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EKCHEPUMEHTAJIBHE JOCJILIKEHHSA AIIOYOI'O MAKETY ®OLJIBTPYIOUOI'O EJIEMEHTY ®LIBTPY
TBEPJIUX YACTHHOK AMU3EJISA 13 HACHUIIKOIO 3 MPUPOJHOI'O HEOJIITY. YACTHHA 2

0. M. Konopamenko, O. Il. Cmpoxos, C. I1. Xoxcainos

VY naniif po6OTi MpoBeIeH] eKCIIEPUMEHTAIbHI JOCIIIKCHHS MaKEeTHOTO JIF0UOro 3pa3ka (GpiIbTpyrodoro ejaeMenTa GpiipTpa
TBEP/ANX YaCTOK JIM3eJs1 HA MOTOPHOMY BHIIPOOYBaJIEHOMY CTEH[I. Y pe3ynbTaTi BHIIPoOyBaHb 00'€KTa JOCIIDKEHHS, SIKHI Mic-
THUTB Y CBOTH KOHCTPYKIIi HACHIIKY 3 IPHPOITHOTO [EONITY, OTpUMaHa HOro BUTpaTHA XapaKTepPUCTHKA. TakoX OTPHMaHO 3aJIeK-
HOCTI CTYIICHS OYMIIEHHS iM BiIIpanbOBaHUX Ta3iB AW3EJs BiJ TBEPIUX YaCTHHOK Bil HABAHTAXXYBAJIBbHUX 1 IIBHIKICHUX PEXH-
MiB pobotu muzenst 2910,5/12, yacy poboTH Au3eNs Ha PeKUMI MAKCHMAIBHOTO KPYTHOTO MOMEHTY i Miclisi HOro yCTaHOBKH
B3JIOBX BHITYCKHOTO TpakTy an3esi. OTpuMaHi AaHi 1oOpe y3roUKyIOThCs 3 pe3yibTaTaMu JIOCIiKeHb Ha 0€3MOTOPHOI TOCTi -
HHLBKIH ycTaHOBI. Po3po0ieHuii GiabTpyrounii eeMeHT XapaKTepu3y€eThCsl IPUHHATHAM 3HAUCHHSM CTYIEHs OYHIICHHS Biam-
panbOBaHUX ra3iB AW3EN BiJ TBEPAUX YACTHHOK.

EXPERIMENTAL INVESTIGATION OF THE WORKING LAYOUT OF FILTER ELEMENT OF DIESEL
PARTICLE FILTER WITH BULK NATURAL ZEOLITE. PART 2

A. N. Kondratenko, A. P. Strokov, S. P. Khozhainov

Present paper describes the experimental studies of the breadboard operating sample of the filter element of diesel particu-
late filter on the engine test bench. As a result of testing the research object, which contains in its structure bulk natural zeolite,
its flow characteristic were obtained. Also, the dependence on the degree of exhaust gases purification from diesel’s particulate
matter from the load and speed modes of the diesel 24H10,5/12 was obtained, and also the time of the diesel engine running at
peak torque load and the temperature of its exhaust gases. The data obtained are in good agreement with the results of studies on
engineless research facility. Designed filter element has an acceptable value of the degree of purification of exhaust gases from
diesel particulates.
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OIIPEJEJEHUE COCTABA TBEPJBIX YACTHUIl OTPABOTABIINX
TI'A30B JJU3EJIEN

Paccmompenst ocobennocmu onpedenenus cocmasa u c60UCME MEePObIX HACMUY 0OMmpabomasuiux 2a308 ousenel.
IIpusedenvr pezynvmamul onpedenenuss mMeepobix YaAcmuy HA COOePXHCAHUe MANHCENbIX MEMAiio8 U yenepoOHOl
@paxyuu. Yenepoomas gpaxyus onpedensinaco (Gomomempuieckum MemoooM ¢ UCHOTb308AHUEM CHEYUATbHBIX
Gunempos, npedsapumenvHo pacmeopennvix ¢ ouxaopamane. Codepocanue Memaniog Onpeoensiocs pmymnou no-
aspoepaueil. Buiasneno, umo ¢ ygeiuyeHueM HaspysKu KOHYEHmpayuu Memanios 6 meepobix 4acmuyax ompaoo-
MagUIUX 2a306 Ou3seiell NOBbLIULAIOMCA.

Beenenue JOK K TOIUIMBY U K MOTOPHOMY MacJly, a TaKK€ 4aCcTH-

COBGpH.IeHCTBOBaHI/Ie pa60qnx IpoHeccoB Au3e- bl ObUIM, TOCTYIAOMINEC B HUJIMHAP € BO3AYXOM.

Jed W cucTeM HeHTpalu3aluu OTpaboTaBIIMX Ta30B
(OT') mpuBONUT ¢ OOHOI CTOPOHBI K YMCHBIICHHIO BBI-
Opocos BpenHbix BemecTs (BB), a ¢ apyroit cropoHb! —
K U3MEHeHMIo coctaBa BB, B wacTHOCTH, TBEpIbIX 4a-
ctuny (TY), KOTOpBIE MPENCTaBISAIOT COO0H KOMILIEKC
BELIECTB OPraHMYECKON M HEOPraHWYECKOW MPUPO.BI
[1].

B OI' coBpeMeHHBIX au3eneil HaOmOAaeTcs OT-
HocHuTesbHBIN pocT B TY 3016l (MUHEpanbHOU (pak-
UMW), BKIIOYAIONIe B ce0s MpOAYKTHI M3HOCA JBUTA-
TeNs U CUCTEM HEWTpaau3allMd, UHTPEJUEHTHI Mpuca-

Uccnenosanus TU ¢ ucnonb3oBaHUEM HEUTPOH-
HOH TOMOTpaMK BBHISBWIN, YTO B COCTaBE MHUHEPAIb-
HOW (pakmmu coxepxutcst okoio 37% Ca, 19% Zn,
15% S, 8% P u 2% Cu [2].

HexoTopble MHIpEeEHTHl OTHOCATCS K TSDKEJIBIM
MeTajulaM, KOTOpBIe MMEIOT IUIOTHOCTH BHIIIE, YeM Fe
u Bimovarot Cu, Ni, Co, Pb, Sn, Zn, Cd, Bi, Sb, Hg u
HX CoJZiep)KaHUe B Bo3ayxe paboueil 30HBI HOPMHUPYET-
cs[3, 4].

Vcnonp30BaHne anbTePHATUBHBIX TOIUIMB, B
YaCTHOCTH, OWMOJM3EIBHOrO TOIUIMBA, CHIDKas IbIM-
HocTh OI', IPUBOAUT K YMEHBIICHUIO IHCIIEPCHOCTH
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yriepoAHsix yactull [5]. M3-3a ManbIx pa3sMepoB Takue
YacTHUIBI MOTYT IIPEO0JICBaTh €CTECTBEHHBIE IPErpa-
JIbl OpraHU3Ma M MoNajaTh B MO3T U B IJIALIEHTY 4elo-
Beka [6]. IIpu aTOM OoTMedaeTcs, 9TO METaJUTHIECKHe
YacTUIIBI OKa3bIBAIOT OOJIbIlIee BPEAHOE BO3JACHCTBUE,
YeM YacTHIBl YTIIepoAa, TaK KaK MX MOBEPXHOCTH
uMeroT 0oJiee BHICOKYIO PEaKIIMOHHYIO CIIOCOOHOCTb.

B cBete 3TOrO MpeacTapaseT HayyHbId UHTEPEC U
SIBIIICTCA aKTyalbHOM 3aJadya OINpeneNeHUs pas3ind-
HBIMH METOJIaMH COCTaBa M CBOIMCTB TBEP/BIX YaCTHI] B
0TpaboTaBIINX ra3ax COBPEMEHHBIX JU3EIEH.

Henp wucciaegoBanmii — OIpeneieHUE COCTaBa
TY, B 4acTHOCTH, COJCPIKAHUC MUHEPATIBHON (QpaKkiuu
(MeTamoB) W yriaepomHOW (pakiuy Ha pazIHIHBIX
peKHMax pabOThI ABUTATEIS.

O0BbexTOM HCccen0BaHuil ObUT BEIOpaH AM3EIh
4YH 12/14 »HIKOCTHOTO OXJAXKACHHUS C HEMOCPe-
CTBCHHBIM BIIPHICKUBAHHEM TOIUIMBA, Ta30TypPONHHBIM
HaJyBOM U IPOMEXKYTOUHBIM OXJaXKICHUEM Haamy-
BOYHOTO BO3AyXa.

MeToauku uccjie0BaHN I

Metoguka otbopa TY Ha GUIBTPE B TyHHENE
mpeacTaBicHa B padboTax [7, 8].

Y4uTBIBasA, 9TO CIIOCOOBI OTIPEICICHUS METAIIOB
W YIIIepoJHOM (QpaKuuy SBISIOTCS pa3pylIaeMbIMH, TO
(GUIBTp JEeTUIICS Ha paBHBIC IBE YaCTH, KOTOPHIC 3aTeM
B3BEIINBAIMCH Ha JIAOOPATOPHBIX JEKTPOHHBIX Becax
cepun AN100 ¢upmbr «AXIS» (Ilompma) ¢ TouHO-
cteio 0,1 mr, a pacxox OI' yepe3 3Tu 4acTH QuIbTpa
MPUHUMAJICS. PAaBHBIM TPOMOPIUOHAIEHO WX Macce.
ITpu stoMm wucrnosibp3oBaUCh GUIALTPEI Mapok ADA—
BII-20 u A®A-XII-20, Marepuan KOTOPbIX HMEET
CBOMCTBO PacTBOPATHCS B JUXJIOPITAHE.

Hnst onpenenenust meramioB B TYU BTopast yacTb
(GuIbTpa CXKHUranach, ¥ MOJyUICHHAs 30J1a 00padaThIBa-
nack koHueHTpuposanuoit HCl u na ¢one 0,1 mossip-
HOTO pacTBOpa pOJAHHWIA aMMOHHS TOTOBHIICS pac-
TBOP, KOTOPBIH aHAJIM3UPOBAJICS HOJISIPOrpaduuecKiuM
METOJIOM, OCHOBaHHOM Ha pacmu(poBKe BOJIbTAMIIEP-
HBIX KPHBBIX, KOTOPBIE MOJTYYaIOTCS TPU JIEKTPOIIU3E
HCCIIEYEeMOTO pacTBOpa B CIEIHAIBHON 3JIEKTPOIO-
nsiporpaduyeckoii sueiike [9].

B ar10il suelike B KadecTBe OAHOIO 3JIEKTPOJA,
Ha3bIBAEMOTO PabOYMM, HCHOJIB3YIOT PTYTh, BBITEKA-
IOLIYI0 U3 TOHKOTO Kamwsipa — KaToja ¢ HepUOIoM
Kamanus 2...7 ¢ ¥ tuaMeTpoM npumMepHo 1 mm. Bropoii
JMEKTPOA — aHOJA, ABISAETCA DJIEKTPOJOM CpPaBHEHMS.
OH npencTaBisieT co00i CIoW PTYTH ¢ OONBIION MMO-

BEPXHOCTbIO Ha JHE cocyna. [l KOonM4ecTBEHHOIO
OIIPEAEIICHHS BEIIECTBA HCIOIb3YETCS MPSMO MIPOTIOP-
LUOHAJIbHAS 3aBUCUMOCTh MEXIY CHJIOW IpeAeIbHOro
TOKa, BBIPAKCHHOM BBICOTOH IOISIPOrpapIecKon
BOJIHBI, 1 KOHIIGHTpAaLlUeH BellecTBa B pacTBOPE.

MuHnMaIbpHas onpeaesieMas KOHICHTpanus Me-
tauioB — 0,1 MKr B mpoOe, YTO COOTBETCTBYET IPH-
mepHro 0,01 Mkr B ogHOM JmTpe OI.

Jns onpenenennst yrneponnoit ¢pakuuu B TU
HCTIONB30BAIaCh METOJMKA, NPUMEHsAeMas Ui OIpe-
JIeTICHUs] YTIepoaHOl (pakiuu B aTMOC(HEpPHOM BO3-
nyxe [10], mosToMy MpPOM3BOMMINCH HEOOXOIUMBIE
pas30aBieHHst 0TPabOTaBIINX Ta30B.

[Tpu o6paboTke GUIBTPOB AMXIIOPITAHOM MaTe-
puan ¢uiabpTpa (HEPXJIOPBUHWI) U OPraHUYECKUE Be-
IIIECTBA PACTBOPSINCH B AMXIOpITaHe. OCHOBHAS BBI-
COKOJIIUCIIEpCHAs yriiepoHas Gpakuus nepexoania Bo
B3BEIICHHOE CYCIICHINPOBAHHOE COCTOSHHE, a MHUHE-
panbHas 4acTh ocejana Ha jaHo. ConepikaHHE Yrie-
ponHOW (pakuuy B CYCHEH3MH OIpeaeisiaach (oro-
METPUYECKUM METOJIOM.

Pe3ynbTaThl HCCieqOBaHUIM

Bravane mpoBogmiach OTJafka METOAMKH aHa-
mm3a coctaBa TU, a 3areM HccIeJOBaHMS COTIACHO
HIDKENIPUBEACHHOM porpamme B Tadi. 1.

Ta6muua 1. [Iporpamma ucnsiTanuit qusess

No YacrtoTa BpalieHus Harpyska,
¢unbTpa | KONMEHYaToro Baja, N, mun" P, %
1 1250 50
2 1500 25
3 1500 50
4 1500 75
5 1750 50
6 1500 50
7 1500 75
8 1500 50
9 1500 25
10 1500 50
11 1750 50
12 1500 75
13 1250 50
14 1750 50
15 1500 75

Pe3ynbTaThl OTIAJAKU METOIWKHU OIPEACTICHHS
MetauioB B TY npuBeeHs! B Ta0I. 2.

B OI' mpucyrctByror Cu, Zn, Mn. Taxxe oOHa-
pyxensl cnensl Fe, Pb, Cd, Ni.
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Tabnuna 2. Cogepixkanue MetawioB B TU

Ne P, n Macca TH | Ob6bem usmepsiembix | Mertann Macca Macca meTasmia B eau-
¢busTpa or (Vor™) Merasia aure oobema O
% MHH * Mr 1 MT Vivhit

18 25 1000 0,4 134,5 0,003
1000 0,4 134,5 Cu 0,00428 0,000032
1000 0,4 134,5 Zn 0,00131 0,00001
1000 0,4 134,5 Mn 0,00452 0,000034

5 75 1500 0,75 81,4 0,0092
1500 0,75 81,4 Cu 0,0028 0,000034
1500 0,75 81,4 Zn 0,00101 0,000012
1500 0,75 81,4 Mn 0,00511 0,000063

17 100 2000 1,18 81,8 0,0144
2000 1,18 81,8 Cu 0,00585 0,000072
2000 1,18 81,8 Zn 0,00152 0,000019
2000 1,18 81,8 Mn 0,0057 0,000070

IIpumepbl U3MEHEHUs! CONEp)KaHUsl METAIJIOB B
TY OI' auzens mo CKOPOCTHOW XapaKTEPHUCTUKE CO-

TJIacHO TaOll. 2 IpUBeACHH Ha puc. 1, 2, 3.
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Puc. 3. Usmenenue konyenmpayuu Mn ¢ Ol no cko-

POCMHOUL Xapakmepucmuke

Hnst Cu, Zn, Mn xapakTepHO IOBBILIEHUE KOH-
LEHTpaMid TPU YBEIMYEHUH YacTOThl BpAILEHUS KO-
nenuartoro Bana. Conepskanue Metamnos B TU cocras-
nger 1,1...2,5 macc. %, 4TO KOppenupyercs ¢ JTaHHbI-

| MH U3 paboTsr [1].

B nanpHelinieM Ha OCHOBaHUM 3TUX IpEABAPU-
TEJBHBIX PE3YJIBTATOB OLIEHUBATIOCH coaepkanue B TU
crexyromux MetamwioB: Pb, Cu, Ni, Zn cormacHo mpo-
rpaMMe HCIBITAaHUH, MpuBeaeHHOW B TaOm. 1. Turmmd-
HBIE TMarpaMMbl COCTaBa META/UIOB IIPE/CTaBICHBI Ha
puc. 4,5,6.

=P

o Cu

= Ni
\_52% uin

Puc. 4. Konyenmpayuu memannos 6 T4 na pe-
orcume Nel npu Ne=50%, n= 1250 mur’™*

= Pb
mCu
® NI

m7n

Puc. 5. Konyenmpayuu memannos ¢ T4 na pe
arcume Ne5 npu Ne=75%, n= 1750 munt

5% 4%
_26%

= Pb
=Cu
= Ni

b5% =Zn

Puc. 6. Konyenmpayuu memannoe 6 T4 na pesicume
Nel2 npu Ne=75%, n= 1500 mun’t
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OcHoBHOe coaepxaHue MeTamuioB B TYU mpuxo-
nutcst Ha Cu 45...67 macc. %. Ha Zn npuxomurcs
9...33 macc. %, na Pb — 8...32 macc. %, na Ni—5...29
Macc. % B OCHOBHOM HIDKHSS TPaHUILIA.

[To Harpy3o4HO# XapakTepUCTHKE (PUKCHPOBAHO
YBEIMUYCHNE COACPKAHUS METAIOB C MOBBIIICHHEM
Harpy3sku (puc. 7, 8, 9).
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Puc. 9. Usmenenue xonyenmpayuu Ni ¢ Ol no nazpy-
304HOT XapaKxmepucmuxe

[Ipencrapnsano MHTEpEC OJHOBPEMEHHO BBISIBUTH
9TH U3MEHEHUS [Tl METaJUIOB U YIIIEPOAHON (pakiyy,
Kak paHee yKa3bIBaJlOCh, IIyTE€M paselieHust (GuipTpa
Ha JIBE YaCTH U NMPOBEICHUE AHAIN30B OTAEIbHBIX Ya-
cTeil puIbTPoB. BBIABICHO, UTO OTHOIIEHHE CymMMap-
HOH Macchl METaIOB K Macce yriaepomHod (paxunuu
HaxoJuTcs B Auama3one oT 1 jgo 6,7 %. B pabore [1]
cpeaHee OTHOIIEHHE MAcChl METaJUIOB K CpeIHEH Mac-
ce YriepoIHON (ppaKIuu COCTABHUIO OKOJIO 2,7 %o.

B pabore [11] mpencraBieHa anbTepHaTUBHAsS
ctpaterus pereHeparuu TU Ha ¢unsrpax. [Ipemmoxe-
HO IIOJTy4aTh YIIEPOIHYIO (HPAKIMIO C XapaKTePUCTH-
KaMH, OJM3KUMM K aMOpQHOH cake, KOTOpas HUMEeT
Oosee HU3KYIO TEMIIEpaTypy BOCIUIAMEHEHUS B (IIb-

tpax TU. DToro BO3MOXXHO MOOUTHCS MyTeM Toa0opa
COOTBETCTBYIOIINX PEXKUMOB pabOTHI TBUTATEIS.

[To aHamornu, MOXXHO, TIPEIIOKUTH PEKUMBI pa-
OOTHI JBHraTeNci ¢ MHHUMAJIbHBIMU BBIOpOCAMH Tsi-
JKenbIX MeTaioB B TH, K KOTOPBIM OTHOCSITCSL Cpel-
HHUE Harpy3KH.

3akiouenue

[Ipu ananu3e oTpabOTaBIIMX ra30B HEOOXOIUMO
YAETATh BHIUMAaHHE HE TOJIBKO MAacCOBBIM BBIOpOCaM
TBEPIBIX YaCTHII, HO U UX COCTABY.

B cocTtaB TBepIBIX YACTHUI] BXOJST TSDKENBIC ME-
TaJUTBI, KOTOPBIC, B OCHOBHOM, SIBJISIFOTCS MPOAYKTaMH
W3HOCA JeTayieil IBUraTellsi W MHTPEANEHTAMH IIpHca-
JIOK K TOITMBY ¥ MOTOPHBIM MaciaM.

B pe3synbTare uccie0BaHUN BBISBICHO, YTO POCT
BEIOPOCOB TSDKENBIX METayUIoB, Takux kak Cu u Zn,
CBSI3aH C MOBBIIICHUEM Harpy3KH.

Cnucok numepamypbot.
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BU3HAYEHHSA COCTABA TBEPAUX YACTHUHOK BIAITPAIIBOBAHUX I'A3IB TU3EJIIB
L.B. Ilapcaoanos, 1.1I1. Bacunves

Po3risiHyTO 0COOIMBOCTI BU3HAYEHHS CKJIAy i BIACTHBOCTEH TBEPHMX YaCTHHOK BIAIIPAIlbOBAaHMX rasiB qu3eniB. Hasene-
HO pe3yJIbTaTH aHaJli3iB TBEPAMX YAaCTHHOK Ha BMICT BaKKHX MeTaliB i ByrieneBoi ¢pakiii. Byrienesa ¢pakuis Bu3Haganacs
(hOTOMETPUYHHM METOJIOM 3 BHKOPHCTaHHSM CIEiIbHUX (UIBTPIB, HONEPEIHBO PO3UYMHEHHX Yy JiXJopeTaHe. BmicT MeraniB
BU3HAYAJIOCS PTYTHOI nosaporpadueil. BusiineHo, 1mo 3i 301IbIIEHHSAM HABaHTaXEHHS KOHIIEHTPAI{ METaJiB y TBEPAUX YACTKAX
BiZIIPaNbOBaHUX Ta3iB AU3ENTIB MiABUIIYIOTHCS.

DEFINITION OF COMPOSITION OF PM OF DIESEL’S EXHAUST GASES
L.V. Parsadanov., I.P. Vasyliev
Features of determination of the composition and properties of particulate matters in the exhaust gases of diesel engines
are considered. The results of the analysis of particulate matters on the content of heavy metals and carbon fraction are presented.
The carbon fraction was determined by the photometric method with the use of special filters, previously pre-dissolved in di-
chloromethane. The metal content was determined using the method of mercury polarography. It was revealed that if engine load
has increased the concentration of metals in particulate matter of diesel’s exhaust gases has also increased.
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KOMILJIEKCHASI OIIEHKA Y®®EKTUBHOCTH CAXKEBOI'O ®UJIHBTPA
MO MOKA3ATEJISIM chTﬂqﬁ, MOBEPXHOCTHOM 1 MACCOBOM
KOHIEHTPAIIUN TUCHOEPCHBIX YACTHI]

Ilpeonoscena memoouka KOMNIEKCHOU OYeHKU Ip@PekmusHocmu pabomsl caxcego2o Guibmpa ouzeis no mpem
KpUmepusm: C4emHotl, NOGePXHOCMHOU U MACCOBOU KOHYEHMPAYUAM MEEPObIX YACMUY C YUEenmOM UX OUCNEPCHO20
cocmasa. Ilpugedennvl pe3yiomamol OYeHKU IPHEKMUBHOCHIU CAXHCEBO20 PurbmMpa Ou3ens epy308020 ABMOMOOUIA C
UCNONb306aHUEM NPEOTIOIHCEHHOT MEeMOOUKU.

Beixsonie ausenst [1]. Jns omeHku sddexTuBHOCTH
paboTHI GHIBTPA TPAAUIIMOHHO HCIOIB3YIOT KPUTEPHIA

BBenenue
CaxeBble (pUIBTPHI ABISIOTCS HaumboJiee pacIpo-

CTPAaHCHHBIM CPEJICTBOM HEUTpPaTH3alUU JTH3CIBHBIX
TBepasx yacturl (TH) — Broporo mo 3Ha9nMocTH (I10-
ciie okcunoB azora NO,) 3arpsi3HSIONIETO BEIIECTBA B

OTHOCHTEIIHOTO CHIDKCHHSI MacCOBOM KOHIICHTPALUU
— Cp (wm BeIOpOCca) TH B pesynbraTe mporecca Guiib-
Tpanuu. [laHHBIA MOAXOJ K OleHUBaHHIO 3(deKTHs-
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