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Annomauus

Bseoenue. B nanHOl cTaTbe BHUMAHHE YAENSAETCS HCCIEIOBAHUIO NEKTPUIECKUX Mapa-
METPOB IIITHAALATH COCTABOB aJbTEPHATHBHBIX TOIUIMB. AKTYyaJbHOHU SIBISIETCS 3ajada
pa3paboTKK OECKOHTAKTHEIX METO/IOB aHAJIN3a COCTABa TOILIHMBA.

Lenv uccnedosanus. IlomydeHne TaHHBIX TUIIEKTPUIECKOH MPOHHUIIAEMOCTH aTbTEepHa-
THUBHBIX TOIIJIUB JJIs ﬂanbﬂeﬁmero IOMCKa CBA3HU C IMOKasaTCJsIMU IIpoLecca CropaHus.
Mamepuanet u memoost. J1j1st IpOBEEHNUSI HCCIIEIOBAHMS OB HCIIONB30BaH KOH/IEHCATOP,
COCTOSIIMI U3 JBYX aJIOMHHHEBBIX IUIACTHH pazMepoM 175x102 mm, a Takke MyJIbTH-
metp Sinometex ZT-Y.

Peszynomamer uccnedosanus. Ilpn cpaBHEHUH 3HAUYSHUH THAIEKTPUUECKO MPOHHIIAEMO-
CTH TIPEACTABICHHBIX COCTABOB AJTBTEPHATUBHOTO TOILTHBA MEXTy MHHUMAIIBHBIM H MaK-
CHMAJIbHBIM COJIepXKaHHEM J00aBJICHHOTO CIUPTa U PacTUTEIBbHBIX Macel B cMech oOHa-
pyxuBaeTcst 3aBUCHMOCTh. OHa TPOSIBIETCS B XapakTepe 3HaYeHUH JUAICKTPUISCKON
MIPOHHUI[AEMOCTH, KOTOPBIE KOPPETHUPYIOT C JMEKTPOEMKOCTBIO KOHICHCATOpa IIPH HATTHINHT
cMecH MeXIy OOKIIagKaMH, U HaOMo#aeTcs AT BceX TpeX Jo0aBiseMbIX B CMECh yIle-
BOZIOPOJIOB: 3TAHOJA, PAIICOBOTO U CypenHoro Macen. OTMedaercs, YTo JUAIEKTpHIecKast
MIPOHHIIAEMOCTH BO3pacTaeT B auarmazoHe oT 10 1o 50 % nobaBneHHOTO 3TaHONA; PAIICOBO-
IO U CypernHoro Maced, octuras 3Hadenuii ot &= 3,05 no 45,31 mis stanona, ot €= 2,35
110 2,72 ais pancoBoro Macna u ot €= 2,33 1o 2,8 11 cypenHoro maciua.

Obcysicoenue u 3axaroveHue. AHAIN3 3HAYEHUH TUDIIEKTPUICCKON MPOHHUIIAEMOCTH pas-
JIMYHBIX COCTABOB abTEPHATUBHBIX TOILIUB ITOKA3bIBAET, UTO IIPH YBEIUUEHHN COAECPHKAHUI
CIMpTa U PaCTUTENILHBIX Maced B cMecu oT 10 o 50 % audnekTpuyeckas IPOHULAEMOCTb
YBENUUHBAaeTCSA. JTO CIPABEAINBO UL BCEX TPEX YMICBOAOPOJOB: 3TAHONA, PAIICOBOTO
U CYpETTHOTO Macell.
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Kongnukm unmepecos: aBropsl 3asiBISIIOT 00 OTCYTCTBHU KOH(IMKTA HHTEPECOB.

bBnazooapnocmu: aBTOpH! BBIpAXKAIOT ONArOJAPHOCTH PELEH3EHTAM, Ubsl KPHUTHYECKAs
OLIEHKA IIPECTaBICHHBIX MAaTEPHAaIOB U BBICKA3aHHBIC NPEUIOKEHHS 110 UX COBEPLICH-
CTBOBAHHMIO CIIOCOOCTBOBAIM 3HAYUTEIILHOMY TOBBIIIEHUIO Ka9€CTBA HACTOSIIEH CTaThH.

Jna yumupoganua: 30HAUPOBAHNE COCTABOB ANbTEPHATHBHBIX TOIUIUB C IEIBIO OI-
penenenust snekrpuueckux mapamerpos / C. A. IlnorHuxoB [u np.] // VmxenepHsie
TexHonoruu u cucremsl. 2024. T. 34, Ne 2. C. 178-190. https://doi.org/10.15507/2658-
4123.034.202402.178-190
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Abstract

Introduction. In this paper attention is paid to the study of electrical parameters of fifteen
compositions of alternative fuels. The task of developing non-contact methods of fuel
composition analysis is relevant.

Aim of the Study. The study is aimed at obtaining dielectric constant data of alternative
fuels for further search of the relationship with combustion process.

Materials and Methods. For the study there was used a capacitor consisting of two 175x102
mm aluminum plates and a Sinometex ZT-Y multimeter.

Results. When comparing the dielectric constant values of all presented alternative fuel
compositions, there is found the dependence between the minimum and maximum content
of added alcohol and vegetable oils in the mixture. This dependence manifests itself in
the nature of dielectric constant values correlating with the capacitor electric capacity, if
there is the mixture between the plates. It is observed for all three hydrocarbons added
to the mixture: ethanol, rapeseed and colza oils. For example, the dielectric permittivity
increases throughout the range from 10 to 50% of the added ethanol, rapeseed and colza
oils, reaching the values from & =3.05 to 45.31; from &= 2.35 to 2.72; from £=2.33 up
to 2.8, respectively.

Discussion and Conclusion. The analysis of the dielectric constant values of various alter-
native fuel compositions shows that when the content of alcohol and vegetable oils in the
mixture increases from 10 to 50%, the dielectric constant increases. And this is true for all
three hydrocarbons: ethanol, rapeseed and colza oils.

Keywords: alternative fuel, electrical parameters, permittivity, non-motorized method,
ethanol, rapeseed oil, colza oil, diesel fuel
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Beenenue. [lonyuenue TOUHBIX TaHHBIX O CBOMCTBAaX PeajibHBIX BELIECTB B TFOOOM
COCTOSIHMHU' TPeOyeT CO3/1aHMs YCIOKHEHHBIX YCTAHOBOK, YTO MPUBOIHT K YBEITHYCHHIO
3arpar u BpeMeHu’. Ha ceroqHsIIHui JeHb aBTOTPAKTOPHBIC JBUIATEIH UMEIOT «Tpe-
METHOE» OTHOIIIEHNE K KaueCTBY TOTUIMBOBO3IYIITHOM CMECH, MMOAaBaeMON B KaMepy
cropanus’. OT ee KauecTBa 3aBUCUT IPPEKTHBHOCTD PA0OTHI IBUTATEIS, €TO MOIIHOCTH,
pacxoj TOIUTMBA, KOJIMYECTBO BPEIHBIX BEIOpOCOB B arMocdepy*. HernpaBuibHblil co-
CTaB CMECH MOXKET ITPUBECTH K OBICTPOMY U3HOCY JIeTajel JBUTATENs1, CHIKSHHIO €T0
pecypca, yXyAIIeHHIO SKOJIOTHYEeCKHX TMoKaszareneir’. COOTBETCTBEHHO, pa3paboTka
COBPEMEHHBIX OECKOHTAKTHBIX METO/IOB, CIIOCOOHBIX BBISBISATH HAIMYHE KaK TIPUMECEHH,
TaK W MPUCAZOK B COCTaBE TOIUIMBHOW CMECH, SIBISAETCS BaXKHOM MCCIIEI0BATEIIbCKOM
3anmaueii [ 1-3].

HayunpiM ko/uIeKTHBOM Kadenpbl TEXHOJIOTUU MAIIMHOCTPOESHHMsI BsTckoro rocy-
JApCTBEHHOTO YHHBEPCHUTETA 3a1aHO HOBOE HalpaBlieHne 6€3MOTOPHOTO UCCIICAOBAHUS
nokaszaTesieil mpouecca cropanusi [4—6], a Tak)Ke HamnpaBlICHHE O UACHTUDUKATUU
KHIKHX aJbTepHATUBHBIX TOIUTUB (AT) Ha OCHOBE 3JICKTPUYECKUX JTAHHBIX'.

OO111ei LIeITBIO HAYYHBIX UCCIICIOBAHHH SBISETCS pa3paboTka 0e3MOTOPHBIX METOIOB
orpezeneHus napameTpoB pabdouero mporecca ausens 44H 11,0/12,5 mpu pabote Ha *xu-
KHX TOIUTMBaX. B JaHHOM cTaTbe BHUMaHKE MPEUMYIIIECTBEHHO YIEICHO NCCIIETOBAHUIO
ANEKTPUIECKAX MapaMeTPOB TSTHAALIATHA COCTABOB alIbTEPHATUBHBIX TOTUINB.

O630p auTepatypbl. Bece gamie poccuiickue u 3apy0OexHbIe UCCIeIoBaTeTn
00pamamTca K U3YUYCHUI0 B3aUMOCBSI3H DJIEKTPUUECKUX U (PU3UKO-XUMHUYECKUX
MapaMeTpoOB yIIEBOJOPOIHBIX TOIIUB. Tak, yueHpIMu Ka3aHCKOTO HAI[MOHAIEHOTO
MCCIIE0BATENBCKOIO TEXHOJIOTNYECKOT0 YHUBEPCUTETA IIPEUIOKEH NPOCToi pedpakTo-
JIEHCUMETPHUYECKHI METOJT BU3YyalIbHOUM UACHTH(DHUKAIIMY U YCTAHOBJICHUS TPYIIIIOBOM
MPUHAICKHOCTH UHANBUAYATbHBIX OPTAHUYECKUX BEIICCTB, a TAKKE OIICHKHU TPYII-
MOBOTO YTIIEBOJOPOAHOIO COCTaBa CBETIBIX HedTenpoaykToB. OHU TOKa3aiIH, YTO

! JIsotko B., Jlykauun B. H., Xauunsu A. C. [IpumeHenre anbTepHATUBHBIX TOIUIUB B JBHTATEISNX
BHyTpeHHero cropanus / I[Tox pen. B. JIeotko, B. H. Jlykanuna. M. : MAJIH, 2000. 311 c.

2 AnexcaumpoB A. A., Apxapos 1. A. MotopHusie ToruiBa. CoOBpeMEHHbIE aCleKThl 0€30MacHOTO
XpaHEHUs U pean3aluu B ropogax-Meranonucax. M. : Usn-so MI'TY um. H. O. baymana, 2011. 352 c.

3 Urunckas H. U., Ky3uenos H. A. TomuBa, Macia ¥ TEXHUYECKHE KHIKOCTH : CIIPABOYHUK. M. :
Arponpomuszat, 1989. 303 c.

* Hukonaes B. @., Kyrymes U. P., Xamenzsuos A. K. Pedpakro-MarHuToOnTHYECKUi METOT OILIEHKH
IKCIUTYyaTAIlMOHHBIX M TETUIOTEXHUYECKHX XapaKTePHCTUK PEAKTUBHBIX M AM3ENIbHBIX TOIUTUB // BecTHUK
Kazanckoro rexnonorngeckoro yaueepcutera. 2003. Ne 2. C. 302-314. EDN: HUWHRB

5 Hukudopos A. H. HayuHble 0CHOBBI HCITIOJIb30BaHHS TOTIMBA H CMa30YHBIX MATEPHAIIOB B CEIbCKOM
xo3siictBe. M. : Arponpommsaar, 1987. 248 c.

¢ CmonbaukoB M. B., ITnotaukos C. A., T'neBamies I1. B. Pe3ynbrarsl 2IeKTpUUECKUX U3MEPEHUH YIIIe-
pomocoaepkaIx cMeceil ¢ Au3eNbHBIM TOIUIHBOM // Bymymee Texandeckoit Hayku : Mat-1sl X XII Beepoc.
MOJIOAIXKH. Hay4.-TexH. KoH®. H. Hosropox : HI'TY nwm. P. E. Anekceesa, 2023. C. 369-370.
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TPYIIIOBO# COCTaB HE(PTENPOAYKTOB MOKHO YCTAHOBUTH C MIOMOIIBIO H3MEPCHHUS
yaenbHOU pedpakuuu [7; 8].

3apy0eKHBIM HayYHBIM COOOIIECTBOM MTPOBEICHBI UCCIICAOBAHHMS 110 B3aUMOCBSI3M
(PM3BHUKO-XUMHUYECKUX CBONCTB TOIUIUB C IIETAHOBBIM YMCIIOM [9] ¥ IPOILIECHTHOMY COZIEp-
JKaHUI0 OMoau3ens B qu3eiabHoM Tomikee [ 10]. Ha ocHOBe AaHHBIX (PH3HKO-XUMHUYECKUX
CBOWCTB IMPOMCXOAUT MOHUTOPHHT Ka9eCTBAa 0OPaOOTKY IMOMMEPHOTO CBIPhS U YIy4IICHUE
TEXHOJOTHICCKHUX TTapaMeTPOB IpoIlecca MPOU3BOICTBA TOBapHOTO TotummBa [11-13].

I'. E. JlyHaeBcKuii C COaBTOpaMK UCCIIEN0BAIN 3aBUCUMOCTbD JUJIEKTPUUYECKOH MPo-
HUIIAeMOCTH OEH3WHA C Pa3IMYHBIM 3HaY€HHUEM OKTAHOBOTO YMCIIAa OT HAIMYHS U KOH-
[EHTPAaUU MPUCATOK W YCTAHOBUJIM, YTO JO0OABICHUE MPUCATOK K aBTOMOOMIEHOMY
TOIUTHBY B CPETHEM BEJIET K YBEIMUCHUIO 3HAYCHHI AUDIICKTPUUCCKOM TPOHUIIAEMOCTH .

VYuyenbie KyOaHCKOTO TOCYJapCTBEHHOTO TEXHOJIOTHYECKOTO YHUBEPCUTETA IITUPOKO
UCCIICAYIOT BOIPOC MTPUMEHEHHS TEOPUHU TEPMOJMHAMUYIECKOTO TTO00HS J1st 00001IeHNS
CIIPABOYHBIX JIAHHBIX TUICKTPUYCCKON MPOHUIIAEMOCTH NapadUHOBBIX, HAPTCHOBBIX
Y apOMaTHYECKUX YIIEeBOIOPOIOB. JIto0oe cpaBHEHHUE MPEANONaraeT pacCCMOTPEHUE
SIBJIEHUM B OAMHAKOBBIX ycioBUsX. [Ipy conocraBieHnn CBOMCTB BEILIECTB B KAU€CTBE
TaKUX yCIOBUH HE MOTYT OBITh IIPUHSTHI OJIMHAKOBEIC ITApaMETPhI, TAK KaK, HAIIpUMep,
MIPY OJIMHAKOBBIX MTOKA3aTeAX TEMIIEPATYpPhl U IaBICHUS Pa3IMUHbIE BEUIECTBA MOTYT
HAXOAWTHCS B PA3HBIX arperaTHBIX COCTOSHILSIX. COTIIacCHO TeOpHH, (PH3HIECKH TTOI00HbI-
MU JJIS BCEX BELIECTB ABJIIFOTCSI KPUTHYECKHUE COCTOSHUSA, IIOITOMY ITapaMeTpPhI BEIECTBA
B KPUTUYECKOM COCTOSIHUM P,, T,, V, IPUHUMAIOT 32 OCHOBY CPaBHEHHUS TEPMOJIUHAMH-
YECKUX CBOMCTB ra3oB M XKUAKOCTEH. B paboTe ydeHbIX TeopHs TepMOITUHAMIYECKOTO
MoJI00MS MTPUMEHSJIACh K aHAIIN3Y 3aBUCUMOCTH JUIEKTPUIECCKOM IPOHUIIAEMOCTH OT
TEMIIEPaTyPhl HECKOJIIBKUX MapaduHOBBIX, ApOMAaTHYCCKUX M HA()TEHOBBIX YIIIEBOJIO-
pornos. Becero paccMoTpeno 15 BemecTs. DT yriIeBOJOPOAbl HHTEPECHBI TEM, UTO OHU
BXOJISIT B COCTaB IMPHUPOIHBIX YIICBOOPOIOB (Ta3, He(Th, ra30BbIN KOHICHCAT), KOTOPHIS
SBTISIFOTCS IICHHEHIIUM CBIpbeM ISl HedTenepepabarbiBaroneil 1 HehTeXuMHUECKON
MPOMBINIIIEHHOCTH. [IpupoaHbIe YIIIeBOJOPOILI IPU TPEHUH (B TPOIECCE 3aMOTHEHIS
XPaHUJIHII ¥ TIEPEKAYKH ¢ OOJIBIIION CKOPOCTHIO IO TPyOaM, a Takke (BHIIETPAITUH ) JIETKO
JMEKTPU3YIOTCS, U HA UX TIOBEPXHOCTH MOT'YT 00Pa30BBIBATHCS M HAKATUTMBATHLCS 3aPSIIbI
CTaTUYECKOTO JIEKTPUYECTBA, B CBSI3U C YEM BO3MOKHBI B3PBIBBI U IOKAPBHI.

Takum oOpa3om, U3yUeHHE AIEKTPOPU3NICCKUX CBOUCTB, OTHUM H3 KOTOPBIX
SIBISICTCS] TUDJIEKTPUYECKasl IPOHULAEMOCTD, JAHHBIX BEIIECTB U UX COCTABIISAIOINX
BBI3BIBAET KaK HAYUHbIN, TAK U MPAKTUYECKUM UHTEpEC IS Psia XUMUYECKUX MPOU3-
BojIcTB®. HecMOTpst Ha MHOTOUHCIICHHOCTD MyONHKAIHA 110 U3ydYaeMol mpoOieMaTnke,
MPaKTUYECKU OTCYTCTBYIOT UCCIEIOBAHUS 110 U3MEPEHUIO AUAICKTPUUECKUX CBOMCTB
CMECEBBIX TOIUTUB. ABTOPHI BIEPBLIC MOKA3aIH, KaK U3MEHSAETCS NUAJICKTPUUECKast
MPOHUIIAEMOCTh TOIIMB, OCHOBAaHHBIX HA CMECHU AU3EJIbHOTO TOILJIMBA, PACTUTEIbHBIX
Macell U 3TaHoJa.

7 ]lnanekTquecmle CBOICTBa He(bTerO)IyKTOB aBHaHHOHHOﬁ NPOMBIINIJICHHOCTH B obactu Kpaﬁ-
HeBbicokuX yacToT / . E. JlynaeBckuii [u ap.] / CBU-TexHUKA U TETIEKOMMYHHKAIIMOHHBIE TEXHOIOTHH :
Mart-Jibl JoKIanoB 25-oif Mexaynap. Kpeimckoit koHd. T. 2 (6—12 centsiops 2015 ., . CeBacTomons).
Cesacrormons : CeBacTonmoabCKuid rocynapcTBeHHbIi yHuBepeuTeT, 2015. C. 952-953. EDN: UPCAV]

8 ITnosieKTprUYeCcKre CBOMCTBA aBTOMOOKIIBHOTO ToIuMBa ¢ npucaakamu B KBY muanasone / P. A. Kpemsep

[u mp.] // Axryansabie mpobaemsr pamuodusuku AIIP 2019 : ¢6. tp. 8-if MexayHap. Hayd.-IPakT. KOH(.
(1-4 okts16ps 2019 ., 1. Tomcek). Tomck, 2019. C. 212-213.
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MarepuaJsl 1 MeTOABI. J[MAIEKTPUK — MaTepual, KOTOPbIH CIIOCOOEH 3aracaTh
SHEPruro MMpu NpruiI0KCHUNU BHCHIHCTO SJICKTPHUYCCKOI'O IMOJIA. Ecan uctounuk mocTo-
STHHOTO HATpsDKEHUS BKIIOUEH NapaijiebHO 0OKIIaJKaM MJI0CKOrO KOHICHCATOPA, TO
OoJblie 3apsiia HaKaIrIMBaeTCsl, KOTAa MeXIy OOKIaIKaMU TIOMEIICH AMIJICKTPHK.
B cnydae oTcyTeTBus Marepuaia (BakyyMa) MEX Iy OOKIa KaMH HAKaIlITMBACTCS MEHb-
Iee KOIMIecTBO 3apsiaa (puc. 1).

B anexrpoMaraeTnzMe MpUHATO a0COMIOTHYIO AMAIEKTPUIECKYIO IPOHUIIAEMOCTD
Ha3bIBaTh TUAJICKTPUUICCKON TTPOHUIIAEMOCTRI0 M 0003HAYaTh €€ TPeuecKoil OYKBOH &,
KOTOpast SBJSIETCSI MEPOH 3JIEKTPUUECKON MONSIPU3YEMOCTH MUdIIeKTpuKa. Ee MoxHO
BBIYHCITATH CIEAYIOUIM 00pa3oM:

C
= om 1
“TC W

BO31

rae C — eMKOCTh KOH/ICHCATOPA [PY HAMYHK CMeCH Mexk 1y oOknaakamu, nF; C - —
€MKOCTb KOHJIEHCATopa 110 BO31yXy, nF.

¢ R L
Q I CF——0
) |
Z

Puc. 1. Cxema u3MepeHns MEKTPUIECKUX MapamMeTpoB AT:
Z —nmnenanc; C — coOCTBEHHO €MKOCTb; 7' — COIIPOTUBIICHHE Yepe3 KHUIKOCTh (OIpeAenseT TOK yTeUKH);
R — mapasuTHOE MoCIe0BaTeNIbHOE COMPOTHUBIICHNE; L — Mapa3uTHAs MOCIeN0BaTeNIbHAS HHIYKTHBHOCTD

Fig. 1. Diagram of measurement of electrical parameters AT:
Z —impedance; C — actual capacitance;  — resistance through the liquid (determines the leakage current);
R — parasitic series resistance; L — parasitic series inductance

Hcmounuxk: cxeMa COCTaBICHA aBTOPAMHL.
Source: Figure was compiled by the authors.

Marepuai ¢ BBICOKOH AMANEKTPUIECKON MPOHUIIAEMOCTHIO MOIIPU3YETCS B OTBET
Ha MPUJIOKEHHOE AIEKTPUUYECKOE T0JIe CUIIbHEE, YeM MaTepHall ¢ HU3KOH TUDIEKTPHU-
YEeCKOM MPOHUIIAeMOCTHI0. TeM caMbIM OH HaKaIIUBaeT B MaTepuae OOJbIle SHEPTHH.
B snexrpocraTuke IU3IeKTpUUYECKasi IPOHULAEMOCTh UIPAET BaXKHYIO POJIb B OIpee-
JICHUU €MKOCTH KOHAEHcaropa. J{uanekTpudeckas MIpOHUIIaeMOCTh cpesl — (husnde-
CKas BEJIMUMHA, XapaKTePU3YIOlIasi CBOMCTBA HU30JIUPYIOLIEH Cpebl U MOKa3bIBAIOLIAs
3aBUCUMOCTb IEKTPUUECKOH MHIYKLIUHU OT HANPSDKEHHOCTH HIIEKTPHUUECKOTO OIS,

JlabopaTtopHble Hccaeq0BaHU IPOBOIIINCE HAa Kadeape OpraHnuecKO XUMHUN
Bsarckoro rocynapcTBeHHoro yauBepcuteta. OObeKTaMu AJIsl HCCIIEI0BaHUS SIBISUTUCD
cMecH M3 OBYX BHIOB au3eibHoro tomnusa (AT), B koTopeix comepxurcs 10 50 %
BO300HOBIISIEMOT0 HCTOUYHHMKA SHEPTUH (CYPEITHOT0, ParicoBOro Macia U 3tanona). Ko-
JIMYECTBO MCCIETyeMbIX CMeCell TOITUB COCTaBIUIO 15 mT.
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ITpeameToM HccnenoBaHull ABIANIOCH ONPEIEICHUE HIEKTPUUECKUX NTapaMeTPOB
COCTaBOB TOIUIMB. B KOHEYHOM pe3ynbraTe BBIABIIOCH 3HAUCHHE AUMICKTPUICCKOM
MPOHUIIAEMOCTH JIJIsl BCEX COCTABOB. JJIsT M3MEPEHHUSI ANEKTPUUYECKHUX MapaMeTPOB
IpUMEeHsIICS MynbTHMETp Sinometex ZT-Y (puc. 2).

Pwuc. 2. Mynstumerp Sinometex ZT-Y. Asrop m3o6paxenus I1. B. 'neBames, 2022 1.
Fig. 2. Sinometex ZT-Y Multimeter. Photo by P. V. Gnevashev, 2022

PaccMoTpuM oiHM M3 OCHOBHBIX MOJTy9aE€MBIX ITAPAMETPOB MYJIBTHUMETpPA C UX JH-
amazoHaMHU M3MEpPEHH: u3Mepenue conpotunieaus pasHo ot 0,01 Oma mo 10 MOw;
TeHepaTop MPSMOYTOIBHBIX UMITYIIECOB paBeH oT 50 ' mo 5 xI'mm; emKkocTs paBHa OT
1 n® go 1000 Mx®D; MOCTOSHHBIHN U TepeMeHHbIH TOK paseH oT 0,1 MKA mo 10 A; mo-
cTossHHOE Hanpsbkenne paBHo oT 0,1 MxB mo 1000 B.

PesynbTarsl nccaenoBanus. Vi3MeHeHNe 3HaUEHUI ITOKa3aTeNel mpouecca cropa-
HUS TOIUIMBA B KaMepe CropaHusl JU3eist 0OBIYHO CBS3BIBAIOT C (DM3UKO-XUMHYECKUMU
cBOMCcTBaMH TOILTUB. CIIEAYIOIIUM 3TAIlOM UCCIISIOBAHHUH SBUIIOCH U3yUYCHUE OTHOILICHHUS
YIJIEBOJOPOAHOTO TOIUIMBA K 3JEKTPUYECKOMY TOKY M CHATHE ITapaMeTpOB AJISI BCEX
15 uccnenyembix AT (tabm. 1-3).

Pe3ynbrarsl IpoBeICHHBIX N3MEPEHHI YKA3bIBAKOT HA TO, YTO U3MEHEHHE MPOIICHTHOTO
COZIEprKaHMs 3TAHOJA B COCTABE ATAHOJIO-TOILTUBHOM cMecu (DTD) He BIusieT Ha oMUde-
CKO€ CONPOTUBJICHUE KOHICHCATOpa MOCTOSIHHOMY TOKY (Ta0i1. 1). OHaKo yBeaudeHue
MaccoBoro coaepskanus 3taHona ¢ 10 1o 50 % B cocTaBe 3MyIbCHH MOBBIIIAET 3IEKTPO-
€MKOCTh COCTaBa, IPUMEHIEMOT0 B Ka9eCTBE JUAJIEKTpHKa KoHAeHcaTopa. Hampumep,
€CJIM eMKOCTh KoHzeHcaropa npu Hanuauu cMecu T ¢ conepkanuem stanona 10 %
cocrasnsier C = 1,7 nF, mobasnenne cmpra 50 % B cmech maet emkocts C = 16,3 nF.
Pe3kuii nepenan B cCTOpOHY yBeTHUEHUS 3HAUSHHS EMKOCTH KOHIECHCATOPA IPOUCXOUT
NpHU JOCTUKEHUU MAaCCOBOrO cofiepkaHus 3Tanona okoso 30 %. 1o siBieHue mpouc-
XOJIUT M3-32 HMEIOIIETOCS CBONCTBA HAKOIICHHS AIIEKTPHUYSCTBA HIMEHHO STaHOJIOM.
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[Tomy4yeHHble 3HAYEHHSI SIEKTPOPHU3NIECKUX BEIHUNH OOYCIIOBICHBI TEM, YTO
3TaHOJI, UCIIOJIB3yEMBbI B Ka4eCTBE JOOABISIEMOI0 BELIECTBA, HE COACPIKUT B CBOEM
cocTaBe CoJiel M OpraHUYeCcKUX IPUMECEH, B CBSI3U C U€M HE MEHSIET DJIEKTPUYECKOe
conpotusienue (R = 1,3 MOM) nonydeHHOH TOIUITMBHOM cMmecH (Tadm. 1).

Ta6nuna 1
Table 1
DJIeKTpUYecKHe MapaMeTpsl TOILIHB PA3THIHOTO COCTABA
¢ 1o6aBjeHneM 10 50 % 3TaHo/Ia B cMecH
Electrical parameters of fuels of different composition
with addition of up to 50% of ethanol in the mixture
Cocras Torumisa / EMKocTh KOHIEHCaTOpa IPU HAJIMYUU cMecH Mexay obkiankamu, C, nF /
Fuel composition Capacitance of the capacitor if there is the mixture between the plates, C, nF
AT 90 % +D210%/ 1.7
DF 90% + E 10% >
IOT 80 % +220%/ 25
DF 80% + E 20% >
AT 70 % +230%/ 8.1
DF 70% + E 30% ’
AT 60 % +D240 % / 12.0
DF 60% + E 40% K
AT 50 % +D2 50 %/ 163

DF 50% + E 50%

Tpumeuanus: R — conpoTHBIECHHE MEX/Ty 00KIIaqKaMu KoHeHcaropa pasHo 1,3 MOwm; C — eMkocTb
KOHZIGHCATOpa M0 BO3AYXY (Tepes KaxapiM n3MeperneM) pasHa 0,304 nF.

Notes: R — resistance between capacitor plates 1.3 Mom; C — air capacitance of the condenser (before
each measurement) 0.304 nF.

Hcmounux: 31€Ch U laliee B CTaThe BCE TaOJIHIIbI COCTABICHBI aBTOPAMH.
Source: Hereinafter in this article all tables were drawn up by the authors.

[lonmy4yeHHble H3MEpPEHHsT YKa3bIBAlOT HA TO, YTO U3MEHEHHE MPOLEHTHOTO COAEP-
kauuss PM B cocTaBe TOMITMBHOM cMecH B OOJbIIEH CTerneH! (B OTIIMYHE OT CIHUPTA)
BIIUSICT HA OMHYECKOE CONPOTHUBIICHUE KOHJIEHCATOpa MOCTOSIHHOMY TOKY (TaouI. 2).
Hanpuwmep, B cmecu AT ¢ 10 %-HbIM conepkanueM parncoBoro macia R = 12,4 MOw,
ToT/Ma Kak 1pu nodasnenuu PM nmo 50 % 3uadenue cranoButcsa R = 9,7 MOwM. Coort-
BETCTBEHHO, MMPOUCXOIUT CHIDKEHHE TIPH YCIIOBHHU YBENWYeHus conepxkanust PM. Tlpu
3TOM 3JIEKTPOEMKOCTh COCTaBa, MPUMEHIEMOTO B Ka9€CTBE AMANEKTPHUKA KOHIEHCATOPA,
M3MEHSETCS B MIPOTHBOMOJIOKHYIO cTOpoHy. C yBenmdeHueM comepxanus PM B AT
¢ 10 go 50 % pacret u 3Hauenue emxoctu ¢ 0,757 nF go 0,820 nF.

Uro kacaeTcs BEIMYUHBI IPSMOYTOJIHHOTO MEPEMEHHOTO TOKa I, T 3/1eck 3HaueHne
M3MEHSEeTCS He3HAYUTEIHHO U IPOTIOPIUOHANEHO pucyTcTBrio PM. [lpu yBennyenun
coaepkanus PM B cMmecu npoucxonut poct ¢ 5,31 10 5,45 MKA, nipu 1oGaBieHu Cy-
penHOro Macia — CHuxkeHue (tadn. 3).

CocTaB TOIINBA C CYpPENHBIM MACIIOM UMEET YBEIIMUEHHOE COMPOTHBIICHUE MEKIY
oOKTazKaMHi KOHAEHcAaTopa Mo OTHOIIEHHUIO K cMecsM ¢ PM (tabmn. 3). B emecu [T
¢ 30 %-upIM conmepkanueM parcoBoro Macia R = 11,2 MOw, a B cmecu [T ¢ 30 %-HbIM
conepkanreM cyperHoro macia R = 28,0 MOwM. Benuanna e mpsMOyTOJIBHOTO Tepe-
MeHHOTO ToKa B cMecu T ¢ comepskannem cypernHoro macia ot 10 mo 50 % cHmkaet-
ci(c 4,1 mo 2,3 MKA).
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TaGnuna 2
Table 2

JieKTpuuecKHe NapaMeTpbl TOILIUB Pa3IMYHOI0 COCTaBa
¢ nodaBaenueM 10 50 % pancoBoro macja B cMecH

Electrical parameters of fuels of various compositions
with the addition of rapeseed oil up to 50% in the mixture

CocraB TorutnBa /
Fuel composition

ComnpoTusienue
MEXIy OOKJIaIKaMu
KOHJIeHcaropa, R,
MOwm / Resistance
between capacitor
plates, R, MOm

EMKoCTh KOH/IeHCaTOpa
NPH HATUYUU
CMECH MEXIY

obokmankamu, C, nF /
Capacitance of the
capacitor if there is
the mixture between
the plates, C, nF

BenuunHa npsIMOYTOJILHOTO
HEePEMEHHOTO TOKa
¢ gactoroi 200 kI'ig I,
mpu ¢ = 20 °C, MKA / Value
of a rectangular alternating
current with a frequency of
200 kHz 1, at t =20 °C, MC

JIT 90 % + PM 10 % /
DF 90% + RSO 10%
JIT 80 % + PM 20 % /
DF 80% + RSO 20%
JIT 70 % + PM 30 % /
DF 70% + RSO 30%
JIT 60 % + PM 40 % /
DF 60% + RSO 40%
JIT 50 % + PM 50 % /
DF 50% + RSO 50%

9,7

0,757
0,765
0,780
0,805

0,820

5,31
5,36
5,38
5.41

5,45

Ipumeuanue: C — eMKOCTb KOHJICHCATOPA IO BO3AYyXy (TIeper KaxapM m3MepenneM) pasHa 0,302nF.
Note: C — air capacitance of the condenser (before each measurement) 0.302 nF.

Tabnuma 3

Table 3
JJeKTpUUecKue NapaMeTpbl TOILUIMB Pa3IMYHOI0 COCTaBa
¢ no6aBaeHueM 10 50 % cypenHoro Macjia B cMeCH
Electrical parameters of fuels of various compositions
with the addition of up to 50% of colza oil in the mixture
CONPOTHBICHHE Emkoctb Bennunna
Fl’wem KOHJICHCaTopa HPSIMOYTOJILHOTO
o6Ka iZMH [IPY HATUY UK MEPEMEHHOT0 TOKa
A CMECH MEXy ¢ yacroroii 200 kI'iy I,
Cocras TOHJ‘II./I]?a/ KoHzcHcaropa, obknankamu, C, nF / mipu ¢ = 20 °C, MKA /
Fuel composition Ii’:sl}gtoarl\fc/e Capacitance of the | The value of a rectangular
between capacitor capacitor if there is | alternating current with
lates. R II\)/IOm the mixture between | a frequency of 200 kHz I,
p > the plates, C, nF att=20°C, MC

AT 90 % + CyperHoe Maco 10 % /

DF 90% + wintercress oil 10% 34,0 0,749 4.1
AT 80 % + CypemHoe Maco 20 % /

DF 80% + wintercress oil 20% 30,0 0,760 3.8
AT 70 % + Cypennoe macino 30 % /

DF 70% + wintercress oil 30% 28,0 0,777 34
AT 60 % + Cypermoe macino 40 % /

DF 60% + wintercress oil 40% 27,0 0.801 2.9
AT 50 % + Cypermoe macino 50 % / 20,0 0,808 23

DF 50% + colza oil 50%

Ipumeuanue: C — eMKOCTb KOHIGHCATOPA O BO3AYXY (1epes KaxbiM u3mepenuem) pasia 0,304 nF.
Note: C — air capacitance of the condenser (before each measurement) 0.304 nF.
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Kax u npeanonaranoce, pacTUTENbHBIE Macia HE ABIAIOTCS JUAIEKTpuKamu [23].
AHanu3 TaHHBIX MOKa3bIBAET HEOTHO3HAUHYIO 3aBUCUMOCTD JJISI BCEX MPEACTABICHHBIX
cMeceil. EMKocTh KOHJIeHCaTopa 1Mo BO3yXy IPH BCeX MCTBITYeMbIX 15 cMmecsax AT
ocTaetcs ocTostHHOM (Tabn. 1-3). MccaenyeMble BeTMYMHBI HYKIAIOTCS B JATbHEH-
IeM JIETaTbHOM U3yUYCHUY TIPUYUH BOSHIKHOBCHUS TAKUX 3aBUCUMOCTEH. Pe3ynbTaTs
pacdera TUAIIEKTPUIECKON MPOHUIIAEMOCTH TIPEICTABICHEI B TabmIIe 4.

Tabnuua 4
Table 4
JnaekTprnyecKkasi IPOHUIAEMOCTH TONJIUB Pa3JIHYHOI0 COCTaBA
c nodasiennem AT 1o 50 % B cmecn
Dielectric permittivity of fuels of various compositions
with the addition of up to 50% of AF in the mixture

Jusnexrpruyueckast IpOHULIAEMOCTh €
nipu ¢t = 20 °C / Dielectric permittivity € at 1 =20 °C

Nen/m | Cocras TorumBa / Fuel composition ParcoBoe
Oranoi / MACO / Cypennoe
Ethanol . maco / Colza oil
Rapeseed oil

1 90 % AT + 10 % O/ DF 90% + E 10% 3,05 - -

2 90 % AT + 10 % PM / - 2,35 -
DF 90% + RSO 10%

3 90 % AT + 10 % Cypemntnoe mMacio / - - 2,33
DF 90% + colza oil 10%

4 80 % AT +20 % D/ DF 80% + E 20% 7,98 - -
80 % AT +20 % PM / - 2,41 -
DF 80% + RSO 20%

6 80 % AT + 20 % Cypemnroe macio / - - 2,5
DF 80% + colza oil 20%

7 70 % AT + 30 % O / DF 70% + E 30% 27,5 - -

8 70 % AT + 30 % PM / - 2,54 -
DF 70% + RSO 30%

9 70 % AT + 30 % Cypennoe macio / - - 2,65
DF 70% + colza oil 30%

10 60 % AT +40 % 3/ DF 60% + E 40% 39,47 - -

11 60 % AT +40 % PM / - 2,63 -
DF 60% + RSO 40%

12 60 % AT + 40 % Cypemnnoe maciio / - - 2,76
DF 60% + colza oil 40%

13 50% AT + 50 % D/ DF 50% + E 50% 4531 - -

14  50% AT+ 50 % PM / - 2,72 -
DF 50% + RSO 50%

15 50 % AT + 50 % Cypemnnoe macio / - - 2,8

DF 50% + colza oil 50%

CpaBHUBas 3HaYEHHS AUIJIEKTPUUECKON MPOHUIIAEMOCTH BCEX NMPEACTaBIEHHBIX
COCTaBOB aJFTEPHATUBHBIX TOIUIMB MEXAY MHUHUMAJIbHBIM  MaKCUMaJbHBIM COZEp-
KaHUEM JT00aBJICHHOTO CIIMPTa M PACTUTENBHBIX Macell B CMECh, MOXKHO MPOCTIEINUTh
3aBHCUMOCTh. OOHApPYKUBAETCS B3aUMOCBSI3b XapaKTepa 3HAYeHUH TUAJICKTPUIECKON
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MPOHUIIAEMOCTH C AJICKTPOEMKOCThIO KOHICHCATOPA NPU HAIMYHH CMECH MEXITy 00-
kiaakamu. Tak, HanpuMmep, TUIICKTPUIECKAs TPOHUIIAEMOCTh PACTET BO BCEM JlUara-
30He oT 10 10 50 % 100aBICHHOTO 3TaHOJIa, PAIICOBOTO U CypenHoro Macein. OHa paBHa
3HadyeHusM oT & = 3,05 mo 45,31; or £=2,35 no 2,72; ot £=2,33 no 2,8.

OO0cy:xneHnue u 3aKja0ueHne. Mi3aMeHeHNe IPOIICHTHOTO COACP KaHUS dTaHOIIA
B COCTaBE ITAHOJIO-TOILTUBHOW dMYJIBCHH HE BIUSCT HA OMHYECKOE COMPOTHBICHUE
KOHJIEHCATOpa MOCTOSSHHOMY TOKY, YBEJIMYEHHE jK€ MacCOBOTO COIEpPIKaHUsS dTaHOJa
¢ 10 1o 50 % B cocTaBe 3MyNbCUH IOBBIIIAET JIEKTPOEMKOCTh COCTaBa. 37IECh EMKOCTh
KoHJeHcaropa npu Hanuuuu cmecu T ¢ comepkanuem stanona 10 % cocrtaBnsgeT
C=1,7. lo6asnenue criupra 50 % B cMech gaet emkocts C = 16,3 nF.

VYeranosneHo, yTo B cmecu AT ¢ 10 %-HbIM coaepixkaHUEM parncoBOro ma-
cia R = 12,4 MOw, Torga kak npu gobdasneHuu PM no 50 % 3HadueHUE CTAaHOBUTCS
R =9,7 MOM. DaeKTpOEMKOCTb COCTaBa, MPUMEHSIEMOT0 B KaUeCTBE JTUIIEKTPUKA
KOHJIeHCaTopa, U3MEeHAEeTCs B MHYI0 cTopony. C yBenuueHnuem cogepxanus PM B AT
¢ 10 1o 50 % pactet u 3HaueHue emroctu ot 0,757 nF 1o 0,820 nF.

CocraB TOIIUBA C CYPEIHBIM MaCIOM HMEET YBEIIMYCHHOE COMPOTUBIICHUE MY
0o0OKITamKaMu KOHACHCATopa. BemnanHa nmpsMoyroiasHOTO MIEPEMEHHOTO TOKa B CMECH
T c conepxanmnem cypemnHoro macia oT 10 mo 50 % cumxaercs (¢ 4,1 10 2,3 MKA).

BzauMocBs3b TpOCIEKUBAETCA MEXKIY XapaKTepOM 3HAYEHUN THUAIEKTPUYECKON
MMPOHUIIAEMOCTH C JIEKTPOEMKOCThIO KOHIEHCATOpa IPU HAJTUYUNA CMECH MEXKIY
oOKJTagkaMu, IpUYEeM BO BCEX TpeX JOOaBISIEMBIX B CMECh YIIIEBOAOPOAAX (STaHOI,
parcoBoe U CyperHoe Macia).

Ha ocHoOBe nomy4eHHBIX JaHHBIX B TajJbHEHIIIEM OyleT MPOU3BOAUTHCS BBISICHEHHE
CBSI3U TUNEKTPUICCKON MTPOHUIIAEMOCTH & C TIOKA3aTeIIIMH MPOIECCa CTOPAHHS: MAKCH-
MaJIbHBIM JIABICHUEM IIUKIIA P_, JKECTKOCTBIO MPOoLecca cropaunus (dp/dyp),  , CKOPOCTHIO
TemnoBblnenenus (dy/dp) W T. 1. Pe3yabrarhl IPOBEIECHHOTO MCCIEN0BAHMS BHOCST
BKJIJI B pa3BUTHE aHAJIM3a NpoIecca JCHCTBUS JBUTATENIeH BHYTPEHHETO CropaHus
npu paboTe Ha aJIETEPHATUBHOM TOILIHBE.
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