HOP WUPOKO UCHOTL3VIOMCA 8
MAACENBIX 2PY306bIX ABMOMOOUNAX O1A200APIO UX NIAGHO20 YINPAGLEHUSL.
OO0HAaKo OOHUM U3 CAMBIX OOALUIUX HEOOCMAMKO8 NHEBMAMUYECKUX
MOPMO308 56ILeMCsi MeOJIeHHAsL PeaKyuss CUCeEMbL U CONHCHOCHb KOH-
MpoJist UsMEeHeHUs: 0asleHuss 8 MOPMO3HbIX Kamepax. I naenot mopmos-
HOU KIANnawn seisiemcst Hauboaee CLOJICHLIM Y3I0M 6 KIANAHHbIX CUCHe-
Max, u OH maxoice CUTbHO GUSLeIN HA 8peMsl cpabamuvléaHus cucmemol. B
OaHHOM UCCLe008aAHUL ONUCHIBAEICS OYEHKA GIUAHUS KOHCIMPYKINUGHBIX
napamempos 21aeH020 MOPMO3HO20 KIANAHA HA USMEHEeHUe OAGIEHUs 8
MOPMO3HLIX  Kamepax. Ananusupyemcsi c6a3b  Mexcoy ouamempom
NOPWIHA U 8DEMEHU NOBbIUUEHUSL OAGNeHUsI 8 MOPMO3HbIX KaAMepax 6
NHEBMAMUYeCKoM npusode He3 peielino2o kianana. Paccmampusaemces
GIUSAHUE PACCMOSHUSL MedNCOY NOPUIHEM U O30VUIHbLIM KIANAHOM HA
8peMsi NOGbIULEHUSI OABNEHUSL U 8bINYCKA 8030YXA 8 MOPMO3ZHBIX KAMEPAX.

Pneumatic brakes are still widely used in heavy-duty trucks due to
their smooth control force. However, one of the biggest disadvantages of
pneumatic brakes is the slow response of the system and the difficulty in
controlling the pressure changes in the brake chambers. The dual brake
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valve is the most complex valve assembly in the system, and it also great-
ly influences the system's response time. In this study, we evaluated the
influence of the structural parameters of the dual brake valve on pres-
sure changes in the brake chambers. The relationship between the piston
diameter and the rising time of pressure in the brake chambers in a
pneumatic drive without a relay valve is analyzed. The influence of the
distance between the piston and the air valve on the time of pressure in-
crease and air release in the brake chambers is considered.

Knrwouesvie cnosa: nnesmamuueckue mopmosa, 21asHblil NHEGMAmMu-
YeCKull MOPMO3HOU KIANAH, 8pemst cpadamuvleans, peieliHblil Ki1anaH.

Keywords: pneumatic brakes, pneumatic dual brake valve, response
time, relay valve.

INTRODUCTION

Pneumatic brakes are still of particular interest and research [1-7], as
they have the advantages of smooth control force and low cost. This is
why they are still widely used in large trucks today, although this system
has a major disadvantage of long response time due to the slow response
of the airflow through the valves and pipes. This issue is also regulated
in the ECE R13 standard. Current research on pneumatic brakes often
focuses on addressing this issue [1, 6, 8, 9]. Research can be divided into
groups such as optimizing the system structure and optimizing control
methods in the pneumatic ABS brake system [1-9].

Previous studies often considered valves as flow holes accompanied
by a volume [10]. This reduces the accuracy of the model and does not
investigate the influence of valve opening and closing time. With the
development of technology, simulating valves more accurately with
computer support has been possible. Therefore, many studies have used
specialized simulation software to investigate and optimize the system.
The dual brake valve and pipeline are the two main factors affecting the
reaction time, as pointed out in the study by Zhe Wang and colleagues
published in 2017. The authors concluded that the dual brake valve and
pipeline accounted for 80 % of the total delay of the entire system.
Among them, the delay caused by the pipeline and connectors can be up
to 30 % [1, 8]. From the authors' study, it can be seen that reducing the
delay of the system, the process of reducing the delay on the dual brake
valve, valves, and pipeline is one of the important solutions [1, 8, 10].
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There have been some studies to reduce the slow response time of the
compressed air brake system, especially the compressed air ABS system.
The relay valve is an important component in reducing the response time
of the compressed air brake system. Palanivelu and colleagues [11]
showed that the type of valve and the number of relay valves significant-
ly affect the pressure increase and decrease time in the brake chambers in
the system, especially in the rear axle. The difference in response time
can be about 0,23 s. In addition, Ren He and Zhecheng Jing used the en-
ergy storage brake chamber of the parking brake system as a support
measure for the main brake chamber to reduce the slow response time.
The results showed that the new method could reduce the response time
of the system by 0,19 s [12]. In addition, the control algorithm will also
affect the response time. The author Devika concluded that a good PID
controller can reduce the delay time in the compressed air ABS brake
system by 40 % [6, 11, 12, 13, 14].

Our study focuses on simulating the dual brake valve of the com-
pressed air brake system to investigate the influence of parameters such
as piston diameter and distance between valves to the pressure increase
and decrease in the brake chamber, thereby proposing solutions and rec-
ommendations to limit these effects.

METHODS

To study the influence of the parameters of the total valve, this study
uses a compressed air brake system diagram as shown in fig. 1. This dia-
gram is the most common and basic type in the compressed air brake
system. From this diagram, when developed into other systems, only
need to add valves behind the relay valve. Therefore, the system like the
diagram in fig. 1 can partially represent different compressed air brake
systems on large trucks.

When the driver operates the dual brake valve through the pedal,
compressed air will go from the tank to the dual brake valve and then to
the two front brake chambers along the orange line for the front axle and
from the tank to the dual brake valve and then through the relay valve to
the rear brake chambers along the blue line for the rear axle. The dia-
gram of the dual brake valve and relay valve is presented in fig. 2. The
entire system is modeled as shown in fig. 3. The simulation method has
been presented in a previous paper at this conference «Developing
A Simulation Model Of The Air Actuation System For Pneumatic
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Brakes In Heavy-Duty Trucks». The throttles within the valves will have
varying cross-sections depending on the position of the pistons.
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Figure 2 — Diagram of Dual brake valve and relay valve

Previous studies have shown that the two factors that most affect the
delay time of the total valve are the flow rate into and out of the dual
brake valve and its volume, and they often simulate the dual brake valve
with a flow control valve combined with a volume. Therefore, in this
study, we will investigate the influence of parameters that cause changes
in the two factors of flow rate and volume placed in a 3-axle brake sys-
tem as shown in fig. 3. In this brake system, the compressed air pipes
from the dual brake valve to the front and rear axles has a diameter of
7 mm, a length to the front axle of 3 m and a length to the rear axle of
15 m, the rest of compressed air pipes from the relay valve to the brake
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chamber and from the reservoir to the valves have a diameter of 10 mm
and a length of 1m. Specifically in this paper, we will study the influence
of 2 factors: the distance between the piston and the valve, and the diam-
eter of the lower piston.

Stem spring
: _3 Piston
] AN Bottom spring |
4 i i = Exhianust
Top piston and = N | -
s retum spring = = Exhaus b
a r v *|Exhaust -ty
Llpm o e [
B1 o | o e | Relay valve
--pi-
o0 vave and . i
t pring it" s return spring PR
Siigle brake diamber Double brake charmbser

Figure 3 — Brake system diagram constructed in Simcenter

Our survey scenario is as follows: with a distance between the piston
and the valve of 1 mm, we will change the diameter of the lower piston
with values of 60 mm, 80 mm, 100 mm, and 120 mm. These changes can
alter the volume of air in the dual brake valve, thereby slowing down the
pressure increase process in the system. Similarly, we will keep the pis-
ton diameter at 100 mm and change the distance between the piston and
the valve with values of 0,5 mm, 1 mm, 1,5 mm, 2 mm. These changes
in distance will increase the delay time and affect the flow rate in the
exhaust process. In this study, we will investigate both scenarios with
and without relay valves.

RESULTS AND DISCUSSION
The results of fig. 4 and 5 show that changing the diameter of the
lower piston can alter the delay when increasing the front axle pressure

25



by about 0,15 s, equivalent to about 25 % of the delay time, and 0,1 s,
equivalent to about 20 % of the delay time when decreasing the pressure
in the system without a relay valve. The slow response on the rear axle
will affect the increase in front axle pressure due to the special structure
of the brake system using the rear axle pressure to create balance on the
front axle. However, for systems with a relay valve, this influence is sig-
nificantly reduced because the amount of air passing through the brake
system is greatly reduced.

Front axle pressure

60 mm
80 mm

100 mm

Pressure (bar)

O = N W B~

120 mm

0 0,5 Time (s) 1 15

Figure 4 — Influence of piston diameter on systems with relay valve

Front axle pressure

60 mm
80 mm
100 mm

120 mm

Pressure (bar)
O = N W B U d 0

0 0.5 Time (s) 1 1,5
Figure 5 — Influence of piston diameter on systems without relay valve

The results in fig. 6 and 7 show the influence of changing the distance
between the piston and the valve, especially during the exhaust process.
Increasing this distance increases the delay when increasing the pressure
by a few tens of ms for each additional 0,5 mm (about 50 ms when in-
creasing this distance from 0,5 to 2 mm), but greatly reduces the pressure
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release time. However, when the distance between the piston and the
valve reaches 1 mm, the efficiency of air exhaust decreases significantly:
increasing from 0,5 mm to 1 mm reduces 0,3 s, but increasing from 1mm
to 1,5 mm only increases by a few ms. Therefore, it can be seen that a
distance of 1 mm is the optimal distance for both the pressure increase
and decrease processes.

Rear axle pressure

0.5 mm
I mm
1.5 mm

2 mm

Pressure (bar)
O = MW s~ 00

0 0,5 o1 1,5 2
Time (s)
Figure 6 — Influence of piston-to-valve distance on systems with relay valve
Rear axle pressure
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~J

& / 1 mm
1.5 mm
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0 0,5 1,5 2
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Figure 7. Influence of piston-to-valve distance on systems without relay valve

CONCLUSION

Through the results of the study, it can be seen that the brake system
structure can significantly affect the pressure increase and decrease oper-
ations of the system. The piston diameter will have a greater impact on
systems that do not use relay valves, with an impact of up to 25 % in the
pressure increase process and 20 % in the pressure decrease process.
While the impact is negligible in systems with relay valves. The distance
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between the piston and the valve is also a factor affecting the system
in both cases with and without relay valves. Decreasing this distance can
reduce the response time as the piston quickly contacts the valve. How-
ever, it also reduces the flow area during air exhaust. The study shows
that a distance of about 1mm is optimal for both the pressure increase
and decrease processes.
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MNPOAOJIBHAA TUHAMUNYECKAS MO/JEJIb
IMOJIHOITPUBOJHOT'O ABTOMOBNJIA
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B nocneonue 200v1 asmomobunvnas undycmpus cmaia ceudemenem
SHAUUMETIbHBIX OOCHMUICEHUI 8 001acmu OUHAMUKY U CUCTEM YNpAaeie-
HUSL MPAHCROPMHLIMU CPeOCEamu, 0cobenHo 8 cgepe mexHono2ull
noano2o npugooa (AWD). B oannoti cmamve npedcmasien npoooibHblil
OUHAMUYECKUTL MOOeNb NOIHONPUBOOHO20 ABMOMOOUNS, NO3B0AAOUULL
nposecmu 6CeCMOpPOHHUe UCCTIe008aHUSI OUHAMUKY KY3068d U XapaKme-
pucmux croavoicenus wiun. Paspabomana xomnviomepnas mooenn, Ko-
mopasi 200Ha 0I5l AHAAU3A NPOOOTLHOU OUHAMUKYU ABMOMOOUNEl C NOJI-
HblM npusodom. Ilpedcmasnenvt pezyiomamol MOOEIUPOBAHUS OUHAMU-
YeCKUX MNpoyeccos asmoMoOUunss Npu  PA3IUYHLIX PACHPeOeeHUSIX
Kpymsue2o Momenma medxncoy akmusHvimu ocamu. Tloxazano eruanue
pacnpeoenenus Kpymsiue2o MOMEHMA Ha OUHAMUKY A8MOMOOUTIA.

In recent years, the automotive industry has witnessed significant ad-
vancements in vehicle dynamics and control systems, particularly in the
real of all-wheel-drive (AWD) technology. This paper presents a longi-
tudinal dynamic model of all-wheel drive vehicles, enabling comprehen-
sive investigations of body dynamics and tire slipping characteristics.
The computer simulation model was developed and can used for analyz-
ing the longitudinal dynamics of AWD vehicles. The simulation results of
vehicle dynamic quantity in different torque distributions between active
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axles were shown. The impact of torque distributions on vehicle dynam-
ics was given.

Knioueevie cnoea: nonnonpugooHulil asmomooub, npoooIbHAsL OU-
HAMUKA, MOOETUPOBAHUe, CKOTbICEHUE WIUH.

Keywords: all-wheel-drive, longitudinal dynamic, simulation, tire slip.

INTRODUCTION

The advancement of automotive technology has placed a significant
emphasis on improving vehicle dynamics, particularly in all-wheel-drive
(AWD) vehicles. These vehicles offer enhanced traction, stability,
and performance in various driving conditions, making them a preferred
choice for both consumers and manufacturers [1]. The ability to accu-
rately model and understand the longitudinal dynamics of AWD vehicles
is crucial for optimizing their performance, safety, and overall driving
experience.

The longitudinal dynamic model of a vehicle describes how forces
generated at the tires are transmitted through the vehicle to influence its
forward motion. For AWD vehicles, this involves a complex interplay
between the drive torque distribution, wheel slip, differential operations,
and drivetrain dynamics [2]. Previous studies have explored different
aspects of vehicle dynamics, but a comprehensive model that fully cap-
tures the longitudinal behavior of AWD systems remains a subject of
ongoing research [3].

This paper aims to develop a detailed longitudinal dynamic model
of an AWD vehicle. By incorporating critical factors such as torque distri-
bution, wheel dynamics with slipping, and road interactions, this model
provides a holistic view of vehicle behavior under various driving condi-
tions. The motivation for this study stems from the need to bridge the gap
between theoretical models and real-world applications, ensuring that the
model can be used for practical vehicle design and control strategies [4].

The methodology involves formulating the mathematical equations
governing the longitudinal dynamics of AWD vehicles, followed by New-
ton-Euler rules. This approach ensures that the model not only represents
theoretical dynamics but also aligns with empirical observations. Key pa-
rameters such as tire characteristics, drivetrain efficiency, and vehicle
mass distribution are considered to enhance the model's accuracy [5].

Subsequent sections of the paper apply the developed model to vari-
ous driving scenarios, such as acceleration, deceleration, and different
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road conditions, to analyze the impact of different parameters on vehicle
performance. The results highlight potential areas for optimizing AWD
systems, with implications for improving energy efficiency, handling,
and safety.

LONGITUDINAL DYNAMIC MODEL OF VEHICLE ALL-WHEEL
DRIVE VEHICLE

The reference object in the article chosen is the VinFast VF8 with
technical specifications as shown in table 1 below.

Table 1 — Parameters of the reference vehicle [6]

Parameters Value
Overall dimension 4750 x 1934 x 1667(mm)
Mass 2700 kg
Motor max. torque 250 N-m
Weight distribution 50:50
Motor max. power 260 kW
Air drug coefficient 0,25
Rolling resistance 0,016

The longitudinal dynamic model of an AWD vehicle is constructed
based on the following key models: the dynamics model of the vehicle
body and the tire model with slipping.

1. Vehicle body model.

Since lateral performance is neglected in this article, the vehicle dy-
namics model adopted here contains five degrees of freedom as seen in
fig. 1, and the rotational movement of the four wheels. A single-wheel
model is shown in fig. 1. According to the Newton’s law, the motion
equations of the vehicle can be expressed as [5]:

(s )b e o0

where F, F,,. are the tractive force at the front and rear axle; F,, F,,. are
the rolling resistance forces at the front and rear wheels; F,, is the aero-
dynamic drag force; F, is gradient resistance.
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Figure 1 — Forces acting on the vehicle [7]

The dynamic vertical loads on the front and rear axles are composed
of static vertical load and the transferred load comes from longitudinal
acceleration, the corresponding equations are shown as follows [7]:

m

F, = (g1 —h-v),

= (st )

with m is the vehicle mass (kg); g isthe acceleration due to gravity
(m/s?); H is the height of the vehicle's center of gravity (m); v is the ve-
hicle velocity (m/s); /rand [, are the distances from the front and rear
wheel center to the vehicle's center of gravity (m), respectively.

2. Tire Model.

Forward
direction

>
v

3

r

z F‘
x '
TPy aryd

Figure 2 — Wheel rotation dynamic [7]
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The dynamic model of the front-wheel is built according to the expression:
Jo=T,-F. r-T,,

with J is the torque of inertia of the wheel; ® is the angular velocity of
the wheel; 7 is the torque at the wheel; F) is the tractive force; T} is the
torque of the brake.

The tire slip rate is the key factor for tire longitudinal force calcula-
tion, the relationship between slip rate, wheel speed, and vehicle velocity
can be expressed as follows [7]:

s=@— d )1mw%40<s<n.

w-r

Due to the elasticity of the tire, during operation, the tire is deformed
in the radial and tangential directions. The force transmission between
the tire and the road is compatible with the deformation of the tire, which
is characterized by the velocity loss coefficient, or the slip coefficient
expressed by the following formula [7]:

F,=F.-p(s).

0.8 |
0.6
0.4}
0.2 -

0.2 |
0.4 |
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-0.8 |
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-1 -0.5 0 0.5 1
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Figure 3 — Relationship between traction coefficient and slip rate [8]
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RESULT AND DISCUSSION

The simulation scenario was built by torque distribution between
the avtive axles of the electric vehicle. The following fig. 4-6 show
the dynamic parameters as acceleration, distance, tires slip rate by time
when vehicle moving from rets to velocity 100 km/h. The longitudinal
guantity of acceleration process presents in the tabl. 2.

100 b clmibation ke et wxke

b~

Figure 4 — Vehicle dynamics oscillations on acceleration with torque distribution 0:100

Figure 5 — Vehicle dynamics oscillations on acceleration with torque distribution 50:50
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Figure 6 — Vehicle dynamics oscillations on acceleration with torque distribution 100:1

Table 2 — Vehicle dynamics quantity of acceleration process

Dynamics quantity Torque distribution
0:100 50:50 100:0
Time, s 8,85 6,61 11,31
Maximum acceleration, m/s? 3,67 5,97 2,88
Velocity, m/s 27,78 27,78 27,78
Distance, km 0,106 0,081 0,140

The simulation results in tabl. 2 show that, the vehicle dynamics
quantity with the torque distribution 50:50 is better than the other op-
tions. The received results accurately reflect the physical laws of the
ground vehicle theory.

CONCLUSION

A simulation model of the wvehicle Ilongitudinal dynamic
on the VinFast VF8 car was successfully built. The developed model can
be used for analyzing the vehicle longitudinal dynamics quantity of pro-
cess as acceleration and deacceleration. The simulation results show that
the torque distribution between active axles has a significant impact on
the vehicle's dynamic parameters. The vehicle dynamics quantity with
the torque distribution 50:50 is better than the other options.
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Ineemamuyeckue mopmoza u ce200Hs UWUPOKO UCHOIb3VIOMCS 8
bonvuux epyzosuxax. OOHAKO OOHUM CYWECMBEHHbIM HeOOCMAMKOM
9MOIL cucmemvl AGNILEMCS 8peMsl ee cpabamvleanusl, Ha KOMopoe Giusi-
10M MHO2OUUCAEHHbIE NAPAMEMPbl CUCTIEMbl U3-3d CLONCHOCMU NHEG-
MAmMu4eckux Mmopmo3Hvix cucmem. Ymobul pewumv d3my npooremy u
nO00epIHCAmb UCCIe008AMENbCKUE NPOYECCDI, 8 PAMKAX OAHHO20 UCCIe-
0osanus Ovlia paspabomana UMUMAYUOHHASL MOOEeTb CUCTHEMbl NHeG-
Mamuyeckozo npueooda mopmosa oisa epy3osuxos. Ilpusooumces moodenu-
posanue KOMNOHEHMO8 NHeBMAMULecKo20 npueoda no ux NPUHYURUATb-
HOU cxeme pabomvl 6 cneyuanvbhom naxeme Simcenter-Amesim.
Pesynomamul noxazvieaiom, umo mooenb MOYHO OmMpajicaem Xapaxme-
PUCMUKU KTANAHHBIX V37108 U pabomy CUcmemul.
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Pneumatic brakes remain widely used in large trucks today. However,
one significant drawback of this system is its response time, which is in-
fluenced by numerous system parameters due to the complexity of pneu-
matic brake systems. To address this issue and support research pro-
cesses, this study developed a simulation model of the pneumatic brake
system's air actuation system. Modeling of pneumatic drive components
according to their operating principle in the special program Simcenter-
Amesim is presented. The results demonstrate that the model accurately
reflects the characteristics of the valve assemblies and the operation
of the system.

Knrwouesnvie cnosa: nnesmamuueckue mopmosa, 2na6HulIL NHEGMAMU-
yecKull MOPMO3HOU KIANAH, 8pems CpabamvleaHus, pejeliHblil KIanaH.

Keywords: pneumatic brakes, pneumatic dual brake valve, response
time, relay valve.

INTRODUCTION

The pneumatic brake system is widely applied in large trucks due
to its high braking force with minimal control force. Hence, there is a
continual demand for research and improvement in air brake systems [1—
7]. Studies often focus on optimizing the response time of the system
[1, 6, 8, 9] as well as the control algorithms of pneumatic ABS. Previous
research typically regarded valves as flow passages accompanied by a
volume [10]. Nowadays, studies on pneumatic brake systems often in-
corporate computer simulations to solve complex problems and enhance
the accuracy of simulation models [11, 12]. In a study by Zhe Wang and
colleagues, it was concluded that the dual brake valve and pipeline ac-
counted for 80 % of the total delay of the entire system. Among these,
the delay caused by the pipeline and connectors can be up to 30 % [1, 8].
Some optimization studies on system operation include the use of auxil-
iary brake chambers [13] to support the main brakes and optimizing ABS
control algorithms. Based on these facts [14], we have developed a simu-
lation model to serve research on pneumatic brake systems in heavy-duty
vehicles.
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METHODS

This study simulates a basic system with the diagram shown in
fig. 1. Using this model, it is possible to investigate the impact of valve
assemblies as well as the parameters of the air ducts in a basic pneumatic
brake system. Additionally, in this system, the dual brake valve also has
a complex structure. By using the blocks in the simulation of this valve,
other valves in the system can be simulated as well.

. Reservoir

. Dual brake valve

. Front brake chamber
. Relay valve

. Rear brake chamber
. Handbrake chamber

s WN =

) i \ 4 '8 \8

Figure 1 — Diagram of the compressed air brake system used in the study

Modeling the dual brake valve and relay valve.

To model the air brake system, the complex and important step is to
model the valves (relay valve and master valve). The type of master
valve we use for modeling is the type of dual-chamber master valve
commonly used on trucks today, which has a schematic diagram as
shown in fig 2.

When simulating the operation of the dual brake valve, it can focus
on the main structures that create two chambers: the upper chamber and
the lower chamber. The upper chamber connects to the rear axle outlet
consisting of the upper piston, upper valve; the lower chamber consists
of the lower piston, and lower valve. When braking and holding, the
brake pedal presses the cup down to compress the compression spring,
which has a very high stiffness compared to the remaining return
springs, the compression spring pushes the upper piston down to touch
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the upper valve closing the exhaust path of the upper chamber, then both
go down to open the intake valve supplying air to the upper chamber.

. ) Stem spr
Stem spring Top valve e
Top valve
Top piston retum spring 4
ok 3 Botiom pato
. )l supply ! Tl
. 4 1 A Exhast
. Top pistan and -
Top piston Bottom valve "5 return soring
Churm s . |
=" Aol | L g Font
Front n-r,q-rn h B ey
supply
y Rear| ... F oo [ront ==
Bottom piston Botlin wilvy b \ i
return spring

. Top vabm Inbet port !
Exhaust 5 return spring 8’5 e Speing

Figure 2 — Schematic diagram of the dual brake valve

For the lower chamber, the operation is similar to the upper cham-
ber: air from the upper chamber flows down to the lower piston pushing
the lower piston down to touch the lower valve closing the exhaust path
of the lower chamber, and then all goes down to open the intake, at this
point the air supply is connected to the lower chamber. As for the opera-
tion when holding the brake pedal, the air pressure in the two chambers
will gradually increase to a certain value to create a pressure pushing the
upper piston back up to balance with the force of the pedal, then both the
upper and lower valves balance at the closed position maintaining stable
brake pressure. When braking to the maximum, the upper valve will
touch and directly push the lower piston down along with the lower
valve, at this point both valves open and the pressure increases to the
maximum. When releasing the pedal, the return spring pushes the valves
and pistons back to the initial position closing the 2 valves and opening
the exhaust ports.

The operating principle of the relay valve is also similar to the oper-
ating principle of the dual brake valve: when braking, air passes through
the dual brake valve into the control port of the relay valve, pushing the
piston down to touch the valve closing the exhaust port and both contin-
ue down to open the intake valve at this point the air from the air reser-
voir is connected to the brake chamber outlet.
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Figure 3 — Schematic diagram of the relay valve

The research team used blocks to simulate the dual brake valve using

Simcenter software. In which a branch of the dual brake valve is de-
scribed by a piston and an air valve. In addition, there are also return
springs as well as descriptions for the mass and friction of the compo-
nents. To solve these problems, the paper used blocks in tabl. 1.

Table 1 — Main blocks used in system simulation

No. Name Image Description Parametgrs to
determine
2
1 f;]ﬁ’sse(l)lg?; ! @_ 1 Compressed air pressure sensor. Offset gain
Non-return spring pneumatic
5 Pn_bap2 3F , piston. Combined with 1 block Piston diameter
(PNPA002) ol PNPAO0O3 to simulate the lower | Required diameter
* | piston.
I:LI Pneumatic piston with return Piston diameter
3 Pn_bap3 3{%&0%: spring simulated for two pistons | Required diameter
(PNPA003) ===l and two valves of the dual brake Spring stiffness
1 valve. Spring force
| The opening and closing of the
Pn_baol valve are based on the position Piston diameter
4 | (PNAOOI1) | ¢4 ‘% of the piston simulating the Required diameter
'1 ;2 opening and closing of the two Initial position
| air valves.
Mass friction ,:' An 'obj e.ct mgving straight in one Mass
-~ direction simulates the travel o
5 _endstops . . Friction
distance of the pistons and ..
valves. Limit of movement
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End of Table 1

Springdamper 2 The damping system with stiff-
6 01 $ ness and damping simulating the Stiffness
(SD0000) compression spring effect of the Damping
! piston.
2 Represents a collision between . .
Elasticontact % two objects with mass simulating Dlstanf:e,Stlffne.s s
7 X . Damping, Elastic
(LSTPOOA) | == | the distance between the piston .
deformation
1 and the valve.

The Pn_psensor (PNPAOO03) block is used to describe a pressure sen-
sor. It is described by the following equation:

Pig = ( Dpressy + Pum —ojﬁet) -gain ,

where py;, is the output pressure signal of the sensor; press; is the pres-
sure at port 3; pu. is the atmospheric pressure.

The Pn_bap2 (PNPA002) and Pn_bap3 (PNPAO003) blocks describe
a piston without a return spring and with a return spring. One side
of the piston is connected to the atmosphere and is not affected, while
the other side is subjected to a gas pressure. When using these two
blocks, it is necessary to determine the parameters such as piston diame-
ter, rod diameter, and the parameters of the spring for the Pn_bap3 block.
This block is described by the following equations:

— the current chamber length: length = x, + x;;

— volume: vol, = length-z/4- (a’p2 - drz) ;

— derivative of volume: d,,, = —v;- 1/ 4-(dp* —dr*);

Vo

— the total force on port 3: f; = f, + press, -1t/4-(a’p2 —drz) + fi

— spring force: f;, =K-(x3 +xS0)+f0 ,
where dp is piston diameter, dr is rod diameter; x, is chamber length at
zero displacements; x; is the displacement of port 3; v; is the velocity of
port 3; press; is the pressure at port 1; f; is the force at port 2; K is spring
rate; fo is spring force at zero displacements, x, is spring compression at
zero displacements.

The Pn_baol (PNAOO11) block is a valve that opens and closes
based on the position of the piston simulating the opening and closing of
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2 air valves. When using this block, it is necessary to determine 3 pa-
rameters: piston diameter, rod diameter, and initial position of the piston.
This block is described by the following equations:

— the underlap: x=x, +x;;

— the current length of chamber: length =len, + x ;

— chamber volume: vol, = length-m/4- (dp2 - drz) .

The contribution due to the movement of the spool is passed at cur-
rent pressure at port 2 to the adjacent PCD chamber:

d,,= v, n/d -(dp2 —drz) :
Force atport 3: f; = f, + f},, — press, -1t/4-(a’p2 —drz),

where len, is chamber length at zero displacement; x; is displacement of
port 3; dp is piston diameter; dr is rod diameter; v; is velocity of port 3;
Ja 1s force at port 4; £, is flow force; press, is pressure at port 2.

The Mass_friction_endstops (MECMAS21) block is an object with
mass moving in one direction under the influence of frictional force sim-
ulating the pistons and valves. When using this block, it is necessary to
determine the mass, limit of movement, and parameters of the frictional
force. This block is described by the following equations:

Force:

M
Fmin = Kbmin ( Xoin xl) Dbmm ( i )'Vl lf X <xmin ;
0 l»f xl 2 xmin
Fmax =X 1
Pdﬂl(l.‘( h
max Kbmax ( max) Db ( —e )'vl lf‘ X, < X,in
0 lj( X 2 Xomin
Acceleration:

acclz;.(FA -F —Fﬁic-sign(vl)—rvisc-vl—

min max

)

where Kb, is lower limit stiffness; Kb,y 1 higher limit stiffness; Dby,
is lower limit contact damping coefficient; Db, is higher limit contact
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damping coefficient; Pdy, is lower limit penetration for full damping;
Pd,. 1s higher limit penetration for full damping; x, is lower displace-
ment limit; X,y is higher displacement limit; x; is displacement of port 1;
Fji 1s dry friction force; vl is velocity of port 1; rvisc is coefficient
of viscous friction; wind is coefficient of windage.

The Springdamper01 block (SD0000) is a simulation block for the in-
fluence of the compressed spring on the piston. When using this block,
2 parameters need to be set, which are stiffness and damping. This block
is simulated by the following equations:

— the total force: force, = force + damperforce ,

damperforce = cdamp - (vel1 +vel, ) ;

o dforce
— derivative of force: Jorce _ kval - (vel1 + velz) .
. . orce
The spring compression: x = Jorce ,
srate

where force is spring force; damperforce is damper force; cdamp is
damper rating; kval is spring stiffness value; srate is spring rate.

The Elasticendsto block (LSTPOOA) represents a collision simulation
for the distance between the piston and the valve. When using this block,
parameters such as distance, stiffness, damping, and deformation need to
be set. This block is described by the following equations:

—gap: gap =gap, — Xy —X,;

— penetration: pen=-gap ;

— penetration velocity: dpen =v, +v,,
where x; is displacement of port 1; x; is displacement of port 2; v, is ve-
locity of port 1; v, is velocity of port 2.

Using the structural diagrams of the clusters in Fig 1 system com-
bined with the functional description blocks in Table 1, a simulation dia-
gram of the entire system has been built using Simcenter software. The
diagram is described as in fig. 4.

RESULTS AND DISCUSSION

The results in fig. 5 show that when the distance between the bottom
piston and the bottom valve of the master brake cylinder is small, it af-
fects the pressure release process due to the smaller throttle area of the
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exhaust path of the front axle brake branch. Additionally, changing the
piston diameter in the dual brake valve does not significantly impact the
pressure increase and decrease, as the volume of air contained by the
dual brake valve is negligible compared to the amount of air entering the
brake chamber. In fig. 6, when the distance between the bottom piston
and the bottom valve of the dual brake valve with a piston diameter of
110 mm is changed, the pressure release varies while the pressure in-
crease remains unchanged. This is because the distance does not alter the
throttle area of the air valve during pressure increase but only affects the
throttle area during pressure release.

>em spring

Botlom speing
lop pston and A ikl : i

RS retum sprr JE i A g

Valve and

op vale ¢
p valve and Brake vl
reduim speing

RS retum spring

Singh brakw chamber Double brake chamber

Figure 4 — Brake system diagram constructed in Simcenter

The system also successfully simulated the effectiveness of the dual
brake valve, showing that incorporating the booster reduced the system's
response time by approximately 20 % and the pressure release time by
about 50 %. These results are highly reliable, as the effectiveness of the
dual brake valve has been demonstrated in previous studies [15, 16].
When the brake pedal is applied at 50 %, the system pressure only
reaches a maximum of about 3,7 Bar. The discrepancy in peak pressure
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is due to the fixed brake pedal position, while the distance between
valves changes, leading to different displacements of the air valves.

Front Axle Pressure

8
%\ 6 80 mm
2
o 4 90 mm
2 2 100 mm
o
A~ 0 110 mm
0 0,5 1 1,5 2 2,5
Time (s)
Figure 5 — Front Chamber Pressure at Full Pedal Travel
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Figure 6 — Rear Chamber Pressure at Full Pedal Travel
CONCLUSION

The results demonstrate that the study successfully simulated the de-
tailed components of the pneumatic brake system as well as the system's
operation. The outcomes accurately reflect the pressure increase and de-
crease in the brake chambers under various conditions, such as changing
the brake pedal position and structural parameters of the dual brake
valve. This simulation framework can be utilized for investigating and
evaluating the operation of pneumatic brake systems in research studies.
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Figure 8 — Rear Axle Brake Chamber Pressure in a System with a Relay Valve at 50 %
Brake Pedal Travel
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MOJIEJIMPOBAHUE CUJIOBOM YCTAHOBKH
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THE POWERTRAIN MODELLING OF ALL-WHEEL
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Hanoi University of Science and Technology, Hanoi, Vietnam

Bospacmaiowas nonyispnocms snexmpomoobunei (EVs) mpebyem
Paspabomru CILONCHbIX MOOeNell CumMynayuy Ol AHAIU3A UX NPOU360-
OUMENbHOCMU U ONMUMUZAYUYU UX KOHCMpYKyuu. B Oanmoti cmamove
npeocmasieno MOOeIUpoBanue CUio8ou YCmMAanosKu NOIHONPUBOOHO20
(AWD) snexmpomobuns, umo no3gonsiem npoeooUms KOMNIEKCHbIE UC-
cedosanus pabomul 21eKmpooguzamens, mac060U bamapeu u mpauc-
nOpmMHO20 cpedcmaa 8 yerom. Ipednodicennas mooeib Modicem UCHONb-
308amMbCsL Ol AHAIU3A NPOOOTbHOU OUHAMUKY MPAHCHOPMHO20 Cpeo-
cmea u nompeobasiemou asmomobunem suepeuu. bvliu npedcmasnenvl
PE3YTbMAmuvl MOOEIUPOBAHUSL NPOYECCA PA32OHA ABMOMOOUIS, HA OCHO-
6e KOMopwvIx ObLIU OAHBL PEKOMEHOAYUU NO UCHOTB30BAHUIO INEKMPOMO-
Ounell ¢ mouKu 3penust SHepeo3ppexmusHocmu.

The increasing prevalence of electric vehicles (EVs) necessitates
the development of sophisticated simulation models to analyze their per-
formance and optimize their design. This paper presents the powertrain
modeling of the All-Wheel Drive (AWD) EV, enabling comprehensive
investigations of electric motors, traction battery operations, and vehicle
motion in total. The proposed model can be used for analyzing vehicle
longitudinal dynamic quantity and energy consumption. The simulation
results on the acceleration process were shown, and based on it the rec-
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ommendations about using electric vehicles in order of energy efficiency
were given.
Knwouesnvie cnosa: snexmpomoduny, mMooerupoganue cuiogol ycma-
HOBKU, 9IeKmpoosucamens, Mooelb bamapeu, nompeobjenue IHepeUl.
Keywords: electric vehicles, powertrain modeling, electric motor,
battery model, energy consumption.

INTRODUCTION

Over the years, a plethora of scientific articles have addressed electric
vehicle modeling, encompassing motor models, battery models, regener-
ative braking models, and vehicle dynamic models [1-3]. Konstanti-
nos N. Genikomsakis and co-authors [1] propose a computationally effi-
cient simulation model including the above models for EV energy con-
sumption. It combines a physics-based vehicle model with EV
component specifications to estimate battery power requirements from
traction power. The model dynamically calculates energy recuperation
and simulates motor overload under demanding driving conditions.
Compared to FASTSim on a test EV, the model is lightweight and accu-
rate. The corresponding percentage errors of the estimated final energy
consumption for the driving cycles UDDS, HWFET, SFTP, and NEDC
are 6,80 %, 0,98 %, 7,00 %, and 3,27 % respectively [2]. Further simula-
tions with varied road gradients and driving cycles demonstrate the mod-
el's ability to capture real-world EV operation dynamics. This approach
allows for fast computation of EV consumption factors suitable for route
planning and integration with mobile routing applications for trip con-
sumption assessment and energy-efficient route suggestion using real-
time speed data. With the explosive growth of the electric vehicle revo-
lution in the modern era, the research and development of propulsion
engines for electric vehicles cannot be inevitable.

In this paper, the computer environment was created to construct a
comprehensive powertrain model of the all-wheel drive EV, encompass-
ing vehicle dynamics, traction battery, and electric motor models. Be-
yond these submodels for evaluating dynamic performance, a vital mod-
el for assessing EV energy optimization during operation is the battery.
The acceleration process was chosen for the simulation scenario.
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THE POWERTRAIN MODELLING OF ALL-WHEEL
DRIVE ELECTRIC VEHICLE

The simplify powertrain model as in the fig. 1 was used in this study.
This model included the gas pedal model, electric motor model, battery
model and simplify vehicle model. The gas pedal model presented by the
signal from -1 to 1, according to full brake and full acceleration.

Battery model

Request U,I motor
power
Wheel speed
) Motor model |_ Vehicle model
Motor torque

Figure 1 — EVs powertrain model

1. Electric Motor Model.

The electric motor of the electric vehicle is referred to as a «Perma-
nent Magnet Synchronous Motor». The motor relates to the energy stor-
age device and reversibly converts the supplied electrical power into
torque and speeds at the output interfaces.

The motor used in the Vinfast VF8 reference electric vehicle has
specifications [4] as shown in the table below.

Table 1 — Motors Specification of Vinfast VF8 ECO

Parameters of VF8 ECO Motors Value Unit
Motor Mass 2x90.6 Kg
Peak Power 2x 130 kW
Peak Torque 2 x 250 Nm
Motor Max Speed 16000 Rpm
Peak Efficiency 97 %

The external characteristics curve of the electric motor is illustrated in
the figure below:

The maximum torque (Ty.x) of the electric motor is a simple function
of angular velocity. In most cases, when the angular velocity is small, the
torque is maximum and remains constant. As the motor’s angular veloci-
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ty reaches a sufficiently large value (w.), the torque decreases. The

torque decreases linearly as the speed increases, and the power remains
nearly constant.

W,

forque (Nm)

(M) Jamo

0 200 400 600 800 1000 1200 1400 1600 1800
Angular Speed (rad’s)

Figure 2 — Electric motor external characteristic curve

When the angular velocity of the motor rotor is smaller than the critical
speed of conversion w < w, the motor torque reaches its maximum value.

When the angular velocity of the motor rotor is greater than the criti-
cal speed of conversion w = w,, the motor torque is inversely propor-
tional to the angular velocity of the rotor.

Te = Timax Tc =

Figure 3 — Motor torque algorithm
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2. Battery Model.

The computation model is based on power requirements to determine
the output power of the battery over time. Modeling the internal chemi-
cal characteristics of the battery system will be conducted in the future.
Based on the equivalent circuit model in fig. 4 and the technical parame-
ters in tabl. 2, the equations for calculating the battery’s output power as
the sum of the power demand and the power loss due to internal re-
sistance were created. Additionally, the battery model calculates the
State of Charge (SOC), voltage, and current values to estimate energy
consumption over time.

\'II'!I‘I\"\/

Rt DC

=
&/

Em

Figure 4 — Equivalent circuit diagram of the battery

Table 2 — Specifications of Vinfast VF8 Battery [4]

Parameters Value
Type Lithium Ion
Model CATL Prismatic
Mass (kg) 540
Geometric parameter (mm) 2388 x 1511 x 135
Nominal battery capacity (kWh) 93,3
Effective battery capacity (kWh) 87,7
Rated voltage (VDC) 402,8
Capacity (Ah) 231,7

From the equivalent circuit model, the output power of the battery
was given by formula (1):

P=P +E, (1)
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in which P, =U -1 is the power supplied by the batte at the output; U is the
voltage between the two terminals of the battery; P. =R, -1 is the power

loss due to the internal resistance of the battery; R, is the internal resistance
of the battery; P,. the power that the motor requires to be supplied.
Solving (1), the battery current is:

2
AL A O 7S
"2 R T\IR R,

Another important parameter of a battery is the SOC. SOC is defined
as the ratio of remaining capacity to fully charged capacity. The SOC
of the battery can be expressed as

1 t
s0C,) =S0C,,, —Ejl(z)dt :
to

where: SOCy) is the instantaneous SOC at time t; SOC(IU) is the initial

SOC of the battery; Cis the battery capacity (Ah); /(?) is the instantane-
ous current intensity.
Based on the diagram, the voltage of the two terminals of the batter is
calculated by the formula:
U=V =Vou
in which U is the voltage across the two terminals; V7, is the voltage drop
across the internal resistance; V,, is the voltage drops across the motor.

The vehicle longitudinal dynamics in this study were used by the
simplified model, which is described in the document [5].

RESULT AND DISCUSSION

The acceleration process was chosen for the simulation scenario:
the gas pedal signal was created from O to 1 in various time stamps 1 s
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and 2 s for vehicle acceleration. The simulation results are shown in fig.
5-6, and table 3 below.

Sap

2 3 ] s 0 5 8

Figure 6 — Vehicle acceleration process when pressing the gas pedal by ramp 1 s

The simulation results show that the control gas pedal by ramp 1 s is
better than ramp 2 s in vehicle acceleration characteristics (according to
acceleration times 6,98 s and 7,24 s). These results follow the physical
laws and show the accuracy of the proposed model. The control method
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by ramp 2 s, 3 s, 4 s are the same on energy consumption rate (according
to energy consumption rate around 4,7 kWh/km). Based on simulation
results, the fast control of the gas pedal is better to increase vehicle ener-
gy efficiency. This recommendation of using electric vehicles can help
the driver get a better moving distance, but it was the opposite of the be-
havior of using traditional cars with combustion engines.

Table 3 — Simulation results of the Vehicle acceleration process

The gas pedal . . Energy consumption rate
control%n etlfm d Acceleration time (s) gz/Wh /km)p
Step 1's 6,98 5660,32
Step 2 s 7,24 4724,62
Step 3 s 7,20 4717,69
Step 4 s 8,22 4670,27
CONCLUSION

The project presents a process and methodology for building
a simulation model of EV powertrain, from gas pedal model to vehicle
body models. The aim is to realize a pure electric vehicle powertrain
model based on simulation software and obtain more accurate data
results, which can be effectively used for the development and research
of electric vehicles. A powertrain model of the VinFast VF8 car was
successfully built. The simulation results on the acceleration process by
ramp control method of gas pedal were given. Based on simulation re-
sults, the recommendation for fast gas pedal control of the acceleration
process for the EV driver was presented in order to increase vehicle en-
ergy efficiency.
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B CKOpOCMHbIX MPAHCNOPMHBIX  CPEOCMBAX — AIPOOUHAMUYECKASL
¢opma, nepednue u 3a0HuUe CROUIEPLL, A MAKINHCE KPBLIO CO30ai0m 00-
NOJIHUMENbHbLE CUTBL NPUNCUMA 0TI MAKCUMALLHO2O VEEIUHEeHUs. MA20-
6020 ycunus. B dannou cmamve npeocmagnenvi 3¢hgexmol usmenenus
ONIUHBL 3A0HE20 KPulld HA OUHAMUKY asmomobuns. Modens, ucnoavs3o-
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BAHHASL 8 IMOM UCCCO08AHUU, npedcmasiisiem coOoll 08yXdsepHoe Kyne
C 3A0HUM KDBLIOM, Y KOMOPO20 MOJICHO USMEHAMb OJUHY CPeOHell 4Ya-
cmu. Pesynomamul noxaswiearom, umo npu OOIbUIOM Yeie amaki U 6bl-
O0BUHYMOM HA3A0 KPblle CULA NPUNCUMA ZHAYUMENbHO YEeTUUUBAEHICA.
Taxoice paccmampusaromesi 3ppexmol  8b108UNCEHUS KPbLIA BHepeo.
Omu pe3yromamul NPeOOCMAasIAIOM 8ANHCHYIO UHPOpMayuro 01 pa3pa-
bOmKU A0ANMuUBHO20 3A0HE20 KpblLid, peazupyioujeco Nno-pasHomy Ha
CKOPOCMHOU a8MOMOOUTD.

In high-speed vehicles, the aerodynamic shape, front spoilers, rear
spoilers, and wing generate additional downward forces to maximize the
traction force. This paper presents the effects of rear wing length chang-
es on the vehicle dynamics. The model used in this study is a 2-door
coupe with a rear wing that can change the length of the middle part.
The results show that the downforce increases significantly at a large
angle of attack and the wing is extended backward. The effects of for-
ward extension are also considered. These results provide crucial infor-
mation for developing an adaptive rear wing that responds differently on
the high-speed vehicle.

Kniwouesvie cnosa: aspoounamuyeckoe Kpulio, GblOSUNCEHUE KPbLid,
BLIYUCTUMENbHASL 2UOPOOUHAMUKA, OUHAMUKA ABMOMOOUISL.

Keywords: aerodynamic wing, wing extension, computational fluid
dynamics, vehicle dynamics.

INTRODUCTION

Aerodynamic factors play an important part in vehicle dynamics. The
body shape, spoilers, and wings are considered in automobile design [1]
to balance between the aspects of concept geometry and the aerodynamic
factors [2]. One of the main goals is to improve the traction force while
reducing the aerodynamic drag to increase the vehicle performance [3].
In high-speed vehicles, the engine power often exceeds the traction limit.
To maximize the vehicle’s performance, it is important to enhance the
traction capacity by either improving the grip coefficient of the wheels or
increasing the total normal force of the vehicle. Rear wings are used to
generate additional force in this situation. In this study, the angle of at-
tack, and the change of wing length are subjected to investigate and ana-
lyze to see their effects on the vehicle dynamics.
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VEHICLE AND WING MODELS

The study object was chosen as in fig. 1, and the Rear Wing profile
as in fig. 2.

The vehicle is simulated at a speed of 100 km/h with rear wing angles of
0°, 5°, 10°, 15°, and 20°, under three conditions: No extension, Extension to
front, and Extension to back. The Computational Fluid Dynamics (CFD)
method is employed to analyze the aerodynamic effects of the Rear Wing on
the vehicle dynamics. The 1:1 scale vehicle model is used for simulation.
The RANS Realizable k-¢ Two Layer model is utilized for its high computa-
tional efficiency (in terms of time and stability) and high accuracy [4-6].

=~

Figure 1 — Vehicle CAD model

Chor Lane

Center of
L 224 40, 276

I
Figure 2 — Rear Wing profile
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To examine the influence of varying the length of the Rear Wing on
the aerodynamic and dynamic characteristics of the vehicle, the NACA
4412 airfoil shape is utilized due to its capability to reduce drag force
[7, 8]. The length of the Rear Wing corresponding to each angle of attack
is extended by, 40 mm both forward and backward, to ensure a compre-
hensive evaluation of the geometric impact on aerodynamics. The exten-
sion point of the Rear Wing is selected at a location with a relatively low
curvature and is elongated along the Chord Line of the NACA 4412
Wing to minimize interference with the original shape, as shown in
fig. 2. Additionally, the vehicle has a total mass of G = 12000 N and dis-
tributes the static weight equally on each axle. During the calculation
process, the influence of rolling resistance force is considered, with a
rolling resistance coefficient of f'= 0,015.

The boundary conditions for the calculation are summarized as Ve-
locity inlet: Magnitude and direction 27,7m/s and Turbulence intensity
2 % and Turbulent viscosity ratio 10, Pressure outlet: Gauge pressure
magnitude 0 Pascal and Backflow turbulence intensity 5 %, Wall Simu-
lation Volume: Wall-Non-slip, Wall Data Vehicle: Standard Wall, Air
properties: Density 1,175 kg/m3, Reference Temperature: 300 K.

Consider the forces affecting the longitudinal dynamics of the
vehicle as depicted in fig. 3 below, equations (1) and (2) describe
the reaction forces between the wheel and the road surface in the
longitudinal direction:

F, = ; 1
zI1 a+b ()
FzzzG-a+FD-d+FL-(a+h) , )

a+b

in which Fp is the aerodynamic drag force (N), F, is the
aerodynamic downforce (N), G is the static weight (N), a, b, the
distribution of static weight onto the two axles of the vehicle, d is the
height of the center of gravity for aerodynamic force, b is the distance
between the static center of gravity and the aerodynamic center, Fj,
F,, are the ground reaction forces.
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On two-door coupe vehicles, often driven at high speeds with rear-
mounted engines, the rear axle typically serves as the driving axle, gen-
erating traction to aid acceleration. With a road adhesion coefficient
of @ = 0,7, we have the formula to calculate the maximum acceleration
traction force for the vehicle:

F

ttmax ~ 'z

FZ'(P_FD_F}'I_F}Q . (3)

Figure 3 — Vehicle longitudinal dynamics model

SIMULATION RESULTS

As the angle of attack of the RearWing increases, the aerodynamic in-
fluence of the RearWing on the vehicle's longitudinal dynamics becomes
stronger through significant changes in aerodynamic drag and lift forces.
At the front axle, when the angle of attack is 0, extending the Rear Wing
to the front or back does not significantly alter the reaction force be-
tween the wheel and the road surface. On the other hand, as the angle of
attack increases, the acrodynamic drag force increases while the lift force
decreases, leading to an increase in downforce and a tendency for the
aerodynamic center of pressure to shift towards the rear of the vehicle.

Therefore, the reaction force between the wheel and the road surface
at the front axle, F z1, tends to decrease as the angle of attack increases.
Extending the RearWing to the back enhances the downforce significant-
ly, and the aerodynamic center of pressure tends to shift further rearward
compared to extending it to the front. Consequently, when changing the
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length of the RearWing, the reaction force at the front axle tends to de-
crease, with a more pronounced decrease at the front axle as depicted
in fig. 4, a.

Conversely, as the angle of attack increases and the aerodynamic cen-
ter of pressure tends to shift rearward, the reaction force with the road
surface at the rear axle increases significantly. This is because the down-
force aerodynamic force concentrates more towards the rear wing.
Therefore, RearWing Extend to back will have a higher effectiveness in
increasing the reaction force between the rear axle and the road surface
compared to Extend to Front, as shown in fig. 4, b.

O 2 4 8 B W 12 W W W 2 o 2 4 &5 8 W 12 W B W N
Angle of attack (deg) Ange of attack (deg)

a b

Figure 4— Graphs of the change in ground reaction force of the front axle (a)
and the rear axle (b)

The acceleration capabilities of coupe vehicles are often of particular
interest. Acceleration capability is primarily evaluated by the maximum
longitudinal acceleration force that can be generated during motion.
The acceleration force is calculated as the maximum traction force that
can be generated at the driving axle minus the influence of resistive forc-
es such as rolling resistance, aerodynamic drag, inertial resistance, and
gradient resistance. Here, we assume the vehicle is operating on a flat
surface (gradient resistance = 0) and moving at a constant speed of
100 km/h, so gradient resistance and inertial resistance can be considered
negligible. Using the formula (3), the relationship between acceleration
force and the angle of attack is shown in fig. 5. When extending the
RearWing at a 0-degree angle of attack, the impact on the vehicle's ac-
celeration capability is insignificant due to minimal changes in aerody-
namic forces on the RearWing. However, as the angle of attack increas-

63



es, the downward force (downforce) and aerodynamic drag force in-
crease significantly. Hence, the maximum acceleration force tends to
increase rapidly at small angles of attack from 0 to 10 degrees, reaching
a peak at an angle of attack of 10 degrees. At larger angles of attack, the
increase in acceleration force is not as significant.
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4080 d— Extend 10 front
—E— Extend 1o back |
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4020

(N)

g 4000
E
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0 2 4 6 8 10 12 14 16 18 2
Angle of attack (deg)
Figure 5 — Graph of maximum acceleration force

CONCLUSION

This paper has presented the simulation and analysis of rear wing ex-
tension on the vehicle dynamics. The 2-door coupe car model equipped
with NACA 4412 wing was the subject of this study. The changes
in the wing’s length are investigated in three cases: original wing, for-
ward extended, and backward extended wings. The angle of attacks was
also considered. The results showed that increasing the length of the
wing leads to increasing downforce and improving the traction force.
This finding can be used as a reference when designing high-speed vehi-
cles with responsive wings.
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INPUMEHEHHME MPC U PID /UIA YITIPABJIEHUA
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THE USE OF MPC AND PID TO CONTROL THE MOVEMENT
OF THE CAR ALONG A GIVEN TRAJECTORY
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Le Van Nghia,
Automotive Engineering Group, Department of Vehicle and Energy
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B snoxy mexnonozuueckux 0ocmudiceHull UCCIe008anue u npumeHe-
Hue 2¢hdexmusnvlx Memooos YnpasieHus 8 AemoMOOUNX CIMAHOBIMCS
gadicHetiwell  001acmvio, 0X6amMvléalowjell He MOJbKO ABMOHOMHbBIE
MPAHCNOpMHblE CPeOCmed, HO U Opyeue UHMeLLeKmyaibHble QYHKYUU.
Jlannas paboma paccmompugaemcs HpuMeHeHUU KOMOUHAYUY MEXHUK
PID (nponopyuonansno-unmezpanvbHo-oughgepenyuansvhoe ynpasienue)
u MPC (ynpasnenue na ocHoge MOOenu NPeocKa3anus) Oas nosbluleHus
aghghexmusrnocmu ynpasnenus 0gudxcenuem agmomoouetl, 0cobeHHo npu
OMCAEAHCUBAHUU 3A0AHHBIX mpaekmopuil. B uccredosanuu, npusedemcs
OUHAMUYECKAs: MOOeNb aBMOMOOUIsL, HA OCHOBAHUU KOMOPOU 0daemcs
oyenka sgpgexmusnocmu pabomer komounayuu PID u MPC o munumu-
3ayUU OMKIOHEHUSL MeXNCOY HAKMUUEcKol mpaexmopuell O8UNCEHUs U
3a0anHoOl mpaexmopuel npu Nno00epICAHUU NOCMOAHHOU CKOPOCU
aemomobuns. Pesynibmamol nokazuleaiom, 4mo 3MOm UHMeZPUPOSaH-
HbILL N00X00 0becnevugaem 3HAYUMENbHO TYUULYio 3ppekmusHocms no
CPasHeHUIo ¢ UCNOb308aAHUEeM MONbKo Memodo8 PID uiu MPC.

In the era of technological advancements, the research and applica-
tion of efficient control techniques in automobiles are emerging as a
crucial field, not only focusing on autonomous vehicles but also encom-
passing other intelligent functionalities. A recent study has employed a
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combination of PID (Proportional-Integral-Derivative) and MPC (Mod-
el Predictive Control) techniques to augment the performance of motion
control in vehicles, particularly in tracking predefined trajectories. By
utilizing a dynamic kinematic model, the study assessed the efficacy of
the PID and MPC amalgamation in minimizing the deviation between
the actual motion trajectory and the predetermined reference trajectory,
while maintaining a constant vehicle velocity. The findings reveal that
this integrated approach yields superior effectiveness compared to solely
employing either PID control or MPC methods.

Knioueevie cnoea: mpaekmopus osudcenusn, PID, MPC, ounamuka
nogopoma asmomMoOus.

Keywords: motion trajectory, PID, MPC, vehicle cornering dynamics.

INTRODUCTION

The research and application of effective control techniques on auto-
mobiles is becoming an important field, not only for autonomous vehi-
cles but also for other intelligent functions that are being developed. One
of the important problems in this field is to ensure that the vehicle's mo-
tion follows a predetermined trajectory, which is determined by the sen-
sors installed on the vehicle (Radar, Lidar, Camera, GPS and others)
and the model predictive controller (MPC) combined with the PID con-
troller. When controlling a vehicle to follow a predetermined trajectory
with an allowable error (according to SAE is 150 mm), it is necessary
to take into account the effect of the lateral tire force generated during
turning [1].

When turning, the vehicle’s motion follows certain rules, affected
by the steering angle and the lateral deformation of the tire during turn-
ing [2-3]. When there is a lateral force, the vertical reaction force from
the road surface acting on the two wheels of the same axle changes, af-
fecting the ability to transmit traction and braking force, and even caus-
ing dangers such as skidding or tipping the vehicle sideways. The lateral
deformation of the tire during steering can cause the vehicle’s trajectory
to deviate when it is controlled automatically. This paper studies the
ability of the vehicle to follow a predetermined trajectory in the case of
parking and double lane change at different speeds, taking into account
the lateral deformation of the tire during steering. The modeling method
is chosen to carry out the above research.

67



MODELING DEVELOPMENT

Modeling of the cornering dynamics of the vehicle.

Based on prior research in electric vehicles [4—5], the paper presents
the methodology for constructing a dynamic model of a front-wheel-
drive electric vehicle based on the vehicle's dynamic equations.

The bicycle model can be used to investigate the cornering dynamics
of vehicles in motion trajectory problems [2—4] (fig. 1).

o

1

By

a,

Y

AN
2

dy

Po

Figure 1 — Vehicle cornering model

Notation in fig. 1: B — yaw angle; & — steering angle; vy, v, — front
and rear wheel velocities; a;, a, — distances from the vehicle's center
of gravity to the front and rear axles; / — wheelbase; @ — vehicle body
angle; p — turning radius; C — center of gravity; o, o, — front and rear
lateral tire slip angles.
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The equations of motion are obtained as follows:
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The Vinfast VF e34 car was chosen as the research subject, and its
technical specifications are presented in tab. 1.

Table 1 — Input simulation parameters

Parameter Value Unit Parameter Value Unit
a 1,125 m Ja 2875 kg/m’
a, 1,486 m Cui 500 N/degree
m 1850 kg Cyp 833 N/degree

Modeling of MPC, PID, and combined controllers.
At each sampling time, the future control signals are calculated by
optimizing the objective function J(U) in a similar form to the following

equation:

J=Y" L(X(t+k/0),Y(t+k/O)ut+k/1).

The PID control scheme is named after its three corrective terms,
the sum of which is formed by the manipulated variable:

u(t)=MV (1)=K,e()+ K, [ e()dr +K, %e(t).
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The predefined trajectory and actual parameters of the Y-coordinate
and roll angle of the vehicle body are fed into the PID controller, and the
output of the controller is the steering wheel angle. With the obtained
steering wheel angle, the position of the vehicle's center of gravity can be
determined through the dynamic model of the vehicle's yaw motion.

MPC-PID Combined Control Model

The combination of the two MPC and PID models improves the sys-
tem by overcoming the drawbacks of each individual model. The model
of the system with the combination of MPC and PID is presented
in fig. 2.
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Figure 2 — Simulation Model of the Combined PID and MPC Controller

EXPERIMENTAL RESULTS AND ANALYSIS

The simulated double lane change trajectory is based on the «ISO
double lane change test» [7]. Simulation results of Double Lane Change
at Vehicle Speed of 120 km/h are present in fig. 3 and tab. 2.

Table 2 — Simulation error results at 120 km/h

Parameter MPC + PID PID MPC
Controller Controller Controller
Maximum Lateral Deviation
of the Vehicle Trajectory 0,127 m 0,256 m 0,661 m
Maximum Yaw Angle Error 0,251 rad 1,011 rad 0,245 rad
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Figure 3 — Double Lane Change at 120 km/h using the Combined MPC
and PID Controller

Simulation results of Right-Angle Turn at a Vehicle Speed of 100
km/h are present in fig. 4 and tabl. 3.
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Figure 4 — Right-Turn Maneuver at 100 km/h using the Combined MPC
and PID Controller
Table 3— Right-Turn Maneuver Error Results at 100 km/h
Parameter MPC + PID PID MPC
Controller Controller Controller
Maximum Lateral Deviation
of the Vehicle Trajectory 0,130 m 0.415m 0,710 m
Maximum Yaw Angle Error 0,320 rad 0,767 rad 0,326 rad
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The results show that when performing double lane change and right-
angle turn with constant longitudinal velocity, the lateral deviation using
PID and MPC controllers is significant. According to the SAE standard
for deviation of 150 mm, this indicates that at this speed, the perfor-
mance of the PID or MPC controller alone is no longer guaranteed.
Meanwhile, using the combined MPC and PID controller results in a
maximum lateral deviation of 130 mm. This error falls within the SAE
recommended range.

CONCLUSION

The construction of a combined MPC and PID controller for trajecto-
ry tracking leads to the conclusion that the controller satisfies the track-
ing of a predefined trajectory in the case of parking or lane changing at
low speed, and is also effective compared to using only the MPC or PID
controller alone. However, the controller does not operate completely
accurately when the vehicle is moving at high speed. Based on this con-
clusion, future research will focus on optimizing or combining other con-
trollers to achieve accurate trajectory tracking at high speeds.
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Tires are the components that make contact with the road surface,
and their condition is one of the factors affecting the smoothness of the
vehicle. This paper investigates the influence of tire stiffness variation
on the performance of the suspension system. The study employs a com-
bination of experimental and simulation methods to examine how chang-
es in pressure and load lead to changes in tire stiffness, thereby affecting
vehicle body oscillation. Experiments were conducted to determine tire
stiffness, and the experimental results were incorporated into a quarter-
car suspension system simulation model for further investigation. The
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simulation results about relations of tire stiffness, load changes and ve-
hicle body oscillation were presented.

Ulunvt s671810MCsE KOMNOHEHMAMU, KOMOPble KOHMAKMUPYIOm ¢ 00-
POJACHBIM NOKPLIMUEM, U UX COCMOSIHUE ABTIAEMCsi OOHUM U3 AKMOpPOs,
BAUAIOWUX HA NIAABHOCMb X004 asmomoodouns. B oannoii cmamee uccie-
Oyemcsi GnusHUe UMEHEHUSl JCeCMKOCMU WUH HA pabomy cucmembvl
noosecku. B uccredosanuu ucnonvsyemes covemanue IKCRePUMEHMALb-
HbIX U UMUMAYUOHHBIX MEMOO008 O OYEeHKU USMEHeHUsl OalieHUusl U
HA2PY3KU WUH K UBMEHEHUSIM HCeCMKOCIU WUH, U MeM CAMbIM 6IUsls Ha
KOIebaHusi Ky308a mMpaHCcnoOpmHozo cpeocmaa. bvlnu npogedenst sxcne-
PUMEHMNBL HO ONPEdeNIeHUI0 JCeCMKOCMU WUH, U Pe3yIbmamyl IKCHnepu-
MEHMO8 OblIU GKIIOYEHbI 8 UMUMAYUOHHYIO 1/4 Modeny cucmemuvl noo-
8ecKU asmomoouns 011 OanvHeliue2o ucciedosanus. Illokaszanvl pe-
3YILMAMbBL  MOOGTUPOBAHUS O  C8A3U  MeHCOY  IHCECMKOCTBIO  WUH,
Hazpy3KoU U Kojebaunuem Ky308a agmomoous.

Keywords: tire stiffness, tire pressure, vehicle vibration, quarter-car
model.

Knrwouesnie cnosa: sicecmxocmo wiun, 0asnenue 6 wWuHax, subpayus
asmomoouis, 1/4 mooenv noosecku aemomoous.

INTRODUCTION

One of the criteria for evaluating the quality of an automobile
is the ride comfort of the vehicle on the road [1, 2]. Among these, tire
stiffness is a major factor influencing the ride comfort of the vehicle.
Changes in tire stiffness led to body oscillation, affecting the sensation
of the occupants. The paper [3] pointed out that tire stiffness has a signif-
icant impact on the performance of the suspension system. Rostami et
al. [4] investigated the influence of tire stiffness on the suspension sys-
tem. However, these studies have not clearly elucidated the importance
of tire characteristics to the performance of the suspension system.

This paper assesses the influence of tire characteristics (changes
in pressure and load applied to the wheel) on the performance of the sus-
pension system. The experimental method combined with simulation
demonstrates that the parameters used to evaluate the suspension system,
such as vertical body oscillation, acceleration, and damping time, are
affected by tire characteristics. The experiment helps determine the tire
stiffness dependent on specific values of pressure and load, which are
then incorporated into the simulation model. The simulation results help
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evaluate the impact of tire and load characteristics on the vehicle's sus-
pension system operation.

METHODOLOGY

To evaluate the oscillations of the vehicle body, a full-car suspen-
sion model is typically required. However, constructing a full-car
model is quite complex. Therefore, this study employs a quarter-car
suspension model for the analysis. Based on [1], the paper derives the
equations (1) and (2):
m,-z= C-(zl—z)+K-(Z'1—Z'); (1)

a

m-z=CL-(h-2)+KL-(h-%)-C-(z-2)-K-(5-2). (2)
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Figure 1 — Quarter-car suspension model

Tire stiffness at various pressures and loads was collected through
experimentation. The experimental equipment included: a suspension
test bench, height measuring devices, a 2014 Toyota Vios, load meas-
urement devices, and tire pressure measurement devices.

The experimental procedure began by placing the rear axle of the
Vios on the load measurement device. A tire pressure gauge was used to
determine the pressure in the tires, after which the vehicle was loaded
with four different loads (load values displayed on the device) to meas-
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ure tire deformation. The recorded measurements were documented.
Finally, the process was repeated for four different tire pressures.

Following the experiment, the paper constructs trendline graphs based
on the collected data. From this, the equation of the trend line is de-
scribed by (3):

y =755,63-x> — 2466,8- x + 4029,9 . 3)

To evaluate the vehicle body oscillations, the paper simulates the
wheel passing over a step bump. The step bump describes a scenario
where the wheel, initially at a height of h = 0,175 m, drops to the road
surface. By using a set of differential equations, the oscillation graph of
the unsprung mass over time is obtained.

RESULTS & DISCUSSION

Figure 2 illustrates the relationship between vehicle body oscillations
over time in two scenarios: low pressure under unloaded conditions
and high pressure under fully loaded conditions.
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——G=240 kg, p=1.8 bar ———G=380kg, p=2.4 bar
Figure 2 — Vehicle body oscillation amplitude in two cases study

Figure 2 shows a pronounced difference. When the vehicle is idling
with a pressure p = 1,8 bar, two points are presented Z,,, = 0,0847 m
and Z,;, = 0,0439 m. Meanwhile, a fully loaded vehicle traveling with
apressure of p = 24 bar has a score of Z,, = 0,1065m
and Z,,;, = 0,0661 m. The difference of two points can be evaluated, Z,,,,
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and Z,;,, in the above two cases. The amplitude of fluctuations corre-
sponding to two points Z,,, is 26 % and Z,,;, is 51 %. The oscillation ex-
tinguishing time of cases is also different, specifically with idle condi-
tions p = 1,8 bar, ¢ = 1,35 s, and with full load conditions p = 2,4 bar,
t = 2,124 s. The time difference between the two cases is 58 %. With
longer oscillation extinguishing times, vehicle body oscillations occur
stronger, and the occupants will have a noticeable feeling of the smooth-
ness of the vehicle in the above two cases.

Figure 3 illustrates that with two completely different conditions,
an idling vehicle with a pressure of p = 1,8 bar and a fully loaded vehicle
with a pressure of 2,4 bar, the acceleration between the two cases has
a noticeable fluctuation. At idle with pressure p = 1,8 bar, a maximum
acceleration was represented as @, = 13,4 m/s” and a minimum acceler-
ation of @, = 9,22 m/s>. At full load with a pressure of p = 2,4 bar, a
maximum acceleration was represented as @, = 8,88 m/s*> and a mini-
mum acceleration of a,,, = 6,31 m/s>. The differential acceleration in the
two cases corresponds to the maximum acceleration value of 51 % and
to the minimum value of 47 %.
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Figure 3 — Vehicle body acceleration in two cases study

According to fig. 4, in terms of quenching time, in a vehicle with-

out a load, the extinguishing time fluctuates at 2,17 s, and in full load
mode, it is 2,5 s.
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Figure 4 — Vehicle body oscillations corresponding to different loads

Figure 5 illustrates the vertical acceleration of the vehicle body under
different load conditions. The damping resistance and the elastic force
of the springs remain constant, as the stiffness of the C; tires shows neg-
ligible variation. The inertial force is balanced by the damping re-
sistance, and with the elastic force being constant, the inertial force also
remains constant. Consequently, the variation in acceleration across dif-
ferent load conditions is primarily influenced by the mass m. As the
mass increases, the acceleration decreases, resulting in a smaller acceler-
ation amplitude compared to that of a lower mass.

Body acceleration, a (mm/s?)

Time, t(s)
G=275 G=310 G=345 ——G=380

Figure 5 — Acceleration of the vehicle body corresponding to different loads

G=240

CONCLUSION

This paper evaluates the effectiveness of the automotive suspension
system by determining the impact of tire stiffness. The experiment col-
lects parameters for the simulation model by examining and assessing
the suspension system under varying pressures and loads in two scenari-
os: the first scenario involves an unloaded condition at low tire pressure

78



and a fully loaded condition at high tire pressure; the second scenario
maintains a constant tire pressure of p = 2,2 bar while varying the load.
The first scenario shows a significant difference, with vehicle body oscil-
lation differing by 51 % and vehicle body acceleration by 58 %. The
second scenario demonstrates that as the load gradually increases, the
oscillation increases by approximately 12% for each load increment, and
acceleration increases by 15%. In summary, riding at a low load condi-
tion provides a smoother experience for the passengers compared to a
high load condition.

Funding: This research is funded by the Hanoi University of Science
and Technology under project number T2023-PC-023.

REFERENCES

1. Elbanhawi, M. In the Passenger Seat: Investigating Ride Comfort
Measures in Autonomous Cars / Mohamed Elbanhawi, Milan Simic, Re-
za Jazar. — IEEE. — Vol. 7. — Issue 2, 2015.

2. Els, Schalk. The applicability of ride comfort standards to off-
roadvehicles / Schalk Els // Journal of Terramechanics, 2005. — Ne 42, —
P. 47-64.

3. Al-Solihat, Mohammed Khair. Influence of tyre pressure on an ur-
ban bus transient and steady state handling performance / Mohammed
Khair Al-Solihat, S. Rakheja, A. Ahmed // Proceedings of The Institu-
tion of Mechanical Engineers Part D-journal of Automobile Engineering.—
PROC INST MECH ENG D-J AUTO, 2010. — Ne 224. — P. 893-908.

4. Rostami, Hossein. (2023). Investigation of tire stiffness and damp-
ing coefficients effects on automobile suspension system / Hossein Ros-
tami, Maryam Fallah Najafabadi, Davood Domiri Ganji. Proceedings of
the Institution of Mechanical Engineers, Part D: Journal of Automobile
Engineering, 2023. — P. 237.

5. Effects of Tyre Pressure on Vehicle Suspension Performance /
Mazin Hamed [et al.] // International Letters of Chemistry, Physics and
Astronomy, 2015. — Ne 55. — P. 104-113.

6. Kasprzak, Edward. Inflation Pressure Effects in the Nondimen-
sional Tire Model / Edward Kasprzak, Kemper Lewis, Douglas Milliken //
SAE International Journal of Passenger Cars: Mechanical Systems, 2007. —
Ne 115. P. 1781-1792.

[Ipencrasneno 15.05.2024

79



YK 629.03
AHAJIN3 BJIUAHUSA KECTKOCTH IIMH HA KOJIEBAHUA
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Ulunvl  gocnpunuMalom HepPoSHOCHU O0OPO’CHO2O0 NOKPLIMUsL Npu
dgudicenuy  mpancnopmuo2o cpeocmea. Kecmxocmv wiun sensemcs
BANCHETUUM NAPAMEMPOM UX IKCHIYAMAYUOHHBIX XAPAKMEPUCIMUK U
OOHUM U3 KIIOUeBblX (haKmopos, nusiowux Ha pabomy noogecku. B pa-
bome UCnoab3yemcs KOMOUHAYUST IKCREPUMEHMATLHBIX MEMOO08 U MO-
Oenuposanus 01 UCCIe008aAHUsL B030eUCMBUs OABNeHUs U HASPY3KU HA
JHCECMKOCHb WUH U AHATU3A GIUSHUSL DUX RAPAMEMPO8 HA Koaebanus
KY3080 MPAHCHOPMHO20 CPeOCmad, e20 GUOPOYCKOpeHUs U 8pemst Oni-
kauxa. Onpedenenue HcecmKocmu WUH NpU 8apuayuu O0daeieHus u
HA2py3KU NPOBOOUNLOCH IKCHEPUMEHMATLHO HA UCTIIMAMETbHOM CIMeHOe
¢ nocnedylowei nepeoaveil amux 0annvlx 6 1/4 modenv nodsecku 0is
ananuza eudpayuu Kyzoea asmomodouns. Kax nokxasaru pezyivmamol
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Meopemuyeckux U IKCHePUMEHMATLHBIX UCCAEO08AHUL 8 YCI0BUAX OM-
Cymcemeusi Hazpy3Kku (8 CHAPSANCEHHOM COCMOSHUU A8MOMOOUIA) u3Me-
HeHue 0aGIeHUsl 8 WUHAX NPAKMUYECKU He OKA3bleaem GIUSHUS HA Pa-
bomy noodgecku. Bapuayus daenenus 6 wiunax npusooum K uzMeHeHUo
amMnaumyo Koiebanutll Ky3068a mpancnopmuo2o cpeocmsea He Oojee wem
Ha 6,6 %, a npooobHO20 YCKOpeHUs Ky306a He bonee uem Ha 11,9 %.
Ilpu smom epems 3amyxanusi KOIeOAHULl OCMAEMCcst NOCMOSHHbIM 60
6cem ouanasone dasnenutl 6 wunax u cocmagisem 1,35 cexynovi.

Tires perceive road surface unevenness when vehicles are moving.
Tire stiffness is the most important parameter of their performance
characteristics and one of the key factors affecting on the suspension
system operation. The paper illustrates a combination of experimental
and simulation methods to investigate the effects of pressure and load on
tire stiffness and analyze the influence of these parameters on vehicle
body vibrations, longitudinal body acceleration and response time. Tire
stiffness was determined experimentally with pressure and load changes
on a test bench, which were then converted into a 1/4 susp vehicle body
oscillation ension simulation model for analyzing vehicle body vibration.
The theoretical and experimental results demonstrate that under unload-
ed vehicle conditions the performance of the suspension system remains
consistent. Changes in tire pressure lead to deviations in vehicle body
oscillation amplitudes by no more than 6,6 % and longitudinal body ac-
celeration by no more than 11,9 %. At the same time, the damping time
of oscillations is consistent across all tire pressure conditions, measured
at 1.35 seconds.

Knwuesvle cnosa: noogecka, jcecmkocms wiuH, Od6ieHUe 6 WUHAX,
ucneimamenvHsliil cmeno, 1/4 mooenv noogecku asmomoouwis, mooeiu-
posanue, subpayusl Ky3068a agmomMoOus.

Keywords: suspension, tire stiffness, tire pressure, test bench, quar-
ter-car suspension model, simulation, vehicle body oscillation.

INTRODUCTION

The suspension system plays a crucial role in ensuring the safety
and comfort of a vehicle. It is a primary concern for both users and man-
ufacturers, leading to numerous studies focused on improving the
smoothness of the suspension system. Within the suspension system,
tires significantly impact overall performance.
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Many studies have demonstrated the influence of tires on the
suspension system. Parczewski [1] and Andrzej Zuska et al. [2] have
shown that changes in tire pressure cause variations in the radial
transformation and lateral stiffness of the wheel, reducing the radial
stiffness of the tire and resulting in changes in the equivalent vertical
stiffness of the suspension system. Additionally, it increases the braking
distance for both straight-line and curved-line driving and develops the
vehicle's understeer tendency. Ha D. V. [3] investigated semi-trailers and
found that tire stiffness affects the dynamic load of the vehicle, reducing
the tire's road-friendliness. Similarly, Van L.V. [4] indicated that
increasing tire stiffness raises the dynamic load and vice versa.

This paper evaluates the impact of tire characteristics, specifically
the variation in pressure applied to the wheels, on the performance of the
suspension system in a 2014 Toyota Vios. The study employs a
combination of experimental methods and simulation to analyze vehicle
body oscillation, acceleration, and response time, thereby assessing the
influence of these parameters on the suspension system. The experiments
determined that tire stiffness depends solely on pressure and specific
load. These parameters were then used as inputs for the suspension
system simulation model. The resulting graphs of vehicle body
oscillation and acceleration provide insights into how tire pressure
characteristics affect the suspension system's performance.

METHOD

Quarter-car suspension model.

A quarter-car model was constructed to investigate vehicle vibrations.
Fig 1 illustrates the system's dynamics where m, and m represent
the sprung and unsprung masses respectively. Additionally, the system
includes an elastic component characterized by stiffness C and spring
force F, and a damping component represented by damping coefficient
K and damping force Fy.

The coordinates of the sprung and unsprung masses are Z and z,
respectively, with the height of the pump on the road surface denoted as
h. Therefore, the following forces acting on the system are expressed by
equations (1) and (2):

Fe=Fn=C,=C-(z,-2); (1)
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Fq =F, =K, =K(z,-2). )
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Figure 1 — Quarter-car suspension model

The tire has C;, as the tire stiffness Fcr as the elastic force of the tire,
K. as the damping coefficient of the tire, and Fx; as the damping force
of the tire. Therefore, the deformation force is presented by (3):

Foo =CL M =C (h-2) and Fey =K v, =K (h-2,).

Separating the sprung and unsprung masses, applying the forces
and balancing the forces according to D'Alembert's principle, the system
of oscillation equations is obtained by (4) and (5):

m,-Z=C-(z,-2)+K-(3,-2); (4)
:m-%,=CL-(h-2)+KL-(h-2)-C-(z,-2)-K-(2,-2). (5)

The input parameter for the model is the height of the road surface
irregularities. When the wheel drops from a height of 0.175 m to the road
surface, solving the system of equations yields the real-time oscillation
graph of the sprung mass. The suspension system parameters, damping,
and tire stiffness are taken according to the design specifications
of the vehicle model used in the study. Tire stiffness is an input
parameter for the quarter-car model and this parameter can change
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depending on actual conditions. Therefore, this article conducts
experiments to evaluate the effect of load on tire stiffness.

Real experiments.

To gather parameters for the simulation process, the study conducted
experiments to determine tire stiffness under various load and pressure
conditions. The experimental setup included a suspension system test
bench, height gauge, 2014 Toyota Vios, load measurement devices,
and tire pressure measurement devices.

The experimental procedure began with placing the vehicle on the
test bench and using a tire pressure gauge to determine the tire pressure.
Subsequently, different loads were applied to the vehicle, measured at
four distinct load levels (as indicated by the load measurement devices).
For each load, a height gauge was used to measure tire deformation, and
the data was recorded. This process was repeated with different tire
pressure settings.

Tire stiffness depends on various factors, including tire material, tread
pattern, tire pressure, and load. Changes in tire stiffness (C.) alter the
force Fcy, thereby affecting the performance of the suspension system.
As tire pressure and load increase, tire stiffness also increases, leading to
reduced shock absorption efficiency. Table 1 illustrates the variation in
stiffness with pressure for different load levels.

Table 1 — Tire stiffness variation with pressure and load

18bar | G(N) | 2bar | G(N) | 2,2bar | G(N) | 2.4bar | G (N)
1960 2150 2163 2474

2010 c 2135 c 2157 c 2529

C (Nfem) | 2060 | (oo [ 2125 | (0 [ 2135 | [ 2514
2121 2178 2185 2468

2116 2166 2170 2466

o o Cuw Cuw

o | 2953 | owemy | 2850 | nemy | 2192 | ey | 2490

This research computes the average tire stiffness with the same
pressure at different loads to evaluate an overview of tire stiffness
according to pressure but disregarding the vehicle's load. Figure 2
illustrates stiffness as a function of pressure. To facilitate the
calculation of tire stiffness at any pressure, the following second order
polynoml model (6) can be employed:
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y=4029,9 —2466,8- X+755,63- X2, (6)

in which y represents the tire stiffness (N/cm), and x denotes the tire pressure.

2600

= y = 755,637 - 2466,8x + 4029,9 2469,32
E 2.
k3] R*=0,99 -
Z 2400 //
o 2238,54 >
[ -
§ 2200 2140,6_?_(_____.__.-.:-
E 2030,72
= —
o 2000
£

1800

1,7 1,9 21 2,3 2,5

Pressure , p (bar)
Figure 2 — Tire stiffness corresponding to tire pressure

RESULTS

Experiments were conducted by fixing the vehicle's mass and varying
the tire pressure, leading to changes in tire stiffness for investigating
the vehicle body oscillation concerning changes in tire stiffness. The
research examines the vehicle's mass when unloaded, equivalent to
240 kg (quarter-car model), and the tire pressure ranging from 1.8 bar to
2.4 bar in the quarter-car model. The value of tire stiffness was
calculated corresponding to each pressure value, as shown in tab. 1.

Substituting the vehicle parameters and each stiffness value into
the previously constructed quarter-car model in the software (fig. 2),
the article obtains the vehicle body oscillation amplitude graph (fig. 3)
and the acceleration graph of the vehicle body (fig. 4) corresponding
to each different pressure.

Figure 3 shows that changes in pressure have minimal effects on the
vehicle body oscillation with the same mass. At a pressure of p = 1.8 bar,
maximum amplitude Zn = 8.47 cm and minimum amplitude
Zmin = 4.39 cm by absolute from the new road level. Meanwhile, at a
pressure of p = 2.4 bar, maximum amplitude Zy, = 8.97 cm and
minimum amplitude Zn, = 5.78 cm. Therefore, the difference in
oscillation amplitudes between the two cases can be evaluated. The
difference in oscillation amplitudes corresponding t0 Zpax is 6 % and Zy,
is 6.6 %. The damping time of oscillation in both cases is the same,

85



averaging 1.35 seconds. These results indicate that the influence of pressure
on the vehicle body displacement is negligible, only about 6 %, which is
quite small.

vehicle body oscillation amplitude

=]
(=]
w

. ~———p=1.8 bar
£ o ——p=2.0b
N o5 1 1.5 2 2,5 3 3,5 4 p=z.Ubar
) =2.2b
8 o1 p ar
= p=2.4 bar
8..0,15
g
< 02
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Time, t (s)
Figure 3 — Vehicle body displacement graph
Acceleration depends on pressure - p=1.8 bar
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Figure 4 — Vehicle body acceleration graph

Figure 4 shows that changes in pressure have minimal effects on the
vehicle body acceleration with the same mass. At a pressure of
p = 1.8 bar, the maximum acceleration ans = 13.4 m/s2 and the minimum
acceleration amin = 9.22 m/s2 by absolute values. Meanwhile, at a
pressure of p = 2.4 bar, the maximum acceleration ams = 15 m/s? and the
minimum acceleration ani, = 9.66 m/s2. The difference in acceleration
between the two cases, corresponding to the maximum acceleration
value, is 11.9 %, and for the minimum acceleration value, it is 4.8 %. It
can be seen that the change in acceleration in both cases is quite small,
and the damping time of oscillation is the same. This indicates that when
driving on the road, the driver may have difficulty perceiving the
difference in vehicle body oscillations when driving with different tire
pressures. Similarly, as observed in the investigation of vehicle body
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displacement, the acceleration along the vehicle body with respect to
pressure also remains relatively small, below 12 %.
CONCLUSION

The article evaluated the effectiveness of the suspension system by
examining tire stiffness, which varies with tire pressure. The relationship
between tire stiffness and pressure is described by a quadratic equation
based on experimental data. The simulation results demonstrated that,
under unloaded conditions, changes in tire pressure resulted in vehicle
body oscillation amplitudes varying by no more than 7 %, and
longitudinal body acceleration differing by no more than 12 %. The
damping time of oscillations was consistent across all tire pressure
conditions, measured at 1.35 seconds. This indicates that, with a constant
load, drivers are unlikely to perceive significant differences in vehicle
body oscillation when driving with varying tire pressures.

Funding: This research is funded by the Hanoi University of Science
and Technology under project number T2023-PC-023.
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Cmamws noceswyena paspadomie MemoOUYecKux NOAONCEHUU NO
asmomamu3zayuu ynpasienus ogyxcmynenuamoul KIII1 ¢ cocmage snep-
209(hhexmusHo20  Ms206020 CUNOBO20  IIEKMPONPUBOOA  2PY308020
ANEKMPOMOOUTISL NOIHOU Maccol 12 monH.

The article is devoted to the development of methodological provi-
sions for the automation of control of a two-stage gearbox as part of an
energy-efficient traction electric drive of an electric cargo vehicle with a
gross weight of 12 tons.

Kniwouesvie cnosa: snexmpomoounu, MHO20CKOpOCTHbIE KOPOOKU he-
peoay, 2neKkmpoosueament, INEKMPOMEXAHUYECKAST XaAPaKMePUCmuKa,
aneopumm.

Key words: electric vehicles, multi-speed gearboxes, electric motors,
electromechanical characteristics, algorithm.

BBEJIEHHME

Ha ceromusimiHuii JeHb CYIIECTBEHHBIM HEIOCTATKOM 3JICKTPOMOOH-
JICH SBJISETCS HEJOCTATOYHBIN MPOOEr Ha OJHOM 3apsKe aKKyMyJsTop-
HOU Oarapeu, 4To OCOOCHHO BBIPAKEHO HA MOJIENAX, 000PYIOBaHHBIX OJI-
HOCTYTIEHYATHIM TOHMKAIOIINM PEIYKTOPOM M 00YCIOBICHO HEOOXOIH-
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MOCTBIO paOOTBI 3JIEKTPOIABHUTraTelisi B IIMPOKOM AMAIAa30HE CKOpOCTeH
BpameHns. B ropoackux yCcIoBHSX SKCIUTyaTalliy TSATOBBIM AIIEKTPOIPH-
BOJI 3HAYHUTENIFHYIO YacTh BpeMEHH paboTaeT B AUANa30HE HU3KHX CKOPO-
CTeH BpallleHHs U BBICOKHX KPYTSAIIMX MOMEHTOB, KaK IPAaBUIIO, 3TOH 00-
JJACTH COOTBETCTBYET 3HaueHue anekrpomexanudeckoro KIIJ smekrpo-
npuBona Ha 13—15 %, puc. 1, HIke HOMUHAIEHON BeMUUUHBI [ 1-5].

MHorouunciieHHbIE UCCIIeIOBaHUs MOKa3al, 4YTO Hauboiee pamuo-
HAJIFHO TEPEBOAMTH HA JIEKTPUYECKYIO TATY TPAHCIOPTHBIE CPEACTBa
kareropuii M3, N; [6]. C 1enpio yAOBIETBOPEHHUS ABYX KPUTEPHUAIbHBIX
YCIIOBUH: MPEOAONECHUS] MaKCUMaJIbHOTO MoabeMa, paBHOro 25 % u 1o-
CTHKCHHSI HEOOXOIMMON MaKCHUMaJIbHOM CKOPOCTH IBMXKEHHSI, LIEIECO-
00pa3HO UCTIOIB30BATh JBYXCKOPOCTHEIE KOPOOKH Tepeaad.

OIIMCAHME TTIOJIXOOA K ITOBBIIHEHNIO
OHEPI'O2®PEKTUBHOCTHN SJIEKTPOMOBUIIA
C MHOT'OCTYIIEHYATON TPAHCMUCCUEN

3agaua MOBBIMICHUS SHEProdP(PEeKTUBHOCTH ANEKTPOMOOHIICH SIBIIS-
€TCsl B IIEJIOM Pa3HOCTOPOHHEW. DTy 3alady MOXKHO peIlaTh Ha YPOBHE
MEXaHU3MOB, YYaCTBYIOLIUX B Iiepeiaue MOLIHOCTH, HA YPOBHE BCIIOMO-
raTejabHBIX CUCTEM, HCIIOJIB3YEMBIX B MPOIIECCE IKCIIITYaTallK IEKTPH-
94eCKOro TPaHCIIOPTHOTO CPEACTBA U Ha APYTHX YpOBHSX. B maHHOI cTa-
ThE TNPEIUIaraeTcsi pacCMOTPETh IOAXOJ K IMOBBIIEHHIO dHEprodddex-
TUBHOCTH SJIGKTPOMOOHIISL TIOCPEICTBAM HCIIOJH30BAHUS alTOpUTMa
yIpaBJICHHS, TO3BOJISIFOIIETO 3JIEKTPOIIPUBOLY, HAXOAUTCS B 30HE OoJjee
BbIcOKOro KII/I, a Takxe OCyIIeCTBISATh PEKYIIEPATUBHOE TOPMOKCHHE B
peXrUMe CHHXPOHHU3AIMH 000POTOB.

OCo0eHHOCTh aNropuTMa 3aKIouaTcs B TOM, YTO JUIs 3alpaliiBaec-
MOro MomeHnrta M, puc. 1 U TeKymux oOOpOTOB, CHCTEMa YIPAaBICHUS
cpasauBaet 3HaueHUA KIIJ[ m3 xapThl 3 PEeKTUBHOCTH W OTAACT MpeI-
nourenue nepepade ¢ Oompmum KIIJ. Taxke cuctema oCymiecTBISET
MPUHYAUTENBHOE TNEPEKIIOYEHHE ¢ NMEPBOH Ha BTOPYIO Iepenady IHpH
JOCTIKEHUN MaKCHMaJIbHBIX 000POTOB.

B mporecce mepexmioueHus nepeaay alropuTM MO3BOJSET aJanTH-
poBaTh CKOPOCTH BpallleHHsA BEAYIIMX W BEIOMBIX JeTajieil BaJbHOM
KIIIT, nocpeactBam n3MeHeHUs: 000poToB eKTpoaBurarens. CHHXpoO-
HU3aIUS TEKYyIIeH CKOPOCTH BpAIIEHUsI pOTOpa JBUTATENS K TpeOyeMoil,
ocylecTBIseTCs ¢ noMoubto 1TH-perynaropa ckopocTu.
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(Wopoms: 3nexmpodbuzament M
Pucynok 1 — DnexTpomMexaHHdecKas XapaKTepPUCTHKA aCHHXPOHHOTO
ANIEKTPOJIBUTATEIIS C KapTOH (D (HEKTUBHOCTH

CTOUT OTMETHUTh, YTO OCOOECHHOCTh CHHXPOHH3AIIUH CKOPOCTH C TMO-
Motipio [TU-perynsropa 3akiIrouacTcs B TOM, YTO MO Mepe MpHOIMKe-
HHS TEKYIIEH CKOPOCTH BpAIICHUS] pOTOpa IBHraTelisi K TpeOyeMoil CKo-
POCTH CHHXPOHM3AIIMH YMEHBIIIAETCS MOMEHT 3aJaHus C BBIXOJa Pery-
JSITOpa CKOPOCTH, 3Ta OCOOCHHOCTH MO3BOJISICT MPOU3BECTH BKIIIOYCHHE
nepenayn 0e3 Harpy3Kku. Pe3ysbTaThl MOJCTHPOBAHUS PAOOTHI AJITOPHUT-
Ma B Mathlab npencrapiieHsl Ha puc. 2.

T T p
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Pucynox 2 — MonenupoBaHue pa3roHa ¢ MepeKIoueHneM Iepeaayd

B kauectBe 00BEeKTa anmpoOMpPOBAaHUS BBHILICTIPUBEICHHBIX METOIUK
BEIOpaH Tpy30Boii 3ekTpomModmts MA3-4388EE. Cumnoas ycraHOBKa,
puc. 3, TaHHOI'O 3JEKTPOrPY30BUKA UMEET TATOBbIM aCUHXPOHHBIM 3J1€K-
TPOJBUTATENb HOMUHANBHOIN MomHocThI0 130 kBT 1 AByXCcTyneHuaTyo
BanbHy0 KIIIT.
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Pucynok 3 — Cucrema T4roBoro 3aeKTponpusoja ¢ Apyxcrynendaroi KIIII

1 — cucTeMa OXJIaKACHUS CTaTOpa MIEKTPOBUraTelsl U UHBEPTOpa; 2 — CUCTEMa

OXJIQKJIEHUsI poTopa 3JeKkTpoasuratelis; 3 — cucrtema cmasku KIIIT; 4 — cucrema
ynpasieHus: pabounMK KaMepaMu BKIIIOUCHUI Iiepeaay; 5 — MHeBMOKaMepa yIpaBieHHs
KIIIT; HI — Hacoc cMa3Ku M OXJIAXKICHUS poTopa; H2 — Hacoc CHCTEMbI OXJIaXICHHS
CTaTOpa EKTPOABUTATENS U HHBEPTOPa; T — -TEMII00OMEHHUK; P — pagnuarop;
@ — unbTp; K1 — npegoxpaHUTENbHBIN KiIanaH; K2 — KianaH cMa3Ky,

K3, K4 — nHeBMOKIIaITIaHbl IEPEKITIOYCHUS TIepead; b — pacIIMpHUTENbHBIN 0auok

Ha puc. 4 n300paxeHbl pe3ynbTaThl IEPSKIIIOUEHUS TIepeiad B JBH-
xernn dexTporpy3oBuka MA3-4388EE. [IpuBenen rpaduk n3mMeHeHUS
CKOPOCTH BpalllcHHsI POTOpa TATOBOI'O 3JICKTPOJBUIATEIS B IpoOIecce
MEPEKIIIOYCHYSI ¢ TEepPBOM TepeAadu Ha BTopyro. Cleayer OTMETHTh
YYaCTKH:

— cOpoca MOMEHTa W BBHIBEJICHUS MY(ThI CHHXpOHHM3AaTOpa B «HEH-
Tpanb» 0,2 c;

— «IOACTPOHKa» O] CKOPOCTH BPAIIEHUs POTOpa HA BTOPOU Iepe/ia-
ye 0,9 c;
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— BKJIIOYEHHE BTOPOM Mepefadd M BBIXOJ HAa HCXOAHOE 3HAUYEHHE
KpyTsmero momenTa 0,6 c.
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Pucynok 4 —Pasron snexrporpysorka MA3-4388EE ¢ nepexitoueHueM nepenayd

B cpennem npouecc nepexiatovueHns B ABMKEHUH 3aHuMaeT 1,7-2 c.
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YIAK 629.111: 537.611
HOBBIE MATEPHUAJIbI U UX IPUMEHEHUE
JJISA PABPABOTKHA KOMIIOHEHTOB OIIBITHBIX
OBPA311OB MUHUIJIEKTPOTPAHCIIOPTA

NEW MATERIALS AND THEIR APPLICATION FOR
THE DEVELOPMENT OF PROMOTION COMPONENTS
OF MINI ELECTRIC TRANSPORTATION

Hopmup3saes A. P., kana. Texs. HayK, J01L.,
TyxTab6aeB M. A., kaHj. TEXH. HAyK, JOIL.,
HamaHranckuii HH)XKEHEPHO-CTPOUTENEHBI HHCTHTYT,
r. Hamanran, Y30ekucTan

A. Normirzaev, Ph. D. in Eng., Ass. prof,,
M. Tukhtabaev, Ph. D. in Eng., Ass. prof.,
Namangan Institute of Civil Engineering, Namangan, Uzbekistan

B cmamve paccmompen sonpoc pazpabomxu 1 Ucho1b308aHUsL GbICO-
KONPOU3600UMenbHOU MeXHUKY, CO30aHUsl HOBbIX MAmepuaiu 0 us2o-
moenenus anekmpoogucamenetl. [Ipumenumensbno K 3IeKMPUYECKUM
ogueamensim aKmyarbHoOU A6IAemcs: HAYYHO-MeXHUYeckas 3a0ada pas-
PAOOMKU HOBLIX BbICOKOIPDEKMUBHBIX MACHUMHBIX MAMEPUANO8, CO-
30aHue Osueamesneli pasiuyHbIX pamepos, Komopwle 0yO0ym coomeem-
cmeogamv  Ux (DYHKYUOHATLHOMY HA3HAYEHUlo 8 obwell cucme-
Me anexkmpomoouns. Illpumenenus mexnonrocuu u €o30a6amv HOGvLE
mexHuuecKue cpeocmea u ux 3Qh@hexmusroe UCnoIb308anue, pe3yibma-
mel  paspabomox U UCCIeO08AHULL  MASHUMHBIX — MAEPUANIOs8
U KOMNIEKCHOU MeXHON02UU NOCMPOeHUsl dJeKmpoosueamenell Ha ux
OCHOBE ABTSIOMCSL PA3PO3HEHHbIMU, He NO360NAI0M C030A6amb HOBble
Nn00X00bl OJisL UX MACCOBO20 GHEOPEHUSL.

This article discusses the development and use of high-performance
equipment, the creation of new materials for the manufacture of electric
motors. In relation to electric motors, the scientific and technical task
of developing new highly efficient magnetic materials and creating mo-
tors of various sizes that will correspond to their functional purpose
in the overall electric vehicle system are relevant. The application of
technology and the creation of new technical means and their effective
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use, the results of development and research of magnetic materials and
complex technology for constructing electric motors based on them are
disparate and do not allow the creation of new approaches for their
mass implementation.

Knwuesvle cnosa: KoMnosuyuoHHuIL MAMepuan, MASHUMOMSIISKULL
Mamepuain, MAZHUMHbIE CEOUCMEA, INEKMPOMOOUTL, NOPOULOK, MAUUNA,
Memai, OUdIeKMmpux.

Keywords: composite material, soft magnetic material, magnetic
properties, electric vehicle, powder, machine, metal, dielectric.

BBEJIEHUE

B HacTositiiee BpeMsi COBEPILIEHHO OYEBUJIHO, YTO BJIEKTPUUECKUHN
TPaHCHOPT Oyiarojaps OrpoOMHOMY HAy4YHO-TEXHOJIOTHYECKOMY pa3BH-
THIO0 B 007acTH BBHICOKOA()()EKTUBHBIX 3JIEKTPOMArHUTHBIX JBHTATENCH
u O6atapeil 3aBOEBBIBAIOT MUPOBOW PHIHOK, SIBISIETCS BOILIONICHHEM WH-
HOBAITMOHHOTO Pa3BUTHs. Bemyriue MUpPOBBIC MPOU3BOAMTEIN Hadadd
CEPUUHBIA BBIMYCK 3JICKTPUYCCKUX MOIUPUKAIUN CBOUX DJICKTPO-
TPAHCIIOPTHBIX cpeAacTB. OOIMiA 00beM MPOoJaX IEKTPOMOOWIEH BbI-
pacrert ¢ 2,5 miH. B 2020 romxy mo 11,2 mma. B 2025 roay, a k 2030 roxy
nmocturaer 31,1 MIIH., 3JeKTpoMoOMIM oOecreyar NPUOIU3UTEIBHO
32 % oOrielt 1omu phIHKA PO HOBBIX aBTOMOOWIICH, U TEHICHIUS K
YBETMUYEHHIO UX IO OYAET COXPaHATHCS.

Just a3 pexTrBHON paboThl aBTOHOMHBIX JJIEKTPUYECKUX YCTPOUCTB,
BKJIFOYAs 3JIEKTPOTPAHCIIOPT, HEOOXOMUMO COOJIOATh OaNaHC MEXIy
SHEpruei, 3aaceHHON OaTapei, 1 pacxoayeMol MOIIHOCTBIO 3JIEKTPO-
nBurareiceii. EcTeCTBEHHO, YTO B 3JCKTPOMOOWIISAX HCIOJIb3YIOTCS
AJICKTPOMArHUTHBIC JIBUTATENU, TPHYEM KPOME TSITOBBIX MOTOPOB, HC-
MOJIE3YETCS OOMBIIOE YHCIO WCHOTHUTEIHHBIX MOTOPOB B CHCTEMax
BpaIlleHus], YIPaBIeHNU CKaHUPYIOIMMHU 3epKajlaMid M KamepaMmu, 3a-
CIIOHKaMHU KJIMMAaTHYeCKOro KOM(pOpTa, SPrOHOMHYHOTO MO3UIIHOHUPO-
BaHUS Kpecel u Apyrux. To ecTh s MPUMEHEHHUS B 3JIEKTPOTPAHCIIOP-
Te TpeOyeTcsl HOMEHKIIaTypa pasHOOOPa3HBIX JBUTATENEH, JHepreTHIe-
CKHE 3aTpaThl KOTOPBIX OyIyT COOTBETCTBOBATh U ONTHMHU3HPOBAHBI 110
OTHOIIICHUIO K BBIMOJHIEMOH QyHKINY.
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HOBBIE MATEPUAJIbI IJIA OIIBITHBIX OBPA3LIOB
MUHUSJIEKTPOTPAHCIIOPTA

B mpuHATBIX IporpaMMax pa3BHTHS dJEKTpoTpaHcnopTa B benapycu
1 Y30eKucTaHe 1 CTpaTeruy AeHCTBUH AanbHeimero pa3sutus Pecmy0-
mukn Y30ekucran Ha 2021-2025 romasl onpeneeHbl pa3paboTka U HC-
MOJIb30BaHNE BHICOKOIPOU3BOINUTELHON TEXHUKH, CO3/IaHUS U BHEApe-
HUS HOBBIX TEXHOJOTUH M MPOU3BOJACTBEHHBIX MoUIHOCTEH 1 Ap. [Ipu-
MEHHUTEJIBHO K JJIEKTPUYECKUM [BUTATENsIM aKTYalbHOW SIBISETCS
HayYHO-TEXHUYECKAs 3a/1a4a pa3paboTKH HOBBIX BBICOKO3()(HEKTHBHBIX
MarHWTHBIX MaTEepUaloB, CO3JaHHUE JBUraTesieil pasndHBIX pa3MepoB,
KOTOpbIe OyIyT COOTBETCTBOBATh MX (DYHKLMOHAIBHOMY HAa3HAYCHHUIO B
obmmeii cucremMe 3IEKTPOMOOMIIA. JIJIT MOCTHKEHUS ITHX IOKaszaTesei
BAXHO COBEPIICHCTBOBATh TEXHOJOTHH U CO3/1aBaTh HOBBIE TEXHHUYE-
CKHE cpelcTBa U UX 3G (HEKTUBHOE UCTIOIB30BAHMUE.

[IpuBeneHHBIE B HAayyHOH MCCIENOBAaHHE DPE3YJbTaThl pa3pabOTOK
Y MCCIEIOBAaHUI MarHUTHBIX MaTEpUajoB U KOMIUIEKCHON TEXHOJIOTHH
MOCTPOEHUS NEKTPOoJBUTaTEIeH Ha UX OCHOBE [1—4] sABndr0TCA pazpos-
HEHHBIMH, HE MO3BOJIAIOT CO3/1aBaTh HOBBIE MOJIXOABI UII UX MAaCCOBOTO
BHEZpeHUs. VIMEHHO MHTErpUpOBaHHE, OOBEAWHEHHE PA3[esioOB HAyKH
Y TEXHUKU TO3BOJUT Pa3paboTaTh HAy4YHBIE OCHOBBI U TMPAKTHUYECKYIO
BO3MOXKHOCTh IPOM3BOJACTBA W BHEAPECHUS ABHUTraTeiell pasIudHOro
Ha3HAYCHUs C MPUMEHEHUEM ITOPOLIKOBBIX MAarHUTOMSTKUX MaTepua-
JIOB B CUCTEMBI 3JIEKTPOTPAHCIIOPTA.

OnHUM U3 METOMAOB TMONY4YEeHHUs BBICOKOA(P(EKTUBHBIX MaTepHaOB
IUIS JIEKTPOTEXHUYECKUX MPUMEHEHHUH SBJISIETCSI METOJ KallCyJIMpOBa-
HUS YaCTHI] METAJUTMYECKUX MOPOIIKOB, HAIIPUMEp, MOPOIIKOB Keje3a,
OKCHJHBIMH TOKDPBITUSMH [4—6]. MI3BecTHBIE METOABI KalCyINPOBaHMUS
MIOPOIIIKA XeJie3a TOHKMM OKCHIHBIM CJI0€M, & IMEHHO MEXaHHMYECKUM
HaIUIaBJICHUEM OKCHIHOI'O CJIosl, (JOPMHPOBAHHUEM OKCHAHOTO CJIOS B
pe3yJbTaTe pa3iokeHus cyib(aToB U HUTPUIOB METAJUIOB U (POPMHUPO-
BaHHEM OKCHIHOTO CJIOS U3 Ta30BOI'0 OKCHIHOTO CJIOS, CO3AAI0T HeKa-
YeCTBEHHOE TMOKPHITHE U SBISTIOTCS ManodhpexkTuBHBEIME [ 7—8].

[IpeutaraeMplii HaMM METOJ| KallCyJIMPOBaHUS MOPOIIKA Kejie3a OK-
CHITHBIM CJIOEM SIBJISIETCS] BHICOKOOKOHOMHUYHBIM METOJIOM, MPAKTUUECKH
HE M3MEHSIOUIMM CTOMMOCTH MOCJIEAHET0, U, ¢ MO3UIMN MOIyYeHHUs 3a-
JTAHHOTO COCTaBa C 33/JIaHHBIMH MarHUTHBIMU NapaMeTpamMH U yIAeTbHBIM
3IIEKTPOCONPOTHBICHUEM, MOXKET OBITh IIMPOKO HCIIOJIB30BaH B MPAKTHU-
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ke s nonydeHus MJIM-crutaBoB  («MeTalI-IURIEKTPUK-METAILID)
¢ 0COOBIMHM MarHUTHBIMH U DJIEKTPHUYECKAMH CBoMcTBaMu [9—18].

Ha cerogusimmauii 1eHb HMIMPOKO PACTIPOCTPAHEHHBIMHU CTallu pas-
JUYHBIE SJIEKTPOMOOWIM JJIs JETCKOTO BO3pacTa, NpeIHAa3HAYCHHBIS
JUTSL apeHABl Ha IETCKUX TUIOMAAKaX B MapKax, a TakKe Ui HHIUBUIY-
aJIbHOTO NpUMEHEeHMS. Pa3BiieyeHUs B BUJC KaTaHUs Ha JETCKUX DJICK-
TPOMOOMJISIX CTalMl MOMYJSIPHBIME Y JeTeil moboro Bo3pacta [10-13].
BonpmMHCTBO CyIIECTBYIOMIMX MAITUH IS ASTeH UMIIOPTHBIE, MHOTHE
13 KOTOPBIX HEIOCTATOYHO aJalTHPOBAHBI K MECTHBIM KIMMAaTHYCCKHM
YCJIOBHSIM, @ HEKOTOPHIE U MOpAJIbHO ycTapenu. Jljig peuieHus 3aaadu
W3TOTOBJICHUSI COOCTBEHHOTO MHUHUAJIEKTPOTPAHCIIOPTA, MIPEXKIE BCETO,
HEOOXOJMMO CO31aTh W BHEIPHUTH B MPOM3BOJCTBO CaMble KaueCTBEH-
HbIe W Oe30macHble MallliHbl HA OCHOBE HOBBIX MaTEPHAJIOB U HOBBIX
KOHCTPYKITMOHHBIX PEIICHUH.

BonpmMUHCTBO ACTCKUX DIIEKTPOMOOMIICH MMEET OIWH WM JBa MO-
Topa. Moaenu ¢ omHUM MOTOpoM (MorrHOcThIO oT 60 mo 100 BT) pas-
BUBAIOT MaKCUMAJILHYIO CKOPOCTh 10 4,5 kM/4. Takue 351eKTpoMoOuIIy,
KaK TPaBWIIO, CIIOCOOHBI MPEOA0IeBAaTh YTOJ MOABEMa TOJNBKO 10 5 Y%,
MO3TOMY WX MOYXHO HCITONIB30BaTh TOJIBKO HA POBHBIX IMOBEPXHOCTSX.
Bce 3T xapakTepUCTUKU ACTAIOT 3TH MOJICIN UACaTbHBIMH IS IETCH
MJIaJIIIETO BO3pacTa.

OneKTpOMOOHITH C ABYMSI MOTOPaMH Pa3IMYaroTCs MO0 MOIIMHOCTH: OT
140 mo 170 Br; ot 170 no 240 Bt; 1 ot 240 BT. JIBUraTeiny MOImHOCTBIO OT
140 mo 170 BT moO3BOMSIIOT pa3BUBaTh MAaKCUMAIBHYIO CKOPOCTH JIO
7,5 kM/9 U o0ecnieurBaioT Tpeooienre yria nogkema a0 10 %. Monemy,
OCHAIIICHHBIC JBUTATEIIMA MOITHOCTHIO 0T 170 1o 240 BT, pasronsrorcs
o 10 xm/d, a 3IEKTPOMOOWIIH ¢ JBHUTATENIIMA MOIHOCTBIO OT 240 BT —
3TO HACTOSILIME BHEIOPOKHUKU, MpeojojeBarolue nogbeM a0 17 %,
¢ pa3roHoM 10 17 kxM/4. DT MOAEIH MOXXHO HCIOIb30BaTh 3a TOPOAOM U
Ha JTFOOBIX HEPOBHBIX MOBEPXHOCTSX. TaKUM 00pa3oM, 3JEKTPOTPAHCIIOPT
Ut ieteit He TpeOyeT OoubIIoii MoImHOCTH nBurarens [ 18-25].

Hayunas unest paboTsl COCTOUT B yINYUIIEHUH XapaKTEPUCTHUK DIIECK-
TPOJBUTATENICH IyTEM MPUMCHEHHS HOBBIX MAaTEPHAJIOB HA OCHOBE Me-
TaJUNTAYECKUX MOPOIIKOB, MOKPBITHIX H30JUPYIONIMM CIIOEM, MPHU H3rO0-
TOBJICHUW MarHUTOMPOBOMOB. M3roTOBIEHWE MarHUTOIIPOBOAOB METO-
JlaM{d TIOPOIIKOBOW METAJUIyPTHHM IIO3BOJISIET CHU3UTH IOTEpHU Ha
BUXPEBBIC TOKH HM3-3a TOTO, YTO KaKJas YacTHUIla MaTepHala U30JIUpPO-
BaHA OT JIPYTHX, a TaK)K€ CHU3UTH MPOU3BOACTBEHHBIE OTXOJBI, TAKIM
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00pa3oM MOBBICHTH 3KOJIOTMYHOCTH NpoM3BOAcTBA. HoBHM3HA Hay4HOI
WJeH 3aKII0YaeTcsl B TOM, YTO OyIyT pa3paboTaHbl (PU3NIECKHE U XU-
MUYECKHE TPUHIUMIBI TEXHOJIOTMH CO3JIaHUs HOBOTO Kiacca KOMITO3H-
LIUOHHBIX MarHUTOMSTKUX MaTepHaioB, 0OECHEYMBAIOIIUX B pa3zpada-
THIBAEMOM MHUHHJIEKTPOJBHUraTese JOCTHKEHUE BBICOKONH MOLIHOCTH U
YMEHBIIIEHUE MACCOTa0aPUTHBIX MaPaMETPOB.

MeTtonuka HaHECEHHUS! TIOKPBITHH BKJIIOYasa B ce0sl dTam mpeaBapH-
TEIBHOTIO CMEMIMBaHUA MCXOoAHOTro nopomka xeneza ABC100.30 ¢ 3a-
JTAHHBIM KOJINYECTBOM PEaKTHBA, B COCTaB KOTOPOTO BXOAMJ CIIMPTOBOM
pactBop oprodochopHoii KUCIOTEI B cooTHomeHuH — 40 %
H;PO4 + 60 % stunosslii cnupt. Ha ciepyromiem arane NpUroTOBICH-
HBI MOPOIIOK IOMEINAIH B PEAKTOp Al HAHECEHUS W30JIALHMOHHBIX
NMOKpeITHI. OOpabOTKy CMECH NPOBOAMIM B PEaKIIMOHHOM Oapabane
npu nasirennu ot 10° g0 10° [a, HarpeBaemoM 10 TemmepaTypsl 150—
200 °C B teuenue 15-30 muH. M3rotoBneHne KOMIO3UTOB MPOBOJUTCS
MyTEM THIPOCTATHYECKOTO MPECCOBAHUS KAlCyIUPOBAHHBIX MOPOIIKOB
B HM3TOTOBJICHHBIX Tpecc-popmax mox maBimeHueM 0,5-0,6 I'Tla mpm
HOPMAJIbHBIX yclIoBHAX. CHpeccOBaHHBIE KOMIO3UTHI IOABEPraroTCs
TepMo0oOpaboTKe M HOpManu3alMu (U3MUECKUX MapaMmeTpoB. OTKUT
o0pasuoB npousBoautcs npu temneparype 400—450 °C B cienuaibHBIX
aBTOKJIaBaxX B 3aBUCHUMOCTH OT TpeboBanmii [ 12—18].

W3yuenne KpucTalIMIECKON CTPYKTYPbl KOMIIO3UTOB BBIIIOJIHEHO Ha
mudpaktomerpe IPOH-3 M B CuK, m3nyueHnn B Anamna3oHe YIJIOB
20 < 20 < 90 npu xoMHaTHOH Temneparype. Mopdonorust 1 xumuye-
CKHI COCTaB MOPOIIKOB M3Y4Y€HA METOJOM CKaHUPYIOLIEH 3JIE€KTPOHHON
mukpockonuu (COM) Ha mukpockone Hitachi SEM, Zeiss. [lepen npo-
BEJICHUEM HCCJIEIOBaHUNM IMOBEPXHOCTh KOMIIO3UTA INpPEABAPUTENBHO
nuQoBasach U MOJINPOBANIACH IS YAAJIEHUS IOBEPXHOCTHOTO OKCU-
HOTO CJIOSI.

WccnenoBanrus HaMarHMYEHHOCTH MCXOJIHBIX IOPOIIKOB Kele3a
ASC 100.30 m KOMIO3MTOB Ha OCHOBE KalCYJIMPOBAHHBIX OKCHIOM
¢docdopa mopomkoB ASC 100.30 npoBeeHBI B HHTEpBAIIE TEMIIEPATYP
77-1100 K B marautHoM moze 0,86 Tn mOHAEpOMOTOPHBIM METOJIOM.
[ToneBble 3aBUCMMOCTH HaMarHUYE€HHOCTH M3YYEHBI C MOMOIIBLIO BHO-
PaLlOHHOTO MarHeTOMETpa YHHBEPCAIbHOW HM3MEPUTEIbHON CHCTEMBI
«Liquid Helium Free High Field Measurement System» KoMIaHHH
«Cryogenic Ltd» npu 300 K B marautHoM none go 14 Ta [8—-11].
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W3 ananu3za TeMiiepaTypHBIX 3aBUCHMOCTEH MOIyYEHHOTO TOPOILIKO-
BOTO KOMIIO3MTA YCTaHOBJIEHO, YTO HAHECEHHWE OKCHIHOTO MOKPBITHS
P205 HE MMPUBOJAUT K UBMCHCHUIO MAarHWTHBIX XapaKTECPUCTUK B IPCac-
Jlax MOTPEUIHOCTH M3MepeHni. BennunHa yaeiapHOW HaMarHH4eHHOCTH
KOMIIO3UTa Ha OCHOBE KaICyJMPOBAaHHOTO OKCHIOM THUTaHA MOPOILIKa
cocrapisier 217 A-m>xr', a Temmneparypa Kiopu pasua 1002 K. Ilpu
TEMIIepaTypHBIX U3MEPEHUAX B pexume oxiaxaeHus ot 1060 K B 06o-
UX cliydasx (IO W TOCIIe Karcysuy) HaOIroAaeTcs HE3HAYUTENbHOE
CHWKGHHE BEMYHHBI YIEIbHOH HAMArHHYEHHOCTH Ha ~ 10 A-M™kr,
YTO MOYKHO OOBSICHUTH OT)KUTOM 00pa3IioB B MPOIIECCe H3MEPEHUH.

PesynpTathl MarHUTOMETPUYECKHMX HM3MEPEHUH MOITBEPIKAAIOTCS
HCCIICIOBAHUSAMH TOJIEBBIX 3aBUCUMOCTEH YAEIbHOW HAMAarHUYEHHOCTH
Ipu KOMHATHOH Temrieparype (puc. 1 u 2).
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Pucynoxk 1 — [ToneBble 3aBUCHMOCTH yI€IbHON HAMAarHMYEHHOCTH UCXOTHOTO
noporika xene3a ABC100.30

Kommno3ut u nopomok ocHOBbI 00J1a1al0T NeTael rucrepesuca, xa-
PaKTEepHOH [UIi MarHUTOMATKHAX MaTepuanoB. HamarHMYeHHOCTH n0-
CTHraeT HACBILEHHUS B HU3KUX NouiAx A0 1 Ti, u nmpu cHATHN BHEIIHE-
r0 MAarHUTHOTO TIOJIS CIIOHTaHHAas HAMarHUYEHHOCTh MPAaKTHYECKH
paBHa HYIIO.
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Takum 00pa3oM, CHHTE3UPOBaHHBIE KOMIIO3UTHI HA OCHOBE MOPOIIIKA
xene3a ABC100.30, yacTuipl KOTOPOTO KarCyJIMpOBaHbl OKCHIOM (oc-
¢dopa, 001aJal0T MATHUTHBIMU XapaKTEPUCTUKAMH, HEOOXOUMBIMH IS
M3TOTOBJIEHUS 3JEKTPOTEXHUUECKIX KOMIIOHEHTOB 3JIEKTPOABUraTEleH.
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Pucynok 2 — [ToneBbie 3aBUCHMOCTH YACIBHOW HAMArHUYEHHOCTHU MTOPOIIKOBOTO KOM-
mo3uta ASC100.30+ P,Os5

SAKJIFOYEHUE

[IpoBeneHO U3rOTOBICHHE MATHUTOMATKOIO KOMIIO3UIIMOHHOTO Ma-
Tepuana ¢ TpeOyeMBIMH MMapaMeTpaMH METOJIOM KallCyJIHPOBaHHUS TO-
pOIIIKa JKeJie3a TOHKUM OKCHAHBIM cioeM Ha ocHoBe P,Os. IIpoBeneHs!
WCCIICIOBAHUS CTPYKTYPBl U MOP(OJIOTUM MOBEPXHOCTH IMOJTYyUCHHBIX
KOMITO3ULIMOHHBIX MaTepuaoB. BennumHa MIOTHOCTH, paccUUTaHHAas
W3 JAaHHBIX PEHTTCHOCTPYKTYPHOTO aHajm3a, MpuMepHo Ha 3 % Oonb-
1€, YeM HENOCPEJCTBEHHO W3MEPEHHBIX 3HAYCHHUM, KOTOPBIE COCTaB-
nsoT 7,7 r/em’. Huskasi opHCTOCTh KOMITO3HTOB MOATBEPIKIACTCS pe-
syapratamu SEM u EDX.

IIpennoxeHHbI METOJI KalcCyJupOoBaHUsA MOPOIIKa MKeJe3a OKCHI-
HBIM CJIOEM SIBJIAETCSI BBICOKOOKOHOMMYHBIM METOJOM JUIsl HAHECECHHS
MOKPBITUHA Pa3IMYHOrO0 XMMHUYECKOIO COCTaBa HAa METaJUIMYECKHE I0-
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POIIKH, ¥ MOET OBITh MIMPOKO HCIOJb30BaH B MPAKTHKE IS TOJIyde-
HUSL 3JIEKTPOTEXHUYECKUX MaTepuanoB. [IpoBeneHbl KOMIUICKCHBIE HC-
CIICOBAHMS CBOMCTB MOIYYCHHBIX 00pa3I0B MOPOIIKOBBIX KOMIIO3UIIH-
OHHBIX MaTepHuasoB Ha ocHoBe xene3za ABC100.30, yacTuubl KOTOPOTO
KaIcyJIMpOBaHbI OKCUAOM Qocdopa.

Pabora BeimonHeHa npu (UHAHCOBOH mojaepkke bemopycckoro
peciryOnukanckoro GoHaa GpyHIaMEeHTaBHBIX HCCICOBAHUNA B PaMKax
coBMecTHOTro npoekTa BPODU-Y36exucran Ne T21Y3BI-006.
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YIK 621.43
AHAJIN3 TPEBOBAHUM K COJAEP)KAHMIO BPEJIHBIX
BEIHIECTB B BO3YXE KABUHbI BOJAUTEJIS
N IMACCAXKHUPCKOI'O HIOMEIIEHUA
TPAHCIIOPTHBIX CPEJICTB

ANALYSIS OF REQUIREMENTS TO THE CONTENT
OF HARMFUL SUBSTANCES IN THE AIR OF THE DRIVER'S
CABIN AND PASSENGER COMPARTMENT OF VEHICLES

Connu O. A., Kypuisunk 0. B., Ilo0epaiino A. H.,
Benopycckuii HalMOHAIBHBINA TEXHUYECKUI YHUBEPCUTET,
r. Munck, Pecy6nmka benapych

O. Sonich, Y. Kurilchik, A. Pabiaraila,
Belarusian National Technical University, Minsk, Republic of Belarus

Ilposeden ananuz mpebosanuil K COOEPAHCAHUIO BPEOHLIX BEUEeCmE
6 6030yXe KAOUHBL 600UMEN U NACCANCUPCKO20 NOMEWECHUS MPAHC-
nopmuwix cpedcms, deticmayrowux 8 Eepasuiickom sxonomuueckom co-
103e.

An analysis of the requirements for the content of harmful substances
in the air of the driver's cabin and passenger compartment of vehicles
operating in the Eurasian Economic Union was conducted.

Kniwouesvie cnoea: gpeonvle sewyecmaa, 6030yx, anaius mpebosanull.

Keywords: harmful substances, air, requirements analysis.

BBEJEHUE

B Hacrosmee Bpems B Peciy6nike benapych 11s1 aBTOTpaHCIOPTHBIX
CpEACTB JEHCTBYIOT TpeOOBaHUs, perJaMeHTHPYIOUINE MpeaebHOe Co-
JepKaHue BPEIOHBIX (3arps3HsIOIIMX) BEIIECTB, B BO3AyXe 0OMTaeMOro
nmoMeneHns (kabrHa BOAMTENS, MACCAXHUPCKOTO canoHa). Tak, HA JMaH-
HBIH MOMEHT 3T HOpMBI yctaHoBieHsl TP TC 018/2011 [1] u TOCT
33554-2015 [3]. B 000oux nqOoKyMeHTax Mpee/IbHO JOMYCTUMbIC KOHIICH-
tpauun (ITJK) no pasnuusbiM razam, 3a HCKIIOUeHHEM (opMalbIeruaa,
WJICHTHYHBI, ¥ B 3aBUCUMOCTH OT THIIA JIBUTATENsI BHYTPEHHETO Cropa-
Hus ([IBC), ycTaHOBIEHHOTO Ha aBTOTPAHCIIOPTHOM CPENCTBE, MMEIOT
3HAYEHUsI, NpUBEACHHbIE B Ta0. 1.
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Tabnuna 1 — HomenkiaTypa BpeaHsix BemecTs 1 3HayeHus ux [1JAK

Ne | BpenHoe (3arpsi3Hsroniee) [AK BpenHoro Tumer ABC st
IL. 1L BEIIIECTBO (3arps3HSIOIIEro) TPaHCIIOPTHBIX
BEIIICCTBA B BO3IYXC CpPE/ICTB, B OT-
00UTaeMOro nmomenie- | HOIICHHH KOTO-
HUSI TPAHCTIOPTHOTO PBIX OCYIIECTB-
cpencTsa, Mr/M’ JsIeTCsI IpOBep-
Kka*
1 CO okcup yriepona 5,0 1,2,3,4,5
2 NO, grokcuz a3ora 0,2 1,2,3,4,5
3 NO okcup azora 0,4 1,2,3,4,5
4 CH,4 meTan 50 3,5
5 C,H¢—C-H ;¢ npenensHbie yrie- 50 1,2,3
BOJIOPOJIBI
6 CH,0 (H,CO) dhopmanberua 0,035/ 0,05%* 3,4,5

* - TUIIBI ABUTATENEH:

1 — aBUTaTENM C NPUHYANTENBEHBIM 3Q)KUTaHUEM, paboTarolye Ha OeH3UHE;

2 — fABUTaTeNU C NPUHYAUTENBHBIM 3a)KHTaHHEM, paboTarolve Ha CHKMKCHHOM
He¢TsiHoM raze (CHI);

3 - mBUTraTeNu ¢ MPUHYIUTENBHBIM 3a)XHUTaHHEM, pabOTaOMUe Ha KOMIIPUMHPOBAH-
HoM mpupoaaoM rase (KIII');

4 - BUTATENH C BOCIIAMEHEHHEM OT CXKATHs (THU3EIH);

5 — ABUTATENH C BOCIUIAMCHEHHEM OT CXKATHsA, pabOTAIOIINe Ha CMEIIAaHHOM TOILTUBE
(musensHOe TorumBo 1 KIIT);

** _ 3pauenue 0,05 mo F'OCT 33554-2015.

AHAJIM3 TPEBOBAHMU K COJIEPXKAHUIO BPEJIHBIX BE-
IECTB

OOpaTtvM BHHMaHHE Ha MEPBble TPU BPEAHBIX (3arps3HSIONINX) Be-
MEeCTBa, YKa3aHHBIX B Tabm. 1: okcupa yriaepoma CO, muokcuma azoTa
NO,, okcug azora NO. 3T razsl 00pa3yloTcsl B pe3yJibTaTe CrOpaHHs
TOILTMBOBO3YIIHONW cMecH B mponecce padborsl IBC, Ha mo0bIx U3
npuMensieMbix TorummB: Oenszune, CHI', KIII', nu3ensHOM TOILUIHBE.
OpHako, MpU MPOYUX PABHBIX YCJIOBUSAX pabOTHl ABUTarenei (0TcyT-
CTBUE CHUCTEM HEHTpasn3aluu OTPaOOTaBIIMX I'a30B, OJUHAKOBOH JIUT-
POBOHM MOIITHOCTH, OJMHAKOBOM Harpyske), BEJIMUYHUHBI BBIOPOCOB 3THX
BemecTB padotarommmM /IBC B 3aBUCHMOCTH OT THIMa TOIUIMBA MOTYT
OTIIMYATHCSl B HECKOJIBKO pa3. Tak, HampuMep CaMbIM «YHCTBIM» CUH-
TaeTcs aBHUTrarens, paborarommii Ha KIII', a caMbiM «TpsS3HBIM» OH-
3€JIbHBINA U OEH3WMHOBBIN JBUTATENb.

OpHako, ycTOHYMBOE MHEHHE, B TOM YHCIIE CJIOKUBILIEECS MO BIHA-
HUEM pEeKJIaMHOW KOMMaHuu «l'a3mpoma», O TOM, 4TO NPUPOIHBIN ra3
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(KIIT") — 310 camMoe IKOIOTHYECKH YHCTOE TOILIMBO HECKOJBKO MpEyBe-
muaeHo. OTcyTcTBHE 4YepHOTO (CH30T0, OEIIOTr0) JbIMa M3 BBIXJIOITHOM
TpyOBI aBTOMOOWIISI TOBOPUT O HU3KOM COJICPIKAHUM CaKU (TBEPIbIX Ya-
crtu), yrapaoro raza CO, HO HUKaK He 00 OTCYTCTBHH JPYTHX BPEIHBIX
KOMITOHEHTOB. B TOJTBepKACHUE MPUBEIEM JIAaHHBIC MOKa3aTeneld TOK-
CHYHOCTH OTpaboTaBimx ra3os auseinst 44 11,0 / 12,5, paboraroriero Ha
npupojHoM raze (KIII') u nu3enbHOM TOIUIMBE, B COOTBETCTBUU C IIHK-
noMm ESC IMpasun OOH Ne 49, r/xBr-u [8], Tabm. 2.

Ta6muua 2 — I[TokasaTenu TOKCHYHOCTH oTpaboTaBMX ra3os gusens 44 11,0/ 12,5.
Tommso NO,,g | CHy,g | CO, g Trepasie
YACTHLIBL, g

Jlu3enbpHOE TOIUIMBO 8,98 0,76 3,68 0,52
Ipuponssrii rasz (KIIIN) 10,16 1,28 1,33 0,053
KIII" ¢ cucremoit peuupKyJIsiuu oTpa- 7,64 1,25 1,68 0,061
6oraBiux razos 10 %
KIIT" ¢ cuctemoii perpKyJIsIIuy OTpa- 5,21 1,3 1,88 0,072
6orasiumx razon 20 %

ITomMumo yka3zaHHBIX B Ta0i. 1 BpeaHBIX BBIOpOCOB, nu3enbHbid JIBC
JUIUPYET 10 BBIOPOCY CaXKU U €€ IPOU3BOIHBIX B (JOPME YEPHOTO IbIMA.
Pe3ynpTaTel UCTIBITAHUN TIO COJIEPYKAHHUIO TBEPABIX YAaCTHUI] TaK XKe MPH-
BeZieHBI B Ta0J. 2. OroBopuMcs, 4TO Kakhe-Iu00 CUCTeMbl HeWTpain3a-
LMY BPEIHBIX BEIIECTB B BBIXJIONHBIX r'a3ax BBIXOAAT 3a PaMKH JAHHOU
cTaThH. B KauecTBe MCKIIOYEHHS XOTEIOCh ObI MPUBECTH NPHUMEp CH-
CTEeMBbl HEHTpanu3aluy BPEAHBIX BEUIECTB B BBIXJIOMHBIX ra3zax IU3eib-
HBIX MOTOPOB ¢ BipbickoM BoaHoro H,O pactBopa mouesunsl CO(NH;),
B BBIXJIOITHOM TpakT. IIpuMep MHTEpeceH TeM, YTO MOJHOCThIO HEUTpa-
JU3yeT B BBIXJIOMHBIX raszax aumokcun azora NO, m okcua asora NO.
IIpoTekaromniast Ipu 3TOM PEAKIIMSI TPOXOJUT B HECKOJIBKO 3TAIlOB:

1) pasnoxenne moueBnHbl CO(NH;), mox melicTBueM TemmepaTypsl
BBIXJIOITHBIX Ta30B Ha n3onuanoByio kucaoty HNCO u ammuak NHj;

2) B3aumozeiicteue noayueHHoi kucinotsl HNCO c mapamu Boast H,O
¢ obpazoBanneM ammuaka NH; 1 6e3Bpennoro yriekucioro raza COy;

3) Ha 3aKJIIOYMTENHHOM JTare, MoydeHHbIH aMmmuak NHs, B mpucyt-
CTBUM KaTaJu3aTopa, B3aUMOACUCTBYET C TAKUMH NPOIYKTaAMH CTOPAaHUS
JIU3EIBHOTO TOTUTMBA Kak nuokcun azora NO, u okcup azota NO, obpa-
3ys 6e3Bpennsie a3ot N, u Boxy H,O.
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B wrore peakuuu TNOTy4YarOTCs €CTECTBEHHBIE KOMITOHEHTHI aTMO-
ctheproro Bozayxa: a3oT N,, yraexucisiii raz CO,, BoasHoit map H,O.

JlaHHbI pUMEp JEMOHCTPUPYET TEXHUUYECKYIO BO3MOXKHOCTH IOJ-
HOW HEUTpaIu3aIli HEKOTOPHIX W3 TOKCHYHBIX KOMIIOHEHTOB BBIXJIOII-
Heix TazoB JIBC. Ho cnexyer nMeTs BBUAY, YTO yCTaHOBKA NaHHOW CH-
CTEMbI, KaK U JPYIHX CHCTEM CHIDKEHUS TOKCUYHOCTH, MPUBOIUT K
HEOOXOMMOCTH MX OOCITYKWBaHHS, KOHTPOJIS UCIPABHOCTH PaOOTHI, U
BEJIET B IIEJIOM K yJIOPOXXKaHUI KOHCTPYKIIMHM W JKCIUTyaTalldd TPaHC-
MOPTHOTO CPECTBA.

Bepnemcst k Tabn. 1 1 oOpaTuM BHUMaHUE Ha YETBEPTOE, ISTOE, Ie-
cToe BpenHoe (3arps3Hstomee) BemecTBo: Metan CHy , mpenenbHbie yr-
neBomoponsl C,Hg — C;Hy6, popmanmsmernn CH,O (H,CO). Ot Bemte-
CTBa B TOM WJIM WHOW KOHIICHTPAITUH COJEP)KATCS B TOIUIMBAX IMPHUBE-
IeHHbIX B Tabn. 2 (O6ensune, CHI', KIII', au3enpHOM TOIUIMBE), WA
SIBIISTIOTCS TIPOAYKTaMU WX CTOPAHMSI, B TOM YHCJI€ HETIOJIHOTO CTOPaHMUS,
W MOTYT OKa3bIBaTh BpPEAHOE BO3JCHUCTBHE B pe3yibTaTe HCIAPEHUS,
YTEUKH, WIX NONAAaTh B aTMOC(EPY C BHIXJIOMHBIMY ra3aMH.

Crenyer OTMETUTB, YTO IO PSAAY UCTOYHUKOB [4], [7] hopmanbaerug
obpazyercs B JIBC kak B pesynbraTe CropaHHs IU3EIHHOTO TOILIHBA,
Tak U B pe3ynpTare cropaHus OeHzuHa. OJHAKO B HOPMHUpPYEMBIC
TP TC 018/2011 u I'OCT 33554-2015 3nauenust st OCH3UHOBBIX IBU-
raTeneil popmanbaeria He BXOIHNT.

Tak ke ciueayer OTMeTUTh, 4to Hopmel TP TC 018/2011
u ['OCT 33554-2015 permamMeHTHPYIOT MPEAETbHOE COJEP KAHKUE BPEIl-
HBIX (3arps3HSIONINX) BEMIECTB B BO3yXe 0OMTaeMOTo TIOMEIIeHns (Ka-
OMHa BOAMTEINS, MACCAKUPCKOTO CajOHA) M HE CONEp’KaT KOHCTPYKTHB-
HBIX TpeOOBaHUN K CHUCTEMaM CHIDKEHUS TOKCUYHOCTH OTPa0OTaBIIMX
ra3oB JIBC unu cucremMam ajacopOuuu MapoB TOTUIUBA, U JPYTUM CHUCTe-
MaM CHHXEHHS TOKCHYHOCTH aBToMoOmieil. CienoBaTeTsHO HOPMBI SIB-
JIIOTCS. KOMIUIEKCHBIM TIOKa3aTeleM, YCTaHaBIMBAIOUINM IPeJe/IbHbIE
3HAYCHHS BPEIHBIX BEIIECTB B 30HE MPEOBIBAHUS BOAUTENS U TACCAKH-
POB, YTO E€CTECTBEHHO TPEAIONaraeT HCIpaBHOE (YHKIIMOHUPOBAHHE
CHCTEM CHIKCHHSI TOKCHIHOCTH.

ITo cBouM cBOICTBaM HE BCE BPEAHBIE BEILIECTBA OJMHAKOBO TOKCHY-
Hbl. B coorBerctBum ¢ 'OCT 12.1.007-76 [2] o cTeneHu BO3AECUCTBUS
Ha OpraHu3M YeJIOBeKa BpPeIHBIEC BEIIECTBA MOAPA3IEIIAIOTCS Ha YEThIpe
KJ1acca OMacHOCTH:

— 1-ii — BemiecTBa YpE3BbIYANHO OMACHBIE;
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— 2-1 — BeIeCTBa BEICOKOOIACHEIC,

— 3-i — BEIIECTBA YMEPEHHO OMACHBIE;

— 4-#1 — BerecTBa MaJIOOMacHBIE.

Kiacc omacHOCTH BpeIHBIX BENIECTB B 3aBUCHMOCTH OT HOPM U TIOKa-
3areneii mo 'OCT 12.1.007-76 npuBeneH B Tadm. 3.

Tabmuna 3 — Kimace onacHocty Bpenbix Bemects o 'OCT 12.1.007-76.

HaumeHoBanue mokasaresst Hopwma niist kitacca onacHOCTH

1-ro 2-ro 3-ro 4-ro
[IpenenbHo ponmycrTumasi KOH- Menee 0,1-1,0 1,1-10 Bonee
nenrpauus (IT1K) Bpennsix Be- 0,1 10,0
LIECTB B BO3AyXe paboueil 30HEbI,
M/
CpenHsis cMepTenbHast KOHICH- Menee | 500-5000 | 5001-50000 Boiee
TpaIHs B BO3YXe, MI/M 500 50000

PaccMmoTpum BpeHOE BO3IEHCTBUS KaXKI0TO BellecTBa U3 Tao. 1.

1. CO oxcun yraepona. SIBiseTcsi TOKCHYHBIM MAaJIOONACHBIM BElLle-
CTBOM, 4-TO KJlacca OMAacHOCTH. JTO OecIBETHBIN ra3 0e3 BKyca W 3araxa,
Jierde BO3/yXa, TOPIOY, B CMECH C BO3JyXOM B3PBIBOOIACEH — TPEJIeIbl
pacnpoctpaneHusi mwiamenu 12,5-74 % mo ob6wemy. OOpasyercs mpu He-
MIOJIHOM CrOpaHuM TorutuBa. [Ipyu BOpIXaHWM, B OpraHU3ME CBS3BIBAETCS
C TeMOTIIOOMHOM, 00pa3yss KapOOKCHI'€MOIJIOOMH, 4TO IIPEMATCTBYET
TPAHCHOPTHUPOBKE KPOBBIO KHciopona. KoHneHTpaiwmsi B Bo3myxe Oolee
0,1 % (1176 Mr/m’) IPUBOIMT K CMEPTH B TCUCHUH yaca. [IpH3HAKH OTpaB-
JICHWS: TOJIOBHAs OO0JIb, TOJOBOKPY>KEHHE, CY)KEHHE TIONIST BOCIIPHSTH,
OJIBIIIIKA, yYalIeHHOE cepaieOnenne, oomas MpIIeyHas c1adoCThb, TOIHO-
Ta, pBOTa. Ha 3aKIIF0UMTENBHBIX CTaUsAX CYIOPOTH, OOMOPOK, CMEPTb.

2. NO, mnokcup a3oTa. SIMOBHUTHINA ra3 KpacHO-Oyporo IBeTa ¢ Pe3KHM
HENPUATHBIM 3amaxoM, 0co6o TokcuueH. Coenunenus NOx o0pasyroTcs
MpHY B3aMMOACHCTBUH a30Ta U KHCIopoa Bo3nyxa B munuHapax ABC mpu
BBICOKOM TemmepaTtype, peskuil poct coenumHeHnid NOx HaOmomaercs
Boie 1370 °C. lnokcun azota (NO,) OTHOCUTCS KO 2-My KJIACCY OIMACHO-
ctu. IIpym KoHTakTe ¢ BlIaro B OpraHu3Me OOpa3yIOTCS a30THCTas
W a30THas KUCIIOTBI, KOTOPBIE Pa3belaloT allbBEOIIBI JIeTKUX. KoHieHTpa-
s cepime 200 ppm (386 mr/m’) cumTaercs netanbHOM, mpu 116 mr/v®
MOYET BO3HHUKATH JKKEHHE U OTEK JIETKMX. B HEOONMBIINX KOHIIEHTPALUIX
paslipakaeT IbIXaTeNbHbIC IyTH, MOKET BBI3BIBATH TOJOBHYIO 0OJb, MPO-
OJeMBbI C MTUILEBAPEHUEM, Kalllellb, JIeTOUHbIE 3a00JICBaHUSL.
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3. NO oxcun asora. becusernsiii ras. HectaOmisHOE BemiecTtso. B
aTMocdepe Ipu HOPMAJIbHBIX YCIOBHIX OKHCISETCS 10 AUOKCHIA a30Ta
NO; B teuenun 0,5-1 yaca. B 3aBHCHMOCTH OT KOHIEHTpalUU BpeMs
OKHUCIIEHUSI MOXeT yBenuuutecs 1o 100 wacos [5]. Ilpu noHmxeHun
TEeMIIepaTyphl pacrmajgaercss Ha a3oT u kuciopoa. Tspkenee Bo3nyxa. B
npupojie obpa3yercs mpu Tpo30BBIX paspsaax. Ha momo okcuaa azora
NO B orpaboraBmux razax ausenei u3 Bcero oorema NOx (NO, NO,,
N>0O, N,O3, NyOy, N,Os) npuxoautes 80-90 %, u 10-20 % Ha auokcun
azora NO, [5]. Y nBurareneil ¢ IpUHYIUTEIBHBIM 3aKuTanueM ot NO
B o0beMe NOx mocturaet 99 %. [lo naHHBIM MCHBITaHUMN, IPU paboTe
mseneit Ha KIII' conepxanne NOx B OI BblmIe, ueM npu padoTe Ha Ju-
3enmbHOM TorummBe [8]. Oxcupa azora NO cumTaercs SIOBHTBIM Ta30M C
YAYIIAOMUM JE€HCTBUEM, TPU BIBIXaHUH MOXKET CBA3BIBATHCS C T€MO-
IJTIOOMHOM KPOBH, IIEpeBOJs €ro B GopMy, HEe CIOCOOHYIO HEPEHOCHUTh
KHCIJIOPOJI.

OnHako, psA UCTOYHUKOB omuchiBaeT NO Kak COCTUHEHHE, PEryJiIu-
pyrolee akTUBHOCTh M MOCJEJOBAaTENbHOCTh 3aIlyCKa BCEX OCTAJIbHBIX
OMOJIOTMYECKH aKTUBHBIX BEIIECTB, MPOIYLHPYEMbIX SHAOTEIHEM (cIoit
KJIETOK BBICTHJIAIOLIMX BHYTPEHHIOIO ITOBEPXHOCTH KPOBEHOCHBIX COCY-
JIOB) B OpraHM3Me MJIEKONUTAOUMX. KIIeTKu 3HO0TENNs B TOM 4HCIE BbI-
MOJHSIIOT CYKEHUE U PACIIUPEHUE COCYIOB, TSl KOHTPOJIS apTEPUAIBHOIO
nmasieHus. B oktsaope 1998r. otkpeitie NO Kak CHTHAJIBHON MOJIEKYIIBI
CEPJIETHO-COCYTUCTON CHCTEMBI OBIIO yaocToeHo HobeneBckoi mpemun,
npucyxaeHHoi yuensm R. Furchgott, L. Ignarro u F. Murad.

Ha ceropnsmHuii 1eHp ObIIM MOTYYEHBI MOJOXKUTEIbHBIE PE3yJbTa-
Thl WHTATANUOHHONW Tepanuu NO ManueHToB C TSHKEIbIM TeUeHHEM
COVID-19 ¢ oObmupHBIM NOpakKeHHueM JieTKuX. Tak, B caHaTopuu «3a-
ropckue ganm» YmnpasneHus aenamu IIpesunnenta Poccuiickoit @enepa-
UM A7 peaOMIuTaluy MalUeHTOB C MPOSIBICHUSAMHU ITOCTKOBHIHOTO
CHUH/IpOMa HCIOJNB3YIOT ammapaT «TuaHokc», cuHTesupyoomuil NO u3
OKpY>Kalolero Bo3ayxa [6]. YKa3plBalOT O MOAAEPKAHUM ammapaToMm
3a1aHHON KOHLEeHTpauu NO. OTMeqaroT ciaeayrliue TepaneBTUIECKue
3 dexThI: paciupeHne COCyIOB JIETKUX U yIydIlEHUE UX BEHTHIAIINU,
yCHJICHHE Ta3000MEHa, COACHCTBHE PaCIIMPEHNIO OPOHXOB, YBETUUCHHE
JKU3HEHHOW €MKOCTH JIETKHX, IIPH 3TOM JbIXaHUE MalMEHTOB CTAaHOBHUT-
cs Oosee peakuM U TIIyOOKUM. OTMEYEHO MPOTHBOBOCHAIHTEIHLHOE U
MMMYHOCTUMYJIUpYIOLee NeiicTBUe okcuaa a3orta. Brrisneno, uro NO
PETYJINPYET POCT KJIETOK IIEHTPAIbHOW HEPBHON CHUCTEMBI, CTUMYJIUPYET
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MBICIUTENBHYIO JIESTEAbHOCTh W YIydllaeT HaMsATh, HPENsTCTBYET
TpoMOooOpazoBarnio. Takke OTMeueHO TyOUTebHOE BO3CHCTBIE IaH-
HOU MOJIEKYJIBI Ha OaKTEPUH U BUPYCHI.

B psane crtpan HOpmBbl IIJIK NO 3HauutensHO oTimyaroTcs. Tak,
YCTaHOBJICHHBIH YIpaBI€HUEM 110 OXPaHE TPyla U TEXHUKE Oe30IacHO-
ctu CIHIA (OSHA) u HanpoHanbHBIM HHCTUTYTOM O€30MMaCHOCTH U TH-
ruenbl Tpyaa CLHA (NIOSH) npenen xonuentpaumu NO cocraBmser
25 ppm (30 Mr/M’) B TeUeHHH 8-4aCOBOTO PabOYEro JHs, KOHIEHTPALHS
B 100 ppm (124 Mr/m’) cuuTaeTcs OHaCHO# s KU3HH. J[aHHbBIC 3HAUE-
HUs coorBeTcTBeHHO B 75 m 310 pa3 mpesbimator HOpMmbl TP TC
018/2011 u I'OCT 33554-2015.

4. CH4 metan. becriBeTHbIi1 ra3 6e3 BKyca u 3amaxa. ['a3 HeTokcrudeH.
OTtHocuTcs K 4-My Kiaccy onacHocTu. [loutn B 1Ba pasa jierue Bo3ayxa.
[Ipu BBICOKOM KOHILEHTpAaLMHU B BO3AyXe oOnagaeT ciabblM HapKOTHYE-
ckuM pneiicteueM. [lpu wmcmonb3oBaHuM B OBITY B MeTaH (IIPUPOIHBIN
ra3) 0ObIYHO JA00aBIIAIOT OJ0PAHThI (METHIMEpPKAINTAH) — JIETY4YHe Belle-
CTBa CO CHEIU(PHUUECKUM «3araxoM raszay. [Ipu konnenrparuu ot 4,4 %
1m0 17 % 06. 1. B cMecu ¢ BO3OYXOM B3pbIBoomaceH. Vcmonb3yercs B
kagectse KIII', roe ero conepxkurcs ceoie 85-90 %.

5. CHe—C7H 6 mpenenbusie yriaeBomoponsl. Croma Bxomast: C,Hg
stan, C;Hg mpoman, C4H;¢ 6yTan, CsH, nenran, C¢H4 rekcan, C;Hyq
rentad. [Ipy HOpManbHBIX YCIOBHUSIX 3TaH, NPOIaH, OyTaH — MPENCTaB-
JISTFOT c000# Ta3bl. IleHTaH, rekcaH, renTaH — XUJAKOCTH. OTHOCATCS K 4-
My Kiaccy omacHocTH. [Iponan u OyTaH JIETKO CXKHKAIOTCS U MCIONb-
3ytorcst B kKauectBe TorumBa — CHI'. I'ekcan BXoaut B coctaB OeH3MHAa,
TaK k€ IUPOKO MCTIOIB3YETCsl Ha MPOM3BOJCTBAX B KaYECTBE PACTBOPH-
TeJsl, B TOM YHCIIE B MUIIEBOM MpoMbIuIeHHOCTH. [IpenenbHble yrieso-
JOPOABI MaJOTOKCHYHBI, JIETKOBOCIUIAMEHSIEMBI, IPH BIBIXaHUU MOTYT
BBI3bIBaTh OJBIIIKY, [OJIOBOKPY’KEHNE, TOJIOBHBIE OOJIM, YTHETEHHUE LICH-
TpaJbHOW HEPBHOW CHUCTEMBI, HEKOTOpPbIE 00JIaJaloT Cl1a0bIM HAPKOTH-
YECKUM JEHCTBHEM.

6. CH,O (H,CO) dopmanpmerua. becrBeTHBINH ra3 ¢ pe3KUM 3arma-
xoM. TokcuueH, OTHOCHUTCS KO 2-My Kjaccy omacHocTd. Comepikurcs
B BBIXJIOIIHBIX Ta3aX aBTOMOOWJICH, CHTapETHOM JbIMY. SIIOBUT B 0OJb-
IMX KOHUEHTpauusx. [Ipu BABIXaHUN OTMEUEHO KEHHE B O0JIACTH KH-
BOTa, TOUTHOTA, OJIEAHOCTh, MOJKET HACTYNHTb OTEK JIETKHUX, T'OJOBO-
KpyXeHue, Oecco3HaTelnbHOe COCTOsIHUE, cyaopord. CMepTenbHas a03a
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60-90 mn BHyTpb. [IpH MOCTOSHHOM BO3JEMCTBHH HE UCKIIOUYEHBI KaH-
LEPOTeHHBIE IPOSIBICHHUS.

3AKJIIOYEHUE

B pesymprare anammza TpeOoBaHWA K COIEP)KAaHUIO BPEIHBIX Be-
IIECTB B BO3JIyXe KaOWHBI BOJUTENS W MACCAXKHPCKOTO ITOMEIICHUS
TPAaHCIIOPTHBIX CPEACTB MpeAiaracTcs clenyomee:

1) yuuThiBass COBpEMEHHBIH TMOJOKUTEIBHBIA OIBIT HCIIOIH30BaHUS
NO oxkcuja a3ota B 3IpaBOOXPaHCHUH TPH JICUCHUHU Pa3IMYHbIX 3a00J1e-
BaHMI, a Takxke 3apyOexHblii omblT BemmuuH [1JIK sToro BemiectBa B
paboueii 30He, HeoOxoauM nepecMoTp AeiicTBytomux B TP TC 018/2011
n ['OCT 33554-2015 npenenoB NO okcuma a3oTa;

2) ¢ y4eToM Toro, 4to okcua azora NO HecTaOuUIIeH U TIPU HOPMalb-
HBIX YCJIOBHUSX TOCTENCHHO MPEBpalaeTcsl B AUOKCH] a30Ta, BCTpeda-
FOTCSI CBEJICHHSI, YTO PEAKINs B aTMoc(epe IpoXoauT He MeHee ToTyda-
ca JI0 HACTYIUICHHS] PaBHOBECHOTO COCTOSHHE W HE SIBIISIETCS IOJTHON
(ko3 punment npespamenus g0 0,8 [9]), Oonee TOCTOBEPHO OBLIO OBI
n3MepsaTs NO, mocie mojiydaca yCTaHOBHBLICHCS pabOTBI IBUTaTels
(cormmacao 'OCT 33554-2015 mpenen cocraBiser 20+5muH). [Tockoms-
Ky peakius UMeeT BBIPaKEHHYIO 3aBUCHMOCTh OT TeMIIepaTyphbl, UCIIbI-
TaHHUA CJIIEAOBAJIO OBl MPOBOAUTH MPU TEMIIEpaType, OJIM3KON K cpenHe-
ronoBoit B KoHKpeTHOM peruone (coriacHo I'OCT 33554-2015 mpenen
cocraisger —15...+30 °C);

3) coryiacHO psiy UCTOYHHUKOB [4], [7] aybIeruapl — KJacc opraHude-
CKUX COCOMHEHHH, colepxammx anpaeruaayto rpymny (—CHO), B Tom
yncie hopmanbaerny, oopasyrorcs B JBC kak B pesynbraTe cropanus
U3EIBHOTO TOIUTMBA, TaK W B pe3yibTare cropanus OeHsuHa. llemeco-
00pa3HO TPOBECTH JIOTIOJIHUTEJIbHBIC HCCICAOBAHHUS M B JajbHEHIIEM
paccMoOTpeTh BO3MOXKHOCTh BKItoUeHUs TpeboBanuid [1JIK mo ¢opmas-
neruny B TP TC 018/2011 u I'OCT 33554-2015 nns nBurareneit ¢ mpu-
HYJIUTENBHBIM 32)KUTaHUEM, Pa0OTAIONINX Ha OCH3UHE.
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YK 539.3
HNCCIEJOBAHUE U PEHIEHUE DPTOHOMUWYECKHUX
INPOBJIEM B OBJIACTU BUBPOAKYCTHUKMU 110 OLIEHKE
TEXHUYECKOI'O COCTOAHUA TPAHCIIOPTHBIX MAIIIWH

RESEARCH AND SOLUTION OF ERGONOMIC PROBLEMS
IN THE FIELD OF VIBROACOUSTICS TO ASSESS
THE TECHNICAL CONDITION OF TRANSPORT VEHICLES
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E. Neumezhitskaya®, Ph. D. in Physics and Mathematics, Ass. Prof.,
V. Pashkevich', Student, A. Strizhenats', Student,
'Belarusian national technical University, Minsk, Belarus
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Kpamio uznoocenvt ucciedosanus u peuteHus: 9p2oHOMUYECKUX npo-
bnem 6 obracmu UOPOAKYCMUKU NO OYeHKe MEXHUYEeCKO20 COCHOSHUS
MPAHCHOPMHBIX MAULUH.

The research and solutions of ergonomic problems in the field of vi-
broacoustics for assessing the technical condition of transport vehicles
are briefly described.

Knwouessle cnosa: mpancnopmuvie Mauunbl, 36YKOU30IAYUSL, GUOPO-
uzonAYUsL, 8UOPOdeMnPuposanue, aKkycmudeckue Mmamepuannl, deyuoer,
yacmoma KoneOaHuil.

Keywords: transport machines, sound insulation, vibration isolation,
vibration damping, acoustic materials, decibel, vibration frequency.

BBEJEHUE

HnTencuBHOE pa3BUTHE TPAHCIIOPTHOTO MAITMHOCTPOCHUS, CO3AaHNE
HOBBIX THIIOB MallIMH CIIOCOOCTBYET BO3PACTAHHIO LIyMa, YTO HEraTUBHO
CKa3bIBACTCs HA OXpaHy OKpY>Karolleil cpensl U oxpaHy Tpyaa. CooTBeT-
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CTBHE BHOPOAKyCTHUECKHX XapaKTepUCTUK MAaIIMH HOPMAaTHBHBIM Tpe-
0OBaHMAM — OAMH U3 BAXKHBIX 3PTOHAMHUYECKUX KPUTEPUEB, 10 KOTOPBIM
onpezenseTcss UX TeXHUUYECKoe cocTosHue. lccnenoBaHue MOCBSILEHO
KpaTKOMy aHalHu3y pelieHHs NpolieM B 00JacTH BUOPOAKyCTHKH, SB-
JSIIOIEHC OOHMM M3 BOCTPEOOBAaHHBIX HAYYHBIX HAIPABICHUM IO
OIIEHKE TEXHUYECKOT'O COCTOSIHHS TPAHCIIOPTHBIX MAaIITHH.

PEINEHME SPTOHOMMYECKUX TTPOBJIEM B OBJIACTHU
BUBPOAKYCTHUKU 11O OHUEHKE TEXHUYECKOI'O
COCTOAHMA TPAHCIIOPTHBIX MAILIMH.

OpHMM W3 BaXXHBIX IPrOHOMHUYECKHUX KPHUTEPHEB, IO KOTOPBIM Olie-
HHUBAETCSl TEXHUYECKOE COCTOSHHE MAIWH, SBISIETCS COOTBETCTBUE
BUOPOAKyCTUYECKUX XapaKTEPUCTUK TPAHCIOPTHBIX MAIUH HOPMATHB-
HBIM TpeOoBaHusAM. ONHILIEM OCHOBHBIC MOJIOKEHHUS M HAY4YHbIE JOCTH-
KEHUSI B 00macT BHOPOAKYCTHKH, BKIIIOHYAIOIIEH: 3BYKOM3OJIALIUIO
(3BK), Bubpouzossiiuio (BU) n Bubponemnduporanue (B).

3Bykomszoisiuus (1b) — 3TO CBOWCTBO orpaxnaromeid KOHCTPYKIHH
3a[epKUBaTh YacTh SHEPTUM MAJAIOIIMX HA HEe 3BYKOBBIX BOJIH, OIpe-
JeNIsieMOe KaK OTHOILIEHHE MOIIHOCTEH BOJIH, MAJAlOLINX Ha Orpakie-
Hue, W, 1 BOJH, NpOILIEAIMNX Yyepe3 Hero Ws:

3BK =10-1g- 1,
W,

2

XapaKTepUCTHKON 3BYKOHM3OJISINH SBISIETCS KOA(DDUITUEHT TTPOXOK-
JISHUSI 3ByKa T, CBsI3aHHBIHN ¢ BennunHoi 3BK no dopmyie:

3BK =10-1g. .
T

AHanu3upyst METobl OOpHOBI C ITYMOM, OTMETHM, YTO 3P PEKTUB-
HBIM METOJIOM, ITTO3BOJIIONINM CYIIECTBEHHO TOBJIHATH Ha IIyM, SB-
JsieTcs 3ByKousonsnus pabounx MecT. JIuCToBbIe orpaxaaromue mpe-
rpajgbsl, K KOTOPBIM OTHOCSTCS BHOPOM3OIMPYIOIIME NEPETOPOAKH,
KaroThl, KAOMHBl YMEHBIIAIOT YPOBEHb LITyMa BCIEACTBHE OTPAXKCHUS
U paccesHus 3ByKoBoil sHepruu. [Iporecc mpoxoxJeHHs 3ByKa depes
OTpaXkJIEHUsI COCTOUT B TOM, YTO I1OJ BO3ACHCTBHEM 3BYKOBBIX BOJH
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OTpakJICHUE HCIBITHIBACT KOJEOAaHHSI M CaMO CTaHOBUTCS HCTOYHHU-
KOM 3ByKa. MccnenoBaHue BOJHOBBIX IOJIEH NABJICHHS U IepeMelle-
HUS AaJI0 BO3MOXHOCTh YCTAHOBUTH 3aBHCHUMOCTH 3BYKOM3OJISIIIUHU U
3BYKOM3IIyUeHUsl OrpakIeHui. M3ydenue nponecca B3aMMOIEHCTBUSA
BOJHOBBIX IIOJIEH C OrpakICHHEM OCHOBBIBAE€TCS HAa HUCCIECAOBaHUU
Majaronel BOJHBI Ha IUIACTUHY U 00pa30BaHUA MPHU 3TOM 3BYKOBOTO
naBneHus. OT fAaBieHUs IUIACTMHA WCIBITHIBAET IMEPEMEIEeHUs U
(dopMupyeT Kak HCTOUHHK 3BYKOBOE IIOJIE 3a orpaxaeHueM. Ha ocHo-
BE CTAaTHCTHUYECKH — IHEPTEeTHUECKOTO MeToza [1] ncciemoBaHbl 3By-
KOBBIE TOJISI HHEPIMOHHOTO [2], PE30HAHCOBOTO M HEPE30HAHCOBOIO
MPOXOXKACHUSA 3BYyKa.

Ha ocHOBE BBINTOJHEHHBIX HCCIEIOBAHUNA MOYKHO CIENATh CIEHYIO-
IIT1€ BBIBOJIBL.

PazpabGoranbl METOABl U METOOUKH IO PacdeTy M PeryJMpOBaHHUIO
JIUCTOBBIX OTPaXKAAIOIUX KOHCTPYKIUI, KOTOPBIMA MOKHO BOCIOJIB30-
BaThCs MPHU PEIICHUM HOBBIX 33J1a4 B 00J1aCTH 3BYKOHU30JIAIUH [3—5].

[loBeIlIeHNE ypOBHS 3BYKOM3OJSALMH B HCCIEAYEMBIX IHana3oHax
W3MEHEHHS 9acTOT B 3aBUCHMOCTH OT CHEKTPA M30JIUPYyEMOro IIyMa JI0-
CTUTAEeTCs 3a CYET ONTUMHU3ALUN FEOMETPHUYECKUX PAa3MEPOB OTpakie-
HUM, UX TOJIIWHBI, MACCHI, N3TMOHON KECTKOCTH. YBEIIMUCHUE BEIUYH-
HBl OTPAXIEHUH U €ro U3rMOHOH JKECTKOCTH CIIOCOOCTBYET CHUIKEHHUIO
3BYKOM3O0JIALUY 110 OTHOIIEHUIO K MPEAEITFHOMY 3HAYEHUIO.

[Impenen 3BYKOM3OJSIIMK OTPAXKAECHUM M3 MSATKHX MaTepUaioB J0-
CTHTaeTcs, €ciau OHU He mponayBaemble. [loBbIIEHHE 3BYKOM3ONALNU
TAaKHX OrPa)<ICHUI BO3MOXHO 3a CUYET YBEIMYCHHs MAacChl HA €IHHUILY
MMOBEPXHOCTH M U3MEHEHUS pa3MepoB [6, 7].

CoBpeMEeHHBIM BUOPOU3OISIIMOHHBIM MaTepHalioM siBisieTcst Sylomer
kommanuu Getzner (ABCTpusi), oONafaoUIMii HEIMHEHHONW XapaKTepH-
CTHKOM JKECTKOCTH. DTO MUKPOIIOPUCTHIN IMTOIIMYPETAHOBBIA 3JIaCTOMED
CO CMEIIAHHON SYEUCTOU CTPYKTYPOU, KOTOPBIN IIPEeIHAa3HAYEH Ul pe-
nIeHus 3a1ad BuOpouzonsauuu. CTaTuueckasl Harpy304Hasi cliocoOHOCTh
KOTOporo Haxomutcs B auamna3one 0,011 H/mm? — 1,2 Him*

Bubpounzonsius MamuH J0KHA OCYIIECTBISTHCS COBMECTHO C
3Bykomzosinued. [ns peanuzanuu BHOPOU3OISIUU HMCIONB3YIOTCS
BUOPOU30IUPYIOLINE OMOPHI, HA KOTOPbIE YCTaHABJIMBACTCS MAaIlWHA,
a Takke BHOpPOHM3OJIMPYIOIINE MPOKIAIKH, pa3MellaeMble MO OIMop-
HBI KOHTYP 00OJIOYKM KOXyXa. PexomMeHayemble TeXHHUYECKHE pe-
LICHHUS] NpeIHAa3HAauYeHbl AJI1 HAaJEKHOHW 3alIUTBl OO0O0JOYKH M OKpPY-
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JKaloUled cpedbl OT MHTEHCHUBHBIX 3BYKOBBIX KosiebaHuil. Cnemyer
OTMETHUTbH, YTO PA3HOBHUIHOCTb IPHMEHSEMBIX Ha NpPaKTHKE BHOPO-
M30JIMPYIOMIMX OTIOP U MPOKIAI0K ONpeeieHa TEXHHIECKUMHU Tpebo-
BaHUSAMH CO3/1aBAEMbIX U3ACIUH.

K uucny BHOpOM30IMPYIOIIKUX ONOP OTHOCSTCS: PE3MHOMETAJIU-
YECKUEC CBAPHEBIC, peSHHOBBIﬁ OJIEMCHT KOTOPBIX MPUBYJIKaAaHU3UPOBAH
K METAITIMYECKUM YacTsIM; Pe3nHOMETAIUIMUYecKie COOpHBIE, COCTaB-
JICHHBIC U3 OTACNBHBIX PE3UHOBBIX AeTallell 1 METAINIMIECKUX YaCTeH;
MCTAJINIMYCCKUC, COCTABJICHHBIC M3 CTAJIBHBIX IPYXWUH HIHW AOPYTUX
METAUNTNYECKUX YIOPYTHX DJIEMEHTOB; MTHEBMATHUYECKUE, UMEIOIINE B
KauyecTBE YIPYTOro 3JIEMEHTA CKAThIi BO31YX; PHIXJIOBOJIOKHUCTHIE U
MOPUCTHIE B BUJIE IIJIUT U3 IJIACTMACChl, MUHUPAJIBHOIO U METaJIH4e-
CKOTO BOMJIOKA.

Marepuanom i BUOPOM30IHUPYIIMX HNPOKJIAAOK CIYXHUT IOPUCTas
pes3uHa, CIUIOmIHAs U Nep(OpUpOBaHHAsT MATKas pe3nHa, >JaCTUYHBIC
1 IMOPUCTHBIC IJIACTMACCHI. MexaHudeckue XapaKTCPpUCTHKHU YKa3aHHbIX
U IpyTUX MaTepuanoB cojepxarcs B [7, c. 235].

HaunOonee BaxHOHN XapaKkTEepHUCTUKONW BUOPOU3OIATOPA SIBISIETCS €TO
JKECTKOCTb

I=F./Ah,

rae F, — HoMuHaNBHas Harpys3ka Ha BuOpousomsarop, H; Ah — nedopma-
1usl BUOpOU30PATOpa MO AEWCTBUEM HOMUHAIBHOW HAarpy3KH, M.
Bubpousonaropsr Beiouparor cornacao ['OCTy M TeXHHUECKHM
YCIIOBHSIM 10 OTHOLIEHUIO F, / Ah, ecii OHU yJOBJIETBOPSIIOT TaK K€ BCEM
KOHCTPYKTHBHBIM M TEXHOJIOTMYECKUM TPEOOBaHHUSIM KOHCTPYKIIUH.

3AKIIIOYEHHUE

Pemenue spronomudeckux npo0iaemM B 001acTH BHOPOAKYCTHUKH T10
OILICHKE TEXHHUUYECKOTO COCTOSIHHUS TPAHCIIOPTHBIX MAIIKH, COOTI0ACHUE
MEXAYHapOIHBIX CTAaHJApPTOB IO AKYCTHYECKHMM XapaKTEpUCTHKaM
CHOCOOCTBYET MOBBIIIEHNIO KOHKYPEHTOCIIOCOOHOCTH MAIllMH Ha MEX-
JIYHapOJHBIX pBIHKaX. B pabore kpaTko ommcaHa 3BYKOHM3OJSIMS U
BUOPOM3OJISIUS MAIIMH; COACPKHUTCA MHMOPMAIUS O MEXaHUYECKHX
XapaKTepUCTUKAaX MaTepuaia BUOPOU30IHUPYIOLINX ONOP U MPOKIAI0K.
Jana pexoMeHAamus o MPUMEHEHWH HA MPAKTUKE COBPEMEHHOTO Ma-
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tepuana Sylomer, o0nanaronero HeTMHEHHON XapaKTEPUCTHKON KecT-
KOCTH BHUOpPOM3OIUPYIOMIETO W OOECIEeYHBAIONIETO KadueCTBEHHYIO
BUOPO3alIUTy KOMIIOHEHT MAIIMHOCTPOCHHS B LIMPOKOM JHana3oHe
JOeHCTBYIOIIMX Ha OOBEKTHI CHIL
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YK 539.3
ONTUMMBANUA YIIPYTUX XAPAKTEPUCTUK
BUBPOU3O0JHNPYIOUIEI'O KPEIIVIEHUSA
B MAIIMHOCTPOEHHUH

OPTIMIZATION OF ELASTIC CHARACTERISTICS
OF VIBRATION-ISOLATING FASTENING
IN MECHANICAL ENGINEERING

1
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Ha ocnose ananuza guzuxo-mexanuueckux Xapakxmepucmux ynpyeo-
20 BUOPOUZOAUPYIOUIE20 MAMEPUATA OAHbL PEKOMEHOAYUU NO NpUMeHe-
HUIO €20 8 MAWUHOCMPOEHUU NPU CO30aHUU SUOPOUROIUPYIOWUX KOH-
CMPYKYUOHHBIX DNEMEHMO8.

Based on the analysis of the physical and mechanical characteristics
of an elastic vibration-insulating material, recommendations are given
for its use in mechanical engineering when creating vibration-insulating
structural elements.

Knrouesvle cnosa: mpancnopmmuvie MawiuHsl, SUOPOUIOAUPYIOUEE
Kpennenue, Oeyuben, dacmoma KoaeOaHuil, MexaHudecKuli UMneoauc,
eacumenu Koneoanuil.

Key words: transport machines, vibration isolating mount, decibel,
vibration frequency, mechanical impedance, vibration dampers.
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BBEJEHUE

BaxHy10 posib B KOHCTPYKTUBHOM O(OPMIICHUN BUOPOU30IUPYIOLIE-
TO KpEIJIeHHUsI TPAHCIIOPTHBIX MAIlUH UMEET KECTKOCTh UCTOIb3YEMOTo
Marepuaia. B pabore Mmoka3aHO, YTO, YUYHMTBIBAsl CIIOKHYIO CHIIOBYIO
HarpysKy, ACHCTBYIOIIYI0 Ha BHOpPOM3OJIATOPHI, XXECTKOCTh OJDKHA
UMETh HEJIUHEHHYIO 3aBHCHMOCTh MEXKIY CHIIOH U aedopmanuedt as
a¢pexTrBHOTO 0OecTieueHus PyHKIMOHUPOBAHHS BUOPOU3OIISIIHH.

KOHCTPYKTUBHOE O®OPMJIEHME BUBPOM30OJIMPYIOILIETO
KPEIVIEHMA TPAHCIIOPTHBIX MAIIINH

Ha ocnoBe ananm3a Gu3MKO-MaTEeMaTHYECKUX XapAaKTEPUCTHK YIPYTO-
ro Marepuajia JaHbl PpEKOMEHJAIMH [0 IPUMEHEHUIO B MAILIMHOCTPOCHUN
BUOPOHM3OJIMPYIONIMX KOHCTPYKIIMOHHBIX BJIEMEHTOB. BuOpounzomsmms
NpeAHa3sHa4YeHa Ul CHIDKCHUS] HU3KOYAaCTOTHOM BHOpAlMu B CAJIOHaX U
KaOWHAX TPaHCIOPTHBIX cpeAcTB. K ompenensromieii TeXHIMIeCKoi BHO-
POU30IUPYIOLIEH CHCTEME TPAHCIIOPTHBIX MAIUMH OTHOCUTCS IIOJIBECKA
KOJISC, OCHOBHOHM (DYHKITMEW KOTOpPOW SIBISCTCS CHIDKCHUE KOJeOaHMI
NpU JBIKEHUH IO IOPOTaM C HEPOBHOCTAMH U oOecrieueHre HaIeKHOTO
KOHTAaKTa TEXHUYECKOTO CPEACTBA MEPENABUKEHUS C TOPOKHBIM IOKPBITH-
€M, KaueCTBEHHOH! YNPaBIsIeMOCTH M O€30IIaCHOCTH JIBHKCHHUSL.

CHmwxkeHre BHOpalUM OCYIIECTBISIETCS IO JABYM HalpaBlICHHSM.
K mepBoMy HampaBieHHIO OTHOCHTCS aKTHBHBIA METO]| CHIDKEHUS BHO-
panu, mperycMaTpUBAIOIIUN W30JIALNI0 UCTOYHUKA BUOpaluu (IBUTa-
TeJsl) OT OCHOBaHHS, K KOTOPOMY OH NPHUKpPEIUIeH; BTOPOE HaIpaBie-
HUE — 3TO M3OJIAIHS CaJIOHa MM KaOMHBI OT paMbl, IIepeIaromiei Budpa-
nuo or gapurarens. IIpakTUKON NpeaycCMOTpEH W TpPETUH BapUaHT,
00BEIUHAIONINN OMHMCAHHBIC HampaBieHus. OTMETHM, 4TOOBI JOOUTHCS
3¢ eKTHBHOW BHUOPOM3OILIMHM HCTOYHMKA BHOpaLUH, HEOOXOIUMO
MPeTyCMOTPETh OTBOJ BUOpAINH OT UCTOYHHKA Konebanwii. HekoTopsie
W3TOTOBUTENH JBHUTATeIeH MPUIEPKUBAIOTCS TpeOoBaHUs 00 orpanuye-
HUM YPOBHEH BHOpaLuM A0 MpeaebHO JOMYCTUMBIX HOPM, €CITH 3TO HE
yIaeTcsl CAenaTh, CIEAYET BOCIONb30BAaTHCSA JOMOJHUTEIBHO BTOPBIM
HaIpaBJIeHHEM BUOPO3aIIUTHI.

Ha BuOpounzonupyomue KOHCTPYKIUH MAallllH BO3JIOKEHBI Ba)KHBIC
(GYHKUMHM [0 CHIKCHHUIO IIyMa M BUOpaLuH, MOpoXaaeMble (yHKIIHO-
HUPOBAaHHEM IBHUTaTelNs, NEHCTBYIOIIUMH WHEPLUOHHBIMH U OCEBBIMU
CUJIaMH CO CTOPOHBI TPAHCMUCCUU, PEAKTUBHBIMA MOMEHTAMU; CHIIAMU,
BO3HHKAIOLIMMH [IPU TOPMOKEHUH M TPOraHuH M T.1. K BaxkHBIM Tpebo-
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BaHUSIM [0 TEXHUYECKOMY OCHAIICHUIO MAIIUH BHOPOHM30IHPYIOLINM
KpEIJICHHEM CIIeIyeT OTHECTH PaBHOMEPHOE Harpy)kKeHHE BHOPOH30JIS-
TOpPOB, PACIIOJIOKEHHE UX B TOPU3OHTANBHOM IUIOCKOCTH C LIETBIO COB-
MEIleHHs [IeHTPa CUJI MOAAep KaHusl BUOPOU3OIIATOPOB C IEHTPOM Macc
BHOPOU30JIUPOBAHHOTO O0OBEKTA.

J11 MUTHUMAITBHOTO BO3JIEHCTBHUS BHOpAIH HA IIACCH MPH BO3HUK-
HOBEHUH COBIAJICHUS] YaCTOTHI M3TMOHBIX KOJIEOaHUH 1IaCCH WA UCTOY-
HUKa BHOPAIMH C BBHIHYKICHHBIMU KOJIcOaHUAMH JBUTATEINsT BUOPOU30-
JTUPYIONIHE KPETUIEHUSI HEOOXOIMMO pacIioyiarath B y3iax KojeOaHuil.

Kpurepuem cHmxeHns: BUOpamuu sBisercsi Tpe0oBaHUE K COOTHOIIIE-
HUIO YacTOT CBOOOJHBIX KOJICOAHWII BHOPOHM3OJUPOBAHHOTO OOBEKTa
C YacTOTaMH BBIHY>KACHHBIX KoJieOaHUH HCTOYHUKA BuOpanuu. CBo6oa-
HbIe KOJeOaHWsl JNOJKHBI OBITh 3HAYHTEIHHO MEHBIE YaCTOT BBIHYXK-
JeHHBIX Konebanmii. OgHako 3To TpeOOoBaHUE HEIOCTATOYHO NP Jeii-
CTBMU BHEIIHHMX CHJ, BBI3BIBAIOIIMX OOJBIINE MEPEMELICHUs 00BEKTa.
Jiig Takux ciaydaeB HEOOXOAMMO, 4TOOBI BETMYMHA YKECTKOCTH BHOPO-
W30JIUPYIOIIETO KPeTUIeHUs ObllIa 3HAYUTENLHO OOJIBINE KECTKOCTH aHa-
JIOTHYHOHN BEIMYHMHBI YIPYTOro Marepuasa MpH OTCYTCTBYIOIIMX Hera-
TUBHBIX 3MH30NYECKUX CiIydasx. Pelenue 3Toil 3aqauu OCHOBBIBACTCS
Ha MPUMEHEHHUE YIIPYTUX 3JIEMEHTOB, 001aJafoNX HEINHEHHOW Xapak-
TEPUCTUKOH JKECTKOCTH, puc. 1 u 2.

Pucynox 1 — Vnnroctpanust pekoMeHlyeMOi HeIMHEHHON jKeCTKOCTH YIPYTUX
9JIEMEHTOB BHOPON30INPYIOLIEro KPEIUICHNUS:
F, — HOMUHabHAs CTaTHYECKas Harpy3ka, Ah — neopMariys ynpyroro
3JIEMEHTa NPU JCUCTBUU HArpy3KH F

D¢ eKTHBHOCTD ONTHUMAILHON PabOThl BHOPOM30IMPYIOMIETO Kperl-
JICHUsI HE OTPAHNYNBAETCS (PU3MKO-MEXaHWIECKUMHU XapaKTEePUCTHKAMHU
Marepuaia, OOJIaJAloIIero yNpyTMMH CBOMCTBAMH, OHA JIOMOJHSETCS
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KOHCTPYKIHMOHHBIMHA OCOOCHHOCTSIMU (DOPM U3AETHN UCXOJS U3 IKCILTY-
aTalMOHHBIX YCIOBUH UX ()yHKINOHUPOBAHUSI.

v

F O

»

1] .\f?—

Pucynok 2 — HennHeliHast XxapakTepHCTHKA JKECTKOCTH BUOPOHM30IISITOpa
[IPU HAJIUYHUU OIIOPHI HYJIEBOH KECTKOCTH:
F, — HOMUHabHAs CTaTHYeCKas Harpy3ka, Ah — neopMariys yrnpyroro
3JI€MEHTA NpU AEHCTBUM HArpy3Kku F

K THMOBBIM KOHCTPYKIIMIOHHBIM 3JIEMEHTaM BUOPOU3OIHPYIOUIETO
KPEIUICHHUsI OTHOCSITCS IMJIMHAPUYCCKUE W TapelibuaThie MpPY>KHHBL, pe-
3UHOBBIC BTYJIKH, TIOJIBEPTaIOIINECs JCUCTBUIO PAAUAIBHON HIH IPpyroi
Harpy3KH; pa3iuyHbIX Pa3MEpOB PE3HHOBBIC MPSMOYTOJIBHBIC Mapanie-
JIETIATIENIBL, TIOZBEPTaEMbIE JISHCTBUIO CKMMAIOIIEH HArPy3KHU H JP.

D¢ exTUBHBIM BHOPOHM30IMPYIOMIUM MaTEpUAIOM SBISIETCS COBpE-
MeHHbIH Matepuan Sylomer (ABctpus), o0nagarOmuil psaOM CBOMCTB,
KOTOpBIC JICAIOT €ro He 3aMEHHUMBIM JJISl PEIICHUS MIUPOKOTO CIIEKTPa
3ama4 B o0jacTu BHOpo3amuThl. Matepuan Sylomer mpeacTaBiseT co-
00l MUKPONIOPHUCTHIN MOTUYPETAHOBBIN 3JIACTOMEP CO CMEIIAHHOM s4e-
WCTOU CTPYKTYPOH, KOTOPBIM CIIEMAIbHO pa3paboTaH s peleHus 3a-
nad BUOpom30Jsinuu. W3nenusi, W3roToBJICHHBIE M3 TaKOro MaTepHala,
00J1aat0T HEMMHEHHON XapaKTEePUCTHKOMN JKECTKOCTH, Y KOTOPBIX B 30HE
neopManMy MO JICHCTBHEM HOMHHAIBHOW CTaTHYECKOH HArpy3Ku
KECTKOCTh HU3Kasl, a MPU yBENWYeHUH jaedopMannu Bo3pactaeT. [Ipo-
n3BoauTca 10 cTaHAapTHBIX THUIMOB JaHHOTO MaTepHaja, CTaTHYecKas
Harpy3o4Has CHOCOOHOCTh KOTOPBIX HAaxXOAWTCSA B  JUala3oHe
0,011 HAv® — 1,2 H/M?. CraTHueckue U IMHAMHYCCKHE XapaKTePHCTH-
K1 Matepuana Sylomer ompejeNieHbl B MMOJHOH Mepe W €ro MoBeJeHHe
XOPOILO MPOrHO3UPYEMO, UTO TIO3BOJISIET PACCUUTHIBATH dPPEKTUBHOCTH
MEpONPHUATHI TI0 BUOPOM3OJSIIMKA HA dTale NpOeKTHpoBaHWe. PasHo-
BUHOCTBIO TPYIIBI MatepuasioB Sylomer siBisietcs Matepuan Sylodyn,
KOTOPBIil OTJINYACTCSI BBICOKUMH JTHHAMUYECKUMHU CBOWCTBAMH. YKa3aH-
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HBIC MaTepualibl UCIOJIB30BaHbI U1l BUOPOM30IALMK HOBOTO 31aHust Uu-
KEHEPHOTO KopIryca MHUHCKOTO METPOIOJIUTEHA ISl 00ECTICUCHUSI B HEM
Tpebyemoii CanutapusiMu Hopmamu PecrmyOnuku Benmapych rurmnenuue-
CKOW OOCTaHOBKHM IO YPOBHSIM BHOpaLlMH, CO3/1aBacMO MOJABMKHBIM CO-
CTaBOM (3I1aHUE TTIOCTPOCHO DSZOM C TOHHEISIMH METPONOJINTeHa). BhI-
TIOJTHEHHBIE 3aMephl YPOBHEN BHOpAIlMK B KOPITyCe MOKa3aiH, YTO IIpe-
BBILICHHS TIPEIENIBHO JOMYCTUMBIX YPOBHEH BUOPALIK B 3IaHUU HET.

VYKa3zaHHBIM MaTepHuai ¢ YCIEXOM MOXKET MCIOIb30BaTHCS MPU H3T0-
TOBJICHHH BHOPOHM30JATOpOB Uit BenA3, paHee MOCTaBISIEMBIX H3-3a
pyOeka, a Takke Ha CIEHHATM3UPOBAHHBIX IPYTUX MPEINPUATHAX Ma-
IIMHOCTPOCHUS, CTAHKOCTPOEHHSI, CTPOUTEILCTBA U IP.

3AKJIIOYEHUE
OnTuMu3anus yIpyrux XapakTepUCTHK BHOPOHM3OIUPYIOMIUX Kperl-
JICHW! B MAITMHOCTPOSHHUH JIOJDKHA OCHOBBIBATHCS HA TEXHHUYCCKHX TPE-
0OBaHUAX, MPEIBABISIEMBIX K CO3JaBacMbIM BuUOpom3ojsTopaM. JlaHa
pEeKOMEHIAIMA 0 NPUMEHEHUH B MAalTMHOCTPOCHHU COBPEMEHHOTO BHO-
pou3oIHpyOIIero Marepuaiga Sylomer, oOIafaroIIero HETMHEWHBIMH
XapaKTePUCTUKAMH JKECTKOCTH W O0ecTeduBaronero 3(QQexTHBHYIO
BUOpO3alIUTy 0OBEKTOB.
[Ipencrasneno 25.05.2024
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YK 629.114. 2
RECENT INNOVATIONS IN LITHIUM-ION BATTERY
TECHNOLOGY AND ENVIRONMENTAL IMPACT
OF ELECTRIC VEHICLES

HEAABHUME MHHOBAIIMN B TEXHOJIOT'U JH/ITI/H;I-I@OHHI)IX
AKKYMVIIATOPOB U NX SKOJIOTMYECKOE BO3AENCTBUE
HA 9JIEKTPOMOBUNJIN

T. Almataev, Prof., A. Zokirjonov, Ph. D. Student,
Andijan Machine-Building Institute, Andijan, Uzbekistan

Anwmaraes T. O., mpod., 30kup:xoHOB A. 3., acIUpaHT,
AHIMXAHCKUHA MalIUHOCTPOUTENbHBIN HHCTUTYT,
AngmxaH, Y30eKucTaH

This article reviews various international studies and dissertations to
highlight recent advancements in lithium-ion battery technology and as-
sess the environmental impact of electric vehicles. Additionally, it offers
insights into future expectations regarding the development trends of
these technologies.

B oannoui cmamve npoooumcs 0630p paziuuHblx MeAHCOYHAPOOHLIX
uccnedosanuil U ouccepmayuli ¢ Yeavlo GvlaeneHUss NOCIeOHUX 00CmuU-
JHCEHUL 8 MEXHONIO2UY TUMUL-UOHHBIX AKKYMYISIMOPO8 U OYEHKU IKOJI0-
2uueckoeo ozoeticmaus snekmpomoduneli. Kpome mozco, npedocmasisi-
IOMCsL NPOCHO3bL OMHOCUMENLHO OYOVUUX MEHOSHYUl PA36UMUsL IMUX
MexHoI02Ull.

Keywords: electric vehicles, lithium-ion, battery, thermal manage-
ment, environment.

Kniwouesvle cnosa: snexmpomoouny, tumuli-uoHHble AKKyMYASAMOpLL,
AKKYMYTSIMOPbL, MENT080E YNPABIEHUE, OKDYICAIOWAST CPEA.

INTRODUCTION

In the early part of 1900s, the EV design could not compete
with the plethora of inventions for the internal combustion engine.
The speed and range of the internal combustion engines made them
an efficient solution for transportation. By the middle of the 1900 s, dis-
cussions about the impending oil supplies, the growing demands of fossil
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fuels began to rekindle the inventions of alternate energy systems and
discovery of alternate energy sources. By the mid-1970 s, oil shortages
led to aggressive development of EV programs. In the 1990 s, concerns
both over the worldwide growth of demand for fossil fuels for transpor-
tation, namely petroleum and the reduction of vehicle emissions has once
again intensified EV development. This in turn has led to advances in
research and development of traction batteries for EVs. Li-ion batteries
are the third type most likely to be commercialized for Electric Vehicle
applications. Because lithium is the metal with the highest negative po-
tential and lowest atomic weight, batteries using lithium have the great-
est potential for attaining the technological breakthrough that will pro-
vide Electric Vehicles with the greatest performance characteristics in
terms of acceleration and range. Unfortunately, lithium metal, on its
own, is highly reactive with air and with most liquid electrolytes. To
avoid the problems associated with metal lithium, lithium intercalated
graphitic carbons (Li,C) are used and show good potential for high per-
formance, while maintaining cell safety. There are various types of mate-
rials under evaluation for use in Li-ion batteries. Generally, the anode
materials being examined are various forms of carbon, particularly
graphite and hydrogen-containing carbon materials. Three types of ox-
ides of transition are being evaluated for the cathode: cobalt, nickel, and
manganese. Initial battery developments are utilizing cobalt oxide, which
is technically preferred to either nickel or manganese oxides [1]. Howev-
er, cobalt oxide is the costliest of the three, with nickel substantially less
expensive and manganese being the least expensive.

MAIN PART

The «lithium-ion battery» encompasses a number of chemistries
where lithium-ions move back and forth between the electrodes (cathode
<> anode) in a process often referred to as a “rocking chair” mechanism.

Performance of the battery is primarily a function of the ability of the
cathode and anode to accept and release lithium ions. This means that
power and time between cycles is largely dependent on the amount of
reversible lithium-ions and the kinds of materials in the electrodes. Typi-
cally, the materials are chosen to amplify this interaction as well as en-
sure that the lithium ions remain reversible [2].
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Figure 1 — Lithium-Ion Batteries working system
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Figure 2 — Mass Market Electric Vehicle Penetration

Growth of the global Electric Vehicles market is led by China. With
progressive subsidies, penetration targets, investment, and the number
of manufacturers, China has been leading the charge. Tesla might have
the highest brand recognition, at least in North America, but Chinese
manufacturer BYD (8,25 % owned by Berkshire Hathaway) is the
world’s largest EV company and battery manufacturer. We believe Chi-
na's lead can be attributed mainly to the following factors. China has
40 % of the world's EV car stock and 30 % of global sales over all. Over
600 000 units (BEVs, PHEVs and straight hybrids) were sold in 2017,
up 71 % from 2016 [3]. The commercialization of the lithium-ion battery
(LIBs) has provided the thrust for the electromobility market to take off
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as it offers more range between charges than its predecessors while
providing the power density needed to compete with Internal Combus-
tion Engine Vehicles. Given the higher specific energy and specific
power, along with a lighter weight principally due to higher nominal
voltage of LIBs, companies such as Tesla were motivated to adapt the
technology for use in the automotive industry. Compared to the nickel-
metal hydride (NiMh) battery, LIBs provide the same energy at half the
size and weight with much higher voltage. For example, Walmer (2015)
calculated that a 350 V NiMh battery would require about 292 cells
while a lithium-ion battery with the same voltage would require only 98
cells. LIBs also have a much better cycling life (i.e., charge and dis-
charge) compared to other rechargeable chemistries on the market and
can reach thousands of cycles before needing to be replaced. Part of this
is due to the lack of a memory effect. For example, if a NiCd battery
were charged after being only partially discharged, it would lose capacity
because it would begin to mirror that partial range.
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Picture 3 — Life cycle of Li-ion Electric Vehicles Cell

REFERENCES

1. Sandeep Dhameja «Electric Vehicle Battery Systemy», 2001.

2. Journal of BMO Capital Market «The Lithium-lon Battery
and the EV Market», 2023.

2. Belov, D. Failure mechanism of Li-ion battery at overcharge condi-
tions / D. Belov, M Yang // Journal of Solid State Electrochemistry. —
2008. — 12:885-894.

[Ipencrasneno 25.05.2024

128



YK 629.039.58
MEPBI 1O COBEPHIEHCTBOBAHUIO UCITOJIb3OBAHU A
NHHOBALIMOHHBIX CUCTEM IHOBBIHIEHUA
BE3OITACHOCTHU TPAHCIIOPTHBIX CPEACTB

MEASURES TO IMPROVE THE USE OF INNOVATIVE SYSTEMS
IN IMPROVING VEHICLE SAFETY

IMoxupos O. I'., toxTOpaHT,
TalkeHTCKUl TOCYIapCTBEHHBIH YHUBEPCUTET TPAHCIIOPTA,
r. TamkeHnt, Y30ekucran
O. Shokirov, Ph. D. student,
Tashkent State Transport University, Tashkent, Uzbekistan

TlompebrHocms 6 UHHOBAYUOHHBIX CUCHIEMAX HOMOWU BOOUMENIO
MaxKosa, 4mo owubKY 600UMENsL YMEHbUAOMCA ULU NOTHOCHbIO UCKIIO-
yaiomes. Togviuaemces s¢pgpexmusnocmes agmomodouns. brnazodaps uc-
NONb308AHUI0 UHHOBAYUOHHBIX CUCIEM CYWEeCmEyem 6blCOKULL NOmeH-
YUAL 3HAYUMENbHO20 CHUNCEHUS YIMOMISAEMOCMU WU CIPecca 4el08eKd,
9KOHOMUYecKux 3ampam u mpasemamuzma. OOHaxo ecmv u nPoodeMbl,
KOmMOopble — MOJICHO — 0JCUOAMb,  NOCKOAbKY — 3a0ay¥d  YHpasleHus
MPAHCNOPMHBIM CPEOCEOM MONCEM USMEHUMbCSL 8 CHOPOHY YRpasie-
HUS A8MOMAMUIUPOBAHHBIM OBUNCYWUMCS MPAHCTIOPHIHBIM CPEOCTNEOM,
m.e. ynpaenenus UHHOBAUUOHHbIMU cucmemamu. B oOaumnou cmamuve
paccmampugaromcs Hymu  COBEPUICHCBOBAHUS UCNOIb308AHUS  UH-
HOBAYUOHHBIX CUCHEM NOMOWU B0OUMEIO.

The need for innovative driver assistance systems is such that driver
errors are reduced or completely eliminated. The efficiency of the vehi-
cle increases. Through the use of innovative systems, the potential to
significantly reduce human fatigue or stress, economic costs, and inju-
ries is high. However, there are also problems that can be expected, be-
cause the task of driving a vehicle may change in the direction of driving
an automated moving vehicle, i. e. driving innovative systems. This arti-
cle examines ways to improve the use of innovative driver assistance sys-
tems.

Knroueevle cnosa: cmonxkmogeHue, HABUSAUUOHHAS cCUCmeEMA A8MO-
MOOUISL, COHAUBOCHL BOOUMENS, INEKMPOHHAS CUCTHEMA CIAOUTUZAYUL,
ogudicenue pyist, O0POAICHO-MPAHCNOPMHOE HpoUcuiecmaue.
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Keywords: collision, vehicle navigation system, driver drowsiness,
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BBEJIEHUE

B  coBpeMeHHOM  MHpe  aBTOMOOWJIbHAS  MPOMBIIUICHHOCTh
Pa3BUBACTCsA, U B TO K€ BPEMA C KaXXIbIM THEM YBCIMYHUBACTCA BEPOAT-
HOCTh TOMNAJaHUs JIIOJCH B JIOPOKHO-TPAHCIIOPTHBIC MPOMCIICCTBHS.
Kaxnapie 24 cekyHOBl MPOUCXOAWT JOPOKHO-TPAHCIIOPTHOE TPOUCIIIE-
ctBue. ECTh HECKOJIBKO IIPUYHH, IO KOTOPBIM B MOCJICAHUEC T'OJbI GI)IJ'H/I
pa3paboTaHbl 3JICKTPOHHBIC CUCTEMBI BOXKACHUS. [lepBast OCHOBHAs MpH-
yiHa — 0€30MacHOCTh (T. €. KOJMYECTBO JAOPOKHO-TPAHCTIOPTHBIX IIPO-
HCIIECTBUH), a Takke 0a30BbIe PKOHOMHYECKHE TPHUHIHNIEI (BpeMs —
CTOMMOCTD H T. JI.) SIBJSIFOTCS TPUBJICKATEIHHBIM XOJIOM, a YIOOCTBO IS
BOJIUTENICH TaKXKe SBISETCS IOKa3aTeIbCTBOM JTOTO.

VHHOBaIIMOHHBIC YCOBEPIICHCTBOBAHHBIE CHCTEMbI TOMOIIN BOJIUTE-
JII0, KaK MpPaBWIIO, MPEJCTABISIOT COO0I CHCTEMBI, KOTOPbIE TOMOTAIOT
BOJIUTENIO B Tpoliecce BokAeHUs. PaspaboTaHHBIE ¢ MCIONB30BaHUEM
0e301MacHOT0 ¥ COBMECTHMOI'O YeJIOBEKO-MAIIMHHOTO WHTepdelica, OHU
JIOJDKHBI OBITh HANpaBJICHBI HA TOBBINICHHE OE30MaCHOCTH TPAHCIOPT-
HBIX CPECTB U 0€30MACHOCTH JIOPOKHOTO JIBUKCHHUS B IEJIOM.

METOJIOJIOT U

Ha pa3nuuHbpiX CEpUUHBIX MOJAENSX JOCTYIHBI CIEAYIOLIUE WH-
HOBAI[MOHHBIC CHCTEMBI IOMOIIHM BOJMTEIO: ABTOHOMHBIA KPyH3-
KOHTPOJb. ABTOHOMHBIH KpyH3-KOHTpoib (ACC; Takxke Ha3bIBaeMBIN
aJaliTUBHBIM KPYU3-KOHTPOJIEM WU palapHbIM KPYH3-KOHTPOJIEM) —
3TO CUCTeMa KPYH3-KOHTPOJS IS Pa3IMYHBIX JTOPOKHBIX TPAHCIIOPT-
HBIX CPEJCTB, KOTOpas aBTOMAaTHYECKH PETyJIHPYEeT CKOPOCTh HAIIEro
aBTOMOOWJIS I TOAACpKaHHMS OE30MMaCHOTO  PACCTOSHHUSA IO
TPAHCIIOPTHBIX CPEJACTB BIEpeAd HAac. B OCHOBHOM CyIIECTBYET JBa
THTIA CHUCTEM, KOTOpPhlE MBI MOYXEM HCIIOIb30BaTh IS JTOCTHIKCHUS
aJIalTUBHOTO KPYW3-KOHTPOIIS: CUCTEMBl HA OCHOBE JIa3¢POB U CHUCTE-
MBI Ha OCHOBE pagapoB (puc. 1).

JlazepHas cucTemMa UCTOIb3yeT CBETOBBIC UMITYJILCHI, a pajiapHas CH-
CcTeMa WCHONb3yeT PAJUOBONHBI JUIsl YCTAHOBJICHUS CBS3U MEXKIY
TPaHCIIOPTHBIMU cpeacTBaMu. CHcTeMa Ha OCHOBE pajapa MpearouTH-
TeJIbHEEe CHCTEMBI Ha OCHOBE Jia3epa, MOCKOJIbKY CHUCTEMa Ha OCHOBE
na3epa Oecrione3Ha B HeOJIaronpusTHBIX TIOTOAHBIX YCIOBHUX, TAKUX KaK

130



TyMaH WK KOTJa WAYIIUN BIIEPEeId aBTOMOOWIIb, CKOPOCTH KOTOPOTO
HEOOXOMMO OTCIICKUBATH, TOKPHIT MBLIBIO.

ACC Adaptive Cruise Control

Pucynok 1 — AnanTUBHBIA KPyH3-KOHTPOJIb C UCIIOJIB30BaHUEM
PaJMONOKAIIMOHHBIX CHCTEM

Bcnomoecamenvnas cucmema na nepexpecmre. TpocdeTbl BOTUTEIIS
WIN HENpaBUJIbHOEC MOHWMAaHWE CKOPOCTH U PACCTOSIHHUS, a TaKkKe He-
CIOCOOHOCTh OCTAQHOBHTBHCS Ha KPAacHOM CBETE CBETO(Opa WM Tepe-
KPECTKE SIBIISIFOTCS. OJJHUMH M3 paclipoCTpaHEHHBIX NpUYUH aBapuil. Cu-
cTeMa IOMOIIX TIPH MEepeKpECTKAX PACIO3HAET MOJOOHBIE KPUTHYECKUE
CUTYyaIlMM Ha MEPEKPECTKaX U MPEAyIpPEeKaacT BOIUTENS O HApYIICHHU
KPacHOTO CBETa MM OMAacHBIX MOBOpoTax. CHcTeMa Jake MOXKET Mope-
KOMEH/IOBaTh HEOOXOJMMYIO CKOPOCTh MpPU MPHOJMKEHUHM K 3eJICHON
BOJIHE CBeTO(Opa WUIIH K KPAaCHOMY CBETO(OPY.

Ha nepexpecTke cucreMa MOMOIIN TPH MEPEKPECTKE MOICPKUBACT
BOJUTENS, YCTAHABIMBAS TPSMYIO CBS3b MEXIy aBTOMOOWJIIEM W CHUT-
Hanamu cBerodopa. Ha mepekpecTke ycTaHOBIICHBI Pa3IUUHbIE CHCTEMBI
Kamep, KOTOPbIC CIEAT 3a JOPOIKHOM CHTyallMell U OTIPABIISIOT TOJTY-
YEeHHbIC JTAaHHBIC BMECTE C CHTHAJIOM B aBTOMOOWIIb IO OECIpOBOIHON
texHonornu. CucremMa OlEHHBAET JaHHBIE, MOTYYCHHBIE [0 OECIIPOBO/I-
HOM TEXHOJIOTHH, BMECTE ¢ OOPTOBBIMHU JaHHBIMH, JOCTYITHBIMU B aBTO-
MOOMIIe, TAKUMH KaK CKOPOCTb, PacCTOSHHE IO MEPEeKpecTKa M Jaxe
HampaBJieHHe IBIKEHUS (puc. 2).
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Pucynoxk 2 — [ToMOLTHHK Ha EPEKPECTKE HA CBA3U

3AKJIIOYEHUE

B cnyuae otkaza cucteMbl O€30MaCHOCTh JIOJDKHA OIPENEISThCS
MepaMH TI0 TIPEIOTBPAIICHHUIO KPYIHBIX aBapyuil 1 MHHUMH3AIUH TTOCIIE/-
CTBUI ISl TTACCA)KUPOB B Cilydae Jr000i aBapuu. [IpuHsTHE KIIMEHTAMU
CHCTEM TTOMOIIN BOIUTEIIO 3aBUCUT OT YOSIUTEILHOW IEMOHCTPALIMU STHX
MHOTOYHCIICHHBIX ~(QyHKIMI. [lpuemka Tarke 3aBHCHT OT (HOpPMBI
peanm3aniy CHCTEM HOMOIIM BOAWTEIO. BBITOIBI 111 KOHEYHOTO OB~
30BaTeNsl WM KIMEHTA JOJDKHBI OBITH SICHBIMH M HETIOCPEICTBEHHO OLIY-
TUMBIMH. CrieoBaTeNbHO, (YHKIWH, MOBBIIAIOIINE YI0OCTBO, JOKHEI
MEHSTBCS JIydlle, YeM (YHKIHH, TOBBIIAONMe 0e30macHoCTs. MHorme
BOJIMTEIH CUUTAIOT celsl, TI0 KpaifHeil mepe, Oojee OGe30MacHBIM BOIUTE-
JeM, 4eM cpeaHuit Boautens. CTporue TpeOOBaHMS, TpEbsBISIEMbIC
K TIPHJIOXKEHUSIM CHCTEMBI IOMOILM BOAMTEIIIO BCEMH 3aHHTEPECOBAHHBIMU
CTOPOHAaMH B OTHOIICHWH 0e30macHOM (M KOPPEKTHOH) paboThI, a Tarkke
HaJIeKHOCTH, JIOKHBIE cpabaThIBaHMs HEIOIYCTUMBI, OCOOCHHO /I KOHEY-
HBIX TTOJIb30BaTENEH.
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CHUHEPI'USI MUTPAIIMU U OBMEHA JIAHHBIX
ITPA NCITOJIb30BAHUU NMIIOPTO3AMEIIAIOIIAX
TEXHOJIOTI Ui

SYNERGY OF MIGRATION AND DATA EXCHANGE
USING IMPORT SUBSTITUTION TECHNOLOGIES

Koxbsuosa H. A.', pyk. cexropa,
Kagoauu K. B.z, KaHJ. TEXH. HayK, JIOLl.,
'Hay4HO-TeXHIYeCKHil eHTp KOMGAHHOCTPOCHHS
OAO «I'omcenbpmary, r. 'omens, Pecrrybmnmka bemapycs
*YO «I"oMenbeKHii roCcy1apCTBEHHbII TEeXHHUECKHH YHUBEPCHTET
um. I1. O. Cyxoro», r. 'omens, Peciybnuka benapych

LKoltsova', Sector Leader, J. Kadolich®, Ph. D. in Eng., Ass. Prof.,
'Scientific-and-Technical Center of Combine Engineering
of JSC «Gomselmashy, Gomel, Belarus
*Educational Institution «Gomel State Technical University
named after P. O. Sukhoi», Gomel, Belarus

B oannoii cmamve paccmampueaemces Crodcusuias cumyayusi 8 che-
pe ungopmayuonnvix mexuvoroeuu. Canxyuu npomue Poccuu u Pecny6-
auxu Benapyco 3ampyousiom nokynky nuyensui. Ce2o0Hs noo cankyusi-
mu cucmemwvl CAIIP Creo, PDM Windchill u op.

Hmnopmosamewenue 6 chepe HT-mexnonoeuil seisemcs npuopu-
memuot 3a0aveti. Tlouck anvmepHamueHo2o, UMHOPMOHE3ABUCUMOSO
110. Kpumepuu noobopa cucmemvr CAIIP u cucmemvr PDM. Muepayus
OGHHBIX U3 CINAPOU CUCTIEMb 8 HOBYIO.

This article examines the current situation in the field of information
technology. Sanctions against Russia and the Republic of Belarus make
it difficult to purchase licenses. Today, the following CAD systems are
under sanctions: Creo, PDM Windchill, etc.

Import substitution in the IT sphere is a priority task. Search for al-
ternative, import-independent software. Criteria for selecting a CAD
system and a PDM system. Migration of data from the old system to the
new one.
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Knroueswie cnosa: 3D-mooenu, Creo, Windchill, Komnac, paspabom-
yux ACKOH, umnopmo3zamewenue, anvmeprHamusHoe peuieHue, Qop-
Mamul OAHHBIX Ol MUSPAYUU

Keywords: 3D models, Creo, Windchill, Compass, developer ASCON,
import substitution, alternative solution, data formats for migration.

BBEJAEHUE

B HTIUK (HayuHo-TexHU4eckoM IieHTpe KoMOaitHocTpoenus) OAO
«'oMcenpMan akTHBHO IPOJBHUTAETCS TeMaThka IH(POBOA TpaHC-
(opmanui KOHCTPYKTOPCKHUX padoT.

AMEpHUKaHCKUE BJIACTH PACIIMPHIIN CHHCOK aHTHPOCCHHCKHX CaHK-
it B o0mactr IT-koHCANTHHTA U TPOTrpaMMHOT0 obOecriedeHus (Tanee —
[MO). CIIA BBenu ceronss [1] HOBble MacIITaOHbIE CAaHKIMA W 3KC-
MOPTHBIN KOHTPOIb B oTHOLEeHHN Pocecnn u benapycu.

HoBble caHKIMOHHBIE MEphI BKIIIOYAIOT PanpeT Ha MPEeJOCTaBlICHHUE
KOHCYNbTalMOHHBIX UT-ycnyr u UT-ycinyr no npoexktuposanuro u UT-
MOJICPKKU WM OONAaYHBIX YCIYT AJsl «IIPOrpaMMHOTO OOecTiedeHus
U YOPABJICHUS NPEANPHIATHEM» U «IPOTPaMMHOI0 oOecredeHus Uis
MPOEKTUPOBAHMA U IIPOM3BOJACTBa». JTa Mepa BCTYNAET B cUiIy 12 ceH-
Ts10ps 2024 roaa u npouue [2].

12uronss Mundun  u locmemaprament  CLHA  BemmycTH-
JIM OTIpeiesIeHHe, KOTOPOe pacIlIupseT IepeueHb caHKuuii npotuB Poc-
cun. C 12 ceHTs0pst aMepHUKaHCKUM KOMITAaHUSM 3aIpPETST:

— KOHCYJIBTUPOBATh poccusiH B obiactu IT;

— OKa3BIBaTh YCIYTH 10 poektupoBanuio B IT-chepe;

—npenoctaBnaTh [T-mojmepxKy U ycliyrd oOJadyHBIX CEpBUCOB
qutst [1O HEKOTOPBIX BUIIOB.

Konkpetnsiii nepeuens 110, koTopoe nonagaer noj ASHCTBUE €BPO-
MENCKUX CaHKIUN:

— IIaHupoBaHue pecypcoB npeanpusatus (ERP);

— CHCTEMa YIPaBJICHUS B3aMMOOTHOIIEHUSIMU ¢ KireHTamu (CRM);

— omsHec-aHanmTrKa (BI);

— yIIpaBlieHHE LemsIMu ocTaBok (SCM);

— KopropaTuBHOE Xpanuiuiie AaHHeiX (EDW);

— KOMITBIOTEpU3UPOBAHHAS CHCTEMa YNpPaBJICHUS TEXHHUYECKUM O00-
cinyxuanueM (CMMS);

— TporpaMMHoe o0ecrieueHue I yIpaBJIeHHs POSKTaMH, yIpaBiie-
HUS KU3HEHHBIM IUKIoM m3zenusi (PLM) u mpounme KOMIOHEHTHI A
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ykazanaoro 110, Bkitodas mporpaMMHoe oOecriedeHue ajist Oyxrairep-
CKOTO y4YeTa, yIpaBJIeHHUS aBTOMAPKOM, JIOTUCTHKH W yTIpaBJICHUE TIep-
COHAJIOM;

— nHQOPMAaIMOHHOE MoeTupoBaHue 3nanuii (BIM);

— CHCTEMa aBTOMATH3UPOBaHHOTO TIpoekTrpoBanus (CAD);

— cucTeMa aBTOMaTH3UpoBaHHOTO Ipou3BoacTBa (CAM);

— paspabotka Ha 3aka3 (ETO) u mpoune KOMMOHEHTHI IS yKa-
3anHoro I10.

IMMOUCK AJIbTEPHATHUBHOI'O PELIEHU L.
KPUTEPUU ITOABOPA CUCTEM CAIIP U PLM

B HTIIK 3a 20 net HaKOIIECH OIBIT padOTHI, 3HAHUS, KOMIICTCHITHH,
uHpopMais 1Mo nuppoBbiM 3D-MomeIsIM MPOSKTUPYEMOH 3epHOYOO-
POYHOM M KOPMOYOOPOUHON TEXHUKH. VICTOPUYIECKU CIOXKUIOCH BBIIOIN-
Henwne npoekrupoBanus B qanHoi CAIIP Creo m PDM Windchill.

B HTUK CAIIP Creo u PDM Windchil ucnoib3yroTcst UIst IPOSKTH-
poBaHust, Ui pa3paboTku 3D-mozeneld, KOHCTPYKTOPCKON AOKyMEHTa-
LIUH U SIBIISIIOTCSI OCHOBHBIMH MHCTPYMEHTApHUSIMH.

Cerogns mop cankuusmu — cucteMsl CAITP Creo u PDM Windchill
(mamee — Windchill) paspaborumk ¢upma anrr. «PTCy» (Parametric
Technology Corporation); komnanus «PTCy, KpymHBII MHPOBOH HIpoK
B oomact pazpaborkn CAD/CAM/CAE/PLM-pemennii) crpana CIIA —
MEXTyHapOIHAs KOMITaHHSI-Pa3pabOTIMK TIPOrPAMMHOTO 00ecTIeYeHH ST TSt
JIBYXMepHOTo U TpexmepHoro npoektupoBanusi (CAD\CAIIP), ynipaBnenus
JKU3HEHHBIM IKIIoM m3aenwid (PLM), ynpasneruns obciyxuBanueM (SLM)
Y YIIPaBJICHUS )KU3HECHHBIM ITUKIIOM priioxenuit (ALM) [3, 4].

B Poccum Beimmen VYxkas Ilpesunenra Poccuiickonn ®enepanun
ot 30.03.2022 Ne 166 «O mepax mo 0OECHEUCHHIO TEXHOJOTMYECKOH
HE3aBUCHMOCTH M 0€30IaCHOCTH KPUTHYECKOH HH(DOPMAIMOHHON HH-
¢dpactpyktypsl Poccuiickoit @eneparum».

N3 Vkaza Ne 166 cnemyeT, 4TO MOJHOCTBIO MEPEUTH HA POCCUICKUH
co(r B Poccun Heooxomumo 1o 1 ssaBaps 2025 roga [1]. B Poccun 3akymn-
ku ummioptHoro 110 npekparnieHs! 1 B OyayIieM He IaHupyroTes [S].

BBEJIEHUE CAHKI[Mi1 1 UMIIOPTO3AMEILEHUE
Cankunu npotuB Poccun n PecnyOnuku benapychk 3aTpyaHsioT mo-
KynKy oOHOBIeHUi u nunensuit [10.
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Cerogus nox cankuusiMu CAITP Creo, PDM Windchill, paspaboTauk
¢upma anri. «PTCy», SAP, Astokan, CYB]] Oracle, PTC Creo View u 1mp.

Nmmnoprozamemienue B chepe U T-TexHONTOTUH SBISIETCS TPUOPUTET-
HOW 3amadell 1 npeanpustuii benapycu. CeronHs HCMoab3yeM CTapble
Bepcun 3apyoexHoro I1O um TecTHpyrOTCS anbTepHATHBHBIC PELICHUS
oteuectBeHHOTO [10. B CcBSI3U ¢ CAHKIUAMHU psAZla TOCYIAPCTB UCTIONB30-
BaTh 3apyOeKHbIE MPOAYKTHI, CTAHOBUTCS PHCKOBaHHO. I[Ipomomkaem
MPOEKTHBIE paboThl ¢ uMmerommmes (crapbiMu) Bepcusimu I10 u pac-
cMaTpuBaeM Bepcuu anpTepHaTuBHOTO [10.

Kak ceromHst B KOpPOTKHi CPOK MIEPEHTH (CO3/1aTh) Ha HOBBIE CUCTEMBI
tematuku PDM/PLM/CAD/CAM? U 310 Bonpoc, KOTOPHIK aKkTyaJleH Ha
Bcex npeanpusTisix Pecrrybniku benapycs, Poccun, k1o panee paborain
B 3apyOC)KHBIX CUCTEMaX.

JUia Havana HEOOXOAMMO BBICTPOUTH AJTOPHUTM, YTO, 3a4eM H B
KakoM oO0beme mMmmopTo3aMemars? ONeHUTh TPYI0eMKOCTh IpoIec-
ca mepeHoca JaHHbIX. [I[poBeCTH OMBITHYIO 3KCILTyaTaI[MIO JJISl BBISB-
JICHUS] BCEX «IOJBOJHBIX KaMHEW» MpHU Mepexojie Ha MMIIOpTO3aMe-
HIAIOIINE CUCTEMBI.

B HTUK ananm3upoBany, n3ydaiu (pyHKINOHATFHOCTh HMEIOITIXCS
cucreM CAD/CAIIP u PLM/PDM, nipu 3TOM y4YHTHIBasi 3HAHUS U OIBIT
pabotst HTIK mpu padote ¢ CREO/Windchill.

AHanm3mpoBai  JEUCTBYIOIIME Ha pbhiHKe Poccum cucTemsl
CAD/CAITIP no (pyHKIMOHAJIBHBIM BO3MOXKHOCTSIM (10 Teopuu bopos-
koBa A.MW. «Cankt-IletepOyprckuii MOMUTEXHUYECKUH YHUBEPCUTET
[Terpa Bemmkoroy) [7]:

— paznen «I'eoMeTpuUecKoe AIpo;

— pa3zen «MuTepdeiicn;

— pa3zen «JloxkyMeHTanus»;

— pa3zen «YUteHue u 3anMCh CTOPOHHUX (JOPMATOB JAHHBIXY;

— pa3znen «VHTerpanuy ¢ BHEITHUMHU CUCTEMaMH OOLIETO TIaHay;

— pa3zen «OKCIUTyaTalys CUCTEMBDY;

— paznen «BHeapeHune M CONPOBOXKIEHHE CHUCTEMBI BEHAOPOM WM
TACTPUOBIOTEPAMI;

—pasnen «OO0BEeKTHO-OpUEeHTUpOBaHHbIe cBoicTBa (Model-Based
Definition)y;

— paznen «Co3aanne reOMEeTPHUECKUX MOAETIEeI;

— «Co3anre aHHOTUPOBAHHBIX MOETICH»;

— «HCTpYMEHTHI IOMCKa/aHaIN3a TEOMETPUI;
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— pazmen «Pabota ¢ Gompmmmu cOopkamu. Co3gaHue cOOPOUYHBIX
MOJCTICH;

— paznen «Co3maHue yepTrexein;

— paznen «Co3naHne aHUMaLnny;

— pazgen «Jlmaraoctuka. KauectBo 3D-Mmomeneit, yeprexeii mporiec-
ca MMPOEKTHPOBAHUAN;

— paznen «l 'eHepaTUBHBIN AU3alHY;

— paznen «PennepuHr»;

— pazznen «Moylib KOHCTPYHUPOBAHHS TPYOOIIPOBOIOBY;

— pa3zen «Momylib KOHCTPYHUPOBAHHUS U JIUThS IIpecc-popm»;

— pazzen «Moaynb KOHCTPYHUPOBAaHMS JHCTOBBIX JIETalICH;

— pazaen «KoMIno3uMOHHbBIE MaTEPUATIbDy;

— pazmen «PaboTta ¢ Hepaz3beMHBIMH COIWHEHUSIMH. MOIyNb KOH-
CTPYUPOBaHMsI CBAPHBIX LIBOBY;

— pasnen «AITUTHBHOE TPOU3BOICTBOY; «MOIYIIb KOHCTPYHPOBAHHS
ANEKTPUKI.

AnanuzupoBanu  (QyHKIHOHAJIbHBIE BO3MOXKHOCTH OTEYECTBEHHBIX
CAD-cuctem no pasaeny «CAE-dynknuonan (Pacuetnsie Mogyam)».

AHanM3upOBAK JIEUCTBYIOIINE CHCTEMBI YIPaBICHHS >KU3HEHHBIM
koM uznenust PLM-cucrem no GyHKIMOHATBHBIM BO3MOXKHOCTSIM:

— pa3zen «OO0mye BO3MOKHOCTH CUCTEMY;

—pasgen «B3aumonelicTBHe, acCOLUMATUBHOCTb C  CHUCTEMaMH
CAIIP/CAD/CAEy;

— pa3zen «Pa3paboTka (IpOEKTUPOBAHKE) U3ICITH;

— pazzaen «YnpapjeHue CTPYKTYPOU U3IEHS;

— paznen «YTpaBieHHue TaHHBIMU HHKEHEPHBIX PacyeToOBY;

— paznen «TexHonornueckas HOArOTOBKA IPOU3BOICTBAY;

—pa3gen «YmpaBJeHWE HOPMATHBHO-CIPAaBOYHOM WH(OpMaren
(HCN)»;

— pazzmen «TexHHUYECKHH JTOKYMEHTOOOOPOT W yNpaBlieHHE H3MEHe-
HUSAMI;

— pasnen «YmpaBieHne TpeOOBaHUIMI;

— pazzen «JNeKTPOHHBIM apXUB TEXHUYECKOH TOKYMEHTAIHI;

— pazzen «YTpasieHue MIIaHUPOBaHUEM»;

— «YmpasneHue pUHaAHCAMI,;

— paznen «YTpasieHue MPorpaMMaMi U IPOEKTaMuy,;

— paszaein «B3auMoeiCcTBIE C TIOCTAaBIIUKaAMUY,;

— paznen «BcTpoeHHas BU3yalIu3alus»;
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— pa3znen «AIMUHUCTPUPOBAHUE CUCTEMBIY;

— «KoH(urypupoBanue cucTeMbl»;

—pa3men «Bo3aMOXHOCTH MO pacmpeHuto (YHKIUHA CHCTEMBI
u HacTpolike uurepdeiica noaszosareins (Ul)»;

— paszzen «Yciyra pa3paboTyiKa [0 BHEIPEHUIO U COIPOBOXKICHUIO
CHUCTEMBI».

Amnanmuzupys peiHOK [1O Mo HampaBieHUSIM WHTETPUPOBAHHOTO HC-
nons3oBanust CAD/PLM/PDM, npopaOaTbiBasi TEKyLIHe HpPEAsIORKCHUSI
Ha peiHke [10 CAD/PLM/PDM, y4acTByst B ceMHUHapax [0 UMIIOPTO3a-
MEILEHHIO — yCTaHOBJIEeHO, YT0 PDM cucTteMsl aHaiorudHo QpyHKIHOHA-
ay Windchill, noka He pa3zpaboTaHbl, HO HHTEHCUBHO BEIYTCSI AOpabOT-
K¥, 0OHOBJICHHUE, amanTaius poccuiickoro 110, paboThl Mo wHpOpMAIH-
OHHO-TE€XHOJIOrHuecKkoit Tpancdopmaiuu B obdiaactu CAD/PLM/PDM,
OC (omepanoOHHBIX cUCTEM) U ucionb3yeMbix CYB/I.

[Ipopaboras ¢ynkumonansHbie Bo3MoxkHocTH CAIIP (CAD), PLM
B KayecTBE OCHOBHOIO alIbTEPHATUBHOTO DEUICHHS pPacCMaTpUBAIOTCA
poccuiickue npoaykTsl (Texnonorun) ACKOH [6]:

— g npoextupoBanus CAITP(CAD) Kommac;

— s PDM/PLM cuctema Jlommanx;

— u1a oubnmorek 0a3a «IlomrHOMY.

B HTLK, B texnonmoruuyeckux ciyx6ax OAO «['omcenbpmarn» ocy-
LIECTBIIICTCS pealn3alysl MUWIOTHOTO MPOEKTa IO TEMaTHKE HMMIIOPTO-
samerenus [10, uccnenoBanust Gynkiuonana cuctembl 3D-KOMITAC,
JIOLIMAH PLM u TIIIT BEPTUKAJIb, MIM ITOJIMHOM (cnpaBoy-
HUK JOCTYTI K HOpMaTHBHO-CcIpaBouHOM nHpopmarmn) pupmer ACKOH.

ens — n3ydenne Borpoca uMmmopTozamenienus [10, moruck aHaioros
NporpaMMHOro oOecriedeHus: (CucTeM, HUQPPOBBIX TEXHOJOTHH) TIO
Hanpasineanio CAD/PDM/PLM; uccrnenoBanus (GyHKIMOHANIA CHCTEMBI
3D-KOMIIAC, JIOIIMAH PLM wu TIIII BEPTUKAJIb, MM IIOJIN-
HOM pazpaborunk ACKOH (Poccus), s B3auMoIeiicTBUSI KOHCTPYK-
TOP-TEXHOJIOT B JeJie ToA00pa KOHKYPEHTOCIOCOOHOTO OTEYECTBEHHOTO
IIPOrPaMMHOI0 KOMIUIEKCA Ul CKBO3HOTO IIpOIiecca KOHCTPYKTOPCKO-
TEXHOJIOTMYECKON MOJITOTOBKH NMPOU3BO/ICTBA.

B xozme mpoBeneHHsS NMUJIOTHOTO TPOEKTA BBISBICHBI OCHOBHBIE BO-
MIPOCHI, KOTOPbIE HAJI0 PeLIaTh:

— murpanust (3xcrnopt aanHbIX U3 Creo m Windchill; ummopt B anb-
tepHatuBHy1o cucteMy ACKOH) nannbIx;
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— COOTBeTCTBUE (DYHKITMOHANA (BBIIIE IO TEKCTY MPUBOJUTCS KpUTE-
pun Beibopa cucteM CAD/CAIIP u cucrem PLM — cucrem mo hyHKIH-
OHAJILHBIM BO3MOKHOCTSIM);

— B3aUMOJEHCTBHE, acconuaTuBHOCTh ¢ cucreMamu CAIIP/CAD/
CAE/PLM; — nBycCTOpOHHEH acCOIMaTHBHOCTHA (MOJENh — YepTeX Hu
YepTeXk — MOJIETIh);

— KOMaHiHas paboTa MPOCKTHPOBIUKOB, TEXHOJIOTOB, CIICITUAJIMCTOB
JIPYTHX TOAPa3IeICHUN;

— pabora c OomplmMu cOopkamu (IPOSKTHUPOBaHME, pPa3padOTKa
yepTexel); MPOU3BOAUTEILHOCTh, CKOPOCTh 3arpy3Ku Npu paboTe ¢
3D-mopenamu.

[IPUOPUTETHBIN BOITPOC — MUT'PALIMS IAHHBIX

B mponecce nepexona Ha TtexHomornu ACKOH mnpencTtout pemmurs
MPUOPUTETHBIN TIEPBOOYEPETHON BOIPOC O MUTpAIK — OOMEH JaHHBI-
mu Mexny CAD-cucremamu (u3 cucrembl CREO /Windchill B8 Komnac,
Jlonman; B kKakux (hopMmatax BBIOJIHATH SKCOPT/UMIIOPT) TOTO, YTO ObI-
1o Hapaborano HTLIK B Teuenune nmocneqanx 15-20 ner.

[Ipobnema HecoBMecTuMocTH CAIIP-maHHBIX BBHINIIA Ha HOBBIN BH-
TOK Pa3BUTHSI C YXOA0M 3apyOeKHBIX BEHIOPOB HHKUHUPUHTOBOTO 110,
BBIHYKIasd KOHBEPTHPOBATh HAKOIUICHHBIC JaHHbIE B (OpPMAaThl, MOA-
nepxkuBaembie oTedecTBeHHBIMH CAD/CAM/CAE-cucremamu.

Konkypeniuss mMexay paspadorunkamu cuctemamu CAIIP, PDM
pacrter, 4to ycyryomnser mpoOiemy oOMeHa mH(pOpManued MEexIy co-
3IaHHBIMHU B Pa3HBIX TEXHOJOTHSIX NU(POBBEIMHU MOJEISIMH, T. €. Tiepe/a-
4y F€OMETPUHU U TOIIOJIOIMU MOJEIEH.

INepcnexTuBa 3(h(heKTUBHOTO Tepexoia KOHCTPYKTOPCKO TEXHOJIOTH-
yeckux ciayx0 OAO «l'oMmcenpmam» Ha NporpaMMHOE oOOecredeHue
JIOLIMAH/KOMITAC ot ACKOH HampsiMyto 3aBHCHT OT BO3MOXHOCTH
B C)KaThle CPOKH BBIIIOTHUTH MUTPAILIUIO KOHCTPYKTOPCKUX HapaboToK 3a
nocieaaue 20 et 6e3 NoTepu JaHHBIX U HEOOXOIUMOCTH BPYUYHYIO J10-
pabaTeIBaTh MoOIeNH-depTeku-cnermpukanum. Jns wummopra CAIIP
HCIOJB3YIOT (OpMATHI:

— B Kommac 3D — .dwg, .dxf, .sat, .igs, .stp, .X_t, .x_b;

—B Creo — .sat, .It,.igs, .stp, .wrl, .x_t, .x_b, .stl, .prt, .neu, .vda asm.
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®OPMATBI COXPAHEHUS ®AMJIOB B CUCTEME
CAIIP CREO U CAIIP KOMIIAC

Omnpenenstomeii xapakrepuctukoit daiina CAIIP siisiercst ero dop-
mart. s skcrnopta nanueix CAIIP CREO uMmeer BO3MOXKHOCTH COXpa-
HATHb JOKYMEHTHI B cienyromux ¢opmatax (puc. 1).

[ CBopka (*.asm)

| Creo View (*.pvz)
IGES (*.igs)

| VDA (*.vda)

| DXF (*.dxf)
HeATpansHbif (*.neu)

| STEP (*.stp)
Crepeonwtorpaduma (.stl)
Inventor (=.iv)

b Wavefront (*.obj)
Penaepwnr (*slp)
WWW

| SuperTab (*.unv)
VRML (*.wrl)

DWG (*.dwg)

| ECAD IDF (*.emn)
EDMD (*.idx)

ECAD EDA (*.eda)

i Optegra Vis (*.gbf)

Pucynok 1 — @opmaThl, B KOTOPbIX MOTYT ObITh COXPaHEHbI JOKYMEHTBI
CAIIP pist sxcriopTa

Oobwmen monensamu Mexay KOMITIAC-3D u apyruMu cucreMamu de-
pe3 dopmarsl, npenctapineHnsie B Tabn. 1 — «Dopmarel oOMeHa Tpex-
MEPHBIMH MOJETISIMU.

Umnoptr moxeneit u3 mnpompuerapHbix ¢opmatoB npyrux CAD-
cucTeM (crmrcok GopMaToB MpuBeEIEH B TAOII. 2).

CymecTBytoT cienyompe (opMaTel: HEWTpanbHbIe, HATUBHBIE W
(hopMaThl TeOMETPUIECKUX SIEP.

®opmartsl mgaHHBIX, Hcnonb3dyemble B CREO: 3D-mozenn cOopku
pacImmpeHue .asm, eTany — .prt, 4epTexu — .dwg.

B Creo/Windchill pannsie mnpeacrasnsrorcs ¢adimamu B 3D-
Mozened B «pomHom» dopmare (PRT/ASM) uepTexku B «pOJHOM»
dopmare DWG. ®opmatsl, mHanpumep, CREO npousBoasTcss 0cHOB-
HBIMH pa3paborunkamu-niocraBmukamMmu CAIIP  ¢upmoit «PTC».
UtoOBl UMIOPTHPOBATh MX B cTopoHHHE MHCTpyMeHTH CAIIP, Tpe-
OyeTcst KOHBepTaIus.
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Tabnuna 1- ®opmatel 00MEHA TPEXMEPHBIMU MOAEISIMU

Popmar Pacmmpenne ¢aiina Bepcust popmara aist sxcnopra
IGES *igs 5.3
IACIS * sat 7.0
JT *jit 9.5
Parasolid *x_t, *x_b, *xmt_txt, *xmt _bin, [27.0 (3xCHOPT BO3MOXKEH B (aidiibl

*xmp_txt, *xmp_bin muna *x tu *x b)

STEP *stp, Xstep IAP203, AP214, AP242
STL * stl (hopMaT He MeeT BEepCHOHHOCTH
OBJ * obj PKCIIOPT HE IPOM3BOAUTCS
IAutoCAD  [*.dxf, *.dwg PKCIOPT HE MPOU3BOAUTCS

Tabnuna 2- [Iponpuerapusle (opMaThl, U3 KOTOPBIX BO3MOXEH HMIIOPT MOJEIIeH

dopmar Pacmupenue daiina Bepcust
IUGS/NX * prt v5 —v2212
IProE/Creo  |*prt, *.asm v2 —v7
SolidWorks |*.sldprt, *.sldasm 204-2021
Inventor *.ipt, *.iam 2015 —2021
Catia 5 * CATPart, *. CATProduct VS R8 — V5-6 R2021
3D XML * 3dxml 4.0-4.3
SolidEdge  |*.par, *.asm, *.psm v17 —v2021

B oTaMume OT OTKPBITHIX CTaHAAPTOB, MPONPHUETAPHBIE (OPMATHL,
NpeIHa3HAUYEHB! JUIA HCIIOJIb30BAHUS TOJBKO BHYTPH KOHKDPETHOH CH-
CTEMBI WU TIporpaMmbl, papaboranubeiMu «PTCy. Takum obpasom, 10-
CTYI K JaHHBIM, COXPaHEHHBIM B MPONPUETAPHOM (hopMmarte, OrpaHudeH
Y 3aBHCHUT OT pa3pelleHus Biajaenpna gopmara.

Kommanus «PTCy, pazpaboraBmias mpomnprueTapHblii Gpopmar, uMeeT
MIOJTHBIA KOHTPOIh HaJl €ro (PYHKIHOHAILHOCTBIO, 0€30MaCHOCTBIO H 00-
HOBJICHUSIMH. DTO TO3BOJISIET €l aganTHpoBaTh (GopMaT MoJ CBOHM MO-
TpeOHOCTH M 00ECTICYNBATh €T0 HAICKHOCTD.

Hcnonp3oBanue npomnpuerapHoro ¢opmara naer komrnanuu «PTCy»
KOHKYPEHTHOE MPEUMYLIECTBO, MOCKOJBbKY APYTMM OPraHu3alisIM MO-
JKeT MOTpeOOBaThCSl MPHUIOKECHUE WIIH JIMIECH3UPOBAHHUE CIICH(PUIHBIX
MPOTPaMM HIIH YCTPOHCTB, U pabOTHI C STHM (OPMATOM.

[Tpu ouenke nHGOpMAIIMOHHOTO 0OMEHA Ha Tale UCCIIEAOBaHUS MU-
Tpanyy OLEHOYHBIMU KPUTEPUSMH BBIOPAHBI:

— TOYHOCTh F€OMETPUUYECKON MOJEIH;

— COXpaHEeHHS JepeBa MOCTPOCHUS;

— TBEPIOTEILHOCTh MOJIENH, 8 HE KaPKaCHOCTH;
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— BO3MOKHOCTb MOJU(HKALINY;

— BO3MOKHOCTh COXPaHEHUSI MOAN(UKALIHIA;

— XapaKTepUCTHKH (aTpuOyTHI, TapaMeTpbl) cOOpOK, aeTanell (Mate-
pHa, IUIOTHOCTh, Macca, IJI0Iab, 00bEM U LIEHTP Macc).

Ceronus ¢dopmatsl, naHHble TexHONOTHH (upMbl «PTC» ¢ TouHO-
CTBIO MTPOYMUTATH HEBO3MOXKHO. Y Ka)JI0T0 pa3paboTyrKa CBOSI TEXHOJIO-
THs, CBOM (pOpMaTHl TaHHBIX, CBOH MOXOIBL.

Ha cerogusmuuit nenp 3D-monmenu B popmare PRT/ASM B KOM-
ITAC otkpeiBatoTcsi. Ho Hamo MOCTOSHHO CpaBHMBATH C 3TaJOHOM.
Nmerotest Bonpockl mo «JlepeBo moctpoenust/depeBo reometpum». Ta-
kast Mozenb, kak B CREO / Windchill, B rexaonorusx ACKOH we momy-
gaerca. B CREO 3anoxena apyras ¢pyHKIHOHAIBHOCTD, IPYTHE TEXHO-
norun no-cpasHernio ¢ KOMITAC.

KOMIIAC nomyckaer uutath ¢opmatsl 3D-momenn CREO wuc-
mons3ys popmarer STEP, ACIS, IGES, DWG, DXF. Onnako ux wmc-
MOJIb30BaHNE OTPAHUYMBAET BO3MOXKHOCTh PENAKTUPOBAHUA HMIIOP-
TUPOBAaHHBIX JaHHBIX, TaK Kak Tepserca MHpopManus o0 UCTOPUHU
B KOHTEKCTE IMOCTPOECHHUS T'€OMETPHM, aCCOLMATHBHAs CBSI3b MEXIY
MOJIEJIBIO U YEPTEHKOM.

OOPMATEBI OBMEHA MEXY CAIIP - ®OPMAT STEP

@aitner  popmara STEP wumeror pacmmpenus: .stp, .step. STEP
(Standard for the Exchange of Product model data) cran cremyrommm
mrarom B Ooprbe 3a coBmectuMocTs CAIIP. Ompenenutb cTaHgapThl
o0OMEHa AaHHBIMHU IJIs KJIIOYEBBIX CIIy4yaeB HCIOJIB30BAHUS B OTPACIU
mo3BossieT To, 4To STEP coctout u3 mecsatkoB AP (IpoTOKOJIOB MPHITO-
keHu#), Bkirodast AP 203 mis 3D-npoekTupoBaHusi MEXaHUYECKUX Jie-
Tasieii u coopok, AP 2014 — anst MexaHMYECKOTO MPOEKTUPOBAHUS aBTO-
Mobmneit u BceoObemmomuii AP 242- B menom gt 3D-
MIPOEKTUPOBAHUS HAa OCHOBE MOJENeN. DTH MPOTOKOJBI MPUIOKEHUN U
X KOMOMHALIMHU [TIOMOTAIOT OXBAaTHUTh BCE OCHOBHBIE ACIEKTHI IPOCKTH-
POBaHMs, MPOU3BOJACTBA M >KU3HEHHOTO IMKJIA MPOAYKTa, YTO JejaeT
STEP Hem3MeHHO NpEeANOYTHTENEHBIM BapUAHTOM JIJIsl OOMEHa MEXIy
cucremamu CAD u PDM/EDM.

Heiirpanbasie popmartel — IGES, STEP, JT u ap. CHIBHO OTpaHHYH-
BalOT BO3MOKHOCTh PEJAaKTHPOBAHUS MMIIOPTUPOBAHHBIX JAHHBIX, TaK
Kak TepsieTcss MHPopManus 00 UCTOPUU B KOHTEKCTE MOCTPOSHUS Teo-
METPHH, aCCOLMATUBHAS CBSA3b MEXAY MOJEIBIO M YEpPTEHKOM, HAJO-
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JKEHHBIE POEKTUPOBIIUKOM OIPaHUYEHUS — KaK TOBOPHUTCS, MOITy4acT-
Csl «HEXHBasH» T€OMETPHSL.

OnHaKo MMEIOTCS H CHOCOOBI, KOTOPBIMUA MOKHO BOCIIOJIB30BaThCs
IS pewieHus 3agayn oOmena mexay CAD-cuctemMamu: HCHIONb30BaHHE
BcTpoeHHBIX B CAD-cucteMy TpaHCISTOPOB, MpHUYEM AaHHBIE U3 (op-
MaTa OJJHOHM CHUCTEMBI KOHBEPTUPYIOTCS B (hopMar ApPYyroi, TO ecTh pea-
TU3yI0TCs (PYHKIMK UMIIOPTa/3KCIOPTA.

IIpu mepeHoce reoMeTpUYECKOM MOJENH, CO3AAHHOM C IOMOIIBIO
CAIIP CREO, B cucremy, OCHOBaHHYIO Ha NIPYTOM T'€OMETPHUICCKOM
aape ACKOH, Bo3HUKaIOT pOOIEMBI , CBSI3aHHBIE:

— C OTPaHUYECHHBIMH BO3MOKHOCTSIMH HJIM OTCYTCTBHEM TPaHCISTO-
POB, KOTOpBIE IOJDKHBI 00ecrieurBaTh OOMEH JaHHBIMU;

— moTepeit nHpOpMaILIUH TIPH MPeodpa30BaHNH €€ U3 OJTHOTO MaTreMa-
THUYECKOTO NPEACTAaBICHHS B APYTOE;

— pa3HOHM TPaKTOBKOW IMPaBUJI 3aIMCH M YTCHHS HEHTPaIBHBIX (op-
MaToB (aiios;

— pa3HBIMU BEpCHSIMUA HEUTpanbHBIX (popMaToB (ailioB W TpaHCIs-
TOPOB, a TAaKXX€ TeM, YTO MPHU UMIIOPTE TPEXMEPHOI reomeTpuu B Gop-
matax IGES, ACIS, Parasolid u apyrux TtepsioTcs mapameTpu3anus
W HepapxuyecKkas cTpykrypa mozaenu. llepenannas Takum oOpa3oM Mo-
JIeJIb He TIOAJICKUT PEIaKTHPOBAHUIO.

CJIOXKHOCTHU ITPU ITEPEXOAE HA UMITOPTO3AMEIIAIOLIYIO
TEXHOJIOI'MIO ACKOH

[Ipu tectupoBanun texuomoruit ACKOH, mpopaboTkn TeXHOIIO-
ruii ACKOH Kommnac/JloiiMaH, BBISBIICHO CICAYOIICE:

— 3D-monenu u3 cuctembl Creo ¢ komanaamu (puuepamu) «Jlepe-
BO Mojenu/JlepeBo OCTPpOSHUS», ¢ aTpuOyTaMu B TIOTHOM 00beMe He
neperocsTes B Kommac/Jlomman;

— OTCYTCTBYET TEXHOJOTHS ISl MacCOBOT0 (IMaKEeTHOT'0) MPOU3BO-
MUTETFHOTO UMIIOPTUPOBAHUS JIAHHBIX, a He TI0 oqHO# 3D-Monenu;

— OTCYTCTBYET TEXHHWYECKOE pelIeHHe (TeXHOJOTHS) TI0 MUTPAIUN
JIaHHBIX, HapaboTaHHbIX 3a 15-20 et B Creo/Windchill;

— 3HAYUTENbHOE OTCTaBaHWE MO (QPYHKUHMOHATHLHOCTH, OBICTpOACH-
CTBHUIO W yJ0OCTBY, (DYHKIIMOHAIY HCIIONH30BAHUS 10 CPABHEHHIO C
3apyOe)KHBIMH AHAJIOTUYHBIMH CHUCTEMaMH, (Hanpumep,
Creo/Windchill, uconp3yromuesicst B HacTosimee BpeMs Ha Mpeanpus-
THN).
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OCHOBHBIMU TIPOTHBOPEYMSIMH, BBISIBJICHHBIMH B XOJ€ BBINOJHE-
HUSl TECTHPOBAHUS, MHJIOTHOI'O MPOEKTa TPeOYIOLIMMH COBEPILEH-
CTBOBAaHUSI W PAa3BUTHUA SIBISIETCS TakXe MPOU3BOJUTEIBHOCTh U
¢yukuuonansHele Bo3MokHOCTH Kowmmac/Jlouman npu pabote c
oompmuMu cOopkamu. B cmenmbuke HTIIK mom Gonpmroi cOopkoit
noHuMaeM c6opky u3 40—70 Teic. anemenToB. Hampumep, npeacraBu-
tenn ACKOH He nator rapanTuii, mpo ObicTpomeicTBHE OONBIIMX
cOOpPOK BEPXHETO YpOBHS (HAIpHUMEp, HAyKOEMKHUE 3epHOYOOpOUHbIE
koMmbOaitael K3K-2124, K3K1218, K3K-8-9, K3K-3219, K3K 200-2 u
kopmoyo6opounsie KBK 650-10 u np.).

I[TPOBJIEMbI MUTPALIMU (OKCIIOPTA /UMITIOPTA JJAHHBIX)
CrnoxxHocTH MUTpanuu (3KCropTa) JaHHbIX 3D-Moxeneil, dyepTexen

n3 Windchill u Creo (ummoprt) B Jlonman u Komnac, kotopsie Hapabo-
tauel Togamu B Windchill u Creo, oueHp BaxkHas U TpyI0€MKasl Mpolie-
Jypa, KOTOopasi BEI3BIBAET MHOXKECTBO TPYIHOCTEH.

[lepBoouepenHbie 00BEKTH (MHXKEHEpHbIC AaHHBIE) cucteM Creo,
Windchill, koTopbie moaexaT 3KCIOPTY B HOBYIO CHCTEMY:

— aCCOLIMATHUBHO CBA3aHHBIEC yepTeku U 3D-Mozaenu;

— gyeptexu U aTpuOyThl, 3D-Monenu u ucnonnenus, arpudytsl JCE,
Bepcuu, cocrosinue KLU, rae pacnonoxensl «Jlokauus», «3nenue»;

— BCIIOMOTATEIbHBIE MOJIENN, BEPCHH, COCTOSHHUE KU3HEHHOTO ITHKIIA
m3nenusa (OKL), roe pacnionoxens! «Jlokanusy, «3nenune»;

— COCTaBHBIE YaCTU U aTpUOYTHI, BEPCUH;

— IPOEKTHI (KOHTEKCTHI) TI0 U3IENUSIM, CIIPABOYHUKH, KOJUIEKTHBEI;

— KJIacCU(UKAIMOHHBIE CXEMBbI CIPAaBOYHHKOB — CIPABOYHUKU
/onbmmoteku, cripaBouHnk «Hanmenosanmii JICE»;

— nH(}O-00BEKTHI;

— nuctoBble 3D-Monenu u 4epTexu, Bepcuu, TabIUIbl THOKH, KOTO-
pble YBS3aHBI C TUCTOBBIMU HU(PPOBBIMUA MOAETISIMU U JIP.

Hossie Texnonornu ACKOH (Kowmmac, Jlonman, [TonmraoM) TpeOytoT

nepeoOydeHne MepcoHaa U JalbHenIero ()yHKIIMOHAIBHOTO Pa3BUTHSL.

3AKJIIOYEHUE

Pe3ynpTaThl WMccleOBaHUN MOTYEPKUBAIOT HEOOXOIUMOCTH JO-
pabotku ¢pupmoii ACKOH ¢yukuunonana [10 CAIIP Komnac u PLM
JlotimaH st oOecrieueHust UX COOTBETCTBUS TPEOOBAHUSIM COBPEMECH-
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HBIX HH)XCHEPHBIX 3a/1a4 U 3apyO0eKHBIX aHaIOTOB, «TsbKeIbix CAIIP»
u coppeMeHHBIX PLM/PDM cucteM.

Texnonormn ACKOH  ycrymator 3apyOekHbIM  aHajoram
Creo/Windchill. Beutn BeIsIBACHBI M IPOAaHAIM3UPOBAHBI CYIIECTBY-
IOLIMe Ha AAHHBII MOMEHT NpOoOJeMBbl IIPH IEPEX0e Ha TEXHOJIOTUHU
ACKOH:

— npobnemsl ¢ nepenocoMm 3D-moneneid, ueptexeit n3 CAIIP Creo
B CAIIP Kommac/PLM Jlomman;

— OTCYTCTBHE TEXHOIJIOTHH JIJISi MacCOBOTO MMITOPTUPOBAHHMSI JaH-
HBIX;

— CJIO)KHOCTHM MUTPALU{ JAHHBIX, HAKOIUICHHBIX, pa3pa0OTaHHBIX
HTLK 3a 15-20 ner;

— OTcTaBaHUEe MO (QYHKIMOHAIBHOCTH M OBICTPOJICHCTBUIO, HHTEP-
(elicy Mo cpaBHEHHIO C 3apyOC)KHBIMU aHAJIOTAMH;

— OTCYTCTBHE psAla (pyHKUMMH, TAKUX KaK I€peHMMEHOBaHue, pabora
C BEPCHUSIMH, TUarHOCTHKA MOJIENCH U T. 1.;

— OTrpaHUYEHHBIE BO3MOXKHOCTH PabOTHI ¢ OONBIIMME cOOpKaMHu;

— HE00X0JUMOCTh NepeoOydeHUs BCEro NepcoHaia.
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YK 629.433

OIEHKA HAITPA)KEHHO-IE®@OPMUPOBAHHOI'O
COCTOAHMA TEJEXKHNW HU3KOITIOJBbHOI'O TPAMBASA

ASSESSMENT OF STRESS-STRAIN STATE OF A LOW-FLOOR
STREETCAR BOGIE

Mennens B.A.", Hlykiopos A.O.!, Kuceabkos A.JL',
Omerocuk A.B.l, KaHJ. TeXH. HayK, I10JIOBUHKHH C.B.Z,

'O6benuHeHnbI HHCTHTYT MammHOCTpoeHns HAH Benapycu,
r. Munck, Peciyonmka benapych
*0A0 «YKX «benkommyHmary», r. Mumck, Bemapych
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'"The Joint Institute of Mechanical Engineering of the National Academy
of Sciences of Belarus, Minsk, Belarus
20A0 «UKH «Belkommunmash», Minsk, Belarus

Ilposedena pacuemnas oyeHka NPOYHOCMU MPAMBAUHOU MENeNCKU
coenacno TOCT 34809-2021. Mooeruposanue u pacuem npouHOCmu
8bIN0IHEHbl 8 npocpammuom komniexkce ANSYS Workbench.

Estimation of streetcar bogie strength according to GOST 34809-
2021. Modeling and strength calculation are carried out in ANSYS
Workbench software package.

Knwouesvle cnosa: xomnviomepnoe MOOenupoganue, SUPmMyaIbHvle
UCNbIMANUA, MemOoO KOHEeUHLIX JJIeMEeHmMOo8, NPOYHOCMHOU pacyem,
HANPSICEHHO-0ehOPMUPOBAHHOE — COCMOSIHUE, MPAMEAll,  MeneHCKa
mpameas,, ANSYS.

Keywords: computer modeling, virtual tests, finite element method,
strength calculation, stress-strain state, streetcar, streetcar bogie, AN-

SYS.

BBEJIEHUE

Obecrieuenne TpeOyeMBbIX TOKa3aTenell MPOYHOCTH HECYIIUX KOH-
CTPYKLUI TPaMBAaWHOM TEJIEKKH JOCTUTAETCS PSOM KOHCTPYKTHBHBIX
pemieHnid 1 000CHOBaHHBIM BBIOOpOM MatepuanoB. OLeHKa TpeOyeMbIX
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MoKaszaresell MPOYHOCTH MPOU3BOAUTCS MO pe3yibpraTaM pacueta HAC
KOHCTPYKLUH
[1-4] mpu 3amaHHBIX pEeXUMax HarpykeHus. HopMaTuBHBIM JOKYMEH-
TOM, COJIEpKalliM MepedeHb 0a30BbIX TPEOOBAaHMU K pekUMaMm Harpy-
JKEHUS. M MPOYHOCTH KOHCTPYKUuMil TpamBaeB, siBisieTcss ['OCT 34809-
2021 «JlerkopenbcoBble TpaHCHOPTHBIE cpencTBa. OOIIMe TEXHUISCKUE
TpeOoBaHus. MeTOo bl IPOBEPKI» [5].

Pacuer mokazareneil HampsHKEHHO-A€(HOPMHUPOBAHHOTO COCTOSIHUS
KOHCTPYKLUM BBINOJHAETCSI METOAOM KOHEUHBIX JIEMEHTOB C HCIOJNb-
30BaHHEM MporpaMMHOTro Komiuiekca ANSY'S [6-8].

OLEHKA HAITPAX)KEHHO-AE®OPMHUPOBAHHOI'O COCTOSHUA
TEJIEXKKW HU3KOITOJIBHOI'O TPAMBAS

OOBEKT MCCNeNOBaHUS — OCHOBHBIC CHJIOBBIE KOHCTPYKIHMH Tpam-
BAfHOMU TEJIEKKH HU3KOIIOJIBHOTO TPaMBasl.

Ha puc. 1 npencrasiena 3D-Momens TENEKKH, BKIIIOYAIONIAS BE MO-
TOpHBIC Oayiku 1, IBE MPOIOJIbHBIC OAJIKK 2 U IIKBOPHEBYIO OaJky 3.

Pucynok 1 — 3D-mMozesb TeneKKku TpaMBaifHOTO BaroHa

Tak Kak OCHOBHBIC HECYIIHE BJICMCHTHI TCJIC)KKU H3TO0TaBJIMBAIOTCA
H3 MCTAJUIOIIPOKAaTa, MMCIOIICTO MOCTOAHHYIO TOJIIHUHY, TO B pacueTax
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uenecoobpasno 3D-moxmens npeobpa3oBaTh B 000JOYEUHYIO U UCHONb-
30BaTh KOHEYHbIE 2JIEMEHTHI THIa 00010uka (shell).

Ha pucynkax 2 wu 3 mnpencraBieHsl mpeoOpa3oBanHas 3D-
o0onovyeyHass MOJIeNIb M CO3JaHHas Ha €e OCHOBE pacueTHas KOHEYHO
anemenTHast (KD) Momens TpaMBaifHOM TEIEKKH.

Pucynok 2 — O6omnouednast Moenb TPaMBAHOM TENEKKU

Pucynok 3 — Pacuernas KO mMozens TpaMBaifHOH Tele)KH

ITo TpeboBanusim ['OCT 34809-2021 npu pacuere TEIEKKH JOTKHBI
OBITh YUTEHBI CIEIyIOIINEe HArpy3KH U (DaKTOPHI:
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— coOcTBeHHas! cuja TSDKECTH (Bec) KOHCTPYKLHMH M CHJIa TSDKECTH
(Bec) maccaxkupoB (Toe3Has Harpy3Ka);

— HMHEPUUOHHBbIE ITUHAMWUYECKHUE CHJIBI, BBI3BaHHBIC KOJCOAaHMSIMU
TpaMBasi P JBIKECHUH;

— IUHAMUYECKUE CHJIBI, BOSHUKAIOUINE NPHU IBIKEHUM TpamBas IO
KPHUBBIM y4acTKaM Iy TH;

— CHJIBI a9POIMHAMUYECKOTO JaBlcHUs (JIaBICHHE BETPA);

— CHJIBI B3aUMOZEUCTBHS TpamBas NpH padoTe MO CHCTEME MHOTHX
eIMHUIl U OYKCHPOBKE;

— CHJIBI TATH ¥ TOPMOXXEHHsI M BBI3BaHHBIE MU MPOOOIBHBIE CHIIBI
MHEPIINY;

— CHJIBI OT PabOTHI MEXaHHW3Ma TATOBOTO MIPHUBOJIA;

— CHJIBI OT JIEMCTBUSA TOPMO3HBIX CUCTEM;

— CHJIBI OT JICUCTBHSI HABECHOTO 000PYI0BaHMUS;

— CHJIBI OT pabOThl MEXaHU3MOB, YCTAHOBJICHHBIX Ha TPaMBaii;

— CHJIBL, IPUKJIAIbIBAEMbIE K JIEMEHTaM TpaMBas IIPU PEMOHTE.

3HaueHUs CUJI PACCUMTHIBAIOTCS UCXO/s U3 TOJTHON Macchl, CKOPOCTH
JOBIDKEHHSI, OOKOBOE YCKOPEHHS, CHJBI TSATM M HKECTKOCTH MOABECKU
TpamMBasl.

B cootrserctBumn ¢ tpeboBanuem ['OCT 34809-2021 xoHCTpyKUHMH
TEJIC)KKH PACCUUTHIBAIOT HAa HanOoiee HEBBITOJHOE BO3MOXKHOE COUeTa-
HHUE OJHOBPEMEHHO JIEHCTBYIONINX HOPMATHBHBIX CHUII [5, 9].

OOmmii BU pacueTHOW CXEeMbl HArpy>KCHHs TPaMBAHHON TeIemKH
JUTSL 9TOTO CiTydas TIoKazaH Ha puc. 4. B 30Hax Oykc orpaHMYeHbI BEpTH-
KaJbHblE U IONEPEYHbIE NEPEMEILEHHs, B LIKBOPHEBOI Oanke B 30HE
MOJIIIUITHUKA OTPaHUYEeHBI TIPOIOJIbHBIE TTEPEMEIIICHHS.

Ha puc. 5 u 6 npencrasien oOmuil BUI pacHpeaeieHus] pacTArHBa-
IOLIMX HANpsDKEHUH B KOHCTPYKLMH MOTOPHBIX 0ajioOK TpaMBalHOH Te-
nexku, MIla

3AKIIIOYEHHUE

[IpoBeneHHBIM pacueT MO3BOJMI BBIIBUTH HanOojiee Harpy>KCHHBIE
30HBI KOHCTPYKIIMMN:

— JUTA MIKBOPHEBOM OaJKK — LEHTpaibHas 4acTh 1;
— JUISl IPOAONBHBIX OAJIOK: HWXKHSIA TIO0JIKA, B CPEAHEH 4acTH, B 30HE OT-
BEPCTHUS Ul Pa3sMEIICHHSI KapAAaHHOIO Bajla BUTATENsI U Ha Paguyce
CKpYTJICHHUS, B 30HE KperyIeHus Oykc 2.
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et Dosplacemen
Barmate Displacament 1
Marmaste Dinplacamund 3
Barots Doplacament §
Remots Doplacament §
Bermit Ferce

Bervleation

Pucynok 5 — Pacnipenenenue pacTAruBarolux HaupsyKeHUH
B TPaMBaiHOMU TeJekKKe (BUI CBEPXY)



Pucynok 6 — PacnipeniesieHue pacTAruBarOIUX HaNpspKeHUN
B TPaMBaMHOU TEJEKKE (BUJ CHUBY):
1 — 30Ha MaKCHMAaJbHBIX HANPsDKCHUI Ha IIKBOPHEBOH Oaike,
2 — 30Ha MaKCHMaJbHBIX HAIPsDKSHUH Ha TIPOAOIBHON Oalke

Pucynok 7 — PacnipenienieHue pacTAruBarOIuX HaNpspKeHUN

B MoTopHBIX Oanmkax TENEeKKH IPH pPaccMaTPUBAEMOM PEXHUME
Harpy>keHHs BBICOKHE HAIPSKEHUST HE BOZHUKAIOT.

[ToBbIllICHHE MPOYHOCTH IIKBOPHEBOM OaJKH BO3MOXKHO IIyTEM YBE-
JIMYCHUST MOMEHTA COIPOTHBJICHUS W3rH0a 3a CYET MOBBINICHUS, KaK
TOJIIIMHBI MPUMEHSIEMOT0 JIFCTOBOTO MarepHuaiia, TaKk W TadapuTHBIX
pa3MepoB CeueHus], B YaCTHOCTH BBICOTHI.
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YK 620.1

KOMIIBIOTEPHOE MOJAEJIMPOBAHUE
JE®OPMUPOBAHUS U PASPYIIEHUSA
KOMITO3NIIMOHHBIX MATEPHUAJIOB

COMPUTER SIMULATION OF DEFORMATION AND
DESTRUCTION OF COMPOSITE MATERIALS

Omemrocuk A. B., kana. Texs. Hayk, llImesieB A. B., kaHz. TeXH. HayK,
O0bennHenHbit HHCTUTYT MamuHocTpoeHust HAH benapycu,
r. Munck, Pecrrybnmka bemapychb
A. Amialiusik, Ph. D. in Eng., A. Shmialiou, Ph. D. in Eng.,
The Joint Institute of Mechanical Engineering of the NAS of Belarus,
Minsk, Belarus

IIpusedenvr pezynrvmamvl UCHBIMAKUL HA pacmsdiceHue 06pasyos
cmexaonaacmuxos uz mrauet TP-0,56 u T-10(80). Hccreoosanuco 06-
Pasybvl ¢ yenamu OpueHmayuy 0JI0KOH K HaNpasieHuio nPUKiaovléaemoll
naepysku 0°, 45°, 90°. Ilpeocmasnenvt memoouyeckue pekomeHoayuu K
ONpeOeleHUl0 3HAYCHUl NaAPAMEempos MOOeu NIACMU4ecKko2o oepop-
MUPOBAHUSL TNKAHEBLIX CMEKNONIACMUKO8. Bvinoanena eanudayus nony-
YEHHBIX NAPAMEMPO8 MOOENU MAMEPUANd Nymem KOMNbIOMEPHO20 MO-
0enuposanust. MexaHuyeckux UCHbIMAanull Ha pacmsiiceHue oopasya
cmexnonnacmuka uz mxanu TP-0,56 6 npoepammnom komniexce ANSYS
LS-DYNA ¢ ucnonv3o6anuem 20Mo2eHHO20 MUna MOOenu U Kpumepues
Ppaspyuwienus.

The results of tensile tests on fiberglass samples made from TR-0.56
and T-10(80) fabrics are presented. Samples with fiber orientation an-
gles to the direction of the applied load of 0°, 45°, 90° were studied.
Methodological recommendations for determining the values of the pa-
rameters of the model of plastic deformation of fabric fiberglass are pre-
sented. The obtained parameters of the material model were validated by
computer simulation of mechanical tensile tests of a fiberglass sample
made of TR-0.56 fabric in the ANSYS LS-DYNA software package using
a homogeneous model type and failure criteria.
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BBEJEHUE

CoBpeMeHHbIC TEHIICHIINH Pa3BUTHUS TEXHHUKH 3aKJIFOYAIOTCS B CHH-
YKCHHU BeCa CHJIOBBIX KOHCTPYKIIMK MAIllMH U KOMIIOHEHTOB. DTO TpeOy-
€T, B TOM YHCJIC, IPUMEHCHHUSI HOBBIX KOHCTPYKIMOHHBIX MaTEepPHAJIOB,
MPEBOCXOSIINX MO0 CBOWM HPOYHOCTHBIM, YNPYTUM U JPYTHUM CBOM-
CTBaM TPATUITMOHHBIC MaTepranbl. OCHOBHBIM KJIACCOM TaKMX MaTepHa-
JIOB, 00€CIICYMBAIOIINX MUHHUMH3AIIUIO MacChl KOHCTPYKIIMHA U BBICOKYIO
MIPOYHOCTD, SIBISIFOTCSL cTekomnactuku [1]. Kak mpaBuio, oHM cocTOSIT
W3 CTEKIITHHOTO HAITOJHUTENS M CHHTETHYECKOTO IOJMMEPHOTO CBS3Y-
tomiero [2]. Haubobllel MpOYHOCTBIO M JKECTKOCTBIO 00JIaar0T CTEK-
JIOTJIACTUKH, COJIEpXKAIlie OPHCHTUPOBAHHO pACIOJIOKEHHBIC HEIpe-
PBIBHEIC BOJIOKHA. V3MEHsIsI OPHEHTAIUIO BOJIOKOH, MOKHO B ITUPOKUX
TpeJieNax peryJIupoBaTh MEXaHUIECKHIE CBOMCTBA U3 IENHS.

[Ipu unCIEHHOM pENICHUU TPUKIAJAHBIX 33a/1a4 MEXaHUKHU Ae(opmu-
PyEeMOTO TBEPAOTO Tejia MPOBOMAT IKCIIEPUMEHTAIBHBIE HCCIIEIOBAHUS
MEXaHUYECKUX CBOMCTB CTEKJIOIUIACTUKOB. Pe3ysbTaThl UCOBITAHUN HC-
MOJIL3YIOTCS I WACHTU(UKALMK 3HAYCHHH [apaMeTPOB KOMIIBIOTEP-
HBIX MOjeJieli MaTepuasa, ONUCHIBAIOIINX CBONCTBA KOHCTPYKITHUH, WC-
ClIeTyeMoil ¢ MPUMEHEHNEM CIEeNHaTH3UPOBAHHBIX MMPOTPAMMHBIX KOM-
wiekcoB. Kak mpaBwiio, i peajau3alii YUCICHHOIO MOJCITHPOBAHUS
WCTOJB3YIOTCSI TIPOTPAaMMHBIC CPEJICTBA HA OCHOBE METOJIa KOHEYHBIX
anementoB (MKD), takue kak ANSYS, Abaqus, LS-DYNA u np. Ilpu
9TOM TJIaBHBIM BOIIPOCOM B TIPOIECCE MPAKTHICCKOTO HCIOIHb30BAHMS
MKD sBnsieTcsi KOPpeKTHOCTh BEIOOpA MOJICIHM MaTepuana, T.e. MOJIEIU
neOpMUPOBAHUS U Pa3pyIICHUsS, a TaKKe OINpPeNIeICHHe COOTBETCTBY-
IOIMAX 3HAYEHWH MapaMeTpOB BBIOPAHHBIX MOJEJCH, OIMMCHIBAIOIINX
CBOMCTBa KOHKPETHOT'O MaTepuala.
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METOJIMYECKUI IOAXO/] K OIPEJEJIEHNIO 3HAUYEHUI
[TAPAMETPOB MOJIEJIEN JE®GOPMUPOBAHMU A
CTEKJIOIVTACTHUKOB

B pabote [3] npuBoauTCS JOCTATOYHO MOJIHBIN MEPEUYEHb CYIECTBY-
FOIIUX MTOJXO0JI0B, MPUMEHIEMBIX TP YUCICHHOM MOIECTHUPOBAHUH CTEK-
JIOTUTACTHKOB B 3aBHCUMOCTH OT YPOBHS JETAIM3AIlMH PACCMOTPEHHUS
cocTaBa MaTepHaia.

Jlns IpakTHYECKUX PacueToOB PAacHpOCTPaHEHHUE MOTYUMIH MOIXObI
MaKpOYPOBHSI, OCHOBaHbIE HAa TOMOT'€HHOM OIHCAaHHWU CBOMCTB MaTepHha-
Jla, ME30ypOBHEBOE MOJECITUPOBAHUE HA YPOBHE CJIOEB M Ha YPOBHE HH-
Teil, MUKPOYpPOBHEBOE MOJCIMPOBAHUE Ha YPOBHE INPEACTABUTEIBHBIX
sYeeK TKaHu. MoJlennpoBaHre Ha ypOBHE BOJIOKOH B IIyYKe HUTH, KOTO-
poe TaKkKe MOKHO OTHECTH K MUKPOYPOBHEBOMY, UCIIOJIL3YETCS TOPA3II0
peke M NPEeUMYILIECTBEHHO AJISI ONMHMCaHHUs y3KOro Kiacca crernudude-
ckux sBJIeHHHA. OCTalbHBIE IMOAXOIBI OTHOCATCS K MOJEKYJISIPHOMY
YPOBHIO U TIPUMEHSIOTCS TOJBKO B (PYHIaMEHTAIBLHBIX UCCIIETOBAHUSX.

B nmporpamMuom xommexkce ANSYS LS-DYNA ucnons3yercs mm-
POKHUH psia Moziesiel 1eOPMHUPOBAHMS U Pa3pyLICHUs CTEKIOIIACTUKOB.
C menmpio ompeneNicHUs 3HAYEHWH IapaMeTpoB MOJEICH MaTepHajioB
TKaHEBBIX CTEKJIOIIACTUKOB HEOOXOAWMO BBINOIHUTH CICAYIOLIHE dTa-
TIBL:

1. IIpoBecTr SKCIIEpUMEHTANBHBIE NCCIIEOBAHNS MEXaHUIECKHX Xa-
PaAKTEPUCTUK CTEKIJIOIJIACTUKOB C Pa3IMYHON OpHEHTalueill apMUpyro-
[IMX BOJIOKOH.

Hcnvimanus nposoosames nymem pacmsdicenus 00pasyos cmexkionia-
cmukog, noozomosinennvix no I'OCT 11262-2017 [4]. Pexomenoyemvbie
Venbl pAcnonodicenust 80J10KoH 6 obpasyax 0°, 45° u 90°;

2. BBIIOTHUTH KOMIIBIOTEPHOE MOJICIIMPOBAHNE HATYPHOTO SKCIEPH-
MEHTa C y4eTOM MOJYUYESHHBIX MTPH UCTIBITAHHSIX CBOWCTB MaTepHAIIOB.

Mooenuposanue ocywecmeniemcsa 8 NPOSPAMMHOM KOMNHIEKCE KO-
Heyno-anemenmuoeo auvanuza ANSYS LS-DYNA. Pexomendyemcs npu-
MEHAMb MOOeib YAPY20-NAACHUYECKO20 0ehOPMUPOBAHUS MaAmepuaia
MAT 059 COMPOSITE FAILURE SOLID MODEL, xomopas no3go-
JISlem YYumuléams pazpyuileHue CIMeKioniacmurka no 0esamu Kpumepu-
am. Ilonyuennvie 6 axkcnepumenme MexaHuyeckue XapaxKmepucmuru
CMEKIONIACMUKA 3a0aiomcsa 8 Mooelb mamepuand, a Hedocmaioujue
OanHble O0ONycKaemcs 3a0asamv nymem KOPPEKMUpOSKU NApAMempos
Mamepuana-ananoza,
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3. JlaTh Ka4eCTBEHHYIO U KOJMUYECTBEHHYIO OIEHKY MOIYYCHHBIM pe-
3yJIbTaTaM KOMITBIOTEPHOTO MOJICITUPOBAHHS DKCIIEPUMEHTA.

Kauecmeennas oyenxa 3axmouaemcsi 6 cONOCMAGIeHUU XApakmepa
Paspyulenuss CmekIoniIacmuKa, NOJaYYeHH020 NPU IKCHePUMeHme U pac-
yeme. Conocmaginenue 6bINOIHAEMC 0 00pPA3Y08 C PA3HBIM PACHO-
JlodceHueM 80N0KOH. Takoce HeobXo0uMo Nposecmu CONOCMABICHUE
Pe3VAbMamos no 3HA4YEeHUI0 npedeid NPOYHOCMU NPU PACMANCEHUU, 803~
HuKarwem 8 obpasye npu pacueme u sxcnepumenme. Iloepewtnocms no
OaHHOMY KpUumepuio, Kak npasuio Oas Mamepuanos, He OO0JICHA npe-
sviuams 5 % [5];

4. Bppa®oTaTh pEeKOMEHIAIMH IO JATbHEHIIEMY HCIIOIE30BaHUIO
MOJTYYCHHBIX 3HAYCHUH MapaMeTpoB MOJIeTICH CTEKIIOIIACTHKOB.

Ionyuennvie 3HaAueHUs NAPAMEMPO8 MOZYM UCHONL308AMbCS OISl
pacuema 60ee CLOACHBIX Oemaelti MAUUHOCMPOEHUS, MAKUX KaK Ky30-
6a aemomobusell, naneau oowusku u m.0. Tax dce 3Hauenus napamem-
P08 MO2YIM UCHONL308AMbCSL NPU BAUOAYUY PACHEMHBIX MOOeell U aHa-
JU3e NPOYHOCHHBIX XAPAKMEPUCTIUK CIMEKIONAACTUKOS NPU PA3IUYHBIX
Venax opueHmayuu 60J10KOH.

PaspaboTanHple METOIUYECKHE IOAXOMAbI IIO3BOJSAIOT OIPEACIIATH
3HAYCHHS TTApaMETPOB MOJICICH IIACTHYECKOTO Ae(POPMHUPOBAHUS CTCK-
JIOTIJIACTUKOB ¥ TIPOBOJIUTH PACUETHYIO OIEHKY IIPOYHOCTH OOJiee CIO0XK-
HBIX M3AEIUI MalTHHOCTPOCHHMS.

AIIPOBAIIMA PA3PABOTAHHBIX METOAMYECKHX IIOJAXO-
JOB

Jnia ompeneneHns MEXaHUYECKHX XapaKTEPUCTHK CTEKJIOMIACTHKOB
OBUIM MPOBEACHBI HCIIBITAHMS TJIOCKMX 00pa3loB Ha OCHOBE CTEKJIOTKa-
neit TP-0,56 u T-10(80) npu yrnax opueHTauuu Bojokon 0°, 45°; 90°.
HcnpITanus o ONpeAeIeHUu0 MEXaHNIECKUX CBOMCTB MPOBOAMIOCH HA
YHUBEpCAIbHON TuapaBindeckoi ucnbiTarenbHol MammHe INSTRON
Satec 300LX, obecneunBaromeil NOrpeHOCT U3MEPEHUS HATPY3KH HeE
6omee 0,5% ot uamepsiemoro 3HaueHus. [ peructparun aegopmamnuii
ucrnonp3oBasics dKkcreHzoMerp INSTRON 2630-107 GL25MM ¢ mo-
TPEIIHOCThIO m3MepeHus nedopmaruu e 6omnee 0,1 %.

B nmporpamMMHOM KOMIUIEKCE KOHEYHO-3JIEeMEHTHOro aHanu3a ANSY'S
LS-DYNA PC (R800) Obuia paspaboraHa TOMOTEHHash OOBEMHas
KOHEYHO-3JIEMEHTHAsl MOJIENIb HCIBITATEILHOTO 00pa3iia CTEKJIOIIIACTHKA
n3 tkauu TP-0,56. Onucanue cBOCTB MaTepuaia o0pasia BBIIONHSUIOCH
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¢ wucmonp3oBaHMeM wmoaenn  Matepuara MAT 059  COMPO-
SITE FAILURE SOLID MODEL. Ota Moaens UMHUTHPYET MOBPEXKIC-
HHUE MaTepualia Ha OCHOBE TPEXMEPHOI'O KPUTEPHS pa3pyIIeHUs 110 PacTs-
THBAIOIIUM, CKMMAIOIIUM U CABUTOBBIM HAIIPSKCHUSIM.

3Ha4YeHUS] MEXAHMUYECKHX XAPaKTEPHCTHUK CTEKIIOMJIACTHKA, BKIIOYA-
OII[e MOJYJIb YIIPYTOCTH ¥ MPOYHOCTH HA PACTIKEHHE B IBYX B3aWMO-
NEPIICHAUKYJIIPHBIX ILUIOCKOCTAX, IMPUHATHI IO pE3yJibTaTaM I3KCIICpH-
MEHTAIBHBIX HccieqoBaHnid. Hemocraromme 3HaueHHs MeEXaHHUECKHX
XapaKTEepPUCTUK TPUHATHI IO JINTEPAaTypHBIM HUCTOYHHMKaM [6]. Hadams-
HBIC U I'PAaHUYHBIC YCJIOBUA COOTBCTCTBOBAJIW NPOBCACHHBIM HAaTYPHBIM
ucnbiTanusaM. OfHa U3 3aXBaTHBIX YacTeld oOpasia (QuKcHpoBalach, a
JIpYyTOH 3a7aBajoch MepeMelleHre BAOIb OCH 00pas3la, TeM CaMbIM BbI-
3BIBas €T0 PaCTsDKEHHE.

Pacuer BeImosHEH 111 00pa3loB ¢ opueHTanueH BOJIOKOH 0° u 45°,
Ha puc. 1 npeacraBieHo cpaBHEHHE pa3pyLICHUs] HATYPHOro oOpasua u
KOMITBIOTEPHOI MOETH [Ist 00pasiia ¢ yIiioM OpUEHTAUH BOJIOKOH 45°.
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Pucynok 1 — Paspymenue obpasma crexnomiactuka u3 Tkanu TP-0,56

C OpHeHTaIel BOIOKOH 45°:
@ — 9KCTIEPUMEHT, O — pacyer

Kax BuaHO M3 pUCYHKA, B pacueTHOW MOJENH pa3pylieHHe oOpasia
MIPOUCXOANT IO YTIOM 45° K HaNpaBICHHUIO PUKIIAABIBAEMON PACTATH-
BAIOIICH HArpy3KH, YTO TOBOPUT O KAUYECTBEHHOM COOTBETCTBHH IIPO-
1ecca 1eopMUPOBaHUs U Pa3pyIICHUS,, KOPPEKTHOM BhIOOpE U 3aaHUH
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CBOMCTB MOJENIM MaTepuaia B IMporpaMMHOM Komiuiekce ANSYS LS-
DYNA. [Ipu 3TOM TOTpENIHOCTh pacueTa Mo Mpenely MPOYHOCTH CTEK-
JIOTUTACTHKA COCTaBWJIa Uil oOpas3lia ¢ YIJIOM OpPHEHTAIlMM BOJIOKOH
0° — 1,8%, c yriom 45° — 3,0%.

S3AKJIIOUEHUE

PaspaboTaHHble METOIUYECKHE TOIXOABI ONPEICIICHUS MapaMeTPOB
Monenel AegOopMHPOBAHUS BOJIOKHUCTBIX CTEKJIOIUIACTHKOB ITO3BOJIAT
MPOBOJUTH PACUETHBIC MCCICIOBAaHMS 00JIee CIIOKHBIX JeTanell Mallu-
HOCTPOUTENIbHBIX KOHCTPYKIMH, TAKUX KaK Ky30BOB aBTOMOOWJICH, ma-
Heleld o0ImMBKY aBTOOYCOB, OaMIepoB, BHYTpEHHEH OTIEIKH W JIp.
Taxoke TPUHATBIE MOJXOJbI MO3BOJAT BBIMOJHITH BaMJAIUIO pacyeT-
HBIX MOJEJICH C y4eTOM MCIIBITAHUH OOpaslloB CTEKJIOIIACTUKOB M Ja-
BaThb PEKOMEHJALMHU IO PACIIOJIOKEHUIO BOJIOKOH B KOMIIO3UTE C LEIBIO
CHIDKEHHUSI MacChl WM oOecriedeHnss TpedyeMol MPOYHOCTH U JKECTKO-
CTH AeTaJIel U KOHCTPYKIIMHA MalluH.
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COMPUTER SIMULATION OF INTERNAL COMBUSTION
ENGINE VIBRATIONS WITH DIFFERENT CHARACTERISTICS
OF VIBRATION INSULATORS
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Paszpabomana ounamuueckas mooenv cucmemvl HOOPecCOPUBAHUS
ogucamensi BHympeHHe20 Ceopanus, 8AIUOUPOSAHHAL NO Pe3VIbmamam
Hamyphwix ucnvimanuil. [Ipogedeno ucciedosanue UOPOHASPYIHCEHHO-
cmu 0gueamensi ¢ PA3TUYHBIMU XAPAKMEPUCMUKAMU 8UOPOU3ONAMOPOS
HA YCMAHOBUBUUXCS CKOPOCMAX 8PAUeHUsl KoeHYamozo eana. Ilpuse-
OeHbl pe3yIbmamsl pacyema epmMUKAIbHbIX 8UOPOYCKOPEHUI U CpedHe-
K6AOPAMUYHBIX BEPMUKATLHBIX BUOPOYCKOPEHULl OISl PATUYHBIX 3HAYE-
HUL JICeCMKOCTY BUOPOU3OIAMOPOS U 0O0POMO8 08UAMENsl, COOMBENI-
CMBYIOWUX MAKCUMATLHOMY MOMEHMY 08ueamensi U HOMUHATIbHOU
MOWHOCIU.

The dynamic model of the system of compression of the internal com-
bustion engine was developed, verified according to the results of full-
scale tests. The article conducts a study of the engine vibration load with
different characteristics of vibration insulators at fixed rotational speeds
of crankshaft. The results of vertical vibration acceleration and root
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mean square of vertical vibration acceleration for various stiffeners of
vibration insulators and engine revolutions corresponding to the maxi-
mum engine torque and rated power are given.

Kniwouesvie cnosa: komnviomeproe mooenuposanue, subpayus, [{BC,
sUpmyanvHuld cmeno, gubpouszonsmop, ADAMS.

Keywords: computer simulation, vibration, ICE, virtual stand, vibra-
tion insulator, ADAMS.

BBEJIEHUE

Hpurarens BHyTpeHHero cropanus (JIBC) sBusiercss ogHum U3 uc-
TOYHHKOB BHOPAaLIMOHHON HArpy>KEHHOCTU HECYIINX CHCTEM aBTOMOOH-
ns u pabodero Mecrta BOAWTENA. YPOBEHb BHOPAMOHHBIX HArpy30K
onpeaeasieT KoM(pOpPTaOeIbHOCTh U JIOJTOBEYHOCTh HECYIIHUX CHCTEM
aBTOMOOWIIS. Bubpounzonstopst ABC SIBJIIFOTCS YIIpyTO-
IeMIGUPYIOMAMA DJIEMEHTaMH, TTO3BOJIAIONIMMU CHU3WTH Tepenady
BUOPAIIMOHHBIX HATPY30K HA HECYIIME CUCTEMBbI aBTOMOOWIIS B pabouee
MECTO BOJUTEINS, CIEeJ0BaTENBHO, BEIOOP MapaMeTpOB BUOPOU3OISTOPOB
SBJIICTCSL BAXKHOW M aKTyaJbHOM 3ajadeil IpU MPOEKTHPOBAHWU HOBOU
KOHKYPEHTOCITOCOOHOH TeXHHKH.

B paborax [1, 2] paccMOTpeHbl MaTeMaTHYECKHE MOJAETH BUOPOU30-
JSITOPOB M IaHBI PEKOMEHAINHU MO BBIOOPY MX KOHCTPYKLHMH U MaTepH-
anoB. B pabote [3] paccmoTrpens! Bompockl moaenupoBanus JIBC ¢ 1e-
JIBIO TIOTYYEeHHUsS HEYpPaBHOBEUICHHBIX CHJI U MOMEHTOB Ha peXHMax ya-
CTHYHBIX W TIOMHBIX HAarpy30K Ha BCEM AHMana3oHe padO4YMX YacTOT
BpallleHus] KOJIEHYaTOro Bajia. BpamieHne KOoJIeHYaToro Bajla MPH TOM
MOJIEJIMPOBAJIOCH OT JEHUCTBUS T'a30BBIX CHJI HA MOPIIHU C YYETOM Tpe-
HUS B IWJIMHAPOIIOPUIHEBOH TpymIie. J[aHHbIE Hccae10BaHusl TPOBEACHBI
0e3 yuera BHOPOHU30IISTOPOB, € )KECTKUM KpEIICHHEM OJI0Ka LIMITHHIPOB
JIBUTATENS B IEHTPE TSHKECTH.

B paGore [4] npuBeACHBI UCCIICOBaHUS BUOPAIMU JIMHEHKHU JTU3EITb-
HBIX Aurateneit Wartsild. [loka3anpl TOUKM U3MEPEHUN IS JBUTATENCH
¥ BCIIOMOTATEIbHOTO 000pymoBaHus. [IpuBeneHsl MOMyCcTHMBIE YPOBHU
BUOpaIuy, 000CHOBaHHbBIE HOPMaTHUBHBIMU JIOKYMEHTaMH
ISO 8528-9 [5], ISO 10816-6 [6].

B pabore [7] paccmaTtpuBaercsi co3manue pacuetHoi mogenu [BC
«BHUPTYaJIbHBIN JIBUTATEh» Ha Pa3HBIX YPOBHAX OT MHAMKATOPHOM 1ua-
rpaMMBbl 10 YMCICHHOH MOJENH, YYMTHIBAIOIIEH Tra30lMHAMHYECKUe
MPOLIECCHI, TEIUIOBBIC HArpy3ku. Ha 3aKiIounTeIbHOM 3Tane «BUPTYailb-
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HBI{ IBUTATEIIbY UHTETPUPYETCS B MOJIENIb TPAHCIIOPTHOTO CPEACTBA IS
aHaJIM3a BIUSHUS €ro paboThl HA PA3IMUHbIE CHCTEMBI (IIOABECKY, pyJIe-
BOE yIIpaBlieHHE, HeCcylIre cucTeMsl). KoHmenuus «BUpTyaabHOro JABH-
raTeis» MO3BOJIAET 3HAUUTENBbHO YMEHBIINTh BPEMS U CTOUMOCTH Pa3-
pabOTKM IBUTATEIS.

MatemaTtndyeckoe KOMIBIOTEPHOE MOJETHUPOBAHHE ITO3BOJISIET OIle-
HUTH MapaMeTPhl UCCIETYEMOIl CHCTEMBI C UCIIOIB30BAaHUEM BHUPTYalb-
HOW MOJIEIM Ha 3Tale ee MPOCKTUPOBaHMA, 0€3 M3rOTOBICHHS, YTO 3HA-
YUTEJHHO COKpallaeT BpeMs U MaTepHalbHble pecypchl. BupryanbHble
MOJENN MOTYT OBITb MYyJIbTH()U3NYHBIMH, HAIPUMEP TPH MOICIHPOBa-
Huu cucreM [IBC 3adacTyio HEOOXOAMMO COBMEILATh MOJCTUPOBAHUE
MEXaHHUKH, Ta30IMHAMUKH, IEKTPOTEXHUKH U CUCTEM yIpaBieHus. Ta-
KHE 33J]auil PelIaroTcsi B peXKUMe COBMECTHOTO MOJICTTHPOBaHUs (cosim-
ulation), Tae Kaxxaast OAMOJIENb JBUTaTeNsl, COOTBETCTBYIOLIAs ONpee-
JICHHOMY HAIIPaBJICHUIO (DU3UKH, PEIIAETCs B COOTBETCTBYIOIIEH IPO-
rpamme. Hampumep, 3amaun auHamukd B mporpamme ADAMS,
MPOYHOCTH M TuAporazoavHamMuku B mporpamme ANSYS, cucrem
ynpasnenus B Matlab Simulink u 1. z.

Ienpio HacTosIIEH PaOOTHI SIBIISIETCS] CPAaBHUTENbHAS OLIEHKA BUOPO-
Harpy>KeHHOCTH JABHTATeNs BHYTPEHHETO CTOpPaHUS C Pa3IHMYHBIMH Xa-
PaKTEpUCTUKaMH BHOPOU3O0JIITOPOB HA OCHOBE KOMIIBIOTEPHOI'O MOJE-
JUPOBaHUs. B CBsI3U ¢ 3TUM peleHb! cuenyonme 3a1ayun:

— pa3paboTaHa auHamudeckas moneiab JIBC, Bkitogaromas Bce OcC-
HOBHBIC Y3JIbl, BIUSIOIINE HA BUOPOHATPYKEHHOCTB;

— npoBeneHbl Mogenuposanue padbotsl JIBC Ha pa3nuyHbIX gacToTax
BpaIlICHUSI KOJICHYATOTO Bajla M BHIOPAHHBIX XapaKTEPHCTHUKaX BUOPO-
H30JIATOPOB;

— MPOBE/ICHA OLICHKA BEPTHKAIBHBIX YCKOPEHUH KOpIlyca ABUTATE-
7S ¢ IPUMEHEHHEM BUOPOHU3OJISITOPOB C Pa3jIMYHBIMH HapaMeTpamMu
JKECTKOCTH.

NCXOJHBIE JAHHBIE UL MOJAEJIMPOBAHI A

OOBEKTOM  WCCIeNOBaHMsl  SIBISIETCS  JHM3CIbHBIA  JIBUTATENh
$IM3-845.10, 12-1mumuHAPOBEIH ¢ V-00pa3HBIM PaCIIOIOKEHUEM ITUIIMH-
JIPOB yCTaHaBIMBAEMBIN Ha KapbepHBIE CaMOCBAJIHI [8].

B Tabn. 1 npuBeaeHbl TEXHUYECKHE XapaKTEPUCTHKH IBUTATENS, SB-
JISIOIIMECS UCXOAHBIMY JaHHBIMU JUISI TMHAMUUYECKON MOJEIH.
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Ta6n1/1ua 1 — OCHOBHEBIC TEXHUYCCKHE XapaKTCPUCTUKU ABUTATEIIA

HaumenoBanne nmapamerpa 3HaueHne
Homunansaas MomHoOCTB, KBT (J1.C.) 537 (730)
CKOpOCTh BpallleHHsI TP HOMUHAJIBHOW MOLITHOCTH, 00/MHH 2100
MaxkcuManbHBIN KpyTAIHNA MOMEHT, H-M (krc-m) 2745 (280)
CKOpOCTh BpallleHHsI IPH MAaKCUMAaIBHOM KpyTsimieM MoMente, oo/muH | 1300-1500
MaxkcuManbHas CKOPOCTh BPALICHHUS XOJIOCTOTO X013, 00/MUH 2350
Macca MaxoBHKa, KT 43
Macca aBuratens, K© 2050
[ 1aBHBIC MOMEHT MHEPLIH JBUIATEIIS, KIM”
Tex 172,35
Ly 458,53

358,53

7z

JlBurarens ycTaHOBIIEH Ha 4 BUOPOHU30IISTOPA.
Cxema yctaHoBku Bubpowusossitopos JIBC (puc. 1).

Pucynok 1 — PacnionoxeHnne BUOPOU30ISATOPOB ABUTATEIIS:
1 — nBurarens; 2 — 3aiHUE BUOPOU3OIATOPHL; 3 — NepeIHIE BUOPOU3OISATOPHI

MOJEJIMPOBAHUE IBC B ADAMS.

B nporpamme xommbrotepHoro moaenupoBarust ADAMS pazpabota-
Ha JAWHAMHYECKas MOJeNb cUcTeMbl moapeccopuBanust JIBC, kotopas
BKJIIOYAET ONMUCAHUE XapaKTEPUCTHK CICIYIOLINX AJIEMEHTOB: OJIOKa IIM-
JUHIPOB HCCIIEAYyEeMOro ABMIaTels BHYTPEHHEIO CTOpPaHUs, MaXOBHKA,
BUOPOU3OJIATOPOB, BUPTYyaIIbHOTO cTeHJa. Ha puc. 2 mpezacraBieH o0-

U BUJ TMHAMHUYECKON Mojienu B cOope.
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Pucynok 2 — O0wuii BUI JUHAMAYECKOH MOIEIN

BuOpOH30/IATOpPbI  CMOJICTTMPOBAHBI MATEMATHYECKHM  DIICMEHTOM
BUSHING, ¢ BO3MOXHOCTBbIO 3aJlaHusl KOA((QHUIUCHTOB JKECTKOCTH H
JeMII(UPOBAHUS 110 BCEM IISCTU CTEIECHSM CBOOO B! (pHcC. 3).

Bubpouzonstop OtobpaskeHne MoeIn OxHno unrepgeiica BUSH-
anementa BUSHING ING c 3anaBaemMbIMU
napamerpamMu

Pucynok 3 — MonenupoBanue BUOpOU30ITOpa

HeypaBHOBEIIEHHOCTh YCTAHOBKU U PaOOTHI JBUTATENS MOACIUPYET-
csl BBEJICHHEM JricOaaHca BpallaroIuXCs yacTe Asurartens [9].

PE3VJIbTATbI MOAEJIMPOBAHNS JIBC C PA3JIMYHBIMUA
XAPAKTEPUCTUKAMU BUBPOU30JISATOPOB.

MonenupoBanre IPOBOIMIOCH HA pexumax padotsr IBC co ckopo-
CTSAMH BpalieHus kojieHuaToro Bana 1500 o6/mun u 2100 06/mMuH, B co-
OTBETCTBHU C Tabi. 1, COOTBETCTBYIOUIMMH MaKCUMaJbHOMY MOMEHTY
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JIBUTATENs] 1 HOMHUHAJIBHOW MOIIHOCTH. [Ipn aTOM Mcnonb30Bamuch pas-
JUYHBIC XapaKTEPUCTHUKH BepTuKanbHOH >kectkoctu (1000 H/mm,
3000 H/mm, 5000 H/Mm) u nemnduposanus (100 H-c/mm , 300 H-c/Mm,
500 H-c/MmM) BUOPOU3OISTOPOB.

Banupanus paszpa®oTaHHOM MoJenu IBUTATelsl MPOBOAMIACH IIO
JIaHHBIM HATYpHBIX HCHObITaHUW ucnblTaTeapHOro neHrpa YI'K «bE-
JIA3». ComocTaBIsuIiNCh pacueTHBIC U DKCIICPUMEHTAIBHBIC 3HAUCHUS
CK BuOpoyckopeHuii Ipy ycTaHOBHUBIIEMCS pexume padotsl JIBC npu
BBIIIEYKa3aHHBIX 000pOTax KOJEHYATOro Baja B TOUKE PACIIOJIOKEHUS
BHOpoIaTYMKa Ha Kopryce Ojoka muinHApoB (puc. 4). OTinyue pac-
YeTHBIX | dKCIepuMeHTanbHeiXx 3HaueHnid CK  BuOpoyckopeHuit
He npessicuio 10 %

Pucynok 4 — Pacnionoxxenue Bubponarunka Ha JIBC

Pe3ynbpTaTel MOAEIMPOBaHUs B TOUKE PACIIONOKEHUS U3MEPUTEIIS Ha
JIBUTATese MPHU UCCIEAYEMBIX CKOPOCTSIX BpalleHHs KOJIEHYAaTOro Baja
JBUraTeNsl ¢ BEpTHKaIBHOH kecTkocThio 3000 H/MM 1 nemndupoBanu-
em 100 H-c¢/MM, mpencraBieHsl Ha puc. 5.
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Pucynok 5 — I'padmky n3MeHEHHS BEPTHKAIBHBIX YCKOPEHHUH IIPH Pa3IIMIHBIX CKOPOCTSIX
BpALICHUs KOJIEHYATOI'0 Bajla B TOUKE PACIOIOKEHUS U3MEPUTENIs Ha JIBUTaTelIe

Ilo pe3ympraTaM MOAEIMPOBAHMUS PACCUUTAHBI 3HAYEHUS CpEIHE-
kBagpaTuHbiX (CK) BepTHKaIbHBIX BHOPOYCKOPEHHI ISl BAPHAHTOB C
Pa3IMYHBIMU JKECTKOCTSAMHU BHOPOHM30JISITOPOB MPU 000pOTax KoJeHYa-
Toro Bajga 1500 m 2100 o6/mMun. Bamupanus IuHAMUYECKOH MOIEIU
cucteMbl noapeccopuBanus J(BC BbIMonHEHA MO pe3yibTaTaM HaTyp-
HBIX HUCTBITAHUH BUOpOHM30MIATOPOB ¢ kecTkocThio 3000 H/mm. Ha puc.
6 npexacrasieHa quarpamma CK BepTHKaIBHBIX BUOPOYCKOPEHUH.

3AKJIIOYEHUE

B xozxe pabothl ObuTa pa3paboTaHa U BaJUIMPOBaHA IO pPe3yJbTaTaM
HATYPHBIX HCIIBITAHUN JUHAMUYECKass MOJAETh CHCTEMBI IOIPECCOPHBA-
HUSl JIBUTATEJNsl BHYTPEHHETO CTOPaHUs KapbepHOTo caMocBaia. Banmma-
LU MOJICIM TIPOBEJICHA MO Pe3yJIbTaTaM HAaTYPHBIX HMCIBITAHUN C BUO-
pomzoistopamu sxkectkocThio 3000 H/mMm., Otnuums 3navennit CK BuO-
POYCKOpEHUI TIOIYYeHHBIX TPH BUPTYAIbHBIX HCHBITAHUSIX OT
HaTypHBIX He npeBbimaeT 10%.

[IpoBeneno mMoaenupoBanue pabOTHI ABUTATEINS CO CKOPOCTSIMU Bpa-
mieHns kKoneHvyaroro Bana 1500 06/mMua u 2100 06/MUH TP HOMHUHAB-
HOW MOIIHOCTA W MaKCHUMAJIbHOM KpYTSIIEM MOMEHTE C pa3iHdHBIMU
XapaKTepUCTUKAMH BUOPOU3OIISTOPOB. AHAIN3 PE3YIBTATOB MOJICITHUPO-
BaHUS ITOKAa3aJl, YTO C YBEIHYEHHEM JKECTKOCTH BUOPOHM3OJISATOPOB B Ue-
ThIpe paza (¢ 1000 H/mm go 5000 H/mm) 3Hagenus CK BuOpoyckopeHmit
Ha kopryce JIBC B BepTHKaJIbHOM HampaBieHMH Bo3pacTaroT Ha 51 %
npu 1500 o6/muH 1 Ha 43 % npu 2100 06/MuH.
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B MogenunposaHve 1500 06/muH
14 — M MogennposaHue 2100 06/MuH
“# HaTypHble ncnbitaHmna 1500 06/muH
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% HatypHble ucnbitanua 2100 06/muH 11,75
10,78
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Pucynok 6 — lmarpamma CK BepTHKanbHBIX BUOpOycKopeHHid Ha kopiyce IBC
IIPY Pa3IMYHBIX 3HAYEHHUSIX )KECTKOCTH BUOPON30IATOPOB
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DIESEL PERFORMANCE INDICATORS WITH TWO-PHASE
BUTANOL-CONTAINING FUEL INJECTION
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G. Kukcharonok, Doctor of technical Sciences, Prof.,
A. Petruchenko, Ph. D. in Eng., Ass. Prof., Senior Researcher,
0JSC «Minsk Motor Plant» Holding Mangement Company,
Minsk, Belarus

Haemcs  ananus  sgpgexmugnocmu  npuMeHeHus — MONIuUG,
NPOU3BEOCHHbIX U3 B0300HOGIAEMbIX UCMOYHUKOS 6 O08USAMENSX
s6HympeHnHeeo ceopanus. Hccrnedoganus nposedeHvl ¢ NOMOWDBIO
Mamemamuyeckou — Mmodeau  paboyeco npoyecca ouzens,
Peanu3oeannol 6 eude Komnvlomephou npoepammel. Ilomyuenvi
Ppecpeccuontble 3A6UCUMOCU YOETbHO20 UHOUKAMOPHO20 PAcxo0d
MONAUBA U «CHIPO2OY» BBIOPOCA OKCUOO8 A30MA OM Yelad ONEPetCeHUs
BNPBICKA MONAUBA, OJNUMENbHOCIU NAY3bl MENCOY «NULOMHbIMY U
OCHOBHBIM 6NPLICKOM MONAUGA U KOHYEHMpayuu 6ymanoia 6 cmecu ¢
OU3ZENbHLIM  TMONAUBOM, NO3GONAIOWUE ONPEOeNUmsb NOKA3Amenu
pabomuvl Ousenss npu o0syxgaznom enpvicke monausa. C nozuyuil
MONAUBHOU — IKOHOMUUHOCMU U  IKOJ02U4ecKou 6ezonachocmu,
NepCneKmugHo  NpUMeHeHUue  cMeCu  OU3eNbHO20  MONAUBA  C
Oymamnoiom.

The paper analyses the efficiency of using fuels produced from
renewable sources in internal combustion engines. The research is
carried out with the help of a mathematical model of the diesel engine
operating process implemented in the form of a computer programme.
Regression dependences of specific indicator fuel consumption and
«rawy nitrogen oxide emission on the fuel injection advance angle,
duration of the pause between «piloty and main fuel injection and
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concentration of butanol in the mixture with diesel fuel have been
obtained, allowing to determine the diesel performance indicators at
two-phase fuel injection. From the standpoint of fuel efficiency and
environmental safety, the use of a mixture of diesel fuel with butanol
is promising.

Knwowuesvie  cnoea:  Osucamenv — 6HYmMpeHHE20 — C2OPAHUZL,
anbmepHamusHoe MONAUBO, OYMAHONL, —MAMEeMAMUYecKkas Mooelb
ousens, IKor02U4ecKas Oe30naAcHoOCmy, MONAUGHAS IKOHOMUUHOCHD.

Key words: internal combustion engine, alternative fuel, butanol,
mathematical model of a diesel engine, environmental safety, fuel

efficiency.

BBEJAEHUE

HecmoTps  Ha  BbICOKME  JOCTHKEHHUST B pa3paboTke
9HEeprocOeperamIux TEXHOJIOI UM, pa3BUTHE MUPOBOM SKOHOMHUKH, HE
MOXET TMPOUCXOAUTH 03  YBEIMYECHHS  DJHEPronoTpeOIeHus.
[Tpon3BoACTBO PHEPrUU B BO3pacTalOMMX oOBeMax MPOUCXOAMUT 3a
CYeT pocTa NOTpeOJIeHHs MPHUPOAHBIX TOIUIMBHBIX PECYPCOB.
Ilorpebnenne oHepruu B HE(PTSIHOM OSKBUBAJCHTE €XETOJHO
yBenuuyuBaercs [1]. B Toxke BpemMs KOJIMYECTBO pa3BEJAaHHBIX U
JOCTYIHBIX HOOBIYE TIEPBUYHBIX PECYPCOB COKpAIIAeTCsl.

Jns cokpameHuss moTpeOIeHUs NMEePBUYHBIX 3HEPrOpPECypcoB B
MOCJIeIHUE JECATUIIETHS AaKTUBHO pa3BHBAETCA allbTEpPHATHBHAS
9HEpreTuka,  (QYHKUMOHHPOBAHHUE  KOTOPOW  MOCTPOCHO  Ha
HCIOJIb30BAHUH BO300HOBIISIEMBIX HCTOYHUKOB 3HEPTHH.

JlocTaToYHO MHUPOKO TOIUIMBA, MPOU3BEAEHHBIE W3 OHOMACCHI,
NPUMCHSIOTCS. B KadecTBe J00aBOK K OEH3MHY WJIH AW3EIHLHOMY
TOIUIMBY, B OTOM Cjydae ajanTalus JBUTaTelds K CMECEBBIM
TouiiBaM MO0  HE  NPOU3BOAUTCS, JMOO  CBOOUTCA K
KOPPEKTUPYIOLUIUM  PEeryjJupoBKaM  IMKJIOBOM  Iojauu, yria
ONEPEKEHHS 3a)KMTaHUsI WIIM OIlepeXKEHNs BIPbICKA TOIINBA [2].

B nmocnenHee Bpems IpucTaabHOE BHUMAHHE 00palIeHO K H-OyTaHOIy,
KOTOpBI paccMaTpWBAIOT Kak 00aBKY K MHHEPaJbHOMY IH3EIbHOMY
toruBy [3]. VI3 onHOATOMHBIX CHMPTOB OH HauOosee OIU30K IO CBOUM
(M3UKO-XMMHUYECKUX CBOMCTBAM K AU3€JIbHOMY TOIUIMBY.

IIpumenenne nByx(}ha3HOTO BIPBICKA TOIUIMBA IO3BOJISIET THOKO
yIpaBIATh npoleccaMu cmeceoOpa3zoBaHuUs u CrOpaHHus
TOIJIMBOBO3YLTHOM CMECH B LMJIMHJIPE ABUTATENS, CIEAOBATENbHO,
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aJanTHPOBATh JBUTATENb sl pabOTHl HA CMECSIX JTU3EIHHOTO TOILIU-
ToriMBa © OyraHona, oOecreunBas TpeOyemble TIOKa3aTelH,
MOJIB3YSACh PETYJIUPOBOYHBIMHU IMapaMeTpaMH TOIUTMBOIOJAYU M HE
npuberas K KOHCTPYKTHBHBIM H3MEHEHUSM. DJIEKTPOHHBIC CHCTEMBI
yIOpaBiCHUs, peaau3yloinne MHOrohasHbelii  BIPBHICK  TOILIUB,
3HAYMTEJIBHO PACIIUPSIOT MePEeUSHb PEryJIUPYIOUIUX MapaMeTPOB.

METOAbI UCCIIEJOBAHUA

HccnenoBanus MpOBOAMINCH C TTIOMOIIBI0O MaTEMaTHIECKON MOJIETH
pabodero mporecca, OCHOBHBIC TIOJIOXKEHHS KOTOPOM HM3JIOKEHBI B
pabote [4]. 3aKoH TOJja4M TOIUIMBA 33aBaJICSl COTIACHO 3aBUCHMOCTSIM,
MpHUBENIEHHBIX B pabore [5]. PacueT OKCcHIOB a30Ta OCYIIECTBISUICS C
MTOMOIIIBIO YPaBHEHUH, IPUBEIEHHBIX B paboTte [6].

B kauecTBe 00BEKTa HCCIENOBAaHUSA TNPUHAT padOUYMi Ipolecc
mmzenss 4UH 11x12,5. PacueTrsl mpoOBOAMIUCH JUIsI HOMHHAJIHHOTO
pexuma paboThl AU3eis MPU NBYX(Pa3HOH Mmojade CMECEBOTO TOIUIHBA.
BriOpaHHBIIT HArpy30YHBIA PEXUM TOIIEPKUBAJICS TOCTOSHHBIM 3a
CYEeT U3MEHEHHUs KOJMYEeCTBa TOILIMBA, MOJaBacMOro BO BTOPOU (dase.
Konnentpanust OyTaHola B ONBITHOM CMECEBOM TOIUIMBE COCTaBIIsLIA
5,10, 15,20 u 25 %.

PE3VJIbTATBI

Ha navanpHOM 3Tame ucciegoBaHui ObLIM MpPOBENEHB! paboThI MO
BBIOOPY BENMYMHBI «IMWJIOTHOW» mopmuu TorumBa (J;). Pacuers
MOKAa3bIBAIOT, YTO MPU YBEIUYEHUH (), «CHIPOK» BHIOPOC OKCHIOB a30Ta
CHIKaeTcsi, a BenuuuHa uHAukatopHoro KIIJ[ ymenpmaerca ains
JU3EIBHOTO W CMECEBBIX TOILUIMB. HeoqHO3HaYHOE BIMSHHWE BEITUYHHEI
On Ha «CBIPOW» BBHIOPOC OKCHAOB a3ota U mHauKaTopHbIA KIIJ[ TpeOyer
NPUHATHE KOMIPOMHUCCHOTO pemeHus. CoBpeMEHHBIE CHCTEMBI
HEUTpaau3aluy OKCHIOB a30Ta AOCTATOYHO 3(P(PEKTUBHBI, MOITOMY B
KayecTBe  INpPUOpUTETa  1eJecoo0pa3sHO  B3ATh A PEKTUBHOCTH
UCIOJIb30BaHMs, MOABOJUMON B LIMKJIE TEIUIOTHI, AJIS 3TOr0 BEIWYHMHA
IHJIOTHO#» MOPIMH TOIUIMBA MPHHATA MHHHUMAIBHOM — 2 MM,

Ilo pe3ynpraTam pacueToB MOJyYEHBI PETPECCHOHHBIE 3aBUCHMOCTH
JUISL  ONpENeNIeHUs] YAEIbHOTO HWHAMKATOPHOTO pacxoja TOIUIMBA H
«CBIPOTr0» BBIOpOCA OKCHIIOB a30Ta OT YIJla ONEPEKEHUS «IIUIOTHOTO»
BIIPBICKA TOIUINBA, JUIMTENBHOCTH TAy3bl MEXIy «IIHIOTHBIM» U
OCHOBHBIM BIIPBICKOM, T/(KBT 1):
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3AKJIFOUEHUE

[TosydeHble PErpecCHOHHBIC 3aBHCUMOCTH YJIEIBHOTO HHIUKATOP-
HOT0 pacxoja TOIUTUBA U «CHIPOTO» BEIOpOCa OKCHJOB a30Ta OT YIJia
OTIEpPEKEHUST BIIPHICKA TOIUINBA, JITUTEIHFHOCTH TAY3bl MEXAY «ITUJIOT-
HBIM» W OCHOBHBIM BITPBICKAMH M KOHIIEHTpallMh OyTaHOJa B CMECH C
JIU3EJIbHBIM TOIUIMBOM TPH BEJIMYMHE MUJIOTHON HOPIHMH 2 MM?, M03BO-
JISIOT COKPAaTUTh 00BEM HCCIIEAOBAHUM 1O BBIOOPY KOHIIEHTpAIUH OyTa-
HOJIa B CMECH W aJrOpWUTMa YIIPaBIICHUS pabOuMM IMPOIECCOM IU3eNen
BBICOKOI'0 3KOJIOTHYECKOI'0 YPOBHSI.

Haiinensl 3HaueHus napameTpoB Oupn U Ouyne, OOECIIEUMBaIOIIHE
CHIDKEHHE YAEThHOTO MHIUKATOPHOTO PacXo/ia TOIUINBA U «CHIPOT0» BEI-
Opoca okcunoB a3ota. Ilpu koHueHTpanuu OytaHona B cmecu 15 % mu-
HUMAJIBHBIA «CBIPO» BBIOPOC OKCHIOB a3oTa coctapisieT 0,55 r/(xkBt-u)
MIPY 3TOM BEIIMYMHA CPEHETO MHIMKATOPHOTO pacxoja TOIUIMBA HE TIpe-
BolmaeT 172 r/(kB1-u), BemMYUHBI YIIIOB Oy U Oy, OOECIIEUHMBAIOLIHE
MOJIYYCHHBIC DKOJOTMYESCKME W TOIUIMBHO-DKOHOMHYECKHE IIOKA3aTelH,
MIPUHUMAIOT COOTBETCTBeHHO 3HaueHus 30 u 18,5 rpan I1IKB.
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YK 621.43
BJIMAHUE BPAIIAIOIIUXCSA MACC BCIIOMOT'ATEJIBHBIX
MEXAHU3MOB U CUCTEM JABUI'ATEJIS HA
COBCTBEHHBIE YACTOTHI KPYTHJIbHBIX KOJIEFAHUI

INFLUENCE OF ROTATING MASSES OF AUXILIARY
MECHANISMS AND ENGINE SYSTEMS ON THE NATURAL
FREQUENCIES OF TORSIONAL VIBRATIONS

Huxumes A. A., Had. 010po,
Ilerpydenko A. H., xanz. TexXH. HayK, CT. Hay4. COTp.,
IIpeako A. B., ct. Hayu. coTp.,
OAO «Ymrpapisromas KOMITAaHHSI XOJITUHTa « MUHCKHI MOTOPHBIHN
3aBoa» r. MuHCk, PecrryOnuka benapych

A. Nikishev, Head Office,
A. Petruchenko, Ph. D. in Eng., Ass. Prof., Senior Researcher,
A. Predko, Senior Researcher,
0JSC «Minsk Motor Plant» Holding Mangement Company,
Minsk, Belarus

B pabome paccmompeno enusmue SpawAIOWUXCS  MACC  2A30-
PACHPEOenUumenbHo20 MeXaHUusMa, CUCHeMbl CMA3bl8AHUs, CUCHEeMbl
NUMAHUS, MEXAHUZMA YPAGHOBEUUBAHUSL CUTL UHEPYUL 8IOPO20 NOPSAOKA
6036PABMHO-NOCMYNAMENLHO  OBUICYWUXCSL MACC NPU  ONPeOeieHUU
COOCMBEHHBIX YACMOM KPYMUTbHBIX KOAeOAHUN KOIeHYamoz2o 8ana 4-x
YUIUHOP0B020 Juseivhoeo osueamens 44H11/12,5.

The work examines the influence of taking into account the rotating
masses of the gas distribution mechanism, the lubrication system, the
power system, the mechanism for balancing the second-order inertial
forces of reciprocating moving masses when determining the natural
frequencies of torsional vibrations of the crankshaft of a 4-cylinder
diesel engine 4CHN11/12.5.

Knwouesvle cnosa: xpymunvivle Koiebanus, coOCMEEHHAs. Yacmoma,
MOMEHM UHEPYUU, HCECMKOCHTb.

Keywords: torsional vibrations, natural frequency, moment of inertia,

stiffness.
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BBEJIEHUVE

OmHUM U3 TEPBBIX 3TAIIOB MIPH pacdeTe KOJICHYATOTO Bajla ABUTATEIIS
BHYTPEHHETO CrOpPaHUs Ha KPYTHJIBHBIC KOJICOAHUsI SBIISICTCS OMpe/iese-
HUE COOCTBEHHBIX YaCTOT W OTHOCHTEIBHBIX aMIUIHTY KOoJeOaHHi, Co-
CpeIoTOYEeHHBIX Ha Bairy Macc [1]. OT TOYHOCTH MaTeMaTHIecKoil Moe-
JIM 3aBUCUT COOTBETCTBUE €€ PEATIbHOMY JIBUTATENIIO.

Jns mocTpoeHuss pac4ETHON MaTreMaTU4eCKOW MOJEIN KPYyTUIIbHOM
CHUCTEMBl HEOOXOIWMO BBITIOJHHUTH MPHUBEICHUE PEAbHOW KOJIEOIFo-
IIEUCST CUCTEMBI IBHUTaTelId K DKBUBAJICHTHOM €W II0 KMHETUYECKOU U
MOTEHUHAJIBHOM 3HEPIUU IHUCKPETHON CHUCTEME, MPEICTABJISIOIEH CO-
0Ol HEBECOMBIH CTEpKEHb, 00JAMAIONIUN YIPYTHMA U AeMIT(UPYIOITH-
MU CBOWCTBAMM, 3KBHUBAJICHTHBIMH PEAJHOMY KOJIEHYAaTOMY Bally, Ha
KOTOPOM KECTKO 3aKpeIICHBI TUCKH, 00JIaIarolIie MacCOBBIMH CBOM-
CTBaMHM, SKBUBAJCHTHBIMU pEaIbHBIM YYacCTKaM KOJIEHYaTOro Bajia M
TTOABIKHBIM JCTAIISIM IBATATENS [2].

AHAJIN3 COBCTBEHHBIX YACTOT KPYTUJIBHBIX KOJIEBA-
HU

MaremMaTuyeckass MOJI€Ib KOHKPETHOTO BUTATENsI MOXKET MPEACTAB-
JATH cOOOW HECKOJNBKO BapHAaHTOB TUCKPETHOCTH, B YACTHOCTH, JUIS
nsurareiss 44H11/12,5:

— JeTajli KPUBOLIMIIHO-IIATYHHOTO MEXaHHW3Ma, LIECTEPHU KOJICHYa-
TOTO BaJia, IIKUB KOJIEHYATOTO Bajlla MU MaxoBUK (Komruiektarus Ne 1,
puc. 1, al, a2);

— JeTajli KPUBOLIMIIHO-IIATYHHOTO MEXAaHHU3Ma, IIECTEPHU KOJIEHYa-
TOTO BaJja, MIECTEPHS NPHUBOJA MACISHOIO HACOCA, BPALLAOIIUECS IeTa-
JIM MaciITHOTO Hacoca, IIKUB KOJEHYaTOro Baja M MaXOBHK (KOMILJIEKTa-
st Ne 2, puc. 1, 61, 62);

— JeTajli KPUBOLIMIIHO-IIATYHHOTO MEXaHW3Ma, IECTEPHU KOJICHYa-
TOTO BaJja, LIECTEPHS MPUBOJA MACISHOIO HACOCA, BPAILLAOIUECS AeTa-
M MACISHOIO HAcoca, LIECTEPHU MNPUBOJA Ta30paclpeleIUTEIbHOTO
MEXaHM3Ma, pachpeaeuTeNbHbli Ba, mectepHs THBJI, mkuB kosjeH-
9aToOro Bajia ¥ MaxoBHK (komrutekrammst Ne 3, puc. 1, 6/, 82);

— JIeTalid KPpUBOLIUITHO-IIATYHHOTO MEXaHW3Ma, IeCTEpHHU KOJEeHYa-
TOTO Baja, MIECTEPHS MPUBOJA MACISHOTIO HACOCA, BPAILAIOLIUECs AeTa-
JM MACISHOTO HAcocCa, WECTEPHHU IPHUBOJA Ta30pacHpeleIUTEIbHOTO
MEXaHU3Ma, pacupenenuTensusiid Bail, mectepHs THB/I, neranu mexa-
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HHU3Ma YPAaBHOBCIIMBAHUA CUJI MHCPILIUH, IIIKUB KOJICHYATOT O Bajla U Ma-

x0BHUK (koMmrutekTanms Ne 4, puc. 1, 21, 22)
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Pucynok 1 — BapuaHTbl IMCKPETHOCTH MOZENH KPYTHIBHOW CUCTEMBbI JABUraTes
al—el) peanbHble KPYTHIIbHBIE CUCTEMBI JIBUTATEIIS;
2—22) SKBUBAJICHTHBIE CUCTEMBI
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Ha npuBeneHHOM pHCYHKE NpPUHATHI Cleaylomme 0003HAYCHUS:
1 — IKWB KOJIEHYATOT0 Baja; 2 — MIECTepPHS MPHUBOa MaCIsTHOIO HAcocCa;
3 —mectepHs npuBoga [PM; 4-7 — nmopmHH ¢ IIaTyHaMHu
COOTBETCTBEHHO HUIUHAPOB No 1-No 4; § — maxoBuk; 9 — KoJeHUATHII
Bas; /0 — meranud MacissHOro Hacoca; /] — pacupenenuTeNbHbId Bajl C
mecTepHen; /2 — mpoMeXyTouHas MmecTepHs; /3 — mecTepHs MpUBOja
THBJ; /4 — miecTepHs NpUBOAA YPaBHOBEIINBAIOLIETO MEXaHU3Ma; 15 —
Bpallaroyecs AeTaad ypaBHOBEIIMBAIOLEro Mexanusma; I/... 113 —
MOMEHTHI HMHEPIIMA MacC, OJKBUBAJICHTHBIE MOMEHTAM HWHEPITUH
NBIDKYIIMXCS JETaleH, MPUBEICHHBIX K OCH KOJEHYATOrO Bala;
Cy ;...C4, 7 — JKECTKOCTH YYACTKOB IKBUBAJIICHTHOTO BaJja.

B ob6mem Buzme coOCTBEHHBIE KPYTHIIBHBIC KOJICOAHHUS OIHUCHIBAIOTCS
cuctemoii muddepeHnranbHbIX ypaBHEeHUH [4]:

2
d%e

1_ N2
L 2 CLZ((PI 0,)=0;

t
I —dz(')z C C =0;
2 d2 + 1’2(@1_@2)_ 2,3(@2_(P3)— >

! (1)

I dz(p"—l C =0
n-1 ar2 * n—2,n l(q)n 27 %, 1)_ n l,n(q)n 1 (pn)_ ’
1 d2(|)n C =0

ar2 o l,n((pn—l_(pn)_

re 7 — KOIMYECTBO COCPEIOTOUYCHHBIX MAcC SKBUBAJIEHTHON CUCTEMBI;
®;... ¢, — YTIBI TOBOPOTA COCPEIOTOUECHHBIX MaCC;
1;...I, — MOMEHTBI HHEPLIMM COCPEIOTOUEHHBIX MaCC;
Ci;...C,.1 , KECTKOCTH YYaCTKOB SKBHUBAJICHTHOTO BaJa.
Oo1ee pemreHne cucTeMbl ypaBHeHHH (1) nmeer Bun:

n—-1

0 = Z Asin(@ t+¢), (2)

i=1

rae A; — aMIuIMTyaa KojeOaHui i-i Macchl;
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€; — (a3oBbIil yrom;

®;; — 9aCTOTa COOCTBEHHBIX KOJICOAHUI CHCTEMEL.

BBuIy CIIOKHOCTH BBIYUCICHUH TNPU OINPEIEICHUU COOCTBEHHBIX
4acTOT KPYTWJIBHBIX KOJIGOAHWU JJIi MHOTOMAacCCOBBIX CHCTEM, pellas
muddepeHnmanpapie  ypaBHeHust (1) TyTeM IOACTAaHOBKHM B HETO
pemeHuii (2) W COCTaBIEHUS ypaBHEHUS YAacTOT, HA IPAKTHKE
HCIOJIB3YIOT METOBI OCICIOBATESIbHBIX NpUOIMxKeHud. OJHUM U3 HUX
SBIISIETCS MeTOJ ToJule, OCHOBAaHHBI Ha TOM, YTO NPH COOCTBEHHBIX
KoJIe0aHHMsIX MHOTOMACCOBOM CUCTEMBI CyMMa MOMEHTOB CHJI YIIPYyTOCTH
OTJICNIBHBIX YYaCTKOB Baja U MOMEHTOB CHJI MHEPIMH, KOJICOIOIUXCS
COCPEIOTOYCHHBIX MacC CUCTEMBI paBHA HYJIO [5]:

YM, +> M, =0. 3)
3anaBasich 4YacTOTOM (., NMPUHUMAas OTHOCUTENBHYIO aMIUTUTYIY
nepBoﬁ Macchl @; = | W TOACTaBIAA COOTBCTCTBYIOIIIUEC 3HAYCHUSA

MOMEHTOB MHEPLHHU COCPEAOTOUYEHHBIX MAacC U KECTKOCTEH y4acTKOB,
ompeaenseTcs 3HaueHnue CyMMEI (3), KOTOpoe Tpy MPaBMIIBHOM TTOAO0pe
@, OyIeT paBHO HYJIIO.

Pe3ynpTaThl onpeaeneHuss 4acTOT HEPBBIX TpeX (HOpM COOCTBEHHBIX
KPYTWJIBHBIX KojeOaHWi KojeHdaToro Bama jasurarens 44YH11/12,5
MetogoM Tosle  Anas  pa3sAMYHBIX — BapMaHTOB  KOMIUIEKTAlUU
npeAcTaBIeHbI B Ta0. 1.

Tabmuma 1 — Pe3ynbraThl onpefeneHusl 9acToT COOCTBEHHBIX KOJIEOaHUI KOJIEHYATOrO
Baia jpurarens 44YH11/12,5 niist pa3nuyHbIX BAPUAHTOB KOMILICKTAIHA

BapuanTt nuckperuzanun YacroTa cOOCTBEHHBIX KOJeOaHuit
CHUCTEMBI OpHoy3n0Bast JIByxy3mnoBas Tpexysnosas
Kommmekrammst Nel 1884,1 3286,1 5705,5
Kommutekrarust No2 1869.,4 3278,9 5692,4
Kommuexrarms Ne3 1843,6 3266,3 5664,3
Komrmutekranus No4 1779,6 3091,3 48333

Kax BumHo m3 Tabim. 1, Bpammaroniecss MacChl BCIOMOTATEIbHBIX
MEXAHU3MOB M CHCTEM OKAa3bIBAIOT BIIMSHHME HA YaCTOTHI COOCTBEHHBIX
KPYTHUJIBHBIX KOJICOAHWH KOJEHYATOrO Bajia. Y MEHBIICHHE WX BEIUYHH
Ui Oojlee TOYHBIX MOJENEH KPYTWIBHBIX CHCTEM OOBICHSISTCS
YBEITUYCHUEM MOMEHTOB HMHEPIIMH COCPEIOTOUYCHHBIX Ha MPUBEIACHHOM
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BaJly MacC TIpPH  COXpPaHEHUM  KPYTUIBHBIX  JKECTKOCTEH.
IIpeneOpeskeHne Ipyu pacyeTax TAKMMH MAacCaMU MOXET IPUBECTH K
MOTPEIIHOCTH B ONPEACIEHUH KPUTHUUECKHX YacTOT BpallEHUS
KOJICHYaTOr0 Baja ABUTaTelsl, IPU KOTOPBIX BO3MOXHO COBIAJCHHE
4acTOT COOCTBEHHBIX KPYTHIBHBIX KOJIeOaHUHN C OJHOI U3 rapMOHHK
BBIHYK/JAIOIIETO MOMEHTa (pe3oHaHcy). Pabora aBurarens Ha Takux
peXuMax MOXKET MPHUBECTH K MOJOMKE KOJEHYaTOro Bajla U BBIXOMY
U3 CTPOSI BCETO JBUTATEIIS.
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VK 436.4.34
MPUMEHEHUWE YIIPABJISIEMOM BO31YIIIHOM 3ACJIOHKHA
JJIA UTBMEHEHUSA CTEIIEHU PEHUPKYJISIHUA
OTPABOTABIIUX I'A30B

APPLICATION OF A CONTROLLED AIR DAMPER TO CHANGE
THE DEGREE OF EXHAUST GAS RECIRCULATION

bets C. I'., actiupanr,
Benopycckuii HallMOHATBHBIN TEXHUUYECKUN YHUBEPCUTET,
r. Munck, Peciyonuka benapych

S. Bets, Ph. D. Student,
Belarusian national technical University, Minsk, Belarus

B cmamve npedcmasneno npumenenue 6030yuWHOU 3aCAIOHKU OIS U3-
MEHeHUs CMeneHy PeyupKyIayuy ompabomasuiux 24308 u ee gusnue Ha
9KOHOMUYECKUE U IKOTI02UHeCKUe NOKA3amenu 08ueamels.

The article presents the use of an air damper to change the degree
of exhaust gas recirculation and its impact on the economic and envi-
ronmental performance of the engine.

Kniwouesvie cnoea: 6030yumas 3aciouka, peyupkyisayus ompado-
MABUIUX 20308, OKCUObL A30MA.

Keywords: air damper, exhaust gas recirculation, nitrogen oxides.

BBEJIEHUE

Ha coBpeMeHHBIX aBTOMOOWIISIX MPOWU3BOAMWTEIN YCTAaHABINBAIOT
CIICUUaIbHBIE CHUCTEMBbI [IJISl BBIIOJHEHHUS 3KOJIOTMUYECKHX HOpM. Ux
TJIaBHOE HAa3HAYEHHE 3aKIII0YAETCS B CHIDKEHHH YPOBHS (KOHIIEHTPAIUH )
BpeaHsix BemecTB B O aBurarens 10 AOMYyCTUMBIX 3HaueHUU. OMHOM
U3 TaKUX CHUCTEM SIBIIICTCS PEIUPKYJIAIHsS oTpadoTaBmmx razos (POT).
JlobGaBieHre OXJIaXXAEHHBIX OTPabOTaBIIMX Ta30B K CBEKEMY BO3IYII-
HOMY 3apsijly CHHKaeT KOHILEHTPALMIO KUCIOPOJa U MOBBIIIAET TEILIO-
€MKOCTh paboyero Tejna B KaMepe CropaHusi, 3aMeUIseT MPOIECC Cropa-
HHUSI, YMEHBIIAET MAKCUMAJIBHYIO TEMIIEPATypy OpoLecca CroOpaHusi, 4To
CITOCOOCTBYET CHHKEHHUIO 00pa30BaHUS OKCHUIOB a30Ta B OTPA0OTABIINX
raszax.
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N3MEHEHUWE CTEINIEHU PELHUPKYJIALINN

st u3MeHEeHHs CTENeHN PEeLHUPKYIISIUHA OTPadOTaBIINX Ira3oB, B 3a-
BHUCUMOCTU OT pEeKHUMa pa6OTLI ABUTATCIA, NPUMEHACTCA BO3AYyIIHAA
3acioHka (puc. 1). 3acioHka ocHalleHa CEpPBOMOTOPOM, YHPaBIISIEMbIM
OJIOKOM ympaBieHUs IBUTaTess. IHTerpupOBaHHbIM JaTYUK CIIYXKHUT AJIS
KOHTPOJISl TEKYILETO MOJIOKEHUS 3aCIIOHKH.

Pucynok 1 — Ynpasnsemas BO3IylIHas 3acJIOHKA:
1 — 3acnoHKa; 2 — CEpBONPHUBO/] C JATIMKOM ITOJIOKEHHUS; 3 — IITEKEPHOE COeANHEHHE.

Ucneitanus POI' ¢ Bo3aymiHON 3acOHKOW MPOBOJWINCH HAa JIBUTA-
tene J[2459E4 mo wwxkny ESC  cormacHO — TpeOoBaHHSM
ESK OOH Ne 49 [1]. Pe3ynbTatsl ucnbiTaHuit Ha 8-0if u 10-0if Toukax
ki (100 % marpysku mpu n = 1800 u 2150 MuH ' COOTBETCTBEHHO)
npuBeneHbl B TaOiu. 1. Benmnuwna yaenbHOro 3¢¢GEKTUBHOTO pacxoja
tormmBa Ha 10-# Touke mmkna (ge(10)) sBiseTrcs MakCUMaibHON MO
BHEIITHEH CKopocTHOH xapakTepuctuke (BCX).

Tabnuna 1 — Pe3ynpTaTsl HCIIBITAaHUN

NO, | PT [ CO [ g(8 | g(10)

BapuanT ncnpitanuii

r/kBrl]g
6e3 EGR 5,91 | 0,046 | 0,56 2247 240,6
¢ EGR, 6e3 3acinonku 3,28 | 0,097 | 0,69 223,1 237,4

¢ EGR, c 3acnonkoii (6e3 KoppeKiun) 3,09 | 0,115 | 0,82 223,1 2374
¢ EGR, ¢ 3aciioHkoii (¢ Koppekuueii) 3,31 | 0,111 | 0,81 220,7 2247
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Hanuuue ympasnseMoil BO3IyIIHONW 3aCIOHKH MO3BOJIIET OKa3bIBATh
JOTIOJHUTENIFHOE BO3JEHCTBHE Ha CTENECHb PELUPKYISLUN OTpaboTaB-
IIMX Ta30B MPHU YK€ MMOJHOCTBIO OTKPBITOM IepernyckHoM kiamane POI.
Hanpumep, Ha yaCTHYHBIX Harpys3kax, rae KodpQHUIUEHT W30bITKa BO3-
JyXa UMEET BBICOKOE 3HA4YEHHE, MPUKPBITHE BO3AYIIHON 3aCIOHKHU T03-
BOJISICT YBEJIUYUTH CTETIEHb PELUPKYJIAIUNA U 100UThCs cHIKeHHs NOy
0e3 CyIIEeCTBEHHOTO POCTa JBIMHOCTH OTPabOTaBIIMX Ta30B M TBEPIBIX
yacTull. B pe3ynerate 3TOr0 mosBiseTcss BO3MOXKHOCTH B Touke 100 %
Harpy3ku KOPPEKTUPOBKH TOIIMBOIOAAYM, HNPUBOSIICH K 3aMETHOMY
YIIyYIIEHUIO TOIIMBHON 3koHOMH4YHOCTH 1o BCX (puc. 2), mpu 3Tom
BbIOpocE! NOy XOTS M PacTyT, HO OCTAalOTCs B TpeJiesiaX HOPMEIL.
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Pucynok 2 — Pacxon Tomusa no BCX:
1 — 6e3 BO3LyLIIHOM 3aCINOHKH; 2— C YIIPaBIsIeMON BO3AYIIIHON 3aCIIOHKOM

3AK/IFOYEHUE

IIpuMeHeHne NONOJHUTENBHOW BO3IYIIHON 3aCJIIOHKH ITO3BOJISIET I10-
BBICUTH CTETEHb PELUPKYISILIUN OTPaOOTABIINX ra30B, IPH 3TOM yIaeT-
sl JOOUTBCS CHIKEHUS! yIIeNbHOT0 pacxoaa tomiusa no BCX u Beimosn-
HEHUs TpeOOBaHUIl 3KOJOTHUECKUX HOPM IO BHIOpOCAM 3arps3HSIONINX
ra3000pa3HbIX U B3BEHICHHBIX YACTHII.
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JINTEPATYPA

1. IlpaBuma EDK OOH Ne 49. EnnrnooOpa3Hbie Mpeamicanus, Kaca-
IOIIUECS TIOJUICKAIUX TPUHATHIO MEP 10 OrPAaHUYCHUIO BBIOPOCOB 3a-
TPSI3HSIONIUX Ta3000pa3HBIX BEIECTB W B3BEIICHHBIX YAaCTUI] U3 JIBHUTa-
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B nacmoswee spems cmanogumcs akmyanibHbiM HAOEHCHBIN 3ANYCK
u ycmouuugas paboma ouzeipbHo20 ogueamens (Oaiee — ousens) 8 IKc-
MPEeMANbHbIX YCI08UsX — Ha meppumopusx kpatneeo Ceeepa u npu
JHCECMKOM O2paAHUYeHUU 8peMeHU. B cesa3u ¢ smum o3nukaem npoodrema
obecneyenus camo8OCHIAMEHAEMOCU XOJIOOHOU MONIUBOBO30VUHOU
cmecu. Aemopamu cmamvu npogooumcs 0030p 8apUAHMO8 peulerus
HA36AHHOU NPOOIeMbl, QOPMYAUPYEMCcss HOBbLLL CNOCOD, NO38OAIOUUIL
docmuub nocmagnennoll yeau. Ilpediaeaemes noswviil cnocod unmencus-
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HO20 nodoepesa duzeibHo2o monausa (1) 6 moniueonposooax 6vicoko-
20 OasneHus Ha 6xo0e 8 (OPCYHKY C UCHONbI0BAHUEM UHOYKYUOHHOZO
Hazpesa unu Hazpesa nekmpogpenom 3TDP-2000[K. Jannvie sxcnepu-
MEHMANLHBIX UCCAEO08AHUL MONIUBHOZ0 HACOCA BbICOKO20 OAGNCHUS
A3/[A-773-40.28 na cmenoe KH-22210-02M-15 nozeonaiom ymeep-
acoams, umo noooepes [T Ha 6xode 6 ()OPCYHKY He uUsMeHAem Xapak-
mepucmux pabomut THBJ]. Habmooaemcs nesnauumenvhoe CHUNCEHUE
BeUYUHBL YUKA0B0U nodauu monausa. [loxkazamenu wuadexcnocmu u
0071206€4HOCIU MONIUBGHOL ANNAPAmMypbl Ou3esisi OCMAlOmcs Ha ypoeHe,
npucywem ceputinomy azpeeamy.

At present, reliable start—up and stable operation of a diesel engine
(hereinafter referred to as diesel) in extreme conditions — in the territo-
ries of the far North and under strict time restrictions - is becoming rele-
vant. In this regard, there is a problem of ensuring the self-flammability
of the cold fuel-air mixture. The authors of the article review the options
for solving this problem, formulate a new way to achieve this goal. A
new method of intensive heating of diesel fuel (DF) in high-pressure fuel
lines at the inlet to the nozzle using induction heating or heating with an
electric heater 3TF-2000DK is proposed. Data from experimental stud-
ies of a high-pressure fuel pump YAZDA-773-40.28 on the stand KlI-
22210-02M-15 allow us to assert that heating of diesel fuel at the inlet to
the nozzle does not change the characteristics of the fuel injection pump.
There is a slight decrease in the value of the cyclic fuel supply. The reli-
ability and durability indicators of diesel fuel equipment remain at the
level inherent in the serial unit.

Knwuessle cnosa: ouzenv, ousenvhoe moniuso, nooocpes, CKOpoCH-
HAsl XAPAKMePUCMUKQ, YUKI08as no0aid, Ha0elCHOCHb.

Keywords: diesel, diesel fuel, heating, speed characteristics, cyclic
supply, reliability.

BBEJIEHUE

B macrosimee BpeMs CTAaHOBHTCS aKTyaJbHBIM HaJEXKHBIN 3aITyCcK
U ycTolumBas paboTa QU3EIbHOTO ABUraTels (anee — Au3ens) B HKC-
TPEMaJIbHBIX YCJIOBHAX — Ha TeppUTOpHsX KpaiiHero CeBepa W mpu
JKECTKOM OTpaHMYCHHH BpeMeHH. W3BECTHO MHOKECTBO CIIOCO0OB
VIIy4IIEHUs] XapaKTepUCTUK CaMOBOCILIAMEHSEMOCTH JIU3EILHOTO
toruuBa (AT), xoTopbie, B CBOIO O4epenb, ACNATCA HAa XUMUUYECCKUE
u puzHYecKue.
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XuMHUYECKHE — MPUMEHEHHE TPUCAIOK, CHOCOOCTBYIOIINX WHTEHCH-
¢ukaruu mporecca cropanus. [Ipucanku AensTcs Ha HECKOJIBKO TPYIIIL,
XapaKTepU3YIOMIHUXCS, KaK TIPOMOTOPBHI.

dusnyeckue — UCIOJB30BaHUE PA3IUYHBIX BUAOB BO3ICHCTBHS Ha
AT (rumpoamHaMU9ecKOro, MAarHUTHOTO, TEPMHYECKOTO H T. II.).

Panee [1] aBropamu ObUT OIPOOOBAH U MPEIIOKEH CIIOCOO TOAOTPE-
Ba [IT MeToqoM MHAYKIMOHHOTO HarpeBa. [loJorpeB ToIMBa MPOU3BO-
JUICS. TIPY TIOMOIIY MHIYLHMPYIOLIETO MPOBOJA, KOTOPBIA B HECKOJBKO
BUTKOB OXBAThIBaJl yYacTKH TOILIMBONPOBOJA JIMHHH BBICOKOTO JaBic-
HUS HemocpeAcTBeHHO nepen ¢opcyHkamu. Croco0 mokaszaia XOpOUIyIo
3¢ dhexkTuBHOCTSG [2, 3, 4], 0AHAKO TOTPEOIISIT MHOTO AJIEKTPOIHEPTHH.

B maHHBIX HCCIeMOBaHUAX MPUMEHSJICS CIOCO0 MOAO0TpeBa YIaCTKOB
TOTJTMBOIPOBO/IOB BBICOKOTO JIABJICHUS TOCPEICTBOM TOPSYUX Ta30B,
B YaCTHOCTH, MTOJOTPEBAEMOr0 BO3AyXa.

[IOKA3ATEJIM PABOTBI JU3EJILHOM TIIA C IIOJJOTPEBOM

B peanpHbIX ycnoBuax paboThl auzens momorpeB AT moxer ocy-
IIECTBIATHCS U PETYJIUPOBATHCS YacThio oTpaboraBmmx ra3o (OI),
BO3JICHCTBYIONINX Ha BRIOPAHHBIE YIACTKH TOTLTUBOIIPOBOIOB.

[Ipu orpaHMYeHHOM BpPEMEHH 3aIrycKa Leneco00pa3Ho OCYLIeCTBUTh
HarpeB TEIUIOBEHTWISTOPOM C MOCICAYIOMIUM MEPEKIOYCHUEM MOTOKA
MOCTYTAIOIINX Ta30B OT BBITYCKHOTO TpakTa (puc. 1).

B BsTckoMm rocygapcTBEHHOM yHHMBEPCHUTETE OBLIM MPOBENEHBI IKC-
MepUMEHTAIIbHBIE HCCIIEA0BaHNsl pabOTOCIIOCOOHOCTH TOTUTMBHOM amma-
patypsl (TITA) auzens ¢ momorpeBoM ToruuBa. Mcmonp3oBancs TOIIIHB-
HBI Hacoc Beicokoro maieHus (THB/I) SA3/1A-773-40.28 B koMIUIeKTe
¢ GOpCYHKaMH 3aKpBITOTO THIA C TMATHABIPYATHIM  PACIBUINTEIICM
171.1112010-02 (BAO «A3IIW»), ycranoBieHHbli Ha creHge KU-
22210-02M-15. TlomorpeB TOMIMBa OCYIIECTBILIICS 3JEKTPOGEHOM
3T®-2000/IK (puc. 1).

[lepen HavanoM HCHBITAHUN MNPOBEPSIIACH HCHPABHOCTH CAMOIO
Hacoca U (OpCyHOK (OTCYTCTBHE 3aeIaHUi U CTYKOB NP BPAICHUH KY-
JJAYKOBOI'0 BaJIa; IJIJABHOCTh IEPEMELICHUSI PEWKHU; OTCYTCTBUE Teuei
TOIUIMBA U MPABUIILHOCTh UX PETyJIHPOBOK, BKIIOUasi IPOBEPKY [5]:

— aBIICHHUSI TTOIbeMa UTJTBI (JOPCYHOK M KaUECTBO PACITBLTUBAHUS;

— JaBJICHHSI TOIUTHBA B TOJIOBKE Hacoca, pagHoro 0,07-0,12 Mlla;
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— yIJla Hauaja HarHeTaHWsl TOIUIMBA TEPBOM HACOCHOM CeKuueh u
KOPPEKTUPOBKY yria Hayalla BOPHICKUBAHUS 1O CEKIUSIM OTHOCUTEIBHO
MEPBOM CEKIINH;

— paboTsl perymsTopa.

Pucynok 1 — Crioco6 moiorpesa TOILTMBOIPOBOJIOB BEICOKOTO JTABJICHHS

B xozae ucnslTaHuii CHUMaach BHEIIHSISI CKOPOCTHAsA XapaKTepUCTH-
Ka TOITUBHOTO HACOCa C BKIIOYEHHBIM PETYJIATOPOM BO BCEM MHTEpBAJIE
pabotsl. duKcHpoBaIach MPOU3BOIUTENHFHOCTD Kaxaoil cextmu THB,
paccUMThIBAIMCh CPEHAS LIMKIIOBas IoJaya U HEPaBHOMEPHOCTb I0Ja-
YM CEKUUAMHU. 3aMepsUINCh OTKIOHEHMs Hadaja BIPBICKUBAaHUA U JJIH-
TEJIBHOCTh BIPBICKUBAHMA IO CeKIMAM Hacoca. KauecTBo pacmbuiuBa-
HHS TOIUIMBA (POPCYHKAMH OLICHUBAJIOCh BU3yasbHO. Ilpu mpoBeneHnn
WCIIBITAaHUM HE TOMYCKaIUCh [5]:

— MECTHBIE HarpeBsl 0 TemnepaTypsl Beime +80 °C;

— HEHOPMAJIbHbIC IIyMBbI;

— 3aeJaHye WM eAMHUYHBIC MPHUXBATHI IUTYH)KEpa MpHU JHOOBIX €ro
YIJIOBBIX MOJIOKEHUSX;

— 3aleMJIEHUE peHKH Hacoca.

JlaHHbIE HcclieTIOBaHUM MO3BOJISIIOT YTBEPXKAATh, uTo nogorpes AT
Ha BXoJie B (POPCYHKY HE M3MeHseT XapakrepucTuk padborst THB/I.

Ha puc. 2 nokazaHa BHEIIHSS CKOPOCTHAsl XapaKTepUCTUKA Hacoca
A30A-773-40.28.

AHalmu3 JaHHBIX MTOKa3bIBAET, YTO IOJOTPEB TOIUIMBA BBI3BIBAET He-
3HAYUTENIEHOE YMEHBIIIEHUE [IUKJIOBOH nofaun. Tak, eciii 3HaYeHUe IHK-
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JIOBOM MOJAa4Yu TOIUIMBA HACOCOM IMPU HOMHHAJIBHOW YaCTOTE BpAICHUS
ero KynaukoBoro Bana n = 900 mun™ cocraBser g, = 0,109 Mi/uukn, To
noaorpes TomnuBa a0 100 °C BieueT CHUKEHUE LIMKIOBOM MOAAYU N0
¢y = 0,107 mn/uuxi. Iomorpes xe Tommmsa 10 150 °C Bieder majbHEl-
IIee CHI)KEHHUE IMKIIOBOW mojaun a0 ¢, = 0,104 mu/uukn (puc. 2). 310
MOXET OBITh OOBSICHEHO M3MEHECHUEM O0BhEeMa TOILIMBA BCIEACTBHUE I1O-
nmorpesa. [Ippumem BO BHMMaHHWE, YTO IMKJIOBAs IMOJla4a CEKIIMU ITOCTO-
saHa. OHaKO BO3j1e ()OPCYHKH OHA MMEET BBICOKYIO TemmepaTypy. [lo-
cJie BIPBICKMBAHMS ATO TOIUIMBO MOMAJacT B MEPHBIA IWIUHIp, THE,
OCTHIBasl, 3aHMMAET MEHBIIUH 00bEM.
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Puc. 2. Buemnss ckopocTHas xapakrepuctuka THB/I:
o———o — JIT 6e3 noxporpera; o----0 — JIT npu 100 °C; o-----o — IT mpu 150 °C

COOTBETCTBEHHO M3MEHEHHMIO IOJIa4yl MUMEET MECTO HEKOTOpOe yBe-
nueHue ee HepaBHOMepHOCTH ¢ 1,1 % 1o 4,0 % (puc. 2).

Kpome Toro, 6bU10 YCTaHOBIICHO, YTO ITOJOIPEB TOIIMBA HE BHI3bIBA-
€T OTKa30B B pabOTe TOIUTUBHOM amnapaTypsl AU3es, He CHUKACT MOKa-
3aTelel ee Ha/IeKHOCTH M I0JTOBEYHOCTH.

3AKIIIOYEHUE
1. ITogorpes AT MOXeT OCYIIECTBIATHCS Pa3IMIHBIMUA CIIOCOOAMHU.
2. INonorpes AT ne n3mensier nokazarenu padotel TIIA auzens.

3. IlomorpeB AT He cHmkaeT mokasaTeeii HaIEeKHOCTH U JTOJITOBEY-
Hoctu TTIA.
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VJIK 629-1
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Kyrteprun H. ¥0.', actup., Briopuna M. H.”, kauz. XuM. Hayk, JIOIL.,
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Jlna obecneuenus pabomur [BC Ha paziuuHvIx 6udax u coYemanusnx
MOMOPHBIX MONAUE HEOOXOOUMO GbINOTHEHUE HECKOIbKUX MpPeOO8anul.
Bo-nepsvix, momopuvie ceoticmea anvmepramuenozo monausa (AT) e
O0JIICHBL CUTILHO OMAUYAMbCL OM C80Ucms Ouzenbno2o monausa (HT).
Bo-emopwix, cnedyem obecneuums e2o nadedcHoe OCNIAMEHeHUe U C20-
panue. Asmopamu OAHHOU CmMamvi NPOEOOUMcs 0030p Chocobos 00-
cmudicenust yenu, npeoiazaemcst HO8blll COCMAs OUOMUHEPATLHOU MON-
qusrnou cmecu (BMTC), nosas xoncmpykyus cucmemol numanusi. /lannvle
IKCHEPUMEHMANbHBIX Uccaedosanutl ousens 44H 11,0/12,5 u nonesvix
ucnwimanull Konecho2o mpakmopa benapyc-922 noseonsiiom pekomeHoo-
6aMb UX UCNOIL30BAHUE 8 CYYAsX MH00bIX 6u008 u coyemanuti AT.

To ensure the operation of the internal combustion engine on various
types and combinations of motor fuels, several requirements must be
met. Firstly, the motor properties of alternative fuels (AF) should not
differ much from the properties of diesel fuel (DF). Secondly, it should
be ensured that it is reliably ignited and burned. The authors of this arti-
cle review the ways to achieve the goal, propose a new composition of
the biomineral fuel mixture (BMFM), a new design of the power supply
system. Data from experimental studies of the 4CHN 11,0/12,5 diesel
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engine and field tests of the Belarus-922 wheeled tractor allow us to
recommend their use in cases of any types and combinations of AF.
Knwouesvie cnosa: ouzenvioe monauso, muozomonausuwiti J{BC,
pacmumenvHoe Macno, cucmema NUMmanus, cmecumens, MOonIueonooa-
owas annapamypa.
Keywords: diesel fuel, multi-fuel internal combustion engine, vegeta-
ble oil, power supply system, mixer, fuel supply equipment.

BBEJIEHUE

Tekyumit MOMEHT pPa3BUTHSA JBUTATEICCTPOCHUS XapaKTEpU3yeTCs
MOBBIIIICHHBIM BHUMaHHEM K MHOTOTOIUTMBHEIM auratersiMm (MJI), co-
3IaHHBIM Ha 0a3e CepHITHOTO JM3EIBHOTO IBHTATENS (Iajee — IHA3EI).
IIpumenenue M/ B Ha3eMHOM TPAHCIIOPTE 3HAYUTENIBHO PAaCIIUPSIET UX
TOILTUBHYIO 0a3zy [1].

Bnepseie M/l Hauanu nipow3BoauThes B ['epmanmu eme B 30—40-x
rojlax MPOILIOTO BeKa, yamie Bcero, Ha 0aze kapOroparopueix JBC.
ClOXHOCTh KOHCTPYKLIMU M HEAOCTATOYHBIN ypOBEHb TEXHOJIOTMH HE
MO3BOJWII JOCTUYD IIUPOKOHN peannu3aluy uaeu.

YpoBeHb COBPEMEHHOTO BHUTATEIECTPOCHHUS MMO3BOJIAET Pa3padoTKy
To0BIX cucTeM. TeM He MeHee, MOTOPOCTPOUTENBHBIE 3aBOJIBI HE CIIe-
mrat K BeimycKy Mogudukauuii JIBC nmst paGoter Ha AT.

Jis pactmpenust NCTIOIB30BAHMS HOBBIX TOIIMB W TOIUIMBHBIX CMeE-
ceill mepcreKkTUBHA pa3paboTKa HOBBIX CHCTEM NMUTAHUS, IeJIecoo0pa3Ha
aJlanTanys MOTOPHBIX CBOMCTB HOBBIX TOIUIMB K cBovicTBaM [[T.

PA3PABOTKA CUCTEMBI IIUTAHUSA JU3EJIA
JJIL PABOTBI HA BMTC

[IpuMmeHeHne MUHEPAITLHBIX, CHHTETHYECKUX W OMOJOTHYECKUX TOTI-
JIUB BO3MOJKHO TIPY aJaNlTalliid WX MOTOPHBIX CBOWCTB, BBEIXOMAIINX 3a
paMKH NEUCTBYIOIIMX CTaHAapToB, K cBoiictBam T [2]. D10 MoryT
OBITh TOIUIMBA YTSDKEIIEHHOTO COCTaBa, MaJOCTaOWUIIbHBIE TOTUINBA, TOT-
JMBa C HEIOCTATOYHBIMHA HHU3KOTEMIEPaTypHBIMU CBONCTBAMH, a TaKXkKe
MHOTOKOMITOHEHTHBIC, MAJIOIIETAHOBBIEC, MAJIOKAIOPUITHBIC U APYTHE.

N3BecTHO, YTO TeMmIepaTypa BCHBIIIKH MAapOB AU3EIBHOTO TOIIMBA
OmnpeneseT MoKa3aTeau ero CaMOBOCIUIAMEHSIEMOCTH, TO €CTh, IOKa3a-
TEJM TOXapoOEe30MacHOCTH TOIUIMBA, YTO, OMNpEAEseT MOoKa3aTeinn
HAJICKHOUW pabOThI CaMOTO JU3EIS U HaJEKHOTO (PYHKIIMOHUPOBAHUS
TOTUTUBHOU WH(PPACTPYKTYPHI.
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B BsrckoM rocymapcTBeHHOM YHHBepcHTeTe Oblia paszpaboTaHa
OmoMmHEepaabHas TOIIUBHAS CMeCh [3], BKITIOYAIOIIas:

— nu3enpHOoe TorwkBo (1o 100 %);

— ouosranon (10,0-25 %);

— cypensoe macio (10,0-25 %).

Jlns obecriedeHns] HEOOXOIUMON CTAOMIIBHOCTH CMECH, a TaKxKe II0-
BBIIIICHUST TIOKapo0e30MacHOCTH, HCNojb3oBaitack npucagka MAKCO-
WJI B3-02 na ocHoBe moymmMmetakpunara (2,0-3,0 %). CeoiicTBa ToII-
JIUBHOW CMECH MPHUBEIICHBI B Ta0. 1.

Tabnuna 1 — CBoiicTBa OMOMHHEPAIFHOH TOIJIMBHONW CMECH

TeMmepary- TemnepaTypa BCIIBIILIKU
eMiepary C IPUCATKON
ConeprxaHue 3TaHOJIA U CYPEITHOTO Mac- pa BCIbIII- MAKCOIT B3-02
J1a B TOIUIUBHOM cMecH, Y% Ku 0e3 mpu-
canku 2,0 % 3,0%
MPHUCAJIKA | TPUCAJKU
100 % mu3enpbHOro TOILINBA +52-54°C - -
0 + 0
10 A:)aTaHona 10 % cypenHoro macina +64°C +70°C +78°C
+ 80% nu3enpHOro TOITUBA
0 + 0,
25 A)03TaH0Ha 25 % cypenHoro macina L7200 +82°C +90°C
+ 50 % Au3eapHOro TOIIMBA

Jns mpoBeneHus: ucnbiTanuid Tpaktopa benapyc-922 mpu pabote Ha
BMTC 6pina pa3zpaboTaHa cucTeMa HMUTAHHUS C JOMOJHHUTEIBHBIM TOII-
JUBHOM 0aKOM M CMECHUTEJEM B BHJE HAcoca, MPUBOAMMOIO 3JIEKTPO-
neurareineMm. O0ObeMHas MMojgada Hacoca cocraBiisuia He menee 100 /4,
TEeMIEepaTyphl TOIINBA perynupoainach B npenenax 2040 °C (puc. 1).

HenpepriBaoe nepememuBanne BMTC B 10MOTHUTENEHOM TOIUIHB-
HOM Oake NMpH 3aJaHHBIX PEKUMAaX CMEIICHHS MO3BOJISJIO ONydaTh da-
CTHIIBI SMYJIbCUU pazMepoM He Oonee 50 MKM, YTO XapaKTepu3yeT ee,
KaK MHKPO3MYJbCHIO, OAHOPOAHOCTh COCTaBa KOTOpPOMl comzMepuma c
OIHOPOJHOCTBIO OJHOKOMIIOHEHTHOro TomuBa. [locpeacTsom Hempe-
PBIBHOI'O MEpEMELIMBAHUS TOIUIMBA MOAJEPKHUBAJIOCH HEOOXOAMMOE
BpeMsi ee (QU3MUECKOH cTaOWIBHOCTH. PerynmmpoBaHue TemIiepaTypbl
tormBa B mpenenax 2040 °C mo3BOJSIO COXPAHSTh €€ BS3KOCTHO-
TEMIIEpaTypHBIE CBOMCTBA B PaMKax NEHCTBYIOLIETO CTAHAAPTA IPU H3-
MEHEHHH TEMIIEPaTyphl OKPY>KaIOIIETO Bo3xyXa [4].
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JlaHHBIE IPOBECHHBIX CTEHAOBBIX M SKCIUTyaTallMOHHBIX UCTIBITAHUN
[5, 6] mo3BOISIOT yTBEPKAATH, uTO padora auzenst Ha BMTC ¢ nobaska-
MU J10 25 % 3TaHONa U CypermHOro Macia He yXyAIIaeT ero 3QQeKTHB-
HBIX TIOKa3aTenei.

PPICyHOK 1 — Cucrema nutaHus ¢ JOIOJHUTCIIbBHBIM TOIUIMBHBIM OaKoM

OKCIEpUMEHTANILHO YCTaHOBJICHO, UYTO paboTa Ju3eis Ha MHOTOKOM-
MOHEHTHOM TOIUIMBE MO3BOJIAET CHU3UTH 4acoBOW pacxox camoro T
¢ 15,75 kr/4 10 9,10 kr/4, coorBeTcTBeHHO (Ha 42,2 %).

Kpowme Toro, pabora an3esns HA MHOTOKOMIIOHEHTHOM TOILIMBE T03-
BOJISIET CHU3UTH BeIOpock! caxku B Ol Ha 4,7-6,1 %.

3AK/IFOYEHUE

1. Jns pacmmpeHus MHOTOTOIUIMBHOCTH JU3eNIeH 1erecooOpa3Hbl
pa3paboTKa U CO3AaHue HOBBIX KOHCTPYKIMU cucTeM nutaHus. Heo6xo-
nrMa aganTamus MOTOpHbBIX cBoricTB AT k cBotictBam JIT.

2. [IpumeHeHue MpeIoKEHHON CUCTEMBI TUTAHUSI TO3BOJISIET paboTy
JU3ersl Ha pa3iINyHBIX BUAAX U codeTaHusAX AT, HE MPUBOIUT K yAOpO-
KAHUIO HCIIOJIb30BAHUS TU3EIICH.
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HCCJIEJOBAHUE CMECEOBPA3YIOIIIUX CBOMCTB
BUOMMWHEPAJIBHBIX TOIIMBHBIX CMECEM

INVESTIGATION OF THE MIXING PROPERTIES
OF BIOMINERAL FUEL MIXTURES

3adoaorckux I'. 3.1, acrt., [llmotHukos C. A.", II-p TEXH. HayK, mpod.,
Yepenanosa A. JI.°, KaH. XiM. HayK, HAy4H. COTP.,
'BsTckuii TocyIapCcTBEHHEIH YHUBepCHTET, T. Kupos, Poccus
2DAY 25 F'ocHUH xummoTonornn MO P®, r. Mockga, Poccus
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S. Plotnikov', Doctor of Technical Sciences, Prof.,
A. Cherepanovaz, Ph. D. in Chemistry, Researcher,
'Vyatka State University, Kirov, Russia,
*FAA 25 of the State Research Institute of Chemical Pathology
of the Ministry of Defense of the Russian Federation, Moskau, Russia

B cmamve paccmampueaemca npoyecc @GpakyuoHHOU pa3eoHKU
BMTC-10 u nemueco ouzenvrozo monauea HTJ/I-YJIPTPA ([AT-JI-K35)
C Yenblo UCCAEO08AHUSL CPEOHE20 COOePIHCANUL PPAKYUOHHOZO cOCmasa
BMTC x mosapromy nemuemy [T, nockonrvky smom noxkazameib umeem
ocoboe 3naueHue 015 pabomvl OU3ENbHO2O 08ueamens. Yeenuuenue co-
deporcanus neekux gpaxyui 6 BMTC (3) cnuoicaem camosocniamensie-
MOCMb MONAUB, IMO Ge0eMm K YEENUUEHUIO NePUoOad 3a0epicKu 0Cnia-
MEHeHUs, cnocobCcmeyem NOGbIUEHUI0 KPUMUYECKo20 0aslenus 60Cnia-
MeHeHust paboyell cMecu, Gbl3bleaem JCeCMmKYIo pabomy Ouseis.
Tsoicenvie ppaxyuu (CM) 6yoym umemsv Henoanoe ceopanue, a 3Ha4um
Veenuuueams Oma0ICEeHUs HA2apa 6 Kamepe C20Panus.

Pesynemamul ¢hpaxyuonnoii paseonxu [T nozeonsrom KoHcmamupo-
eamv, ymo cpeouss memnepamypa kunenus BMTC-10 npubnudscaemcs
k JT. Omo ceudemenvcmeyem 0 G3AUMHOM KOMNEHCUPOBAHUU NE2KOU
dpaxyuu (3) msaoceronu (CM). Hdannoe obcmosimenbcmeo noseosisiem
COXpanumo nepuoo 3a0epicKu 60CNIAMEHEHUS. 8 NPENCHUX 3HAYEHUSX,
a, cnedosamenvho, uzbencams HecmKoCmu U 00pa308aHus NOGbIULEH-
HO20 KOIUYeCmea Hazapd HA CMEHKAX YUIUHOPONOPWHEGOU epynnbl
6 npoyecce pabomst ouzens Ha BMTC.
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The article discusses the process of fractional dispersal of BMFM-10
and summer diesel fuel DTL-ULTRA (DT-L-K5) in order to study the
average content of the fractional composition of BMFM to commercial
summer diesel fuel, since this indicator is of particular importance for
the operation of a diesel engine. An increase in the content of light frac-
tions in BMFM (ethanol) reduces the auto-flammability of fuels; this
leads to an increase in the ignition delay period, increases the critical
ignition pressure of the working mixture, and causes the diesel engine to
work hard. Heavy fractions (winter cress oil) will have incomplete com-
bustion, which means that carbon deposits in the combustion chamber
will increase.

The results of fractional distillation of diesel fuel allow us to state
that the average boiling point of BMFM-10 is approaching diesel fuel.
This indicates the mutual compensation of the light fraction (ethanol) of
the heavy (winter cress oil). This circumstance allows you to keep the
ignition delay period at the same values, and, consequently, to avoid
stiffness and the formation of an increased amount of carbon on the
walls of the cylinder piston group during the operation of the diesel en-
gine at BMFM.

Knroueswie cnoea: EMTC, cypennoe macno, smanon, T, ppaxyuon-
HbLLL COCMAB, UCNAPAeMOCb, NOTHOMA C2OPAHUSL

Keywords: BMFM, winter cress oil, ethanol, diesel fuel, fractional
composition, evaporation, completeness of combustion.

BBEJIEHUE

[MTonHOTa CropaHusi ¥ Ka4eCTBO TOIUTHBA 3aBHUCST, C OJHOW CTOPOHBI,
OT KOHCTPYKIIMU TOIUTMBOIIOJAIONICH CHUCTEMBI, C Ipyrod — oT (usuko-
XHUMHUYECKAX CBOWCTB TOIUMB. OCHOBHBIM M3 HHUX SIBIISICTCS HCIapsie-
MOCTb, XapakTepu3yroomascs (pakKIHOHHBIM COCTaBOM H JaBICHHEM
HACBIIICHHBIX Mapos [1].

PaboThl yueHBIX B 00JACTH HMCCIIEIOBAaHHS CBOWCTB TOILUIUB IS CO-
BPEMEHHBIX JHU3eNiell pacrojaraioT OOJNBIINM KOJIMYECTBOM CIOCOOOB
omnpeneneHnss K03(h(UIMEHTa TTOJHOTHI CTOPAHUs, CPEAN KOTOPBIX MOXK-
HO BBIJICJIUTH, HAIPUMEP, aHAIHM3 MPOO, OTOOPAHHBIX W3 TPaKTa JBUIa-
TeIs, ONTUYECKHE METO/IbI, METO/IbI JTa3ePHON JTHAarHOCTHKH COCTaBa ra-
3a, METO/Ibl U3MEPEHUS CHJI, IPUIIOKECHHBIX K MOBEPXHOCTSIM JIBHUTATEIIs,
a TaKXKe ONPENEeNICHUEe KOHICHTPAMK KOMIIOHEHTOB POIYKTOB Cropa-
HHS PAaCYETHBIM M Ta30JHHAMHUYECKHM CIIOCOOOM (C IMOMOIIBbIO U3MeEpe-
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HUSI TETUIOBBIX TIOTOKOB M AaBJICHUI B CTEHKH KaMephl cropanus). Cpenu
BBIIIIEYKA3aHHBIX METOAOB ONPEIEJICHHS IIOJIHOTHI CTOPAHUSI MOXKHO BBI-
JEUTh ellle OIWH, 2 UMEHHO, MeTOJ (DPaKIMOHHOW Pa3TOHKH TOIUIMB,
TIO3BOJIIOLINN ONPeeUTh (PPaKIHOHHBIA COCTaB TOILUIMBA, C TOMOIIBIO
KOTOPOTO MOKHO YCTaHOBUTH €T0 UCTIapsAeMOCTh [2—5].

OOBEKTaMH OTHMCHIBAEMOTO HCCIICAOBAHUS SIBIISIOTCST TIOKa3aTeln
(pakUMOHHON Pa3TOHKH (TEMIIEpaTypa, CKOPOCTh M MOIIHOCTH) JTU3EIIb-
Horo toruuBa JTJI-YJIBTPA (AT-JI-K5) u BMTC-10 (conmepxkariue
B cBoeM coctase 80 % muzenbHoro torumsa (T), 10 % cypennoro mac-
na (CM) u 10 % stanona (3):

Bri6op nanabix BMTC 6bu1 cienan HeciydaiiHO, BeZlb OHU 00J1aAatoT
ommkuvu K AT QU3NKO-XMMHYIECKUMHU CBOHWCTBaMH (TUTOTHOCTBHIO, KH-
HEMAaTUYECKOW BS3KOCTHIO), KPOME TOTO, MMEIOT HauOOIbIlIee BpeMs
cTabunbHOCTH [6].

Hapsiny ¢ nabGopaTopHBIMH HCCIEIOBAHUSAMU OBUIM MPOBEIEHBI MO-
TOpHBIE WCIIBITAHHUS Ha MpeaMeT omnpenesneHus 3QQekTUBHBIX U IKOJIO0-
TMYECKHX IMoKa3aTenel paboThl qu3ens, B X0/ KOTOPBIX yIalloch yCTa-
HOBUTb, YTO HMX HCIOJb30BaHHE (IPU COOTBETCTBYIOIIEM H3MEHEHUH
yIJa ONEePEeXEHUs! BIPBICKUBAHMSA TOIUIMBA) IO3BOJIAET COXPAHUTH (-
(eKTHBHBIC IOKa3aTend, NP 3TOM 3HAYUTEIHFHO CHHU3aTh SMHCCHUIO
BPEIHBIX BellleCTB (Hecropesiux yriaesopoponos C.Hy, okcunos azora
NOy, yrnepoaa C, yTIeKucIoro rasa).

Lenpto vccnenoBaHus SIBISETCS COOTBETCTBUE CPEIHETO COAEPIKaHUS
¢pakumonHoro cocraBa BMTC k ToBapHomy snetHemy T, MOCKOIbKY
3TOT MOKa3aTellb UMeeT 0c000€e 3HaYeHne Ui paboThl AU3ETIBHOTO IABU-
raress. YBenuueHue coaepkanus jerkux ¢paxmuii B BMTC (3) camxa-
€T CaMOBOCIIJIAMEHSEMOCTb TOIUIMB; ATO BEJET K YBEIMYEHHUIO MEPHOA
3a7iep>KKH BOCIUIAMEHEHHsI, CIIOCOOCTBYET MOBBIILICHUIO KPUTHYECKOTO
JaBJICHUS BOCIJIAMEHEHHSI pabodell CMecH, BBI3BIBAET JKECTKYIO padoTy
mmzenst. Tsokensie dpakuun (CM) OyayT MMETh HETOJNHOE CropaHue, a
3HAYUT yBEJIMYMBATH OTJIOKEHUS Harapa B Kamepe cropanus. Takum o00-
pazoM paBHOE cojaep)kaHHe OHOJIOTHYeCKHX KOMIOHeHTOB (D m CM)
JIOJDKHO B3aMMHO KOMIICHCHUPOBATh HEJIOCTATKH OJHHUX JOCTOMHCTBAMU

JIpYyTHUX.
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UCCJIEJIOBAHUE CMECEOBPA3VYIOIUX CBOMCTB BMTC

UccnenoBanus nokasarenedt ¢ppakuuonHod pasronku bBMTC u AT
MIPOBOAMIINCH, 0a3UPYACH HA Pe3yJIbTaTax IMOTYYCHHBIX JaHHBIX aBTOMa-
THUUYECKOTO aHalIM3aTopa (PPaKIMOHHOTO COCTaBa HE(PTENPOIYKTOB
«ADCA», npeHa3HAYEHHOTO ISl ONIPEEIEHNs 3aBUCUMOCTH TEMIIEpa-
Typbl KUIEHUS AHAIM3UPYEMOH CMECH OT KOJHYECTBa OTOTHAHHOIO
npojaykTa npu atMocdepHom nasienuu, B coorserctBun ¢ [OCT 2177-
99 (CTB UCO 3405-2003, ISO 3405:2000) (puc. 1).

Pucynok 1 — AHanu3aTtop aBTOMaTHYECKUN (PPaKIIHOHHOTO
cocraBa HedrenpoaykroB «ADCA»

KoncTpykuust ananuzaTopa npeacTaBiseT U3 ceOs 3aKperyIeHHbIE
Ha 0o0IIeM Kapkace HarpeBareib, BAHHY C TEPMOCTATUPYEMOM KHUIKO-
CThIO, NMIPUEMHYIO KaMmepy, OJOK yIpaBieHHs, KOMIIPECCOp M Hacoc
CHUCTEMBI TEPMOCTaTHpPOBaHUS. B ropioBuHy KOnOBI C aHaIH3UpYye-
Mol mpoboit ycranaBmuBaercs TCII (TepmMomeTp CONMpOTHBICHUS
MJIATUHOBBIN). BaHHa 3akphIBaeTCA KPBIIMIKOM, HA KOTOPOIl yCTaHOB-
JIEHBI: TEPMOJATUUK, NATUYUK YPOBHS OXJaXKJIAIOIIEH >XUIKOCTH H
kinanad. Ko nHy BaHHBI NpUKpPEIUIEH HarpeBarenb. B mpueMHoH Ka-
Mepe HaxoAATCAd MEXaHU3M JABHKEHHUS JaTurhKa ypOBHS OTrOHA, Tep-
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MOJATYHK, NaTYMK Kamlelb ¥ paauarop oxJaxieHus. biok ympasie-
HUS 3aKpEeIICH Ha KapKace aHaIu3aTopa.

PaboTa aHanuzaTropa ocHOBaHa Ha METOJIE, 3aKITFOUYAIOIIEMCSI B OTIpe-
JIeTICHUN 3aBHCHMOCTH TEMIIEpaTyphl KUTICHUSI aHAIM3UPYEMOH MPOObBI
OT KOJIMYECTBAa OTOTHAHHOTO MPOAYKTAa MPH aTMOC(HEPHOM JaBICHUU B
cootBetrctBuu ¢ 'OCT 2177-99 (CTh UCO 3405-2003, ISO 3405:2000).
Hcxonmapie aHHbIe 0 pekUMax padOTHl aHATM3ATOPa U PE3yJIbTaThl aHa-
JIM30B 3aHOCATCS B MaMsTh KommbioTepa. CoeMHEHNE aHanIH3aTopa H
KOMITBIOTEpa TPOMCXOAWUT dYepe3 IMocienoBaTeapHsii  mopt COM
(RS232). Konby, ¢ nanuteiMu B Hee 100 cM® HccieayeMoii mpoosl, ycTa-
HABJIMBAIOT Ha YKapoNpOYHYIO MOJACTaBKY HArpeBaTeis M COSAMHSIOT C
TpyOKOH OXJakaamouei 0aHu, UCIONb3ys LEHTPUPYIOLIee yCTPOHCTBO.
TepMomaTyvK, ¢ TUIOTHO MPHJIETAIONINM HEHTPUPYIOIINM YCTPOWCTBOM,
yCTaHAaBIIMBAIOT B TOPJOBMHY KOJOBL. B BaHHE HY>KHYIO TeMIlepaTypy
MOJICPKUBAIOT TOAKIIOUEHUEM OXJIAK/AIOIIET0 YCTPOWCTBa (XOIO-
IMIIBHUKA) W HarpeBaTelxbHOTO ycTpoiictBa (TOHa). Ananmus ncciemye-
MOHM KHUIAKOCTH IMPOUCXOJUT ABTOMATHYECKHU I1I0 IIpOorpamMme, 3armcaH-
HOU B MaMsTh KOMIIBIOTEPA.

Jia mocTrKeHUs TOCTAaBICHHON IIeNTM UCCIIEA0BaHUs ObUTH OTpere-
meHsl aBe mpoOwl: am3enpHOe TormmBo JITJI-YJIBTPA (AT-JI-KS)
u BMTC-10.

PucyHoxk 2 — 3aBucuMocts Temneparypsl kuneHus T oT konnyecTBa OTOTHAHHOTO
IPOIYKTa (CKPUHILOT U3 IPOrPaMMBI)

Ha rpadwuke (puc. 2) BumHo, uto Havano kuneHus T ykazaHHO#
MapKd HAUUHAETCS IPU fyminy = 170°C, a 3akaHuuBaercs IpU
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fxmax) = 340 °C. 3aBHUCUMOCTb UMEET NIPABUIIbHBIN JIMHEWHBIN XapakTep,
YTO YKa3blBa€T HAa PABHOMEPHOCTb HCHAPEHUS M Ha HE3HAYMTEIbHOE
mMeHeHne kommoHeHTHOTo coctaBa JIT. Cpemnsisi Temmeparypa
KUIIEHUS, TAKAUM 00Pa30M COCTABIISET f(cp) = 255 °C.

I'papux (puc. 3) mpeacraBisier coboii mponecc (HpaKIMOHHON
reperoaku BMTC-10. B ommumn ot mpeapiaymero (puc. 1) oH JwmmmieH
JuHEeWHOCTH. KOMIOHEHTBI uCHapsIOTCs HEpaBHOMEPHO. BumHo, 4TO
MEPBBIM HAYMHACT ucnapsathes O (4 = 79 °C), 3atreM ucnapsercs AT npu
t, = 200-340 °C. KauectBe camoii Tspkemoi (ppakuum BeicTymaer CM
(tc = 345°C). Takum oOpa3oM cpemHss TemIeparypa KHITEHHS
ouonornueckux komroHeHToB (D u CM) cocraBmsieT ty = 212 °C, a
cpennsas Temneparypa kunenuss bMTC-10, B nenoM, fogmrc-10) = 233.5 °C,
910 puOIIKaeTcs K 3HadeHusM [T,

Pucynok 3 — 3aBucumocts Temneparypsl kuneHust BMTC-10 ot konuuecTa
OTOTHaHHOT'O NPOAYKTA (CKPUHIIOT U3 IIPOrPaMMBI)

SAKJIKOYEHUE

Pe3ynbTaTel (paKIMOHHOM pasrOHKH AT IO3BOJIAIOT
KOHCTaTUpOBaTh, 4YTO cCpelnHss Temieparypa kumneHuss BMTC-10
mpubmmxkaercs k  JT. DTo  CBHIETEIBCTBYET O  B3aUMHOM
KOMITIGHCHpOBaHUH Jierkod ¢pakuun (J) Tsokenoit (CM). lanHoe
00CTOSTETLCTBO M03BOJISIET COXPaHUTh nepuon 3aJ€PKKU
BOCIJIAMEHEHHS B TIPEXKHHUX 3HAUEHUSX, 4, CIEIOBaTEIbHO, M30eXKaTh
KECTKOCTH H 00pa30BaHMs TOBBIIIEHHOTO KOJMYECTBA Harapa Ha
CTeHKaX MUJIMHJIPOMOPIIHEBON TPYyNIbI B Mpoliecce pabOThl Iu3ens Ha
BMTC.
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P. Gnevashev, Postgraduate student,
Vyatka State University, Kirov, Russian Federation

B nacmosuyee epems nayumoe coobwecmeo 63510 HANpasieHue Ha
usyuenue u GHedpeHue OaHHuIX Oe3 dKkcnepumenma. Pazeumue nayxu
U MEXHUKU HepasPbleHO CESA3AHO C UCHONb30SAHUEM CUMNIMOMAMUKU.
Yuénoeimu xageopvr «Texumonozus mawunocmpoenusy Bamckoeo eocy-
0apcmeenHo2o YHugepcumema 3a0anH0 HOBOE HANPAGIEHUe NO UOEHMU-
Guxayuu napamempog npoyecca ceopanus ¢ ABC icuoxkux arbmepHa-
MUBHBIX MONUE HA OCHOBE OE3MOMOPHO20 IKCAPECC-Memood.

THonyuen npomescymounviii pe3yiomam KOPPeisyuu Mexcoy MaKcu-
MANBHOU CKOPOCMbIO HAPACMAaHUs 0deieHus npu pabome ousensi u Ou-
INEKMPULECKOU NPOHUYAEMOCHIbIO COCMABA MONIUBA.

Currently, the scientific community has taken the direction of study-
ing and implementing data without experiment. The development of sci-
ence and technology is inextricably linked with the use of symptoms. Sci-
entists of the Department of Mechanical Engineering Technology of
Vyatka State University have set a new direction for identifying the pa-
rameters of the combustion process in the internal combustion engine of
liquid alternative fuels based on the non-motorized express method.
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An intermediate result of the correlation between the maximum rate
of pressure increase during diesel operation and the dielectric constant
of the fuel composition is obtained.

Kniwouesvie cnosa: anvmepuamugroe moniugo, MAkCUMAibHAs CKO-
pocmb HapacmaHusi 0asiienus, 6esMomopHvie Memoobl, OUINeKmpuye-
CKAsl RPOHUYAEMOCHID.

Keywords: alternative fuel, maximum pressure rise rate, non-
motorized methods, dielectric constant.

BBEJIEHUE

B nacrosimee Bpemsi Hay4HOE COOOIIECTBO B3sUIO HANpaBICHHE Ha
M3yYeHNe W BHEJPEHHE NaHHBIX 0e3 akcnepuMmenTa [1]. Pa3Butne Haykn
N TEXHUKHU HEPA3PBIBHO CBA3aHO C HCIIOJIB30BAHMEM CHMIITOMATUKH.
ITopoii ompenenuTs IMOKa3aTelnd NPOTEKAHHWS HPOLECCOB OBIBacT 3a-
TPYIHHUTEIHHO B CBS3U C WX TPYHOEMKOCTBHIO, TTIOITOMY HEKOTOpPHIE Ta-
paMeTphl  ONPEJAENSIOTCS ONMOCPEJOBaHHO TO JPYTHM CBOWMCTBaM.
B Hacrosmiee BpeMs IJisl ONpeAeIeHUs SKCILTyaTallMOHHBIX CBOWCTB JH-
3eIbHBIX JIBUTATENCH UCTIOIB3YyIOT MOTOPHBIE YCTAHOBKH, TJE TP CHKH-
TaHWH TOIUIMBA M3MEPSAIOTCA BBIXOJHBIE MapaMmeTpsl. Hegoctarkamu me-
TOJla TPSAMBIX M3MEPEHUH SIBIACTCS TO, YTO OH TPYJOEEMOK, Tpedyer
CJIOJKHOTO J1TaOOpaTOpHOro OOOPYAOBaHHMS, & TAKXKE HE MMEET BO3MOXK-
HOCTH OILIEHUTH IKCITyaTaI[MOHHBIE CBOMCTBA IO MECTY IKCILTyaTallly.

VYuensimu kadenpsl « TeXHOIOTHS MalllHHOCTPOCHUs» BsiTckoro roc-
YAapCTBEHHOTO YHUBEPCHTETa 33/JaHO HOBOE HANpaBIICHHE IO WACHTH-
¢dukanmuy mapameTpoB mporecca cropanus B JIBC XuAKUX albTepHa-
TUBHBIX TOIUTHB (AT) Ha OCHOBE 6E3MOTOPHOTO 3KCIpecc-MeToaa [2-3].

OCHOBHA YACTb

W3BecTHO, 4TO AMANIEKTpUYECKasi MPOHUIAEMOCTh XHUIKUX BEILIECTB
3aBHCHUT OT MUKPOCKOIMYECKON CTPYKTYPBI U CBOMCTB aTOMOB U MOJe-
KyJ BellecTBa. B AuanekTprke Mo BO3AEHCTBUEM SIEKTPHUECKOTO OIS
MPOMCXOAMT MOJSIPU3ALMSI aTOMOB WJIM MOJIEKYJI, YTO IIPUBOAUT K 00pa-
30BaHUIO BHYTPEHHETO OJJIEKTPHUYECKOTO TMoil. MakpocKomudecKue
CBOWCTBa IUAJICKTPUKOB OMPENENISIOTCS CYMMAapHBIM 3((EKTOM BCEX
MHUKPOCKOITMYECKHUX MPOLECCOB, NMPOUCXOAAMNX Ha ypOBHE aTOMOB U
Monekyn [4]. KoHueHnTpauusa npumeceil oka3pIBaeT BIUSAHNE HA JTUAJIEK-
TPUUECKYIO MPOHULIAEMOCTh cocTaBa. [IpuMecr M3MEHSIOT CTPYKTYpY U
CBOMCTBAa CMECH, YTO NPUBOANUT K H3MEHEHHUIO €r0 AMIIEKTPUYECKHX
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CBOWCTB W CBOICTB mosisipuzauui. COUPTHI, HAPUMEP, XapaKTepU3yI0T-
cs1 6osiee BBICOKON aKTUBHOCTBIO NIPH TOPEHUH MO CPABHEHHIO C YIJIEBO-
JopoAaMu. B nmusnekTpuke, MOMENIEHHOM B JIEKTPHUYECKOE TOJIEe, Tpo-
WCXOIUT Ipolecc nojsipu3anuy. i1 BemecTBa OHA OMpenenseTcss Mo-
JEKYJSIPHBIMM TIapaMeTpaMM: JUIIOJBHBIM MOMEHTOM MOJIEKYJbI, €€
MOJISIPU3YEMOCTBIO M YHCIIOM MOJIEKYJI B €IMHUIIE 00bheMa.

MakcuManbHas CKOpOCTh HapacTaHus AaBieHus (dp/dQ)y. 3aBUCHT
ot cootHomennsa C/H B cMecH, a MMEHHO, MOJIEKYJIIPHOTO COCTaBa. DTO
MO3BOJIIET WCIONB30BaTh JJIsl CPABHEHUS 3HAYCHUS JHUAJICKTPHUYECKON
MIPOHMUITIAEMOCTH € C KECTKOCTBIO Tporiecca cropanus (dp/dQ)max. Biws-
HHUE CBOMCTB TOIUTMBA Ha MPOIIECC CTOPAHUS B IMIIMHIPE TU3EIIS CIETY-
€T paccMaTpUBaTh B CBSI3U C 3aBHCHMOCTBIO XapaKTEPUCTHK TOILIHBA.
[IpumeHenue B au3ene TOIUIMB OOJET4€HHOrO (pakiMOHHOI'O COCTaBa
BezieT k yBenuueHuto [13B u ckopoctu TemmoBbieneHus B (aze ObICT-
poro cropanusi. [Ipu 3ToM BO3pacTaloT MakCUMalbHOE JaBJICHUE LKA
Y CKOpPOCTB €r0 HapacTaHus [5].

(dp/d@)max

o8 D/d) s g
0,70 e=r¥ |y €
0,65 e o e L L]
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35
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PI/ICyHOK 1 — [Tokazarenu KeCTKOCTH npouecca cropaHus, OrnpeacJI€HHbIC Ha OCHOBE
3HAYCHUI HI/ISHCKTpH‘{eCKOﬁ MPOHUIAEMOCTHU TOILINB: o o —& (3TaHOJ’I);

_ (PM); = _ ¢ (cypenmoe maco); & =====0 — (dp/dQ) .y (3TaHON);
% — =% _ (dp/d@)ums, (PM); B = = = = T — (dp/d@)pas (cyperioe macito)

[IpoBoxst aHanM3 MONYYEHHBIX AAHHBIX (puc. 1) BUIHO, YTO MMEET
MECTO KOPPEISIHOHHAS CBSA3b MEXY ITUIICKTPUUYECKON MPOHUIIAEMO-
CTBIO € U MaKCUMAJIBHON CKOPOCTHI0 HapacTaHus NaBieHUs (dp/de)max.
MOXHO 3aMETUTh, YTO JaHHBIC TCOPETHUCCKUX M3BICKAHUH YyIOBJICTBO-
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PHUTENBHO COINIACYIOTCSl C KCIEepUMEHTanbHbIMU. Ha rpaduxe BUIHO,
qTo Xapaktep KpuBBIX (dp/d@)y.« MpakTHYecKd Ha BceX cocraBax AT
COBIAAACT C XAPAKTEPOM U3MEHEHHMs 3HAUCHUHN JUBJIEKTPUYECKON IIPO-
HUIIAEMOCTH €.

Ha rpajukax Touku ¢ HyneBbIM cojaepkanueM AT xapakTepu3yroT
yucroe JT.

3AKJIIOYEHUE

B xome mpozaemnanHoil paboTel ObUIM TMOJY4YEHBI CIEOYIOIIHE pe-
3yJBTATHI:

— MOJY4YEeH MPOMEKYTOUHBIM PE3yJIbTaT KOPPEJSLUU MEXAY MAKCH-
MaJIbHON CKOPOCTBIO HApacTaHWs JaBjieHust IPU pabOTe MU3ENs U 1u-
AIIEKTPUIECKON MPOHUIIAEMOCTHIO COCTaBa TOILINBA,;

— MPEAJIOKEHBI TEOPETHYECKHE 3aBHCUMOCTH OIPEICICHUs KECTKO-
CTH IIpoliecca CrOpaHusl B IIIMHIPE aBTOTPAKTOPHOTO AW3ENS IPH pa-
bdore c pgobaBkoil srtanoma, PM wu cypemHoro wmacna. PacuerHo-
AKCIIEPUMEHTAIBHBIM IIyTEM yCTaHOBJIEHO, uTo s st AT ¢ mo6aBkoit
50 % atanona (dp/dQ)m. paBao 0,793 MIla/rpanyc, mist AT ¢ mobaBkoi
50 % PM (dp/d@)m.x paBHO 0,667 Mlla/rpanyc, nns AT ¢ mobaBkoi
50 % cypemroro Macna (dp/d@)m., paBao 0,664 MlIla/rpamcyc.
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VJIK 656 (075)
HMCCJIEJTOBAHMSI KAYECTBA MOTOPHBIX MACEJL,
PABOTAIOIINX B JKAPKHX KJIMMATHYECKHX
YCJIOBUSIX

RESEARCH ON THE QUALITY OF MOTOR OILS OPERATING
IN HOT CLIMATIC CONDITIONS

AJuMoBa 3.1, KaHJ[. TeXH. HayK, mpod.,
Kapumosa K.”, 1-p duioc. o Texs. Haykam,
'TanIkeHTCKHii TOCY1apCTBEHHbIHA TPAHCIIOPTHBIA YHUBEPCHUTET,
r. Tamkent, Y30ekucran
2}1>1<H3aKCKI/H71 MOJINTEXHUYECKUI HHCTHUTYT, T. Jku3ak, Y30ekucran

Z. Alimova', Ph. D. in Eng., Prof.,
K. Karimova®, Doctor of philosophy (PhD) technical sciences,
'Tashkent State Transport University, Tashkent, Uzbekistan
*Jizzakh polytechnic institute, Jizzakh, Uzbekistan

Lenvio 0annoti pabomoi s6151€MCA UCCIEO0BAHUE IKCIIYAMAYUOHHBIX
Xapaxmepucmux MOMOPHLIX MAcel, pabomaiowux 6 08UAMENsIX MAdiCe-
JIOHAZPYIHCEHHO20 MPAHCHOPMHO20 000PYOOBAHUS, 8 HCAPKUX KIUMAMU-
yeckux ycnogusx. Ilposedenvt n1abopamopHvle UCCIe006anUs IKCHIYA-
MAYUOHHBIX Xapakxmepucmuk momoprozo macia SAEISW-40, API CI-4,
NpUMEHAEeMO20 8 OU3ETLHBIX oguzamersx, pabomarowux
8 MISAICEIOHACPDYIHCEHHOM 000PYO0BAHUU. Yuumvieas 6ce NOJyYeHHbie
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HaMU IKCNEPUMEHMATbHbIE OaHHble NO USMEHEHUIO KAYeCMBEHHbIX NOKA-
3ameretl, Mbl peKOMEHOYeM OONOJIHUMENbHO 66ECHU 8 MOMOPHOE MACO
npucaoku, komopoe cocmoum u3 gocgopa 4,5 %, cepvr 14 %, monud-
oena 10,6 %.

The purpose of this work is to study the performance characteristics
of motor oils operating in engines of heavily loaded transport equipment
in hot climatic conditions. Laboratory studies of the performance char-
acteristics of the SAE15SW-40, API CI-4 engine oil used in diesel engines
operating in heavy-duty equipment have been carried out. Taking into
account all the experimental data we have obtained on changes in quali-
ty indicators, we recommend additionally introducing additives into the
engine oil, which consists of phosphorus 4,5 %, sulfur 14 %, molyb-
denum 10,6 %.

Kniwouesvie cnosa: momopnoe macno, oxucienue, 3a2psA3HeHHOCHDb,
OMA0ACEHUS, 00N208EUHOCTb, 3ANBLIEHHOCHIDb.

Keywords: engine oil, oxidation, contamination, deposits, durability,
dustiness.

BBEJIEHUE

[lpuMeneHuss Macia TpW MOBBILEHHBIX 3HAYCHUSX TEMIeEpaTyp
okpyxarotei cpeapl (6ombire +40 °C) HabmIOZAOTCS CIIEIUpUIECKUe
OTKa3bl, BBI3BAHHBIC YXYIIICHHEM (DU3UKO-MEXAaHUYECKHX CBOWCTB
BCJICZICTBUE MOBBIIICHUS TEMIIEPATyphl Maciia B Kaptepe Apurarens. [1pu
MOBBIIICHUN TeMIIEpaTypbl Macia B kapTepe 6oiee 120 °C macno tepsiet
CBOIO BSI3KOCTh U HE CHOCOOHO 00Opa30BBIBaTh HAI&KHYIO IUICHKY Ha
TPYIIUXCS JETANsAX, a TakKe OOECHeUUTh KHJIKOCTHOE TPEHHE B TOJ-
HIMITHUKAX, YTO TaKKe MPUBOIUT K yBETWUUEHHIO M3HOca. Kpome Toro,
JaJIbHENIIee MOBBIIEHNE TeMIepaTtypbl Macina Ha 10 °C yBenuuuBaeT
CKOpPOCTh OKHCJIEHHUS Macjia B 2 pa3a, 3HAUUTEIbHO BO3PACTaET Pacxonl
Macja Ha yrap. YBeludeHue temmeparypbl macna ceoiaie 190-200 °C
MOYET CIPOBOLMPOBATH €r'0 BCIIBIIIKY U TOPEHHUE.

OCHOBHA YACTb

Lenbto ganHOW pabOTHI SABISETCS UCCIEIOBAHUE SKCILTyaTallHOHHBIX
xapaktepucTuk MmotopHoro macina SAE15W-40, API CI-4 npumensemo-
TO B JU3EIBHBIX JIBUTATEISAX pabOTAIONINX TSXKEIOHATPYKEHHOM 000py-
JoBaHUM. J[1s peanuzaniy OCTaBICHHOW eI HAaMH OTOMPANCh TPO-

209



051 MoTopHOoTo Macina SAE15W-40, API CI-4 ¢ aBrocamocBana benA3-
75310 u mogBepraguch aHAIM3aM IO OCHOBHBIM ITOKa3aTellsIM KadecTBa.

JUis muarHOCTHKHM JBUTATeNsl OOBIYHO PEKOMEHIYETCS B Maciax
ONpPENEINTh KUHEMATUYECKYIO BA3KOCTb, TEMIIEPATYPY BCIBILIKH, IIE-
JIOYHOE W KHUCJIOTHOE YHCJa, COAEpXKaHWE BOIBI W 3arpsA3HEHUH, IUIOT-
HOCTb, LIBET Maciia U Jip. KOMIUIEKCHBIN aHalu3 Pe3yabTaTOB JaHHbBIX
MoKa3aresyieil MO3BOJISIET MPOBECTH TUATHOCTUKY COCTOSIHUS JBUTATEINS C
MaJbIMH TPYJ03aTpPaTaMH U OMNPEACIEHHOM NOCTOBEPHOCTHIO. B mpo-
1IeCCe AKCIUTyaTallMK TOJKOHTPOJBHBIX aBTOMOOMIICH TPOM3BOICHBI UC-
cleioBaHMA MPOO CBEXEro Mmacia, paboTaromero u oTpaboTaHHOTO C
¢ukcupoBanueM npoodera.

Ji AMarHOCTHUPOBAHUS COCTOSHUS OTAETBHBIX Y3JIOB M arperaTos,
otOupanu npody macia B komuuectse 0,3—0,5 1. M3ydyeHbl OCHOBHBIC
(PUBUKO-XUMHUYECKHE IMOKA3aTeNId CBOMCTB (KMHEMATHUYECKas BS3KOCTb,
TEeMIepaTypa BCIBIIIKH B OTKPBITOM THIJIE, IIEJIOYHOE YHCIIO,), BIHSIO-
IIUX Ha HKCIDTyaTallHOHHBIC XapaKTEPUCTUKH Maca.

Tabnuna 1 — DxcriepuMeHTalbHbIE JaHHBIE TOKa3aTeNnei kayecTsa paboTaBIero
motopHoro macia SAE15W-40, API CI-4

HapabGotka | Temmeparypa Kunemaruu. B3kocTh lenounoe
Macsa, M/4 Benbiiku, °C npu 100 °C, cCt yucio, mr KOH/r
0 224 15,30 9,30
50 215 14,32 9,21
100 210 13,93 9,05
150 204 13,88 8,01
200 202 13,50 7,63
250 195 13,04 6,95
300 189 12,95 5,73

Kak cremyer w3 TaOMUIBl OTKIOHEHHS KadeCTBEHHBIC IMOKA3aTeH
(BSI3KOCTB, IIEJIOYHOE YUCIIO U TEMIIepaTypa BCIBIIIKH) CTaN 3aMETHBI-
MU 1ipu npobere camocBana 200 mM/4 u Oonee. B mponecce paboThl Bs3-
KOCTh Maciia yMeHbImiock 10 12,95. CBs3aHO 3TO C M3MEHEHHAMU
CTPYKTYPHO-TPYIITIOBOTO COCTaBa U MOIMAJaHUEM TOTLIHBA.

Becpma BaxXHBIMH TIOKa3aTeNIsIMU KauecTBa Macia U ero paboTocro-
COOHOCTH SIBJISIETCA IIEIOYHOCTh U BOJOPOAHBINA MOKA3aTeNb — IJIABHBIC
KPHUTEPHH OLICHKN cpabaTbiBaeMocTH npucanku. lllenodnoe unco sBs-
eTcsl yCIIOBHOM Mepoi CIocOOHOCTM Macila HEHTpannu3oBaTh KUCIIOTHI,
oOpasyromuecst U3 IPOIYKTOB CTOPAaHUs TOIIMBA U OKUCIICHHS OCHOBBI
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Mmacina. lllenouyHocTs, 00yCIIOBIIEHHAS HAJIMYUEM IIEIOYHBIX MPHUCAJIOK,
pacxoayercss Ha HEHTpallM3allio KUCIOT ¢ pa3HoM ckopocThio. Ilpene-
JIoM paboOTOCIIOCOOHOCTH Mace)l O4YEHb YacTO CUMUTAIOT PaBEHCTBO OOIIIe-
TO MIEIOYHOTO YHciia 00meMy KHCIOTHOMY uduciy. [lomyctuMoe 3Hade-
HUE IIE0OYHOro Ymcia orpanmumnBaercs 1,5-2,0 mr KOH/r, nmm 50 %
IIEJIOYHOTO YHUCIIAa CBEKEro Macyia. JKCIUTyaTalys IBUraTelIs Ha Macie ¢
IICJIOYHBIM YHCJIOM HIDKE MPEACIBHOTO BEAET K YCKOPEHHOMY W3HOCY
MOPITHEBBIX KOJEI[ ¥ IWIINHAPOB, HHOTa HaOII0gaeTCss WHTEHCH(UKA-
1K JIAaKO- M HarapooOpa3oBaHusl. HU3Kkoe I1eJI09HOe YUCIIO MPUBOIUT K
KOPPO3UM U pa3pylICHUIO HauOoJiee YA3BHMBIX JCTaJICH IBUTATENS, B
YaCTHOCTHU BKJIQJBIIIEH MOAIIUITHUKOB KOJIEHYATOro Baia. B miurensHO
paboTaromeM Maciie IepBOHAYAIEHO BBEIEHHBIC TIPUCAIKHA MOTYT OBITH
MOJIHOCTBIO M3PACXO0BaHbl, HAIIPUMEP, MPU HEHTpanu3anmud KapOoHO-
BBIX KHUCIIOT, OJJHAKO WX COJU (MPOAYKTHI HEHTpanu3amuu) CTAaHOBATCS
HOCHUTEIISIMH IIEJIOYHOCTH B padOTaloMIeM Maciie, a IIEJIOYHOE YHCIIO
YBCINYNBACTCA.

MoTopHOEe Maciio JOJDKHO 00JajgaTh ONPEACICHHOH IIEIOYHOCTHIO
JUTSE COXPaHEHUS MOIOIIMX CBOMCTB, CIOCOOHOCTH K HEHTpaIu3alliu
KHCJIOT W TIO/IaBIEHHS MPOIECCOB KOppo3uu. Yem Oompine mienoyHoe
YHCII0, TeM OOJIBIIEE KOJIMYECTBO KHUCIIOT, OOPa3yIONIMXCS TMPU OKHCIIC-
HUU Macja U CTOpaHUH TOILINBA, MOXKET OBITh TIEPEBEJCHO B HEHTpaih-
HBIE COeIMHEHN. B MPOTUBHOM ciydae 3TH KHCIOTHI BBI3BIBAIOT KOPPO-
3MOHHBIH M3HOC JCTaJCH MBUTaTeIsl U YCHIMBAIOT IPOIIECChl 00pa3oBa-
HUSl OTJIOKEHUH. 3 TabIUIBl BUHO, YTO IIEIOYHOE YUCIO B TPOIIECCe
paboTHI CHU3MIIOCH ¢ BeTuanHbE 9,31 mo 5,73.

TeMHepaTypa BCIIBIIIKK MacJia SBJISICTCA IIOKA3aTCJIIEM HAJIN4YUA B
HeM (pakiui JUCTUWUITHBIX TOIUMB. OHAa WU3MEHSETCS TMpH IMomnaja-
HUW B HETO HECTOPEBIIETO TOILINBA, M yTeUYKax TorummBa. [[is pabora-
IOIUX Macell MpeellbHOe 3HaYeHNEe TEMIIEPATYPHI BCIIBIIIIKHA COCTABIIS-
et 170-180 °C, a a1 BBICOKOBSI3KMX Macel ¢ BBICOKOW TeMmeparypoi
BCIIBIIIKY CYUTAOT MPEJCIBHBIM CHIKCHHE TeMIIepaTyphl BCIBIIIKA Ha
40-50 °C. Ilpm momamanmm B Macio 1 % TomnmmBa Temmeparypa
Benblmky cHbkaercss ¢ 200 °C go 170 °C, a mamuuue B Maciie 6 %
TOIUIMBA CHUYKACT €€ MOYTH B 2 pasa. PazkmkeHUe Macia TOIUTMBOM
BBI3BIBAET PE3KOE YXYIIIEHHE €r0 MPOTHBOM3HOCHBIX CBOWCTB, yCKO-
pSAET MPOLIeCChl Harapo- W jakooOpa3oBaHUs Ha MOpIIHAX. Pecypc pa-
00THI Macyia 00YCJIOBIICH TJIABHBIM 00pa3oM €ro MOIOIIMMH CBOMCTBa-
MU, TIO3TOMY TIOYTH BO BCE€X MOTOPHBIX HCHBITAHHUAX YIEISIIOT OO0Jb-
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roe BHUMaHHE MOIOIIMM CBOMCTBaM MOTOpHBIX Macen. [Ipu pabote
IU3esl Ha TOCTOSHHOM PEKUME CKOPOCTh HMCTOIIEHHS ILIEJIOYHOCTH
Maclia IpOHOpPIHOHAIbHA PACXOAY TOIUIMBA.

VYuuTeIBas Bce MONyUYCHHBIE HAMHU 3KCIIEPUMEHTAIBHBIC TaHHBIE 110
W3MEHEHHIO Ka4eCTBEHHBIX ITOKa3aTelIel (IIeJI0YHOe YHCIO U TEeMIIe-
paTypa BCHBIIIKH), MBI PEKOMEHAYEM JOMOJHUTEIHHO BBECTH B MO-
TOpPHOE MAacj0 MPHUCAAKY, KOTOpass COCTOUT U3 MOJHOJEHa, Cephl U
¢docdopa. AHann3bl MOKA3BIBAIOT, MOJIMOACH B COYETAHUH C CEPOil U
¢dochopom obnanaroT BecbMa 3Q(HEKTUBHBIMH MPOTHBO OKHUCIUTEIb-
HBIMH CBOiicTBaMu. [laHHas mpucajka MO CPaBHEHUIO C JPYTUMHU
npHucaIKaMHu J0CTaTOuHO 3()(eKTuBHA U CTaOUIbHA IPU OTHOCHTEIb-
HO BBICOKHX Temmeparypax. IIpoBepka HECKOJBKHX AECITKOB 3THUX
COCIMHEGHUH B KadecTBe MPHCANOK K MacliaM IoKa3aia, 4TO OHH
BecbMa 3(Q(EKTUBHBI HE TOJBKO B CBEXKUX Macjiax, HO B 0TpaboTaB-
ITUX U pereHepUpOBaHHBIX. B manHo# nmpucagke comepxanue Gocdo-
pa 4 %, cepsr 10 %, monubnena 6 % wmacc. Ilpucamka MOTHOCTHIO
pacTBOopuMa B Macie, B BOJe OHa He pacTtBopsieTcs. OTaMUuTeIbHas
0COOCHHOCTh JaHHOW MpPHUCATKU — €€ paboTocrnocoOHOCTh U 3ddek-
TUBHOCTH MPOSBISAIOTCS IPU SKCILUTyaTallUd B YCIOBUAX YMEPEHHBIX U
BBICOKMX KOHTaKTHBIX HampsbkeHuid. OHM 00manaloT J0CTaTOYHON
TEPMHUYECKONW U OKUCIUTENbHOH cTabunbHOCThIO. [lo3TOMY OHa mpu-
MEHHMAa B Ka4eCTBE HE TOJbKO MPOTHUBOU3HOCHOH, HO U @aHTHOKHCIIU-
TEJIHHOW TMPUCATKON B MOTOPHBIX Maciax, pabdoTaloNIMX B YCIOBUAX
JKapKOTo KJIMMaTa W BBICOKOW 3aMbUIEHHOCTH Bo3Ayxa. JlaHHasi mpH-
caJKa XOpOILIO COBMEILIAETCS C MPHUCAIKAMH IPYTUX THIIOB, I03TOMY
ee TMPUMEHSIOT 3arymeHHBIX M HE3aryleHHBIX MOTOPHBIX Maciax
pasIUYHOTO Ha3HaueHus. Mojenb MpPOTHBOM3HOCHOTO ACHCTBUS cep-
HUCTBIX COCIMHEHUH, MpenroyiaraeT aacopOLHI0 MOBEPXHOCTU Me-
Taljia U MOCIeAYIOIYI0 TUCCOUAHIO MOJIEKYII IO CBI3IM S-S ¢ 00-
pa3oBaHHWEM JIOCTAaTOYHO TPOYHBIX COEAMHEHHH C METaJlJIOM.
Pexomenayemas koHueHTpauus npucaaku MoPS-14 B moropHBIX
macinax 1-5 %.

Jns mpoBedeHHs SKCIEpUMEHTOB MoTopHOoe Macio SAE15W-40,
API CI-4 ¢ no6arnenHoit npucaakoii MoPS-14 nonsepranu aHaau3sy 1o
(U3NKO-XUMHUYECKHUM TIOKa3aTeNiiM Ha COOTBETCTBHE TpPEOOBAHHUSM.
OnpeyienuB pacTBOPEHUE MPHCAJAKKH B MOTOPHOM Maciie, HaMH ObLIO
ompeseneHo (PU3NKO-XUMHUYECKHE MTOKa3aTent (IeJI0YHOE YUCIIO U TeM-
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TeMIeparypa  BCOBIIIKM) MOTOPHOIO  Macia Juid  pa3lddHOU
KOHIICHTpPAIIMH Mprcangok (puc. 1).

Jis ompenencHus MISJIOYHOTO YWCIAa Opanu 00pasipl Macen ¢
pasHbIMH  KOHUeHTpauusmMu MoPS-14 (1 %5 %) mnpucagku u
ompeaensu HanOollee ONTHMAaJIbHYI0 KOHIIEHTpanuto. M3 pesymbraToB
aHanm3a HaMHu ObUTO BBIOpaHO comepkanne MoPS-14 mpucamox 3 %,
KOTOpOE IIOKa3bIBAET ONTHUMAalbHOE 3HAYCHHWE BS3KOCTH, ILIEIOYHOTO
YyHUClla ¥ TEMIIEpaTypy BCmbIIKkH (puc.1).

12 16
—tl
11 14 R
10 12 \\
3
9  sumEl 10
0 1 2 3 4 5 0 1 2 3 4 5
KOHIIEHTPAIUsI IPUCAJIKH, %0 KOHUCHTPALH IPHCALKH, %

a 0)

244 /,
234 ‘/

4
KOHHCHTpaHI/IH HpHCﬁ,[[KH,éA)

B)
Pucynoxk 1 — VI3MeHeHHe SKCIUTyaTallMOHHbBIX TIOKa3aTeen:
a — MEJIOYHOTO YHCNa; 6 — KHHEMATHIECKOH BS3KOCTH;
6 — TEMIIEPaTypPhl BCIBIIIKA MOTOPHOTO Macia OT KOHI[EHTPALUH IPHCAIKI
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3AKIIIOYEHUE

I[To pe3ympTaram J1a0OPATOPHBIX HCCICAOBAHUN TIPH BBEICHUH
npucagku MoPS-14 3 % B motopHoe macio SAE15W-40, APl CI-4
(DM3UKO-XMMUYECKHE TIOKa3aTeNld AU TOJOXKHUTEIBHBIA pPe3yNbTaT Mo
cpaBHeHMIO ¢ Oa3zoBeiMH Maciamu SAE15W-40, API CI-4. Ilenounoe
YHCIIO0 MOBBICKHIIOCH ¢ 9,3 1o 12; a TeMmeparypa BCIBIIIKK HOTHSIACEH 10
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243 °C, uro ceuaerenbcTBYeT 00 dddekTrBHOCTH T00aBICHHON
npucanku. [Ipy manpHEWUM yBEIMYEHUH KOHIEHTPAIMU YMEHBINASTCS
BSI3KOCTh /10 11,5, 4TO MOXET MPUBECTH K TOBBIIMICHHBIM MOTEPSM Ha
Tpenue. [Ipy ucmonp30BaHNM TaKOM MPHUCAIKH MMOBBICUTCS PECYpC pabOoThI
MOTOPHOTO Macjia M KOTOPO€ MOXKET TakKe MPHUBECTH K yYMEHBIICHHUIO
W3HOCA TMOPITHEBEIX KoJell. B aToM coctonut 3)eKTHBHOCTH BOZMOKHOTO
MIPUMEHCHHSI, OJTYIeHHOTO HaMH HOBOT'O 00pa3Ia.

B  macrosmiee  BpeMsi  HCCIENOBAaHHUS — MPOJOIDKAIOTCS IO
3G PEKTUBHOCTH BIHSHUS TPHUPOABI W KOHIIGHTPAI[MH TIPUCATOK Ha
SKCIUTyaTallMOHHBIC TIOKa3aTejae MOTOPHBIX Macell, paboTarommMx B
JIBUTATENAX TKETOHATPYKEHHOTO TOPHOTPAHCIIOPTHOTO 000pYIOBaHUS
B >1<ap1<1/1x KIIMMATUYECCKUX yCJ'IOBI/IﬂX. B H&HLHCﬁmCM 3T Macja MOFYT
OBITh JOMYIIEHHI HA CICAYIOIMMANA dTalml — K 3KCIUTyaTalldOHHBIM
HUCIIBITAHUSM HA CHGHHaJIbHOﬁ TCXHHUKCE.
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YK 621.436
OBECIHHEYEHUE PABOTbBI IU3EJIA
HA PA3JIMYHBIX BUJIAX TOIIJINBA

ENSURING THE OPERATION OF A DIESEL ENGINE
ON VARIOUS TYPES OF FUEL

I'epmans J. I'., cT. npern.,
Benopycckuil HalmoHaNBHBIN TEXHUYECKUM YHUBEPCUTET,
r. Munck, Pecriyonuka benapychb

D. Hershan, Senior Lecturer,
Belarusian national technical University, Minsk, Belarus

Paccmompenvt paxmopol, érusiowue Ha UCROIL3OBAHUE PASTUUHBIX
61006 monauea 8 ouzenax. [{na pabomel Ouzens Ha pasiudHbIX MONIUBAX
npeonazaemcs UCHOIb30BAHUE CUCEMbL MONIUBON00AUU, 8 KOMOPOU
BUPLICK MONAUBA OCYWECMBTIACMCS OPCYHKAMU ¢ pa3padoOmaHubim
pacnvliumenem ¢ COCMAGHOU U2nol U O8YMs PAOAMU PACHbLIUSAIOUWUX
omeepcmutl.

The factors influencing the use of various types of fuel in diesel
engines are considered. To operate a diesel engine on various fuels, it is
proposed to use a fuel supply system in which fuel injection is carried
out by injectors with a developed atomizer with a composite needle and
two rows of atomizing holes.

Knwuesvle cnosa: ouzenv, moniueo, cucmema MONIUGONOOAUU,
pacnvlaumens OpCyHKu.

Keywords: diesel engine, fuel, fuel supply system, injector nozzle.
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BBEJIEHUE

Hcnonp3oBanune pABurareneil BHYTPEHHEIO CrOpaHHs CIOCOOHBIX
pa6OTaTI> Ha pa3JIMYHbIX BUJaX TOIUIMBA AACT BO3MOXHOCTH paClIUPUTH
1 HanOoJiee paIlOHAIBHO WCIONIh30BaTh TOILIMBHBIE pecypchl. Bmecrte
CTeM TMPUMEHEHWE pa3IUYHbIX TOIUIMB TIIO3BOJISIET Oojee THOKO
YIPaBIATh pabOYNM MPOIECCOM ABUTATENS Ui MOTydeHHUs] TpeOyeMBbIX
ero mokasareneid. [loaToMy mpoOiieMa HCIIONB30BaHUS PA3THUYHBIX
BUJIOB TOILJIMBAa B COBPEMEHHBIX JU3EISX SBIISIETCS aKTyalbHOU [1-6].

OCHOBHAS YACTb

CriocoOHOCTh au3enss paboTaTh Ha pa3IMYHBIX BHIAaX TOIUIMBA
00yCIIaBIMBAETCI  €r0  KOHCTPYKTUBHBIMH W PETYJIMPOBOYHBIMHU
napameTpaMu, peXUMaMu padoThl, YCIOBUSIMH KCIUTyaTanuu. K nepeeiM
CJIeZlyeT OTHECTH CTENEHb CxKaThs, (POpMY U pa3Mephl KaMephl CrOpaHus,
€e pacCIoJIO’KEHUE, THI TPUMEHSIEMONW CHUCTEMBI TOIUTMBOIIOMAYH, YTOJ
OTIEpEKCHUS BITPHICKA TOTUIMBA, JaBJICHUE BIIPHICKA, TapaMeTPhl HAITyBa.

OCHOBHBIE TPYJHOCTH OpraHu3aluy padoyero mporecca Ju3eis Mpu
WCTIOJIb30BaHUN PA3IMYHBIX TOIUTUB TIPH CYIIECTBEHHOM OTJIHYHH WX
(DM3UKO-XUMHUYIECKIX CBOWCTB CBS3aHBI C W3MEHEHUEM IIPOTEKAHUS
MPOIIECCOB CMeceoOpa3oBaHus W cropaHus. J[as WX KayeCTBEHHOIO
MPOTEKAHUSI MOTYT MPUMEHITbCSI M3MEHEHHUS XapaKTePUCTUKH BIPBICKA
TOIUTMBA, CITOCO0A CcMeceoOpa3oBaHUs, CTCIEHH CXKaTHsA, KOTOpBIC
00eCIeYnBaOTCs,, COOTBETCTBEHHO, CUCTEMON TOILIMBOIOAYH, KaMepon
CropaHusl, CHCTEMaMH H3MEHEHHS CTETICHH CHKATHSL.

Jlns  paboTel Ha pa3IMYHBIX TOIUIMBAX IIpeyIaraeTcs CHCTeMa
TOIUTMBOIIONAYN  HEMOCPEACTBEHHOTO JIEHCTBHS, WCIONB3YIOMAs IS
BIIPBICKA TOIUIMBA ()OPCYHKHU C PACIIBUIUTENIEM C COCTABHOM WTJION U ABYMSI
psigaMu  pacnbunitolx otBepctuit  [7].  CucTeMa  TOIUIMBOMOAAYU
BKJIFOYAET B ce0sa TaKKe Ba TOIUIMBHBIX Oaxa, Ba
TOIIIMBOIIOJKAYMBAIOIIMX HACOCA, JBA (DHIBTPA IPEIBAPUTEIILHON OUUCTKU
TOIUIMBA C IMOJOTrpeBaTeseM, NBa (UIBTpa TOHKOM OYMCTKU TOILIHBA,
TOTLTUBOIIPOBOIBI JIMHUI HU3KOTO M BBHICOKOTO NABJICHUS, B TOILTMBHBIX
HAcoca BBICOKOTO JIaBJICHUS, JAaTIMKH TEMITSPATYPhI U JaBJICHUS TOTUTHBA.

Brpeick TOTUMB (DOpCYHKAMH MOXKET OCYIIECTBISATHCS KaK depes
BEpXHUH pAJl PACTIBUISIONIMX OTBEPCTHUH, TaK M Yepe3 HWKHUI
OTHOBPEMEHHON WJIM Pa3/eibHO B 3aBUCHMOCTH OT pPeXHUMa pabOThI
JIBUTATENsl U TpeOyeMbIX IOoKaszarenel. Pasznuune B KOHCTPYKTHBHBIX
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nmapamMeTpax paclbUISIONIMX OTBEPCTUH KAXKIOro psaa, a TaKke
Pa3UYHOE PACIIONOXKEHNE OTBEPCTHH HAa HOCKE PACHBUIATENS TTO3BOJISET
OoJsiee THOKO YNpPaBISTH MPOIECCAMH CMECEOOpa30BaHUS U CTOPaHHUs, C
Y4EeTOM XapakTePUCTUK TOIUIMBHBIX CTPYH, KOTOpBIE 3aBUCAT OT
MapaMeTpoB BIPHICKA, CBEXKETO 3apsna M (PU3MKO-XUMHYECKHX CBOICTB
MIPUMEHSIEMOT0 TOILIHBA.
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CITIOCOBBI JOCTU/KEHNA MHOTI'OTOIIVIMBHOCTH
ABUI'ATEJISI C BOCINIAMEHEHHMEM OT C)KATUSA
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I'epmians . I'., cT. mper.,
Bbenopycckuii HaMOHAIBHBINA TEXHUYECKUI YHUBEPCUTET,
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Paccmompenwvt  cnocobwl  npucnocobnenuss  osueamenei
BOCHIAMEHEHUEM OM COHCamusi K MHO2OMONIuGHou pabome. [Ipusedeno
BIUSAHUE KOHCIPYKMUGHBIX U Pe2YIUPOSOUHBIX NAPAMEMPO8 dsueamens
Ha Nepuoo 3a0epicKu 60CNIAMEHEHUs MONIUBA.

The ways of adapting compression ignition engines to multi-fuel
operation have been considered. The influence of the design and
adjustment parameters of the engine on the fuel ignition delay period has
been presented.

Knwuesvle cnosa: mnozomoniuguwlil 0gueameib, nepuood 3a0epiucKu
B0CHIAMEHENUs], YeMAHOBOE YUCTIO, C2OPAHUE.

Keywords: multi-fuel engine, ignition delay period, cetane number,
combustion.

BBEJAEHUE

[IpumeHeHrne MHOTOTOIUIMBHBIX [BHUTraTesiell ¢ BOCIUIAMEHEHHEM OT
CKaTHs TO3BOJsieT Oosiee TMOKO pelaTh 3agady HMCIIOJIb30BaHUS
pasIMYHBIX ~ BHIOB  TOIUIMBa, A (opmupoBaHusi  Hambolee
PaLMOHATIBHOTO TOIUIMBHOIO Oananca. Kpome TOro, MHOrOTOIIMBHOCTb
MO3BOJISIET  PACHIMPHUTh BO3MOXKHOCTH 110  YIPABICHUIO  pabovuM
MpOLIECCOM /IS TIOTyUYeHHUs] TpeOyeMbIX MoKa3zaTeeld paboThl ABUTATEINS.
Take CyIIECTBEHHO PACHIUPSIOTCS BO3MOXXHOCTH THOPUIHBIX CHIIOBBIX
YCTAaHOBOK, B COCTaB KOTOPBIX BXOJAT Takue JABHTareni. lloaTomy
MHOTOTOIUTMBHBIE JIBUTATENH C BOCIUIAMEHEHHEM OT CKaTHs AOCTATOUYHO
nepcneKkTuBHEI [ 1-10].
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OCHOBHAA YACTb

OcHOBHBIE TPYOHOCTH B OpraHW3allid pabodyero mporecca
MHOTI'OTOIINIMBHOI'O ABHUIATECIIsA C BOCIINIAMCHCHHUEM OT CXKaTHs BO3HUKAIOT
NP MPUMEHEHUH TOILTUB C MOHIKEHHON BOCILIAMEHAEMOCTHIO (HU3KUM
IIETAHOBBIM YHCJIOM), YTO OOYCITaBIMBACT OOJBIIYIO BEIMINHY MEPHOIA
3aCPKKHN BOCILIaMCHCHMHA. 9t0 YBCINYUBACT KOJINYCCTBO TOILJIMBHO-
BO3AYIIHOW CMECH B UMJMHJIPE, MOATOTOBJIEHHOW K BOCIIAMEHEHUIO,
K KOHI[y JaHHOTO Tepuona. Takke Ha OTO KOJIHYECTBO BJIHSIET
HMHTCHCHBHOCTH 06pa:;oBaH1/151 TOHHI/IBHO-BO?)]IYIHHOﬁ CMCECH B TCUYCHHC
Mepuoia 3alepKKH BOCIUIAMEHEHMsS. DTO BCE MOXKET INPUBECTH K
CYIIECTBEHHOMY HM3MEHEHHIO paboyero mpolecca Ha Pa3IUYHBIX
pexuMax M He O00eCHeunTh paboTy MABHTATElIs C TpeOyeMBIMU
mokazarensmu. Jnms mpucmocoOiIeHus K MHOTOTOIUITMBHOW paboTe
JIBUTATENs] C BOCIUIAMEHEHHMEM OT C)KAaThUs TNPUMEHSIOTCS pPas3lIUvHbIC
CrocoObI: OCHOBAaHHBIE Ha YMEHBIICHUU TPOJIOIKUTEIHHOCTH MEpHo/a
3aCPKKNU BOCINIAMCHCHUS; KOJIMUCCTBA TOHJII/IBHO-BOSZ[YIHHOﬁ CMECH K
KOHIy TMepHoja 3aJepKKU BOCIUIAMCHEHHS, H3MCHCHHUU IIOJIOKCHUS
(ha3bl cropaHus Mo UUKIY U JIp.

Crtoco0pl, TTO3BOJISIONINE YMEHBIIATH MPOJODKATENBHOCTD TIEPHOIA
3aICPKKU BOCIITIAMCHCHMU .

BrusHMe KOHCTPYKTHBHBIX UM PETYJIUPOBOYHBIX  MApaMeTPOB
meurarens. Jias cokpamieHus Tepuoja 3aJepKKH BOCIUIAMEHEHHS
MOXKHO IIOBBIIIIATH CTCIICHb c)xXarusd, HCIIOJIB30BaTh HagayB,
PELMPKYIISINI0 OTPabOTABIINX Ta30B, JIOKAJIbHBINA MOMOTPeB (TOpsyue
«TOYKM» W BCTAaBKH), BO3AYLIHOE OXJIAXICHWE, NBYXTAaKTHBIA ITHKI,
0Cc00€EHHO IIpyu MPOTHUBOIIOJIIOKHO JABWXXYHIUXCA IMOPHIHAX, IIOAOTPEB
BO3JlyXxa Ha BIIyCKE, pa3JCiCHHYI0 KaMepy CropaHHs, YMEHBIIATh
OTHOIIICHUE TTOBEPXHOCTU KaMephl CrOpaHus K ee o0beMy. Takxke K ero
COKpAaIIeHHI0 MOXET TMPHBOJUTh YMEHBIICHHE YIJIa OIEpPEeKEeHUs
BIIPBICKA TOIUIMBA (MO3IHUM BIPBICK), POCT JABJIEHUS U TeMIEepaTyphl
HaJIyBOYHOTO Bo3ayxa [1-2].

Biusane mapamerpoB TommBa.  OOOOIIEHHBIM  TapaMeTPOM,
XapaKTEpU3YIOIIUM BOCIUIaMEHACMOCTb TOIJIMBA B YCIIOBUAX IBUTATCIIA,
SIBJISIETCA LIETAHOBOE YMCIIO. Ero CHMXEHHE NPUBOJIUT K POCTY MEPHUOa
3aJIep)KKA  BOCIUIaMEHEHMs. B03MOXHBIM  CIOCOOOM — TMOBBIIICHUS
LIETAHOBOTO 4YKCJa HCXOJHOIO HHM3KOIIETAHOBOI'O TOIUIMBA SIBIISETCS
MPUMEHEHUE JIETKOBOCIUIAMEHSIONUXCS TMPUCANOK. Takke MOKHO
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00pa3oBBIBATh CMECH TOIUIMB C HU3KUM M BBICOKHUM HCXOJHBIM
IIETaHOBBIM YHCJIOM JUTS TOCTIDKEHHSI TpeOyeMoi ero BeTudnuHH! [ 1-2].
Crioco0Obl, TO3BOJISIFOIIAE YMEHBIIATh KOJMYECTBO  TOILTUBHO-
BO3/YITHOW CMECH K KOHITY NIEpHO0/ia 3aJIepKKH BOCIIIAMEHEHUSI.
YMeHbIIeHHe KOJMYECTBA TOIUIMBA, BBEJACHHOTO B MWIHHADP M0
KOHIIa TIEpHoJa 3alep>KKH BOCIIaMeHEHUs. [IpaKTHYecKu 3TO MOXKET
OBITh OCYIIECTBICHO NMPUMEHEHHUEM JIBOMHOTO BIpbICKa (IByXdazHOro,
MHOT0(a3HOr0), PH KOTOPOM Iepell BIPHICKOM B LWJIMHIP OCHOBHOU
036l TOTUIMBA TIPEIABAPHUTEIHLHO BIPBHICKMBACTCS «3alalibHAsS» J103a.
[IpenBapuTenbHBIM BIOPHICK MOXET MPOU3BOAUTHCS HEMOCPEICTBEHHO
nepe]; OCHOBHBIM, 32 HECKOJIBKO JIECATKOB TPAJyCOB YIJia IOBOPOTA
KOJICHYaTOTO BaJla paHee OCHOBHOTO M JIa)Ke B KOHIIE IPOIIEcCca BBITYCKa.
YMeHbIIEHHe HWHTEHCHUBHOCTH cMeceoOpa3oBaHHMS 3a MEPHOJ
3aJIep)KKA  BOCIUIaMEHEHUs. MOoeT OBITh JOCTHTHYTO CO3JaHHEeM
HEPaBHOMEPHOCTH TOTLTUBHO-BO3AYIITHOTO 3apsijia BMECTO CTPEMIICHUS K
0onee TOHKOMY W PaBHOMEPHOMY pACIBUIMBAHUIO TOILIMBA B KaMepe
cropanusi. TO BO3MOXKHO, HAIIPUMED, 3a CUET HAIIPaBJICHUs TOILIMBA Ha
CTEHKYy KaMepbl CropaHuss C o0Opa30BaHHEM TOILUTUBHOW IUICHKH,
pacTATUBaEMON COTJIACOBAHHBIM C HEH 10 HAIMpPaBIIEHUIO JBIKEHHEM
BO3/1yXa, T.€. IPUMEHEHHEM TJICHOYHOTO CMECe00pa30BaHusl.
[IpumeHeHre BBIIIEYKAa3aHHBIX CIHOCOOOB, OOECHeYrnBasi Ty WIM HHYIO
CTETNIeHb TPUCIIOCOOIIEHHOCTH JBUTaTelNsd K MHOTOTOIUIMBHOM pabore,
MOJKET OTPHIIATENILHO OTPAXKATHCS Ha HEKOTOPHIX TOKA3aTEIsIX JIBUTATEIIS.
DTO HEOOXOAUMO YUUTHIBATH U MPUMEHSATH UX COBMECTHO B OTPE/ICIICHHOM
COYETaHWH, B 3aBUCHMOCTH OT TPEeOOBAHUH, TPEIBABIAEMBIX K IBUTATEITIO
U YCIOBHSM €T0 JKCIUIyaTallid, YTO TII03BOJIUT JOCTHYL HY>KHBIX
noKasaTesieli ero padoThI MPHY UCTIOJIb30BAHUU PA3JIUNYHBIX TOTLIHB.

3AKJIIOUEHUE

[IpuBenens CIIOCOOBI MIPUCIIOCOOICHUS BUTATENEH C
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VJIK 656 (075)
HUCCJIEJOBAHMSI CBOMCTBA MOTOPHBIX MACEJI
BOJIBIIETPY3HBIX CAMOCBAJIOB ITPH DKCILTYATALIAN
B YCJIOBHSIX BBICOKOI 3ATIBIJIEHHOCTH BO3IYXA

STUDIES OF THE PROPERTIES OF MOTOR OILS
OF HEAVY-DUTY DUMP TRUCKS DURING OPERATION
IN CONDITIONS OF HIGH DUSTINESS

AsammoBa 3.', kaHz. TexH. Hayk, npod.,
Pa33akos T.z, KaHJ. TEXH. HayK, JIOLL.,
Kapumosa K.’, 1-p dmoc. mo texm. HayKaM,
'TammkeHTCKMii TOCY 1apCTBEHHbIH TPAHCIIOPTHEIH YHUBEPCHTET,
r. Tamkent, Y30ekucras,
*KapIIrHCKHi HEKEHEPHO-9KOHOMUIECKHIA UHCTUTYT,
r. Kapmm, Y30ekucraH,
3I[>I<H3aKCKHI71 MOJIUTEXHUICCKUI UHCTHUTYT, T. JIku3ak, Y30eKkucTan

Z. Alimova', Ph. D. in Eng., Prof.,
T. Razzakov?, Ph. D. in Eng., Ass.Prof.,
K. Karimova®, Doctor of philosophy (PhD) technical sciences,
'Tashkent State Transport University, Tashkent, Uzbekistan,
*Karshi Engineering Economics Institute, Karshi, Uzbekistan,
*Jizzakh polytechnic institute, Jizzakh, Uzbekistan

Hccenedosanus 3a2pa3HeHHOCIU  CMA30YHBIX Macel, padbomarouux
6 08ULAMENAX MANCETOHASPYHCEHHO2O 2OPHOMPAHCHOPMHO20 060PY00-
6aHUSL NPU IKCHTYAMAYUU 8 YCIOBUIX BbICOKOL 3ANbLIEHHOCHU 6030YXA
(MPOMAANCEHHOCMb KapbepHblX asmodopoe cocmasisem 65—70 km) no-
KA3bI8AION, YO MOMOPHbIE MACAA UHMEHCUBHO 3A2PAZHAIOMCSL MeXaHU-
yeckumu npumecsamu. Ivinv, saensemces onpeoensiioujell NPUYUHOU UZHOCA
NOPUIHEBLIX O8ucameiell, NO3MoMy ee KOIUYECmeo 8 6030yXe 3HAUU-
MENbHO GNUsAem HAuX Haoexchocmy. Llenvio oannou pabomvl seisemcs
uccnedosanue GIUSAHUS 3ANbLIEHHOCMU 6030yXa HA pabomy Oemanci
ogueamens 6 pabomarwux eopHompancnopmuom obopyoosanuu. C
MOt Yevio onpedeieHvl Xapakmepucmuxu momopiuvix macen SAE15W-
40, API CI-4 omobpanuvix ¢ dsucamens asmocamocsanos benA3-7513,
benA3-75307, benA3-75310.
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Studies of the contamination of lubricating oils operating in heavy-
duty mining and transport equipment engines during operation in condi-
tions of high air dust (the length of quarry roads is 65—70 km) show that
engine oils are intensively contaminated with mechanical impurities.
Dust is the determining cause of piston engine wear, so its amount in the
air significantly affects its reliability. The purpose of this work is to study
the effect of air dust on the operation of engine parts in working mining
and transport equipment. For this purpose, the characteristics
of SAE15W-40 engine oils, API CI-4 selected from the engine of BelAZ-
7513 dump trucks have been determined, BelAZ-75307, BelAZ-75310.

Kniwouesvie cnosa: momopnoe macno, oxucienue, 3a2psA3HeHHOCHDb,
00paA306aHUsL OMILONCEHUT, D0N208EUHOCTb, 3ANBIIEHHOCHb 8030YXd.

Keywords: engine oil, oxidation, pollution, sediment formation, dura-
bility, dustiness of the air.

BBEJEHUE

[Ib11p, sABNSIETCS ONMpEAETAIONIEH MPUUNHONW N3HOCA MOPIIHEBBIX JIBU-
raTesnei, Mo3ToMy €€ KOJMYECTBO B BO3JYXE 3HAUUTENBHO BIUSAET HaUX
HanaeKHOCTh. KimmMatndueckue mpliie aOpa3wBHBIE CBoWcTBa LleHTpaimb-
HOA3MaTCKOTO perrvoHa OJHOM M3 OCHOBHBIX XapaKTEpUCTHK, OTpHUIla-
TEJIFHO BIUSIOIIMX Ha pabOTy IBUTaTens BHyTpeHHero cropanus. Ha
BeicoTe 0,65 M Hajg ypoBHeM 3eMid 66 % MbUIM ABISIETCS MyTHOH U CO-
CTOUT U3 MEJKOANUCIIEPCHBIX YacTHI] pazMepoM 10 10 MKMm.

UccnenoBanusi 3arps3HEHHOCTH CMa304HBIX Maces, pPadoTarolux
B IBUTaTeNAX TSDKEJIIOHATPY>KEHHOTO TOPHOTPAHCIIOPTHOTO 000pyHOBa-
HUS TIPU SKCIUTyaTally B YCIOBHAX KAPKOTO KIMMaTa U BHICOKOH 3aIlbl-
JICHHOCTH BO31yXa (MPOTSHKEHHOCTH KaphepHBIX aBTOIOPOT COCTABIISIET
65—70KM) TOKa3bIBaIOT, YTO MOTOPHBIE MACIa HHTEHCUBHO 3arps3HAIOT-
Cs1 MEXaHWYECKHMHU IpuMecsiMHU. Bpicokas mpoHMKaromas crnocoOHOCTh
MEJIKOM MBUIH, KOTOpask B OOJBLIMHCTBE CIy4aeB IPOHUKACT dYepe3
YIUIOTHEHHUS BO3AYITHOT'O, MacJITHOTO M TOIUIMBHOTO TPAKTOB, TPUBOJUT
K IPEXIECBPEMEHHOMY CTaPEHUIO Macia, Hapyllas IIpHu 3TOM paboTy cH-
CTEeM JIBUTATEN.

ABtocamocBanbl benA3, pabotaronue B 30He Kapbepa, B HAUOOIb-
HIel CTENEeHU MOABEP>KEHBI BO3ACHCTBUIO YCIOXKHSIOMIMXCS C [IyOu-
HOW TOPHOTEXHWYECKUX ycloBHi pazpaboTku. Kaprep MypyHTay siB-
JSieTCsl YHUKAIBHBIM TOpPHBIM 00bekToM. Ero rirybuna ceromHs coctaB-
nsiet 6onee 620 m. lllupuna cocrapnser Oonee 2,9 kM u anuHa Oonee
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3,2 kM. IIpOTSIKEHHOCTh KaphEPHBIX aBTOJOPOr cocTaBiseT 65—70 kM,
KOJIMYECTBO THUTH yBenuumBaercs 10 5—10 r/m’. McenemoBanus moka-
3a]i, 4YTO MPOCTOM aBTocamocBanoB benA3 u3-3a HeucmpaBHoOCTEH
JIBUTATENST COCTABISIIOT 29 % oT oOmero OamaHca TPOCTOEB, YTO
HaIpsAMYI0 NPUBOIUT K YBEJIMYCHHUIO HKCIUTyaTaLlMOHHBIX PAaCXOIOB U
CHUXEHUIO TPOU3BOIUTEIHHOCTH.

Lenbio ganHOi pabOTHI ABSETCS MCCIEIOBAHUE BIUSHUS 3alblUICH-
HOCTH BO3AyXa Ha pa0oTy nerajnell ABWUrarens B padOTArOLIMX T'OPHO-
TPAHCIIOPTHOM O0OPYZIOBaHHHU.

OCHOBHAA YACTb

Jns1 pemieHust IoCTaBIEHHOH 3a1a4y IPOBEACHO SKCIIEPUMEHTAIBHOE
ucclieoBaHue Ha Tpex aBToMoOmsix-camocBanax (benA3-7513,
benA3-75307, benA3-75310), KkoTopble SKCITyaTHPOBAINCH B Kaphepe
Ha BBIBO3KE FOPHOI MOpOIbl B yCIOBUSX AesTenbHOcTH «HaBouniickuit
I'MK» u noasepraiuch aHalnu3aM 10 OCHOBHBIM I1OKA3aTENSIM KauyecTBa.
W3 cuctembl cMa3Ku Ka)JOTO OINBITHOTO JBUIATENsl aBTOCAMOCBAJIOB
benA3-7513, benA3-75307, benA3-75310 perymsapHo oTOHpanu A
apanm3a mpoObl Macima G-Profi Plus SAE15W-40, API CI-4. Ilepen
HAyYaJIOM HCIBITAHUKA B IICHTPalbHOW J1abOpaTopuu MpPOBENH aHaHU3
BXOZHOTO KOHTPOJISI KA4eCTBa MOCTYNHUBIIETO Ha UCIBITAHNE MOTOPHOTO
Macna. Pe3ynbraThl aHanmM3a Macen MOKa3ajld COOTBETCTBHE (axkTHde-
CKUX 3HAuCHHH (H3MKO-XUMHUYECKHX MapaMeTPOB, 3asBJICHHBIX B HOP-
MaTHBHOW JOKyMEHTAlLlH.

Ha nporsokeHuM MCHBITaHUN 332 TEXHUYECKHM COCTOSIHUEM JIBUTaTe-
el OBLT YCTaHOBIIEH OCOOBIN KOHTPOIb HH)KEHEPOM OTZesa TUArHOCTH-
ku. [lng mpoBeeHUs aHalu3a U3 CHUCTEMBI CMa3KH Pa3orpeToro JBHUra-
Tesst oroupanock mo 150 M Macnia Ipu TOCTHXKEHHH UM TEMIIEpaTyphl
50 °C mocne octanoBku. OTOOp MPoO Macesd s aHAIM3a B ICHTPAIIb-
HOU 5a0opaTopuu IPOM3BOIMICS COIJIACHO IPOrpaMMe HCIBITAaHUH
(xaxapie 50 m/9).

C menplo ompezesicHUs] XapakTepUCTUK OTpabOTaHHOTO Maciia Mo-
TOPHOE Macjo, ObIJIO MOABEPTHYTO CIEKTpalbHOMY aHanuzy. JlaGopa-
TOpHBIE (DPU3NKO-XMMUYECKUE U CIIEKTPaJIbHBIE aHAJIM3bl Maceisl MPOBO-
JIWIHACH COTJIACHO YCTaHOBJIEHHOW METOJUKE.

OCHOBHBIMH KPHUTEPUSMH MIPU ONPEACICHUN KauyecTBa Macel U MpH-
TOJHOCTH K IPUMEHEHHIO B aBTOTPAHCIIOPTE M TEXHOJIOTHYECKOM 000-
PYJIOBaHUHU SBJISUINCH:
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— OTCYTCTBHE aBapUHHBIX OCTAHOBOK IMPH KCILTyaTallUH aBTOTPaHC-
MOPTa M TEXHOJOTHYECKOro OOOpYIOBaHHMS Ha HCIBITYEMOM Maclie
Ha MPOTSKEHUH BCETO CPOKA UCTIBITAHUS;

— OTCYTCTBHME HETATHBHOTO BIIMSHHS Macia Ha paboTy M COCTOSHHE
JIBUTATEINS B MIPOIECCE NCTIBITAHYIS,

— COOTBETCTBHE (PaKTHUYECKOTO pecypca Macia YCTaHOBICHHOMY pe-
TIIAMEHTUPOBAHHOMY CPOKY 3aMEHBI MacJia BIBHIaTEIS.

Ha ocHoBe momy4eHHO# B pe3yabTaTe CHEKTPAILHOTO aHallM3a OTpa-
0OTaHHOTO Macia, MOXHO BBISIBUTH HauOoJiee HEHAJISKHBIA IEMEHT
CHCTEMBI M BBIITOJHHUTH BECh KOMIUIEKC TEXHHYECKOTO OOCITYKUBaHUS U
pEMOHTa, YTO MO3BONAET 3(P(PEKTUBHO KOHTPOIHUPOBATH TEXHUUECKOE
COCTOSTHHE aBTOMOOMJISL.

o pe3ynmbTaraM CHEKTPAIHLHOTO aHAIIM3a MOCTPOCHBI TPaQUKH 3aBH-
CHUMOCTEH HM3MEHEHHMH HEpacTBOPUMBIX MpUMeced 3albUIEHHOCTH MO-
topHoro Macna G-Profi MSI Plus SAE15W-40, API CI-4 armocdepHoii
MTBUTBIO B BHIe KpeMHUS (Si) OT MPOIOIDKUTEIIPHOCTH pabOTH B aBTOCA-
mocBanaxbenA3-7513, benA3-75307, benA3-75310 (puc.1).

Si, ppm
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Pucynok 1 — 3aBucHMMOCTb U3MeHEHHs KpeMHUs (Si) 0T HapabOTKU Macia B MOTO-4acax

AHanu3 pe3yJbTaTOB IIOKA3bIBACT, YTO MEXAHUYECKUE MPUMECU
Han0OoJiee WHTEHCHBHO HAKaIlUTMBAIOTCS B MOTOPHOM Maciie B IEPBBIC
100-150 moto-dacoB paboThl. MIHTEHCHBHOC HAKOIUICHHE MEXaHHYE-
CKUX MPUMECEH B TMEPBhI Meproa paboThl Macia OOBSICHAETCS OKUCIIC-
HUEM MAJOCTaOWIIBHBIX YTIIEBOIOPOIOB Macia BO BCeM 00bhEME cMa304-
HOW cuUCTeMbl. MeXxaHHYeCKHe MPHMECH HAKAIUIMBAIOTCSI B MOTOPHOM
MacJie B pe3yJsibTaTe INOMNaJaHus MBUIA ¢ 3aCachlBAEMBIM BO3IYyXOM HIIU
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Yyepe3 HEIUIOTHOCTH KapTEepPHOro IMPOCTPAHCTBA, a TaKKe BCIEICTBUE
o0pa3oBaHHll HEPACTBOPHUMBIX MPOTYKTOB OKHCICHHS M U3HOCA JeTanen
MWIMHJPO MOPUTHEBON TPYTIITHL.

AHanu3 pe3yNbTaToB HCCIENOBaHUI MOKa3bIBA€T, YTO 32 BpPEeMs HC-
CIIeTOBaHHU CpefHee 3HAUYEHHUE CONIEPKaHUs HEPACTBOPUMBIX MpUMecen
yBenuuuBaeTcs (puc. 1). DTo OTpUIATENHHO BIUSIOT HA HAJC)KHOCTb,
SKOHOMHUYHOCTh W JIOJITOBEYHOCTh PabOTHl ABUrateis. Pe3ynbTaTsl mo-
Ka3alli, YTO NPU CPAaBHUTEIIHHO OJMHAKOBBIX YCIOBUSAX pabOTHI aBTOCA-
MOCBAJIOB TEMIT POCTa HEPACTBOPUMBIX MpUMecel OBUIM Pa3HBIMH. DTO
00BsICHSIETCA TEM, YTO CKOPOCTHh OCAKICHUS 3arpsA3HAIONIMX HMpUMecei
JUTSL TBUTATENEeH HEOJMHAKOBA.

Pecypc mBurareneilr B mepByIO Odepenb OINpPENesieTcss U3HOCOM Tap
TpeHus, cocrapistromuM 90 % ot Bcero konuyecTBa (pakTOPOB, BIMSIO-
X Ha CHWXEHHe pecypca. s CHIKEHHWsS OTKa30B Y3IIOB TPEHUS
BO BpeMsI OKCIDIyaTallil HEoOXOIWMO CBOEBPEMEHHOE OOHapyKeHHe
MIOBBIIICHHOTO CO/ICP>KaHMs MPOAYKTOB M3HAIIIMBAHUS B MOTOPHOM Mac-
Jie U yCTpaHEeHHUE MPUYHMH €r0 BOZHUKHOBEHHS.

3a W3HAIIMBAaHWEM JEeTalieil ABUTATENss MOXHO IMPOCIEIUTh MO KOH-
[EHTPAIMN TPOAYKTOB M3HOCA B Macie. YCTaHOBIEHO, YTO TPH JJIH-
TeNbHOW paboTe Macia B JBUTATeNe, IOCTOSHHOM WHTEHCHUBHOCTU
OUYMCTKHU U TIOCTOSITHHOM PacXxojie KOHIEHTPAIUs MPOAYKTOB HU3HOCA CTa-
OmnmM3Hpyercs, Kak ¥ KOHIIEHTPALUs OOIMX MEXaHHMYECKUX IPUMECEH.
3HAYUTETHFHOE MOBBIIIEHNE KOHIIEHTPALMU TOTO MM HHOTO 3JIeMEeHTa B
Maciie CBUAETENbCTBYEeT 00 MHTCHCUBHOCTH M3HAIIMBAHUS JeTaneH, A
KOTOPBIX 3TOT DIIEMEHT XapaKTEPeH.

Jiia HaOmioaeHus 3a MPOIECCOM M3HAIIMBAHUS JBHUraTels MIMPOKO
MpUMEHseTCs crocol ompeeNieHns JKele3a B Macie. YBeTUueHHBIE COo-
JIepKaHMs JKele3a CBUACTEIhCTBYET 00 WHTEHCH(HKAIMK IPOIECCOB
n3Hoca. CozpepikaHue jkele3a XapakTepu3yeT MPOTUBOM3HOCHBIE CBOM-
CTBa Macjia U MX U3MEHEHHUs B Mpolecce padoThl, H3HOCOCTONKOCTH Jie-
Tanel aBuratens U 3(PpQPEeKTHBHOCTh CPEACTB OYUCTKH, BKIIOUEHHBIX B
cucteMy cMmaskd. JlJig 3TOM Lenu NpoBEIEH CHEKTPAIbHBIN aHAIW3 IO
conmepkanuio skenesa (Fe) wmorophnoro macnaG-Profi MSI  Plus
SAE15W-40, API CI-4 B 3aBUCUMOCTH OT HPOJOKUTEILHOCTH PabOThI
aBrocamocBasioB benA3-7513, benA3-75307, benA3-75310 (puc. 2).
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Pucynok 2— 3aBucumocTs n3Menenus xenesa (Fe) B cocraBe pabo4ero MOTOpHOTO Mac-
JIa OT IPOJOJDKUTEIBHOCTH pabOThl aBTOCAMOCBAJIOB B MOTO-4acax

3AKJIFOYEHUE

AHanu3 pe3ysbTaToB MCCICIOBAHUN MOKA3bIBACT, YTO 338 BPEMs HC-
CIICIOBAaHUN CpeNHEe 3HAUCHUE COJCPXKAHHS JKele3a YBEITHMIMBACTCS.
VBenuueHHbIC COACPKAHUS JKelle3a CBUICTEIbCTBYET 00 MHTEHCH(HKA-
UK TporeccoB u3Hoca. C yBENUYECHHEM COJCPIKAHUSA Kelie3a B Maclie
M3MEHSIOTCS (PPUKIIMOHHBIE, TPOTHBON3HOCHBIC, aHTHOKUCITUTEILHBIC U
MOIOIIIME CBOWCTBA Maciia. JTO SBISETCS CIICACTBHEM HApPYIICHUS pe-
KMMa CMa3bIBaHHS TPYIIUXCS JCTANeH, YTO B CBOIO OYEpEIh BBI3BIBACT
POCT Harpy3Kd U TEMIIEpaTypbl B COMPsDKeHUsIX. Pecypc paboTsl Maciia
00yCJIOBJIEH TJIABHBIM 00pa30M €ro MOIOUIUMH CBOMCTBAMH, MO3TOMY
MOYTH BO BCEX MOTOPHBIX HMCIBITAHUSX MOIOIIMM CBOMCTBAM yAENSIOT
Oosibllioe  BHUMaHHE. J[BUTATENbh 3arps3HsICTCS BBUIY HHTCHCHUBHOTO
OKHMCJICHHA Macjia, KOHTAKTUPYIOIIETO C TrOpAYMMHU ITOBEPXHOCTAMU OC-
tanei. [Ipu pabote mu3ens Ha MOCTOSHHOM PEXUME CKOPOCTh MCTOILE-
HUS ETOYHOCTH Maclia TPOMOPIMOHATIbHA pacXoay Torutuea. [loatomy,
npetaraeM JO0MOJHUTEILHO BBECTH B MOTOPHOE MAaCIIO MOIOIILYIO TPH-
CaJIKy.

B HacTosIee BpeMsi UCCICIOBAHUS MPOJOHKAIOTCS 10 OLICHKE DKC-
IUTyaTalMOHHBIX MOKa3aTeIeld MOTOPHBIX Macell, pabOTAIOIINX B JIBHUIA-
TENSIX TOPHOTPAHCIIOPTHOTO O0OOPYJOBAHHUS, OKCIUTyaTHPYIOIIETOCs
B YCJIOBHUSX BBICOKOH 3aNbUICHHOCTH BO3TyXa.
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YIAK 631.331.8
AHAJIM3 UBMEHEHUSA PASMEPOB COOPMHUPOBAHHBIX
OCEHBIO T'PEBHEMN, NEPE]]I BECEHHUM ITOCEBOM
CEMJSIH XUIOITYATHUKA

ANALYSIS OF CHANGES IN THE SIZES OF RIDGES FORMED
IN AUTUMN BEFORE SPRING SOWING COTTON SEEDS

Kooumkonos O., TOKTOpPaHT,
AHIVDKaHCKUN MHCTUTYT CEJIBCKOTO XO3SHCTBA M arpPOTEXHOJIOTHIA,
r. Agamkan, Y30ekucTad
0. Kobiljonov, Ph. D.,
Andijan Institute of Agriculture and Agricultural Technologies,
Andijan, Uzbekistan

B dannoii cmamve npugedenvl cedenuss 0 pe3yibmamax aHaIu3a u3-
MEHEHUsL pazmMepos ChopMUPOBAHHBIX OCenbIo epebHell, neped GeceHHUM
NOCe8OM CeMsIH XAONYATNHUKA.

This article provides information on the results of an analysis
of changes in the size of ridges formed in the fall, before the spring sow-
ing of cotton seeds.

Kniwouesvie cnosa: cpebenv, noces na epebenv, y20i eCMecmeeHH020
VKIOHA, GIANCHOCMb NOY6bI, GbICOMA 2PebHs, CeMEHA XIONKd, ecme-
cmegenHoe ocedanue 2pedHsi, paouyc KpUSU3HbL, Y20l MpeHus, 3aujumusle
NIACTMUHDL.

Keywords: ridge, seeding on ridge, natural slope angle, soil moisture,
ridge height, cotton seed, natural ridge settlement, radius of curvature,
friction angle, protection plates.

INTRODUCTION

In many regions of our republic, the main purpose of planting seeds
on the ridge is to protect the seeds from rotting due to spring rains, to
protect the soil from excess cuttings and to water them [1]. As a result
of scientific research carried out by scientists, it was found that the yield
increases by 3—4 t/ha when using the technology of planting seeds
on the ridges [2]. There are two types of technology for sowing seeds
in the field: making the ridges in the fall and planting the seed in it in
early spring, and making the ridges in the early spring and planting the
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seed in it. The advantage of planting the seed on the ridges is that its
temperature is 3—4 C higher compared to the flat area, it retains the mois-
ture in the soil well, and after planting, the costs of soil treatment are less

[3].

MAIN PART

As is known, during the operation of hillers of agricultural machines,
ridges are formed, the walls of which crumble at an angle B of natural
repose. At the same time, the angle of natural repose of gray earth soils
prepared for sowing when poured with an increase in soil moisture from
7 to 18 % increases from f = 32°-41°.

The main parameters of the ridges prepared for seed planting include
the width of the lower base By, the width of the leveled surface for plant-
ing crops in the upper part by, the angle of inclination of the side sur-
faces of the seedbed to the horizontal plane P, and the height of the
ridge H (fig. 1).
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Figure 1 — Basic parameters of the ridge

In our republic, the seed is mainly planted in schemes with 90 cm,
60 cm and 76 cm between rows [4]. If ridges are prepared in autumn
in a 90 cm scheme, its height will be H =26...28 cm. In the spring,
the height of the ridge naturally decreases until the sowing period [1].
The reason is that due to the autumn and winter precipitation, the porosi-
ty of the ridges is pressed and the density of the ridge partially increases.

From the conducted studies, it was determined that the coefficient
for taking into account the natural subsidence of the ridge height is equal

to K,=0,85-0,90 [1]. If the height of the ridge of 90 cm taken in au-
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tumn is equal to H =26...28 cm, it was found in the experiments that
the height of the ridge will be H =19...21 sm by spring due to natural
subsidence (fig. 2) [1].
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Figure 2 — Measurement of the height of the ridge taken in autumn in the natural
subsidence state in early spring:
a — 90 scheme ridge taken in autumn, » — measuring the height of the ridge in the natural
subsidence state in early spring, ¢ — the scheme for determining the height of the natural
subsidence ridge

The slope angle B of the side protection plates of the ridge relative to
the horizontal plane can change depending on the density of the ridge.
If the angle of inclination of the ridge taken in the 90 cm scheme in au-
tumn is equal to B = 32-41° [1], it was observed in the experiments that
this angle of slope before planting by spring is = 25-30° (fig. 3).

These above-defined parameters serve as the basis for the develop-
ment of the design of the working body of the sectional seed drill that
maintains the ridge shape
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Figure 3 — The angle of inclination of the naturally sunken ridge
to the horizontal plane before seeding f:
1 —ridge taken in autumn; 2 — profile of naturally sunken ridge in spring
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VYIK 623.437.42: 629.3.018
HHAPAMETPBI COBPEMEHHBIX CAJOBOJYECKHUX
TPAKTOPOB JJIS1 FOI'O-3AITA/IHBIX PETMOHOB
CTPAH EADC

PARAMETERS OF MODERN GARDEN TRACTORS
FOR THE SOUTH-WESTERN REGIONS
OF THE EAEU COUNTRIES

Yeunbxoii Uikao, Hnaaosckuii U. H.,
Kawunukos A. B., kaHj. TeXH. HayK,
000 «YaitTuOy Texnonomku budndp», MaIycTpHansHBINA TApK
«Benukuii kamenb», I. MuHck, benapyce

Chenhui Zhao, 1. Shidlovskiy, A. Kliuchnikov, Ph. D. in Eng.,
LLC «YTO Technology Blr»,
Industrial Park «Great Stone», Minsk, Belarus

Co30anue KOHKYPEHmMOCnoCcoOH020 NPoOyKma blCOK020 YPOBHS 803-
MOJICHO MOJILKO € NPUMEHEHUEM Nepedosblx N0O0X0008, KOHCMPYKMUG-
HbIX peuienutl, MexHoI02Ull I MAmepuaios Ha 6cex Smanax paspadbomxu,
0c80eHUsl U Npou3soocmea Hoeol modenu. Ilpu smom cebecmoumocms
KOHEYHO20 U30eUsl He MOodicem Oblmb CYWECTNBEHHO HUdIce, YeM V 8edy-
WUX 3apyoedcHbIX npouzgooumerell, UmMerowux 00IbUWOol Onbim U 803-
MOICHOCIU NO ONMUMUSAYUL 3AMPAM U RPOUIBOOCMBEHHBIX NPOYECCO8,
C Mpakmopamu KOmopvlx Npuoemcst KOHKYpUpogams npu 6vleooe Ha
PUIHOK HOBOU MOOEU.

The creation of a competitive high-level product is possible only with
the use of advanced approaches, design solutions, technologies and ma-
terials at all stages of the development and production of a new model.
At the same time, the cost of the final product cannot be significantly
lower than that of leading foreign manufacturers with extensive experi-
ence and capabilities in optimizing costs and production processes, with
which tractors will have to compete when launching a new model on the
market.

Knioueevie cnosa: mpaxmop, caovi, kabuna, ogueameib, cabapum-
Hble NOKA3amelu.

Keywords: tractor, gardens, cab, engine, overall performance.
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BBEJIEHUE

CaznoBble TpaKTOPHI HEOONBITNX Pa3MEPOB HE LEIUIIOT U He COMBAIOT
ypo’Kail ¢ BETOK M HE MOPTAT IIoAbl. [ 1aBHast 0cOOEHHOCTh TPAKTOPOB
JUTSL CaJIOBOJICTBA M BWHOTPAJapCTBA B WX HECTAHJAPTHBIX pa3Mepax.
Y HUX KOpoTkas 0a3a, MUHHUMallbHAs IMPHWHA, KOIes W BBICOTA, He-
OoJbIIKe KoJieca M KOMITaKTHAs KaOuHa.

Ha puc. 1 mokazansl HanOosee MOMYJSIpHBIE MOJAEIH, UMEIOIIHECs
B ctpanax EADC cagoBoguecKux TpakTOpPOB.

Pucynok 1 — Haubosee momysisipHble MOAEIH CaI0BOJUYECKUX TPAKTOPOB
B cTpanax EADC:
a — «Deutz Fahr 410F»; 6 — «John Deere 5080GF»; ¢ — «Fendt 209Vy»;
2 — «Landini Rex 90F»

JlaHHBIE TPaKTOPBI OTBEYAIOT OONBIIMHCTBY TpEeOOBaHUH caoBOIUE-
CKHX TEXHOJIOTHI ¥ MOTYT paboTaTh Ha OOJBIIIMHCTBE TEXHOIOTUIECKIX
onepaunui.
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XAPAKTEPHBIE KOHCTPYKTHUBHBIE OCOBEHHOCTHU
CIIELIUAJIN3NPOBAHHBIX CAJJOBOAYECKUX TPAKTOPOB

XapakeTpHBIMH KOHCTPYKTHBHBIMH OCOOCHHOCTSIMH paccMaTprBae-
MBIX TPAKTOPOB SIBJISIFOTCS:

— npumeHneHue osuzamenell ¢ HeDOILWUM 00beMoM U 2abapumamu
UL o0ecriedeHrst JAOMOIHUTENFHOTO IOJKANOTHOTO TMPOCTPAHCTBA U
KoJlecHO# 0a3br; Tpebyemast momHocTh 80—100 1. c. JocTuraercs 3a cuer
NPUMEHEHUs TypOOKOMITPECcCOpa C UHTEPKYJIEPOM;

— ycmanoska 0gueamens 10 CXeMe C HECYIIMM KapTepoMm Juist obec-
MeYeHnss MaKCUMaJIbHOTO yTIia TIOBOPOTa KOJIEC;

— CBEPXYNIOMHEHHAS KOMNOHOBKA MOMOPHO20 OMCeKd, Pa3MeIleHHe
aKKyMYJISITOPHOM OaTapeu, BO3AYXOOUHCTUTENS M TOIUIMBHOTO Oaka Iie-
pell paauaTopom;

— MPAHCMUCCUU BBINOIHAIOMCS 8 MAKCUMATLHO KOMNAKMHBIX KOPNY-
cax ¢ HebonbUIOU WUPUHOL, TPAHCMUCCHOHHBIE MEXaHU3MbI — TOPMO3a,
OyiokupoBKa JuddepeHiana, XOJ0YMEHBIIUTEIb — Pa3MEIIalTCs
BHYTPH KOPITYCOB;

— Gonbuoii yeon nosopoma nepednux konec (uHoraa ceiure 50°) s
obecnieyeHns] MUHIMAJIBHO BO3MOYKHOTO pajuyca moBopora. Ha tpakro-
pax SMOHCKHUX MPOU3BOAUTENECH ISl 3TOTO HCHOIb3YeTCs MePEKITIOUeHHE
NepeaTOYHOTo YKucia nepeanero Mocra. Ilpu pazsopore nepeaHue Ko-
Jeca HaYMHAIOT BpAIaThCS HAMHOTO OBICTpee 3aJHEero, YTO MPUBOIMT
NPaKTUYECKU K PA3BOPAUUBAHUIO TPAKTOPA HA MECTE;

— obs3amenvHoe Hanuyue pesepc-pedykmopa (MeXaHudecKuil B 0a30-
BOI1 KoMIuIekTanmu, Powershuttle o 3akazy);

— 00BEOUHEHHAS! 2UOPABIULECKAsl CUCIEMA MPAHCMUCCUY U paboye-
20 000py0os8aHus, TN KOPIyca TPAHCMHUCCHU SIBIISIIOTCSI OTHOBPEMEHHO
€MKOCTBIO JIJIsI Macjla TUAPOHABECHOM CHUCTEMBI M HECYLIEW CHCTEMOM
JUISL BCTPOGHHOTO MEXaHU3Ma TI0/IbeMa 3aIHeil HaBeCKH;

— 0J151 CHUDICEHUSL BbICOMbL MPAKMOPA KADUHA MAKCUMATLHO ONYCKA-
emcs Ha mpascmuccuro, B KaOMHE pacIiojlaraetcs TPaHCMHCCHOHHBIN
TOHHEJb;

— TIPeTyCMaTPUBAIOTCS 8APUAHMbBL KAK ¢ KAOUHOU, MAK U ¢ OMKPbl-
MbIM pAbOYUM MeCmoM onepamopa M Iyroi 0e30MacHOCTH (WJIH COJH-
LE3aIUTHBIM TEHTOM);

— KOHCMpYKyus KaOun pa3iuyHas — AMEIOTCS Kak 4-X CTOCYHBIE Kap-
Kachl ¢ OONBIIMMH TAaHOPAMHBIMH JIBEPSIMHU, TaK U 6-TH CTOCUHBIE, TIPEIy-
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CMOTpEHA yCTaHOBKa YTOJBHBIX (MIIBTPOB. JTO 00s3aTenbHOE TpeboBa-
HHE U1 pabOThI C ONIPHICKUBATENEM H3-3a IPUMEHEHUS] XMMHUKATOB;

— 6empogvle CMeKIa Kabunbl — 9acTO BCTaBHBIC (HE BKICHBAIOTCSA);

— KOHCMPYKYUsi Kanoma — «JUTAraTopHash» ¢ MOJAEPKKOM Ha MHEB-
MOIIPY’KHHE, KallOT BBIIOJIHACTCS], B OCHOBHOM M3 IJIACTHKA.

O4eBHIHO, YTO OJHMUM W3 OCHOBHBIX KPUTEPHEB, OMPEAEIISIONINX
BBIOOP KOHCTPYKTHBHOTO PELICHUS JJIS CTICHUAM3UPOBAHHBIX CaI0BO-
YeCKUX/ BHHOTPAIHUKOBBIX TPAKTOPOB SIBISACTCS CTpemiieHHe obecre-
YUTh MUHUMAJIBHBIA rabapuTHBIN pa3Mep TpakTopa, MPHYEM JOCTHXKE-
HHUE LIENEBbIX Ta0apUTHBIX TOKa3aTelied 3a4acTyl0 MPOTHBOPEYHUT HE
MEHEe CYIECTBEHHBIMH IKCIUTYyaTallMOHHBIMU XapaKTEPUCTUKAMH U T10-
TpeOUTENTECKAM CBOMCTBAM:

— JIBWUTaTeMH C MaineiM paboumm obvemMom 3,0-3,3 1. paboraroT
C Harpy3Koi OJM3KOH K MaKCUMAaJIbHOM, YTO BIIUSIET Ha €ro pecypc;

— 30Ha Iepe pagfuaTopoM 3a4acTyIo 3arojiHeHa 00bEMOM TOIIIMBHO-
ro 6aka WiIM JPYTHUMH Y3JaMH, KOTOpBIE MOJHOCTHIO MEPEKPHIBAIOT
(GpoHTaNbHBIH 00AYB PagMaTOPOB, YTO CYIIECTBEHHO YXYAILIAET TEIJIo-
BOM PEXHUM JABHUraTeIIs;

— paboyee MPOCTPAHCTBO OIEpaTopa OUEHb Y3KO€ - oneparop (haktu-
YECKHU «3aXaT» MEXIy HUIIAMU 1 OOKOBBIMHU CTEKJIaMHU KaOWHEI,

— obmas ruapocucrtema tpancmuccuu U 'HC sBnsercs kpaiiHe BbI-
TOAHBIM PELIEHHEM C KOMIIOHOBOYHOW TOYKH 3PEHUS, OHAKO BO3HHKA-
IOT JIOTIONTHUTENNbHBIE TPEOOBaHMUS K 0OecreueHHI0 (DMIIbTpaIlK Macia.

[IpakTrueckn Bce KpyMHBIE MPOU3BOAUTEIN TPAKTOPOB HE BHIMYCKa-
10T €MHUYHBIE CaJOBOIYECKUE WM BHHOTPAHUKOBBIE CIELMOIU(UKA-
1M, a GOPMUPYIOT MOJEIBHBIE PSIIbI.

[TocTpoeHue MOCIBHBIX PAIOB UMEIOT OOIIYH0 CHCTEMY, 00YCIIOB-
JICHHYIO B MEPBYIO Oouepeab rabapuTHBIMH pasMepaMy TPAaKTOPOB B 3a-
BUCHMOCTH OT IIMPUHBI MEXIYPSANN:

— sunozpaonukogvie (naaexc V) — mupuHa ot 1,0 M, KOHCTpYKIHs
OpHCHTHpPOBaHA Ha PabOTy B TPAaAMLMOHHO Y3KHMX BHUHOTPAJHHUKAaX C
Mexaypsaasem 1,8-2,0 m;

— ynugepcanvHvle (MHAEKCH S win N) — mmpuHoit ot 1,3 M, npeaHa-
3HAYeHBl Ui Oojiee MPOCTOPHBIX BUHOTPAAHUKOB C IIUPUHON MEXKIY
psanamu 2,0-2,2 M. OTanyaroTcsi yBeIHMYeHHOW KaOWHOW M 0ojiee BBICO-
KHM ypoBHEM KoM(opTa JJIsl OnepaTopa;

— caoogoodueckue (nupexc F) — mmpuna ot 1,5 M, mpeaHa3Ha4YeHBI
JUISL IPOCTOPHBIX BUHOTPAIHUKOB > 2,5 M U ()PYKTOBBIX CallOB.
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Crnenyrommii onpefensomuil napaMeTp — MOLIHOCTh ABHUIaTelNs,
ycTanapnmuBaetca B auanazoHe 80—110 . c. ¢ HecKOTbKUMU MoAH(HKa-
LUSAMHU BHYTPH 3TOTO AMAIa30HA.

B pesynbrare y Kaxaoi KoMOaHuu noiydaercs okono 10 moxudu-
Kanui Ha 0a3e OHOMN WK JBYX 0a30BBIX MOJENEH, C JOCTATOYHO IIHPO-
KUM HaOOpOM 3aKa3HBIX OIIHil, OCHOBHBIE U3 KOTOPHIX B CBOIO OYEpElb
(hOpMHPYIOT, KaK MPaBUIIO, 2 TUTIOBBIC KOMIUICKTAIHH:

— 010021cemnasn — MEXaHU4eCKue MPUBOJIBI YIIPABICHUS TPAHCMHUCCH-
eil ¥ TUAPOHABECHOW CUCTEMOM, TPaKTOp Oe3 KaOUHBL;

— npemuanvras — Hanmnuue ¢ynkuuii PowerShuttle, anexkrporuapas-
JMYecKas CUCTeMa YIPaBJICHUS THAPOHABECHOW CHUCTEMOH, kaOuHa ¢
CHUCTEMOM KOHIUIIMOHUPOBAHUS.

3AKIIIOYEHUE

CanoBogueckne ¥ BHHOTPAJHUKOBBIE CIEIHATBLHBIE MOIU(MUKAIINU
BOCTpeOOBaHbl Ha phIHKE pernoHoB TamoxkenHoro Coro3a, 3aJeHCTBO-
BAHHBIX B IIPOU3BOJCTBE COOTBETCTBYIOIIEH CEIBCKOXO3SHCTBEHHOMN
MPOAYKIIUH.

OcCHOBHBIE UCXOHBIE NaHHBIC AJIST MPOSKTHUPOBAHMSI ITEPCIIEKTHBHOMN
CaIOBOAYECKON CTIEHaIbHON MOTU(PHUKALINY CIIeTYIOIIHE.

JlBurarens:

— skonoruueckas crymnens: [la (TC), V(EC);

— MomHocTh: 80—-110 1. ¢.;

— paGounii 06seM: 35004000 cm’ (ne Goree).

["abapuTHBIC ITOKA3ATEIH:

— mmHa: 35004000 M;

— mupuHa: 1200 mm;

— BbIcOTa: He Oonee 23002400 mm;

— kosiecHas 6a3a: 20002200 mmM;

— JOPOKHEIHN MpocBeT: He MeHee 250 MM;

— MUHUMAJIBHBIA paglyc pa3BopoTa: He 6ojee 3,5 M.

Tpancmuccus:

— YHCIIO Tepeaad; He Menee 12x12;

— CHHXPOHHU3UPOBAHHBI MEXaHUYECKUI pPeBEPC-PEAYKTOP (OMIIHS
Powershuttle);

— BOM: 1uCKOBBIH.
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lunponasecHast cuctema:

— MPOM3BOIUTEIBHOCTh HAacoca: HE MEHee 55 JI/MHH (C ONITMOHAIh-
HOU BO3MOXKHOCTBIO yBennueHust 10 70—80 n/MuH);

— KOJIMYECTBO IMap TUAPABIMYECKUX BEIBOMOB: 3 (ommius 4);

— TPY30MOILEMHOCTh 3a/IHET0 HABECHOTO YCTPOMCTBA: HE MeHee
3500 xr;

— omIus: MepeAHee HaBECHOE YCTPOMCTBO Tpy30MOABEMHOCTHIO HE
menee 1000 kr (makcumanbpaO 2500 Kr);

— ommwst: iepeaauii BOM.

Kabuna:

— IIMPHWHA TI0 OCHOBAHUAM 33/THUX cToek: He Oornee 1100—1200 mm;

— KOHTUITOHED;

— 3aImuTa OmepaTropa OT BO3JACHCTBUS BPEIHBIX BEIIESCTB: KATETOPHS
2-3 ('OCT EN 15695-1-20141);

— omusi: ocHoBaHue KabuHb! ¢ ROPS.
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YK 62-592.52
K BOITPOCY OIIEHK! Y®®EKTUBHOCTU TOPMO3HOM
CHACTEMBI COYJIEHEHHOTI'O TPOJUIEMBYCA

ON THE ISSUE OF EVALUATING THE EFFECTIVENESS
OF THE BRAKING SYSTEM OF AN ARTICULATED
TROLLEYBUS

IMoBapexo A. C., kaH[. TEeXH. HayK, JIOII.,
Paxuieii A. U., xauj. TexH. HayK, JO1I.,
Benopycckuil HalMOHATBHBIA TEXHUYECKUI YHUBEPCUTET,
r. Munck, Pecrrybnmka bemapychb

A. Pavarekha, Ph. D. in Engineering, Associate Professor,
A. Rakhley, Ph. D. in Engineering, Associate Professor,
Belarusian national technical University, Minsk, Belarus

B oannoii cmamve nposedena oyenxa pacnpedeieHus HOPMATbHBIX
peaxyull u MOPMO3HBIX CUI NO MOCIMAM COUNEHEHHO20 Mpoanelidyca npu
MopModtceHulU pabodeli MOPMO3HOU CUCEMOU U 8blOOD BLIXOOHBIX NA-
pamempos MOPMO3HbIX MEXAHUZMO8, d MAKJce NOBEPOUHbI pacyem
pabouell MopMO3HOU cucmembvl OJisl OYEHKU ee COOMBEMCmeus: mpeoo-
BAHUSAM HOPMATUBHBIX OOKYMEHMO8, 8 KAYeCmaee KOMopblX paccmampu-
sanuce I'OCT 22895-77 «Topmo3sHvle cucmemvl a8mompancnOPmMHbLIX
cpeocms. Texnuueckue mpebosanusiy u llpasuna EOK OOH Ne 13.

In this article, an assessment of the distribution of normal reactions
and braking forces along the bridges of an articulated trolley during
braking by the service brake system and the selection of the output pa-
rameters of the braking mechanisms, as well as a verification calculation
of the service brake system to assess its compliance with the require-
ments of regulatory documents, in the quality of which GOST 22895-77
«Braking systems of motor vehicles funds. Technical Requirements» and
UNECE Regulation No. 13.

Knwouesnvie cnosa: nopmanvras peakyusi, mopmosHas cuid, 3¢pgex-
MUBHOCTHD MOPMONCEHUS, MOPMOIHOU MOMEHM.

Keywords: normal reaction, braking force, braking efficiency, brak-
ing torque.
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BBEJEHUE

TopMmorkeHHE COWIEHEHHOTO TPOJuIeiidyca — 3TO CIOKHBIA TUHAMH-
YeCKUH Mpolecc, KOTOPBIA B 0OLIEM cily4ae 3aBUCHT OT KOHCTPYKTHB-
HBIX I[apaMeTPOB MAIIWHBI, BBIXOJHBIX XapaKTEPUCTUK €€ (YHKLHO-
HaJbHBIX CUCTEM U YCJIOBHM B3aUMOJAECHUCTBUS C OKPYKAIOIIEH Cpeaou.

BennunHa peanm3yeMoll Ha KojiecaX COWICHEHHOTO TpoJuieidyca
TOPMO3HOW CHJIBI 3aBUCHUT HE TOJBKO OT XapaKTEpPUCTUK JIOPOTH U KoJie-
ca, HO M OT BEJIMYMHBI HOPMAJIBHOM peaklny, JEHCTBYIOLIEN Ha KOJIECO.
Kak mpaBuiio, HopManbHbIe peakiMy MPU TOPMOKEHHH W3MEHSIOTCS 110
CJI0KHOMY 3aKOHY, KOTOPBIA OKa3bIBaeT BIUSHHE Ha OCHOBHBIE Xapak-
TEPUCTHKH IPOLECCa TOPMOKEHHS, 1 KO3(PPUIUEHT TMHAMUYHOCTH H3-
MEHEHUS] HOPMAJIbHBIX PeakUUi Uil TPEXOCHOTO Tpoueidyca omnpene-
JISIETCSI CYIIECTBEHHBIM 00pa3oM TEMIIOM HapacTaHUS TOPMO3HBIX CHIL

B cBs3u ¢ yka3aHHBIM, BaKHBIM NPEACTaBISIETCS OLIEHKA pacrpese-
JICHUS! HOPMAJIbHBIX PEaKLUi M TOPMO3HBIX CHJI IO MOCTaM COUWIECHEH-
HOTO TpoJUIeiidyca mMpu TOPMOKEHUU pabodell TOPMO3HOM CHUCTEMOU
BBIOOD BBIXOJIHBIX MAPaMETPOB TOPMO3HBIX MEXaHU3MOB.

B xauecTBe HOpMAaTHBHBIX JOKYMEHTOB IPH aHAIN3€ XapaKTEPUCTUK
TOPMO3HBIX CUCTEM HCIIOJIb30BATIMCH CIICAYIOIINE:

1) TOCT 22895-77 «TopMo3HBIE CHCTEMBI aBTOTPAHCIIOPTHBIX
cpenctB. Texandyeckue TpedoBanms» [1];

2) IlpaBuma ESK OOH Ne 13 [2].

AHAJIN3 PACIIPEJIEJIEHUS HOPMAJIbHBIX PEAKIIAI
10 MOCTAM COUJIEHEHHOT'O TPOJUIEUBYCA
TP TOPMOXXEHUN

Jnist COUNIeHEHHOTO TpoJuIeiOyca Ha M3MEHEHUH HOPMAIIbHBIX peak-
LU Ha MOCTaX CKa3bIBAETCS ACHHXPOHHOCThH CpadaThIBaHUS UX TOPMO3-
HBIX CHCTEM, 4TO, B OTJIMYHE OT OAMHOYHOH MAIIMHBI, BBI3BIBAET 33 CUET
YOpyrux XapakKTCPpUCTUK CBA3U 3BCHLEB W IMOJABCCKH, 3HAYUTCIILHBIC
3HaKONEPEMEHHBIE CHIIBI, JOTPY>KaIOILUE U Pa3Tpy Karoliye Koyeca.

Ji1s1 oLleHKH pacipeeseHns HOPMaJIbHBIX PEaKkUuil 1 BEIOOpa pawu-
OHAJILHOM, C TOYKH 3PEHHS HCIT0JIb30BaHUS CIICITHOTO Beca, 3hdeKTrn-
HOCTH TOPMO3HBIX MEXaHU3MOB MOCTOB paCCMOTPHUM TOPMOXKEHHE CO-
YJICHEHHOT'O TpoJieii0yca B ycTaHOBUBLIEMCS pexxume. PacuerHas cxe-
Ma TpezcTaBiieHa Ha puc. 1.
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B KkauecTBe MAaccO-T€OMETPHUYECKMX MapaMeTPOB COYICHEHHOTO
TpoJUIeii0yca pacCMaTPUBAIKMChH: MACChl 3BEHBEB, 3HAUCHUS CTATHIECKUX
HArpy30K Ha MOCTaX, TOPHU30HTAIbHBIC U BEPTHKAIBHBIC KOOPIMHATHI
[IEHTPOB MacC 3BEHHEB, JUHAMHYCCKHE PAIMYChl IIHH MOCTOB, KOOP/IH-
HATBI PACIIOJI0KEHHSI COUWICHEHHUSI OTHOCHTEIILHO MOCTOB.

VkazaHHbIE TapaMeTpPhl pacCMaTPUBAIINCH, KaK IS TPY)KEHOTO, Tak
Y CHapsHKCHHOTO TpoJuIeHoOyca.

Jlns ompenenieHuss HOPMABHBIX peaKIMi MO0 MOCTaM TpoJuieiidyca
COCTaBUM YpPaBHCHUA PABHOBCCHUA C YUETOM HWHCPUHUOHHBIX CHIIL. 21.]'[51
yI00CTBA pacuiecHUM MAaIllIMHy B TOYKE, COOTBETCTBYIOIIEH CIIEITHOMY
YCTPOMCTBY, Ha TSITa4 U MPUIIETI, 3aMCHHUB BO3JICHCTBHIE 3BEHBEB JAPYT HA
Jpyra CHJIaMH, COOTBETCTBYIOIMMH PEAKIIUSAM B COSTHHUTEIBHBIX II1ap-
Hupax. [Ipu 3TOM OOIIyI0 PEeakKiHio pa3aeiMM Ha TOPU3OHTAJIBHYIO U
BEPTUKAIBHYIO COCTABIAIOIINE, COOTBETCTBEHHO Ny M Qe (pHC. 1).

JI71st PHUIIEITHOTO 3BE€HA MOKHO 3aIHUCATh:

m-g-ly=N, (I, +L)+m -x-h +0, -h, =0

v . LW
3+Ncu—mn-g—0

rze m, — Macca Mpuuena; /o, /3 — TOpU30HTANbHBIE KOOPAWHATHI LIEHTPa
Macc TpHILeNa; A, — BepTHKAJIbHAs KOOPIMHATA [EHTPA MacC MPHUIIETIa;
N; — HOpManbHas peakius, JEHCTBYIOMAas Ha KoJieca MOCTa TMpHUIETa;
g — YCKOpeHHe CBOOOTHOTO TAJCHUS; X, — 3aMe/JIeHHe BTOPOTO 3BEHA
Tposendyca; /A, - BBICOTa PACIONIOKEHHUS CLIEITHOTO YCTPOHCTRA.

B cBoto ouepenp

_ _ RV . _ Lo
ch_]% m, xn_N3 Y3 My =Xy

rae F3; — TopMo3Has cuia, pasBUBaeMasi KOJECaMHM; Y3 — Pean3yeMBbli
KOX(UIMEHT CLEIUICHUsT KoJecaMi MOCTa Tpullena (yAeTbHas TOPMO3-
Has CHJIa MOCTa).

[Toncrasnsist B cuctemy ypaBHeHMH (1) BeIpaskeHUe ISl ONpeieeHuUs
Oy, ¥ pa3perasi OTHOCUTENBHO Ny, UMEEM
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_mn-x[';-(hn—hcn)+mn-g-(l3+y3-hcu)
B Loy +5+v5-h ‘

c

ca

C ucnojap30BaHUECM JaHHOI'0 BBIPAXKCHUA HAXOAUM HOPMAJIbHYIO pE-
AKIUI0 Ha MOCTY MNPULCITHOIO 3BCHA, 4 3aTCM U HAa MOCTaX TArayda:

mn 'g'lcn _mn'xr':'(hn _h(:u) .

; 2)

Ny=m -g—N_ =
37 M 8 N L+l 47, h

ca

N :mT'g'(Zl _YI 'hcu)+Ncu '(ll+ZCT _Yl ‘hCLl)_mT‘xl'"r'(hT_hCu) .
? ll+lz+(YZ_Yl)'hcu ,

)

Ny=m -g+N,—N,=
m’r g(lz +’Y2 hu,;)_NLu '(lcT_ZZ _’YZ 'hcu)+mT 'x’:‘"(hT_hcu) (4)
11 +12 +(Yz _Yl)'hcu ’

rae m, — Macca TAarada; N, N, — HOpMaJbHbIE PEaKUUU HA TEPBOM U
BTOPOM MOCTaXx Tsraua; [y, l,, /., — TOpH30HTaJIbHBIE KOOPAWHATHI IIEHTPA
Macc Tsrava; i, — BepTUKaIbHas KOOPJAWHATA IIEHTpa Macc TsArada; x", —
3aMe/IJICHUE TsATava.

Jis onpenesnieHus] HOPMalbHBIX peakuii Ha MOCTaX COYJIEHEHHOTO
TpoJuteiidyca sl pa3iyHBIX 3HAYCHUH 3aMelJIeHHus MPH TOPMOKEHHUH,
npoBoawics Ha OBM pacuer ypaBHeHui (2—4) s CHapsDKEHHOTO
Y C HOMUHAJILHOW 3arpy3Koil Tposuieiioyca.

3AKIIIOYENE

[To pesynbraTam pacuera HOCTPOEHBI 3aBUCUMOCTH (pHC. 2), KOTOpBIE
MOKAa3bIBAIOT, YTO Ha MEPEAHEM MOCTY TpoJUieiidyca MPOUCXOANUT yBEIH-
YeHHe HOPMAILHOW PEaKIW{ 10 OTHOIIEHHI0 K CTaTHYECKOMY COCTOS-
HUIO IS TpoJuteiidyca ¢ MoiaHOU 3arpy3koi Ha 35,8 %, s cHapsoKeH-
HOro TpoJuieibyca — Ha 33,5 %. Ha cpenHem MocTy B 3TOM ciiydyae Ipo-
WCXOJIUT yMEHbIICHHE HOPMAJILHON peakuuu B Cilydae TpoJulelidyca c
MIOJTHOH 3arpy3koi Ha 3,6 % ¥ JUIsl MaIiHB B CHAPSHKEHHOM COCTOSTHUH
— Ha 8 %. Ha MocTy mpuiena Takxe MUMEeT MECTO YMEHBLICHHE HOp-
MaJIbHOH Harpy3KH, OJHaKO, HECKOJIBKO 0oJjiee 3aMETHOE, YeM AJISl Cpea-
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Hero MocTa. TakuM oOpa3oM, HanboJee CyleCTBEHHOE U3MEHEHUE HOP-
MaJbHON pEaklvu NpU yBETUYCHUH dPPEKTUBHOCTH TOPMOKCHHS Xa-
pPaKTEepHO IS TIEPEIHEr0 MOCTa. DTO HEOOXOAMMO YUUTHIBATH MIPH BBI-
0ope mapamMeTpoB TOPMO3HBIX MEXaHHU3MOB, a TaKKE CHCTEM olecrede-
HUS YIPABISIEMOCTU U YCTOMYMBOCTH JBUKCHUSL.

70 120
60 \, 100 ||
/. =~ -
N ' N - .
50 ko f/ . 80 . <t
~ —
’./ -~ o
— — - L -/-/
40 — 600- 5 2
0 2 , 4 6,08 4 6 -

- CpeAHWA MOCT; == —— - NepPeAHUA MOCT, = === == - 3aQHWA MOCT

Pucynok 2 — PactipeneneHrue HOpMaIbHBIX pEakyii 10 MOCTaM
IPU pa3nuIHON 3P PEKTUBHOCTH TOPMOKECHHUS
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VYIK 623.437.42: 629.3.018
BbBIBOP PAIIMOHAJIBHBIX TAPAMETPOB
THJAPABJIUYECKNX MAIIWH JJIA JIBYXITOTOYHOM
TPAHCMHUCCHUHU TPAKTOPA

SELECTION OF RATIONAL PARAMETERS OF HYDRAULIC
MACHINES FOR POWER-SPLIT TRACTOR TRANSMISSION

Yeunbxoii Ukao, Apednen C. A.,
KiarounukoB A. B., kaHz. TeXH. HayK,
000 «YaiTuOy Texnonomku budnOp», MHaycTpuaneHelii napk
«Benukuii kameHb», I. MuHck, benapychb

Chenhui Zhao, S. Arefiev, A. Kliuchnikov, Ph. D. in Eng.,
LLC «YTO Technology Blr»,
Industrial Park «Great Stone», Minsk, Belarus

OO0HuM U3 Y3106 08YXNOMOUHOU MPAKMOPHOU MPAHCMUCCUU A6TIseM-
cs1 eudpoobvemuas nepeoava. Jlanusiii MoOyib obecneyusaem Oeccmy-
nenyamoe u3MeHeHue CKopoCcmu 8paujeHus bixoono2o eana. Haubonee
PACNPOCMPAHEHHOU CXeMOU 2UOPOOOBLEMHOU nepeoayu makux mpaHc-
MUCCULL SGTAEMCA CXEMA C PezyIupyemblmM aKCUATbHO-NOPUIHEBbIM HACO-
COM U Hepe2YIUPYyeMbiM 2UOPABIUYECKUM MOMOpoM. Payuonanshulii 6bi-
b6op napamempos MO0y Glusem HA 2ad0apumvl MPAHCMUCCUU, NOKA3A-
menu d¢hpexmueHocmu u CmouMoCmHble HOKA3amen.

One of the components of power-split tractor transmission is a hydro-
static unit. This unit provides a stepless change of the speed of the output
shaft. The most common hydrostatic transmission scheme for such
transmissions is a scheme with variable axial piston pump and a fixed
displacement hydraulic motor. The rational choice of hydrostatic unit
parameters affects the transmission dimensions, efficiency and cost pa-
rameters.

Knwuesvie cnosa: mpaxmop, mpancmuccus, cuopoodvemuas nepe-
daua.

Keywords: tractor, transmission, hydrostatic transmission.
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BBEJIEHUE

OnHMMHE M3 Pe3yJbTaTOB CHHTE3a KMHEMAaTHYECKOH CXEMBI ABYXIIO-
To4HOM Tpancmuccuu knacca CVT mist TpakTOpOB SIBIISAIOTCS MPEABApH-
TeNbHbIe TPeOOBaHUS K NTapaMeTpaM I'HAPaBIMYECKOro Hacoca U MOTOpa.
OTO CKOPOCTH BpalllEHUs U NeperaBaeMble MOLIHOCTH Yepe3 TUApaBIIH-
YEeCKUH KOHTYp Ha Ka)KZ0M M3 CKOPOCTHBIX JIMAla30HOB PabOThI TPAKTO-
pa. U ecnu KIIJl MexaHMYeCKHUX y3JI0B TPAHCMUCCHUU MEHSIOTCSI HE Cy-
LIECTBEHHO, TO, YUUTHIBas 3HAUUTEIbHYIO 3aBucuMocTh KIIJI ruapaBiu-
YeCKOro KOHTypa OT IapaMeTpOB €ro pEeryjIupOBaHMs, CIEIYOIIUM
3TaroM JOJDKHBI CTaTh pacdyeThl M BBHIOOP THUIIOpa3Mepa THAPOMAIIIHNH,
YAOBIETBOPAIOIIMX TpeOOBaHUSIM paboOThl  pa3padOTaHHOW CXEMBI
TpaHcMuccuu. Ha puc. 1 u 2 nmokasansl napamerps! KIIJ[ akcuanbHO-
MOPIIHEBBIX HACOCOB M MOTOPOB Iipon3BoacTBa Bosch Rexroth.

rancat v

Pucynoxk 1 — [Tapamerpsr KII/I motopa (cneBa), mapamerpst KI1/I Hacoca
[P MaKCUMAaIIbHOM pabodeM oobeme (110 meHTpY), napamerpsl KIT/] Hacoca

npu padouem ooveme 80 % OT MakCHMAaIBHOTO (CIpaBa)
™.
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Pucynok 2 — ITapamerper KI1JI Hacoca mpu pabouem o6seme 60% OT MaKCUMaIbHOTO
(cmesa), mapamertpsl KITJ] Hacoca npu pabouem o6beme 40 % OT MaKCHMaIbHOTO
(1o uenTpy), mapamerpst KIIJI Hacoca mpu pabouem ob6wveme 30 %

OT MaKCHMAJIBHOTO (CIpaBa)
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Kak BugHO U3 rpadukoB, HaWIydIINe MapaMeTpsl paboThl Hacoca —
sT0 muana3oH BpamieHus 50-100 % oT mMakcMMaabHOW CKOPOCTH TpH
nasnennn 150-350 bar. Otu e mapaMeTpsl MO3BOJISIIOT MOMYYHThH BbI-
COKHE TIOKa3aTelld W Ui ThApaBindeckoro Moropa. [Ipu apyrux mapa-
Merpax KII/] 3HauutenbHO ymeHbIIaercs. Takke M0 peKOMEHAALMSIM
MPOU3BOJMTENECH HE PEKOMEHIyeTcs MpPEBbIaTh padovne JaBICHUS
320-350 bar ipu paboTe B MOCTOSIHHOM PEXHUME I 00CCIICUCHUS BbI-
COKOH IOJITOBEYHOCTH M HAACKHOCTU paOOTHI THIPABIMYECKUX MAIIHH.

[lpu pemieHUH MPHUKIAMHBIX 33734 BOMPOC CBOJUTCS HE TOIBKO K
pacueTy TpeOyeMBbIX MapaMeTpOB KOMIIOHCHTOB, HO M K MX BBIOOPY U3
CYLIECTBYIOIIMX B MPOU3BOJCTBE. Tarkke MPH 3TOM CBOM OIpaHUYCHUS
HaKJIaIBIBAIOT TPeOOBAHMUS 10 00ECTIeYeHHI0 pabOThI CHCTEMBI YIIpaBe-
HUSI, IPOTHO3HBIE MTOKA3aTeIH U3MEHEHHsI TapaMeTPOB C TEUCHUEM Bpe-
MEHHM 3KCIUTyaTaluH, Takue Kak yMeHblnenue oobemHoro KIIJ[ runpas-
JMYECKUX MallIWH, COBMECTHAs paboTa y3/I0B C APYTUMU CHCTEMaMHU.

B xauecTBe mpumepa, B Tabi. 1 mpuBeneHbI JaHHBIE TS COMTOCTABIIC-
HUSI U BBIOOpa TapaMeTpOB PEryIHpPyeMOro aKCHaJIbHO-NOPIIHEBOTO
Hacoca Uil COBMECTHOH padoThl B THAPOOOBEMHOI Mepeaue TpaHCMHC-
CHH C T'HIPABIMYECKHM MOTOPOM C YCTbHBIM 0ObeMoM 125 cm’. Jlns
KoMIeHcaunu u3MeHeHus: oobemHoro KIIJl B TeueHmm Bcero cpoka
CIIy>KOBI TpakTOpa MaKCHMAIbHBIA MapaMeTp pPErylIdpoBaHMs Hacoca
BbIOpaH paBHBIM 85 %, MHauYe B ONpPENENECHHBIX PEXHUMax IEpeKirode-
HUE PEKMMOB TPAHCMHCCHHU CTaHET HEBO3MOXHBIM. B Tabmuie mpuse-
JIEHBI BCce CyllecTByome B nmpou3BoacTBe Bosch Rexroth nacockr ms
CHCTEeM TPUBOJIA TPAHCMUCCHH C Y/ICTbHEIM 00beMOM He MeHee 125 cm’,
KOTOpBIE IPUMEHNMBI B TPAKTOpax MOIIHOCTHIO cBhIte 300 1. c.

Tabmuma 1 — TexHuueckne XapaKTEPUCTHKH PETYIHPYEMOr0 aKCHAIbHO-IOPIIHEBOTO
HAcoca U THAPABIMYECKOr0 MOTOpPa

Tum rugpas- PaGo- [Mapamerp Ckopocts | OOBEM- Makcu-
JIMYECKON Ma- quit perynupoBa- Bpallie- Has I110- MaJibHas
IIIMHBI o0beMm, HUS, HUS, MUH naqa, MOIIIHOCTB,
oM’ % ! 1/MUH kBt
125 85 3000 318 227
Hacoc 145,3 85 2700 334 239
1754 85 2650 394 283
Mortop 125 100 4000 500 333
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U3 Tabn. 1 BUIHO, YTO peryiupyeMblidl THAPABINYECKUI HACOC paB-
HOTO C MOTOPOM YyJEIhHOTO 00beMa, H3-3a HU3KON JTOMYCTUMON CKOPO-
CTH BpAaLICHUS, MOXKET 00EeCIIeYnTh TOJIbKO 63,6 % MakCHUManbHO JOIMY-
CTUMOIO TOTOKa MoTopa. To ecTh Jake MaKCHUMallbHas CKOPOCTb Bpa-
1eHus MoTopa Gyzer Beero 2520 mus . DT0 npHBeaeT K paboTe MOTOpa
B 30He noHmkeHHoro KIIJI mpu yactudHoOM 3arpys3Ke.

Eme ogauMm TpeboBaHneM K OeccTyneHYaTol ABYXIOTOYHOW TpaHC-
MHUCCUHU TPaKTOpa SIBISIETCS HEOOXOAMMOCTH €€ pabOThl HE TOJNBKO HpHU
HOMHMHAJIBHOH  CKOPOCTM  JBWraTelss  BHYTPEHHETO  CrOpaHuUs
(19002200 wmuu"), HO M HA NOHIKEHHBIX 060OPOTAX B TOYKE MAKCH-
MaIbHOTO KpyTamero MomenTa (1400-1600 mMun™') u naxe Hmke. ITo
HEOOXOOUMO AJISI BO3MOXKHOCTH PabOThl B SKOHOMHYHOM DPEXHUME IBH-
ratessi BHyTPEHHETO CropaHus MpH J000# ero 3arpyske. B Tabmn. 2 mo-
Ka3aHbl NTapaMeTpbl PAa3INYHBIX TMAPABIMYECKUX Map HACOCOB M MOTO-
poB npu padoTe ABUraTelss BHYTPEHHETO CTOPAHUS HA HMOHIKEHHBIX Ha
30 % CcKOpOCTSIX BpalleHHs, YTO IPHUMEPHO COOTBETCTBYET TOYKE
HauIy4llei TOIIMBHOM S3KOHOMUYHOCTH.

Ta6nuua 2 — [TapameTps! pa3IMuHbIX THIPABIMYECCKHUX AP HACOCOB K MOTOPOB
1pu paboTe IBUraTessl BHyTPEHHEr0 CrOPaHuUs Ha MOHWXEeHHBIX Ha 30 %
CKOPOCTSIX BpallleHUs

Makcu-
. Cko- Juanazon
Pabounit MallbHast
CkopocTb pocthb nepeaaroy- O6bemHas
00BeEM MOIIHOCTH
BpallleHus1 | Bpale- HBIX YHCEN nojaya
Haco- THIPOOOH-
Hacoca, HUS rUpaBInIe- Hacoca,
ca/mMoTopa, 8] €MHOI'0
3 MUH MOTOpa, | CKOTO KOHTY- J/MUH
cM ) KOHTYpa,
MHH pa
kBT
125/125 2080 +1645 +1,263 221 159
145/125 2080 +1912 +1,087 234 167
175/125 2040 +2250 +0,906 276 198

[To pe3ynbpraTtam pacuera, ModydeHa MakCHUMalIbHO BO3MOKHAs MOIII-
HOCTb, KOTOPYIO CIIOCOOEH NepenaTh TMAPaBINYECKHH KOHTYP IABYXIIO-
TOYHOH TpaHcMuCCHU. T. K. MOIITHOCTh MEHSIETCS B 3aBUCUMOCTH OT Tiepe-
JATOYHOTO YHCJa TPAHCMHUCCHH, TIOCIIE TPEIBAPUTENFHON OIEHKH THI-
paBiMuecKkux MaluH HeoOxoauMo nipoBect pacuet K1/l Tpancmuccuu u
OTIpeNIeNINTh NTAaBJICHHE B THAPABINYECKOM KOHType. HambGomee Harpy-
KEHHBIM PEXHMOM ISl THAPABINYECKOTO KOHTypa OyJeT peXuM C Ha-
MEHBIIUM PacXoIOM Macia B KOHType, TAe AJs Mepeadd HeoOXOauMOon
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MOIIIHOCTH noTpedyeTcs Gombliee aaBiaenue. Ha puc. 3—5 nokasansl rpa-
¢uKH, mocTpoeHHbIe Mo pesynabratam pacdera KIIJ[ Tpancmuccuu u nas-
JIEHUsI B TU/IPABINYECKOM KOHTYpE IJIs Pa3IMYHbIX MMPaBIUUECKUX ap.

e
0875
0.750
0B
0.500

kna
--{ Daenerme

ID.O 50 10.0 150 00 50 300 »0 a0

CropocTe kaiy
Pucynok 3 — I'paduku KIT[] 1 OTHOCHTEIBHOTO AaBJICHUS THAPABIHYECKOrO KOHTYPA,
cocTosimiero u3 Hacoca 125 cm® i MoTopa 125 cM® B IPOLEHTAX OT MAKCHMATTBHO
JIOMYCTUMOTO TTaCIIOPTHOTO JABJICHHs THIPABIMYECKUX MaIIuH, paBHOM 430 bar

1.000
0875

na

0,750
0625
0.500

0.37%
0.250
0125
0,000
0z |.....
ows |.....
050 . :
L. o e srsssibsiaminssinsusssnsrrnsobnasmossvnpassissnmvibusnsonsvanehus snsise
0780 ........

0875 fooeennnn

[

oo 50 00 150 00 =50 00 ®0 [0
Cropocte xralfs

Pucynok 4 — I'paduku KIT[] 1 OTHOCHTEIBHOTO AaBJICHUS THAPABIHYECKOrO KOHTYPA,
cocTosimiero u3 Hacoca 145 cm® i MoTopa 125 cM® B IPOLEHTAX OT MAKCHMAJTBHO
JIOMYCTUMOTO TTACIIOPTHOTO JABJICHHs THIPABINYECKUX MaIluH, paBHOM 430 bar
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Pucynoxk 5 — I'paduku KI1J] 1 0OTHOCHTEIBHOTO AaBICHUS THIPABIMYECKOTO KOHTYpa,
cocrostmero u3 Hacoca 175 cM® i MoTopa 125 cM’ B IPOLIEHTAX OT MAKCHMATBHO
JIOMYCTUMOTO TTaCTIOPTHOTO JABJIEHHS THPABINIECKUX MAIIUH, paBHOM 430 bar

U3 rpaduxoB Ha pucyHKax 3 ¥ 4 BHIHO, YTO AABJICHUE THUAPABIH-
yeckux nap 125-125 u 145-125 cM’ mpu paboTe B OTHOM U3 PEXKHMOB
nocturaet 430 bar u 357 bar cooTBeTcTBeHHO. UTO HE COOTBETCTBYET
paHee puHATOMY orpanudeHuto B 350 bar. Jljs ruapaBindeckoro KoH-
Typa 175-125 cM’ MakcuManbHOe faBieHue coctapmser 318 bar. Ho mpu
5TOM THpaBIMYecKas mapa 145-125 cM’ HO3BONAET MOMYYHTh Oolee
BbIcokmii o0muit KITJ[ TpancMuccuu 3a c4eT Toro, 4To UMeeT 00Jiee BhI-
COKOe cpenHee naBieHue. [laHHas TUApaBiIMYecKas mapa TakKe MOXKET
OBITH HUCIIOJIb30BaHa B KOHCTPYKLMH, HO NIPH YCJIOBUHM COCTaBJICHHS all-
TOPUTMOB YTIPaBICHHUS, UCKIIOYAIONINX paboTy B pexKUMe, I/Ie AaBJICHUE
npesbimaet 350 bar.

3AKIIIOYEHUE

Br10op panyoHanbHBIX MapaMeTpoB THAPABINYECKOTO HACOCA M MO-
TOpa TUAPOOOBEMHOI0 KOHTYpa ABYXIOTOYHOH TPAaHCMHCCHUHU TPakToOpa
npecTaBisieT co0oi KOMIUIEKCHYIO 3ajady, BBINIOJHSEMYIO Ha JTarie
CTPYKTYpHOTO aHajiu3a U MpPEeABapUTENIbHBIX pacueToB, TJ€ B KaueCTBE
BXOJHBIX IapaMeTPOB HCHONB3YIOTCA PE3yJbTaThl KMHEMAaTHYECKHUX U
CHJIOBBIX PAacyeTOB TPAaHCMUCCHM, a TAKXKE JOMyCTUMBIE HapaMeTpbl
THIPABINYECKUX MAIIWH, MPEICTABICHHBIX Yy Mpou3BoauTeneil. B xage-
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CTBE pe3yJbTara CIYXKHUT OIpelelIeHne TUTIOpa3MepoOB HAcoca U MOTOPa,
MOJIETH KOTOPBIX YK€ B CBOIO OUYepeh MOTYT OBITh TIEPEAaHbl I Pa3-
PpabOTKU KOHCTPYKIIUU TPaHCMUCCHH. Pexxum, KOTOpBIN Haubosee BIus-
€T Ha THIOpa3Mep TUAPABIMYECKUX MAIIMH — 3TO paboTa ¢ MOJHOU
Harpy3koil B TOYKE MaKCHMaJIbHOTO KPYTSIIEr0 MOMEHTAa IBUTATEIS
BHYTPEHHETO CTOpaHWSI.
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VYIK 623.437.42: 629.3.018
METOJUKA YIIPOIIEHHOI'O TEIIJIOBOI'O
PACYETA ®PUKIIMOHHOM I'MIPOYIIPABJIAEMOM
MY®TbI TPAKTOPA

METHOD OF SIMPLIFIED THERMAL CALCULATION
OF A TRACTOR FRICTION HYDRAULIC CLUTCH

Yennxoit Yxao, Kozaora O. JI.,
KiarounukoB A. B., kaHz. TeXH. HayK,
000 «YaiTuOy Texnonomku budnOp», MHaycTpuaneHelii napk
«Benukuii kameHb», I. MuHck, benapychb

Chenhui Zhao, O. Kozlova, A. Kliuchnikov, Ph. D. in Eng.,
LLC «YTO Technology Blr»,
Industrial Park «Great Stone», Minsk, Belarus

OO0HUM U3 V37108 COBPEMEHHBIX MPAKMOPHBIX MPAHCMUCCUTL BTSIOM-
¢ eudpoynpasasiemvle QpUKYUOHHbIe MYyQDmbl, KOmMopuvle Cryjicam Kax
01 cMeHbl nepedau, maxk u 01 mpocanusi mpakmopa ¢ mecma. Ilpu
IMOM PeNHCUM MPOSAHUS C MeCa MPaKmopa 8 COCmase MAUWUHHO-
MPAKmMopHo20 azpe2ama OJisl HEKOMOPLIX MYDM A6NSLEMC ONpedensiio-
WUM npu 8blOOpe KOHCMPYKMUGHbIX napamempos. Pacuem mennogoil
HAZPYICEHHOCMU A6TISLeMCS MPYOO3AMPAMHbIM U mpebyem 3HAYUmenb-
Ho20 eépemenu. T1029mMoOMY HA HAYATLHBIX DMANAX NPOSKMUPOSAHUS IMU
napamempuvl mMoz2ym 6vlmb OYeHeHbl N0 NPedaazaemMomy YAPOUJEHHOMY
pacuemy.

One of the components of modern tractor transmissions are hydrau-
lically controlled friction clutches, which are used both for changing
gears and for starting the tractor. At the same time, the mode of starting
the tractor as part of a machine-tractor unit for some couplings is deci-
sive when choosing design parameters. Calculation of thermal load is
labor-intensive and requires considerable time. Therefore, at the initial
stages of design, these parameters can be estimated using the proposed
simplified calculation.

Knwuessle cnosa: mennosoil pacuem, ppuxyuonnas mygma, 2nae-
Has myghma cyenienus.

Keywords: thermal calculation, friction clutch, master clutch.
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BBEJIEHUE

B coBpeMEHHBIX TPAaHCMHUCCHSAX 3HEPrOHACHIICHHBIX TPAaKTOPOB
JUIs  TEpeKIIYeHUs mepefad W JUana3oHOB — MPHUMEHSIOTCS
THIpOYHpaBisieMble (QpUKIHOHHBIE My(QThl. OHH HCIONB3YIOTCS HE
TOJBKO JUISI TIEPEKJIIOYCHHUS Tepeaad, HO W JUIS TPOTaHUs TPaKTopa ¢
NPUCOCANHEHHBIM OpYAMEM C MecTa Ha pPa3IHYHbIX pPabovYHux
omepamnysx IpH Ppa3IMYHbIX JOPOXKHBIX ycioBusix. [Ipu sToM B
HEKOTOPBIX CXEeMaX TPAaHCMUCCHH MOTYT OBITh MOCIIEI0BATEIBHO
BKJIFOUCHBI JIBE€ W Jaxe Tpu MYy(]Thl, MepeiaroIinX MOIIHOCTh Ha
koneca. Kaxxgas u3 MyQpT UMeeT CBOM PEXKUMBI HArPYy>KEHUS, KOTOPBIE
BIMSAIOT Ha BBIOOp ee mapamerpoB. Tak, MypThl KOpoOKu mepenad,
KOTOpBIE CBSI3aHBI C JIBUTATENIeM, HArpy’keHbl €ro KpyTSIIUM
MOMEHTOM M BpAIAIOTCS C OCTATOYHO BBICOKUMHU CKOPOCTSIMU.
My®TBl QHana3oHHBIX PEAYKTOPOB, PACHOJ0XKEHHBIE Tepel TIIaBHON
KOHMYECKOH mepepadeld, MOTYT OBITh HArpy>KeHbI KaK IO CIEIJICHUIO
JUIsS  IMAala30HOB HHU3KUX CKOPOCTEH, Tak M IO JBUTATENO IS
TPAaHCIIOPTHBIX  JWAMa30HOB. TakWe  TPAHCMHUCCHUU  SIBISIFOTCS
ABTOMAaTUYECKUMHU, TIO3TOMY JUIsi pabOThI CHCTEMBI YIIPABICHUS BaXKHO
OIIPENeNUTh JOIYCTHMBIE PEXKUMBI (DYHKIIMOHHPOBAHHS, TIPH KOTOPBIX
obOecrieunBaeTcss TpeOyeMas HaJEKHOCTh H JOJTOBEUYHOCTh Y3JIOB.
OnuH M3 PEeXUMOB, KOTOPBIH JOJDKEH OBITH MPOAHATU3UPOBAH — ITO
peXUM TporaHus ¢ Mecta. [Ipym >TOM MOXKHO ONpEAETHTH
palnOHANbHBIC YCIOBUS JKCIUTyaTallld, ONPEIeNInTh, Kakas u3 My,
KOpOOKM mepeiady  WJIM  JAMANa30HHOTO  PEOyKTopa,  JOJDKHA
UCIIONIB30BATBCS B KAuecTBE TIJIABHOH, TO €CTh 3aMBIKAThCS B
MOCTIEHIOI0 OodYepelb Ui pa3roHa BCEro MAaIIMHHO-TPAKTOPHOTO
arperata. Taike ompenelsieTcs HOMEp HaWBBICIICH Mepeadyd, MpH
KOTOPOM JOIYCTHMO TPOTaThCs C MECTa.

Cy1ecTByeT HECKOIBKO METOHK pacyeTa TEIUIOBOTO PEKMMA TIaBHBIX
Mydt. B nmaHHOW MeToaMKe mpesiaractcs CKOMOMHHPOBATh HECKOJIBKO
METOJIMK I TIOJMy4YeHHsT HEOOXOIMMBIX mapameTpoB. Tak, B Hauaje
paccunTBIBaeTCS padboTa CHII TPEHHS My(THI JUISl €€ TIOJIHOTO 3aMbIKaHUS 1
pasroHa MalMHHO-TPAKTOPHOTO arperara TpedyeMon Macchl.

Macca MalIMHHO-TPaKTOPHOTO arperara:

Myra =My, +My,,
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rae My, — Macca TpakTopa, Kr;
My, — Macca MPHUIENa, KI.
MOMEHT CONPOTHBIICHHUS IPUBEICHHBIN K Bairy ppukunona, H-m:

T,= \If Myra - 9- R,
v U2 T Mo

rae y — K03 HUIHEHT CONMPOTUBIICHHS MIEPEMEILCHHUIO;

g — YCKOPEHHE CBOOOHOTO TaieH s, M/C’;

R« — paamyc 3aiHero xoneca, M;

Usy — IEPEIaTOYHOE YHCIIO 3aIHETO MOCTa;

Ug> — EPEATOYHOE OT (PPUKIIMOHA JI0 BBIXOJIA;

11 — K03 (PUIHEHT MoNe3HOro ASHCTBUS IMIMHAPUIECKUX Hepenayd
OT (PUKITMOHA JI0 BHIXO/IA;

Nay — KOIPOHUITAEHT TOJE3HOTO ASHCTBHUS 3aTHETO MOCTA.

Eciii MOMEHT CONpOTHBICHHIO ABIDKEHHS TPAKTOPHOTO arperara,
NpPUBEACHHBI K Bally BKJIIOYAEMOW (QPUKIMOHHONH My(THl OoJblne
MomeHnTa JIBC, mpuBemeHHOTO K Baldy (GPHUKIIMOHHOW My(THI, TO 3a
pacyeTHbIN MPUHUMAETCSI MEHBIIUM U3 MOMEHTOB.

Koo dumment 3arpysku apurarens:

v
3 T 5
max_ npus
1€  Tmax npus — MAKCUMAJBHBI KpPYTAIIMA MOMEHT JIBHIaTels

MpHUBENICHHBIN K BaTy Gpukinnrona, H-m.
MoOMEHT MHEPIIMHU MOCTyNaTeNbHO ABMXKYIKUXCcS Macc MTA,
TIPUBEICHHBII K OCH 3aIHHX KOJIEC TPAKTOPA, KI-M™:

Ja:rnMTA'Rszx-

CyMMapHBIii MOMEHT MHEPIINH MTPUBEIECHHBIN K BaTy (GPUKIHOHHON

2,
MYyQTBI, KT"M":
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‘]npmdM =/, Lza
Upy " Upp

rae K, — ko3¢ pUIHMEHT yueTa BpallatoXcsl Macc.

N3HOC pabounx MoBepXHOCTEH U HArpeB (PPUKIIMOHHOW MY THI 3aBH-
CHT OT pabOThl OyKCOBaHHS.

Pabota OykcoBanus, JIx:

0 5.7 2 Tmaxfnpma
A6 puB v max _npus T )
max_Tpus Ly

TI€ Opgx npus — YTJIOBAS CKOPOCTH BpAIIEHMS Ha Balmy (pUKIMOHA,
pajn/cex.

Jlanee ompexnenseTcs HarpeB (PPUKIUOHHBIX W CTaJbHBIX JHUCKOB
¢puxronHOW My(TBI. UHCIO IUCKOB MOXET OBITh OMpEAesieHO U3
YCIIOBHH Tiepeiayd HEOOXOIUMOro KPYTSIIEr0 MOMEHTa KOHKPETHOU
(pUKIMOHHON MYy()THI H PEKOMEHIOBAHHOTO KO3 duiinenTa 3amaca [1].

Yucno nap TpeHus:

Z,=2Z+Z+],

rie Z, — YUCIIO CTAIBHBIX TUCKOB;

Z,, — 9HCIIO TUCKOB C HAKJIaIKaMH.

Hanee onpexensiercs: K03 PUIUEHTHI pacTipeesieHHsI TEIUIOBOTO T0-
TOKa MEXy CTaJbHBIMH TUCKaMH K, M IUCKaMH C HaKJIaaKaMu K, mpu
BKITFOUCHUH (PUKIUOHHOH MY(THI B COOTBETCTBUH € KOAPPUIIMEHTAMHU
TEIIONIPOBOJHOCTH MaT€pPHAaIOB TUCKOB:

Tae Ay, Ac — KO3(DHUIMEHT TETIONPOBOAHOCTH AUCKA ¢ PPHUKITHOHHBIMU
HaKJIaJKaMH U CTAJIBHOIO JUCKA COOTBETCTBEHHO, BT/M'K;
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Cu» Cc — YICTBHAS TEIUIOEMKOCTh HAKIIAJKH U CTalld COOTBETCTBEHHO,
JIk/kr-K,
3
Pu> Pe — INIOTHOCTD HAKJIAJKH U CTAIH COOTBETCTBEHHO, KT/M”.

Ilocne sToro paccuuthiBaeTCsS cpenHee 0ObEMHOE MOBBILICHUE TEM-
nepaTypsl cTanbHbIX AT, 1 PpUKIMOHHBIX TUCKOB AT, 3a OJIHO BKIIIOYE-
HUe

AT =K, —5
cc‘pc.bc"Arp'Z'[p

/1€ b, — TONIUHA CTAIBHOTO JHCKA, M;
2
Ay, — TIOIAIb TOBEPXHOCTH TPEHUS, M”.

AT, =K, ——% ,
CH'PH'bH'ATp'ZTp

rne b, — TOJIIMHA IUCKA C HAKJIAJKAMU, M,
Cpennss Temmneparypa aucka B KoHie OykcoBanus, °C:

TJ:IK = THa'{ + A]-'H ’

rae Ty, — HadasbHas TeMIiepaTtypa AUCKoB, °C.

Taxoke MOXXET OBITh PACCUUTAHO JOMYCTHUMOE KOJIMYECTBO BKIIOYE-
HUH, MPOM3BEACHHBIX IMOJPSAN U BpeMs MEXIYy BKIIOYCHHSIMH MY(]THI,
IIPU TOCTH>KCHUM NIPEAEIIBHON TEMIIEPATYPBI.

Bpems oxiaxxaeHust AUCKOB, CEK:

Cc‘b X T;:u(_TMH
° chké' T}'iaq_T

MH
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B cBsa3uM ¢ HajgMyueM KaHAJIOB Ha IMOBEPXHOCTSAX TPCHMS IHCKOB
(PUKIIMOHHBIX YCTPOWCTB, PabOTAIONIMX B Macie, MPH MPaKTUYSCKUX
pacuerax HEOOXOJMMO YUYHUTHIBATh TOJIBKO (haKTUYECKYIO TUIOIIAIh Tpe-
HUS, T. €. IUIOIIAAb TPEHHUS IUCKa 0€3 IUIOIIaan, 3aHsATON KaHaIaMu.

KoagduimeHT miomaay 1ucka, 3aHITOro KaHaJlaMu:

Pacuetnl IMPOBOJATCA I Pas3/IMYHBIX JKCILTyaTallMOHHBIX yc.]'[OBPIfI
U 10 MOJYYCHHBIM PE3yJIbTaTaM NPUHHUMAIOTCA PCHICHUA IO IMPUEMIIC-
MBIM IIapaMeTpaM, TAKMM KakK TOJILMHA TUCKOB, UX KOJIUYECTBO, KOTO-
pble fanee MCHONb3YIOTCS IS Pa3pabOTKH KOHCTPYKIMU (HPPUKIIHOHHON
My(ThL. Pe:xuMbI, Ha KOTOPBIX HE obecriedrBaeTcsi paboTocrocoOHOCTh
IpY TPOTaHUM, HAIPUMEp, CTapT Ha Iepetade ¢ HU3KUM MepeaaTOuYHbIM
YHCIIOM JOJDKHBI OBITH YYTEHBI B CHCTEME YIPABICHUS M JHAarHOCTHKU
JUIL UCKIIIOYeHHsl mieperpesa. [IpM HalMYMU HECKOJIBKUX IOCIEI0Ba-
TCJIBbHO BKIIOYCHHBIX My(bT, 10 I[aHHOﬁ METOJUKE MOKHO IpOaHAJIN3U-
pOBaTh, KaKyio U3 My(T panroHaIbHEe UCIOIb30BaTh B KAUeCTBE TJ1aB-
HOHM My(TBI U TPOTAHHS MAIIMHHO-TPAKTOPHOT'O arperara.

3AKIIIOYEHUE

Omnenka paboTOCITOCOOHOCTH (PPUKIIMOHHON MY(THI CIETUICHHUS KO-
pOOKH Tiepenad ¢ MEepeKITIOYSHUEM TI0J] Harpy3KoW, KOTopasi MCIOJb3y-
€TCA IJid TporaHusd C MECTa ABJIACTCA Ba)KHOM 331131161‘/'1 Ha paHHUX CTa-
JSIX TIPOCKTUPOBaHUs. [IpelioskeHHass METOIMKA TI03BOJISET 38 KOPOT-
KO€ BpEMs IIPOBECTU TAaKYIO OLICHKY H, IIPU HeO6XOI[I/IMOCTI/I, U3MCHUTH
MapaMeTphl JIM0O MOPSIOK BKIOYCHHS MY(T Ha KaXJIOM U3 BO3MOXKHBIX
PEXKUMOB pabOTHI TPAKTOPA.
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VIIK 62-592.52
AHAJIN3 MOTEHIAAJTBHBIX TOPMO3HBIX KAYECTB
COYWJIEHEHHOTI'O TPOJLIENBYCA

ANALYSIS OF THE POTENTIAL BRAKING QUALITIES
OF AN ARTICULATED TROLLEYBUSON

IMoBapexo A. C., kaH[. TEXH. HayK, JIO1I.,
benopycckuii HalMOHANBHBIN TEXHUYECKUI YHUBEPCUTET,
r. Munck, Peciyonuka benapych
A. Pavarekha, Ph. D. in Eng., Ass. Prof.,,
Belarusian national technical University, Minsk, Belarus

Jlunamura 08udicenus COUNEHEHHbIX MAWUH OMAUYAEMCs OM aHAJO-
SUUHBIX NPOYECco8 OJisk OOUHOUHBIX MPAHCIOPMHBIX CPEOCME, HOIMOMY
0COOEHHOCMU  OBUIICEHUsl  COUNEHEHHbIX CPEeOCME  NACCANCUPCKOSO
MPAHCNOPMA HA NEPEXOOHBIX PENCUMAX AGTSIOMCIL AKMYATbHBIM NPeo-
Memom ucciedosanui. Jlannaa paboma ceéAzaHa c onpeodeyieHuem no-
MEHYUATLHO BO3MONCHBIX MOPMOZHLIX KAYECME COULEHEHHO20 MPexoc-
H020 mpoJinelbyca.

The dynamics of movement of articulated vehicles differs from similar
processes for single vehicles, therefore, the features of movement of ar-
ticulated means of passenger transport in transitional modes are an ur-
gent subject of research. This work is related to the determination of the
potentially possible braking qualities of an articulated three-axle trol-
leybus.
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Kniouesvie cnosa: mopmodicenue, yoenvHas mopMO3HAs Cuid, 3¢-
exmusrocmb mopmodicenust, mpoireioyc, mopmo3Has Cuid.

Keywords: braking, specific braking force, braking efficiency, trol-
leybus, braking force.

BBEJIEHUE

Kak u3BecTHO, OTHMM U3 3KCIUTyaTallMOHHBIX (PaKTOPOB, BIUSIOIIUX
Ha TOPMO3HBIE Ka4eCTBa TPAHCIIOPTHBIX CPEJCTB, SBIISIOTCS JOPOKHBIC
yCIIoBUs, onpeaessieMbie K03Q(OUIIMEHTOM CLEIICHUs KOJIEC ¢ OMOPHOM
MOBEPXHOCTHI0. BennunHa noTeHUManbHO pealn3yeMol TOPMO3HOM CH-
JIBI OIPEJIEIIIETCS MPOU3BECHHEM HOPMAalbHOW peakiiy Ha KoJiece Ha
MaKCHUMaJIbHOE 3HadeHne Kod(pduimeHt cremieHus [1]. Yame Bcero
MaKCHMaJIbHOE 3HaueHHE KOA(PGUIIMEHTA CLEIICHHS I OIPEICICHHO-
TO JIOPOXHOTO (pOHA MPUHUMAETCSI IOCTOSIHHBIM, OJTHaKO Ipu Ooiee Je-
TaJIbHOW OIIEHKE B3aMMOJEHCTBUS Kojieca C ONOPHOM MOBEPXHOCTHIO
CICAYET YUUTBIBATH €T0 3aBUCHMMOCTD OT KOHCTPYKTHBHBLIX ITapaMETPOB
IIMHBI, CHJIOBBIX M KHHEMATUYECKUX MMapaMeTPOB €€ pa0doThI B IIpoOIiecce
JBI>KEHUs [2].

[Ipu GpyHKIIMOHANEHOM aHAIN3€ AMHAMUKHA TOPMOXKEHUS TPAHCIIOPT-
HBIX CpPEACTB KOX(PQHUIMEHT CIEIUICHUS CUHUTACTCSA TMEepPEeMEHHBIM U
ompeAenseTcsl Kak H3MEHEHUE YIeIIbHOW TOPMO3HON CHIIBI OT CKOJIbXKe-
HUsl KoJjeca. Ero wacto HaspBaloT KO3(D(PHUIMEHTOM MCIIONB30BaHUS
CIIEITHOTO Beca. Jlis MIMH COBPEMEHHBIX aBTOMOOWIIEH 3aBUCHMOCTH
UMEIOT BUJ, MPEICTaBICHHbIM Ha puC. 1, U MPU MOJETUPOBAHUHN YACTO
aNMpPOKCUMHUPYIOTCS SKCTIOHEHIINATHHBIMH 3aBUCHMOCTSIMH BHJA

O=Qp -(1=€ ™).

YCTOMYUBOCTh ABMKCHHSI COWICHEHHOTO TpoJUIeiidyca B mporecce
TOPMOKCHHA 3aBUCUT OT MPABUJIBHOT'O BLI60pa BEJINYHUH U COOTHOIIC-
HUSl TOPMO3HBIX CHJI, a TaK)K€ COTJIACOBAHHOW PabOTHI TOPMO3HBIX CH-
CTEM OTHENBHBIX €r0 3BeHbhEB. [Ipm 3TOM HaWOOIBIIYIO OMACHOCTH C
TOYKH 3pEHHSA YCTOWYMBOCTH TMPEICTABIIACT CAydail OJOKHMpOBaHHS KO-
Jec 3aaHen ocu TArada. KpoMme TOro, M3B€CTHO, YTO YCHUJIUSI CXKATUS B
CBSI3bIBAIOLIEM TSIay U MPULEI AIEMEHTE YBEIUYHUBAIOT, a YCUIHS pac-
TAOKCHUA YMCHBIIAIOT 3aHOC TsATr'ava.

260



Hannume oTHOCcHTENbHON NOJABM)XHOCTH 3BEHBEB, KaK B TOPU30H-
TaJbHOM, TaK U B BEPTUKAJIBHOM IUIOCKOCTH NMPHUBOIUT K JOCTATOYHO
CIIOKHOMY XapakTepy W3MEHEHHS HOPMAIbHBIX HArpy30K Ha MOCTHI H,
COOTBETCTBEHHO, PEaTU3yeMbIX TOPMO3HBIX CHJI, B PA3IUUHBIX yCIOBHUAX
SKCIUTyaTalluu, Pa3IMYHOM 3arpy3ke Tpoiuieiidyca u 3¢ ¢deKTUBHOCTH
TOPMOXKEHUS.
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PucyHok 1 — BausiHue 10p0oKHOTo (h)OHA U CKOJIBKEHHS LINHBI HA
peann3yeMblid KoiecoM KO (UIMEHT CleTuIeH s :
I — cyxoe ac(hanbTo0eTOHHOE MOKPHITHE; 2 — TBEP/asi TPYHTOBAs 0POTa;
3 — Mokpoe achaabToOETOHHOE MOKPHITHE; 4 — PBIXJIbINA CHET;
5 — ykaTaHHasi CHeXHasl JOpora; 6 — JIeJSIHOE TOKPBITHE

Kpowme sToro0, cnexyer umers BBHIY HEOOXOAMMOCTH HMOIJAEPKaHMSA
TpeOyeMBIX COOTHOIIEHHH TOPMO3HBIX CHJI II0 MOCTaM, KOTOPBIE perja-
MEHTHPYIOTCS IPEANUCAaHUSIMA HOPMaTHUBHBIX JOKYMEHTOB [3—4].

CaMbIM HaWIy4IlIUM € TOYKH 3PEHUs Kak 3(QPEeKTHBHOCTH TOPMOXKeE-
HUSI, TaK ¥ COXPAaHEHUs] YCTOWYNBOCTH JIBUKEHUS ObII0 ObI 0OecrieueHne
paBEHCTBA yJIEIbHBIX TOPMO3HBIX CHJI IO MOCTaM TPAaHCIOPTHOIO CpPe-
CTBa HE3aBHCHMO OT €r0 3arpy3Kd U YCIOBUH JBUXKEHHS IIPU TOPMOXKE-
HUU. [ counieHeHHOTO TpoJutelidyca 3TO yCIOBHE BBITIISAUT CIEIYIO-
MM 00pa3oMm:

£ _5 r (1)
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TZe y; — yJAeNbHas TOPMO3Has CHJIa COOTBETCTBYIOIIETO MOCTa TPOJIIEH-
Oyca; N; — HOpMallbHAsl peakIus Ha KOJecaxX COOTBETCTBYIOIIETO MOCTA;
F; — Topmo3Has cuia, peanu3yemas i-M MOCTOM TpoJuieiOyca.

C yderom gomymieHusi 06 OTCyTCTBUH MOAATINBOCTEH B COCTUHEHUN
3BEHBEB TPOJLIE0yca MOXKHO 3allUCaTh, YTO B YCTAHOBHUBLIEMCS PEKUME
TOPMOKEHHUSI 3aMEIJICHHE COWIEHEHHOTO TpoJuleiidyca ompenensercs
CIIeYFOIINM 00pa3oM:

” " //=F1+F2+F3=’YI'N1+’Y2-N2+’Y3.N3‘
mT+mn mT—i—mn

Jl7ist pelieHus BBIIICTIPUBEICHHBIX YPaBHEHHH HEO0X0AUMO 3a/1aThCsl
KpPUTEpHEM BBIOOpPA pacrlpeieeHus] TOPMO3HBIX CHJI 110 MOCTaM CodJie-
HEHHOro Tpojuieiibyca. PacueT TOPMO3HBIX CHJI MOKET BECTUCH ABYMS
My TSMU:

— B MIEPBOM Cllyyae TOPMO3HBIC CHIIbI, pa3BUBacMble B MATHAX KOH-
TaKTa IIWH C JOPOTOH, ONPEAEISIOTCS C YUETOM IPUXOIIIErocs Ha KO-
Jieca Beca M KO3 GHUITMEeHTa CIETUICHUS ¢ JOPOTOi;

— BO BTOPOM cllyyae paccMaTpHUBalOTCS XapaKTEPUCTUKU PealbHOU
TOPMO3HOM CHCTEMBI M OLIEHHBAIOTCSl BHIXOJHBIE IIapaMeTphl Ipolecca
TOPMOXKEHUS COUICHEHHON MaIlINHBI.

C nenpsto obecrniedeHus: HanOombieH 3)(HEKTUBHOCTH TOPMOKEHUS
NpU OTPEAEICHUH BBIXOAHBIX XapaKTEPHCTHUK TOPMO3HBIX MEXaHH3MOB
1eJ1eCO00Pa3HO MCXOAMTh U3 YCIOBHH MAaKCHUMAaJbHOTO HCIIOIb30BAHUS
CIICTTHOTO Beca, MPHUXOJSIIErocs Ha KoJieca TPaHCIIOPTHOTO CPEACTBa
B YCTaHOBHBILIEMCSl peXHMe TOpMOXkeHus. B 3Tom ciyuae yciosue (1)
BBITVISLAUT CIIEAYIOIUM 00pa3oM:

Yl:YZZY3:(Pmax’

TJI€ (qr — MAKCUMAIBHO BO3MOYKHBIN IO YCJIOBUAM CICTUICHUS KO3 du-
LIUEHT CIEIUIEHUS IIUH C JJOPOTrOi.
Torna MakcuMaabHO BO3MOYKHOE 3aMeJIeHe MallIuHbI:

" " "
xc’l‘:xT:xn:g'(Pmax' (2)
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[oncrasnsist 3HaYeHus 3aMeyieHui (2) B BRIpaXKEHUsI ISl OIpeieie-
HUS HOPMAJBHBIX PEaKIUil W YCWIMA B COCIMHHUTEIBHBIX AIIEMEHTax
3BEHBEB, MOXKHO 3aIHCaTh:

8 (54 hy)
lcn+l3+(Pmax 'hcu ,
mH ‘g'(ZCl'[_(pWIHJC.(hH _hC]_[) .
I, +L+0,, h ’

ci

_ mT'g'(ll_(Pmax'hT)+Ncu'(ll+ICT_(Pmax'hcu) .

cn

Ny = 3)

N
? I +1,

N. = mT'g'(IZ+(Pmax'hT)_Ncu'(ICT_IZ_(pmax'hcu)
: L +1, '

TOpMO3HBIE CHIIBI, HCXOS W3 YCIOBHS MaKCHMaJIbHOTO HCIIONB30Ba-
HHS CLICITHOTO Beca, OMPEACIISIOTCS CIISIYIOUIUM 00pa3oM

Fiz(Pmax.Nl; FVZZ(Pmax.NZ; Fé:(pmax‘NP (4)

r7le 3HaYe€HUEe HOPMAIBbHBIX PEaKUWd BBIUYUCIISIIOTCS COTJIACHO BBIpa-
KeHusM (3).

Hns ouenku TpeOyemoil 3(h()EeKTHBHOCTH TOPMO3HBIX MEXaHW3MOB
MOCTOB COTJIACHO BBIPaXEHHAM (4) OCTPOEHBI rpapuuecKue 3aBHCUMO-
CTH TOPMO3HBIX CHJI 110 CLEIUICHHIO, pean3yeMbIX Ha KOJecax MOCTOB
IPU Pa3INYHBIX CLEMHBIX YCIOBHUSX IJIS TPYKEHOIO U B CHAPSDKEHHOM
COCTOSIHMHM Tpoueiidyca (puc. 2).

HeoOxomumele 111 MaKCUMaJbHOM peaii3aluy CIEMHBIX KayecTB
TOPMO3HBIE MOMEHTHI TOPMO3HBIX MEXaHM3MOB MOTYT OBITh HaiiIeHBI U3
BBIPAKECHUI:

M, =N;-¢;, 1, )

re [ — MHIEKC, COOTBETCTBYIOIINNA HOMEPY MOCTa Tposuieiidyca; ry —
JUHaMUYECKUH paJuyc COOTBETCTBYIOLIETO KOJIECa.
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Pucynok 2 — VneansHoe pacnpeesneHue TOPMO3HBIX CUJI IO MOCTaM
COWICHEHHOTO TPOJUICHOyCca NP pa3IMYHbIX CLEMHBIX YCIOBUSIX:
— IPY’K€HBI{; =——=—=— — CHApsDKEHHBI; /, 2, 3 — HOMepa MOCTOB

I'padugeckre 3aBUCUMOCTH TOPMO3HBIX MOMEHTOB (5) Ha Kojiecax
MOCTOB TIPH peaji3alii HX CIEIHbIX Ka4ecTB JIJIsl TPY’KEHOTO U B CHa-
PSDKEHHOM COCTOSIHUH TPOJIIei0yca MpeCcTaBIeHbl Ha pHcC. 3.

Kak BHOHO M3 NpencTaBICHHBIX 3aBUCHMOCTEH BEIHMYUHBI TOPMO3-
HBIX CHJI U MOMEHTOB Ha MOCTaX COWJICHEHHOTO TPOJUIeiibyca 3aBUCAT OT
3¢ PEeKTUBHOCTH TOPMOXKEHHsI Tposuieiidyca u ero 3arpysku. [Ipu sTom
CllelyeT OTMETHTb Pa3lWYHbI XapakTep paclpeiesieHnuss TOPMO3HBIX
CHJI IJIsI TPY’KEHOI'0 M CHapsDKeHHOro TposuieiiOyca. Tak, nist rpyskeHoro
TpoJuIeli0dyca XapakTepHbIM BO BCEM JHaIa30He W3MEHEeHHs Ko3(hduIu-
€HTa CLEIUICHHS SIBIISETCS HauOoJbllee 3HaueHHe TOPMO3HOM CHIIBI AJIS
cpeaHero Mocta Tposueidyca. Tak, ams ¢ = 0,8 peanuzyemas KonecaMu
MocCTa TopMO3Has cuiia coctaBisieT 86,95 kH. TopmosHble cuiibl Ha niep-
BOM M TPEThEM MOCTax OJIM3KU JPYT K APYry, a B AuanazoHe ¢ = 0,6-0,7
MpPaKTU4ECKH OoAWHAKOBHL [Ipu ¢ = 0,8 TOpMO3HBIE CHJIBI COCTaBIISIOT
F;=69,37 xH u 63,5 kH g nepBoro u TpeTbero MOCTOB COOTBET-
CTBEHHO.
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Pucynok 3 — Heo6xoaumble 10 yCIOBHSM CLEIUICHUS 3HAUCHUSI TOPMO3HBIX
MOMEHTOB Ha KOJIECaX MOCTOB COWICHEHHOTO TpoJuIeioyca:
— IPY’KEHBbI}; =—==—==— — CHapsDKEHHBII{; /, 2, 3 — HOMEpa MOCTOB

CJ'ICI[yCT OTMCTUTB, YTO KOJIMYCCTBECHHOC COOTHOIICHHC TOpMOSHI)IX
CHJI TI0 MOCTaM 3aBHCHT Takke OT 3(PQPEKTUBHOCTH TOPMOKCHHUS,
T. €. BeIMUYMHBI KOdQQULMEeHTa cuemieHus @. Tak, Ipu yBEITUYEHHH ¢
YMEHBIIAETCS pa3HuLa Mexny F, u I u yBenuuuBaercst Mmexay F» u Fj.
ﬂaHHaH TCHACHIIUSA UMECCT MECTO KaK IJIs1 rpy)KeHoro, TaxK U 11 CHapﬂ-
KEHHOTO TpoJuieiidyca.

3AKIIIOYEHUE

U3 npuBeneHHBIX Ha pUC. 3 3aBUCUMOCTE MOXKHO ONpENEIUTh Tpe-
OyeMmylo ajsl peaju3aldd IIpoLecca TOPMOXKEHHUS C OJUHAKOBBIMHU
YAEIbHBIMU TOPMO3HBIMH cHiIaMH 3¢ (EKTUBHOCTE TOPMO3HBIX MeXa-
HU3MOB MOCTOB. B KauecTBe KpuTepusi BHIOOpa pacueTHBIX 3HAYCHUU
TOPMO3HBIX MOMEHTOB NMPUHUMAETCS MOJHOE HCIOJIb30BaHUE CLIEITHOTO
BECa, YTO SIBJISICTCA HAWIYHYLIMM PEIICHUEM C TOUKU 3peHHs 0e30IacHo-
CTH JBU)KCHU.

ITpu 5TOM B KadecTBe MOPOXKHOIO (hOoHA, OMpPEAENAIOIIEro yCIOBHs
WCIIOJIb30BaHMsI CLIETHBIX CBOWCTB IIMH C ONOPHOW MOBEPXHOCTHIO, Clie-
IyeT npuHATH acansT cpenHero kadectBa ¢ ¢ = 0,8 (puc. 1), koTopslit

265



ABJSieTCSl HanOoJiee XapakTepHBIM Ul JKCIUTyaTaluH TpoJuielOyca B
TOPOACKUX YCIIOBHAX. B 3TOM cilyuae TOpMO3HbIE MOMEHTBI, pa3BUBae-
Mbl€ TOPMO3HBIMH MEXaHM3MaMM KOJIEC MOCTOB COYJIEHEHHOTO TpPOJ-
neiidyca UMEr0T 3HadeHus: nepeauuit moct — My = 18,2 xH-m; cpennamii
MocT — My, = 22,8 xH-™m; 3aguamit MocT — M3 = 16,7 xH-M.
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B pabome oceewgenvr 6onpocwl obecneuenus snepzo-, 61azo-, HOYGo-
u pecypcocbepesicenus 8 ycnogusax zemaeoenus Typkmenucmana, nymem
C030aHUs YHUBEPCATLHBIX A2POMENUOPAMUBHBIX MAUUHHBIX A2Pecamos
HOB020 NOKOJIeHUS! OJisl 6HYMPUNOYBEHHO20 GHECEHUS HCUOKUX YOOOpeHUll
U COGEPUIEHCIMBOBANUS UX MEXAHUKO-MEXHON02UYECKUX 0CoDenHOCmel,
a makoKce HaAyuyHuIX U depOMeEXHUYECKUX OCHO8 NOBblULeHUs NI000POOUs
NOUBbL C YHEMOM CHUIICEHUS MPYOOGbIX, IHEPSEMUYECKUX U MAMeEPUaib-
HO-0EHEeJICHbIX 3ampam, HANPAGNIEHHbIX HA NOJYYeHUe YCMOUYUBHIX
U 2apaHMUPOBAHHBIX YPOHCAEE XAONYAMHUKA.
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The work covers the issues of ensuring energy, water, soil and re-
source conservation in the conditions of farming in Turkmenistan, creat-
ing universal agro-meliorative machine units of a new generation for
intrasoil application of liquid organo-mineral fertilizers and improving
their mechanical and technological characteristics, as well as scientific
and agrotechnical bases increase in soil fertility, taking into account the
reduction of labor, energy and material costs, aimed at obtaining sus-
tainable and guaranteed yields cotton.

Knioueswie cnosa: pecypcocoepedcenus, sHepeemuueckas 3¢dex-
MUBHOCTL 2TYO0K020 PLIXTIeHUs, (hopMbl U NAPAMEMPO8 CMOEK, NA000-
POOUSL OPOULAEMBIX NOYE.

Keywords: resource saving, energy efficiency of deep loosening,
shape and parameters of racks, fertility of irrigated soils.

BBEJIEHUE

B YCIIOBUAX BEACHHUA MHTCHCHUBHOI'O OpOIIa€MOro 3eMJICAC/INA CEllb-
CKOXO3SIMICTBEHHBIC MAaIlllHBI JOJI2KHBI 6I>ITI) OCHalll€Hbl TaKUMU pa60-
YUMH OpraHaMH, MPH CO3JaHHH KOTOPBIX MAKCUMAIIbHO YYHUTHIBAINCH
OBl YCIIOBHSI ONTHMH3AINNA OWOIOTHYECKHUX IPOIECCOB BO3/EIBIBAHUS
CEJIbCKOXO3SIMCTBEHHBIX KYJIBTYp B IPHUHSATHIX CHELUAIU3UPOBAHHBIX
ceBooOopoTax. MicxonHbie naHHbIe Il pa3pabOTKH KOMIUIEKCa MaIlliH U
OTIIENBHBIX OpPYIUH — TOYBEHHO-KIMMATHYECKHE YCIOBHS PETHOHA U
TEXHOJIOTHYECKHE OCOOCHHOCTH BBIPALIMBAHUS ITOJIEBBIX KYJIBTYp. AT-
POTEXHUYECKUE JIOMYCKU U OrpaHUu4eHUs (OPMYIUPYIOT C YUETOM Tpe-
0OBaHWH IO MpeIyNpPeXIEHIIO BOIHOW W BETPOBOIT SPO3MH, COXPaHEHUS
mIogopoauvs Imo4YB, YBCIWMYCHUA IMPOUECHTHOI'O COACpKaHUA rymMyca, UC-
KIIFOUEHHUS BPETHOTO BO3JACHCTBUS Ha OKpY KaroIIyto cpeay [1].

Ha coBpemeHHOM »3Tame WHTeHCH(HKAIMKM 3eMielnenus Hauboee
MEPCIIEKTUBHBI B MEJIHOPATHBHOM YIYYIIEHHH 3€MeJh ITOCPEICTBOM
MPOBEJICHHUS KPOTOBaHUS U TIyOOKOro phixiieHUs. [J1y0okoe phIxjieHue
TSDKEIIBIX TOYB BCETJla COMPOBOXKIAETCS OOJIBIINM PAcXOJOM TOIUIHBA
M3-32 BEICOKOTO CONPOTHBIIEHHUS ITOYBHI Pa3pyIISHHIO.
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PA3PABOTKA HOBBIX KOHCTPYKII1 HAPE3UNKA
ADPAIIMOHHOI'O IPEHAXA U KYJIbTUBATOP
PACTEHUEIIUTATEJIbA

[TonoxuTenbHO CKa3anoCh PHIXJIEHHE-KPOTOBAaHUE HAa BOAOIPOHHIIA-
€MOCTb ITOYBHI. Y CTaHOBIIEHO, YTO BO3JIEMCTBHE adPallMOHHOTO ApeHaXKa
(AJl) cHmXanoCch ¢ Te4eHHWEM BPEMEHH, T.€. MPAKTUYECKH Ha 4-M TOAy
OKCIUTyaTanuu Kod(pGUIHEHT (QUIbTpalUHu CTaOMIN3UpPOBAJICs, He3Ha-
YUTEIHHO MPEBHINIas KOHTPOJIbHBIH BapHUaHT.

B mpon3BOACTBEHHBIX YCIOBUSAX BOCCTaHOBIIEHHE JI€TPAAMPOBAHHBIX
YIUIOTHEHHBIX TIOYB Ha OPOIIAEMBIX 3eMJISIX PEKOMEHIYETCsl OCYIECTB-
JSTH MyTeM KOMIUIEKCHOH MENHMOpalMH, BKIOYAoUIeld rimyOoKoe phIX-
JeHue W Hape3ku AJl, KOTOpble BOIUIOIIEHBI B HOBOW KOHCTPYKLHUU
Hape3unka a’parmonHoro apenaxa (HAJL). YcranoBineHa 3akoHOMeEp-
HOCTh M3MEHEHMS IUIOTHOCTH, BJIATOEMKOCTH U (HIBTPALMOHHBIX
CBOMCTB IIOYBOIPYHTOB B Ipouecce Hape3ku A/l. OnpeneneHo BiausiHUE
HA/I-2-60 ma w3MeHeHHe IIOTHOCTH IOYBHI, €¢ BOJAHOTO H TeMIlepa-
TYpPHOTO PEXHUMOB [2].

OxoHomuueckas 3(dekTuBHOCTs AJ] MoxeT ObITH ompelnesieHa IO
TpEM OCHOBHBIM COCTAaBIISIONIMM: dKOHOMHYEcKas 3(h()EeKTHBHOCTh OT
MPUMEHEHUs] HOBOM KOHCTPYKIIMM M TEXHOJOTHMHU €r0 Hape3KH; 3KOHO-
Muueckas 3(QQGEKTUBHOCTE OT NMPHOABKH ypOXKasl CEIbCKOXO3SIMCTBEH-
HBIX KYJIbTYp; 9KOHOMHSI IIPOMBIBHOM M NOJMBHOM BOAkL. [Ipu 3TOM 3Ha-
YUTEIHHO YJIYYIIAaeTCsl KOJIOTMYecKass OOCTaHOBKA, COKpAIlaeTcs IIo-
nmuBHasg 20-30 % u npomsiBHas HopMa 10 50-75 %, mpeaoTBpaIiaroTcs
TIOBBIIIICHNS] YPOBHSI TPYHTOBBIX BOJI M IPOIIECC 3aCOJICHHUS.

Takum 00pa3oM, MPOIECC PHIXJICHHS IOYBHI MO/ PSAKOBBIA MOCEB
XJIOMMYAaTHUKA TOJKEH MPOU3BOAMTHLCS Ha rryouHy 50 cMm, mpuueM BepX-
HUH KIMH-Ie(dopMaTop I0DKEH NPOXOIUTh Ha TIyOuHe 35 cM OT ropH-
30HTa UMETh MMUPHUHY 35 CM, a MHWPHHA HIKHETO KIMHA-AedopMaropa
JoJKHa cocTaBiaTh 20 cM. B pesynbrate, B IUIOTHOW MouBe 00pasyercs
TpanenenaanbHas, pacIUpsIOIasics K BepXy TpaHules, TayonHoi 50 cMm,
HIUPUHOH, TOHU3Y 20 cM ¥ mupuHOM no Bepxy 50-55 cm, 3anonHeHHas
KOMBSIMH Pa3pbIXJIEHHON ITOYBBI.

PesynbraTel mcciieoBaHUN HCIOJIB30BaHbl MPH pPa3paboTKe MPHH-
LOUIUAJbHO HOBBIX KOHCTPYKUHH, B KOTOPOM TINIyOOKOE pPBIXJIEHUE
TPyHTa COYETAETCS C OJHOBPEMEHHBIM BHYTPHUIIOYBEHHBIM BHECEHHUEM
JKUJKOTO opraHomMuHepansHoro yaoopenus (JKOMY) HyxHOTO cocTa-
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Ba, obOopynosanus HAJI-2-60M u KyJIbTUBAaTOp pacTeHHENUTATEh
KP-5-40 (puc. 1, 2).

KP-5-40 ycTpOoWCTBO /151 BHECCHHS KHIKUX MUHEPAJIbHBIX YI00pEHHI
(’KMY) B npHKOpHEBYIO 30HY MOCEBOB IMPEAHA3HAYECHO IS pa3pylLCHUs
IUTY>KHOH TOJIOIIBBI, BBEICHHIO MHUTATEIBFHBIX BEIECTB B KOPHEBYIO CH-
CcTeMy, YIIIyOJeHHs TMaXOTHOTO TOPHU30HTA ITOYBHEI M TIIyOOKOro 0e30T-
BaJIbHOTO PBIXJICHHs MOYBHI Ha I1youHy oT 30 1o 40 cM, ¢ 1eblo coxpa-
HEHUS BJIaTW B oceHHe-3uMHMHI niepuon [3]. [Ipu ucnonbp30BaHUH KUIKUX
yHIoOpeHns: U3 Hero KOpHeBas CHCTeMa XJIOIMIaTHUKA ObICTpee pa3BUBAET-
csl, TTy0Ke IPOHUKAET B MOYBY. Pe3yibpTaThl TEOPETUIECKUX HCCIIET0BA-
HHUH TEXHOJOTUYECKOTO MpOoLecca METMOPATUBHOTO PHIXJIEHHS TI04B, BbI-
MOJIHEHHBIX HAa OCHOBE Pa3pa0OTaHHOH B paboTe CHCTEMBI YNpPaBJICHUS
XapaKTepUCTUKaMH pab0urX OpTaHOB PHIXIIUTENICH U PeXIMaMH HX pado-
TBI, TO3BOJISIIOT CHIENATh BBIBOJ O MPAKTHYECKOW BO3MOKHOCTH CO3AaHHS
MOYBEHHOT0 NpoMIIs ¢ 3alaHHBIMU NTapameTpamu [4].

&
Pucynox 1 — O6mwuit Bug HA/I-2-60M Pucynok 2 — O6mwmii Bug KP-5-40

HoBu3Ha TEXHOJIOTHYECKUX M TEXHHYSCKHX peHIeHI/Iﬁ 3aluIicHa aB-
TOpCKOﬁ CBHI[GTeJ'IBCTBOﬁ " IIOATBEPKACHA 3 maTeHTaMH TypKMeHI/ICTa-
Ha Ha U300pETEeHUsL.

['myOokoe pbIXJIeHHE TSKENbIX ITOYB BCETJa COIPOBOXKIAETCS OOJb-
1M pacxoJoM TOIIMBa M3-3a BBICOKOI'O COIPOTHUBJICHHUA IIOYBBI pas-
PYUICHULO. Hay‘-IHLIMI/I HUCCICAOBAHUAMU U SKCIICPUMCHTAJIbHBIMU pa6o—
TaMU B 00JIaCTH TIIyOOKOTO PHIXJIEHHUS JOKAa3aHO, YTO B YCIOBHSIX IMPOY-
HBIX II0OYB HAMMCHCEC 3HepF0éMKO (I/IMeeT OTHOCHUTCJIPHO MHHHMAJIbBHOC
COIIPOTHUBJICHUE pBIXJ'IeHI/IIO) MJIOCKOE€ PE3aHUEC TIpPYHTaA IMapalICIbHO

270



MOYBEHHOMY TOPU30HTY IBYXBSIPYCHBIM HOXOM C JIOJOTOOOpa3HBIMU
pexymuMu aedopMaropaMu, pacloOIOKEHHBIMH TakK, 4TOOBI Kak Ha
BEpPXHEM SIpyce, TaK M Ha HIDKHEM sIpyce IMPOUCXOAUIIO TIOCIOMHOEe pe3a-
HUE MOYBHI ¢ €€ CKOJIOM, HAIIPABJICHHBIM BIIEpE U BBEPX, TO €CTh B CTO-
pOHY CBOOOIHOW MOBEPXHOCTH, MPH 3TOM IPOUCXOIUT PE3AHHE C BBIIIO-
pPOM cpe3aeMoOi TPYHTOBOHW CTPY>KKH B CTOPOHY C MEHBIIUM COIPOTHB-
JIeHUEeM, TO ecTh BBepX. Ilocie mpoxoma Takoro ABYXBAPYCHOTO
PBIXJINTENS YIUIOTHEHHE TPYHTAa HE MPOMCXOIUT, a OOpa3oBaBIIasiCS
TpaHIlies] B MOMEPEYHOM CEUCHUHU MPEACTaBIsCT CO00M Tparelenaaib-
HYI0, PacXOJSALIYIOCS K BepXy (opMy, 3allOJHEHHYIO KOMbSIMH Pa3phiX-
JIEHHOM ITOYBHEI.

3AKIIIOYEHUE

MoIIHOCTHBIE TIOKa3aTeNId IKCIEPHUMEHTAJIbHBIX PaOOYMX OPraHOB
B TIOJIEBBIX YCIIOBUSX IIeJIECO00pPA3HO OMpeNessITh METOJIOM 3aMepa pac-
X0Jla TOIUIMBA JBHTaTelleM TpakTopa. Pacxoj TomimBa, OTHECEHHBIH K
MOKa3aTel0 MOJHOTHl PBIXJICHHS, UMEET MPSIMYI0 3aBUCHMOCTh OT IIH-
PHUHBI 10JIOTA, OHAKO, pabOUMii OpraH ¢ ABYXbAPYCHBIM PACIIOIOKEHH-
€M JIOJIOT UMeeT MeHee HHTEHCUBHBIN pocT. [Ipu pabote ombITHOTO 00-
pasiia rIryOOKOPBIXIUTENS ¢ TpakTopoM «Case» Tpu TyOHHE PHIXIICHUS
nouskl 0,6—0,7 M u paboueit ckopoctu 0,8—1,0 M/c, pacxoJ TOILTUBA CO-
ctaBua 29,9 kr/ra. [IpuObuTe TP BO3ENBIBAHAH XJIOMYATHUKA TIO TITY-
OOKOMY PBIXJIEHHIO B CpefHeM B 1,3 pa3a MpeBbIIIaeT, YeM MPH OOBIY-
HOU 00paboTKe.

Hns yBennduerns >((EKTHBHOCTH HWCIIONB30BAaHUS aTMOC(HEPHBIX
0CaJIKOB OCCHHE-3UMHero nepuoja 10 30 % u CHUXKEHUs 3aTpar OpocH-
TEJIbHOM BOJIBI HA ATY e BEJIMUMHY TTIyOOKOEe PHIXJIEHHE OCYLIECTBIAET-
csl mo3nHeH oceHpro. s obecriedueHHs] Ka4eCTBEHHOTO Pa3phIXJICHUS
MOYBHI TITyOOKO€ PBHIXJIEHWE OCYLIECTBISETCS MPU ONTHMAIBFHOW BIIAXK-
HOCTHU JJIsi KPOUIEHMs IOYBbI, COOTBETCTBYIOMEH 17-23 % Ha TsxKenbIx
MOYBax, pu 0oJiee BHICOKOM YPOBHE BIIAXKHOCTH.
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272



V]IK 629.114
METOJIMKA ONPEJIEJIEHUS IEPEJATOYHBIX
OTHOIIEHUHN MEXIY YJEKTPOJABUTATEJIEM
" HATPY30UYHBIM YCTPOMCTBOM ®U3NUYECKOU
MOJEJIU DJIEKTPOMEXAHUYECKOM TPAHCMHUCCHUHN
TPAKTOPA

METHOD FOR DETERMINING THE GEAR RATIO BETWEEN
THE ELECTRIC MOTOR AND THE LOAD DEVICE
OF THE PHYSICAL MODEL OF THE ELECTROMECHANICAL
TRACTOR POWER TRAIN

1
Knanosuu U. . , KzaH,Z[. TEXH. HAyK, JIOIL.,
Kanunun H. B.”, ct. Hayu. cotp.,
'Benopycckuit HAMOHATBHBINA TEXHUYECKHIl YHHBEPCUTET,

r. Munck, Pecy6nmka benapych

2 o

O6benunenHblit nHCTUTYT MammHocTpoeHnss HAH bemnapycu,

r. MuHck, PecriyOnuka benapych

Ch. Zhdanovich', Ph. D. in Eng., Ass. Prof.,
N. Kalinin?, Senior Researcher,
'Belarusian National Technical University, Minsk, Belarus
*Joint Institute of Mechanical Engineering of the National Academy
of Sciences of Belarus, Minsk, Belarus

Ilpeonooicena memoourxa onpeodenenus nepeoamoyHvblx OMHOUWEHUL
MexHcoy IneKmpoosueamenem U HA2PY30YHbIM YCMPOUCMEOM @husuye-
CKOUl MOOEU INeKMPOMEXAHULECKOU MPAHCMUCCUY MPAKINOPA.

A method for determining the gear ratios between the electric motor
and the load device of a physical model of an electromechanical power
train of a tractor is proposed.

Knrouesvle cnoea: acunxpoHHbwili 31eKMPOOSUSAMENb, 2eHEPANOp
HOCMOAHHO20 MOKA, MOMEHM, nepedamoyHoe OmMHOUleHue, COnpomus-
nenue, mox, /C.

Keywords: amperage, DC generator, EMF, gear ratio, induction mo-
tor, resistance, torque.
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BBEJIEHUE

B [1] 6buta pemnoxena Gu3ndeckas MOIEb MIEKTPOMEXaHUIECKOM
tpancmuccuu tpakropa BELARUS 3023, rirouatomias B ceOsi acuH-
XPOHHBIE ANEKTPUUECKHE MAIUIMHBI MOIIHOCTHIO 2,2—4 kBT. [Ins acun-
XPOHHOW DJEKTPUYECKOW MAIIWHBI, KOTOPYIO TPEIIoIaraeTcs MUCIOIb-
30BaTh B KaYeCTBE (PM3UUYECKOH MOJEIH TATOBOI'O aCMHXPOHHOI'O 3JICK-
tpoasurarens Tpakropa (MTA]JL), TpeOyeTcst Harpy304HOe yCTPOUCTBO
(HY). B [2] B xauectBe HY mna MTA]J] mpennoxxeHO HCIIONB30BaTh
JIEKTPUYECKYIO0 MAIlMHY IOCTOSHHOTO TOKA HE3aBHCHMOI'O BO30YIKIe-
HUsl, pa0OTAIONIYI0 B TCHEPATOPHOM pekuMe. TaM e yCTaHOBIIEHO, YTO
s HarpyxeHuss MTAJL Bo BceM auama3oHe 4acToT ero padoThl HEOO-
XoauMoO oOecneunBaTh HAOOp INEPEeAaTOYHBIX OTHOLIEHUH u, MEXIy
MTAJ u HY. B [2] 6511 BBITIONIHEH pacueT mapameTpoB HY mis 3amaH-
HBIX KOHKPETHBIX 3HA4E€HHH u,. 3agada ke NaHHOW pabOoThI — BBIBECTU
MaTeMaTH4ecKhe 3aBUCHMOCTH JUIsl OTIpe/Ie]IeHHs AHuana3oHa 3HAaYeHUN
Uy, TP KOTOPHIX napameTpsl HY OynyT HaXxoauTbcs B JOIyCTHMBIX
npeaenax.

3ABUCUMOCTU JIA OIIPEJEJIEHUA u,

B [2] mpoBogunuce pacuers st padotst MTAl AUP100L6 HOME-
HaJbHOM MOILIHOCTHIO 2,2 KBT M HOMUHANbHOM YacTOTOH BpaIlleHUs
940 o6/MuH [3] B quama3zoHe 4acTOT HampspkeHus oT 5 o 180 I'p mpu
Harpy>kKeHHH €ro MallnHOW mocTossHHOTO Toka 4IIbBM160MI'04 [4], pa-
OoTarolei B TeHEpPaTOPHOM PEXHME.

Kak BumHO M3 Tabmmm [2], Ipu OMHMX M TEX JK€ IapaMmeTpax Ha
MTAJI mapamerpsl reneparopa 4IIBM160MI'04 ¢ ymeHbmeHueMm u,
M3MEHSIOTCS CIICAYIONUM 00pa3oMm:

— Hanpsbkenue U OJ1C Ery yBeIU4HUBarOTCS;

— TOK I, 1 YMEHBIIIAETCS;

—TpebyeMoe CONPOTHBIIEHUE HArPY3KH Ry yBEINYUBAETCSL.

3nauenue J/IC NOKHO HaXOIUTHCSA B JOMYCTUMBIX mpeaenax. Mak-
cnManpHOe 3HadeHne DJIC JOKHO OBITh TAKUM, YTOOBI HE MPEBHICUTH
JIOITyCTHMOE HaIpsKEHUE Ha BBIBOJAX T€Heparopa.

Beipasum u3 gopmyn [2, (5)] u [2, (8)] 3nauenue u, yepe3 DJIC
(¢ — KOHCTPYKTUBHAA MTOCcTOAHHAs; @ — MAarHUTHBINA MOTOK, BO; 1 vray —
yacrtoTa BpameHus poropa MTAJL, 06/MuH):
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Uk = O my\ran/ By (1)
3HAYEHHE Up(g), COOTBETCTBYIONIEE MaKCHMMaIbHO nomyctumon DJIC
Errimax, 0003HAYMM KaK UpEmax), @ 3HAUEHUE Upp), COOTBETCTBYIOLIEE
MHHUMaNBHO 1011y CTUMON DJIC Erp min, 0003HAUUM KK Up(£ min).-
3HAUEHHUE Uy JOIDKHO HAXOAUTBCSA B IIPEAEax:

Uyt i arax) S Up(E) SUp(E.min) -

O603HaYNM Kak Uy, NEPeaTOYHOE OTHOILUEHHUE, ONpPENEIsieMOoe I10
3aJJaHHOMY 3Ha4eHuIo Toka [, ry. U3 dopmyn [2, (4), (3)] st aomycTu-
MOT'0 3HAUEHHs TOKa TeHepaTopa I, r yon:

30

9’55'C'q)']al"l'luon+M0 ;'c'q)'la,l"l'[,ﬂon—i_MO
Upry = — = - (@
MMTA[[ Ny MMTAII ‘N,

Onpenensirts iy HpeIaraercs sl HOMHUHAIBHOTO TOKa, YTOOBI
obecnieunts padbory HY B pexxume S1 mo [5]. UToObl He OBLIM TpPEBHI-
nieHsl 3HaueHusa DJ]C 1 Toka, JOIHKHO BBIIOJIHATHCS YCIOBHE:

up(E’maX) Sup < up([),

Ecnn w1y < tp(g,max), TO IPUHUMAETCS Up(;y = Up(Emax)- LIPH 3TOM Oy €T
NPEBBIIIEHO 3HAYEHUE TOKA, COOTBETCTBYIOLIETO Uy;). B Takom ciydae
JUISL Up = Up(Emax) BBIIOIHAETCA pacdeT Toka I,rm no dopmyie [2, (4)],
aM00 PACCUMTHIBACTCH Up(jmax) A MAKCUMAJIBHO JIOMYCTUMOIO TOKa
Limax 11 HY, mpu KOTOpOM OH MOKET paboTaTh B KPaTKOBPEMEHHOM
pexxume. Ecnu 3HaueHue Toka I, i OyIeT HaCTOJIBKO BBICOKHM, YTO JBH-
raTelb He CMOXKET paboTarh Jaxke B KPATKOBPEMEHHOM DPEKUME, OO
Oyner Up( max)<Up(E,max)» TO MOILIHOCTH BBIOpAaHHOHN 3JICKTPUYECKONH Ma-
IIMHBI HEJOCTATOYHA JIJIsl MCTIOJIb30BaHus e€ B kauectBe HY mis MTA/.

B paccmarpuBaemoii cxeme Bcsl SHEpPTHS, BBIpaOOTaHHAs Te€HEpaTo-
pom HY, racurcs gepes peocratsl. Kak BumHo u3 Tabmui [2], TpeOyeTcs
pasHoe 3HA4Y€HUE COIPOTUBIICHHUS HArpy3Ku Ry IIpU OJHOM U TOM XK€
pexxume Harpysxkeauss MTAJI, HO pa3sHBIX 3HaY€HMAX U, Ecim ke morry-

275



CTUMBIH JMANa30H NEePeJaTOYHbIX OTHOINEHUH (Upgmax) < Up < Up; TIPU
COOJIONEHUH Up < Up(Emin)) AOCTATOUHO IIUPOK, MOXKHO BBIOpATh i, Ta-
KUM, 4TOOBI MOJNY4YUTh 3Ha4€HHE Ry B ONpeAeNeHHbIX Ipejenax. Yem
MEHbIIIE JUana3oH Ry — TeM MeHblle TpeOyeTcs Pe3sucTOpOB, a 3HAYHUT,
yCTaHOBKa OyJieT NpoIle U JIeHIeBIIe.

B dopmyny [2, (7)] anst onpesneneHus COPOTUBIEHUS R IOACTaBUM

dopmyiet [2, (3)] u [2, (8)]:

9,55-(c- @) 1ty iran

R
u, '(MMTA[L '“p'np_Mo)

NS 3)

Ll:

®opmyny (3) nmpeobpa3yeM B KBaJpaTHOE ypaBHEHHUE AJISI ONpeere-
HUS Uy

Mygran -0, -(RH+Zr)-u§ ~M,-(R, +Zr)-up ~9,55-(c* @)’ yp\ypan =0,

OTKYZJa 3HAYCHHC Uy:

Ry R M + AR M, (143 P JOSS(DY 1y gy — M, Y )
(k) = 2R M '

mran Ty

Ecmn npenebpeus My, To ypaBHEHNE TIEpENUIIIETCS B BHUIE:
2
Miiran " '(Ru +Zr)-u§ =9,55-(c* @) nypppan =0,

OTKyJia:

9,551y \pran
Myran M, '(RLI +Zr) '

Uy gy = - P

“4)

Ecnu npenedpeus M, u Xr, TO

276



Upry ® c- O ~\/(9,55-nZ,MTAH)/(MMTA[L M, 'RLI)'

My — 3TO MOMEHT, KOTOpBIM pa3BUBAET I'€HEPATOP IIPU OTCYTCTBUHU
Harpy3ku Ha Baiy. UeMm Oonbliie MOMEHT I€HepaTopa, HarpysKaromui
MTA/ — teMm MeHblIe BAUsET yueT M, Ha To4yHOCTb. 1103TOMYy MOKHO
00ecneunTs pacyer ¢ JOCTATOYHON TOYHOCTHIO P IpeHedpekennn M.
B [6] mpu pacueTe MOMEHTa JJICKTPUUYECKON MAITUHBI 3HAUCHHEM M)
1 BOBCE IIpeyIaraeTcs mpeHeopeyb.

[Tpu npeHeOpeeHNH CONPOTUBIIEHUEM X7 BCEX OOMOTOK I'eHeparo-
pa, BKIIOUEHHBIX MOCIIEIOBATENFHO B LIEMb SKOPS TeHepaTopa, Morper-
HOCTB OyzeT TeM Oosblie, YeM MEeHbIIe 3HaueHue Ry, TO3TOMY NpH 3Ha-
yeHusAX Ry, OMM3KHX K X7, omuOKa OyJeT CyLIeCTBEHHON M HE YUYMTHI-
BaTh Lr OyJIeT HEJb3.

Takum 00pazoM, MOXKHO PacCUMTATh JUANA30H 3HAUEHUH Uy r), 3a1a-
Bas 3HaueHHsA Ry ot 0 (mpu 3TOM Ry + Xr = Zr; 0003HAUNM TaKOE€ U, KaK
Up(r=0)) 10 HEKOTOPOTO KEIAEMOr0 NpEIEeNIbHOrO 3HaueHus Ry (0603Ha-
YHUM TaKOE€ Uy KAK Up(r max)):

Uy Rox) S UpR S Ui(peg)

PaGoTa npu u, > u,g-0) HEBO3MOXKHA, ITIOCKOJIbKY 3HaueHue Ry + Xr
HE MOXKET OBITH MEHbIIIE X7.

Pa6oTa npu u, < g max) BO3MOXKHA, HO 1OTpeOyeTcst Oonbllee 3Ha-
YeHHEe CONPOTHBICHUS R)j, 4eM TO, IIPH KOTOPOM OBLIO ONpEIeNICHO 3Ha-
YCHHUC Up(R max)-

INOCJIEJOBATEJIBHOCTDb PACYETA

1. 3amaetcs gactoTta HanpspreHU f gt MTA/L.

2. Ompenensercs MoMeHT MTA T Myran 1 060opotst MTAL 75 mras.

3. PaccunThIBaIOTCS 3HAYECHUS Up(E,max) U Up(Emin) 10 DopMyIte (1).

4. PaccunThIBaeTcs ;) 110 popmyiie (2).

5. EcnH up(p) = Up(g;max), TO IPHHAMACTCS Up = Up(1) = Up(E,max)-

Ecnu w1y < Up(gmax), TO TIPUHUMAETCS U = Up(Emax) B TIPU Up = Up(E max)
onpeneiserca TOK. EcIM IPH u, = Upgmax) TOK IIPEBBICUT JOITyCTUMOE
3HauYeHHe Ui paboTbl B KPATKOBPEMEHHOM PEKUME, TO BBIIOIHATH
OIIBIT [UISl TAaHHBIX 3HAYCHUH fi, Mo mrag B Myirag HEBO3MOXKHO.
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st ciydas Uy > Upemax) AAAIA30H IEPEJATOUYHBIX OTHOLICHUH U,
Uy £ max) < u, < rmn(up(E,mm),up(,)) .

6. BBINONHAETCS PACUET Up(R,max) H Up(r=0) IO Bopmyie (4).

7. B ciy4ae upr=0) < Up(E,max) BBITIONHUTE OIBIT IIPU 33aHHBIX 3HaYe-
HI/IHXﬁ, nymtag 1 MMTA}Z[ HCBO3MOKHO.

IIpu Up(R=0) = Up(E,max) TPUHUMACTCS Up =Up(R=0) = Up(E, max)-

B cllydae Up(R max) = MIN(Up(E min), Up(D) BBIOMpaeTCs
Up(R;max) = MUN(Up(Eminy, Up(n)- ECTH Up(Rmax) > MIN(Up(Emin), Up(1))s TO
notpebyeTcst GoJiblliee 3HaYE€HHE CONPOTHBIICHHUS, YEM TO, JUII KOTOPOTO
ONPEIEIISIH Up(R max)-

Eciu Upgmax) < Upr=0) < MIN(Up(E min), Up(1)), TO BbIOHpAETCS U, U3
JAAIa30Ha:

R,max) 4 up(E,max) ) < up < min (up(E,min) H up(]) H up(R:O) ) *

max (up(
3AKIIIOYEHUE
Pazpaborana meronuka u monydeHsl 3aBucumocta (1), (2), (4) mns
OIpelieJIeHUs IEPEeNaTOYHOro OTHomeHusd u, MmMexay MTAJL u HY,
obecnieunBatomiero Tpedyembiii MOMeHT MTAJ Myray 1 000poTHI Basia
MTAJ 1y prap U1 33JaHHOM 9acTOThI HANPSDKEHUS f) IPU YCIIOBUU, YTO
3nauenus napamerpoB HY (OC Erp, TOK I, i, CONPOTHBICHHE HATPY3-
KU Ry) OyyT HAXOAUTHCS B JOIYCTUMBIX Ipeiesiax.
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VIIK 629.3.064
AHAJIN3 CUCTEM ABTOMATHUYECKOI'O
PETYJUPOBAHUS JABJIEHUS B IIHHAX
CEJbCKOXO3SMCTBEHHOM TEXHUKHA

ANALYSIS OF AUTOMATIC TIRE PRESSURE CONTROL
SYSTEMS FOR AGRICULTURAL MACHINERY

Boiikoe B. I1., 1-p TexH. HayK, npod.,
Knanosuu Y. U., k-1 TexH. HayK, 1011., J3éma A. A., cT. mper.,
benopycckuii HalMOHANBHBIN TEXHUUECKUI YHUBEPCUTET,
r. Munck, Peciyonuka benapych

V. Boykov, Doctor of Technical Sciences, Prof.,
Ch. Zhdanovich, Ph. D. in Eng., Ass. Prof., A. Dzioma, Senior Lecturer
Belarusian National Technical University, Minsk, Belarus

IIpogeden ananusz cywecmeyrouux cucmem asmomamuyecko2o pey-
JUPOBAHUSL OAGNEHUS 8 WUHAX CEeNbCKOXO3AUCMBEHHOU MEXHUKU, pPac-
cMOmpenbl UX OCHOBHbBle OCODEHHOCMU U MeXHUYeCKue XapaKxmepucmu-
K.

The analysis of the existing systems of automatic tire pressure control
in agricultural machinery is carried out, their main features and tech-
nical characteristics are considered.

Knroueeswle cnosa: wiunvl, 0asienue, agmomamuieckoe pe2yiuposa-
Hue, ONOPHASI NOGEPXHOCHD.
Keywords: tires, pressure, automatic regulation, support surface.

BBEJIEHUE

VY CTaHOBJIEHO, YTO PETyJIUPOBAaHUE AABJICHUS BO3[yXa B IIMHAX KO-
JIECHBIX CEJIbCKOXO3AHCTBEHHBIX MALIMH CHOCOOCTBYET YIIyYLIEHHIO HX
TATOBO-CIICITHBIX CBOWCTB [1], MOBBINICHUIO YpOXKaitHOCTH M AP HEKTHB-
HOCTHU 3€MJIEACNUS 3a CUET MEHBIIET0 YMJIOTHEHHS MOYBBI KOJIECHBIMU
JIBUKUTEISIMH TIPH  BBIIOJTHEHHH CEJIbCKOXO3AMCTBEHHBIX OIEpaIuii,
a Takke CHIDKEHHIO pacxoJa TOIUIMBA, YTO B Pe3yJbTaTe HPUBOAMT
K POCTY SKOHOMHUYECKUX IIOKA3aTelIell CEeNbCKOXO3AMCTBEHHBIX IIPEl-
MIPUATHH.
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CornacHo UCTIBITAaHHUSM, TPOBEACHHEBIX B Y HUBEPCUTETE MPUKIATHBIX
Hayk FOxwno#t Becrdammu (OPI'), mpu cHmKeHWHM NaBICHHUS B IIWHAX
TpakTopa ¢ 1,8 6ap mo 0,8 6ap npu 00pabOTKE MOYBBI, MOKHO TOJIYYHUTh
Ha 10 % Oosplliee TATOBOTO YCHIIUS, YTO MPUBOIUT K YBEIWYCHHIO 00-
paboTanHO# TUTOMAAN Ha 8% ¥ CHIDKEHHUIO pacxojia TU3EIbHOTO TOTLIH-
Ba Ha 8 % Ha rexTap. B mepecyere Ha 9achl pabOTHI yBEIHMUEHHE IJIOMIA-
1 00pabOTKU U CHUKCHHE PacXoja TOIUIMBA TPUBOJUT K SKOHOMUU JI0
10 eBpo B uac [2].

Lenp paboThl - aHaNM3 CYMIECTBYIOIIUX CHUCTEM aBTOMATHYECKOTO
pEeryJIMPOBaHUs NaBJICHHS BO3JyXa B IIMHAX CEIbCKOXO3SICTBEHHOM
TEXHUKHU U UX TEXHHYCCKUX XapaKTCPUCTHUK.

CUCTEMBI PEI'YJIMPOBAHN S JABJIEHW A B HIMHAX

BonpmuHCTBO KpyMHEHIINX MHUPOBBIX MPOU3BOAUTENCH CEIbCKOXO-
3STMCTBEHHOW TEXHUKH WMEIOT KaK IMOJHOCTHI0 WHTETPHPOBAHHEIE, TaK
Y OTIIMOHAJIHFHO yCTAaHABJIMBACMBIC CHCTEMBI aBTOMATHIECKOTO PETYIIH-
pOBaHUS JaBJICHUS B KOHCTPYKIIUIO COBPEMEHHBIX HYHEPTrOHACHIIEHHBIX
TPaKTOPOB.

Ha tpakrtopax John Deere (CIIIA) mpuMeHsieTCS MHTETPHUPOBAaHHAS
LEHTpAIM30BaHHas cucteMa nojakadku muH (aurit. Central Tire Inflation
System (CTIS)). Ona nerko HacTpaWBaeTCsi C TOMOIIBK JIHCIUIES
CommandCenter TpakTopa W OTJIMYAeTCS OBICTPHIM BPEMEHEM HaKadH-
BaHMS W CITyCKa BO3IyXa. BHyTpeHHee naBieHrne KOMOMHAITNHY TIEPETHUX
e 650/60R34 u 3amuux mwmH 710/75R42 MoxHO yBeanuuTh ¢ 0,8 10
1,8 6ap mMeHee 4eM 3a MIECTh C MOJIOBUHOW MHUHYT, B TO BpeMs KakK I
cOpoca JaBJICHUs W3 MIUHBI TPEOYeTCs MEHEE YEThIPEX MHUHYT IIHMHBI,
4TO 00CCIIEUYMBACTCS BHYTPEHHUM JTUAMETPOM BO3AYXOBOJIOB [3].

Cucrema perynupoBaHus JaBieHus B muHax Fendt VarioGrip — 3to
MTOJTHOCTBIO MHTETpHpOBaHHas cucteMa oT Fendt (DPI'), cocTosmas nu3
BBICOKOTIPOU3BOUTEIHHOTO ABYXITOPITHEBOTO KOMIIPECCOPA C BOJASHBIM
OXJIAKICHUEM, PaJUabHBIX TOBOPOTHBIX BBOJOB, PACIOJIOKEHHBIX Ha
0CSIX, ¥ CTIEIHANBHBIX KJIANIAaHOB, BCTPAWBaEMBIX B KOJIECHBIE TUCKU. CH-
cTeMa MOXET MPUMEHATHCS KakK JUIT MOCTOB ¢ (IAHIIEBBIM BajOM, TaK
¥ MOCTOB C KOHCOJIbHBIM BaJIOM, MOXKET IPUMEHSTHCS U JIsI CABOCHHBIX
IIMH. YOpaBlI€HHE OCYIIECTBIAECTCA C IOMOLIBI0  TEepMHHAJa
Varioterminal. Jlanenne B MUHAX JJIA MOJIEBBIX paOOT M IBIKEHUS 10
JIOpOraM MOKHO HACTPOUTH OTAENHHO Ha KaXKIOW OCH U COXPaHUTH
B MAMSTH CHCTEMBI, YTO TO3BOJISET OCYIIECTBISATh PETYIUPOBKY JaBIie-

281



HUS B IIMHAX BO BpeMs ABWkeHus. Cucrema HHPOPMUPYET olepaTopa,
€CJIY JIaBJICHHE B IIMHAX CIMIIKOM HU3KO€ MU CIHMILIKOM BBICOKOE.

[MoMumo naBiieHWs B IIMHAX, peHIalollee 3HAYCHUE AN Tepenadn
peanu3anuy CUIIBl TSTHM UMEIOT Tarkke OanacTUpoBKa M pabouasi CKO-
poctb. s ompeneneHusi ONTHMAbHBIX [ApaMETPOB JABJICHUS B IH-
HaX, Macchl 0ayulacTa W CKOPOCTH JIBHIKEHHS MCIOJB3YETCS MOMOIIHUK
Fendt Grip Assistant, KOTOpBI! UMEET JIBa PEIKMUMA: PEKUM BBIOOpA CKO-
POCTH M pexuM BbIOOpa Oayutacta. B pexxume BeIOOpa Oaiiacta B 3aBH-
CUMOCTH OT THIA KPEIUIEHUS HABECHOTO O0OpYIOBaHUS, BIIAXKHOCTH
MOYBBI, TPUMEHSAEMBIX LIMH, UCIIOIB3yEeMOT0 HABECHOTO 000pYIOBaHUS
Ha Tpaktope Grip Assistant peKOMEHIyeT ONTHMAaIbHYIO pabouylo CKO-
POCTb M BHYTPEHHEE [JaBJICHHE B IIMHAX C YUETOM yCTAaHOBJIEHHBIX Oai-
JIACTHBIX TPy30B. B pexumMe BBIOOpa CKOPOCTH B 3aBHCUMOCTH OT THIIA
HaBECHOW CHCTEMBI, BIaKHOCTU MOYBBI, IPUMEHSIEMbIX IIUH, HCIOJb3Y-
€MOI'0 HaBECHOT0 00OpYZOBaHMS IOMOIIHUK PEKOMEHIYET HIEaIbHYIO
pabouyl0 CKOpOCTh, a TaKKe ONTHUMAJIbHOE JaBJICHWE B MIMHAX JUIS
ompeneneHHoro Oamnacra [2, 4]. PerynupoBka AaBieHUS TPOUCXOAUT
C BBICOKOM CKOPOCTBIO M TOYHOCTHIO. JlaBleHHe BO3IyXa MOXKHO KOp-
PEKTHPOBATh I K&KAOIO Kojleca B OTIEJIbHOCTH. YBEIHYEHUEe 000po-
TOB JIBUTATEIS JJIsl COKpAILCHNsI BpEMEHU HaKayKH IWHBI He TpeOyeTcsl.
[ToBpexaeHue MUHBI MOXKET OBITH OOHAPYKEHO W3-3a MaJeHHs AaBie-
HUS BO3AyXa.

MHorre IpOU3BOIUTENH CEIbCKOXO03SHCTBEHHON TEXHUKH, TAKHE KaK
CLASS (DPT), CASE IH (CIIA), STEYR (Asctpust), NUHN (Kanana)
U JIp., UIMEIOT OIHOHAJILHO YCTaHABINBAEMbIE CUCTEMbI PETyIUPOBAHUS
JABIICHHS JUTSL TPAKTOPOB, TMPHUIIETHON TEXHUKH M 3€pHO- U KOpMOYyODo-
pOYHBIX KOoMOaitHOB. C MOMOMIBIO CIIE[HAIbHBIX 3JIEMEHTOB OCHOBHBIC
KOMIIOHEHTBl CHCTEMbl MO>KHO MOHTHPOBATh Ha Pa3lIMUHbIC TPAKTOPHI
3a 4-8 yaca. beicTpoJielicTBHE CUCTEM OIPEAEIsAeTC TPOU3BOIUTEIHHO-
CTBIO KOMIIPECCOPOB, CEYEHHUEM IOJIBOJUMBIX MTHEBMATHYECKUX JTHHUHN
u BeHTWIIel. Hampumep, KoJecHble TUCKH, YCTaHABIMBAaEMbIE Ha TPaK-
topa CLASS, UMEIOT NOTOTHHUTEIbHBIE CIEeNHaIbHbIE BEHTHIN YBEIH-
YEHHOTO UaMeTpa JIs TMOIKItoueHus [S].

Crnenyer OTMETHTB, YTOOBI MaKCUMAallbHO HCIOJNB30BaTh BO3MOXKHO-
CTH CHCTEM PEryJIMpOBaHUS JaBJICHHUS B IIMHAX KOJECHBIX MAIUH Tpe-
OyeTcs NMpUMEHEHHE CIeNUANBHBIX IIHH HU3KOTO JaBjieHus. B HacTos-
1Iee BpeMsi BCE CENbCKOXO03SMCTBEHHbIE IIMHBI MOKHO Pa3leNIuTh Ha TPU
KaTerOpHH: CTaHIAPTHBIE, INMHBI C MOBBIIEHHON TMOKOCTBIO (/F) 1 mm-
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HBI C OY€Hb BBICOKOW ruOkocThio (VF). Ecniu cpaBHHBATH IIWHBI OJTHOTO
TUTIopasMepa, Harnpumep, 650/65R38, to mwuHEI /F MOTYT paboTaTh MpH
naBieHnu Ha 20 % HUXe U BBIIEPKUBATh Ty K€ Harpys3Ky, YTO M CTaH-
JapTHas paguanbHas MMHA, a WuHEl VF — npu naBnenuu Ha 40 % HIDKe.
Hanpumep, eciu naBiaeHue B CTaHIapTHON pajuaibHOM [IMHE COCTABIIS-
et 1,4 6ap, mmHa [F MOXeT BbIIEpKMBaTh TOT ke Bec mpu 1,1 Oap,
a mmHa VF — npu 0,8 6ap [6].

OnHuM U3 MUAEpPOB B NpoU3BOACTBE [F U VF 1IKH sABIsSETCA KOMIIA-
Hust Michelin (®pannus), kotopas nocne npuobperenns B 2017 romy
nByx espomneiickux ¢upMm PTG Tire Inflation Systems n Teleflow SAS,
CIICUUATN3UPYIOMINXCS Ha POU3BOJCTBE CUCTEM KOHTPOJIA U KOPPEKTU-
POBKM JaBIIEHHWS B IIWHAX, MpelacTaBuia cuctemy Michelin
ZEN@TERRA, sxmovaromas muHbsl Michelin EvoBib ¢ TexHomornen
aJlaTUBHOTO PHCYHKa TNpoTekTtopa Adaptive Design u CHCTEMBI KOH-
TPOJISL ¥ PETYITUPOBKH AaBIIeHUs [7].

Mitas, yenmickuil NPOU3BOAUTENH UIMH, COBMECTHO C KOMIAHUEU
Fendt npenynoxun konueniuto muHel AirCell, koTOpas jieria B OCHOBY
CUCTEMBI PETYJIMPOBKH JaBiieHUs B WHHax VarioGrip Pro. KoHCTpyk-
IIUsl BKIIOYAeT BHYTPEHHEIO MIMHY, KOTOPYI0 MOXXHO HakadaTh O MakK-
CHUMAJILHOTO JIaBJICHUsS B 8 0ap, pacroliokeHa Ha 0007¢ KoJieca U ImoMe-
IaeTCs BHYTPh CEIbCKOXO3SIMCTBEHHOW IIMHBI JUISl TOTO, YTOOBI YCKO-
PUTH U yIPOCTUTH TpoIiecC HakaduBaHus. [Ipu sToM, BHyTpEHHSISI IIMHA,
3aamMaromias okoio 30 % BHyTpeHHero o0beMa OOBITHOTO KOJIeca, TaK-
K€ CIIYKUT PECUBEPOM U B ClIydae HEOOXOJAMMOCTH TOBBIIICHUS JaBlie-
HUS Ha OTIOPHYIO TMOBEPXHOCTH, OJIarogaps 9eTHIPEXCTOPOHHEMY Kilama-
HY, BO3[yX M3 BHYTPEHHEH IIMHBI OyIET MOCTYIaTh BO BHEIIHIOKO IIHHY.
Takast KOHCTPYKIMSI TIO3BOJIIET YBEIWYUBATH IaBJICHHE B IIMHAX Ha
1 6ap 3a 30 cexyHI BO BpeMs NMEPEKIIOYCHHUS MEXIY PEKUMOM PaObOThI
«B TIOJIe» M PEKUMOM JBMKEHUS «110 moporey». Tak kak AirCell He Haxo-
IUTCSA B KOHTAKTE C CaMOM IIMHOM, TO OHAa HE CO3JaeT KaKoro-iudo mo-
MOJTHUTEIFHOTO TPEHUS WM Harpesa. JlaTyuk u KiamaHa pacrojOKeHBI
Ha 000/ KoJleca, a yHpaBJIsAIoNINe KOMaH/Abl Ha KllanaHa, TeKyIIrue ma-
paMeTphl JaTdyWKa W THUTAHHE IMEepPeaaroTCs MEXTy KOJECOM W paMoi
TpakTopa OECKOHTAKTHBIM criocoOoM. [lomaya naBiieHUst OCYIIECTBISAET-
sl IOCPEJICTBOM ITHEBMATHYECKOTO IOBOPOTHOTO MaTpyoOka [8].

Trelleborg Wheel Systems (IlBeumst) u Dana Incorporated (CUIA)
COBMECTHO pa3paldOoTay MOJHOCThI) MHTEIPUPOBAHHYI) CHUCTEMY IICH-
TpanbHOU noakadku mmH CTIS+Inside. Cucrema COCTOUT U3 CHEIHATh-
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HOT'O KOJIBLIEBOT'O MOAYJIS, YCTaHABINBAaEMOro Ha 00011 KoJieca, KiaraHa,
MUATAIOIIUX MarucTpalieu, pacrpeaeauTens U koMmmpeccopa [9].

Cucrema Trelleborg Variable Inflation Pressure (VIP) npencraBiser
co0olf aBTOHOMHOE KoJieco B cOope, criocoOHOE aBTOMaTHYECKH PETYJIIH-
pOBaTh JaBJICHWE B IIMHE 36pPHOYOOPOYHBIX KOMOAWHOB M OCHAIIEHHOE
HaOOpOM JTaTYMKOB, HM3MEPSIOIIUX HECKOJIBKO IapaMeTpoB, BKIFOYAs
Harpy3Ky, JAaBJ€HHE W TEeMIEpaTypy, JJIEKTPOHHBIM IPOLIECCOPOM,
YIPaBISIOIIMM KOMIIPECCOPOM, YCTaHOBJIEHHBIM Ha o0one Koieca,
W KJIANIAHOM JUTSI PETYJIMPOBKYU AaBieHus. CrcTeMa MOKET paclio3HaBaTh
PasHOCTh HAarpy3Kd MEXIy KoJecaMH OJHOH OCH M yCTaHaBIIMBAaTh pa3-
HO€ JaBJICHHE B HHUX, YTO AAa€T OIPOMHOE MPEUMYIIECTBO Ha CKIIO-
Hax [10].

s 6onee 3pGEKTUBHO YNpPaBICHUS JaBJICHUEM B IIIMHAX B COYETa-
HUU C CUCTEMOH LIEHTPAIBHOTO PETyJIMPOBaHUS JABJICHUS MOXKET MPH-
MEHSThCS afaNTHBHAS CHCTeMa ynpapieHus mmHaMu 1relleborg ATMS,
KOTOpasi B pealibHOM BPEMEHH cOOMpaeT MaHHbIe O MIMHAX JIs obecre-
YEeHUS ONTHMAIBHOW MPOM3BOAMTENLHOCTH, HU3MeEpssl NWHAMUYECKYIO
HArpy3Ky, JaBJICHUE W TEMIEPaTypy KaKIOW IIWHBI, a TAKXKE OLICHUBAs
YCIIOBUS DKCIUTyaTanuu. J[aHHBIE, MOTydYeHHBIE JaTYuKaMu MIHH, o0pa-
OarbIBacTCS LUIIO30M U oOTmpaBisieTcss uepe3 CAN-IUHY TpakTopa
C BO3MOKHOCTHIO MOHUTOPHHIA JAaHHBIX Yepe3 BHICOTEPMHHAN B Ca-
nore. Kpome sToro, ynpasieHrne BO3MOXKHO, KaK 4epe3 MOOMIFHOE MPH-
JIOKEHHE 7S psiMoro natuuka Bluetooth Low-Energy (BLE), Tak u ye-
pe3 BeO-maTgopMy, UTO MO3BOJSIET YIPABIATH AaHHBIMH O TPAaKTOpax
WIH aBTomapke uepe3 obOmako. [lanHoe pemeHue OyneT TOCTYITHO
c mroHs 2024 roga [11].

Pa3zpaboTky cuCTeM aBTOMATHYECKOTO pEryJUPOBaHUS IaBICHUS
IIMH BBITIONHSIOT TAaKKe MPEANPHUSTHS, CHEIHATU3UPYIONIHecs Ha BbI-
IIyCKE aBTOKOMIIOHEHTOB U cucteM, Hanpumep, [TAO «IlonraBckuil aB-
toarperaTHbiil 3aBoa» (Ykpauna) [12] winu S.Krude Fahrzeugbau (OPT')
[13]. Takue cucTeMBI IPENCTABIAIOT COO0I MOAYJIBHYIO CHCTEMY.

B Tabn. 1 mpuBeneHb OCHOBHBIE XapaKTEPUCTHKH yCTaHABIMBAEMBIX
CHCTEM pETYJIIMPOBAaHMS JABJICHUS B IIMHAX CEJIbCKOXO3SHCTBEHHON
TEXHHKH.
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Tabmuna 1 — CpaBHeHHE cHCTEM

CIrYJIMPOBAHUA NABJICHHUSA B IIMHAX

é = ) = 1) E = £ E
2 g = E — g *~ E E jas] E ; 5 = g =
CE 2 g S & s 2 22z |25 5%
A 8 |Es ¢ EEE | 55| BE
2258 22 |28 - SE: | 52| °¢
S § [ E o E S E §-' = % s ch); = : ¢
S = = = o a C%
John Deere 8R, | John Deere | U 710/75R42 ot 0,8 10 1,8< 4 mun|< 6 MuH
9R series Central Tire 650/60R34 Oap [3] 30 cex
Inflation Sys- [3] [3] [3]
tem
Fendt Fendt Vari- | U JTobast ot 0,6 10 2,5|< 1 muH| 1-2 MuH
600, oGrip Oap [2] [2]
700, 800, 900, [2]
1000 series
Fendt Fendt Vari- | 710/75R42  |ot 0,8 mo 1,8|30 ¢ [8]| 30 cex
900 series oGrip Pro | (O) [4, 8] Oap [8] [8]
Class, CLASS CTIS | O JTrobast ¢ 0,8 10 1,8 [< 1 mun| 80 cek
Claas Jaguar Oap [5] [5] [5]
Jlrobas c/x Tex- | Zen@Terra (0] JTro0as or 0,8 10 2,5 - -
HHKa Michelin 6ap [7]
JIro0as c/x Tex- | Trelleborg O |VF600/70R30[9]| c 0,8 no 1,1| 34c¢ -
HHKa CTIS+Inside + 6ap [9] [9]
Trelleborg
ATMS
3epuoy6o- |Trelleborg VIP| O TM 3000 - - -
POYHBIC KOM- 1IF800/70R32
Oaitubl Fendt [10]
JIro0as TTIAO «Ilon- | O JIro0ast or 0,6 10 2,5 - -
John Deer  |TaBc-KHii aBTO- 420/85R34 Oap
8310R ar-peratHblit 480/80R50 [13]
3aBOI» [12]
Jrobas c/x tex- | S.Krude Fahr-| O JTro0as or 0,6 10 2,5 - -
HHUKa zeugbau 600/65R38 6ap [12]

[13]

*Tum YCTaHOBKHU CUCTEMBI: n- HUHTEIrprUpOBaHHAA, O - OIIITMOHAJIBHO.
** I[I/Ial'[a3OH 1 BpEMsI PETyJIMPOBaHUA NPUBCACHBI HA OCHOBAHUHM YKa3aHHBIX UCTOY-

HHUKOB.

SAKJIFOYEHUE

[IpumeHeHue CUCTEM aBTOMATHYECKOTO PEryJIUPOBAHUS aAKTYyaJbHO
JUISL Pa3IUYHON CENIbCKOXO03UCTBEHHON TEXHUKU: TPAKTOPOB U 3€PHO-,
KOPMO-, OBOIIEyOOpOYHBIX KOMOAHHOB, CAMOXOJHBIX ONPBICKHBATEIICH.
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ITepcrieKTUBHBIC PEIICHUS] CHUCTEM ABTOMATHYECKOTO PeryTUpOBaHUS
JIABIICHHUS B IMUHAX MO3BOJIIFOT OCYIIECTBISITH KOHTPOJIb BHYTPEHHETO
JAaBJICHUA BO3JYyXa B IIIUHE, HHHaMH‘-ICCKOﬁ Harpysku, HpHXOﬂﬂmeﬁCH Ha
KOJIECO M DEryJHUpOBaTh JaBJICHHE B INMHE BO BpeMs JBHXKCHUS 0e3
HETOCPE/ICTBEHHOTO YYaCcTHs ONepaTopa.
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YK 629.03
HEPCIIEKTHUBBI UCITIOJIb30BAHUA AKKYMYJISITOPHBIX
BATAPEM 3JIEKTPOMOBWJIEN B Y3BEKUCTAHE

PROSPECTS FOR THE USE OF ELECTRIC VEHICLE BATTERIES
IN UZBEKISTAN

Boiikos B. Il., 1-p TexH. HayK, nipod.,
Xaamypsaes H. B., acnupanr, Ilo3ausakos H. A., eT. nper.,
benopycckuil HAMOHANBHBINA TEXHUYECKUM YHUBEPCUTET
r. MuHck, PecriyOnuka benapych

V. Boikov, Doctor of Technical Sciences, Prof.,
N. Khalmurzaev, Postgraduate student, N. Pozdnjakov, Senior Lecturer,
Belarusian National Technical University, Minsk, Republic of Belarus

Dnexmpomoodunb, Kaxk MpaHCHOPMHOe CPEOCMB0, NEPCHEKMUBHO U~
awee Ha OdaibHelluwee pazeumue CMpanvl, mpebdyem NpaAGUIbLHOLO
6HEOPEeHUsL MEMOO08 €20 IKCHIYAMAYUuU Kax omoenbHO20 8U0d Mpauc-
nopma.

Ilpu Oanvueliuem ygeruueHuu KOIUYECMBA INeKmpomModuiel Heoo-
X00uMo coomeemcmeayouue 060py008anus u opyeue mamepuaivl 0s
OdanvHelue2o pacuupenis UCNOIb308aHUS INEKMPOMOOULL KAK OOHUM
U3 OCHOBHYIX 6U006 mparcnopma 6 Pecnyonuxe Y36exucman.

Jlns ynywwenus HeobXo0umo npueieyenue 8e0yuux KOMRAHUL NO
VIMUIU3AYUYU AKKYMYTSMOPHBIX b6amapeii d1eKmpomMoouns u opyaux 6u-
008 MPAHCROPMA KAK IAeKmMpodyca u opyeux suoos bamapei.

As a vehicle that has a promising impact on the further development
of the country's population, it is also necessary to correctly introduce
methods of operating electric vehicles as a separate mode of transport.

With a further increase in the number of electric vehicles, appropri-
ate equipment and other materials are needed to further expand the use
of electric vehicles as one of the main modes of transport in the Republic
of Uzbekistan.

To improve it, it is necessary to attract leading companies for the dis-
posal of batteries of electric vehicles and other types of transport such as
electric buses and other types of batteries.Background. Methods. Result.
Conclusion.
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Knwouesvie cnosa: s1ekmpomoounv;, axkKymyasmopHas oOamapes,
VIMUAUZAYUS, ONMUMATLHASL MEMNepamypa, dNeKmpOoHbl.

Keywords: electric vehicle; battery, recycling; optimum temperature;
electrons.

HEJN U 3AJAYN NCCIIEJOBAHUA

Cornacho [Tocranosnenuto Kabunera Munuctpos Pecniyonuku Y30e-
kuctal [1] «O Mepax mo momyJspH3aliy UCIOIb30BaHUS SIEKTPOMOOH-
neit B PecriyOiinke Y30eKUCTaH M YIPOILICHHIO TIPOLIeAyp B 00jiacTh Oe3-
OITaCHOCTH JIOPOKHOTO JIBMXKEHUsD a Takxke ApyruM Iloctanosnenue Ka-
Oounera MunuctpoB PecnyOmukn Y36ekuctan [2] «O DOMONHUTETBHBIX
Mepax I10 MOJEPXKKe IIPUOOpPETeHNs U CIayd B apeHIy aBTOTPAHCIIOPT-
HeIX cpeactB (ATC), ucmonp30BaHHs 3IEKTPOMOOHMIIEH M MOTOTpPaHC-
MOPTHBIX CPEICTB, a TaKKE Pa3sBUTHs BEIOCUIIEIHOTO IYTELIECTBUS IO
CTpaHe» HEeOoO0XOOUMO pa3paboTaTb MEPONPHSTHS IJIsl NPUBJICUCHUS BCE
00JBIIIeTO KOMMYECTBA AeKTpoMobielt B PecrryGimke.

K coxanenuto, TpaHCIIOPT Ha AJIEKTPOTATE UMEET OIpe/IeIeHHbIE He-
JOCTAaTKH, CBA3aHHBIE C BEICOKOW CTOMMOCTBIO, OTPAaHHMYEHHBIM 3aI1acoM
X0Jla, BPEMEHEM BOCIIOJIHEHUSI 3HEPIHH, a TaKXkKe IOTEPI0 MOIIHOCTH
MpHU SKCTpPEMalbHO HM3KUX TeMmIlepaTypax. Bce mepeuucieHHble Heno-
CTaTK{ B MEPBYIO OYepelb CBA3AaHBI C 3JIEKTPOXMMUUYECKUMH HAKOIIUTE-
JSIMM SHEPTUH.

AXTyalbHOCTh TEMATHKH JJIEKTPU(DUIIMPOBAHHBIX TPAHCIIOPTHBIX
cpencte (OTC) monTBepKAaeTcs yBEIMYCHHEM OOBEMOB IMPOJaX BO
BceM Mupe. OIHaKO 3HAYUTENbHBIA MAcCCOBBIM M CTOMMOCTHOM yZEIb-
HBEII Bec TATOBOH akkymyistopHoi Oatapem (TAB) B cucteme y3moB
OTC omnpenensioT oNMCaHHBIE BBILIE TPOOIEMBI, CBSI3aHHBIE C 3allacoM
X0a U MOIIHOCTHBIMH IMOKa3aTelsiMH. [103ToMy BBIOOp OCHOBHBIX Ha-
pametpoB TAD Tpebyer TmaTensHOT0 Hay9HO 00OCHOBAHHOTO MOIX0/IA.

Lenbto nuccnenoBanus sBISETCS YIy4llIeHHe SKCIUTyaTallMOHHBIX IO-
kazareneil naccaxxupckoro OTC kareropuu M3 3a cuer 000CHOBaHHOTO
BBIOOpa mapametpoB TAD.

Teopernueckue WuccIeAOBaHUS OCHOBAaHBI HAa METONAX TEOpETHYE-
CKOW MEXaHHKH, TEOPUH JBHMKECHHUS aBTOMOOWJISI, TEOPHU DIEKTPOTEX-
HUKH, TEOPUH TEIUIOBBIX IIPOLIECCOB, BBIYUCIUTEIBHON MaTeMaTHKH,
TEOPHUH MOJHOTO (HPaKTOPHOTO HKCIEPUMEHTA M MAaTEMATHYECKOTO MO/e-
nupoBaHus. B kauecTBe TeopeTHueckoi 6a3bl Al IPOBEICHUS UCCIIE0-
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BaHUH HCHOJB30BANKCH (yHIAMEHTAJIbHBIE W NPHUKIAAHBIC TPYABl BeE-
IYIIUX OT€YECTBEHHBIX U 3apyOeKHBIX YICHBIX.

AHanu3 OCHOBHBIX JKCIUTyaTallMOHHBIX cBoiicTB DTC mokasal, 4To
Ka)/10€ KOHKPETHOE CBOMCTBO 3aBHCHUT OT OINPENEIEHHOIO MapaMeTpa
HakomuTes dHepruu. Tak, nquana3zon HanpspkeHns TADB Bmuser Ha 3¢-
(EeKTHBHOCTh PabOTHI TATOBOTO DJIEKTPOJIBHUIATEINS, MUKOBBIC W JUIU-
TeJIbHBIE Pa3psiHBIE TOKU BIHMAIOT JMHaMHUUYecKue mokazarenn TC, mu-
KOBBIE 3apsAgHbIC TOKM — Ha CHIDKCHHME 3aTpaT HEPruH NpH peKynepa-
IIUU, COOTBETCTBEHHO AJUTEIbHBIE TOKHM BIHUSIIOT Ha CKOPOCTH 3apsna,
HEProeMKOCTh U MakcuMalbHbIN mpober TC, a pecypc TAB — Ha cpok
ciy:x0b1 TC. AHanu3 BIusAHUS XapakTepucTuKk TADB Ha sKCIUTyaTalnoH-
HBIE CBOHMCTBa TpeOyeT KOMIUIEKCHOTO MOJIXOa, YIUTHIBAIOIIETO Mapa-
METPbI aKKyMYJIITOPHON OaTapen B CaMbIX TSKEIBIX yCIOBHIX AKCILTya-
tauuu TC.

Amnanmu3 Hay9HBIX paboT [1-3] mokasasn BEICOKHN ypOBEHB MPOPabOTKU
MaTepHajoB CBA3aHHBIX C MOJEITHPOBAHHEM XHMHUYECKUX HCTOYHHKOB
TOKa, MccieaoBanuii sHepronotpedinenns TC npu ABMKEHUH IO LHUKITY,
a Taroke 3((HEKTUBHOE UCIIOJIB30BaHKE 3JIeKTpo3Heprun. I1pu sTom pador,
CBSI3aHHBIX C METOJIMKOW olleHKH XapakTtepucTuk TADB B cocraBe TC He
oOHapy>xeHO. B cBsi3uM ¢ 4eMm pa3BUTHE AaHHOH TEMBI SBISAETCS aKTyallb-
HOH 3a/1aueii, 1J1s peleHns: KOTOPoi He0OXOIMMO CBSA3aTh OMBIT MOJIEIH-
pOBaHUs, KaK 3JEKTPHUYECKUX XapaKTepUCTHUK OaTapew, Tak M acleKTOB,
CBSI3aHHBIX C pacdYeToM TsAToBoro Oananca aprkenus TC.

B cBsi3u ¢ ueM ¢opmupyeTcs akTyalnbHas 3ajava JUis THIATeIbHOTO
WCCIIEJIOBAaHUS BIHMSHUS XapaKTEPUCTHK aKKyMYyJISTOPHON OaTapew Ha
sKcIuTyaTanroHHbIe mokazarenn D TC.

1. IlpeacraBneHa HOBast KOMIUIEKCHAs MaTeMaTHYeCKash MOJIEIb JIBH-
xernnss DTC, oTnuuaromascst TeM, YTO IMO3BOJISIET PACCUUTHIBATH 3aTpa-
ThI PHeprun Ha ArkeHue TC ¢ ydgeToM paboThl KIIMMaTHYECKON CHUCTe-
MBI (3UMOM — MOJOTPEB, JIETOM — OXJIAXKJIEHHE cajloHa), a TaKXKe ¢ yue-
TOM NOTpPEOJCHUSI SHEPTUU CHUCTEMOW TEPMOCTAaTHPOBaHHs OaTaped B
3aBHCHMOCTHU OT TEMIIEPATYPHBIX yYCIOBHI.

2. Pa3paboTana HOBasg METOJMKA aHATN3a XAPAKTEPHCTHUK aKKyMYyJIs-
TOpHOM OaTtape, OTIMYAIOLIASCS TEM, YTO IMO3BOJISIET BHIOpATh WM pa3-
paboTaTh HAKOMMUTENBHYIO CHCTEMY C SHEPreTHMYeCKUMH IOKa3aTelsIMHU,
KOTOpBIE CMOTYT O0ECIIEYNTh BCE MOTPEOHOCTH TPAHCIIOPTHOTO CPENCTBA
JUTS BBITTOJTHEHUS TTOCTABJIEHHBIX 33j[ad B TEXHUUECKOM 3aianuu Ha TC.
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MATEMATHUYECKASA MOJEJIb ABUXKEHUA ATC

Matematndeckasi MOJETh MPEACTABISIET COO0M CUCTEMY YpaBHEHHI,
OMKCAaHHYIO B [9] U JNOMOIHEHHYIO KOIPDUIIMCHTAMU dyy, by U )y B all-
MPOKCUMUPYIONICH (QYHKIUM 3aBUCHMOCTH KpPYTSIIErO MOMEHTa
M, 37E€KTpOABUTATEINSI OT €r0 YIJIOBOM CKOPOCTH BPAILIECHUS (M,

_ 2
M =a, o +b,-0,+c,.

s perieHnst OONBIIMHCTBA 33/1a4 aHAIM3a M CHHTE3a UCTIOIb3yeTCs
YpaBHEHHE CIJIOBOTO (TSITroBOTO) OanmaHca MAIIWHBI, KOTOPBIA MOYKHO
MIPE/ICTaBUTH B BUJIC:

M =F +F,+P +P

Kp °

10031
M, -u -m
—6 p P = . . 2 . . /
r =y-G,+W-v +m, -8, - j+EB,, (1)
K
rae M, — pa3BHUBaeMbIH D3JIEKTPOJIBUTATENIEM KPYTSIIUA MOMEHT;

U, — IEPEIATOYHOE YUCIIO penykTopa; 1, — KII peaykropa; r, — paauyc
KoJieca; \y — KOdQQHUIUEHT AopoKHOTO conpoTtusienus; G, — Bec ITC;
W — dakrop o06TekaeMocTd aBTOMOOHIIS; v, — TIOCTyNaTeIbHAS CKOPOCTh
JBHXKeHUs; m, — Macca OTC; 0y, — KOOQOULMEHT yueTa BpalaroluXcs
Macc; j — YCKOpPEHHE.

[Ipu 3ToM TsroBeIii Oananc DTC Oyaer uMeTh BHI, TPEICTaBICHHBIN
Ha puc. 1.

METOJUKA AHAJIM3A XAPAKTEPUCTUK AKKYMVIIATOP-
HOU BATAPEU

C yuerom npenbaBisieMbix K TAB TpeboBanuii mo 3aganHOMY 3a-
mnacy xojia He00X0IUMO omnpeeauTh Tpedyemyto emkocth TAB. py-
roe yclloBUE, yCTaHaBIMBAIOLIee B3aUMOCBSI3b EMKOCTH OaTapeu u ee
MAaccChl, OIpeessieT HeIMHEHHBIM XapakTep 3aBUCUMOCTH 3amaca Xoaa
OT eMKocTH OaTapeu. Takas 3aBUCHUMOCTb C YYETOM BJIMSIHUS MAaccChl
TADB Ha myTeBOW pacxok 3JIEKTPOIHEPIHH MOXKET OBITh ompeneieHa
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M0 KOJHMYECTBY MOTPEOIsIEeMO IHEPTrUU B 3aBUCHMOCTU OT JWHAMU-
YECKHUX MapaMeTpoB pabOTHI AJIEKTPOABUTATENS, PA0OTAIOIIETO B TH-
FOBOM PEKHME:

].\ e
PR3
P Pt [f:jir\
A |
|
| \ /|
| CA”
P —————+—'EijP'— J=e
_'—(_ |
\ | i)
Pos | —— ] bt 0
L
. et
- A __—-"""'—I"-— ! |

= (1)
M min (O™ Wma

Pucynok 1 — Xapakrepuctuka tsarosoro 6ananca 9TC

E=| =<2 _p |&t+E.,, @)
nm'nem

rae E; — Tekyliee 3HaUeHUe dHepruu; F; | — 3HAaUeHUE YHEPTUU B MPE/bI-
NYIUH MOMEHT; dt — mar BpeMeHu; M,, — MOMEHT Ha Bally, CO3/laBac-
MBIH 3JIEKTPOABHIATENEM, JHOO NMPHUKIAABIBAEMBIA K HeMY; 1, — KIIJ|
BJIEKTPOJBUTATENSL B TATOBOM PEXUME; Moy — KIIJ nHBEpTOpPaA 31EKTpPO-
nsuratens;, P, — MOIIHOCTh, UAyIas Ha paboTy MOMOJHUTEILHBIX TI0-
TpeOuTenel SJHEPTHH.

K mononHuTEeNnbHBIM NOTPEOUTENAM HEPTHH OTHECEHBI 3JIEKTP0000-
pynosanue DTC, obopymnoBaHue, CBI3aHHOE C CHCTEMOMN TEPMOCTATHPO-
BaHUA 6aTapCI/I Y TIMTaHUS KIIMMaTHYEeCKON YCTaHOBKHU.

MoMeHT Ha Bally JIEKTPOABHUTATENS ONpenensercs u3 (HOopMyIIbl
(1) B 3aBUCHMOCTH OT 3aJaHHBIX YCIIOBUW JBUXEHUS W 3aBUCUT OT
BenmmuuHb G,, KoTOopas BKIodaeT Bec Gg Oarapeu. Takmm oOpazowm,
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3aBucuMocTh 3amnaca xona OTC ot emkoctu TAD (c yuerom nmpsmoit
3aBUCHUMOCTU MacChl OT EMKOCTH) OyJeT UMETh BUA, MPEICTaBICHHbII
Ha puc. 2.

JoHa JomycTHMOIT eMKOCTH

Beausuna onmumMassHo2o
janaca xoda

3anac xona 9TC

30Ha H3DBITOMHON CMEOCTH

0% Macca (Bec) TAB, % ot Beca DTC 100%

Pucynoxk 2 — 3aBucumocts 3amnaca xoga 9TC ot emxoctun TAB

Ha puc. 2 oTmMedeH ypoBEeHb ONTHUMAJIBHOIO 3amaca X0Ja, COOTBET-
cTByIoIMi nckomon emMkoctd TADB. Ee momoxeHnne HaIeHO Kak TOYKa
«A» 3amMeTHOro neperuda KpHUBOii, T. €. TaM, TJe XapaKTep 3aBUCHMOCTH
Ha4YMHAET CYLIECTBEHHO OTKIIOHATHCA OT JIMHEHHoro. [lonoxeHne Touku
«A», TIaBHBIM 00pa3oM, 3aBHCUT OT THma TAD, yaenmsHOW MOIIHOCTH
apurarens Ny, u ycnosuii skeruryatanuu OTC.

VY nenpHas MOLIHOCTH IBUraTelns Ny,, paBHas OTHOLICHUIO MOLIHOCTH
neurarens Kk macce DOTC BiusieT, mpexie BCEro, Ha €ro pa3roHHbIE
CBOWCTBA M MOXXET OBITh OTPaHWYEHA YCIOBUSAMHU KOM(OPTHOTO pa3roHa
1,0-1,2 m/c* st ropozckoro Tpaucnopta u 1,2—1,5 m/c* — st mpuro-
POJIHOTO U MEXIYTOPOHETO.

Tum GaTapen xapakTepu3yeTcs CBOUM 3HAYEHHEM YJIENbHON €MKOCTH
Cyy, KOTOpOE ompefenserca oTHomeHnueM emkocTh TAB kx ee macce.
Hamnpumep, anst nutueBsix 6arapeii Cy, = 0,20-0,22 kBt u/kr.

Haiinennoe 3HaueHue eMKoCTH sl kKoHKpeTHoro OTC, cooTBer-
CTBYIOITIEE TOUKE «A» (pUC. 2) MO ONMUCAHHOW METOIHKE CJIEAyeT CUH-
TaTh NpeAeIbHON MO ycIoBHAM yTsbkeneHus OTC.
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s oxoHUaTENEHOTO BhIOOpa THMA U eMKocTH TADB mns 3amaHHOTO
OTC He MeHee BaKHO YUUTHIBATh YKOHOMHUYECKHUE TIOKA3aTeIH, Ha KOTO-
pBI€ BIUSIOT CPOK CIYKOBI (KOJTMUECTBO IIMKJIOB 3apsiia-pa3psaaa) U cTo-
umoctb TADB, 4to TpeOyeT nanpHeHINX HUCCIIeA0BaHHN.
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KOHTPOJIb KAYECTBA MACJIA B PEXKUME
PEAJIBHOI'O BPEMEHU

REAL-TIME OIL QUALITY CONTROL

Coxkoa B. A,, ct. ipen., MakoBckasn U. A., cT. niper.,
Cyma B. B., ctyn.,
Benopycckuii HalMOHANBHBINA TEXHUYECKU YHUBEPCUTET,
r. Munck, Pecmy6nuka benapychk

V. Sokol, Senior Lecturer, I. Makouskaya, Senior Lecturer,
U. Susha, Student,
Belarusian national technical University, Minsk, Belarus

B cmamwe paccmampueaemca npumeneHue OaMUUKO8 OMIAUH-
KOHMPOJIA Kauecmeda MAcid 6 SUOPOCUCMeMax Oasi MOHUMOPUHed e2o
cocmosanus 6 peanbHom gpemenu. Ommeuaomes ux npeumyujecmsa ne-
peo nabopamopHuiM aHanuzom. lenaemcs 6vl800 0 YearecooOpPazHOCmu
npuMeHeHuss Makux 0amyuxos OJia NOBbIUEHUS HA0EHCHOCMU U CHUICe-
HUsA 3ampam Ha mexoocIylcusane 2UOponpuUEoo0s.

The article discusses the application of online sensors for monitoring
oil quality in hydraulic systems to monitor its condition in real time.
Their advantages over laboratory analysis are noted. It is concluded that
it is reasonable to use such sensors to improve reliability and reduce
maintenance costs of hydraulic drives.

Knioueswie cnosa: oamuuxu ounauH-MOHUMOPpUHed, KOHMPOIb Kade-
cmea maca, 3a2pA3HeHue MAacia, MOHUMOPUHS COCMOSHUAL.

Keywords: online monitoring sensors, oil quality monitoring, oil con-
tamination, condition monitoring.

BBEJIEHUE

OddexTrBHAS paboTa THAPOIPHUBOIOB BO MHOTOM 3aBHUCUT OT Kade-
cTBa pabouero macia. [Ipu 3arps3HeHUM WU TONAJIaHUU BIArd B THJ-
paBIMYECKUI MPUBOJI, €ro pabovre CBOMCTBA yXyAIIAIOTCS, YTO MOXKET
MIPUBECTH K TOJIOMKaM U aBapwsiM. TpaJuIMOHHBIEC ITOAXOABI K KOHTPO-
JIIO0 KadecTBa pabouel »KUJIKOCTH, OCHOBAHHBIC Ha MEPUOJUYSCKOM OT-
6ope mpoO 1 1adopaTOPHOM UCCIICIOBAHNH, HE TIO3BOJISIFOT CBOEBPEMEH-
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HO BBISIBIISITh U3MEHEHUS €T0 COCTaBa U CBOWCTB B MPOIIECCE IKCILIyaTa-
nuy. Tak Kak aHajau3 MPOBOAMTCS TOJBKO IOcie 3abopa MpoObl U J0-
CTaBKU B JIaOOPaTOpUIO, 3TH METOJbI HE JAIOT BO3MOXHOCTH OIICHHUTH
aKTyaJbHOE COCTOSIHME Macja B peKUMe PealbHOTO BPEMEHHU.

OCHOBHAA YACTb

3pI/ITeJ'H>HOC BOCIIPUATHUC YCJIOBCKA ITO3BOJIACT pa3iIniaTh OGT)CKTI)I a0
40 mMxM B auameTpe 0e3 MOMOIIM ONTHYECKHX MpuOopoB. ns cpaBHe-
HUS, TOJIIMHA YEJIOBEUECKOTO BOJIoca KoJiebiiercss B mpeenax ot 70 1o
80 MmxM. YacTuipl, cCrioCOOHBIC BBI3BAaTh HEIMOJIAJKH B THIPABINYCCKHUX
CHUCTEMax, UMEIOT pa3Mephl OT 5 110 15 MKM, T. €. ©IX MOXKHO OOHAPYKHUTh
TOJIBKO TIPY TIOMOIIIA MUKPOCKOTIA.

B rugpasmrueckux cucremax oT 70 mo 90 % m3HOCA M OTKA30B CBSI-
3aHBl ¢ 3arpsi3HeHreM u Toibko 10—30 % MoryT OBITH MO MpUYHHE Ae-
¢dekToB WM ctapeHus. IOPEKTUBHOCTL THAPONPHBOIA CIIOCOOHA CHU-
3utbes Ha 20 % BCieACTBHE MTOCTETIEHHOTO HAKOIUIEHUS 3arps3HSAIONINX
IIPUMECEH, IIPEKIE YEM Y OIEPATOPA MOSABSITCS BUIUMBIE IPU3HAKU BO3-
HUKIIEH HenCIpaBHOCTH. ToO ecTh CyIIecTBEHHOE YXY/IIIEHUE MoKa3aTe-
JIel HaCTyTaeT paHbllle OOHAPYKEHUSI OUYEBUIHBIX HETIOIa I0K.

[Monnepxanue BBICOKOW pabOTOCIIOCOOHOCTH HACOCOB, THUAPOMOTO-
POB M APYTHX Y3J0B THAPOINPHUBOJA BO3MOXKHO MPH yCJIOBUHU obecrede-
HUSl BHICOKOKAYECTBEHHOW OYMCTKH Paboueil KUAKOCTH OT MEXaHHWYe-
CKUX TpuMeceid U Biard. YucTora Maciia BapbUPYIOTCA B 3aBUCUMOCTH
OT TIPEABSBISIEMBIX K Hel TpeOOBaHWH HAJEKHOCTU M AOJNTOBEYHOCTH
obopynoBanus. st apdexTruBHON pabOTHl OONTBIIMHCTBA THAPOTIPUBO-
JTOB OYMCTKA paboueii )KUIKOCTH JOJKHA COOTBETCTBOBATH Kitaccy 19/15
crangapra ISO 4406; nmbo oskBuBaneHTHas 13—-15 kiaccy mo
I'OCT 17216-2001, mpu pa3mepe yactun 25 mMkM. i oGopynoBaHus,
riae HeoOxoauma Oosiee TOHKas o4nucTKa 10 knacca 16/13 mo ISO 4406,
aTto cooTBercTBYeT 11 wimaccy mo 'OCT 17216-2001 ¢ aOGCOMOTHBIM
pasMepoM GHIBTPyeMBbIX dacTuil 10 MKM.

B HacTosiimee Bpems aKTHBHO pa3BHBAIOTCS METOJNbI OHJIAWH-
KOHTPOJIA KadeCTBa Macjia Mpyu IMOMOIIU pa3IMYHBIX HaTUYUKOB. Oun
MO3BOJISIIOT OTCJICKUBATh TaKUE MapaMeTpbl KaK BIaKHOCTb, 3arpsi3-
HEHHOCTb, OKHCJIIEHHME, H3HOC MeTayla M JpYyrHe B peKuMe
peaNTbHOTO BpEMEHHU.

I'maBHBIMU OpeuMymieCTBaM AOAaHHBIX OJATYUKOB SABJIAIOTCA: BO3-
MOHOCTh CBOEBPEMEHHOI'0 BBISBICHUS U3MCHECHHI B Ka4eCTBE Macia
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0 BOBHUKHOBCHUA CCPHLE3HBIX HpO6JI€M, OTCYTCTBUEC HGOGXOI{I/IMOCTI/I
B 3a00pe mpo0 ¥ MoCIenyomeM 1a00paTOpHOM aHAIN3€e, HEBBICOKAs
CTOMMOCTB BHCAPCHUSA IO CPAaBHCHUIO C TPAJUIUOHHBIMHU METOJaMU,
KOMIAKTHOCTb M IMPOCTOTAa HHTErpalliu B CHUCTEMY MOHUTOPHHIA
TUIPOIPUBOJA.

Ha puc. 1 moka3aH oauH U3 MPUMEPOB PACHOJIOKEHHS IBYX KOMOH-
HallUil TaTYUKOB, YCTAHOBJIEHHBIX B THIPABINYECKON CUCTEME.

JaTuugr

KOHTpPOTA |
3a rps’srlemm

Pucynok 1 — 'uapaBnnyeckas cxema ¢ KOMOMHAIMEH TaTYNKOB OHJIAHH-KOHTPOJIS

JaTuuk KOHTPOJS 3arpsi3HEHHMSI, OTCIICKUBAECT COCTOSTHHE JKUAKOCTH,
MOCTyIalomeid Hu3 Hacoca, U OOHAPYXKHUBAET HECOOTBETCTBYIOLIYIO
I'OCTy o4uCTKY XKHIKOCTH WU TPOOJIEMBI ¢ HAcOCOM (M3HOC). MomyIb
KOHTPOJISI )KUAKOCTH — 9TO KOMOMHAIHMA IaTYMKOB C HACOCOM, paboTaer
MOCJICIOBATEIIbHO M HE3aBHCHMO C THPABINYECKON CHCTEMOW M KOH-
TPOJIMPYET KUAKOCTh B OaKe HAPSAMYIO.
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3AKIIIOYEHUE

Hcnonp3oBaHne AaTYNKOB OHJIAMH-KOHTPOJIA Ka4eCcTBa Macia MO3BO-
JII€T ONTUMU3HPOBATh CPOKU €ro 3aMEHbl U CBOEBPEMEHHO BBISABIATH
OTKJIOHEHHA. DTO NMPEAOTBPALAET aBapyUH, MOBBIIIAET HAIEKHOCTh pa-
00TBI TUAPONIPUBOIOB U CHUKAET SKCIUTyaTallMIOHHbBIE PACXOMbIL.
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YK 62-82-027.45-947
METO/bI, HAITPABJIEHHBIE HA 3AIUATY
I'nipOITPUBOJA OT HU3KUX TEMIIEPATYP

METHODS TO PROTECT THE HYDRAULIC DRIVE
AGAINST LOW TEMPERATURES

Coxou B. A., ct. npen., ®uaunosa JI. I'., cT. nper.,
Posao M. M., ctyn.,
Bbenopycckuii HaMOHAIBHBINA TEXHUYECKUM YHUBEPCUTET,
r. Munck, Peciyonuka benapych

V. Sokol, Senior Lecturer, L. Filipova, Senior Lecturer,
M. Rouda, Student,
Belarusian national technical University, Minsk, Belarus

B cmamve paccmompen gonpoc 3auumel cUOpaAGIUYECKUX cucmem
om HU3KUX memnepamyp. Anarusupyiomcs ocHosHuvle pucku. Paccmam-
pusaiomcs memoowl 3awumul. Coenan 6v1600 006 obecneuenuu Hadedic-
HOCmu pabomuvl 2UOPONPUBOOA 6 CILONCHLIX KIUMAMUUECKUX VCLOBUSX
npuU HU3KUX MmemMnepamypax.

The article considers the issue of protection of hydraulic systems
from low temperatures. The main risks are analyzed. Protection methods
are considered. The conclusion is made about ensuring the reliability of
hydraulic drive operation in severe climatic conditions.

Knwuesvie cnosa: 2udponpueod, HusKue memnepamypol, 3auuma
2UOPABIUYECKUX CUCTIEM, HAOENCHOCHb pabOmbl 2UOPONPUSOJA.

Keywords: hydraulic drive, low temperatures, protection of hydraulic
systems, reliability of hydraulic drive operation.

BBEJIEHUE

IM'uaponprBOABI IKUPOKO UCHOJB3YIOTCS B TAKMX OTPACIAX, KaK CEllb-
CKOE XO34HCTBO, JOPOKHOE M MPOMBILIUIEHHOE CTPOUTENHCTBO. OqHAKO
BO MHOTHX PErHOHAaX MUPOBOH reorpaduu KIMMaTHYECKUE YCIOBHUS Xa-
PaKTEepU3YIOTCA HU3KUMU TEMIIEpaTypaMu B TEUCHUE JJIUTEIBHOTO BpE-
MEHH, YTO TpeOyeT NpUMEHEHNS CIEIHATbHBIX METO/IOB 3aIIUTHL.
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OCHOBHAA YACTb

TennoBoil peXUM CyLIECTBEHHO BIHMSET HA BS3KOCTh T'MIpPABIMYE-
ckol xujakocTu. [Ipyu HU3KHUX TeMIlepaTypax BSI3KOCTb YBEIUYUBAECTCS —
3TO, B CBOIO OY€pe/lb, OKa3bIBAET BIMSIHNE HA 3((PEKTUBHOCTD LUPKYJIS-
LM JKUAKOCTH U TIOBBIIEHUS TpeHus B cucteme. IIpaBunbHBIN BBIOOP
paboueil XUAKOCTH C YYETOM YCIOBHU DKCIUTyaTallMH IO3BOJISET JI0-
CTHYb ONTHMAIBHON BS3KOCTH U 00€CNEeUnTh HOPMalbHOE (PYHKIHMOHH-
pOBaHHE THAPONPHUBOAA.

YBenudeHne BI3KOCTH padodeil KUJAKOCTH MPUBOJUT K BOZHUKHOBE-
HUIO COIMPOTHUBJICHHUE ABUXKCHHUA )KUJIKOCTHU B CUCTEMC U K O6pa3OBaHI/IIO
KaBUTALIUH.

KaBuTanuus B ruponprBoie CHUXKAeT €ro MPOU3BOIUTEIBHOCTD, BbI-
3bIBACT LIYM H Bn6pau1/1}0, B KpalePIX ClIydadX MOXKET IMPUBECTU K I10-
BPEKACHUIO KOMIIOHEHTOB CUCTEM.

UYto0Obl NMpenoTBpaTUTh KAaBUTALMIO PEKOMEHAYETCS HCIOJIb30BaTh
NPUHYIUTEIBHYIO MOANMUTKY HAacoca WIM Pa3sMECTUTh €ro HENoCpen-
CTBEHHO B ruzapobake. [Ipu 3TOM yCTaHOBUTH HAcoC TakUM 0Opa3oM,
9YTOOBI BCACBHIBAIOIIEE OTBEPCTHE OBUIO PACIIONIOKEHO HHMXKE HAaUMEHb-
IIeTo YpOBHS Macia Ha pacctostHuu He 6onee 500 mm. Ecim Hacoc pa-
0oTaeT B peKMME CaMOBCAaCBIBaHMs, CIEeAyeT CleJaTh BCACBIBAIOIIYIO
THAPOJIMHHUIO KaK MOKHO KOpoue M M30eraTb yCTaHOBKM (pUIBTPOB U
IPYTHX 3JIEMEHTOB, KOTOpBIE YBEIMYHBAIOT CONPOTUBJICHHE IIOTOKA
pabodeil JKUIAKOCTH.

B OKCIUTYaTUPYEMBIX THAPONPUBOJAX B XOJOAHBIX KIIMMATHYCCKHUX
YCIIOBUSIX, OOHApYKUBAeTCA 3HAYUTEIbHOE YBEIMUYCHUE NOTEPh AaBJe-
HUS B TPYOOINpPOBOJAX MpH 3alyCcKe W B HAYAJIbHOM IEpuojie PabOTHL
IIpu Temneparype —50...—60 °C norepu maBieHus Bo3pactaroT B 10-15
pa3 1o CpaBHEHUIO C MOTePsAMU AaBieHus npu temmneparype +50 °C [1].

Pe3koe yBenuueHre MOTEph NABJIEHHS NPUBOJUT K IMOBBILICHHOMY
JABJICHUIO B HarHeTaTeJIbHOM TPyOOIIpoBOJe cpasy Imocie Hacoca. JTo
CO3/1aeT PUCK MEePerpy3KH Hacoca BO BpeMs pabOTHI.

UTo0bI KOMIICHCUPOBATh 00bEMHBIC U3MEHEHUS KUJIKOCTH B MPOIIEC-
ce paboThl MPUBOAA MCIOIB3YIOT YCTPOHCTBA C BO3MOKHOCTBIO PETYJIIH-
POBKH 00BEMA KUIKOCTU B CUCTEME.

Pexomennyercst 3a 20-30 MuHYT A0 Hauyana paOOTHI HCIIOJNB30BAThH
IUIs IoJorpeBa paboyei KUIKOCTH pa3IMYHbIe METObI, TAKUE KaK pa3o-
IpeB TOPSYMM BO3AYXOM, 3JIEKTPOHAIPEBATEIbHBIMHU YCTPOMCTBAMH,
JIpOCCeNMpOBaHUeM, a TaK)KE CIIMB M XpaHEHHE Macia B TepMmoce. Taxxke
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Ba)KHO 00€CIEUNTh MPAaBUILHYIO U30JISIMIO U YTEIUIEHUE BCEX COeNMHE-
HUH ¥ TpyOOIIPOBOAOB THIPOMPHBOAA ISl TPEAOTBPALICHHUS IOTEPh
TeIa U 3aIlUTUTh CUCTEMY OT 3aMEpP3aHHUS.

CrangapTHble TUAPABIMYECKUE IUIAHTH MOTYT OBITh H3TOTOBIICHBI U3
MaTepHalioB, KOTOPbIE UMEIOT MOPUCTYIO CTPYKTYPY, U MPHU 3aMep3aHUU
U TIOCIIEAYIONIEM OTTaWBaHWU MOTYT BO3HWKATh TPEIIWHBI WIN TOTEPs
ruOkocTd. Ecny BHEIIHWH CIIOH ILTaHTa MOBPEXKIACTCS, BEPOSITHOCTH
OTKa3a yBelIW4yuBaeTcd BABoe. Mcmonp3ys TuapaBIdYecKHE IUIAHTH
Y YIJIOTHEHHSI, CIEHMANbHO MpeJHa3HAuYeHHBIE ISl JKCTPEMalbHBIX
TEeMIEepaTyp, MOKHO COXPAHUTh BBICOKYIO MPOU3BOAUTEIBHOCTD U CHU-
3UTh PUCK BBIX0JIa 000PYIOBaHUS U3 CTPOAL.

[Ipu sxcrmmyaralin MamivH C THAPONPHUBOAOM HEOOXOIMMO YUHTHI-
BaTh, YTO MPH HATPETOM Macie B Oake W HU3KOW OKPYKAIOIIeH TeMIepa-
Type NPOUCXOANT KOHJASHCALMS BJIaru U3 OKpY»Karollero Bo3nyxa. Boga
MIPOHUKAET B MAclo, a 3aTEM B T'MAPOCHCTEMY M CKAIlJIMBAaThCA Ha JHE
Oaka. Hamngme BOIBI B THAPABINYECKOM Maciieé BBI3BIBAET KOPPO3HUIO
Y CYLIECTBEHHO IMOBBILIAET TEMIIEPATypy 3aCTHIBAHUS.

Jns rapaHTUPOBaHHOTO (YHKLMOHUPOBAHUS HACOCOB, THAPOMOTO-
POB M TMPOYNX KOMIIOHEHTOB THIPOIPHBOAA HEOOXOIUMO OOECIIeYHTh
3¢ (GeKTUBHYI0 (UIBTpPAIUI0 padovell KUJAKOCTH OT MEXaHWYECKHX
MIpUMecel U BIIary.

3AKJIKOUEHUE

B crarbe ObUIM PacCMOTPEHBI OCHOBHBIE METO/IbI 3aLIUThI THAPOIPH-
BOZOB OT BO3JCHCTBUS HU3KHX Temreparyp. [IpoaHanu3upoBaB WX,
MOJKHO C/IeJIaTh CJIE/TYIOIINE BHIBOJIBI.

Haunbonee >ddekTuBHBIM crocoOOM TpemaoTBpallleHHs 3aCTHIBAHUS
Macia SBIISeTCS IPUMEHEHHE MapoK Macell C MOHM)KEHHOU TeMIepary-
pOii 3aCThIBaHUS MO CPABHEHHIO C OXKHIAEMBIMH MUHHUMATbHBIMU TEM-
HepaTypaMu OKpY)Karolled cpeisl. JTO MO3BOJSET UCKIIOYHTH OCHOB-
HYyIO yrpo3y paboTOCIIOCOOHOCTH IMAPONPHUBOIA.

JIOTIONTHUTENBHBIE METObI MOAOTPEBa OTACIBHBIX Y3JIOB CHCTEMBI
00ecreunBaT pPaBHOMEPHOE MOAJEpKaHHE paboyel TeMIepaTypsl
B TUJIPOTIPUBOJIC U MCKITIOYAETCSl PUCK €r0 OCTAHOBKH.

KayecTBeHHas repMeTH3anus BCEX COCAMHEHUI sBisercs 00s13a-
TEJbHBIM yCIIOBHEM, TaK KaK Bllara YyBEIHYHMBAET BEPOSTHOCTH
3aMep3aHus Macla.
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Takum o0OpazoM, peanm3allysi BCeX NEPEYHCICHHBIX METOJIOB B KOM-
TUIEKCE TTO3BOJISIET COXPAHITH paOOTOCIIOCOOHOCTh B YCIOBHSIX BO3JEH-
CTBUSA MMOHMXEHHBIX TEMIIEPATyp OKPYKaIOIIEH CPeIbl.
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YK 629.366.064
PA3SBUTUE TUAPOHABECHBIX CUCTEM
CEJbCKOXO3SMCTBEHHBIX TPAKTOPOB

DEVELOPMENT OF HYDRAULIC SUSPENSION SYSTEMS
FOR AGRICULTURAL TRACTORS

3axapos A. B.l, KaHJ. TEXH. HAayK, JI0LL.,
Kiaoxos M. B.l, KaH[l. TEXH. HayK, JOIl.,

Canyn JI. I'.", kauz. Texs. Hayk, nom., 3axaposa M. O.% acc.,
'Benopycckuit HALMOHANBHEIH TEXHUUYECKUIl YHHBEPCHTET,
r. Munck, Pecrryonuka benapych
*YO Benopycckuii ToCcy 1apCTBEHHbIH arpapHbIi TeXHHUeCKHUil
YHHUBEpCUTeT, I. Munck, Pecrrybimka benapycs

A. Zakharov', Ph. D., in Eng., Ass. Prof.,
D. Klokov', Ph. D., in Eng., Ass. Prof.,
L. Sapunl, Ph. D., in Eng., Ass. Prof., L. Zakharova®, assistant,
'Belarusian National Technical University, Minsk, Belarus
’Belarusian State Agrarian Technical University, Minsk, Belarus

B coepemennbix codiCHbIX CeNbCKOXO03AUCMBEHHBIX MAWMUHAX, 6bINOJ-
HAIOWUX 3G 0OUH NPOXOO HECKOIbKO Onepayuti, mpebdyemcs numanue
HeCKOIbKUX nompebumenetl. [l 3mo20 RPUMEHSIIOMCI dIeKMpPocUOpae-
JUYecKue CUCmeMbl C A8MOMAMUYECKUM Pe2yIUPOBAHUEeM HABECHO2O
YCmpotcmea mpakmopa 4yecmeumeinvbHble K HASPY3Ke U He3a8UCUMble
om wuaepysku. C cogepuiencmeosanuem OMOEIbHbIX Y3108 U 2UOPOCU-
cmem Ynpaeienus HABeCHvIM YCIPOUCMEOM 8 YEIOM, NOBLIUATOMCS UX
yoenvHbie pabouue napamempbi.

In modern complex agricultural machines that perform several oper-
ations in one pass, power is required for several consumers. For this,
electrohydraulic systems are used with automatic control of the mounted
tractor device sensitive to load and independent of load. With the im-
provement of individual units and hydraulic systems for controlling the
attachments as a whole, their specific operating parameters increase.

Knwuesvie cnosa: mpaxmop, obpabomka nougvl, cuopocucmema,
ABMOMAMUYECKOe Pe2yIuposanue, HagecHoe YCmpoucmeo.
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Keywords: tractor, tillage, hydraulic system, automatic control, at-
tachments.

BBEJIEHUE
B KOHCTPYKIHAX COBpPEMEHHBIX TPAaKTOPOB PEATU3YIOTCS TEXHUYE-
CKHe perieHus, CITIOCOOCTBYIOIITHE TTOBBIIIICHUIO TEXHUKO-

9KOHOMUYECKUX TOKa3aTeNei, CHUKEHHUIO YIUIOTHEHUsSI TIOUBBI, YIy4lle-
Huto ynpasineHuss MTA u co3nanuio yaoOcTB At pabOThl MEXaHHU3aTO-
pOB.

OnHUMH W3 BaXKHEHIIMX MOKa3aTesell TEXHUYECKOTO YPOBHS Cellb-
CKOXO3SICTBEHHOT'O TPAKTOPA SIBJISIETCS] BO3MOKHOCTD:

— aBTOMAaTHYECKOTO PETYIMPOBAHUS TITyONHBI 00pabOTKY ITOYBHI;

— 0TOOp MOIIHOCTH Yepe3 THAPOCHCTEMY JJIsi HECKOJILKUX MOTpeOu-
TEINCH;

— peryJMpoBaHHe PAacXoja 10 TaBICHHIO;

— COBMEIICHHE TIPUBOJIA CMEXHBIX CHUCTEM (PYJICBOTO YIpPaBICHUS,
THAPOYCHIUTENSI ypaBlieHHs My (QToi cClerieHueM U T.1.).

CUCTEMBI VIIPABJIEHWSI HABECHBIM YCTPOVICTBOM

MexaHoruapaBiINuecKue CUCTEMBI aBTOMATHYECKOT'O PETYyIHPOBAHUS
HaBecHOro ycrpoicta Tpakropa (MCAPH) mo-mpexHeMy ocTaroTcs
BocTpeOoBaHHBIMU. OCHOBHAsI HUILA TPAKTOPOB, HA KOTOPBIX yCTaHAaB-
muBatoT MCAPH mommuocTsio 10 75-80 kBT. OCHOBHBIE TOCTOMHCTBA:
OTCYTCTBHE 3JIEKTPUYECKHX U IJIEKTPOHHBIX KOMIIOHEHTOB, NPOCTOTA
o0cCITy>)KUBaHHS U HE BbICOKas lieHa. HemocTaTKu: HEBBICOKasi TOUHOCTh
perynupoBaHus (HEIYBCTBUTEIBHOCTh CUCTEMBI HE MeHee 4—5 % oT 3a-
JAHHOMW TITyOWHBI), HET BO3MOXXHOCTH PETYJIMPOBAaHUE PacXoaa Jis Kaxk-
JOr0 TMOTpPeOUTeNs] MHAMBUAYaIbHO, HET AOMOJHUTEIbHBIX (QyHKIMH
(camomuarHocTrka, qeMmn@upoBaHue KOJIeOaHUH H T. 1.).

C pa3BuTHEM 3JEKTPOHUKHU MOSIBUIINCH AJIEKTPOTHIPABINYECKUE CH-
cteMbl aBroMatnueckoro peryiaupoBanus (DI CAPH) Bkmrouaromue
3JIEKTPOHHBIE NAaTYUKH, IyJIbT 3aJaHUs PEKUMOB pabOThl U KOHTPOJJIEP
ynpasierus. [IpuMensror Ha TpakTopax MomHocThi0 10 130-150 xBT.
OCHOBHbIE TOCTOMHCTBA: 00Jiee BBICOKAs TOUHOCTH PEryJIMpPOBAaHUS OT-
KJIOHeHHE (OT TIyOnHbI 00padoTKM MouBH A0 1,5-2 %), BO3ZMOXKHBI J10-
MOJTHUTENbHBIE (DYHKIIUU B BUIE CAMOJWATHOCTHKH CHCTEMBI, JeMI(H-
poBaHUE KOJICOaHUI MPU Tiepee3/ie TPAKTOpa C MOJHATON CeTbCKOX035H-
CTBEHHOH MaIllMHOW B TPAHCIOPTHOE MoyoxeHue [1, 2].
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B coBpeMEeHHBIX CIOXXHBIX CENbCKOXO3IUCTBEHHBIX MAIIWHAX, BBI-
MOJTHAIOIINX 32 OJHWH MPOXOJ] HECKOJIBKO Omepanuid, Tpedyercs muTa-
HUE HECKOJBKUX TmoTpeOuTeneil (TUAPOUMIMHIAPHI, THAPOMOTOPHI
MU T.1.) ISl 3TOrO NPHUMEHSIOTCSA 3JICKTPOTUAPABIMYECKUE CHUCTEMBI
aBTOMATHYECKOTO PEryJUPOBaHMS UyBCTBUTEIbHBIE K Harpyske
(BI'CAPH YH). Yka3zaHHbIE CHCTEMBI 00ECIEYHBAIOT paboOTy pa3iud-
HBIX YCTPOMCTB OT OJHOTO HAacoca Mo JaBJICHHIO Hauboyiee HarpyXeH-
HOTO MOTpeduTeNs, T. €. €cTb Harpys3ka — Hacoc MOAaeT, HET Harpys-
KH — 1rmoaada OnM3Ka K HYJIIO. HpI/IMeHSIIOT Ha TpaKTopax MOMIHOCTBIO
10 200-220 xBT. DxoHOMMS TOILTHBA cocTaBasAeT oT 15 mo 20 %.

s HanOonee MOTHOW 3arpy>XEHHOCTH B TEUEHUHU rojla CENbCKO-
XO3SHCTBEHHBIE TPAaKTOpa BBICOKOW MommHOCcTH Oonee 220-250 kBt
aJanTHPYIOT JJisi pa0OTHI C JOPOKHO-CTPOUTEIBHBIM, 3€MJICPOHBIM U
JIECO3aroTOBUTENBHBIM 000pynoBaHueM. s KOTOpPOro Ba)XHO CO-
XpaHeHHWEe CHHXPOHHOCTH JBHKEHUH pabodynX OpraHoB MPH H3MEHE-
HHUU UX CKOPOCTH. 21]151 9TOTr0 MPUMEHACTCA JJICKTPOTrUAPaBINYCCKUC
CUCTCMbl AaBTOMATHUYCCKOI'0 PpCryJIMpOBaHUd C HE3aBUCUMBIM OT
HArpy3KH pacmnpenencHueM notoka paboueit xuakoctu (OICAPH
HH) [3]. B T1abn. 1 mpexacraBieHB KOHCTPYKTHBHBIE OCOOEHHOCTH
TUJIPOCUCTEM YIPABICHUS HABECHBIM YCTPONCTBOM TPAaKTOpPOB pas-
HBIX MOIIHOCTHBIX T'PYIIII.

Ta6n1/111a 1- HpI/IMeHHGMBIe CHUCTEMBI yIIpaBJICHUS HABECHLIM yCTpOﬁCTBOM
CEIIbCKOXOSIHCTBEHHBIX TPaKTOPOB

MouHoCTh ABHUraTeNs TpakTopa, KBT

Tlokazarenun
¢ 40 o hi (e hi( Oonee
75-80 kBt | 130—150 xBTt | 200220 xBT 220 kBt
Tun cucrempl ynpasaeHus | \yoapyy | SICAPH | OTCAPH UH | STCAPH HH
HABECHOT'O YCTPOWCTBA
Hoummnansroe nasnenne, 14...18 18...20 18...20 20...22
MIla
HomunanbHbIH pacxon Ha 110..160
mape BBIBOJIOB (TTofava - 35...80 60...120 80...130 (omuanbHO
oOparka), J1/MUH 1o 250
CoBMellieHue npuBoJa rory Iory, T'OPY, T'OPY,
CME)KXHBIX CUCTEM yCI/IJ'lI/ITe.]'l]) yCPIJ'[I/ITeJ'lb yCI/IHPITeJ'[b
yIpaBJi€HUs | yIpaBJiCHUS | YyIpaBICHUS
MC MC, mpusoxn | MC, npuBozg
TC TC
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CoBMelIeHre TPUBOJA CMEXKHBIX CHCTEM (THIPOOOBEMHOE PyJIeBOE
ynpasienue ('OPY), ycunurens ynpasiaeHuss MypToi cueruieHus, IpH-
BOJI TOPMO30B U T. /I.) C THAPOHABECHON CHCTEMOW TPaKTOpa MO3BOJISIET
noBeicuTh Mexanudeckuit KIIJ| ruapocucTeMbl, MoOJHEE peann3oBaTh
MOIIIHOCTh HACOCHON YCTAHOBKH, CHU3UTh METAIJIOEMKOCTh TPAKTOPA.

C COBepmIeHCTBOBAaHHEM THIPOCUCTEM, WX OTAEINBHBIX Y3IJI0B
(HacocoB, pacrpeaenuTesei u T. 1.) pacTyT U pabodne mapaMeTphl:

— IPy30MOABEMHOCTS HABECHOTO 000PYIOBaHUS, T;

— MOIIIHOCTb Ha MPUBOJ HACOCHOH YCTaHOBKH, KBT;

— HOMHHaNkHOE AapieHue, Mlla;

— HOMUHAJIBHBIA Pacxo/, JI/MUH.

Ha puc. 1 uzobOpaxeHa BennunHa pabOYMX IMapaMeTpPOB THAPO-
HABECHBIX CHCTEM TPAKTOPOB Pa3HBIX MOIIHOCTHBIX TPYIIIL.
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l.[C-LLlHOtTL- ABHTATENA TPaKTOpa
Pucynok 1 — OcHoBHbIE paboune mapaMeTpsl THAPOHABECHBIX CHCTEM TPAKTOPOB
Pa3HBIX MOIIHOCTHBIX TPYIII
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3AKIIIOYEHUE

[Ipouecc coBepLIEHCTBOBAaHUS TPAKTOPHBIX T'MAPOCHUCTEM HE CTOUT
Ha MecTe. AHaJlu3 MOKAa3bIBAeT, YTO MOCIENHHE UAYT K MOJIYJIBHOCTU
MOCTPOEHUS,  JAaTYMKM W DJIEMEHTHl  YIpPaBIEHUS  KOTOPBIX
UHTEIPUPYIOTCSI B UCIOJHUTEIbHBIE MEXAHU3MBI, a 3JEKTPUUYECKUE U
THIPaBINYECKHEe KOMIIOHEHTHI 00benuHsIoTCs. [IpociexxuBaeTcs Taxxke
MPEUMYIIECTBO MPUMEHEHUSI 00BEMHOTO PETYIMPOBAHUS HAM IPOCCENb-
HbIM. J{71s1 mydineli agantanuy K Harpy3ke, HACOCHYIO YCTaHOBKY C 00b-
€MHBIM pETyJIHpPYyEeMBIM HAacOCOM JIOTIONHSIOT HAcOCOM ITOCTOSHHON
nojfauyn. Bece 3TH TexHUUeckue pelleHus, HalpaBJIeHbl A MOJTy4eHus
MakcuMmanbHoro KITJ[ u mpon3BoNTENBHOCTH TPAKTOPA B LIETOM.
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YK 62-82-027.45-947
AHAJIN3 TA30JJMHAMUYECKHUX ®YHKIIUT,
HUCITIOJIB3YEMBIX 1P MATEMATUYECKOM
MOJEJMPOBAHUU ITHEBMOCUCTEM

ANALYSIS OF GAS DYNAMIC FUNCTIONS USED
IN MATHEMATICAL MODELING OF PNEUMATIC SYSTEMS

®uaunosa JL. I'., ct. mpern., Cokou B. A., cT. nperr.,
Yuxkunesckuii S1. A., npen., Mogonos WU. 1., cryn.,
benopycckuii HalMOHANBHBIN TEXHUUECKUI YHUBEPCUTET,
r. Munck, Pecrryonuka benapych

L. Filipova, Senior Lecturer, V. Sokol, Senior Lecturer,
Y. Chikilevsky, Lecturer, I. Modonov, Student,
Belarusian national technical University, Minsk, Belarus

B cospemennvix MHO2OKOHMYPHBIX MOPMO3HLIX NHEEMAMUYECKUX
npUBOOAx, PACCHUMAHHBIX HA PAOOMY 6 ONpedeieHHOM MeXHOLo2UYe-
CKOM pedicume, HeoDX00UMO 8blOpams ONMUMAibHble NApPamempsl die-
MEHmMOo8 cucmemvl no0auu U KOppeKyuu 6030yxd, umoodvl NpasUibHAsL
nooawa pabouezo opeaHa NOSLIUALA CMAOUTLHOCMb PAOOMbI NHEEMO-
npusooaq.

In modern multi-circuit pneumatic brake actuators, designed to oper-
ate in a certain technological mode, it is necessary to select the optimal
parameters of the elements of the air supply and correction system so
that the correct supply of the working body increases the stability of the
pneumatic actuator.

Kniwouesvie cnosa: nnesmamuueckuil npusoo, mpancnopmuoe cpeo-
MO, A8Monoe30, MOPMONCeHUe, OUHAMUKA, MAMEMAMULECKAst MOOEb,
bvicmpooeticmeue

Keywords: pneumatic drive, vehicle, road train, braking, dynamics,
mathematical model, performance

BBEJIEHUE

Poct xonmuecTBa aBTOTPaHCHIOPTHBIX CPEJICTB U CKOPOCTh UX Iepe-
JIBUKCHUS BBIJBUTAET BCE OoJiee JKeCTKUE TpeOoBaHUs K 3((HEKTUBHO-
CTH cucTteM Oe3omacHocTU. Bo3pacraromiasi HHTEHCUBHOCTh JBHXKCHUS
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TaKUX CPEACTB NPUBOAMT K YMEHBIICHUIO BPEMEHH Ha MPUHSITHE ONTH-
MaJIbHOTO PEIICHHS B IPOIECCe YIPaBICHUSI TOPMO3HOM CHCTEMOM, 0CO-
OCHHO MPU SKCTPEHHOM TOPMOKEHHUH.

Oco0oro BHMMaHHs 3aciy>KMBaeT MpodjeMa TOPMOXKECHHS AJINH-
HOOA3HBIX aBTOMOOWJIEH W aBTOIMOE3/J0B OOJIBIION TPy30TOIbEMHO-
CTH, O60py2:[OBaHHI)IX MHOTOKOHTYPHBIMU ITHEBMAaTUYCCKHUMU TOP-
MO3HBIMH IPUBOJaMHU.

BricTpozeiicTBre U CHHXPOHHOCTH PabOTHI TOPMO3HBIX IPUBOJOB 3a-
BHCAT OT THIIA MHEBMATHYECKON CHCTEMBI U €€ KOHCTPYKTHBHBIX IIapa-
meTpoB. IlyTem panmoHambHOro moadopa pasmMepoB TpyOOIpPOBOIOB U
arperaToB AajieKO HE BCErga MOXXHO JOCTUYb TPeOyeMoro OBICTpOIEH-
CTBHUS NIPHUBOJIA.

UTOOBI IPOBECTH MAaTEMATUIECKOE MOJICITUPOBAHIE U JHHAMUICCKII
pacyeT TakMX MPUBOJOB HEOOXOOUMO NPABHIBHO BHIOpAaTh HE TOJIBKO
HEOOXOIMMYIO HX CXeMy, HO 0c000e BHUMaHHE yJIeIHUTh Ta30JHHaMHUYe-
CKAM (YHKIWISIM, UCTIOIB3yEMBIM TIPH 3TOM.

AHAJIN3 TA30JIJMHAMUYECKUX ®YHKIIUN,
NCTIOJIb3YEMBIX ITPU MATEMATHUYECKOM
MOJEJIMPOBAHMM THEBMOCHUCTEM

OT npuHATOM HpU MaTEeMaTUYECKOM MOJEIMPOBAaHUU Ta30iuHa-
MUYECKOM (YHKIMH 3aBHCUT TPYHOEMKOCTh U TOYHOCTH PAcUETOB
IMHEBMOIIPUBOOOB.

MTrHOBEHHBI MACCOBBII PacXoj BO3AYyXa 4epe3 MECTHOE CONPOTHUB-
neHue (HarmpuMep, Ipocceib) uMeeT Bu [1]:

— | =mg=1vip;, (1)

rae fc — miomank MONepeyHoro CEYeHusl CTPYH; U; — CKOPOCTh CTPYH
B BBIXOJIHOM CEYEHHUHU KaHasa; p; — IUIOTHOCTh BO3JyXa Ha BBIXOJE U3
KaHaja JpOCCEIAX.

B 3aBucuMoCTH OT KOHKPETHOH (PYyHKIMH pacxoia MOXKHO TONYYHUTh
psan QyHKOMHA I1si MTHOBEHHOTO MAaccoBOTO pacxoja Bo3ayxa. Hampu-
Mep, UCTEUEHHE T'a3a U3 OTBEPCTHH M HACaJOK IpU MEPEMEHHOM JaBJe-
HUYU WIHM HalOJHEHWE EMKOCTEW NpPU MOCTOSHHOM BHEIIHEM [aBICHHUU
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Yaie BCEro OIHCHIBACTCA C TMOMOIIBI0 Ta30JUHAMHYECKON (PYHKIIMU
pacxona Cen-Benana u Banuens [2]:
— IIpU TOKPUTHYECKOM HCTEUCHUH BO3AyXa:

2 e
dm k 2 n|t

an o _
r u-f Po " Po 1|\ 7, Po s (2)

— [IPpU HAAKPUTUICCKOM UCTCYCHUU BO3yXa:

2
dm k 2 )k—l

am o 2
RS 12P0 P

7 )

rae dm/dt — MTHOBEHHBIH MacCOBBIH pacxo] BO3AyXa; W —KOd(pPHULIUEHT
pacxona; f— )KMBOe cedeHne TpyOorpoBoaa (apoccens); po U p; — NaBie-
HUSI Ha BXOJE M BBIXOJAE IMHEBMATHYECKOTO APOCCENS; Py — IUNIOTHOCTh
BO3IyXa; k — MOKa3aTeNb aInadaThl.

Tak kak ocoboe MECTO cpeay MHEBMAaTHYECKHX TOPMO3HBIX MPUBO-
JIOB C KOPPEKTUPYIOIIMMH YCTPOWCTBAMHU 3aHHUMAIOT JJIMHHBIE TPYOO-
IPOBOBI, TO MPECTABISIET UHTEPEC ra3oJuHaMu4eckast QyHKIHs pac-
X0/1a, YUUTBIBaIOMmas Kod((UIMEHT TPEeHUs Bo3ayxa A B TpyOompoBoe
U €ro reOMeTpUUYECKHUE MapameTpsl [3].

W3 cka3aHHOro BHAHO, YTO U3 BCEX Ta30AMHAMHYECKUX (QyHKIMH
MacCOBOTO pacxojia BO3AyXa HH OJHa HE MOXET IOJHOCTHIO COOTBET-
CTBOBaTh TPEOOBAHUSM, TPEIBABISIEMBIM IIPU pacyeTe MTHEBMATHUECKHX
TOPMO3HBIX NPHBOAOB aBTOMOE3/a, 00JaNaloMINX CBOUMH crenuduye-
CKHMH 0COOEHHOCTSAMU.

Panee Obuna monydeHa JMHEAPU30BaHHAS ra3oJHMHAMHUUEcKas (yHK-
uus pacxona [4]:

— JUTS HaIrlOJIHeHHUS:

dm E

i Zﬁ (Ot-po _pl); Pluas SDP1 S Do s “4)
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— I OIIOPOKHCHUA:

dm FE

TR P B ) PSP S P ®)
dm E

_—dt :—R.T'(—po‘l'(l'pl); pOSplgpmax’ (6)

rae EZIJ' f 'VKp; o, — KO3 GUITUEHT aNMmpOKCUMAITNH; [3 — COOTHOIIIECHNE

3¢ (EKTUBHBIX TUIOIIAICH.

Kak moxazanu uccrnenoBanus [4], ¢ 3Toi QpyHKIHEH XOPOIIO OMHUCHI-
BaIOTCS MPOIECCH], TPOTEKAIOIINE B MPOCTEHIINX THEBMATHYECKUX MPH-
Boiax. OHa MO3BOJSET MONYYUTh pEIICHUS B aHAJUTHUYECKOM BHUJE C
JIOCTaTOYHOW CTENEeHBbI0 TOYHOCTH, MOITOMY €€ MOXKHO HCIOJIh30BaTh
MIpH pacyueTe OAHOKOHTYPHBIX TOPMO3HBIX IPUBOIOB.

B benopycckoMm HallMOHaJIbHOM TEXHHYECKOM YHUBEpCUTETE ObLIa
MoJTyYeHa runepOoIrnIecKas ra3oJuHaMuueckas GyHkus pacxona [1]:

A- _
dm :p-f~vkp . Px . Pox ~ Prux , (7)
dt R.T BpBX _pBBIX
rae A 1 B — IOCTOSTHHBIE KO3POUITUEHTBI, Pyx B Py — JABICHHUS Ha BXO-
ne u Beixonae JIE-3BeHa.

OnHa BbIpaXECHa OJHHMM YpPaBHCHHMEM, YyJO0OHA B HCCIICJIOBAHMU Kak
JJId TIPOCTBIX, TaK U IJIA CJIIOXKHBIX MHOT'O3BCHHBIX CHCTEM, 4YTO 6y,Z[CT
nokaszaHo Huxe. Ee PEKOMEHAYETCA HCIIOJIB30BaTh JII MHOTI'OKOHTYP-
HBIX TOPMO3HBIX ITPUBOJOB.

3AKIIIOYEHHME

UccnenoBanus mokazanu, 4TO C MTOMOIIbIO PEKOMEHIyeMOIo Mare-
MaTHYECKOTO MOJICIMPOBAHUS U NPUMEHEHUS CPEJCTB, MOBBIILAIOIINX
ObICTPOACHCTBHE, MOXKHO pa3padaThIBaTh M NMPOEKTHUPOBATH PA3IMYHBIC
MHOTOKOHTYpHBIE TTHEBMATUYECKHE TOPMO3HBIE MPUBOJIBI I MHOTOOC-
HBIX TPAaHCHOPTHBIX cpencTB. Ilocne cozmanus MareMaTHUeCKON MoJenu
HEOOXOJMMO BBIIIOJHUTE NOBEPOUHBIN pacueT. I1o ero pesynsraram npu
HEOOXOAMMOCTH KOPPEKTHPYIOT pa3Mephl HCIOIHHUTEIbHBIX MEXaHH3-
MOB, TUaMETpbl TOPMO3HBIX IIJIAHTOB.
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YIAK 629.114. 2
AHAJIN3 CXEM I'NHIPOOBBEMHOI'O
PYJIEBOI'O YIIPABJIEHUSA

ANALYSIS OF HYDROVIDEO VOLUME STEERING SYSTEMS

Bbeaenunuk A. WU., actiup., Kinoxos /I, B., kana. TexH. HayK, JOIL.,
3axapos A. B., kann. TexH. HayK, goil., Epmuiaos C. B., ct. mper.,
benopycckuii HalMOHANBHBIN TEXHUUECKUI YHUBEPCUTET,

r. Munck, Pecryonuka benapych

A. Belianinik, Graduate Student, D. Klokov, Ph. D. in Eng., Ass. Prof.,
A. Zaharov, Ph. D. in Eng., Ass. Prof., S. Yermilov, Senior Lecturer,
Belarusian national technical University, Minsk, Belarus

B oannoii pabome paccmompenvi cospemennvle cxemovi, 2u0poodvem-
Hoeo pynesozo ynpasnenus (I'OPY). Ilpoananuzuposarnvl npeumyuje-
Cmea ¢ HeOOCMAamKamul Kaxcoou cxemsl. IIpednosicen nepcnekmueHblil
sapuanm pazsumus I OPY, yuumvlgas axmyanvHocms dHepeocoepedice-
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Hus. [lepcnexmusnas cxema 00veOuHsem npeuMyuecmea pacnpeoeni-
meell ¢ OMKPLIMbIM U 3AKPLLMbIM YEHMPOM, YO NO360AAEN NOSbICUNb
npoussooumenvHocmo. Obecneuusas 8vicokoe Ovicmpooelicmaue Ccu-
cmeMbl U MOYHYI0 KOPPEKMUPOSKY 8 ONnepayusx, mpeoyiouux GblcoKou
CKOpPOCMU U MOYHOCU.

The paper examines modern concepts of hydrostatic power steering
(HPS). The advantages and disadvantages of each scheme are analyzed.
A prospective development variant of HPS is proposed, considering
the relevance of energy conservation. The prospective scheme combines
the benefits of open and closed center distributors, enabling enhanced
performance. Ensuring high system responsiveness and precise adjust-
ment in operations requiring high speed and accuracy.

Knwuesvle cnosa: mpaxmop, ynpasienue, 3Hepeo3p@hexmusHocmy,
HenpepuleHOCHb, H00AYd, HACOC, 6E30NACHOCD.

Keywords: tractor, control, energy efficiency, continuity, supply,

pump, safety.

BBEJAEHUE

I'mnpoobremMHOE pynieBOe yIpaBiieHHE SIBIASETCS KIIOYEBBIM KOMIIO-
HCHTOM COBPEMCHHLIX CGHLCKOXO3ﬂﬁCTBeHHBIX, CTPOUTCIIbHBIX Malllun-
HaX M THXOXOAHBIX TPAHCHOPTHBIX CpeACTBaxX, obecneunBas 3GPeKTHB-
HOE U TOYHOE yIpaBlicHUuE HampasieHueM IBwxeHusd. [ OPY ucnonsiyer
THIPABINYECKYIO JHEPTUI0 i 00ecnedeHus: IOMOTHUTENFHOTO YCH-
JUANPU IOBOPOTE PYJIEBOIO Kojieca TPAaHCIOPTHOro cpeiacrsa. OCHOB-
Hoi menpto ['OPY sBnseTcss ymeHbIIeHne (U3NYECKUX YCWINAH, KOTO-
pble BOIWTENDL HOJDKEH MPUIOXKHUTL IJI1 MaHEBPUPOBAHUS TPAHCIIOPT-
HBIM CPENICTBOM, OCOOEHHO B YCJIOBHSIX HH3KOW CKOPOCTH M OONBIIMX
Harpyskax Ha YIpaBJII€eMBIX KoJecax.

OB30P TUITOBBIX CXEMHBIX PEIIEHU ' IPOOFBEMHOI'O
PYJIEBOT'O YIIPABJIEHUA

Cxema 'OPY c pacnpenenuresieM ¢ OTKPBITBIM LIEHTPOM Mpe/ICTaB-
nmeHa Ha puc. 1, a. JlaHHasg cxema BKIIIOYaeT B ce0s HACOC, KOTOPHIH
o0ecrnedynBaeT MOCTOSHHBIN MMOTOK pabodei )KUIKOCTH MPHU MTOCTOSHHOM
nepenane gaBieHUs U oOecreynBaeT OBICTPHIA OTKIMK Ha M3MEHEHHUS B
ynpasieann. K HemocTaTkaM NMpHBEISHHON CXEMBI MOYKHO OTHECTH IIO-
CTOSTHHYIO IIMPKYJISIIMIO pabodeld KUIKOCTH, YTO CHUXKAET d(PQPEeKTHB-
HOCTb C DHEPreTUYECKONW TOUKH 3pPEHHSA, M YBEIMUYUBACT MOTEPH M, Kak
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CIIEZICTBUE, HATPEB B CHUCTEME M3-3a MOCTOSIHHOM paboThI Hacoca, YTO
TpeOyeT MOMOJHUTEIBHOTO OXJIAXKIECHUS paboyell >KUAKOCTH I CHU-
JKEHUS U3HOCA KOMIIOHEHTOB [1].

LJ (]

£

“r

a)
Pucynok 1 — CxeMbl THAPOOOBEMHOTO PYJICBOTO YIPABJICHHS C OTKPHITHIM IICHTPOM:
a — pacrpeseuTeNb ¢ OTKPBITHIM LEHTPOM;
6 — pacipeesIuTeINb C 3aKPBITHIM LIEHTPOM [4]

CxeMa mpencTaBieHa Ha puc. 1, 6 OTIMYaeTCS OT PACCMOTPEHHOM
BBIIIC TEM, YTO B Hel HCIOJIb3YCTCA 3aKpbITasad 30JIOTHUKOBAA Iapa, 4To
MPeIOTBpAIIaeT BO3BPAT MOTOKA PabOUYeil MKUIKOCTH B THAPABIUICCKUN
0ak mpu OTCYTCTBUM ympaBieHus. [ paboTel Takoil cxeMbl Tpedyercs
HAcoC C IMEPEeMEHHBIM Pa0OYUM OOBEMOM W PETYISATOPOM MOIIHOCTH
pabotaromuii o npunuuny LS (Load Sensing) - mo3BOJIIET ONTUMHU3U-
poBartb sHepromnorpedierne u yBenununuts KI1J[ pabotel ruapaBimaeckoit
cuctemsl [2]. OnHako, THEPIIMOHHOCTD 3JIEMEHTOB Hacoca MepeMeHHOT0
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paboyero oobeMa MOXKET CTaTh MPUYMHON 3aE€PKKU BBIXOJHOTO CHTHA-
Ja CUCTEMbl (IOBMIKEHHS HCIIOJIHUTEIBHBIX THAPOLMINHIPOB). Takas
3aj7iepKKa 0COOEHHO KPUTUYHA B CUTYalUsX, TAe TpeOyeTcs MrHOBEHHAs
peaxiusi, HalpuMep, IpU yIPaBIeHUN TPAHCIOPTHBIMHU CPEACTBAMU WM
BBINOJIHEHUH TOYHBIX MaHeBpoB. IlosToMy mpu BBIOOpE CHCTEMBI C Iie-
PEMEHHBIM paboynM 00bEeMOM Hacoca HeOOXOAUMO YUUTHIBAThH €€ HHEP-
LIMOHHBIE XapaKTEPUCTHUKU U BO3MOXHBIE OIpPAaHUUYEHUS JIsI KOHKPETHO-
TO TPaHCIOPTHOTO cpeAacTsa [3].

IEPCIIEKTUBHBII BAPUAHT PASBUTUSA I'OPY

B crosiee BpeMs MOBBIIIAETCS BAXKHOCTh PALMOHAIBHOTO UCIIONb30-
BaHUS PECypCOB H dHeprocOepexkeHrs. UTo nenaeT MeToIbl YIIpaBIeHHs,
HaIlpaBJICHHBIC HA ONTHMH3AIUIO0 dHEPronoTpedienus 0oyee mepcrek-
TuBHBIMH. IlepenoBeie cuctemsl 'OPY coderaroT mpenmyinecTBa pac-
MIpeJIeNUTENed OTKPHITOTO M 3aKPBITOTO IIEHTPa ¢ BO3MOXKHOCTHIO Pery-
JUPOBKM TPOWU3BOAUTEIHHOCTH HACOCa, TMPEACTABISIOT ONTHMAIbHOE
pelleHre npuBeAeHHON Ha puc. 2. Takoe pemieHre crmocoOHO aBTOMATH-
YECKU aJanTHUPOBATHCA K H3MEHEHHUIO HAarpy3Kd Ha HUCHOJHUTEIbHBIX
TUAPOLUMIMHIAPAX W 000pOTaX ABUTATEIs, YTO YIyUIIaeT €€ MPOU3BOIH-
TEJILHOCTh, CHW)KAeT 3aTpaThl U MPOJUIEBAET CPOK CIYKObI 000pymoBa-
Husl. Takke OHM 00ECIIEYMBAIOT MTHOBEHHYIO PEAKIUIO U MOCTOSHHYIO
KOPPEKTUPOBKY B TEXHOJIOTHYECKHX OMEpaIusiX, TPEOYIOUINX BBICOKOU
CKOPOCTH U TOYHOCTH.

Cxema, mpuBellecHHas Ha pHUC. 2, paboTaeT CIEAYOIIUM 00pa3oM.
[Ipu mBUXEHWH TPaHCIMOPTHOTO CPEICTBAa Ha HOMHHAJIBHBIX 000pOTax
JIBUTATENs], BaJl OCHOBHOTO HAcOCa MPUBOJUTCA B IBIKEHHE JIBUTATEIIEM
BHyTpeHHero cropanus ([IBC) u mpu 3ToM cxema pyJieBoro ynpaBieHus
paboTaeT Mo MPHUHIUITY paclpeneiauTeNs ¢ OTKPBIThIM IeHTpoM. CHU-
skeHre oboporoB JIBC Bneder 3a co00i yMeHBIIEHHE ITOTOKAa pabodeit
JKUAKOCTH, YTO MPUBOJUT K YBEIMUYEHHUIO HAarpy3KH Ha pyJIEBOM KoJiece.
s ycTpaHeHUs 3TOr0 HEJ0CTaTKa UCTIOIb3yeTcs OJIOK KOHTPOJS TOTO-
ka. Ecu mpoucxomut cHmkenne obopotos Baia [IBC, To brmok ympas-
JICHUSI TIOZ]aeT JEKTPUIECKUI CUTHAII Ha 3JIEKTPOMEXaHUIECKUN Mpeoo-
pa3oBaTesb IEKTPOIPONOPIUOHATIBHOTO JIPOCCEIBHOTO pacipe/ennTe-
ns, Bxomsmero B BKII Pl, mepenaromuil naBiieHHe uepe3 JHHUIO
YOpaBIeHHUS HA PETYIATOP MOIIHOCTH, TO3BOJSS paboTarh Hacocy Ie-
pEeMEHHON MpOM3BOAUTENLHOCTH 10 cxeMbl ['OPY ¢ 3akpbITBIM LieH-
TpoM. UTO MO3BOJIIET KOMIICHCHPOBATH CHIDKEHUE TIOTOKa pabodeit
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XKHUIKOCTH M obecreynBaeT cTabMIbHOE pyJieBoe yrpasieHue. Eme ox-
HUM TIPEUMYIIECTBOM TaKOW CXEMBI OBBIIICHUE YHEPTOd((HEKTUBHOCTH
W yBeNIW4YeHHE OO0IIel MPOM3BOAMTEIHHOCTH CHCTEMBL. B ciywae aBa-
PUHHOTO PEXMMA B CXEMAaX C OTKPBITBIM U 3aKPBITBIM LIEHTPOM OIEPA-
TOP BBIHYXKJCH IOJIaraThCsl Ha COOCTBEHHYIO MYCKYJBHYIO CHITY, TOTIa
KaK B CXEME C MOJNUTKON B 3TOM CIy4yae Hacoc MEPEMEHHOU MpOU3BO-
IUTETHHOCTH OepeT Ha cebst GYHKIIMIO OCHOBHOTO HAcOca, 00ecrednBast
0e3omnacHoe IBUKEHHE.
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Pucynok 2 — Cxema 'OPY ¢ 610KOM KOHTPOJIS TOJITHTKH:
H1 — ocHOBHOM Hacoc; H2 — mOaIUTOYHEII HACOC;
P — 610K xouTpOist noanutky (BKII);

3AKIIIOYEHUE

Paccmotpensl ocHoBHbIe cxembl ['OPY, nmpuHIMIEL paboThl, a TaKkxke
peuMylIecTBa 1 HepocTatku. [IpenioskeHo cxemMHoe penieHne o0beau-
HeHuH mpeumyiiectB TMNoBeIX ['OPY myTtem BBenenus BKII u aBroma-
THYecKoro u3aMeHeHus padbotsl [OPY.
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PABPABOTKA KOHCTPYKIUHU DJIEKTPOYIIPABJIAEMOI'O
MHOTI'OCEKIIMUOHHOI'O 'NIPABJIMYECKOI'O
PACIIPEJAEJIUTEJISA

DEVELOPMENT OF THE DESIGN OF AN ELECTRICALLY
CONTROLLED MULTI-SECTION HYDRAULIC DISTRIBUTOR
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KaHJ. TeXH. HayK, foil., Cemamko /. B., mar. Tex. HayK,
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MHCTUTYT MalmHocTpoeHus: HanmonaneHo# akagemuu Hayk bemnapycu»
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L. Belchik, Ph. D. in Eng., Ass. Prof., A. Ananchikov, Ph. D. in Eng.,
Ass. Prof., D. Semaschko, Mas. of Science,
the State Scientific Institution «The Joint Institute of Mechanical

Engineering of the National Academy of Sciences of Belarusy,
Minsk, Republic of Belarus

Paspabomana xoucmpyKkyus MHO20CEKYUOHHO20 2UOPOPACHpedeu-
mess ¢ INeKMPOSUOPABIULECKUM YNPABTICHUEM C BO3MOICHOCHBIO NPO-
SPAMMUPOBAHUSL NOCAEO0BAMENLHOCMU GbINONHIEMbIX Onepayuil. Yxa-
3aHHBIL 2UOPOPACTIPEOETUMENL MOJNCEM NPUMEHSIMbCSL HA IHEPEOHACDL-
wennvlx mpaxkmopax «berapycy.

A design has been developed for a multi-section hydraulic distributor
with electro-hydraulic control with the ability to program the sequence
of operations performed. The specified hydraulic distributor can be used
on energy-saturated Belarus tractors.

Kniwouesvie cnosea: cudpopacnpedenumv, KOHCMPYKYUOHHASL CXeMd,
OI0K cepo8ynpasiets, 3010MHUK, OAMYUK NOTOICEHUSL.

Keywords: hydraulic distribution, structural diagram, servo control
unit, spool valve, position sensor.

BBEJAEHUE
ITpu pabote mo 3HeprocOEperaruM CeNbCKOXO3SIMCTBEHHBIM TEXHO-
JorusiM TpeOyeTcs TEXHUKa OONBIION MOIIHOCTH, B KOTOPOI COEANHEHBI
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MOCJEeTHHE JOCTIDKEHHS MAIIMHOCTPOCHUS M JICKTPOHUKHU. Tak, Hampu-
Mep, U1 00pabOTKH TIOUBHI MO TEXHOJIOTHSIM no-till w mini-till, mpenmona-
raloliuM, KaK NpaBHJIO, HEMallble pa3Mephl Mojield, HeoOXOAUMBI TOCEB-
HbIE KOMILIEKCHI C IIMPUHOW 3axBara 12 M u Ooliee, KOTOpHIE arperaTu-
pYIOTCS ¢ MOIIHBIMH TpakTopamu kiaccoB oT 350 n. c. [1]. Ilomumo
3TOTO, BCce Bemymme (GupMbl pabOTarOT HAJl CO3MAaHMEM MHOTO(QYHKITHO-
HAJILHBIX OOPTOBBIX KOMIIBIOTEPOB, CIIOCOOHBIX BBIMOJHATH OOJIBIIOE
yrciao (GyHKIUH OTIENBHBIX CHUCTEM, T.C. PEryJMpoBaTh OyYKCOBaHHE KO-
JIeC, YOPaBIATh C BBICOKOW TOYHOCTHIO THAPOKIIATIAHAMH M ITOTOKAMU
Macliia THUIAPOCUCTEMBI, 00ECIIeYMBaTh HAMOOJIEe SKOHOMHYHBIN DPEXHUM
pabotel arperara u T. A [2]. [103TOMy KOMIOHEHTHI TUAPOHABECHBIX CH-
CTeM JIOJDKHBI 00eCTeurBaTh JOCTATOYHO OBICTPBIA OTKIMK Ha BXOJHBIC
CUTHAIIBI yrpaBieHus [3]. OTuM TpeOOBaHHUAM yIOBIETBOPAIOT CHCTEMBI
yHopaBieHUs] pabo4YMMHU OpraHaMu, pa3pabOTaHHBIE C KCIOJIb30BAHUEM
COBPEMEHHBIX CPEJICTB JIIEKTPOTHUAPABIUKH U JIEKTpOHUKU. [losTomy
pa3paboTKa OTEYECTBEHHBIX THAPOPACTIPENTUTEN C 3IEKTPOHHBIM YIIPaB-
JIEHUEM SIBJIICTCA BaKHOM HAYYHO-TEXHUYECKOU 3a1aueh.

OCHOBHAA YACTb

Ha puc. 1 mpencraBieHa KOHCTpYKLMOHHAs cXeMa THApopaclpese-
JIUTESL.

B xoprmyce cexmuu ruapopactpenenurens | pa3MemeHsl pacipese-
JUTENHHBIA 30JI0THUK 3, ypaBHOBEIIEHHBIH B HEUTPAIFHOM IOJIOKEHHUH
BO3BPATHOH INPYKUHOH 4, KOMIIEHCATOP AABJICHUS 5, OAIPYKUHEHHBII
BO3BPATHOM MPY>KUHOHM 6, W 3alOpHBIM KianaH /, KHHEMaTHYECKU CBS-
3aHHBIA C pacTpeeTUTENHHBIM 30JJ0THUKOM 3 ITOCPEACTBOM TOJIKATEIS,
a TakKe IOCIEOBATEIbHO BBITIOJHEHBI MPOTOYKU &, 9 B 0OCEeBOM
HaIlpaBJICHUH X, KOMIEHCAaTOpa AaBlieHusd 5 u npotouku 10, 11, 12, 13,
14, 15, 16 B 0c€BOM HaIpaBIICHUH X| PACIPEACIUTEIBHOTO 30J0THUKA 3.
[Ipotouka § coobuieHa ¢ HamOpHBIM KaHaloMm /7 Hacoca P u mocpen-
CTBOM KOMIIEHCATOPA JaBJIEHUS 5 — C MOJOCThIO ympasnenus /8. Ilpo-
Touka 9 cooOrieHa ¢ mporouko /0, a mpotouka // — ¢ Py>KUHHOH IT0-
JOCTBIO0 /9 yKa3aHHOTO KOMIIEHCAaTOpa MAaBJIEHHS ) M IPOTOUYKOH /5.
[Mpotouka /2 coobmena ¢ moproM 20 MOACOENUHEHUSI TOJOCTH B Hc-
MOJHUTENFHOTO MexaHu3Ma. [Iporodka /3 cooOlleHa co CIIMBHBIM KaHa-
som 2/ runpobaxa 7. [IpoTouka /4 cooOrieHa ¢ TOKIanaHHON MOJIOCTHIO
22 3amopHOro KjamaHa 7, 3aKjalaHHas MoJIOCTh KOTOPOrO COEAMHEHaA ¢
nopToM 23 NOJICOEAUHEHHUSI TIONOCTU A UCTIOTHUTEIBHOTO MEXaHU3MA.
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Pucynok 1 — KoHCTpyKIMOHHAS CXeMa THIPOPACIPEACTHTEN

Kpome 3toro, mporouka /5 cooOlieHa MOCPEICTBOM KOJIBIICBON Ka-
HAaBKH, BBIIIOJHEHHOW HA PAaCHpEAEIUTENEHOM 30J0THUKE 3, C TIPOTOYKOM
16 u co cmuBHBIM KaHasioM 24 ruapobaka 7. Kopmyc ynomsiHyTO#H cexuun
THApOpacpeaeTuTeNs / UMeeT TakKe KaHai 25 MOCTOSHHOIO JaBJICHUS U
MOJIOCTh yTIPaBIieHHs 26 pacrpeaeuTeIbHBIM 30JIOTHUKOM J.

brox cepBoymnpaBienns 2 BKIFOUAET AIIEKTPOYIPABISIEMOE MUIOTHOE
YCTPOUCTBO C IBYMS IMIJIOTHBIMU 30JIOTHUKAMH 27 U 28, IOANPYKUHEH-
HBIMHU BO3BPATHBIMU NpykuHamMu 29 u 30 COOTBETCTBEHHO U KMHEMATHU-
YECKHM CBS3aHHBIMU MOCPEACTBOM TojikaTener 3/, 32 ¢ AKOpsIMHU JJIeK-
TpOMarauToB 33 1 34, MHAYKTUBHBIA JaTYUK MOJOXEHHs 35 pacmpene-
JUTEIBHOTO 30JI0THUKA 3, TUIOCKUH dKpaH 36 U3 aTIOMUHUEBOTO CILIABA,
a Takke KoHTpoyuep 37, SJIEKTPUYECKH CBS3aHHBIA C JJIEKTPOMAarHUTa-
Mu 33, 34 ¥ ¢ MHAYKTUBHBIM JaTYNKOM TIOJOKeHus 35. B xopmyce 610-
Ka CepBOYIPABICHUS 2 BBINOJHEHA MOJOCTh yIpaBieHus 38 pacmpene-
JINTEIILHBIM 30JIOTHUKOM 3, BXOJIHbIE KaHalbl 39, 40 1 BBIXOJHBIC KaHa-
nel 41, 42 yKa3zaHHBIX NWIOTHBIX 30JI0THUKOB 27 u 28. Ilpu sToM
BXOJHOH KaHanm 39 cooOIIeH ¢ KaHalioM 25 IOCTOSIHHOTO JaBJICHHS,
BXOJTHOW KaHall 4() cOOOIIEeH CO CIIMBHBIM KaHaioMm 24 ruapobaka 7, a
BBIXOJHBIEC KaHaNbl 4/ U 42 — COOTBETCTBEHHO C MOJOCTAMH YIIPABICHUS
38 u 26 pacupeaenuTeNbHBIM 30JJOTHUKOM 3, KOTOPBIE PACIIONI0KEHBI CO
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CTOPOHBI JIEBOTO M IPaBOr0 TOPLEB YKAa3aHHOI'O 30JI0THUKA 3. IHAYKTHB-
HBII JATYUK MOJIOKEHUS 35 paclpeIeIUTeIbHOTO 30JI0THUKA 3 COACPIKUT
Pe3b00BOH IMITMHIPUIECKUN KOPIYC 43 13 HepIKaBeIoIIeH CTalu, B KOTO-
POM pasmenieH MarHuTonpoBof 44 11I-o0pa3Horo ceueHusi, pa3oMKHYThIH
YYacTOK KOTOPOro o0Opa3yeT 4yBCTBUTEJIBHYIO HOBEpXHOCTb. Ha men-
TpaJbHON M MepH(EpHITHON YacTAX YKa3aHHOTO MarHUTONpoBoaa 44 pas-
MeIlleHbl U3MepHTenbHas 45 u reHeparopHast 46 oOMoTKH [4].

3AKJIFOUEHUE

I'mppopacnpenenurens IPONOPLIAOHANBHOIO JEUCTBUSL COCTOUT U3
AJIEKTPOMArHUTHBIX TWJIOTHBIX KIIANIAHOB W OCHOBHOTO paclpeieiu-
TEeTHLHOTO 30JIOTHUKA. [TWIOTHBIN KiTamaH MpeAcTaBiIsIeT cOOOW KiamaH
peI‘}/HI/IPOBaHI/DI JAaBJICHUS C 3JI€KTpOMaI‘HI/ITOM IIOCTOAHHOT'O TOKa, KO-
TOpBIA paboTaeT B acTaTUYECKOM pPEXHUME yIpaBlieHHs. B ympasisro-
ITUX TIOJIOCTSIX pacIpeAeTIUTEIHFHOTO 30JI0THHKA TTO0OYEPETHO BOSHHKACT
JTaBJICHUE YIIPaBJICHUS, IPOTIOPITHOHATIEHO KOTOPOMY OH TIEPEeMEIaeTCs
U KOMMYTHPYET HEOOXOIMMYIO ToJaqy pabovei HUIKOCTH K UCIIOIHH-
TEIBHOMY YCTPOWCTBY MOTpeOUTENss WM ee OTBOA B THapoOak. [lpu
STOM BeJMYWHA TMPOXOJTHOTO CeUeHHs OKOH TUTYH)KePHOH Mapbl M IPOXO0-
IAIIMNA Yepe3 Hee TOTOK peryiupyercs Oeccrymnendaro. llonoxeHue
YKa3aHHOTO 30J0THUKA JIOJDKHO TOCTOSTHHO KOHTPOJHMPOBATHCS AAaT4YH-
KOM 0OpaTHOM CBSI3U KOHTYpa €ro Mmo3uinonupoBanus. [lpu orcyrerBun
CHTHaJIa YIIPABJICHUS Ha OOMOTKE 3JICKTPOMArHWTa MUJIOTHOTO KJIamaHa
IIPOU3BOAUTCS BO3BPAT PaCHPEACIUTENBHOTO 30JI0THUKA B HEUTPAIILHOE
MTOJIOKCHHE HE3aBUCUMO OT JABJICHHS YITPABICHHS.

OCOOEHHOCTSIMU THAPOPACTIPEACIIUTENS SBISCTCS MOIYJbHAS KOH-
CTPYKLHUS U HE3aBUCUMOCTh pabOThl KaKAOH CEKLMU OT Harpy3KH Ha
Ipyrux cekiusx. KapTpupkHOe HCIONHEHUE MHIIOTHBIX KIIAMAHOB H
JATYMKa TTOJI0KEHUS YIIPOIIaeT 00CIy)KUBaHUE U PEMOHT THApOpacIpe-
nenurens. KpoMme Toro, B 3J€KTpOMarHUTax MPUMEHEHBI MarHUTOIPO-
BOJIBI 0€3 CBapKHU COCTaBHBIX YAaCTEH, UTO MOBBIIIAET €r0 HAIE)KHOCTb.
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