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Mathematical model of improving the quality of control of the mechatronic system of

the car interior microclimate

An analysis of studies of microclimate control systems in the car interior was carried out and the
requirements for climatic comfort of the space surrounding a person during the operation of the vehicle were
formulated. The necessity of forming a climate comfort control system as a mechatronic system of a car, which
has increased speed, consistency and accuracy of adjusting the values for its determination, is substantiated.

A list of indicators is proposed that most accurately take into account the cumulative effect on climatic
comfort in a multi-zone working space and allow to improve the quality of functioning of the mechatronic
microclimate control system of the car interior.

A mathematical model for improving the quality of control of the mechatronic system of the car interior
microclimate has been developed. The model describes a multidimensional nonlinear electropneumomechanical
control object and its structure.

The dynamic properties of digital tracking drives based on direct current collector motors, which are
part of the executive part of the mechatronic system for controlling the climate comfort of the car interior, were studied.

An algorithm for implementing the model in the Matlab Simulink environment has been developed,
which allows for detailed computer modeling of the control processes of the mechatronic climate comfort system
in order to increase its accuracy and speed.

The principles of forming a multi-channel regulator of a mechatronic system based on inverse models
are proposed. These principles reflect the static properties of the non-linear control object and increase the
coherence of the reactions of the channels of the car interior microclimate control system.
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JloCIKEHHS BIUIMBY 3MIHHOTO €JIEKTPOMArHITHOTO TTOJISI
Ha TPUOOJIOTTYHI BJIACTUBOCTI MOTOPHUX OJIVB

IIpoananizoBaHO OCHOBHI MPUYHHU 3HIKCHHS CKCILTyaTaliifHOT HAIIHHOCTI JBUTYHIB aBTOMOOLIIB ITiJT
gac mycky. Cucrematn3oBaHo (pakTOpW sIKi BIMBAIOTh Ha MOSBY 3aJUpPIB HA POOOYHMX TOBEPXHAX IETaJeH
TpHOOCIIPSDKEHb, XapaKTep iX 3HOIIYBaHHSA. 3alpONOHOBAaHA KOHCTPYKIISI OJMBO3aKAUyHOUOTO MPHUCTPOIO LIS
00pOOKM MOTOPHHX OJNWB 3MiHHHUM €JEKTPOMArHiTHUM TOJE€M 3 METOI0 IOKpAIICHHS iX eKCIUTyaTaliiHIX
BiactuBocTell. [IpoBeeHO KOMITIEKC AOCIIIKEHb 10 BIUIMBY 3MIHHOTO €JIEKTPOMArHIiTHOTO ITOJI Ha B’SI3KiCHO-
TeMIepaTypHi XapaKTePHUCTUKH MOTOPHHX OJIMB.

JIBHUTYH, 3HOC, 32JUP, MOTOPHA 0JIMBA, 3MiHHE eJIEKTPOMATHiTHe 1moJie

IMocranoBka mpodjemu. OnHIEIO 13 OCHOBHHX MpOOIeM aBTOMOOLUIEOYIyBaHHS €
MiBUIIEHHS €KCIUTyaTaliifHOl HaIHHOCTI Ta TEXHIYHOTO PiBHS aBTOMOO1TIB, 3a0€3MCUCHHS
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BUCOKOTO pIBHSA  EKCIUTyaTalliiHUX  BJIACTHBOCTEM Ta TEXHIYHHX  XapaKTEPHCTUK
TpuOOCTpsDKeHb 1X nertaneil. lani mpoOnemu Oe3mocepeaHb0 MOTPeOyIOTh HEOOXITHOCTI
HiIBUIICHHS EKOHOMIYHOCTi, 30UIBIIEHHS pecypcy CHCTEM Ta arperariB 3HUKECHHS
TPYIOEMOCTI 1 TPUBAJIOCTI OTEpalliii TEXHIYHOTO 0OCIIyrOBYBaHHSI aBTOMOOLUTIB 1 X pO3B’A30K
3aJISKUTH BiJl €()eKTUBHOIO 1 KOPOTKOYACHOTO MYCKY JBUTYHA 32 YMOB HU3BKHX TEMIIEpaTyp
HABKOJIUIITHBOTO CEPEIOBHINA, KOJIM aBTOMOOLTI 30epiraroThCs Ha BIIKPUTHUX IUIOMIAIKAX.
3abe3nedeHHs] KOPOTKOYACHOTO 1 HAJIHOTO MyCKYy XOJOJHHUX JIBUTYHIB y 3MMOBHH Iepion
eKcIuTyaTallii aBTOMOO1TIB TOTpeOy€e KOMIUIEKCHUX HAYKOBO-TIPAKTUYHUX JTOCIIHKCHb.

KoporkovacHmii 1 HamiifHUI MYCK XOJIOAHHMX JBHUTYHIB TOJETIIy€ TPAIl0 BOMIIB 1
3017IbIIIy€ TPUBAIICTH HOPMAIBHOI eKCIlTyaTalli aBToMo0111B Ha 5...10%, 3HMKy€e BUTpaTH Ha
3aCTOCYBaHHA 3ac00iB MIJIrpiBYy JABUTYHIB Y aBTOPEMOHTHHX MiANPUEMCTBAX, BUTOTOBJICHHS,
BCTAHOBJICHHS 1 €KCIUTyaTallil0 1HIWBIAyaJbHUX aBTOMOOIIBHUX IMAIrpiBadiB Ha 3aBOJIAX-
BUPOOHHUKAX.

3HIKEHHS eKCIUTyaTaIliiHOT HaAIHOCTI IBUTYHIB ITiJ1 Yac MyCKY, CTPUMY€E BUPIIICHHS
miei mpoOiemMu uepe3 BUHHMKHEHHS 3aJupiB Ha POOOYMX MOBEPXHAX TPUOOCHPSIKEHb Ta
MIBUIIEHUM 3HOCOM TIAMIAITHAKIB KOJIHYACTOTO Bajia i TypOOKOoMIpecopa, T'iib3 IHIIHAPIB
Ta MOPIIHEBUX KiNellb, KyJIayKiB Ta IITOBXauiB BHACIIJOK IMOTIPIIEHHS YMOB iX poOOTH Ta
3MIHU PEKUMY TEPTS.

AHaJi3 ocTaHHIX Jociigxkenb i mybaikauniii. Psa nocmigaukis [1-3] BBaXaroTs, 1o
3a OJIMH MYCK 1 MPOTPIB XOJOJHOTO JIBUTYHA, TUIh3W IIJIIHPIB 3HOIIYIOTHCS HA BEIIMYUHY,
sKa BIAMOBIJA€ X 3HOCY NPU HOpMaNIbHIN poOOTI ABUTYHA, 3a mpooir 180...210 kM 1 Oinbie.
3HOCH OCHOBHUX JIeTaJIel MPH IyCKy Ta MPOTrpiBl XOJIOJHOTO IBUTYHA CKIIaAaoTh moHag 60%
3arajgbHHX 1X 3HOCIB 3a MEepioj eKCcITyarallii aBToMo0is [4-6]. B Toit wac B psiai pooit [7-9]
MOKa3aHo, IO MYCKOBI 3HOCH T3 HWIIHIPIB CKIaNaloTh BChoro S... 10% Bim iX 3araabHOTO
3HOCY.

BusznaueHo, 1m0 B NYCKOBHI Tepio] JBUTYHA TMPOSIBIAIOTHCS OCHOBHI BUAM
3HOIIYBaHHA Tib3  LWIHIPIB:  KOPO3IHHO-MEXaHIYHUH;  MOJIEKYJIAPHO-MEXaHIuHU;
epo3iiinuii; abpa3uBHUM Ta iHIII. BCTaHOBIEHO, 10 B MEPioJ MyCKYy Ta MPOTPIBY XOJIOTHUX
JBUTYHIB OCHOBHHUM BHUJIOM 3HOIIYBAaHHS T3 HWIIHIPIB € KOpo3iHo-MexaHiyHe [10], sike
BUHHKAE TI1J] TI€I0 KUCIIOT, sIKI YTBOPIOIOTHCS TIiJ 9ac KOHJCHCAIll BOASHUX MapiB Ta 1HIIUX
NPOAYKTIB 3TOPSIHHS MAIILHOTO MPY HU3bKUX TEMIIEpATypax CTIHOK T'JIb3 LIMJTIH/APIB.

IlocranoBka 3aBaaHHs. MeToro gaHOT POOOTH € PO3pOOKAa METOIUKH JOCIIIHKCHHS
BIUIUBY 3MIHHOTO €JEKTPOMArHiTHOrO TOJS Ha TMPOTU3HOWIYBAJNbHI 1 NPOTU3aTUPHI
BJIACTUBOCTI MOTOPHHUX OJIUB 13 PO3POOKOIO CIEIIaIbHOTO OJIMBO3aKauyI0u0T0 IPHUCTPOIO.

Bukiaa ocHoBHOro marepiaiy. [lonepeqaro npoBeAeHHI JAOCTIKEHHS CBiI4YaTh,
10, TUTBKH 32 paxyHOK BIOCKOHAJICHHS KOHCTPYKIIIi CUCTEMHU MAIllEHHS IBUTYHA aBTOMOO1IS
HEMOXJIMBO JOOUTHCS TOBHOTO 3amo0iraHHs 3ami3HEHHS HAJXO/DKEHHS OJIMBH Yy
TPUOOCTIPSDKEHHS JIBUTYHA B Tepiofu Horo mycky 1 mporpiBy [11]. OcHOBHUM HemOIiKOM
OJIMBO3aKauyyIuoro Hacoca € HEOOXIAHICTh OJHOYACHOTO BHMKOPHUCTaHHS MiAIrpiBY IS
3HIDKEHHSI B’ SI3KOCT1 OJIMBH BXKE MPH TEMITEpaTypi HAaBKOJUIITHKOTO cepenoBuma 278...288 K,
sIKa BUILIE TEMIIEPATYPH 1i 3aCTUTAHHS, @ TAKOXK BUKOPUCTAHHS JT0JATKOBOIO €JIEKTPOJABUTYHA
JUIsL TPUBOJY OJIMBHOTO Hacocy. BuKoHaHHS 1i€] yMOBH MOXKJIMBE TUIBKU MPU BUKOPUCTAHHI
Ha JIBUTYHI aBTOMOO1JI OJTMBO3aKayyIOUuOTo MPUCTPOIO, KU BCTAHOBIIOETHCS HA ABUTYHI 13
PO3TAY)KEHOI0 CHCTEMOI0 MAIICHHsS, 1 MPUAMAE CHJIOBE HAaBAaHTAKEHHs 3pa3y MICIS HOTO
nycky. IIpoBeaeHuii KOMIUIEKC TEOPETHUHUX 1 KOHCTPYKTOPCBKHUX PO3POOOK JTO3BOJIUB
CIPOEKTYBAaTH 1 BATOTOBUTHU IMPUHLUIIOBO HOBUI OJIMBO3aKauylouuid mpuctpii (puc. 1).
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1 - onuBO3aKauyOUMii HACOC; 2 - KPUIIIKA; 3 — KOPIyC cTapTepa; 4 - KOJIEKTOp; 5 — BaJ AKOpa cTapTepa;
6 — MOPOKHUHA 1J1s1 0OPOOKH OJIMBH €IEKTPOMATHITHUM ToJieM; 7, 8 - canbHuKH; 9, 11 - HarHiTarounit
Tpybomposix; 10 - mrynep
Pucynoxk 1 — KoHCTpyKIIist 01MB0O3aKauyl040ro MpHUCTPOIO
IDicepeno: pospobneno asmopamu

OnuBO3aKavyrOUMii MPUCTPINA CKIATAETHCSA 13 IIECTEPEHYATOrO OJMBHOIO Hacoca 1
craptepa. Hacoc 1 kpimuThcs 10 KpUIIKH 2 KOpIyc creprepa 3 31 CTOPOHHU KoyeKTopa 4 i
MPUBOJMUTHCS B 10 BAJIOM SIKOpa cTapTepa 5. BHyTpimHsa nopokHuHa 6 KOpmycy craprepa 3
repMeTH30BaHa 32 PAXyHOK BCTAHOBJICHHS Ha KOJIEKTOP 4 1 BaJ sIKOpa CTapTepa 5 calbHUKIB 7
1 8. [Ilopoxxnmna 6 Koprycy craprepa 3 3’€¢aHaHa 3 TIOPOKHHUHOKO HArHITaHHS
OJIMBO3aKauyr4oro Hacoca 1 TpyOompoBogoM 9, a 3 TOJOBHOI MAariCTPaull0 CHUCTEMU
MalieHHs - TpyoornpoBogoMm 11.

JUist BKITIOUEHHSI OJIMBO3aKauyl0dyoro MPUCTPOIO Mepell IyCKOM JBHUIYHa, Oe3 BBOIY B
3aueIyieHHs TMPHUBIIHOI MIECTEPHI cTapTrepa i3 3yO4YaTWM BIHIIEM MaxXOBHWKAa, BCTAHOBJIECHO
JOJJATKOBE pelieé  BKJIIOYEHHS eNeKTpoABHryHa. [IpuHIum poOOTH OJIMBO3aKavyIHOUOTro
npuctporo. Ilepen myckoM aABHUryHa, 3 JOMOMOIOIO JOJATKOBOTO pelie BKIIIOYAETHCS
eIeKTPOABUTYH CcTaprepa 1 30JIOKOBaHMH 3 HUM  OJIMBO3AaKA4yIOUYUl  TMPHUCTPIid.
OnuBO3aKavyrOUMi MPUCTPIN MOJAE ONMBY 13 KapTepa ABUTYHA B F€PMETH30BAHUMA KOPITYC
cTapTepa, /¢ BOHA 3HM)KYE CBOIO B’SI3KICTh 3a PAaxXyHOK OOpOOKM IONEpPEeYHUM 3MiHHUM
€JICKTPOMArHITHUM TIOJIEM, €JEKTPOMArHiTHOIO HAarpiBy JAeTajlied 1 BHYTPIIIHBOTO TEPTS
ONMBU. 3MIHHE EJCKTPOMATHITHE TOJIE TOJSIPHU3Y€E MOJEKYIH OJIMBH, IO TPU3BOIUTH JO
MPY>KHOTO 3MIIICHHS 3apsiB B HUX 1 10 OpieHTAIlli MOCTIMHHUX aumoiB. BHacmigok Takoi
00pOoOKHM TOHMXKYEThCS B’SI3KICTh ONMBM B Kopmyci craprepa. OOpobneHa onuBa, 3
MOHM)XCHOIO B’SA3KICTIO, MOAAETHCS OJIMBO3AKAUYIOUUM MPUCTPOEM y TOJOBHY MaricTpalb, i
micist JocsrHeHHsl B HiK TUCKY 0,15 MIla, 3aiiicHIOBaBCS MyCK ABUTYHA MUIIXOM BKIIOYCHHS
OCHOBHOTO pene craprepa. Jl0o OCHOBHUX TIiepeBar po3po0JIEHOr0 OJMBO3aKayyHuoro
OPUCTPOIO  BIJHOCATHCS:  BIACYTHICTH ~ OKPEMOTO  €NEKTPOABHUIYHA  JUIS  NPHBOAY
0JIMBO3aKauyl4oro HAcoca; BHUKOPUCTAaHHS  €JEKTPOABUTYHA CTapTepa B  SKOCTI
€JIGKTPOMArHITHOT'O HarpiBaya OJHBH.

3MiHa rmojadi Hacoca, CTpPyMy B KOJIi 1 HAMPYTH Ha KJIEMax cTapTepa B 3aJIEKHOCTI BiJl
TUCKY OJIUBU TPU BUXOJI Ta Pi3HiM 11 B’SI3KOCTI MOKa3aHO Ha puUCyHKax 2 i 3. 3 anamizy
KPUBHX MOXKHA 3pOOWTH BUCHOBOK, IO 13 301JBIIICHHSM THUCKY OJMBU CTPYM 301IBIIYETHCS a
HATIPyTa 3HIKYEThCS.
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IDicepeno: pospobneno asmopamu
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Pucynok 3 — 3mina Hanpyru U B eleKTpUYHOMY KOJIi Ha KJIeMaxX Macji03aKadylodoro MpucTporo
B 3QJIS)KHOCTI BiJl THCKY oJuBH P 11pu 11 pi3Hiii B’sI3K0CTI
Loicepeno: pospobaeno asmopamu

OCKUTbKH B OJIMBO3aKAUyIOUOMY TIPUCTPOT MOTOPHI OJIUBH MIAAAIOTHCS MEXaHIYHOMY,
TETJIOBOMY 1 €JIEKTPOMArHiTHOMY BIUTHBY, OyJIO TOCTI/KEHO BIUIMB IIMX (PaKTOPIB HA 3MIHY
ix BmactuBoctert. JlocmimkyBanuck onuBu M-6B3; M-101"; M-101"; - etanmonna. OGpoOKky
OJIUB 3MIHHUM €JEKTPOMArHiTHUM IIOJIEM Yy OJHMBO33aKaYyIOUOMY IMPHUCTPOI MPOBOIWIMA Ha
CIIeIIaIbHOMY CTEH/I1, SIKAW JT03BOJISE IMITyBaTH poOOTY JBUTyHA aBTOMOO1IS B Tepio Horo
nycky [12]. Ilicns Toro, ik ONMBY 3alwid B OaKk yCTaHOBKH JAJSl MOAANbIIO] 0OpoOkH, ii
NPOKAaYyBaIA B 3MIHHOMY €JIEKTPOMAarHiTHOMY TIOJi OJHMBO3aKauyyIOUUM MPHUCTPOEM Ha
npots3i BiamosigHo 3, 6, 9 1 12xB. Ilicns enexkTpomarHiTHOI 0OpOOKHM ONUB BH3HAUYAIM X
HacTynHi (i3MKO-XIMIYHI BIACTHBOCTI: TeMIEpaTypy 3acTurands K; kiHemMaTH4dHy B’SI3KIiCTh,
MKM°/C TIpH TeMIepaTtypax BimoBizao 373, 323, 293, 273 i 258 K; BMicT Hecmammmmx
MEXaHIYHUX JIOMIIIOK, %; BMICT 3aji3a, %; 30JIbHICTb.

Jnst onuB, SKi mijuiArand oOpoOli 3MIHHMM €JIEKTPOMAarHiTHUM TOJEeM Ha IMpOTs3i
9...12 xB, BU3HaYaIM iX MPOTHU3HOIIYBAIbHI 1 MPOTU3aAUPHI BIACTHBOCTI. JlOCTimKEHHS
NPOBOJIWIM Ha CIELialbHIA YCTaHOBII, SIKa BIATBOPIOE pOOOTY TPHOOCTIPSKEHHS KyJlIayoK-
mToBxad aBTOMOOLIsA. KpiM 11b0TO, NpOBOAMIM TOPIBHSUIBHI JOCIHIKEHHS B’ SI3KICHO-
TEMIEpaTypHUX, (PI3UKO-XIMIYHUX, MPOTH3HOLIYBAIBHUX 1 MPOTU3aJUPHUX BIIACTHBOCTEH
CBDKMX OJIMB, SKI HE OOpOOJISsITMCh 3MIHHHM €JIEKTPOMArHiTHUM TIojeM. BusBauHO
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XapakTepHEe 3HM)KEHHS B’SI3KOCTI OJIMB B OOJACTSIX HU3BKUX TEMIEpaTyp, MpH oOpoOui ix
3MIHHUM €JICKTPOMArHITHUM TIOJIeM, a TaKOXX TIOMITHE 3HWXXEHHS iX B’ SI3KOCTi, SKE
NOYMHAETHCS Tpu Temnepatypax 293...323 K. IIpu O6uibn BUCOKHMX TeMIepaTypax B’ s3KiCHO-
TEMIIEpATypHI  XapaKTEPUCTHKHA OJUB, O0OpoOJeHMX 1 He o0oO0poOJeHUX 3MIHHUM
CJIGKTPOMATHITHUM TIOJIEM, MPAaKTUYHO OJHAKOBi. 3adikcoBaHO, MO 13 MOHWKECHHSIM
TEMIIEpaTypu BIAMIHHOCTI  B’SI3KICHO-TEMIMEPATypPHUX XapaKTEPUCTHUK CBDKUX  OJIMB,
3pOCTaloTh. [3 CHIBCTAaBICHHS AHAJIOTIYHUX XapaKTEPUCTHK HEOOPOOJIEHUX OJMB, XapakTep
nii Ha HUX 3MIHHOTO E€JEKTPOMArHITHOTO TIOJIsl, 3HAYHO 3aJICKHUTh BiJl OPTaHIYHOI OCHOBH
OB 1 KOMIIO3UIII TPHUCATOK B Hil, a TaKOX BiJ TPUBAJIOCTI MHpPOIECYy iX OOpPOOKH.
Busznaueno, 1mo npu o6poOIli 3MIHHUM €JIEKTPOMArHITHUM TI0JIEM TpOTsATroM 12 XB onnBH M-
101", ii B’s13KicTh mpu Temmepatypi 288 K 3HmkyeThes B 3,6 pasu (3 17220 10 4796 mrm>/c),
o M-6B3 B 1,3 pasu (3 753 1o 590 Mxm?/c), a B’si3kicTs ormBr M-10T, mpu Temmepatypi
283 K, 3HmxkyeThes B 1,2 pasu.

3aJIe’)KHOCTI 3MEHIIIEHHS B’ S3KOCTI OCTIDKYBaHUX OJUB TIpHu Temmepatypi 258 K, Bix
yacy il 3MIHHOTO €JIEeKTPOMAarHiTHOro moist nmpuBezieHi Ha puc. 4. Ilo xapakrepy 3MmiHH
B’SI3KICHO-TEMIIEPATYPHUX XAPAKTEPUCTUK, NOCTIIKYBAaHUX OJIMB, MOXHA MPUIYCTUTH, 1110
nojablie 30UTbIIEHHS Yacy il 3MIHHOTO €JeKTPOMArHiTHOTO MOJs HE MIPU3BOAMUTH [0
CYTT€BOTO 3HMXEHHS iX B’SI3KOCTI.
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Pucynok 4 — 3anexHoCTi 3MiHM KiHEMaTHYHOI B SI3KOCTI OJIMB, IIpu Temriepatypi 258 K, Bix TpuBaocti
iX 0OpOOKM 3MIHHUM €JIEKTPOMArHiTHUM TOJIEM
Jicepeno: pospobneno asmopamu

3 oTpuMaHUX pe3yJbTaTiB AOCHIKEHHS (puc. 4) BUIUIMBAE, IO ONTUMAIbHUN
IHTepBaJ 4acy Mii 3MIHHOTO €JEKTPOMArHITHOTO TOJIS I JOCTIIHKYBaHUX OJIUB CKJIAJA€
9...12 xB, mpu 1IbOMY 1HJEKC iX B’sI3KOCTI 301nbyeThes y 1,1...1,5 pasm.

Bigsnaueno TakoK, IO JaHl BJIACTHBOCTI OJIMB HE € CTaOUIBHHMH 1 3 YacoM
HAOMIDKAIOTBCSL 10  B’SI3KICHO-TEMIIEPATypHOI XapaKTEPUCTUKUM HEOOpOOJIEHUX OJIMBH.
B’s3kicTh onuBu M-6B3, Big yacy oOpoOKH 3MIHHUM €JIEKTPOMArHITHUM IOJIEM, TTPAKTUYHO
He 3MiHIoeTbes. [IpoTsirom, nBox ai0 B’s3kicte onuBu M-6B3 mpu temmeparypi 258 K
30UTBITY€ETHCS TIIBKH Ha 19 MKMZ/C. Ile mae migcTaBu TBEPAWTH, IO JaHA OJIUBA HAWMEHIII
YyTJIMBA 10 il 3MIHHOTO €JIEKTPOMArHiTHOTO IMoJis 1 HaiOuIbIm cTabimbHO 30epirae HaOyTi
BnactuBocTi. [lpm 3HauHil TpuBanocTi dacy micis o0poOkm (60) ai6 3MIHHEM
€JIGKTPOMATHITHUM TIOJIEM, B’S3KICHI XapaKTepuCcTUKUW onuBU M-6B3, mpu Bix’ eMHUX
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TEMIIepaTypax 3aJMIIaloThbcsd Ha OLIbII HU3BKOMY PiBHI B JaHOMY [iama3oHi TeMmIepaTyp

(Tabm.1).

Tabmuus 1 - B’sa3kicHo-TeMmiepatypHi BiracTuBocTi onuBu M-6B3, uepes 60 ni6 micis
0GPOOKH 3MIHHUM IEKTPOMATHITHIM ITOJIEM, MKM~/C

Temneparypa, K 258 273 323 373

OO6pobiieHa eneKTpOMarHiTHUM 1283.5 330,6 22,6 6.14
I10JIEM

Heobpobena 13556 | 332,8 | 22,8 6,24

eHeKTpOMaFHiTHI/IM I10JIEM
Jicepeno: pospobneno asmopamu

BusiBneHo, mo IoCHipKyBaHHI OMUBH OOpOOJIEHI 3MIHHMM €IEKTPOMArHiTHUM TIOJIeM
MaroTh OUTBIN HU3BKI TEMIIEpATypH 3aCTUTAHHsI B 3aJISKHOCTI Bij yac Horo aii (Tadm.2.)

Tabmuus 2 - TemnepaTypu 3acTHraHHS JOCHIJKYBAaHHX OJIUB B 3alIe)KHOCTI BiA
TPUBAJIOCTI X 0OPOOKH 3MIHHUM €JIEKTPOMATrHITHUM TI0JIEM

Tpusanicte 06poOKHU Temnepatypa 3acturanss onusy, K
3MIHHUM
€JICKTPOMAarHITHUM M-6B3 M-10T" M-101I",
M0JIEM, XB.

0 231 253 257
3 227 253 253
6 227 253 253
9 228 253 252
12 229 253 250

Ioicepeno: pospobneno asmopamu

Temmeparypu 3acTUTaHHS OJIMB, 0OPOOJICHIX 3MIHHIM €JIEKTPOMArHiTHIM TIOJIEM, HE €
cTabuibHUMU y 4aci. Tak, TemnepaTypa 3acTUra€is onuBu M-6B3 onpasy micis o6poOku
3MIHHUM €JICKTPOMArHiTHUM TIOJieM, Ha mpoTs3i 6 xB, ckiamae 227 K, a micns tpuBanoi
eJIeKTpOMarHiTHoi oOpoOku, mpotsaroM 9 1 12 xB, BignosimHo 228, 229 K, B To#f yac, sk
HeoOpoOieHot onueu 226 K.

Pesynpratu (pi3uKo-XiMIYHOTO aHami3y AOCHIKYBaHMX OJUB MpHUBEIEHI B TaO.3.
30JbHICTh CBDKUX OOpOOJEHMX OJMB MPAaKTUYHO HE 3MIHWIACh B TMOPIBHSAHHI 3
HeoOpoOaeHnMuy, siki Oynu B ekcrutyartauii. Jlemo 36unbmmnachk 30ibHICTs 01uB M-6B3 1 M-
10I". 3ompHICTE 00pOOIIEHOT eIeKTpOMarHiTHUM MoJieM ouBu M-1017, sika ekcrutyaryBaiach —
MOHM3WIach. HasBHICTH 3aTi3a y CBLKHMX OOpOOJICHMX OJIMBax - BIJICYTHS, a B OJIMBAax, SsKi
eKCIUTyaTyBaJIUCh - J0 2-X pa3 MEHINE, y TMOpPIBHAHHI i3 HeoOpoOsieHnMu onuBaMu. Bwmict
MEXaHIYHUX JOMIIIOK y CBDKHX OOpOOJEHUX OJIMBaxX, B TOPIBHSAHHI 3 HEOOPOOICHUMH,
3MEHIIYETHCSA, a B OJIUBAX, SIKI EKCIUTyaTyBaJIUCh - ACUIO0 301IBITYETHCA.
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Tabmuus 3 — XapakTepuUCTHKH JOCTIKYBaHHMX onuB o0poOnenux (O) Ta
HeoOpoOiennx (HO) 3MiHHHM €JIeKTpOMarHiTHAM TOJIEM
XapaKTepuCTHKH Onusa M-6B3 Osusa M-10T OnuBa M -10T,
JOCIIIKYBaHUX
OJIUB Caixa CrpanpoBaHa Cgixa CrnpanboBaHa Caixa CrpanpoBaHa
O HO (0) HO (0] HO O HO O HO O HO
Ingexc B’ s13k0CTi 137 139 138 139 94 138 98 94 91 102 105 101
3onbHiCTb, % 089 | 091 | 187 | 211 | 135 | 134 | 184 | 191 | 094 | 095 | 150 | 125
Bwmicr 3amiza, % | 0003 | 0.001 | 0918 | 0.642 | 0.001 0 0369 | 0365 | 0.001 0 0332 | 0.154
g = 0.003 0 0.495 | 0.625 | 0.075 0 0.319 | 0.283 | 0.025 | 0.015 | 0279 | 0.155
% [ep]
= N —
= =
Z 2
% s 0 0 0311 | 0.432 | 0.042 0 0.196 | 0.219 | 0.006 | 0.136 | 0.232 | 0.105
s B
an!
JIyxue ancio, 6.83 | 7.63 | 581 | 11.02 | 973 | 1053 | 815 | 855 | 1123 | 10.78 | 11.86 | 10.07

Hoicepeno: pospobneno agmopamu

B’si3kicHO-TemnepaTypHi  Xapaktepuctuku onuB  M-6B3, M-10I, 1 M-100
BU3HAYAIHNCh Yepe3 PI3HUM MPOMDKOK 4acy Micis iX 0OpoOKH 3MIHHHUM €JIEKTPOMArHiTHUM
nojieM. Sk TpHWKIAa; Ha PUC. 5 TPUBENCHO PE3yJbTaTH IOCHIKeHb st oymBu M-101%.
XapakTepHo, 110 HaOyTi BIACTMBOCTI JOCTIIKyBAaHUX OJHMB HE € CTaOLILHUMH, 1 3 4acoM
HaOJIIKAIOTHCS 10 B’ SI3KICHO-TEMIIEpaTyPHUX XapaKTEPUCTHK HE 00POOJICHUX OJIMBH.

10000

[

o

o

o
I

100 H

; I_H Iﬂ 10000
273 293 313 333 353 373

228

[
o
|

KinemaTu4Ha B'3KiCTb, vV, MKM2/C

Temmneparypa, T (K)

Ll - neobpobnenal]l — uepes 10 ai6 micnst 06poOKu 3MiHHUM eleKTpoMarHiTHuM mosiem; [ uepes 3 no6u
micist 06po6Oku 3minanM enexrpoMaraiTHuM moneM; ll— 6e3mocepentpo miciast 00poOKH 3MIHHIM
CJICKTPOMATHITHUM I10JIEM
Pucynok 5 - 3mina kiHemMaTndHO1 B’ s13K0cTi omuBu M-1007; Bixg Temmeparypu 3 ypaxyBaHHSIM
TPHUBAJIOCTI MEPEPBH MICiIsI Al HAa Hel 3MIHHOTO €JIEKTPOMArHiTHOTO MOJIS
Locepeno: pospobaeno agmopamu

Jns  BU3HAYEHHS  NPOTHU3HOIIYBAIBHUX 1  TPOTHU3AJUPHUX  BIACTUBOCTEH
JOCTII)KYBAaHUX OJIUB, OOPOOJICHUX 3MIHHUM €NEKTPOMArHiTHHM IOJIEM iX BHUIPOOOBYBAIU
Ha CreUialbHIi YCTaHOBII, sIKa IMITY€e poOOTY TPUOOCHPSIKEHHS «KyJIadoK-IIToBXaw». [lpu
BUKOPUCTAHHI OJIUB, SKI TNPOWIIIM OOpOOKY 3MIHHHM €JEKTPOMArHiTHHUM IIOJIEM,
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3HOIIYBAHHSA IITOBXa4iB Ma€ TEHJACHINIO [0 MMOHW)XCHHS, B TOPIBHSHHI 3 pOOOTOI Ha
HeoOpoOIeHnX onuBax. TPUBAIICTh JOCITIKEHHS CTAHOBWIO 14 T07. 3HOIIYBaHHS KYJayKiB
npu poOoTi Ha OOpOOIEHUX 3MIHHHM EJIEKTPOMArHiTHUM IIOJIEM, OJIMBAaX 3MEHILIYETHCS B
1,2...1,5 pa3u y mopiBHAHHI 3 PoOOTO Ha HeoOpoOieHuX onuBax. KpiMm mporo, poboui
NOBEpPXHI INTOBXadiB Ta KyJauykiB MpH poOOTI HAa OJNMBaX, OOPOOJIEHUX 3MIHHUM
€JIEKTPOMATHITHUM TOJIEM, TIPAKTHYHO HE MAIOTh JJAKOBUX BiJKJIalleHb, B TOW Yac, K MpH iX
po6oTi Ha HEOOPOOIEHUX OJIMBAX MOBEPXHI MOKPHUTI MIApOM JIaKy. BenTuunHu 3HOCY KyJIauKiB
MpUBe/eH] B TaOnuIli 4, a TOBXaviB — B TAOUIII 5.

Tabmums 4 - 3HOC KyladykiB B CEPENOBHUINl OJMB OOPOOJIGHUX 3MIHHUM
esnlekTpoMarHiTHUM 1osieM (O), Ta 0B He0OpoOIeHNX enekTpoMarHiTHUM nosneM (HO)
M-6B3 M-10T" M-10T",
OnuBa

O HO O HO O HO
3Hoc Kynaukis, . | 0,846 | 0,990 | 0,277 | 0,283 | 0,302 | 0,444

Iicepeno: pospobreno asmopamu

Tabmuus 5 — 3Hoc mITOBXaviB MU POOOTI B CEPEOBHUIL OJUB 0OpOOIEHUX 3MIHHUM
esiekTpoMarHiTHUM 1oJieM (O), Ta onuB HeoOpoOIeHnX enekTpoMarHiTHUM noseM (HO)

Tpusanicts Onusa M-6B3 Omausa M-10I" Omnusa M -10I",
BUTIPOOYBaHb,
ron O | HO 0 | HO 0 | HO
3HOC IITOBXAYiB, T

2 0,04 0,05 0,02 0,033 0,02 0,025

4 0,062 0,078 0,035 0,04 0,04 0,042

6 0,083 0,082 0,043 0,045 0,053 0,053

8 0,1 0,09 0,05 0,049 0,062 0,06

10 0,115 0,1 0,055 0,051 0,07 0,061

12 0,119 0,115 0,059 0,052 0,075 0,063

14 0,123 0,119 0,062 0,053 0,08 0,066

Hoicepeno: pospobneno agmopamu

BucHoBku.

1. TlpoBemeHHi eKCHIEpPUMEHTANbHI OCHIPKCHHS TIOKa3add, M0 TiApaBiiyHi,
€JICKTPOMEXaHIuHI 1 TEIUIOBI XapaKTEPUCTUKHU OJIMBO3aKAYyIOUOTO MPUCTPOIO BU3HAYCHHI B
npolieci MOTOPHUX BUMPOOYBaHHS MiATBEPAWIM AOLUIBHICTH HOTO BUKOPUCTAHHS B CUCTEMI
MaIeHHs aBBTOMOOUIBHOTO JIBUTYHA.

2. Jlns cBiKHX ONMB, fAKI OOPOOJSITUCH 3MIHHMM €JIEKTPOMATHITHHM IIOJIEM,
XapakTepHE 3HWKEHHS iX mapamMeTpiB B’S3KOCTI B 00J1aCTI HU3BKUX TEMIIEPATYP.

3. EdextuBHICTh nii 3MIHHOTO €JIEKTPOMArHiTHOTO IOJIS 3aJICKUTh BiJ] OPraHiYHOT
OCHOBHM OJIMBH, HAIBHOCTI MPHUCAJIOK B Hil, TPUBAJIOCTI HOTO Jii.

4. BizMiyeHO NO3UTUBHUI BIUIMB 3MIHHOTO €JIEKTPOMArHiTHOTO MOJIsl Ha MPOTU3HOCHI
Ta TPOTU3AJAUPHI BIACTUBOCTI OJIUB TMPH JTOCITIPKEHHI 3HOCOCTIMKOCTI POOOYHMX MOBEPXOHBb
TprOO CTIPSIKEHHSI «KYTauOK-IITOBXAY.

5. TlinTBepmkeHO, IO 3OLIBIICHHS TPUBAIOCTI 4Yacy OOpPOOKHM OJWB 3MIHHUM
€JIEKTPOMATHITHUM TIOJIEM TPU3BOIUTH 10 3HUKCHHSI TEMIIEPATYPH iX 3aCTUTAHHS.
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Study of the influence of a variable electromagnetic field on the tribological properties
of motor oils

A set of studies was conducted on the influence of mechanical, thermal and electromagnetic factors
under the action of the variable electromagnetic field of the oil pumping device on the properties of M-6B3
motor oils; M-10I"; M-10T",. The research was carried out on a special stand, which allows to simulate the
operating conditions of the oil injection device on the car engine during the start-up period. The evaluation of the
efficiency of the oil pumping device was determined by the volume and effective coefficients of the useful action.

In the process of research, oils (fresh and used) that were exposed to an alternating electromagnetic field
and oils that were not exposed to the corresponding influence were compared according to the main physicochemical
properties: kinematic viscosity at temperatures of 373, 323, 293, 273 and 258 K; solidification temperature of
oil, K; viscosity index; ash content, %; the content of refractory mechanical impurities, %; iron content, %.

The results were obtained on the effect of an alternating electromagnetic field on the viscosity-
temperature parameters of fresh M-6B3 oils; M-10I"; M-10T",. In the temperature range of 293...323 K, a
decrease in the viscosity of the studied oils was observed. An increase in temperature eliminates the difference
between processed and unprocessed oils.

The effect of the duration of the alternating electromagnetic field on the viscosity index of the studied
oils at a temperature of 258 K was studied. The optimal duration of olive processing was determined, which is
9...12 minutes, depending on its organic basis and the presence of additives in it.

The characteristics of changes in the viscosity-temperature characteristics of the studied oils after
certain periods of time after the action of a variable electromagnetic field on them were analyzed. It has been
confirmed that these characteristics of processed oils are approaching the similar characteristics of untreated oils
over time, except for M-6B3 oil, which stably retains the acquired properties even after a long time of its processing.

With the use of a special installation that simulates the work of tribo-coupling "cam-pusher", the
influence of an alternating electromagnetic field on the anti-wear and anti-seize properties of the studied oils was
investigated. A 1.2-1.5 times reduction in the amount of wear of both the working surfaces of the pushers and the
cams was noted, in the absence of varnish deposits on them.
engine, wear, burr, engine oil, variable electromagnetic field
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