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YIAJIEHUE 3ATPSAASHEHUI, IPOYHO CBSI3AHHBIX C IOBEPXHOCTSIMM JETAJENR

kano. mexn. nayxk B.U. CEMEHOB
(ITonouxuii zocyoapcmeennslii yrusepcunent)

Hemoncmpupyromes pe3yromamul meopemuieckux U IKCHePUMEHMATbHbIX UCCTe008anUll O 060CHO8a-
HUIO npoyecca OYucCmKY oemaneil Om NPoUHbIX 3azpasHenull Ha npumepe Hazapa. Tlokazan npoyecc yoanenust
NPOYHOCBA3AHHBIX 3A2PASHEHUL C NOBEPXHOCMell Oemaneli CTNEKIAHHBIMU WAPUKAMU 8 CINPYE CHCATNO20 8030YXd.
Paspabomana u enedpena 6 npouzeo0cmeo ycmanoska ONisl OYUCHKY OM HA2apa nopuiHel dgueamenell 6HYm-
PpenHe20 c2opanus, Cpox OKynaemocmu KOmopot npu eHeopeHuuy Ha npousgoocmee cocmagniem 1,5...2 2ooa.

Opna U3 HanboJee OTBETCTBEHHBIX ONEpaIMii IPH PEMOHTE arperaToB U MallMH CeIbCKOX03IHCTBEHHOM
TEeXHUKU — OYMCTKA JieTanel oT 3arps3HeHuil. Ha peMOHTHBIX MpeanpusaTHaIX 0 MO€YHO-OUUCTHBIMH y4acTKa-
MH 3aHATO 110 12 % TPOM3BOJCTBEHHBIX IUIOMIACH, Ha JIOJI0 KOTOPBIX mpuxoxutcs 6...8 % ot OGamaHcoBOi
CTOMMOCTH PEMOHTHO-TEXHOJIorHYeckoro obopynoBanus [1]. KaduecTBeHHass ouncrtka paboynx MOBEPXHOCTEH
JeTaneil peMOHTHPYEMOIl TEeXHWKH CYIIECTBEHHO BIHSET Ha BCE TEXHOJOTMYECKHE MPOLECCH PEMOHTAa M BO
MHOTOM 0O€ecIieunBaeT HaAeKHOCTh MAIIIMH B IIPOIECCE UX MOCIETYIONIeH SKCIUTyaTally.

Bompocs! ynanenns mpo4HOCBSI3aHHBIX 3arpsi3HEHHN (Harapa, HAKHIH, IIPOAYKTOB KOPPO3UH) C ITOBEPX-
HOCTEH JAeTanel B HACTOAIIEE BPEMsI COCPEIOTOUYEHB! Ha MCCIEJOBAaHUN PAIlOHAIBHBIX CIIOCOO0B — IHApPO- U
MTHEeBMOaOpa3UBHOM OYHMCTKE, a TakKe Ha BEIOOpe aOpa3sMBHOTO MaTepuaia B KauecTBe peareHTa. COBepIIEHCTBOBA-
HHE CIIOCOOO0B IMTHEBMOAOPa3UBHOM OYHMCTKH MAET IO MyTH 3aMEHBI a0Pa3sUBHBIX I'PYIIT — METAJUIMIECKOTO pearcHTa
(poOu, MeTayuINueCcKOl CTPYIKKHU), OPraHUIECKOH (KOCTOUKOBOW KPOIIKH, JIPOOJICHOW CKOPIIYIIBI OPEXOB) U TOp-
HBIX TIOPO/I (TpaHUTa, KBapI[a) — HCKYCCTBEHHBIME: KapOOPYHIOM, CTEKIISIHHBIMH [IAPHKAMH, SJEKTPOKOPYHIIOM.

W3 rpynIisl HCKyCCTBEHHBIX a0pa3vBOB HanOoJiee MEPCIIEKTUBHBIM PEAreHTOM SIBJISTIOTCS CTEKJITHHBIE 1I1a-
PUKH KaK XapaKTepHU3YIoIInecs HauOOJIBIINM 3HadyeHHeM Kod(d¢uireHTa BoccTaHoBIeHUs npH yaape (15/16),
IIPY 3TOM TP yAape O IMOBEPXHOCTH 3T IAPUKH HE OCTABIISAIOT Ha Heil cinena. B cBsi3u ¢ aTuM pa3paboTka Tex-
HOJIOTHUYECKOTr0 Mpolecca U yCTPOUCTBA JUIl OUYUCTKU MOBEPXHOCTEN AeTalell OT MPOYHOCBSA3aHHBIX 3arps3He-
HUH JIBIKYIIMMUCS CTEKJITHHBIMU LIIAPUKAMHU SIBJISCTCS aKTyallbHOM 3a1aueii.

B Hacrosmeld paboTe mpuBeAEHBI Pe3yabTaThl TEOPETHYECKUX M IKCIEPUMEHTAJIBHBIX HCCIICAOBAHUH
Iporecca yAaleHUs HPOYHOCBS3aHHBIX 3arpsA3HEHUH C TMOBEPXHOCTEH [eTajell CTCKISHHBIMU IIapHKaMH B
CTpye CXKaTOro BO3IyXa.

[Tpn mHEBMOAOpa3UBHON OYHCTKE MMOBEPXHOCTEH MeTaneil n3MenpYeHHbIN adpa3uB (MeTauInIecKast CTpy K-
Ka, Ipo0b M T.I.) BBOAUTCS B BO3JYIIHBINA IMOTOK, KOTOPBIA HAMpPaBisieTCs HA OYMIIAEMYIO MOBEPXHOCTh. [Ipu
9TOM HPUOOpETEeHHAs] KWHETUUECKast SHEPIUsl PACXOyeTcs Ha ylalleHHe 3arpsi3HeHus], a Takxke Ha nedopMupo-
BaHHE MOBEPXHOCTHOTO CJIOS METAjlIa, YTO BBI3BIBAET M3MEHEHHE Pa3MEpoB U IIEPOXOBATOCTU TOBEPXHOCTH.
Kpome Toro, Ha MOBEpXHOCTH MOSIBIISIIOTCS IapanuHbl. [IpiMeHeHne B kauecTBe abpa3uBa CTEKIISTHHBIX LIapH-
KOB YCTpaHseT yKa3aHHbIE HEOCTATKHU [2].

IlepBoe penieHue 3a1auu O ChbeME 3arpsA3HEHUs CTPYEeH CXKAaTOro BO3AyXa ¢ IIPUMECHIO YacTHI] abpa3uBa
n310eHo B padore [3]. B ocHOBY MaremaTnyeckoil Moaenn [3] monoxeH oOmmid XxapakTep HMpOLEcCcoB paspy-
IICHUS [TOTOKOM a0pa3WBHBIX YACTHUI] BBICOKOW TUIOTHOCTH M PE3aHMs METaljla BHEAPSIIOUIMMCS KINHOM, H TIPHU-
HSTa TUIIOTE3a O JIMHEHHOM CheMe MaTepHala 32 HEKOTOPBIM MPOMEXyTOK BpeMeHH. OTMeTuM, 4to B [3] momy-
yeHa oOpaTHas 3KCIOHCHIMATIbHAS 3aBUCHMOCTh ChEMa OT BPEMEHH. JTO 03HAYAET, YTO IOJIHBINA CHEM 3arpsis-
HEHHS C JIETallil JTOCTUTAETCS TPU BPEeMEHH t — 00, 9TO IUIIEHO (PU3MUECKOTO CMBICTA. DTOT (PaKT 0OBACHICTCS
TEM, YTO B PEIICHUH HE YUTEHBI CHIIBI HHEPIUH.

PaccmoTpumM 3Ty 3a1ady Ha OCHOBE BTOPOTro 3akoHa HproToHa, ocTaBasich B paMKax mpeioxeHuit [3].

3ajaya CBOJUTCS K PEIICHHIO 00BIKHOBEHHOTO M GepeHIINaIbHOTO YPABHEHUSI BTOPOTO MOPSIKA
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rIe X — KOOpANHATA, OTCUMTHIBAEMAs BIIyOb CIIOS 3aTPS3HEHUS OT €ro MOBEPXHOCTH 1Mo HopManyd; K°=—% —
pum,
KO3(1)(1)I/IHI/ICHT pa3pyli€HuA; Gg — OPCACIT MIPOUHOCTH MTPU CIKATHUU, m, — Macca 4aCTHUIl a6pa31/IBa, coyaapsAronux-

qvq

Csl C TIOBEPXHOCTHIO B €AMHUILY BPEMEHH; ¢ — KOI(DDHUIMEHT )KECTKOCTH 3arpsA3HEHUS; Ll = — YAENBHBIA UM-

MyJIbC OTOKA a0pa3uBHBIX YaCTHI, M.V, — UMITYJIbC AOpPa3UBHBIX YACTHII, BBI3BIBAIOIINX PAa3pyILIECHHE; Vi, — CPEIHSIS
CKOPOCTh Y4acTHIl abpa3rBa B MOMEHT COYIApEeHUs C OYMIIIAeMOM TOBEPXHOCTHIO; F — Tiomans ciena CTpyH.
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HavansHbie yCJI0BHUA 3a0a49u:

dx
npH t=0x=0 u —=0. 2
p " (2

VYpasuenue (1) npeacrasisier cobol ypaBHEHHE CBOOOIHBIX TAPMOHUYECKUX KOJICOAHWH MaTepHaIbHON
TOYKH [4] ¥ C yI€TOM TPaHUYHBIX YCIOBHH (2) UMEET CIIeAyIoIIee pelIeHue:
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X =-tsinkt, ®)
k
nunn B 6e3pazmepHOM BuAE (B OTHOCHTEIBHBIX KOOPJMHATAX)

. T0—
X =sin—t, 4
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rae X =—; T =— ;& — Tommuua cios Harapa; ts — BpeMs [OJIHOW OYMCTKU MOBEPXHOCTH OT Harapa.
S

Taxum 06pa30M, IMOJIYUYCH 3aKOH M3MCHCHUSA TOJIIUHBI TEKYIICTO CbhbEMa 3arps3HCHUA TOHHIHHOﬁ X oT
BpeMenn t (3), Win TO ke caMoe — B OTHOCUTENBHBIX (6e3pa3sMepHbIx) KoopauHatax X u t (4).

Omnpenensimy ONTHMATbHOE BPEMS OYHCTKH MapTHH MopirHed B kommdectse 100 enuHUT] ABUTATENICH BHYT-
pennero cropanus 3M3-53 crekmstHHbIME mapukamu gramerpom 0,5 — 0,8 MM B cTpye cxxatoro Bosayxa [5].

Ha muarpamme (puc. 1) mpencraBieHbl pe3yibTaThl aHajiM3a CTEIEHH 3arpsA3HEHUS] TPYIIBI MOPIIHEH
nsurareneii 3M3-53, koTopast OLlEHMBAIACH 10 TONIIMHE CIIOSI Harapa Ha gHuIle nopuras & (6 > 0,1 mm). BuaHo,
YTO HanOOJIbIIee KOINIECTBO MOPIIHE UMEIOT TOJIIUHY ciost Harapa oT 0,1 1o 0,5 MM 1 oHa TpeTh Uccieno-
BaHHBIX nopiuHel (32 %) umerot TommuuHy cios Harapa 0,2...0,5 M.
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KomnuectBo nopmneit, %

0,1...0,2 0,2...0,3 0,3...0,4 0,4...0,5 0,5...0,6 >0,6 9J,Mm
Puc. 1. PactipeneneHne KouecTBa MOPIIHEH B 3aBUCUMOCTH OT TONIIMHBI Harapa o
Ha pucynke 2 mpencraBieHsl pe3yabTaThl OMpEeIeHAs ONTHMAIbHOTO BPEMEHN OYHUCTKHU MIECTH TPYTII

nopmrHei B konmmdectse 100 mT. Kakaas. B kauecTBe OUHMINEHHOTO MTOPIIHS CUNATAJICS TaKOH IMOPIIEeHb, TONIIHHA
CJIOS Harapa Ha JIHUIIe KoToporo He npessimana 0,02 mm.
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Puc. 2. Onpenenenre onTUMANIFHOTO BpEMEHH OYMCTKY MOpUIHEH aBuratesns 3M3-53
CTCKJISIHHBIMH IIAPUKAMH B CTPYE CXKATOI'0 BO3yXa
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Ha rpaduke (cMm. puc. 2) 1o ocu abermce OTI0KeHbI HHTepBaibl Bpemenn KAt (At =15¢, k=10,1, ..., 6),
3a KOTOpbIE MPOBOAWIACH OYMCTKA Ipymibl nopiHed. Ilocie kaxxnoro vHTEpBajza BPEMEHHU NPOBOIWIKCH
OYMCTKAa TPYNNBl HOPIIHEH W W3MEPEHHS TOJIIIMH HEOYHIICHHOTO ciosi Harapa. O4YHIIeHHBIE MOPIIHU
HAIPaBISUINCh Ha CIEAYIOUIYIO omepaiuio peMoHTa. OcTajabHBIE MOPIIHU MTOABEPTralUCh 3aHOBO OYHCTKE B
TEUYCHHE CIIEAYIONET0 HHTepBaja BpeMeH: U T.1. [1o ocn opanHAT Ha rpaduKe OTIONKEHO KOIUIECTBO MOPIII-
HEH, OYHMIIEHHBIX 33 CICAYIONINI MHTEepBal BpeMeHH At, u momHocTh N, HEOOXOAMMAas ISl OYUCTKH ITHX

nopiHed. M3 pucyHka BUAHO, YTO NP YBEJIMYEHUH MHTEPBAIOB BpeMEHHU OT 1 10 6 MOIIHOCTD, 3aTpadynBae-
Mas Ha OYHCTKY IOpIIHEH, YBEINYUBAETCA B [1Ba Pa3a, B TO XKe BpPeMsI KOJIMYECTBO OYHUIIEHHBIX MTOPIIHEN pe3-
KO YMEHBIIAETCs; ONTHMATbHOE BpeMsl OYHCTKH IPYIIBI MopinHel cootBeTcTByeT t = 60 ¢ (KAt = 4).
X i Ha pucynke 3 Toukamu NpeicTaBiICHbI pe3yibTa-
Thl U3MEHEHHUSI OTHOCUTEIBHON TOJIILMHBI CJIOSI Harapa oT
OTHOCUTEJIBHOTO BPEMEHHU; CIIJIOLIHOW JIMHUEN NTPOUIUIIO-
CTpUpOBaHa 3aBUCUMOCTb (4). Pe3ynbraTsl usMepeHuil ¢
0,75 JIOCTaTOYHOM CTENEHbI0 TOUYHOCTH COOTBETCTBYIOT aHa-
JIUTUYECKOMY peIeHHIo (4).
OuncTka [eTaneil CTEKISTHHBIMU LIapUKaMH B
\ CTpy€ CKaTOro BO3yXa BHEIPEHA B HpOI/I3UBO,Z[CTBO.v9TOT
BHJ| OYHCTKU IO CPABHEHUIO C OYHUCTKOW JAeTaned Ko-
/ CTOYKOBOHM KpOIIKOH Ooyiee MpOM3BOAUTEIBHBIN, 3/1€Ch
MEHBINAsI CTOMMOCTb OYHCTHOTO areHTa, MalluHa UMEeT
0,25 MEHbIINE rabapuThl, a MPOLIECC JIErdye MEXaHU3UPYyETCsL.
VYcraHOBKa U1 OYUCTKYU OT Harapa IOpIIHEH JIBU-
raTteyieil BHyTpEeHHETo cropanus (puc. 4) BKJIIOYaeT KOp-
nyc 1 c npuBogom, kamepsl 7 u cOopHUK-GuibTp 10.
0 Ha xopnyce 1 ycraHOBIIEHBI BCE Y3IIbl YCTAaHOBKH.
0,25 0,50 0,75 OnekTpoABUraTess 2 MOCPEACTBOM KIMHOPEMEHHOH Ie-
penauu 3 NPUBOAMT B ABM)KEHHE YEPBSIYHBIA peayKTop 4,
KOTODBI, B CBOIO OYepellb, KIMHOPEMEHHON Iepenadeit 5
COEJIMHEH C JIBYMsI IIKMBaMH, YCTAHOBJICHHBIMH Ha Bajax 0.
Ha ppyrux xoHnax BajoOB 3aKpelIeHbI CTaKaHbl, B KOTO-
pBI€ YCTaHABIMBAIOT OYUIIIAEMBIE ICTAIIH.
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—

Puc. 3. I3MeHeHrEe OTHOCUTEIILHOM TOIMHEI
CJ10s1 Harapa X OT OTHOCHTENIBHOTO BpEMEHH T
MIPU OUUCTKE MOPIIHEHN CTEKIISTHHBIMU IIApUKaMU
B CTpYy€E CXKATOr0 BO3AyXa
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Puc. 4. MamuHa Jyis O4MCTKY JieTaliell TOTOKOM CTEKJISIHHBIX IIaPUKOB
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B coopuuke-puibrpe 10 HaxoauTcs 3amac CTEKJSIHHBIX MIAPUKOB, Marepyarslii Gpunbtp 11 u uabTpy-
tomas cetka 12. [llnanru 1uist nogadyy MIapuKoOB K MKEKIMOHHBIM (OpCyHKaM 9 MOJAKIIIOUEHBI K OCHOBAHHIO KO-
HYCHOTo0 JHa cOopHHKa. [TaTpyOoK, 110 KOTOPOMY IIapHKH BO3BPAILAIOTCS B COOPHUK-(QHIBTP, PACIIONOKEH TaH-
TEHLAAIBHO €r0 KOpIyCy.

B 1Ba crakana Ha Basiax 6 ycTaHaBIMBAIOT OYHMIAEMBIE JIETAIH U 3aKPBIBAIOT JBEpH 8 Kamep 7. DKeKIu-
OHHBIE (DOPCYHKH CO3JAafOT pa3peXeHHe B MOJBOAHBIX HIIAHTAX, YTO IPHBOAWT K IMOCTYIICHHIO HIAPHKOB K
¢opcynkam. Illapuku n3 GuiIbTpa-oTCTONHUKA MOMANAIOT B CTPYIO C)KaTOrO BO3AyXa M NMPHOOpETaIoT HEeoO-
XOJMMYIO 3HEPTHIO VIS pa3pyLIeHHUs] Harapa B MOMEHT COyAapeHHs ¢ 3arpsisHeHneM. Bepxuue ¢opcyHkn, ycra-
HOBJICHHBIE B KaMepax 7, OYMIIAIOT JHUIIIE TIOPIIHS, 8 OOKOBBIE (POPCYHKH — KaHABKH MOJ MOPIIHEBbIE KOIBLIA.

[apuku mocne coyaapeHus ¢ HarapoM IOMafaoT BMECTE C YAaCTUI[AMH 3arpsI3HEHUH Ha HaKJIOHHOE JTHO
KaMmephl, a 3aTeM 3a c4yeT paboThl MkekTopa 13 — B cOopuuk-dunstp. [llapuku npoceinatores yepes3 ceTky 12, Ha
KOTOpOM 3aIep’KUBAIOTCsI 4acTUIbl 3arps3Henus. OtpaboraBiinii Bo3ayx uepe3 ¢uibTp 11 BBIXOAMT B aTtMmo-
cdepy B OUHIICHHOM COCTOSHHH.

BuiBoabI:

1) mpuMeHeHHe CTEKITHHBIX MIAPUKOB B Ka4eCTBE pearcHra MpU MHEBMOAOPa3MBHON OYMCTKE MOBEPX-
HOCTEH OT MPOYHOCBSA3AHHBIX 3arPSI3HEHUN B OTIMYHE OT APYTUX PEareHTOB MTO3BOJISICT OYUCTUTH IIOBEPXHOCTD
6e3 ee nedopmanuy, COXpaHUTh 3alaHHBIE pa3Mephl M M30eXaTh CIIeI0B OT abpasnBa,

2) aHAJIMTUYECKOE PEIICHHE 33/add O CheMe 3arpsA3HEHUsI C MOBEPXHOCTH JASTAllM CTpyel BO3ayXxa C
MPUMEChI0 abpa3uBa MO3BOJISET OMPEAEIUTh 3aBUCHMOCTD TOJIIMHBI CIIOS ChEMa 3arpsA3HEHUS OT BPEMEHH C
y4eToM (PU3UKO-MEXAaHUUECKUX CBOWCTB aOpa3nBa M KPUTHUECKOTO HANPSKEHUS! pa3pyIICHUs 3arPsI3HEHUS

3) Ha OCHOBe aHaNIM3a IKCIEPUMEHTANBHBIX HCCICAOBAHUI CTEMEHN 3arps3HEHHs MOPIIHEH ABUTATe-
Jieil BHYTPEHHEr0 CrOpaHusl yCTaHOBJEHO, YTO HanWOOJbIIee KOJIMYECTBO MOPIIHEH HMEET TONIIMHY CIIOS
Harapa 0,1 ...0,5 mM. U3 Hux okono 32 % umeroT TonmuHy cios Harapa 0,2...0,5 mvm;

4) onTuManbHOE BpeMs OYHMCTKU AHHINA mopiuHed asurareneit 3M3-53 ot Harapa ctpyeit Bo3myxa co
CTEKJLSIHHBIMH IIapUKaMH He peBbIIaeT | MUH,

5) mpolecc 1 yCTaHOBKA [T OYMCTKH MOPIIHEH OT Harapa cTpyeil Bo3ayXa co CTEKISSHHBIMH [IApUKaAMU
BHEJIPEHBI B IPOU3BOJICTBO.
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Hocmynuna 11.07.2013

REMOVAL OF POLLUTION SOLIDLY CONNECTED
WITH THE SURFACES OF COMPONENTS

V. SEMENOV

The results of theoretical and experimental studies to validate the cleaning process of parts of stubborn
dirt on the example of a deposit are demonstrated. The process of removal of solidly connected pollution from
the surface of components by glass balls in the spurt of compressed air. Plant for cleaning of soot piston from
internal combustion of engines is developed and implemented in the production. The payback period for the im-
plementation of the production is within 1.5...2 years.
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