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BBEJAEHHUE

JuccepranionHasi paboTa MOCBsIIEHA CO3JaHUI0 HA OCHOBE HAayYHBIX HMCCIIEI0-
BaHUN BBICOKOA((PEKTUBHOTO MHHOBALMOHHOTO (UIIbTpA OXJIAXKJIAIOLIEH >KUJIKOCTH,
IPEBOCXOSAIIET0 O CBOMM pabOYMM MOKa3aTessiM 3apyOeKHbIE aHaJOrd, MpeaHa3Ha-
YEHHOTO JJIs1 MOBBILIEHUSI TEXHUYECKOTO YPOBHS aBTOTPAHCIIOPTHBIX NOPIIHEBBIX JIBU-
raTeseu.

AKTyaJlbHOCTH PadoThl. Pa3BuTHE aBTOTPAHCIIOPTHBIX MOPIIHEBBIX JBUTATEIEH
CBSA3aHO C HENPEPBIBHBIM HMX COBEPIICHCTBOBAHUEM JUIS IOBBILICHUS HAJEKHOCTH,
YIYYLIEHHs] ITOKA3aTelel TOIUIMBHOM SKOHOMHMYHOCTH M TOKCHYHOCTU. [Ipm sTOM
IPEIbSABISAIOTCS BCe 00JIee BBICOKME TPEOOBAHUS K OTAENIbHBIM Y3JIaM M arperaram JBH-
ratesueil, B TOM YUCle U K KOMIIOHEHTaM CUCTEM KuAKOCTHOro oxnaxaeHus (CXKO).

Anamm3 coBpeMeHHBIX CXKO aBTOTpaHCIIOPTHBIX JBUIATENIEd MOKA3bIBAET, YTO
X (YHKIMOHAIbHAs, KOHCTPYKTUBHAsI U TEXHOJOTHMYECKasl CIIOKHOCTb B IOCIICTHHUE
roabl 3HAYUTENBHO BO3POCHA. DTO SBJSIETCS €CTECTBEHHBIM CIEICTBHEM IOCTOSIHHO
pacTymux TpeOOBaHMUM K MOBBIIIEHUIO 3(PPEKTUBHOCTH CUCTEM OXJIAXAEHHUS Ha (oHe
HENPEPHIBHOTO MOBBIIIEHUSI YPOBHS (DOPCUPOBAHUSI STUX JBUTATEINEH.

Brenpenue B aBTOMOOWJIBHOM M TPAKTOPHOM JIBUTaTEJIECTPOECHUM HAJAyBa C
IPOMEXYTOUHBIM OXJIQXKJIEHUEM BO3AyXa (THMAa «BO3AYX/*KHUIKOCTBHY»), TEPMOCTATOB C
AJIEKTPOHHBIM YNPABICHUEM, KUJIKOCTHBIX HACOCOB C AJIEKTPOIPUBOJOM, BBICOKO3(-
(EeKTUBHBIX TEMJIO0OMEHHUKOB (PaAHaTOPOB) U JIP., @ TAKKE MOBBIIICHUE TPEOOBAHUM K
HAJC)KHOCTU U 3(P(PEKTUBHOCTU CHCTEM OXJAXKACHHUS MPUBOJUT K HEOOXOIUMOCTU
obOecrieueHus1 BEICOKOM YMCTOTHI oxjiaxaatomei xuakoctu (OX) B mporiecce skcIiya-
TalU¥ aBTOMOOUJIBHBIX M TPAKTOPHBIX ABUTATENCH.

JlaHHBIE DKCIUTyaTalli aBTOMOOWJIBHOW M TPAKTOPHOW TEXHHKU TOKA3bIBAIOT,
yTo OT 25 10 40% HeucnpaBHOCTENW M OTKa30B ABurarenei npuxoautcs Ha ux CXKO,
IpUYeM BO3HUKAIOMIME MPOOJIEMBbl B CUCTEMaX OXJIAXKICHHUS MPHU 3KCIUTyaTallud aBTO-
MOOWJIBHBIX M TPAKTOPHBIX JBUTATENICH B 3HAUYUTEIHHON CTENEHU O0YCIIOBJICHBI HAJIU-
yueM B OX 3arpsisHeHnid pa3nuiHON NPUPOIBIL.

Ounctka (punprpanus) OX obGecneunBaer ynaneHue u3 He€ MEXaHUUYECKHX 3a-

FpﬂBHCHHﬁ, 4YTO YMCHBIIACT M3HAIIMBAHUC W KOPPO3HIO HeTaﬂeﬁ, npeaoTBpamacT OT-
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JIO’KEHHUSI HA CTEHKE KaHAJIOB M crocoOCcTBYET 3(h(PeKTUBHOM mepenaye Ternia oT Harpe-
TBHIX MIOBEPXHOCTEH K KUAKOCTH. [Ipu 3TOM MOBBIIIAETCS AOATOBEUYHOCTh KPbUIBYATOK U
VIUIOTHEHUM )KUJKOCTHOTO Hacoca, TepMocTaTa, paaruatopa u napyrux snemento CXKO,
CHU)KAETCSl PUCK TeperpeBa ABUTaTelNs U MOJHOTO BhIXxojaa ero u3 ctpos. Ounctka OX
ABJIIETCSI MEPCIEKTUBHBIM HAIPABJICHUEM COBEPIIEHCTBOBAHUS CHCTEM OXJIAKICHUS
aBTOMOOUJIbHBIX U TPAKTOPHBIX JIBUTATEIIEH.

3a py6exxoM ¢ 60-X roJioB MPOIUIOrO BeKa MPUMEHSIOTCS (PUIIBTPBI OXJIAXKIat0-
mieit sxunkoctu (POX) Ha nBUraTrensx rpy30BbIX aBTOMOOMJIEH U MaruCTPaJIbHbBIX TS-
radeil, IPOMBIIIJIEHHBIX U CEIbCKOXO3SMCTBEHHBIX TPAKTOPOB, JIECOTEXHUYECKUX Ma-
muH U Jap. Benymue nBurarenectpoutenbHble (UPMbl MUpa YCTAHABIMBAIOT HA CBOU
neuratenu Hepazoopabsie @OXK Trma Spin-on, mpou3BOIMMBIE 3apYOEIKHBIMU KOMITAHU-
smu Baldwin, Fleetquard, Donaldson, Hengst, WIX u np. B nHaieii ctpane momoOHbIE
®OX 10 cux nop He pazpadaTbIBAIMCh U HE TPOU3BOAMINCH. COOCTBEHHBIE KOHCTPYK-
nui @OX B Hamel cTpaHe 10 MOCIEAHETO BPEMEHU TaKKE€ OTCYTCTBOBAJIU.

B nactosmee Bpems, Ha GoHe TypOyJIEHTHOCTH U 00OCTPEHUST MEXKIYyHAPOTHOM
00CTaHOBKH, Hallla CTPaHa BBIHYXKJIEHa TPUHUMATh MEpPHI sl 00ECIeYeHHs] CyBEpEHHU-
TeTa B 00JaCTH MPOMBINIIEHHBIX TEXHOJIOTHI. B aBTOMOOWIBHON MPOMBIIIICHHOCTH
c(hOpMHPOBaH IJIaH MEPONPHUATUN MO UMIIOPTO3aMENIEHUIO aBTOKOMIIOHEHTOB B COOT-
BercTBUU ¢ [Ipukazom MuHHCTEpCTBA TPOMBINIIEHHOCTH U TOProeiu P No2468 ot
06.07.2021r. B wacTHOCTH, JIJIs1 BCEX BHUIOB aBTOMOOMIHLHON TEXHHKU (JIETKOBBIC aBTO-
MOOMIIH, JIETKUE KOMMEPUYECKHUE U IPY30BbIe aBTOMOOUIIN, aBTOOYChI) KPUTUUECKHU BaXK-
HBIM SIBJISIETCS. WMMIIOPTO3aMEIICHUE 3apyOeKHBIX aBTOKOMIIOHEHTOB, BKJIFOYAIOITUX
(kpoMe nmpourx) PUIALTPHI Pa3TUUHBIX TUIIOB.

N3noxeHHoe yKa3blBaeT Ha aKTyaJlbHOCTh CO3JaHUSl U MCCIENOBaHUS OTeye-
CTBEHHBIX YCTPOUCTB st ourcTKU OXK M B 11€JIOM CUCTEM OXJIaXICHUS aBTOTPAHC-
MOPTHBIX JBUraresie. B nanHoi paboTe mpenactaBieHa pa3pabOTKa M MCCIICIOBAaHUE
WHHOBAIIMOHHOTO TUIPOLUMKIOHHOTO (unbTpa-cenaparopa (I'@C) mms CXKO aBto-
TPAHCTIOPTHBIX JBUTaresneil. JlanHoe HampaBieHue padoT MO COBEPUICHCTBOBAHUIO CH-
CTEM OXJIAKICHUSI JBUTaTeNIe COOTBETCTBYET TEHIECHLHUSAM Pa3BUTHS COBPEMEHHOTO

MHPOBOI'O ABHUT'aTCIICCTPOCHMUA.
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Crenennb pa3padoTAHHOCTH TeMbl. 3apyOeKHbIE pa3pabOTKU B 00JIaCTH OYHUCT-
k1 OX cBs3aHBI C OTCYTCTBUEM MHHOBAIIMOHHBIX MOJX0/IOB K PEIICHUIO 3TON CII0KHON
3aJaud ¥ 0a3upyIOTCS HA TPAIUIIMOHHBIX TEXHOJOTUAX (UIBTPALIMU KUAKOCTU UYepe3
MOPUCTBIE MaTepualbl (MUKPOIIOPUCTHIN KapTOH, XUMUYECKUE BOJIOKHA) WJIM METaJlIn-
YECKHUE CETKH, KOTOPBIE HEJIb3Sl CUUTATh MEPCIEKTUBHBIMU. JTO OOBSICHSIETCS TEM, UTO
B nporecce ounctku OXK QuibTpyromniye snemMeHThl MoJ00HOro Tuma ObICTPO 3acopsi-
IOTCSI U CYHIECTBEHHO YMEHBIIAIOT KOJIMYECTBO MPOIYCKAeMOW >KUJIKOCTH, CO3/aBas
IIPU 3TOM 3HAYUTEIBHOE TUAPABINYECKOE COMPOTUBIIEHUE. B mpenenbHOM citydae OHU
BoOOI11Ie nepecTatoT nponyckats OXK. B HayuHOM M1aHe U3BECTHBI HEMHOTOYHCIICHHbBIE
3apyOeXKHBIE CTaThH MO 3TOW TeMaTHKe, ACHUCTBUTEIIBHO 00J1aaloIue HayYHOU [IEHHO-
ctbio (Hudgens R.D., Hercamp R.D., Eaton E.R., Duvnjak E.). Ocransubie 3apy0OexHbIe
MaTepuaibl HOCST HETrNyOOKHil HHGOPMAIIMOHHO-OMKUCATENbHbIN, JIMOO pEeKIaMHO-
O3HAKOMUTEJBHBIN Xapakrep.

B nameii crpane Hay4Hble MyOJIMKAIIMU MO 3TOW TEMAaTHUKE JO IMOCJIEIHEro Bpe-
MEHU MPAKTHYECKH OTCYTCTBOBAJIU U HAYYHO-UCCIIEOBATEIbCKUE PAOOTHI HE MTPOBOIU-
JIUCh, 32 UCKIIFOUEHHEM HECKOJIBbKUX AMU30AUYECKUX MCCIIEIOBAHUN, KOTOPhIE HE MpPH-
BEJU K CO3/IaHUI0 mepcreKTUBHOTO GuibTpa OXK.

K coanenuto, 3T0 He CBUJETEIBCTBYET 00 OTCYTCTBUU Npo0aemMbl ouuctku OXK,
a TOBOPUT JIMIIb O €€ CIOKHOCTH U HEPEUIEHHOCTU B COBPEMEHHOW HAyKe W MPaKTHKE
JIBUTATEJIECTPOCHUSI. B CBSI3M € 3TUM JaHHYIO JUCCEPTALMOHHYIO paboTy 000CHOBAaHHO
MO>KHO CUMTaTh MEPBOM B 3TOM 00JACTH, MO3BOJUBIIEH CO3AaTh U UCCIIEIOBATh BHICO-
ko3 pexTuBHBIN HHHOBAIMOHHBINA QribTp OXK.

Hean u 3agaun padoTsl. Llenbio paboThl sABIISIETCS HAyYHOE 0OOOCHOBAaHKUE HEOO-
xonumoctu ¢uibTpaunun OXK M co3naHue Ha OCHOBE HUCCIENOBAHUM TEXHOJOTHHM W
YCTPOWCTB OYHMCTKU OXJIAXKTAFOIICH JKUIKOCTU ISl TIOBBIIIICHUSI TEXHUYECKOTO YPOBHS
aBTOTPAHCIIOPTHBIX TIOPITHEBBIX IBUTATCIICH.

JIyist moCTHXKEeHUS 11esi paboThl HEOOXOIUMO PEITUTh CIISIYIONTNE 3a1a4uu:

- BBITIOJIHUTH aHanu3 npobsieM 3arpsiznenust n ouuctku OXK u CXKO B nenowm,
OLICHUTH CTENEHb L[EJIECO00Pa3HOCTH MPUMEHEHHS (GUIIBTPOB OXJIAKIAIOIIEH KUKOCTH

Ha aBTOTPAHCIIOPTHBIX IMOPITHCBBIX JIBUI'ATCIIAX,
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- pa3zpaboTaTh U U3rOTOBUTH JIAOOPATOPHYIO YCTAHOBKY JUISI UCCJIEIOBAHUS aB-
TOMOOUIBHBIX yCTPONCTB ouucTKH OXK pa3iauyHbIX KOHCTPYKIUNA U MPUHIUIOB JCH-
CTBUSI;

- TMPOBECTU KOMIUJIEKCHBIE HCCIIEIOBaHUS 3apyOeKHBIX 00pa3loB (UILTPOB
OX;

- co3natbh Metoauku uccnenoBanus ¢punsTpoB OX, a Takxke GpakuMOHHOTO U
XUMHYECKOT0 aHaJIN3a 3arpsI3HEHUIN OXJIAXKIA0IIEH JKUIKOCTH;

- chopMupoBaTh KOMIUIEKC TPEOOBAaHUHN K MEPCHEKTUBHOMY YCTPOICTBY OYMCT-
k1 OXX Ha oCHOBE OmbITa SKCILTyaTallud aBTOTPAHCIOPTHOM TEXHUKH;

- co3nath 3¢ dexTuBHOE ycTporicTBo ounctku OX u mposectu ero nadbopartop-
HbIE HCCIJIEOBAHUS U SKCIUTyaTallUOHHbIE UCTIBITAHUS;

- pa3paboTaTh KOMIBIOTEPHYIO MOJIENb cOo37aBaeMoro ycrpoictea ounctku OXK
Y BBISBUTH TUAPOJIUHAMUYECKYIO KAPTUHY TEYEHUU KUJKOCTH B €r0 MPOTOYHOM YaCTH;

- CO3/1aTh METOJIMKY MPEABAPUTEIHHOIO THIPABIMUECKOTO pacueTa pa3padaThi-
BaeMoro ycrporcra ounctku OXK;

- BBISIBUTh 3aKOHOMEPHOCTH KOJMYECTBEHHOTO M KA4€CTBEHHOTO COCTaBa 3a-
rpsizaenuit OX, obOpaszyromuxcst B C)KO B peanbHBIX YCIOBHIX IKCILTyaTaIiy;

- OLICHUTh HEOOXOJIUMYIO M IOCTATOUYHYIO TOHKOCTh (puiibTpauuu (ouucTku) OXK
Y JaTh PEKOMEHAIMU IO TPUMEHEHHIO yCTpoucTB ouncTKr OJK Ha aBTOTPAHCTIOPTHBIX
JIBUTATEIISX.

Oo0bexkThl uccsenoBanus: CXKO aBTOTpaHCHOPTHBIX MOPIIHEBBIX JIBUTATEINIEH,
ycTpoiicTBa juist ounctku OJXK B mpoliecce 3KCITyaTaly ABUraTeneil.

Hay4nasi HOBU3Ha padoThI 3aKJIFOYAETCS B CIETYIOLIEM:

- Ha OCHOBE aHAJIN3a MPOLIECCOB MPOU3BOJICTBA U IKCIUTyaTallul aBTOTPAHCIIOPT-
HBIX JIBUTATEJCH BBISBICHB MCTOYHWUKH OOpa30BaHUS W TIOSIBJICHHS 3arpsS3HCHUN B
CXXO nBurareneii;

- OTIPEJICIICH XUMHUYECKUH U (GPaKIIMOHHBIN COCTaB 3arps3HEHUI, 00pa3yOmuxcs
B C)KO nBurarensi, BbISIBJICHBI €70 3aKOHOMEPHOCTH;

- MpeUIOKEH MOAUPHUIIMPOBAHHBIA MPUHIUI THIPOUMKIOHA sl ouncTku OXK

JABHUIaTCIIA,
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- CO3[IJaHa METOAMKA MPEABAPUTEIBHOIO THMAPABIMYECKOTO pacyeTa TUIPOLIMK-
JIOHHOTO ycTporcTBa ouncTku OXK;

- BBITIOJTHEHA OIIEHKA HEOOXOIWMOW M JOCTaTOYHOW TOHKOCTH ¢uibTpammu OXK
JIBUTATEJIA;

- YCTAHOBJIEHA CTENEHb OYHMCTKHU JKUJIKOCTU OT 3arpsA3HEHUN B 3aBUCHMOCTH OT
BEJIMYMHBI PACX0a JKUIKOCTH M Pa3MEPOB TBEPHABIX YACTHI] 3arpSA3HECHUI B IEPCIIEK-
TUBHOM ycTporcTBe ouncTtku OXK.

Teoperuyeckass U NPAKTHYECKAS HEHHOCTH MOJY4YeHHBIX Pe3yJibTATOB

OCHOBHBIM pE3yJIbTaTOM BBIMOJIHEHHON PaOOThI SIBISETCA CO3/IaHUE BBICOKO3(]-
(heKTUBHOTO MHHOBAIITMOHHOTO THUIPOLMKIOHHOTO (pUIIbTpa-cenapaTopa (3alfuiieH mna-
TeHToM P® Ha n3obperenue Ne 2 625 891) mist O4MCTKH OT TBEPJIBIX YACTHIL 3arpsi3He-
Huit OXX mopiiHeBbIX ABUTATENeN Pa3IMYHOIO HA3HAYEHUS — aBTOMOOMIIBHBIX, aBTO-
OYCHBIX, TPAaKTOPHBIX, CETbCKOXO03UCTBEHHBIX U CTPOUTEIBHO-JOPOKHBIX MAIINH, BO-
€HHOW U CIIENHAIIBHON TEXHUKH U J1p. Kpome aroro:

- pa3paboTaHa W YCIIENTHO ONMpoOOBaHA KOMIUIEKCHAs jJabopaTopHas yCTaHOBKA,
MO3BOJIAIOIIAs MCCIEN0BaTh ycTporcTBa OouncTKA OXK pa3iInyHBIX KOHCTPYKUHUW WU
MIPUHIIUIIOB JICUCTBUS;

- co3gaHbl onbITHBIE 00pa3ipl ['OC, ycnemHo npomeanme anpooaiuo B yciio-
BUSIX JKCIUTyaTalliyd aBTOMOOMIIBHOW TEXHUKHU U OCBOCHHBIE B CEPUHHOM MTPOU3BOJICTBE
000 «HTI «ABtoCdepa» mpu BrnaguMupckoM rocynapcTBEHHOM YHUBEPCUTETE
uMeHu Anekcannpa ['puropreBuua u Hukonas I'puropseBnua CroseroBbix» (OOO
«HTII «ABToCdepa» npu Bal'V»);

- YCTaHOBJEHBI NpUuuHbI 3arpss3HeHni CXKO aBTOTpaHCHOPTHBIX JBHUraTeliei B
poliecce dKCITyaTaluu;

- pa3paboTaHa METOJIMKa MPEIBAPUTEIHLHOTO THIPABIMYECKOTO pacueTa CO3/aH-
Horo I'dC;

- MPeNJIoKEHbl W YCIEUIHO ONpoOOBaHbl METOJIMKH HCCIIEIOBAaHUS YCTPOMCTB
ounctkn OX, a Takke MOATOTOBKUA M TMOCJIEAYIOIIEr0 aHaln3a YacTHI] 3arps3HEHU

OX na xumMuueckuil ¥ PpakMOHHBIA COCTAB.
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IIpuMeHeHne CO31aHHOTO TUAPOLUKIOHHOTO ycTporcTBa o9ucTkr OJK mo3Bosut
HOBBICUTh 3()PPEKTUBHOCTh U HAAEKHOCTh CHCTEM OXJIAXKIACHHUS aBTOTPAHCHOPTHBIX
MOPIIHEBBIX JIBUTATENEH pa3IMYHOIO HA3HAUCHHUS.

MetopnoJioruss 1 MeTOABI HCCJaeI0BaHMA. B mporecce BBINOIHEHUS IuccepTa-
IIUU KCIOJIb30BAHBI: alpOOMPOBAHHBIE METOJBI MOJEIHPOBAHUS IMPOLIECCOB TECUCHUS
XKUIKOCTU U OYHCTKH KMJIKOCTEH OT TBEPABIX YACTHILI, METObI MATEMATUYECKOMN CTaTH-
CTUKH, KOMIIBIOTEPHOE MOJECIMPOBAHUE, UH)XCHEPHBIN JKCIEPUMEHT, XUMUYECKUA U
(pakLMOHHBIN aHAIIN3.

Ilos10:keHHsA, BBIHOCHMBIE HA 3AIIUTY:

- pa3paboTaHHbIA MOAU(UIIMPOBAHHBIN TPUHIIMI THIPOLMKIOHA, MTOJOKEHHbBIN B
OCHOBY CO3/1aHHs BBICOKO3(pPekTuBHOrO (puibTpa-cenaparopa aias ouuctku OX nBu-
rarens (3ammiieH nateHroMm P® Ha nzodperenne Ne 2 625 891);

- OLIEHKa HEeoOXOIMMOM U TOCTaTOYHOW TOHKOcTH (puibTpanuu OXX aBroTpaHc-
IOPTHOT'O JBUTATEIIS;

- HalileHHas 3aBUCUMOCTbh cTeneHr ouncTku OJK OT BENMUYMHBI pacxoa >KHJIKO-
CTH Y Pa3MepPOB TBEPABIX YaCTHUL 3arps3HEeHn B co3ganHoM ['OC;

- pa3paboTaHHas METOJUKA NPEIBAPUTENILHOTO THAPABINYECKOIO pacueTra Tuj-
POIUMKIIOHHOTO (PUIIbTpa-cenapaTopa;

- BBISIBJICHHbIE UICTOYHMKHU 0Opa3oBaHus 3arpsisHeHU OXK u cucteMbl oxiaxie-
HUS JBUTATEIS B LIEJIOM;

- pa3paboTaHHBIE METOJIMKH UCCIENOBAHUS YCTPOMCTB OUUCTKHU ((priibTpoB) OXK,
a Tak)Ke MOJATOTOBKU M MOCIEAYIOLIEr0 XUMHUYECKOr0 U (PPaKIIMOHHOTO aHaju3a 3a/ep-
YKAHHBIX THAPOIUKIOHHBIM (PUIBTPOM-CENapaTopoOM YaCTHI] 3arpsI3HEHU;

- BBISIBJICHHBIM XUMHUYECKUH U (PPaKIIMOHHBIA COCTaB YaCTHUIl 3arpsA3HEHUl, oOpa-
syromuxcst B COKO nBurarens.

Peanu3anusi pedyabrartoB padorbl. Ha ocHOBe pe3ynpTaToB NpPOBEAECHHBIX
HAYYHO-HCCJIEIOBATEIbCKUX U OIBITHO-KOHCTPYKTOPCKUX pPaboT OBLJIO CO3/[aHO He-
ckonbko Momudukanuii ['®C u ocBoeHo ux cepuitHoe mpousojctBo (TY 28.29.12-
001-31706395-2018) Ha 6a3e cozmanHoro B 2018r. Majgoro MHHOBAIIMOHHOTO TIPEATPH-

atus - OO0 «HTL «ABToCdepa» npu Bal'¥Y». Psan o6pasuoB ['®C 6611 ycTaHOBINIEH B
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2016-2017 rr. Ha ropojckue aBToOychl MAN u Mercedes B aBTOTpaHCIIOPTHOM TIpe-
npusituu 1. Brnagumupa — OOO «burAsto-Tpanc» (rpynna kommnanuii). Co3naHHbIe
monupukammu ['OC npumensitores ¢ 2018r. B aBTOTpaHCHOPTHOM MPEANPHUITHH T.
Brnagumupa — OOO «AJIM» Ha aBroOycax Bomrabac, JIuA3, MAN. B Cankr-
[TerepOyprckom I'VII «llaccaxkupaBrorpancy maptust I'@C ycranosnena B 2021 r. Ha
ropojickue aBTooycsl HEDA3, JInuA3, Bonrabac. B AO «KoBpoBckuit anekTpoMexaHu-
yeckuid 3aBoa» (Brnagumupckas 00:71.) MpoOBOASTCS AKCILTyaTallMOHHBIE UCIBITAHUS U
MOATOTOBUTENIbHBIE pa0OTHI MO ycTaHOBKE Mogudukanuu ['@C Ha cepuiiHO BBITyCKae-
MYIO TPAKTOPHYIO U MOTPYy304HYI0 TeXHHUKY. Ha ocHoBanuu ykazanus [lpencenarens
HayuHo-TexHru4ecKkoro komuteTa (pa3BuTus BoopyxkeHuil) ot 28.02.2023 r. u ykazaHui
3aMECTHUTENI HavaJbHUKA [ 1aBHOrO aBTOOPOHETAHKOBOTO ynpaBieHuss MuHucrepcTa
oboponsl PO B anpene-mae 2023r. cennanuctamu «21 HaydHo-HccClIe10BaTeIbCcKOro
UCIIBITATEIbBHOIO MHCTUTYTa BOEHHON aBTOMOOWJIBHOW Te€X-HMKM MUHHCTEpCTBA 000-
ponbl POy ObutH ycnenHo npoBeAeHbl ucnbiTanus o0pasioB ['OC, ycTaHOBIECHHBIX HA
aBTOMOOWJIb crieruaibHOr0 HazHaueHus «bypan» u apmerickuii aBTomoomins KAMAS3-
4310 B 30He cnenuanbHoi BoeHHOU onepanuu. OO0 «HTIL] «ApToCdepa» npu Bal'V»
CEpUIHO TIPOU3BOAMUT W TOCTaBisieT co3nanubie [ DC 4-x moaubukaiuii pa3inaHbIM
NOTPeOUTENSIM B pa3HbIX PErMOHAX CTPaHbl, a Takxke B benapyck n Kazaxcras.
JloCTOBEPHOCTH Pe3yJabTATOB PA0OTHI MOATBEPKIACTCS CONOCTABICHUEM pe-
3yJbTAaTOB BHIMTOJTHEHHBIX TEOPETHUYECKUX PACUETOB M SKCIEPUMEHTAIBHBIX UCCIEA0BA-
HUW NPU UX MHOTOKPATHOM NPOBEPKE, YCTOMYMBOM BOCIPOU3BOJMMO-CTBIO JKCIEPH-
MEHTOB MPHU 33JaHHBIX MOTPEHIHOCTSIX H3MEPEHUI, a TaKXKe pe3ybTaTaMH peaIbHOU
HKCIUTyaTallii CO3AaHHBIX THUAPOIUKIOHHBIX (DUIBTPOB-CENapaToOpoB Ha aBTOTPAHC-
MIOPTHOM TEXHUKE. B Tporecce uccienoBaHnii MPUMEHSIIACh CTAHAAPTHAS U MTOBEPEH-
Has U3MEPUTENIbHAS TEXHUKA U MPUOOPHL. [Ipr XMMUYEecKOM aHamu3€e YacTHI] 3arpsi3He-
HUM UCHOJIb30BAJICS PEHTIEHO(PIYOPECHIEHTHBIA CHEKTPOMETP IOCIEI0BATEILHOTO
ananu3a ARL ADVANT'X (npoussomutens Thermo Scientific (CIIA), Ne 38436-08 B
['ocynapcTBEHHOM peecTpe CpeAcTB U3MepeHuil). [[nsi BU3yallbHOrO W3y4YE€HUs pealib-

HbIX 3arps3HeHuit CXKO ucnonp3oBaics TEXHUYECKUH YNpaBIsieMbI BUICOIHIOCKOI
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BbIcOKoro paspemienust jJProbe FX (Anonus) u USB-mukpockon «Mukpor-500» (Poc-
cus).

Anpobauus pad6oTbl. OCHOBHbBIC TOJOKEHHUS U PE3YJbTaThl TUCCEPTALIMOHHOM
paboTbl ObUIM MpEACTaBICHBI U OOCYKIAJTUCh HAa CIEAYIONIMX HAYyYHO-TEXHUYECKUX
KoH(pepeHnusax u hopymax:

- MexxnyHapoaHas HayqyHO-TIpakTHUeckasi KoHpepeHus «AKTyallbHble TTpo0Iie-
Mbl aBTOMOOMJIBHOTO TPaHCIOPTa» BiaauMupcKoro rocyJapcTBEHHOTO YHUBEpPCUTETA
uM. A.I'. u H.I'. CroneroBsix, B 2014 — 2020 rr., r. Bmagumup;

- Tperbs Bcepoccuiickas HayyHO-TeXHMUYECKas KOH(pepeHLUs «AKTyaJbHbIE
po0IeMbl MOPCKOM 3HEepreTukn», 13-14 despans 2014 r., r. Caukr-IletepOypr;

- XIV Bceepoccniickass BBICTaBKa HAyYHO-TEXHUYECKOTO TBOPYECTBA MOJIOJEKH
"HTTM-2014" 24-27 nions 2014 r., r. Mocksa, BJIHX;

- II Dxonomuueckuii popym «Brangumupckas o01acTh — TEPPUTOPUS AUHAMUY-
HOT'0 pa3BUTHUs», UtoHb 2014 1., 1. Bnagumup;

- MexaynapoaHas Hay4HO-TIpakTHueckass KoHpepeHus «Pa3pabotka u npous-
BOJICTBO JIBUTATeJIell U JPYTUX arperaToB U CUCTEM TPAHCHOPTHBIX CPEJCTB C MpPUME-
HEHUEM WH()OPMAIMOHHBIX TEXHOJIOTUIY, ntoHb 20151, r. [IpotBUHO MO;

- 6-1 Poccuiickas Hay4dHO-TIpakTHUecKas KOH(epeHIus «ABTOOycoCTpoe-Hue-
2015», okTs16ps 2015 1., 1. MockBa, ACM-XO0auHT;

- 7-1 Poccuiickas KOH(pEpeHLUsl MO PhIHKY I'Py30BOr0 M MAcCa)kKUPCKOTO aBTO-
tpancnopta «Kommepueckuit tpancnopt 2016», mapt 2016 r., r. MockBa, ACM-
XOJIIUHT;

- [X MexnyHapoHasi HaydyHO-TIpakTudeckas koHpepenuus «upopmaimontsie
M KOMMYHHMKAIlMOHHbIE TEXHOJOTMU B 00Opa30BaHMM, HAyKe U MPOu3BojJcTBEe», 2016 u
2017 rr., r. [IpotBrHO MO;

- MexayHapoiHblil BOeHHO-TexHu4Yeckuii popym «APMUA-2017», 26 aBrycra
2017 r., r. Kybunka MO;

- MHTK 8-¢ u 9-¢ Jlykanunckue uteHus. «IIpo6ieMbl U MepCrneKTUBBI Pa3BUTHUS

aBTOTPaAHCIIOPTHOTO Komruiekca», 2019 u 2021 rr., r. MockBa, MI'TY «MA 1N »;
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- [lerepOyprckuii MexayHApOIHbIN aBTOMOOMWIBHBIN caloH «[IMAC-2021», 8 —
10 anpensg 2021 1., r. Cankr-IletepOypr, KBL «3kcnodpopym»;

- Komuccnss MunucreperBa 06oponsl Poccuiickoit @enepanny 1o MHHOBALMOH-
HBIM MPOEKTaM U TexHoJIoTHsIM, 21 ¢eBpans 2023r., r. Kyounka MO;

- Beepoccuiickas HaydHO-TeopeTHUecKas KOHPEpeHIIUs « AKTyalbHbIe MPOOIeM-
HbI€ BONPOCH! (DYHKIITMOHMPOBAHUS M HAIPABJICHUS JAJTbHEUINEro pa3-BUTUSL CHCTEMBbI
aBTOTEXHUYECKoro obecreueHuss BoopyxeHHblx cuin Poccuiickort ®enepanun», 24
mapta 2023r., 21 HUM BAT Muno6oponst P®, r. bponnuus MO;

- ®opyM «/leHb mepenoBbIX TEXHOJIOTHI» BoMCKk HaMOHAIBHOU rBapauu PO —
Kpyrusiid cron «llepcrieKTUBBI pa3BUTUS BOOPYKEHUSI, BOGHHOM M CHELUAIBHON TEX-
HUKH BOWMCK HalMOHaIbHOU reapauu P®y», 7-8 urons 2023r., DxkcnoueHtp Ha KpacHoi
IIpecHe, r. Mockaa.

Casa3b padoThl ¢ HAYYHBIMUA ¥ MHHOBAMOHHBIMHU NporpammamMu. Yacte nuc-
CepTalMOHHON paboThl ObLIa BBINONHEHA B pamkax I[IpoektoB doHa conecTBUS UH-
HoBanusamM YMHUK (2013-2015rr., ucnonuutens Duaens [1.M.) u CTAPT-1 (2019-
2020 rr., moroBop Ne2914I"C1/45450 ot 29.03.2019, coucnonautens diigens [1.11.).

Myoankamuu. [To maTepuanam guccepTauyl OMyOJUKOBAHO 25 MEYaTHBIX pa-
00T, B TOM 4Hclie 2 MyOJIMKAlMU B BEAYLIUX PELEH3UPYEMbIX HU3AAHMIX, PEKOMEHI0-
BaHHbIX BAK PO, 2 nybnukanuu B 3apyOeKHBIX KypHaJIaX, Moyy4eHo 2 nmateHta PO
Ha U300pETEHUS.

JIn4HbIA BKJIaA. ABTOp HEMOCPEACTBEHHO MPUHSI AKTUBHOE YYacTHE B CO3/a-
HUU opurnHaiibHOro ['@C mJist OUMCTKH OT TBEepAbIX yacTull 3arpsizHeHud OX B cucre-
Max OXJaXJICHHUS Pa3IMYHBIX aBTOTPAHCIOPTHBIX IMOPIIHEBHIX JBHUTATENICH, B pa3pa-
00TKe J1Ta0OpaTOPHOM YCTAHOBKH, CO3aHUM ONBITHBIX o0Opa3uoB ['®C, a Takxe B mpo-
BEJICHUM BCEX AKCIEPUMEHTAIbHBIX U TEOPETUUECKUX UCCIEIOBAHUML.

Crpykrypa u 00beM padorThl. [[rccepTanus COCTOUT U3 BBEACHHUS, ISITH TJIaB,
BBIBOJIOB U CITUCKA UCIOJIb3yeMbIX HCTOYHUKOB, 2-X MpuiiokeHuil. Pabota comepxut
174 crpanunel neyatHoro Tekcra, 19 tabmum, 141 pucynoxk m 111 mamMeHoBaHUU

CIIUCKA JIUTEPATYPHI.
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I'JIABA 1. ITIPOBJIEMbBI U TEPCIHEKTUBbBI CUCTEM KUJIKOCTHOI'O
OXJAXKIEHUSA ABTOTPAHCIIOPTHBIX JIBUT ATEJIEN

1.1. TenaeHuM pa3BUTHUS CUCTEM KHIKOCTHOIO OXJIAXKIECHUS ABUTaTE el

Bricokue sHepreTrueckue, SKOJIOTHUECKUe U IPYTUe MOKA3aTelH COBPEMEHHBIX
aBTOMOOWJIBHBIX JIBUTaTeNIel OblH OBl HemocTHxkUMEI 0e3 s dextuBHbx CKO [1,2].

Jlo Hayana XX Beka MPUMEHsUIaCh CUCTEMA BO3YIIHOTO OXJIAXKIACHUS IBUTATEIs
(BCTpEYHBIM MOTOKOM BO3/yXa WJIM C TIOMOMIbIO BEHTUJISTOPA), MPH KOTOPOM H3JIHUIII-
HSISl TEIUIOTa OTAAETCS OKPYKAIOIIEMY BO3yXYy HENOCPEACTBEHHO. [l ynydiieHus oT-
BOJIa TEIUIa OT UMJIMHJIPOB U TOJIOBOK OHU OTJIMBAIOTCS U3 JETKUX CIUIABOB U CHaOXa-
I0TCS1 OpeOpeHneM, YBEITMUHUBAIOIINUM TUTOIIAIb KOHTAKTa C HAOETAIOIMNUM BO3TyXOM.

Haunnast ¢ 1910 roma npumensiiach TepMOCU(POHHASI CUCTEMA OXJIAXKACHMS, B
KOTOPOii OJIOK IUJIMHPOB JABUTATENS U €0 TOJOBKA BBIMOIHIACH C KaHATaMHM, 3aI0JI-
HEeHHbIMU oxJaxaatomen skunkoctrio (OXK). [Ipu paboTte nqBuUraresns Bojia HarpeBajiach,
a TUIOTHOCTh €€ YMEHbIIANach, U OHa MOJHUMAJIACh MO0 BOJIOCOOPHOI TpyOe B BEPXHIOO
4acTh paJnaTopa, Tlie OCThIBAs, BO3BpaIlaiach 00paTHO B OOk aBurarelns. B 3o Bpems
JUIsl 00/1yBa paavatopa MPUMEHSIICS BEHTWISATOP, a MO3KE B cUcTeMy ObuT J0OaBlieH
BOJSIHOW Hacoc, s ynyumenus uupkyiasaauu OXK B cucreme. [locne 1922 rona B nan-

HYIO CUCTEMY BIIEpBBIC 100aBwmiu TepmocTar [3,4,5].

[ToctrenenHo momHOCTH ABurartenen Bo3pacrana, a CXKO ycnoxusnace. K cepe-
JIMHE BTOPOW MOJIOBUHBI XX BEKa CTaja MIHUPOKO MPUMEHSTHCS 3aKphITas MPUHYIU-
TeJIbHAsl CUCTEeMa OXJIAXEHHUs, B KOTOPOUM yCTapeBIIMKA TEpMOCTAT CU(OHHOIO THUIA
OBLT 3aMEHEH Ha TEPMOCTAT C TEPMOCHUIIOBBIM 3JIEMEHTOM C TBEP/ABIM HAIlOJTHUTEJIEM, a
BMECTO BOJIbl TPUMEHSIACH €€ CMECh C HU3KOTEMIEpPaTypHbIM KOHIICHTpPaTOM (aHTH-
¢bpu3). B Takyro cucremy cTtan BXOAWTh PACIIMPUTENBHBIN 0a4oOK, JaTYMK TeMIepaTy-
pe1, Hacoc OXK, Tepmocrar, paguaTop, TETUIOOOMEHHUK OTOMMTENS CajlOHa, MACIISTHBIN

paguaTop JABUTATE.
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Ha ceromnsiiani 1IeHp BO3AYIIHOE OXJIAXKICHUE ABUTATEIIEN JIETKOBBIX ABTOMO-
Owie mpakTUYEeCKH HE MPUMEHSETCS M3-3a OYEBUHBIX HEJOCTATKOB 3TOr0 CIocoda
oxiaxaeHus [3-7]. [ToaToMmy B HacTosIee BpeMs Bce YCHIIHS pa3paOOTIYMKOB U IPOM3-
BOJIMTENIe aBTOMOOMJIBHBIX JBUTaTeNield HampaBieHbI Ha MOBBIICHHE d(P(HEKTUBHOCTH

CXO.

Copemennas CXKO 3naumTenbHO ycnoxuumuack [1-5,8,9], mo cpaBHeHMIO ¢ CcH-

CTEMaMH MPOILIOro Beka (pucyHok 1.1).

Pucynok 1.1 - YerpoiictBo Tunuunoit CXKO coBpemenHbix asurateieit [3]: 1 - paguatop
OXJIAXACHUS JBUTATENS; 2 - TepMocTaT; 3 - Hacoc OXK; 4 - macnsHbIN paauatop; 5 - paaua-
TOP CHUCTEMBI PEIUPKYJIISAIUNA OTPa0OTaBIINX Ta30B; 6 - maTunk Temmneparypsl OX Tepmo-
perynupoBanus /IBC; 7 - natuunk temnepatypsl OX; 8 - TemmooOMeHHuK oTonuTens; 9 —
pacuupuTenbHbIi 6auok; 10 - monomHuTenbHBIN Hacoc OXK

Taxoke B moI00HYIO0 CUCTEMY, KPOME COOCTBEHHO pajiaTopa OXJIaKICHHSI JIBUTA-
TEJIsI, MOTYT BXOJHUTh YCTPONCTBa KOHIMIIMOHUPOBAHUSI, OXJIAJUTEIH HAJyBOYHOTO

Bo3nyxa u penupkynmupyemMbix OI' m T.n. Ha coBpeMeHHBIX aBTOMOOWIISIX CHCTEMa
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OXJIAK/ICHUsI, TOMUMO OCHOBHOM (PYHKIIUM (OXJIAXKIACHUE JBUTATENS), BBINOIHSICT PSII

JOTIOJIHUTEIBHBIX [3-9]:
® HarpeB BO3/yXa B CUCTEME OTOIJICHHUS, BEHTUISAIIUA U KOHAUITMOHUPOBAHUS,;
e OXJIAXKICHUE MAacja B CUCTEME CMa3KH,
e OXJIaXACHHE OTPabOTaBIINX Ta30B B cucTeMe perupkysiiuu O,
® OXJIAKJCHHUE BO3JlyXa B CHCTeME TypOOHayBa U €€ KOMIIOHEHTOB,

® OXJaxJeHHE pabouel KUJIKOCTU B aBTOMAaTHUECKON KOpoOKe mepeiad.

Onnako B TpaauioHHbIX CXKO ¢ TpagulIMOHHBIM TEPMOMEXAaHUYECKUM TEPMO-
CTaTOM, HACOCOM C MEXaHWYECKUM MPUBOJOM U BEHTHJISTOPOM, ONTUMU3UPOBATH TETI-
JIOBO€ COCTOSIHME JIBUTATEJIS MPAKTUUYECKA HEBO3MOXKHO M3-3a OTCYTCTBHUSI YIIPABIISIO-
X B3aUMOCBSI3€M MEXKTy ITUMU TPEMsI BAXKHEUILIMMHU y371aMU CUCTEMBI.

o nocnegnero Bpemenu CKO ocrtaBanace, moxanyil, €IMHCTBEHHOW U3 CUCTEM
JIBUTATENIs, HE CBA3aHHOM C IPUMEHECHUEM DJICKTPOHUKH.

B cBs3U ¢ 3TUM B COBPEMEHHBIX JABUTATENSAX CUCTEMBI KUJIKOCTHOTO OXJIAXKICHUSI

VMMEIOT 3HAYUTENIbHBIE OTINYUSA OT TPAAULIMOHHBIX KOHCTPYKIUH.
Bentuasitop paguaropa

B coBpeMennbix CXXKO HauOosblee pacnpoCTpaHEHUE MOTYUYUI SJIEKTPUUECKUI
IPUBOJ BEHTUWJISITOPA, 00ECTIEUNBAIOIINN NIMPOKHUE BO3ZMOKHOCTH JJIsl PEryJIHMpPOBaHUS

(pucyHok 1.2).

PucyHok 1.2 - BeHTUISATOPBI paraToOpPOB € 3JICKTPOIIPUBOIOM (HDUPMBI
Delphi myst coBpemennsix CYKO [10]


http://dvigaem.net/?page_id=548
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Tepmocrar

B nacrosmee Bpemsa B CXKO Havaiiv MCHOJB30BATHCS TEPMOCTATBI HOBOTO MTOKO-
JICHUS C IPONOPLMOHAIBHBIM 3JIEKTPOYIIPABIAEMbIM KJIAIIAHOM U BCTPOCHHOW JUAarHo-
cTukoi. IIpy ucronp30BaHUM TAKOrO TEPMOCTATA NMPUHLIMIIHAIBHO U3MEHSIOTCS U pac-
LIMPSOTCS BO3MOYKHOCTH YIIPaBJIeHUs OTOKaMu TerioHocurens B CXKO, ocymecTsiis-
eTcsl THOKOE PEryJMpOBaHUE TEMIIEPATypPhl B 3aBUCUMOCTH OT PEKUMHBIX MapaMeTpOB
JBUTATENs, TEMIEpaTyphl B 1I000# 30He ruapasindeckoro tpakta CXKO, temneparypsl

JIeTaJICH IBUTaTeIIs U OKpY XKarolero Bo3ayxa u ap. [13,14,15,16].

[ToMrMO MpoOYMX, MPUMEHSETCA KOHCTPYKIUSA TEPMOCTATa C IEKTPUUYECKUM T10-
JIOTPEBOM BOCKOBOTO 3JIEMEHTA, KOTOPBI 00ECIeurnBaeT ABYXCTYNEHYATOE PEryIupo-

Banue Temrnepatypsl OX [3,4,5].

B tepmoctare ¢ 3nekTpoHHBIM ynpaeierueM ¢pupmbel Behr Thermot-tronic GmbH
UCTIONB3YIOTCSl AJIEKTPUYECKUE TMOJKIIOYCHUs ¢ MHTETPHUPOBAHHBIM B BOCKOBOH dlie-
MEHT HarpeBacMbIM CONPOTHBICHHEM, YTO ITO3BOJISICT TPUHYIUTEIHHO PACHIHPSTH
HAMOJHUATENb (BOCK) M HEMOCPEJCTBEHHO PEryJIMpPOBaTh TEMIICPATYPHBIH JUana3oH

JIBUTATEIIS 10 ONTHUMAaIbHON TeMreparypsl (pucynok 1.3) [17].

Pucynok 1.3 - TepmocTaT ¢ 31€KTpOH-
HBIM yTpaBiieHueM Gupmbl Behr

Thermot-tronic GmbH [17]: 1 — Beixon-
HOM MaTpyOoK; 2 — 3JEKTPUUECKHIA
pa3beM; 3 — BO3BpaTHas NpYyKuHA; 4 —
BXOJIHOM maTpy0ok; 5 — GaiinacHbIi na-
TpyOOK; 6 — KOpITyC TepMocTaTa; 7 —
TEPMODJIEMEHT
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Hacocsl OXK taxke nmpetepriesin 3HaUUTENbHbIE U3MEHEHUSI B KOHCTpYKIuu. B

COBPCMCHHBIX CXO Bce qamie MpuMCEHATOTCA dKUAKOCTHBIC HACOCHI C QJICKTPOIIPUBOAOM

(pucynok 1.4) [18].

Pucynok 1.4 - Dnekrpuyeckuil xKui-
KOCTHBIH Hacoc ¢upmer Pierburg oz
BMW 3-series (E90) [18]: 1 — kpbLib-
YaTKa; 2 — 3JEKTPOJBUTATENh CO CTATO-
pOM, BaIIUIIEHHBIM OT BO3ICHCTBHS
KHUIKOCTH; 3 — DIICKTPOHHAS HCIOIHU-
TeNbHAsI CHCTEMa

[IpuMeHeHre AIIEKTPUYEeCKOro Hacoca (0 CPaBHEHUIO C OOBIYHBIM MEXaHUYe-
CKUM) ¥ UCIIOJBh30BAHUE JICKTPOYIIPABISIEMBIX TEPMOCTATOB TIO3BOJISIET JIOCTUTATh 0O-
jee TMOKOTO YIpAaBJICHHS MOTOKAMU TEIUIOHOCHUTENS M 00€CIEYUTh CHHKEHHE NOTEph
Ha nepemeiieHue OXK. DnekTpuyeckuil Hacoc IMO3BOJISIET o0ecneduBaTh TpeOyemble
notokn OXK 6e3 3aBUCUMOCTH OT YacTOThbl BpallCHHs] KOJIEHYATOro Balla, YTO Xapak-
TEPHO I MeXaHn4eckux Hacocos [11,19].

IIpoxkiaaaka rojioBKu 0J10Ka HMJIMHAPOB ABUIaTE/sI

[Tpoxnanku I'BL] coBpeMeHHBIX ABUTaTeiell BKIIOYAIOT B ceOsl JaTUYMKUA TeMIlepa-
TYpBI, JaBJICHUSA U pacxoja xuakoctu [24,25]. Mcnonb3oBanue nHbOpMAIMH, MOTyYa-
€MOH OT ATUX JIaTYMKOB, MO3BOJSIET onTUMU3UpoBaTh padoty CXKO u nBuraresns B 1ie-

j0M (pucyHok 1.5).

Pucynok 1.5 - [Ipoxmanka romoBku 010Ka MUIUHAPOB C JaTYUKAMU TEMIIEPATYPHI, JaBie-
HUSI M pacxojia )KUJIKOCTU M CXEMa PacIoI0KEeHUs YyBCTBUTEIbHBIX 3JIEMEHTOB JIAaTYUKOB B
npokiaake [25]: 1 — 3amuTHOE MOKPBITHE; 2 — YyBCTBUTENIBHBIN DJIEMEHT JaTdyuka; 3 — TO-
KOIIPOBOIbI


http://ustroistvo-avtomobilya.ru/wp-content/uploads/2011/09/el-jidkostnoy-nas
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PaaguaTop cucreMbl OXJIAKIEHUS

KoHcTpykuus v TexHosiorust u3rorosiaeHus paauaropos CKO B nmociieqHue roasl
TaK)Ke MPETEPIIEBAIOT U3MEHEHNUs. JJoCTHKEHUsT B 00J1aCTH TBEPAOM MalKK JIETUPOBAH-
HBIMH IPUNOAMH 0€3 TPUMEHEHUS (IIFOCOB M Pa3BUTHUE METOJOB JIA3€PHOU CBApKH IM03-
BOJIWJIM CO3/aTh KOHCTPYKIMHU U3 MEIHBIX CIJIABOB C BHICOKOW MEXaHWYECKOW MPOYHO-

CTBIO IIPH 3HAYUTCIbHOM CHUKCHHUU MACChI paaraTopa U €ro Fa6apI/ITOB.

[ToMuMO 3TOrO, COBpEMEHHBIN paAUaTOp OTIUYAIOT OT YCTAPEBIIUX KOHCTPYK-
WA BEJIMYMHA TPOXOAHOTO CEYEHHUS TPYOOK, KOTOpPHIE CTAPAIOTCA MAaKCHUMAJIbHO
YMEHBIIUTD, ISl JOCTHXKEHUS KOMIAKTHOCTH pajuaTopa U MOBbIIIECHUS d(PPEKTUBHO-
CTH ero Tertootaauu [6,7,10].

OuiabTp OK (DPOX) He sABmsieTcs 00s3aT€NbHBIM KOMIIOHEHTOM CHCTEMBbI
OXJIAXEHUS, HECMOTPSI Ha TO, 4TO OH npegoxpanser CKO oT yacTuly HaKUIU U KOppo-
3un, ocobeHHo korga CXKO 3ampasisieTcss BOAOW U3 pa3IMYHbIX UCTOYHUKOB. Hakumnb
Ha HApYXXHBIX MOBEPXHOCTSAX THIb3bl IUIMHAPOB, MOJOCTAX TOJIOBKH 0Opasyercs
BCJIEICTBHE XUMUUYECKON KOPPO3HUM MPHU 3alPaBKE CUCTEMbI BOJOW. Hakunp u p:kaBuu-
Ha MEePEHOCATCS B MOJIOCTH TPYOOK paanaTopa, YTO TAKXKE CHIXKAET TEIJI00TIauy OT €ro
noBepxHocTel. ®OX ynmapmmuBaroT vactuilel 3arps3aennii B OX, 3amumas CXO [6,7,
6, 27]. 3a pyoexom puisTpbl OX ycranaBmmuBaroTcs ¢ 60-X TOJ0B MPOIUIOTO BEKa HA
HEKOTOpPbIE MOJICTM JIBUTATeNe, padOTAIOIMIMX B TSKENIBIX YCIOBHUSIX SKCILUTyaTalluu
(KapbepHBIE CaMOCBAJIbI, MATHUCTPATIbHBIC TATAUYU, CTPOUTEIBHO-IOPOKHBIE MAIIUHBI U

T.11.). B mocnieHue To/1bl UX MPUMEHEHUE PACIIUPSETCS U IS APYTUX aBTOMOOUIICH.

VY nanenne mexaHnyeckux 3arpssHeHnid u3 OXK ymeHbpIIaeT n3HAIMBAHUE U KOP-
po3HI0 JeTaliel, IpeaoTBpallaeT OTIOKEHHUsI Ha CTEHKE KaHaJIOB U CIOCOOCTBYET 3(-
(GeKTUBHON Mepeaaue Teria OT HarpeThiX MOBepxHocTed K kuakoctu [29]. Bompoc

¢unsrpammu (ounctku ) OX Gonee neranbHO OyaeT pacCMOTPEH Jajiee.

" B nanHoii paboTe UCTIoNB3YIOTCS 2 TepMUHA — QUIIbTpaLus U ouncTKa. OJJHAKO ClIeyeT OTMETHUTh,
YTO OHH HE SBJIAIOTCS TOXKIAECTBEHHBIMU. DUIbTpaIysl, M0 (PU3NYECKON CYTH, IPECTaBIsAET COOOM
yZaJeHue 3arps3HeHNI TIpY MIPOITYCKaHUM TEKYYUX cpes (Ta3bl, )KUIKOCTH) Yepe3 MOPUCThIe MaTepua-
761 wiu ceTku. OuucTka — 0oJee MIMPOKUI TEPMUH, MTOIpa3yMEBAIOIINN yJalleHUe 3arpsisHeHUH 13
TEKYYUX Cpe]] TIOOBIMHU CII0cO0aMu (THAPOJMHAMUYECKUMU, SJICKTPUUECKUMU H p.)
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Oxuaknamonme JKuaKOCTH

Opomoruss OXK He 3aBeplimiach NEPEXOJOM OT MPOCTOM HMPUPOIHOM BOMABI K
THJICHTJIUKONEBBIM kUAKocTAM. CBoiictBa OX (anTH(pu3a), KaK <GKHUIKOTO
AJIEMEHTa» CHUCTEMBbl OXJIAXKIEHUS, NPOAODKAIOT YIydllaTh BCE pa3padOTUMKU U
poM3BOIUTENN aHTU(pHU30B [6,7,23].

Conmn kapOOHOBBIX KHCIOT B KAaueCTBE HWHIMOUTOPOB KOPpPO3UU  JiA
OXJIAKIAIOIMIMX JKUJIKOCTEN BIIEpBbIE B MUPE HayaJld UCIOJIb30BaTh B cepeanHe 90-x
rogoB XX B. OCHOBHBIM CTUMYJIOM K TMOWCKY MPUHIUIHAIBHO HOBBIX WHTHOUTOPOB
SBUJIOCh CO3/IaHHE MOUIHBIX BBICOKO(OPCUPOBAHHBIX JABUTaTEleH, paboTalolmux B
YCIOBUSIX  TOBBIIEHHBIX TEMIEPATyp MW 3HAUUTENBHBIX TEIJIOBBIX TOTOKOB.
TpaaunmonHbie aHTH(GPU3BI ¢ HEOPTAHHYECKUME HWHTHOMTOpaMu Kopposuu (pocdarsl,
HUTPAThI, HUTPUTHI, aMUHBI, CHIIUKATBI, OOpaThl) HE MOIJIH OOCCICYUTh HAJICIKHYIO
3aIUTy HOBBIX JABUrareneii. MUpOBBIM MPOU3BOJUTENSAM OXJIAKIAIOIMIMX KUIKOCTEN
IPUXOJIUIIOCH YUUTHIBATh U KECTKUE HOPMBI IKOJIOTUYECKOM 0€3011acHOCTH.

SInoHCKHME TPOU3BOAMTENN MEPBBIMU B MHpE OTKa3aJUCh OT HCHOJIb30BAaHUS
CHJIMKATOB (METAaCUJIMKATa HATPUA) B OXJIAKAAIOMIMX KUAKOCTIX. CUIMKATHI SBIISIOTCS
3¢h(HEKTUBHBIMU UHTUOUTOPAMHU KOPPO3HH, HO B OOJBIINX KOHIIEHTPAIUSAX CIOCOOHBI
yXyJlaTh TEIIOOTBOJ 3a CUET HU3KOM TEIJIONPOBOJAHOCTH 00pa3zyemMoul 3aIiuTHOMN
IUICHKH.

Texuunueckue TpeboBaHMsI AMEpPUKAHCKOW acCOIMalMd 10  HCHBITaHUIO
matepuasioB ASTM D4985 u nopmarusel konmepHa Volkswagen 4G, pa3paboraHHbIE
JUISL TSDKEJIONM TEXHUKH, HE JOIMYCKalOT MPHUCYTCTBUE CHUIMKATOB B OXJIAXKIAOIIUX
XKuakocTax. B OompmmHcTBe amepukanckux OXK OTCYTCTBYIOT HHUTPUT-HUTpATHBIE
UHTUOUTOPBI KOPPO3UHM. DTU COCIMHEHHUS] MPEKPACHO MPEAOXPAHSIOT JETald HAaCOCOB
OT KaBUTALIMOHHOW KOPPO3UHU, HO B BBICOKMX KOHIICHTpALUSAX I'yOUTEIbHO JACHCTBYIOT
Ha TMpUIION, a TpH B3aUMOJCUCTBUM C aMUHAMU OOpa3ylOT CTOMKHME TOKCHUYHBIE
coenuHeHus (HUTpo3aMuHbl). DochaTHbie THTUOUTOPHI KOPPO3UH OBUIH 3aNPEIICHbI K
ucnojp30BaHuio B crpaHax EC, riaBHbIM 00pa3oM, Mo TpeOOBAHUIO IKOJIOTOB. bblIo
J0Ka3aHo, 4To Qocdathl, BEAEIAACH B OKPYKAIOLIYIO CPEAY, IPUBOAAT K YCUIIEHHOMY

pocTy OyphIX BOJOpOCIEd B BoJOeMax, Hapyias OajmaHc sKocucTembl. OrpaHuueHue
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cojiepkaHusi (pochaToB YMEHbBIIAET OTIOKEHHE HAKUIU B CHCTEME OXJIAKICHUS,
YIIyYIlIaeT 3alIUTy OT KAaBUTAIIMOHHON 3PO3MHM U XUMUYECKOU KOPPO3UH, YBEIUUUBAET
CPOK CITy’KOBI YIUTOTHEHHH JXHIKOCTHOTO Hacoca [30].

Ontumuszanusa aBuxkeHust norokoB OX nMmeer ocoboe 3HaUCHHUE MPU CO3TAHUU
BbICOK03(PhekTuBHBIX CXKO. [Ipu 3TOM BaXHBIM SIBIISETCS COCTABIEHUE KapThI pacmpe-
JIeJIeHUs] TIOTOKOB JKUJKOCTH B KaHAJIAaX OXJAXICHUS JABUTATENs, YTO MO3BOJsIET obec-
NEYUTh UHTEHCUBHOE JIBUXKEHUE JKUJKOCTU B 30HaX C BHICOKOW TEIJIOBOM HAMPSKEHHO-
CTBIO. B KpUTHYECKMX 30HAX JABUTATEIS MEJIeCO00pa3HO CHIKEHNE TUaMETPOB KaHAJIOB
10 10 MM ¢ COOTBETCTBYIOIIMM IIOBBIIIIEHHEM CKopocTel moroka OX mo 3...5 m/c (B
npyrux 30Hax C’KO ckopoct moToka oObIYHO HE IpeBbIaoT 1,5 M/c). s uarencu-
(dbUKaIy TEIJI00TBOAA OT HArPETHIX 30H JBUTATEIS TIEPCIICKTUBHO UCTIOJIBb30BaHUE HC-
KYyCCTBEHHO OPTaHM30BaHHBIX 3aKpyUCHHBIX (BUXpeBBIX) moTokoB OXK [1].

TensioBble akkymyJasiTopbl (TA) cIOCOOCTBYIOT YCKOPEHHUIO MPOTPEBA JBUTA-
TEJIsl IPU €0 XOJIOHBIX MTyCKaxX U HAXOJSAT Bce O0JIblliee MPUMEHEHNE Ha COBPEMEHHBIX
aBTOMOOMIIAX (B YaCTHOCTH, B COCTaBe€ TMOPHMIHBIX CHUJIOBBIX YCTaHOBOK). Ilpm mycke
JIBUTATENS )KUIKOCTh M3 TA, Harperas B EPHOJ] €r0 MPEAIIECTBYIONEH paboThI, TIPo-
KauMBaETCsl HACOCOM C DJIEKTPOIIPUBOAOM Yepe3 KaHaIbl CUCTEMBI OXJIAXKICHUS JIBUTa-
Tes. DTO TO3BOJISIET OBICTPO MPOTPETh JABUTATENIb M 3HAYMTEIILHO CHH3UTH BHIOPOCHI
€ro TOKCHYHBIX KOMITOHEHTOB B Mepuo 1 iporpea [1].

BricokodpPexTuBHbIe HHTEIEKTYadAbHbIe CIKO

Y4uuThiBas BBINIECKa3aHHOE, MOYKHO CHIEJIaTh BBIBOJ, YTO paCIIMpPEHUE TTPUMEHE-
HUS DJICKTPOHUKH Ha aBTOMOOWJILHBIX JBUTATENSAX B IMOCJICIHUE ACCATHIICTHS KOPEH-
HBIM 00pa3oM MEHSET TPaIUIIMOHHBIC MPUHIHIB (DYHKITMOHUPOBAHUS W KOHCTPYHUPO-
BaHMSI MHOTHX y3JI0B M arperaToB JBHTATENSA. DJICKTPOHUKA HHTETPUPYETCS B MCXaHH-
YECKUE Y3JIbI U MO3BOJISIET THOKO U KOMIUIEKCHO YIPaBJISATh Pa3HOOOPa3HBIMH TTapaMeT-
paMu JIBUTATelsl B 3aBUCUMOCTH OT pexxuMa ero padotsl. [ToaTomy yxke B Havaie 90-x
TOJIOB MPOIILIOTO BeKa MOSBUWIHCH pazpadoTku CXKO, BKIIOYAIONNE HHTETPUPOBAHHBIC
AJIEMEHTHI 3JeKTpoHHOM aBTOMaTuku. [logo6ubie CKO momyuwnsiv Ha3BaHUE HHTEJI-
JEeKTYaJbHbIX (aganTuBHbIX) cucTeM [31-40]. OcOOCHHOCTAMHU MEPBBIX BAapHAHTOB

HOI[O6HBIX CUCTCM ABWJIKWCH HNOAACPKAHUC B ABHUIATCIIC ONTUMAIbHOM TEMIICPATYPhI
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OX B 3aBHCHUMOCTH OT HArpy3Kd JBUTATENsl, TEPMOCTATHUECKOE PETyJIUPOBAHUE TEM-
nepatypsl OXK, yrpaBiieHUe BKIIOUSHHEM BEHTHIIATOpA paauaTopa [3,4].

Konnepr R.Bosch (I'epmanwusi) pa3pa®oTall CBOIO CHCTEMY YIIPABJICHUS TEILIO-
BBIM COCTOSIHMEM JIBUTaTess, MOJYUYMBIIYIO Ha3BaHuWE [ermomanagement, B KoTopoi
XKUJIKOCTHBIM HACOC U BEHTUJISITOP UMEIOT BJICKTPOTIPUBO/I, a PETYIMPOBAHUE TeMIIEpa-
TYpbl XKHUJKOCTH OCYHIECTBISIETCS TMPOMOPIMOHATIBHBIM KJIAMaHOM C 3JIEKTPOHHBIM
yIpaBJICHUEM U BCTPOCHHOM auarHoctukoi [8,12]. Takum oOpa3om JocTHraeTcsi Heoo-
XOJUMBIN OaJIaHC MEXAY pacxoaMu KUJIKOCTH U Bo3ayxa B CXKO, 4yTo mo3BoJIIE€T CHU-
3UTh 3aTPAThl MOIIHOCTH HAa MPHUBOJ Hacoca (B TOM YHCIE 3a CYET ero paboThl B 30HE

makcuMaiabHoro KI1J1) u BeHTHIsITOpa mpuMepHo Ha 60...80 % [11].

NuHoBanmonHas cucteMa TepMoperynupoBanus ITM, co3nanHas KOHIEpPHOM
Volkswagen AG, nipencraBisieT co0Oi OJUH U3 MPUMEPOB COBPEMEHHOW HHTEIUICKTY-
QIBHOU CUCTEMBI KUJAKOCTHOTO OXJIAXACHUS JBUTaTeiei. /JlanHas cuctema peaan3zoBa-
Ha Ha aBTomoOwmite Volkswagen Touareg Hybrid, a Takye npuMeHseTcss Ha JBUTATEIIC
4,2 1 V8 TDI u B moaHOM 00BEeMe peanm3oBaHa Ha apurarene moaenun CGRA 3.6 7 V6
FSI (pucyHok 1.6). OHa MO3BOJIAET peaar30BaTh TMOKYIO CXEMY XOJIOJHOTO ITyCKa,
IporpeBa JIBHUTATENS W KOPOOKHM Tepenad. 3a cUeT IICJICHANPABICHHOTO YIPaBICHUS
TEIJIOBBIMH MOTOKaMH OHa oOecrieunBaeT 0osiee OBICTPBIN BBIXOJT JBUTATENS M KOPOOKU
nepeaad Ha HanboJiee SKOHOMHYHBIE TEIJIOBBIC PEKHMMBI, a TAK)KE YCKOPSIET MPOTPeB

casiona [3].

Amnayiorn4Hble pa3pabOTKH BEIYT U Takue u3BecTHhIe Gupmbl kak Valeo, Delphi,
Wahler, DANA Corporation u ap. [10,14,15].

Takum oOpazom, pa3BUTHE aBTOTPAHCIIOPTHBIX MOPITHEBBIX JABUTATEIEH CBI3aHO
C HEMPEPHIBHBIM UX COBEPILICHCTBOBAHUEM ISl TIOBBIIICHUS HAACKHOCTH, YIyUIICHUS
MoKasaTesield TOTUIMBHON AKOHOMHUYHOCTH U TOKCHYHOCTH. [IpembsiBisitorcs Bce Oomee
BBICOKHME TpeOOBaHUS K OTACIBHBIM y3jaM U arperataM JBUTaTeliei, B TOM YHUCJIE U K
komnoHeHTaM CXKO, KoTopble KaK BUIHO U3 BBIIIECKA3aHHOTO, 3aMETHO YCJIOKHUINUCH
U TpeOYIOT BBICOKOTO KauecTBa M yucTOThl OXK, a Takke BCell CUCTEMBbI OXJIAKICHUS B

OCJIOM.
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Pucynok 1.6 - Cucrema tepmoperynupoBanus Ha asuratene CGRA 3.6 z V6 FSI xonmepna
Volkswagen AG [3]: 1 — orkirouaemblii Hacoc OXK 1 KimanaH peryaupoBaHus; 2 — TEpMOCTAT; 3
— natyuk temreparypbl OX; 4 —naTuuk Temneparypsl TEPMOpPETYIUPOBaHUS JBUTATENS; 5 —
OCHOBHOH pajaTop CHCTEMBI OXJIAXICHHS; 6 — MaCJISTHBIN paguaTop JBHTATENs; 7 — Hacoc 2
mupkyisinud OXK; 8 — 3anmopHBIN KilamaH CUCTEMbl OXJaXICHHS; 9 — TeMI000OMEHHUK OTOIH-
tens; 10 — oTkimovaromuii knanad teruiooomMenHuka macia AKII u knanan oxjiakaeHust Mac-
na; 11 — remmooOmennuk macna AKII; 12 — oOpatHbiii kmanan kontypa ['BLI; 13 — oTkiroua-
IOIUN KianaH Oysoka nuinHapoB u kinamad OXK Gnoka nunuHapoB; 14 — pacmmpuTenbHBIN
6a4ok; 15 — 6ok ynpasnenus [[BC; 16 — 6ok ynpasnenus AKII; 17 — 010k ynpaBieHus cu-
cremoii Climatronic; 18 — 6ok mumunapos; 19 — I'BII; 20 — oOpatHblit kianan oOpaTHO Ma-
ructpaim OK

K coxanenunro, KyJIbpTypa 3KCILTyaTalluH IMOPIIHEBBIX JIBUTATENEN B COCTABE pas-
JMYHBIX BUIOB aBTOTPAHCIOPTA YacTO Jajueka oT TpeOyeMoi, 4YTo MPUBOAUT K pa3iiny-
HBIM OTKAa3aM M HEHCIIPABHOCTSAM OTAENBHBIX 37eMEHTOB U noacucrem CXO nBurare-

neit [31-40].

1.2. HeucnnpaBHOCTH B CHCTEMAX KUAKOCTHOI0 OXJIAXKIECHUSA U UX BJIUSTHHE

Ha pa0oTy ABUTaTE/Ns

Ananuz JAaHHBIX 3KCILTyaTalluH aBTOTpaHCHopTHOP'I TCXHHUKH ITOKA3bIBACT, YTO OT

25 nmo 40 % HeucnpaBHOCTEH U 0TKa30B aBuratenei npuxomutcs Ha CYKO [49]. Yame
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Bcero HenoJiaku B COXKO nosBistores yxe nocie 150...200 teic. kM mpobera aBTOMO-
ouns (pucynok 1.7).

VY TpakTOpHBIX ABUTATENEH U JBUraTENe TSHKENbIX I'PYy30BUKOB (@ Takke aBTO-
O0ycoB), pabotatomux o0br4HO ¢ 70...90% Harpyskoii, u3-3a Oosiee TSHKENbIX YCIOBUN
AKCIUTyaTaIlil HETIOJIaIKH MOTYT BO3HHKHYTH yike mociie 500...700 gacoB padoTsl [27].
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Pucynoxk 1.7 - I'paduk BepositHocTH (P) 3aCOpeHUs paiuaTopoB
CHCTEMBI OXJIAXJCHUS B 3aBUCUMOCTH OT Tipobera (S) aBToMo0ums [69]

K ocHoBHbIM HeucnpaBHOCTIM CIKO OTHOCATCS pa3invyYHbIC TE€YH, Pa3pylLICHUE
MPOKJIAJIOK U CAIIBHUKOB, OIIMOKM B CpabaThIBaHUU TEPMOCTATOB U JTATYUKOB, 3aKYyIO-
pUBaHUE POTOYHBIX KaHAJIOB PA3IMYHbIX PAAUATOPOB, OJIOKOB M T'OJOBOK LIUIUHIPOB.
B ycnoBusx skcmtyatannu B CXKO u ee 3ieMeHTax MpOTEKAOT MPOLECChl KaBUTAIU-
OHHOM 3PO3MH M XMMHUYECKOM KOPPO3HH, MOSBIIIOTCS OTJIOKEHHS Ha TEIUIONEpENaro-
IIMX MOBEPXHOCTAX (HAKHUIIB), 00pa3yroTcs MPOAYKTHI pasjiokeHus aHtudpuszon. Bce
ATO NPUBOAUT K YXYJLIECHUIO TIepeaadu Terjia oT HarpeTbix Aetaneit apurarens B CXKO,
YTO MOYXET BbI3BATh €TI0 NEPErPEB U CHUKEHUE DHEPTreTUUECKUX MMOKA3aTENeH, a TaKKe

SHAYUTCIIbHO IIOBBIIIACT PUCK BbIXOAd ABUTATCIIA B ICIIOM M3 CTPO-I.

B nBurarensx ¢ 6onpuM pabouyuM 00bEMOM (JBUTATENH TPY30BBIX aBTOMOOU-
Jeil, aBTOOYCOB, CIENTEXHUKH M TP.) C «MOKPBIMUY» THUJIb3aMH IHJIMHIPOB, KOTOPHIC
HEIOCPEICTBEHHO KOHTAKTUPYIOT ¢ OXK, KaBUTAIMS THIIB3 SBJISCTCS OJHOM M3 TIIaBHBIX
po0JIeM, BIIMSIOIINX Ha CPOK CITy:KObI aBurareis [41]. [Ipu monepeyHbIx KoJeOaHUIX

I'JIb3bl, BbI3BAHHLIX ABMKCHHUCM IIOPIINHA, B OKPY)KaI-OH_IGII‘/’I KNIKOCTHU BO3HHUKAIOT BOJI-
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HBbI pa3zpexeHus u cxkarus. Harperas >KMJIKOCTb MOCTOSIHHO BCKUIAET M MPEKpalaeT
KUIIETh TP NOHWKEHUH U MOBBIILICHUH JABJICHUS. DTO IPOBOLMPYET KABUTALIMOHHYIO
9PO3UI0 TUJIB3BI, IPUBOJIUT K ee paspymieHnto (pucyHok 1.8). Paspymenne runb3 Tpe-

6y€T KaIIuTaJIbHOI'O pCMOHTA ABHUIaTCJIA.

Pucynok 1.8 - KaButanmonnas 3po3usi TWib3bl ABUrarens [41]

OT KaBUTAaLMM TAaK)KE CTPATaeT KPbUIbYATKAa HACOCA CHCTEMBI OXJIAXKJICHUS, IIPH-
YeM U B TPY30BbIX, U B JIETKOBBIX aBTOMOOWJISAX. 3J€Ch KaBuUTauusa (0Opa3zoBaHuE U
«CXJIONBIBaHHUE» MY3bIPHKOB) BO3HUKAET Ha NMepUPEpUN JIONACTEN KPbUIbYATKU 3@ CUET
YMEHBUIEHUS JABJICHUS MPU MOBBINIEHUH CKOPOCTH. DTH ITy3bIPbKM Pa3pyLIArOT Kpas
JIOTIACTeH, a B IPEICIbHOM CJIy4ae U KPbUIbYATKY B 1iesioM (pucyHOoK 1.9). B pe3ynbrate

NpUXOAUTHCs 3aMeHsTh Hacoc OXK [26,27].

Pucynok 1.9 - KaButannoHHas 3po3usi ¥ 3arpsi3HEHUE JIONACTEN KPbUIbYATKU KUIKOCTHO-
ro Hacoca asuratens [42]



27

Koppo3uoHHbIii clloi (p)kaBunMHA) HAa CTEHKAX KaHAJIOB JIBUTATENsl M pajuaTropa
CTaHOBHTCS M30JIATOPOM TeIlIa, TaK KaK MMEET TEIUIONMPOBOTHOCTh MpuMepHO B 50 pa3
MeHbIIyI0, yeM Mertamr (pucyHok 1.10) [42]. BosHukaer ciemyromias MPUIHHHO-
CJIEJICTBEHHAs CBS3h: JIBUTATENh XYK€ OTAAeT TEIUIO, paauaTop XYK€ ero MpUHUMAET,
JIBUTATEIb TEPETPEBACTCS, OXJIAXKIAOMIAst )KUIKOCTh TePErpeBaeTcsi, OTBOJ TEILIOBOM

HHEPrur OyJIeT MPOUCXOJUTD MPHU MOBBIIICHHBIX TEMIIEPATYpPaX.

Pucynok 1.10 - Koppo3uoHHBIii cii0if Ha BHYTPEHHEH MOBEPXHOCTH OJIOKA IBUTATENS U
BHYTPCHHEH MOJIOCTH pajraTopa ¢ 3aCOpeHreM KaHajos [42]

3acopeHue NpoXOJHOr0 CeYeHus TpyOOK paguaTopa NpOAYKTaMU HAKUIIU U KOP-
pO3UK IPHUBOJAUT K MOBBIIIEHUIO TemmepaTypsl OJK 1 B KOHEYHOM HTOre, K IEPErpeBy
JBUTATEIIS C TSHKEJIBIMU ITOCIEACTBUSIMU:

®  II0JIOMKA KOMIIPECCUOHHBIX KOJIEL] IIOPIIHEH;

®  HEIOMYCTUMBIA MPOMYyCK pabOYuX ra30B B KapTep JABUTATeNs U ObIcTpas Mmo-
Tepsl CBOWCTB aHTUKOPPO3UMHBIX U IPOTUBOU3HOCHBIX MTPUCATOK B MOTOPHOM MACIIE;

®  [AJCHUE MOIIHOCTH JBUIATEIIS;

e  u3MmeHenue 3a30poB B L{III" u KIIIM aBurarens, npuBoadIuX K METaJUIAYE-
CKOMY CTyKYy B JIBUTaTe€je, XOpPOILO MPOCIYIINBAEMOM IIpU €ro padoTe Ha XOJIOCTOM
XOJly, ITOBBIIIEHHOMY PacXoay MOTOPHOI'O Macila, 3aKJIMHUBAHUIO U Pa3pyLICHUIO JIBU-
KYIIUXCS JETANEe IBUTaTEs.

[Ipu oOHapykeHUM XO0Ta Obl OJHOW M3 YKa3aHHBIX HEHCIPABHOCTEW JABUTaTENb

JI0JDKEH OBITh OCTAHOBJICH, a TIPUYMHA HEUCIIPABHOCTH ycTpaHeHa [26].
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W3-3a mpoyKTOB KOPPO3UH (YacTHUIl prKaBUMHBI), Haxomsmmxcs B OXK Moxer 3a-
KJIMHHUTB TOJABIIKHBIC JIETAIM TEPMOCTAaTa, Pa3srepMETH3UPOBATHCS CATbHUK JKUIKOCT-
HOTO HACOCa, 3aCOPHUTHCS PaguaTop W JaKe KaHAibl OJOKa aBuTartens. B mpenenbHOM
cllydae paauaTop WM TOJIOBKA 0JIOKA IUWJIMHAPOB MOTYT MOJYYUTh TOBPEKICHHE B BHU-
JIe CKBO3HOM Koppo3suu [26,27,28].

YacTo BCTpedaroTCs CIyvad, KOTJIa B CHCTEMY OXJIaXKICHHs BCJICICTBHE HErep-
METHYHOCTH TMPOKJIAJOK IMOMaJacT MOTOPHOE Macio. MacisHas IJICHKa JIOKUTCS Ha
CTCHKH JICTaJICH CHCTEMBI OXJIXKICHUS U PE3KO CHIDKACT TEIUIONPOBOJIHOCTh. DTH OT-
JIOKEHUS TIPUBOMAT K TEPErpeBy ABUTATENS B JIETHEE BPEMs, TUIOXOMY 000OTpEBYy cajio-
Ha aBTOMOOWIIS 3UMOM, MPEKIECBPEMECHHOMY M3HOCY YIUIOTHHTEIIbHBIX MaTePHAJIOB, 3a-
na3bIBAHUIO cpadaThIBaHUS TEPMOCTaTa, JATUMKOB TeMIlepaTyp W T.A. B pe3ynbpraTe
9TOT0 HAOIIOIAETCs CHIDKEHUE pecypca ABUTATENsl U MOBBIIICHUE KOJUIECTBA OTKA30B.

Vcxozs U3 BBIMICH3IIOKECHHOTO, MOXHO CJIeJIaTh BBIBOJI, YTO BCE OIMCAHHBIC HE-
UCTIIPaBHOCTH, Bo3HUKaromme B CXKO, Hen30exHO BEAyT K HM3MEHEHUSAM B paboTe IBH-
ratens, yXyAIICHHIO0 ero pabounx XapaKTePHUCTHK, BILIOTH J0 €ro TMOJHOIO BBIXO/AA U3
cTposi. B3auMoCBSI3b MEXKTy M3MEHCHHUSIMH B CUCTEME OXJIKICHHS JBUTATENIA U M3ME-

HEHHUSIMHU B €10 paboTe MOXHO MPEJACTaBUTh CIIeAyIomnUM oOpa3om (prucyHok 1.11).

N3meHeHus B cuctemMe oxJaXaeHus

!

YmMeHbLIeHne
3acopeHue Hapywetve OTnoxeHust Ha npoxogHoro O6pa3soBaHue || O6pa3oBaHue | (O6pa3oBaHue
KaHanos pa6o1'b| Tenno- ce4vyeHus r1|;)0,quTOBv npoAayKToB npoaykToe
paauaTopoBs TepMocTaToB nepeaarowmx KaHanos XUMMNYECKON | |[KaBMTaLlMOHHOE |pa3noXeHus
NOBepXHOCTAX | |B ronioske 1 61oke Koppo3uu 3po3uun aHTUd pusa

[ [ I

AAAAA. v
Yxyawenue y CHuxeHue MosiBneHue
Tenno- MeHblueHue
N pecypca 3HepreTMYecKux TpewmH
nepe,c(\iabomeu neuratens W 3KONornyeckux | B uMnuHAape unm XnakocTHoro
€nocooHoCT! 1 nokasateneu ronoske 6noka Hacoca u

ne‘ erpen N N TPI'"-: ocTaTa

Bbixoa u3

cTposi
P YTeuku

oxnagurtens

N3meHeHus B paboTe aoBuratens

Pucynoxk 1.11 - BausitHue u3aMeHeHul B CUCTEME OXJIXIACHHUS Ha paboTy ABUraTess
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3apy0Oexnbie uccienopanus [27,28] CXKO aBTOMOOMIBHBIX JABUTaTEsICH MMOKa3a-
J1, 4TO TOJIbKO Okoyio 30% HX KOJUYecTBa MMEIOT OTHOCUTENIbHO yucTyro CXKO,

OCTaJIbHBIE XapaKTEPUIYIOTCS CPEAHEN U BEICOKOM 3arps3HEHHOCTHIO (pUCYHOK 1.12)

K, %]
31,4%
30 4
20 -
171% 17,1%
12,9%
10%
10 1
57%
43%
. o
0- L | L | | | -
YucTbii Hesnaum- Cnerxa Mano Ymep C OueHb
TEeNbHO  3arpASHEH 3arpASHEH  3arpsAsHeH sarp sarp
sarpsisHeH sarpsisHeH

YpoBeHb 3arpasHeHHocT ¢unbTpoB OX

Pucynok 1.12 - Pe3ynprarsl ananu3za 3arpsasHeHHoctr COKO geurareneit B mporecce
IKCIUTyaTalluu 3apyOeIKHOM aBTOMOOMIIbHOM TeXHUKH [27]

B nameil crpane nogoOHbIE HCCIIEIOBAaHUSI HE TPOBOJIUIIUCH, HO MOKHO YBEPEH-
HO IoJlaraTh, 4To cuTyaus ¢ 3arps3HeHusMH COKO oTedeCcTBEHHBIX aBTOTPAHCIIOPT-

HBIX HBHFaTeﬂeﬁ CIIc OoJiee TsKeasl.

[TpoBeneHHbINM aHAM3 U 000OIIEHHUE OIBITA YKCIUTYyaTallMid M BBITTOJTHEHHBIX HC-
cnepoBanui CXKO aBTOTpaHCHOPTHBIX JIBUTATENCH MO3BOJISIET CAEIATh OJHO3HAYHBIN

BbIBO/. IIPAKTUYCCKN BCC HCUCIPABHOCTU M OTKA3bl CUCTCMbI OXJIAXKACHUSI U €€ DJIC-

MCHTOB BbI3BaHbI MCKJIIOYMTCIIbHO YdCTHIIaMH SaFDHBHeHHﬁ, NUPKYIIMPYIOIMIWUMHA C aH-

TI/Id)DI/ISOM B CUCTEMEC, KOTOPHBIC 3aTEM IIPECBPAILIAOTCA B OTJOXCHHNA Ha CTCHKAX TCIIJIO-

nepcaaronimnx HOBeDXHOCTCﬁ H B IIPOTOYHBIX KaHaJIaX CUCTCMBI.

Kpome 3TOro, yacTuiibl 3arps3HEHUM MOBBINIAIOT BEPOSITHOCTH BO3SHUKHOBEHU S
kaBuTaroHHbIX sBieHui B CXKO [71]. T.e. mpu HaaMuuM TBEPABIX YACTHI[ 3arps3He-
Huii B OXK npoucxoauT «caMopa3roHsIIOIIMICS MPOoIece KaBUTaAUKU — 4eM OOJIbIIe Ya-
CTHI], TEM CUJIbHEE KaBUTAIUS, Y€M CHJIbHEE KaBUTAIMS — TeM OOJIbIIIEe TBEPABIX Ya-

CTHI1I, 00pa3yONIMXCsl MPY KaBUTAIUOHHOW 3PO3UH.
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B CBs3U ¢ U310)KEHHBIM MOKHO KOHCTAaTHUPOBATb, YTO HAJIMYNEC YACTHUIL 3arpA3HEC-

HUM paznuyHoil npuponabl B OXK kpaiiHe HEeXeNnaTeIbHO U MOXKET IMPHUBOJUTH K TSXKE-

JIBIM HETaTHUBHBIM ITOCJICACTBUAM AJISI ABHUI'aTCIIA.

1.3. 3arpsizHenust O%K 1 X MICTOYHUKH

Bce ykazannbie npobsemblr CXKO mnpu 3KcITyataliui aBTOTPaHCIOPTHBIX J{BUTA-

TeJel B 3HAUUTENIbHOM cTeneHu o0ycioBiieHbl HamuuneMm B OXK 3arps3sHeHuil pasznud-

HOU IPUPO/IBI.

[Ipumenenue adcomotHo yncto OXK B CXKO aBTOTpaHCHIOPTHBIX JBHUTraTeseH

IMPAKTHYCCKHU HCBO3MOXKHO, IIOTOMY 4YTO BCCTAa 6y,Z[YT CyIICCTBOBATb TCXHOJIOITNYCCKHC

Y DKCITyaTallMOHHBIE YCIIOBUS, CIIOCOOCTBYIOIIME 00pa30BaHUIO 3arpsA3HeHui. [IpuH-

HMUIIHAJIbBHO BO3MOJKHBI TOJIBKO TPpHU IIYTH ITIOSABJICHHA 33Fp513H€HI/II\/JI B O)K, B COOTBCT-

CTBHUH C KOTOPBIMH CaAMM 3arpA3HCHUS MOKHO KJIaCCI/I(i)I/IHI/IpOBaTB Ha:

1. IMPONU3BOACTBCHHO-TCXHOJIOITHYCCKHC,

2. BHYTPEHHHE dKCIuTyaTanmonusie, oopasyromuecs B CXKO B mporiecce padoThI;

3. BHeIIHUE dKcIutyaTarmonnsie, BHocuMble B COKO u3BHE B mporiecce pabOThI

(Tabmuma 1.1).

Tabmuua 1.1 — Mctounuku 3arpsszHenuit C2KO

Ucrounuknu 3arpsizHennii COKO

IIpousBoacTBeHHO- IKCIIyaTAaMOHHbIE
TeXHOJIOTHYEeCKHe
Oopa3yomuecs BHYTpH | [Toctynaromue B CXKO
CXO U3BHE

1. ®opMOBOYHBIIT ITECOK

1.ITpoayKThl KaBUTALMOHHOM
3pOo3UHU

1.Ilecok

2. Metannmuueckasi CTpyKKa U
OMUJIIKA

2. IIponyKTbl XMMHYECKOM

KOppO3HUH

2. YacTuupl repMeTrKa

3. OkanuHa

3.Hakunb 1 OTII0KEHUSA

3.®parMeHThl NPOKIAJA0K

4. OcTtaTku CcMa304YHOOXJIA-
JKITArOIIEeN JKUIKOCTH

4.11ponyKThl pa3ioKeHUs aH-
Tudpuza

4.0cTaTtku
CPEJICTB TepMeTHU3aIuU
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IlepBblii BUJ 3arpsi3HeHUi (IIPOU3BOJICTBEHHO-TEXHOJIOTHYECKUE) HEU30EHKHO
oOpasyeTrcs elie Mpyu U3rOTOBJICHUU JBUTATENsA. TakMMU 3arpsA3HEHUSIMH MOTYT OBITh
YACTHUIIbl METAJNTMYECKOW CTPYKKH M OINWJIKH, BOBHUKAIOUIUME B IMPOIECCE MEXaHUYe-
CKOM 00pa®oTkM OJIoKa HMWJIMHAPOB W TOMAJAIONIUE B CIIOXKHBIC IOJOCTH PyOaIiKu
OXJIAXJICHUS. B 3TUX MONOCTAX MOTYT TaK)K€ OCTAThCSA YaCTHIBI (POPMOBOYHOTO TECKa
OT JIUThEBBIX (POpM IMpHU OTIMBKE OJIoKa. B CBSA3M ¢ TeM, UTO COBPEMEHHBIC JIBUTATEIIN
HMEIOT CJIOXKHBIE (POPMBI MOJIOCTEN pyOaIek oXJaXaeHUs, yIaJIUTh U3 HUX YKa3aHHbBIC

3arpA3HCHUA 10CTAaTOYHO CJIOKHO.

B npouecce npon3BoACcTBa ABUTaTENEN NPEAITPUHUMAETCS LENBIN PAJT CIICIIATb-
HBIX TEXHOJIOTMYECKHX MEp, HAIPABJICHHBIX HAa OYMCTKY JIeTajell U y3JIOB JIBUTATeeH
OT 3arpsi3HEHUN (METATUYECKUX OIMUIIOK U CTPYXKKH, OKAJIUHBI, TPs3H, (HOPMOBOUYHOTO
necka u T.1.). [{is 3Toro ucnosb3yercs BUOPOOYUCTKA OJIOKOB LIMJIMHIIPOB U TOJIOBOK,
MoOiiKa JieTajeil ¢ MpUMEHEHHUEM MMOBEPXHOCTHO-aKTUBHBIX BEIECTB, MTPOIyBKa KaHAJIOB

Y TIOJIOCTEH CHKAThIM BO3TYyXOM H JIp.).

Bropoii Bua 3arpsisHeHuii 00pasyercs B caMOil CUCTEME OXJIAXICHHS B MPOIIEC-
ce sKcruryatauuu. K 3Tum 3arpsa3HeHusiM OTHOCSITCS MPOIYKThl XUMHUYECKOW KOPPO3UU
¥ KaBUTAIIMOHHOW 3PO3UM SJIEMEHTOB JIBUTATENsl, YaCTUIIBI HAKUIH, (ParMEeHTHI pas3-
PYIIMBIIUXCSL YIUIOTHUTEIBHBIX 2JIEMEHTOB, MPOIYKTHI pa3fiokeHus aHTtudpusa (reim)
U OTpaOOTAHHBIX MPUCATIOK K aHTUPpU3y U Jap. KomnuecTBo U cocTaB 3TUX 3arpsi3HEHUN
BO MHOT'OM 3aBHUCHUT OT KaueCTBAa MPUMEHSIEMBIX 3KCIUTYaTAllMOHHBIX MAaTEPUAJTIOB U OT
KYJbTYpbl TEXHUUECKOTO OOCTYy>KUBaHUS JBUTaTeNsl. [I0JIHOCThIO MCKIIIOYUTH ATHU 3a-

I'pA3HCHUA IIPAKTUYICCKH HCBO3MOJKHO.

Tperuit B 3arpsi3HeHMH IIPUBHOCUTCS B CUCTEMY HM3BHE B IIPOLIECCE DKCILTYya-
Tauuu aBToTpancnoptHoro cpenctsa (ATC). B cocraB Takux 3arpsi3HEHUN MOTYT BXO-
JIUTh YaCTHULbI IECKA, TPS3U, CWIIMKOHOBBIX TEPMETUKOB, OCTATKH MPENAPATOB IS Tep-
METHU3alKU TE€YEM, MACIISIHbIE U KUPOBBIE OTI0KEHUS U Ap. COCTaB M KOJIMYECTBO 3THX
3arpsA3HEHUN MPAKTUYECKHU MOJHOCTBIO ONpeAenseTcs KyabTypol skcruryatanuun ATC.
K coxanennto, B Poccun ypoBeHb 3TOH KyJIBTYPBI OCTA€TCS €Il€ HETOCTATOYHO BBICO-

KHUM, 9TO ¥ MpUBOaUT K nosiBiieHnto B CXKO 3arpsizaenuit storo Buaa [27,28,30].
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Paccmotpum otnensHble nponecchl, npotekaromue B CXKO, B pe3ynbraTte KOTo-

PBIX B CUCTEMC BO3HHUKAIOT 3arpsA3HCHUA paBHHqHOﬁ IIpUPOAHLI.

1.3.1. XuMu4veckasi KOppo3us

Koppo3uonnsie mnporecchl KiIacCUUUUPYIOT MO MEXaHU3MY B3aUMOJICHCTBUS
METaJIOB C BHEIIIHEW CPEeJIoil; M0 BUAY KOPPO3UOHHOM CPEJibl U YCIOBUSM MPOTEKAHUS
MpoIlecca; MO XapakTepy KOPPO3UOHHBIX pa3pylICHUM; MO BUJAM JIOMOJIHUTEIBHBIX
BO3JICMICTBUM, KOTOPBIM IMOJIBEPraeTcsi METall OJHOBPEMEHHO C JAECHCTBHEM KOPPO3H-
OHHOM cpenbl. [1o MexaHHW3MYy MPOTEKAHUS PA3NUYAIOT XUMHUUECKYIO U BJIEKTPOXUMHU-

YEeCKYI0 KOPPO3HIO METAIJIOB.

XuMHYecKasi KOPPO3usi — 3TO MPOLECC B3aUMOACHCTBUS MeTaJlJIa ¢ KOPPO3UOH-
HOM cpelloil, NMpU KOTOPOM OKHUCJIIEHHME METajla U BOCCTAHOBJIECHHUE OKUCIUTEIBHOIO
KOMIIOHEHTA CPe/Ibl MPOTEKAIOT €AMHOBPEMEHHO B OJJHOM akTe. [IpoaykThl B3auMoae-
CTBUS IPOCTPAHCTBEHHO HE PAa3/ICJICHBI.

DJIeKTPOXUMHYECKAs] KOPPO3Usl — 3TO MPOLECC B3aUMOJICUCTBUS METaJla C
KOPPO3UOHHOM cpenor (pacTBOPOM 3JIEKTPOJIUTA), MPU KOTOPOM HMOHHU3AIMS aTOMOB
METaJIJIJa U BOCCTAHOBIICHHE OKHUCIHMTEIBHON KOMIIOHEHTHI KOPPO3UOHHOM Cpe.bl Mpo-
TEKAIOT HE B OJTHOM aKT€ U UX CKOPOCTH 3aBUCST OT 3JIEKTPOJHOTO MOTEHLIHANIA.

[To BUAY KOPPO3UOHHOM Cpebl U YCIOBUSIM MPOTEKAHUS PA3IUYalOT HECKOIBKO
BUI0B Kopposuu [44]:

1. raszoBas koppo3us;
aTMoc(epHasi KOppOo3usi;

OMOKOPPO3USL;

KOHTaKTHasl KOPPO3US;

paualuoOHHAasI KOPPO3USL;

KOPPO3Hs BHEITHUM TOKOM M KOPPO3HsI OJIyKAAIOIIUM TOKOM;

KOppo3u:A IIpu I[CI\/'ICTBI/II/I MEXaHHMYCCKOI'0O HAIIPSIKCHU A,

L N o a bk~ DN

(bpeTTUHr-KOppO3HUsl.
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B CXO nBurareneil, KpoMe€ XHMHYECKOM M JJIEKTPOXUMHUYECKON KOpPpO3UH,
HanOoJIee YacTo BCTpEYaeTCsl KOPPO3Us NP ACHUCTBUU MEXaHUYECKOTO HAIPSKECHHUS.

Koppo3us mog MexaHn4ecKuM Halps>KEHUEM BBI3BaHA OJHOBPEMEHHBIM BO3JEH-
CTBHEM KOPPO3HMOHHOW CpPEAbl U MEXAaHWYECKUX HamnpspkeHuM. Ecin 3To pactaruBaro-

[[UE HAMPSKEHUS, TO MOKET MPOU30UTH PACTPECKMBAHUE MaTepurara.

Ecnn Mmeraiumueckue W3aenus MOJABEPTarOTCA LUKINYECKUM PaCTITMBAIOIIMM
HaIIPSHKEHUSAM, TO 3TO MOJKET BBI3BaTh KOPPO3HOHHYIO YCTANOCTh. [Iponcxomur nonu-

KCHHE TIpejielia YCTaloCcTn Metajuia [44-47].

IIo XapaKTCpy HU3MCHCHHSA ITOBCPXHOCTH MCTAJZIda HJIM CIIJIaBa Pa3JindarOT HC-

CKOJIbKO BHJIOB KOPPO3UOHHBIX pa3pylieHui (pucyHok 1.13).
a 8
L) W) 72 Nk
0 e e 3

Pucynoxk 1.13 - Buasl koppo3uu: a — CIUIOLIHAs paBHOMEpHasi; O — CIJIONIHAs HEpaBHOMEpHAs;
B — CTPYKTYPHO — U30MpaTenbHas; I — MATHAMU; J — 3BaMH; € — TOYKaMu (TUTTUHTOBas); XK —
MOANOBEPXHOCTHAS;, 3 — MEXKKpUCTaNbHas [44]

1.3.2. KaBurauuoHHasi 3po3us

KaBuranus (ot nat. — cavitas, mycTora) — mporecc o0pa3oBaHUs B HKHIKOCTSIX
(0OnamaronMX BHICOKOM TEKYUYECThIO) BO3AYUIHBIX MOJOCTEN (KaBEpPH) C MOCIETYIOIIUM
UX PE3KUM 3aKPBITHEM («CXJIOIMbIBAHHEM)), COMPOBOKIAIOUINICSI OrPOMHBIMU JIOKAJIb-
HBIMH JTaBJICHUSIMH, JCUCTBYIOIIMMH Ha TBEPJbIC Tella, TPaHUYAIUE C KHUAKOCThIO. B
pe3ynbTaTe KaBUTAIMH IPOUCXOAUT TOYEHHOE pa3pylleHue (3po3usi) TBepabix Temn. Ka-
BUTAI[MOHHBIE MPOLIECCHl BO3ZHUKAIOT MO/ ACUCTBUEM THAPOAMHAMUYECKUX U BUOpAIU-

OHHBIX siBIIcHU# [44].
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B CKO nBurareneil kaButanusi — 3T0 00pa30BaHUE U «CXJIOMBIBAHUE) ITY3bIPh-
KOB ra3a W Iapa B JKMJIKOCTU, HaXOJSIIENUCs B COCTOSIHUM, OJM3KOM K KumneHuto [11].
CooTHoIIEHUE COACP)KAaHUS Ta3a U Tapa B MOJOCTH My3bIPhKa MOKET OBITh Pa3IMIHBIM
(TeopeTHUYecKHu OT HyJIs 0 €IMHULIBI). B 3aBUCHMOCTH OT KOHIICHTpAIIMK Mapa WU ra3a
B MOJIOCTU UX HA3bIBAIOT MApOBBIMU WM ra3oBbiMU. HeoOXoaumo OTMETUTH, YTO TO-
HUKCHUE JIaBJICHUS B JKUJIKOCTU JO JABJICHUSI HACHIIICHHBIX MAPOB BO3MOXKHO TaK»kKe
IpY KUTIEHUW WM BaKyyMHPOBAaHUU KUJAKOCTU. Ho 3TH mporecchl pacpocTpaHsoTCs
10 BCEMY 00bEMY KUJKOCTH, B OTJIUYUE OT KaBUTAIIUU, KOTOpPas UMEET OTPAaHUUYCHHYIO
obacth [12].

KaBuranmonnast spo3usi HaOII0Aa€TCs MPHU AKCIUTyaTallud TUAPOTYpOUH, rped-
HBIX BHHTOB, HACOCOB, KJIAMaHOB, 3alOPHBIX YCTPOUCTB B TpyOompoBoaax. OHa 00y-
CJIOBJIEHA HECTAIIMOHAPHOCTHIO MOTOKA >KUJKOCTH, oOTeKaroien TBepoe Teno. KaBu-
Talusl COMPOBOXKIAETCA THAPABINYECKUM YJIapOM, KOTOPBIN U SIBISICTCS MPUUYUHOU Ka-
BUTAIIMOHHON 3po3uu. BO3HUKHOBEHHE MYy3bIPHKOB MPOUCXOIUT B OOJACTH HHU3KOTO
JIABJICHUSI, & UICUE3HOBEHHUE — B 00JIaCTH BBICOKOTO AaBieHus. Takum oOpazoM, 00J1acTh
KaBUTALIMOHHOTO Pa3pyIlIeHUsI 4acTO ObIBAET 3HAUYUTENILHO yajeHa OT 30Hbl BO3HUKHO-
BEHUS MTy3bIPHKOB.

[TepBoHaYaIbHO MIPOUCXOUT MPOTPECCUPYIOIIEE PA3PHIXJIICHUE MaTepuala, mpu-
BOJISIIIIEe K 0Opa30BaHUIO MHOTOYUCIICHHBIX MUKPOTPEIINH. 3aTeM HAaUYWHAETCS BBIKpaA-
IIMBAHUE MEJIKUX 4acTul. [Ipu ompeneneHHbIX YCIOBHUSIX KaBUTAUMOHHAS 3pO3Usl MO-
JKET B THICSUU U JIaXK€ COTHHU THICSAY Pa3 MPEBOCXOAUTH CKOPOCTh KOPPO3UOHHOIO pas-
pylIeHHs B TOW ke cpene. Ha paspylienue neraner npyu KaBUTALMOHHOM BO3IACHUCTBUU
KUJKUX cpell OOJIbIIIOE BIMSHUE OKA3bIBAIOT COCTAB M CTPYKTypa CIUIaBa MeTajlia U

CKOpoCTh TIoTOKa [44-51].

1.3.3. O0pa3oBanue 3arpsi3HeHUI U OTJI0KEHHI
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OnHOM 13 OCHOBHBIX MPUYMUH CHUKEHUS HHTEHCUBHOCTH TEIJIOOOMEHA MpHU IKC-
ryatauuu CXO sBrsercst oO6pazoBaHue Ha TEIIOOOMEHHOM MOBEPXHOCTH OTIOXKEHUH,

KOTOPBIE OKa3bIBAIOT JIOTIOJIHUTEIILHOE COMPOTUBIICHUE Tetuionepeaade (pucyHok 1.14).

Pucynok 1.14 - Otnoxxenust B paguaTope OTONUTENS FOpoICKOro aBTodyca [52]

K BemectBam, 00pa3yronMcs Ha MOBEPXHOCTAX U BIUSIOLIUM Ha TEPMUUYECKOE
CONPOTHUBJIEHUE TEILIONEPENAYE, MOKHO OTHECTU: MPOAYKTHI KOPPO3HH METAIJIOB, OT-
JIO’KEHHUSI COJIE M B3BEUIEHHBIX TBEPJbIX MpUMeEcel (IU1aM), BO3HUKAIOIIME B MOTOKE
TEILUIOHOCUTENIA TOJIMMEPHBIE COSUHEHHUs C UX MOCIEAYIOINUM OTJIOKEHUEM, KPUCTAJI-
JIM30BaHHBIE COJIM, OCEBIIME MPOAYKThI XuMUYeckux peakuuit OXK, agcopoupyrommecs

OPraHu4YCcCKUC COCANHCHUA U OP.

ITpomneccam oOpa3oBaHUsl OTJIOKEHUN TMOABEPNKEH HIMPOKHUI CHEKTp TErioo0-
MEHHOTO 000PY/IOBaHUS — OT PaIMAaTOPOB CUCTEM OXJIAKICHUS TBUTATENS U OTOTLJICHUS
aBTOTpaHcropTa (pucyHok 1.15) 10 TeXHOIOTHYECKOTO 000pYI0BaHUS MPOMBIIIUICHHO-

CTH U TCIIJIOOHCPI'CTHUKH.

Pucynoxk 1.15 - O6pa3zoBaHue OTI0KEHUN B KaHaJIax
paauaropa otorutens aBTomoomist BA3 [52]
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TonumHa 1 Temopu3nuecKue CBOMCTBA CIIOS 3arps3HEHUHN 3aBUCAT OT BPEMEHHU pa-
00TbI, CKOPOCTH MOTOKA TEIJIOHOCUTEINSI, TEMIIEPATypPhl, BEIUYUHBI TEIJIOBOTO MOTOKA,
KOHIICHTPAIIUU CHJIMKATOB (COCAMHEHUN KPEMHMSI), HAIMUUS MPUMECE B TEIJIOHOCH-
Teje, MaTepralia TeII000MEHHON MOBepXHOCTU. CHUITMKATBI OCaXKIAI0TCSl Ha TIOBEPXHO-
CTH METAJUIOB B BHJI€ HEPACTBOPUMOIO CJIOSI, YTO TAKXKE, KAK U CJIIOW P>KaBUMHBI, BEJIET
K neperpeBy asurarens [11,48-50,53-55].

C yueToMm mnepeduclieHHbIX (haKTOpPOB MPOIECC 00pa30BaHUs U POCTa 3arps3He-
HUW TIPEACTABISACTCS CIO0XKHBIM, IMOATOMY CIIOKHO CO3/aTh METOJIbI OLIEHKU TepMUYe-
CKOT'O COTIPOTHUBJICHHUS TAKUX OTJIOXKECHUI B mpoiiecce skcmyaTamnuu [15,50].

Taxxe nporneccy oopazoBanus otioxeHud B CKO criocoOCTByeT HEKaueCTBEH-
Hble aHTUu(dpu3bl. Hanbosee omacHel B 3TOM OTHOIIEHUM TaK HA3bIBAEMBIE «CUJIUKAT-
HBIC» aHTU(PPU3BI C BHICOKUM COJICP)KAHHEM CHJIMKATOB U MPOAYKTHI Pa3JIOKEHUS aH-
tudpu30B. [Ipu crapeHun anTudpu3a CHUKAIOTCS €ro 3allUTHBIE CBONCTBA, UTO BEJET K
00pa30BaHUIO B CUCTEME OXJIAXKJICHUS PA3IMYHBIX BUJIOB OTJIOXKEHUM. OCHOBHAS 4acTh
ATUX OTJIOKEHUM — T€ K€ HAKHWIIb, PKABUYMHA U MPOAYKTHI PA3JIOKEHHUS CaMOTO aHTHU-
¢bpu3za [49,54,55].

Taxxe mpu momagaHuu B cucteMy oxJaxkiaeHus OI' (uepe3 pa3pyliaromryrocs
MIPOKJIAJKY TOJIOBKM OJIOKA) WUJTM BO3/yXa (B MECTax YTEUKH), )KUJIKOCTh CTapeeT paHb-
e cpoka. Eciu Ha BHYTpEHHEW MOBEPXHOCTH PACHIMPHUTENILHOTO Oauka oOpa3yercs
xKerneoOpa3Has Macca MpH JITKOM MOPO3€, aHTU(PPU3 CTAHOBUTCS KalTUIICOOPa3HbIM U B
HEM BBINIAJIa€T 0CaJ0K. DTO CBUACTEILCTBYET 0 HeoOxomumoctu 3ameHnbl OX. Korna
aHTU(GPU3 CTAHOBUTCS PHDKE-OypPhIM, MOKHO CUUTATh, YTO KOPPO3HS JETATICH CHCTEMbI
OXJIQXJIEHHUS YK€ Hadanach. [loaToMy B TakoM citydae 3aMeHa aHTu(dpur3a HeoOXoauMa,
HE3aBUCHUMO OT TOTO, CKOJIBKO OH MPOCTY>KUIL.

Hcnonp3oBaHrne HEKAYECTBEHHOTO aHTHU(pH3a NMPHUBOAUT K MPEXKICBPEMEHHBIM
OTKa3aM B pabOTe CUCTEMBbI OXJIAXIACHHUS JBUTATEIIS: CUIILHOE BCIICHUBAHUE YXY/IIIIACT
OXJIQKJICHUE W TMPUBOJMT K MEPErpeBy TEIIOHATPSDKCHHBIX JIeTajel ABUTATeNs, Ha0y-
XaHUIO0 PE3WHOBBIX IIIJIAHTOB C 00pa30BaHHWEM YTEUeK, BBIXOJY W3 CTPOS PaJUaTOPOB,

BCJICACTBUEC €TI0 KOPPO3HOHHOI'O U3HAIIIMBAHUS U 3aKYIIOPKH TPY6OK.
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O,Z[HI/IM 13 KOCBEHHBIX MOKa3aTelel KauyecTBa aHTI/I(pr/ISa SABIIACTCA €0 3JICKTPO-

IMPOBOJHOCTD. BOHpOCBI, CBA3aHHBIC C JJICKTPOIIPOBOAHOCTBIO aHTI/I(prSOB, paccMmart-

PHUBAIOTCS UCCIICOBATEIAMH JIOCTATOYHO JaBHO [55,56,60].

I[J'ISI OIIPCACIICHUA q)aKTI/I‘ICCKOFO coctosHus OXK u ee 3aMCHBI, HCO6XOI[I/IMO

IIPOU3BOAUTH HepI/IOI[I/I‘IeCKI/Iﬁ KOHTPOJIb. Kaxk IMpaBuJIO, ICPUOAOM ABJIACTCA BCIIMYNHA,

KOTOpast U3MEPSIETCS B KMIIOMETpax mpodera v BpeMeHu (Mecsll, To1).

]_IJ'ISI CHMIXCHHA OTKAa30B I[CT&J'IGIZ, Y3J10B U CUCTCM ABUI'ATCJIA B IIPOLICCCC DKCILITY-

aTranuu, H€06XOI[I/IMO CBOCBPCMCHHOC O6Hap}7)K€HI/I€ HN3MCHCHHA OCHOBHBIX ITIOKAa3aTec-

Jiei KauecTBa aHTU(PHU30B.

B pa6ote [56] npu BBIOJHEHUH TEXHHYECKOTO OOCITYKUBAHKS 110 3aMCHE aHTH-

(bpma IMPOU3BOANIIACH OLICHKA COCTOAHHUSA ITOBCPXHOCTHU I[GTEU'IGﬁ CHUCTCMBI OXJIaXKAC-

Hus. Hmxke IMPUBCACHBI PE3YyJIbTATEI U3MCHCHHUA OCHOBHBIX MoKa3aTejieli KauecTBa aH-

Tmbpma, JABYX Pa3HbIX HpOH3BO,[[HT€J'I€ﬁ, IIpu pa60Te B CUCTCMC OXJIAXKACHUA ABUIaTC-

151 aToMoOmiieit BA3 ot mpo0Oera (kosIruecTBa U3pacxoI0BaHHOTO TOTUINBA).

Tabnuna 1.2 - PesynpraTsl ananu3a 3arpsizsaennocta CXKO B mporiecce

AKCIUTyaTauuu [56]

Haumenosanue mokazarens

[TpoGer (kon-Bo u3pacxomoBanHoro Torusa) ATC

C IBHUI'aTCJIEM

BA3-2115 BA3-21104

0 kM 1615 xm (128 1) 0 xm 1534 xm (111 )
1. InotrocTk mipu 20°C, 1/cM® 1,118 1,105 1,12 1,115
2. Temneparypa 3actbeiBanus, °C | <-29 <-29 <-29 <-29
3. BoopoiHbIi ToKazaTenb 7,82 7,31 7,21 7,25
(pH)
4. 11le104HOCTD, CM°, HE MEHEe 14,1 10,8 18,1 18,6
5. DIEeKTPOnpPOBOAHOCTE, OM™ 0,955-10 | 0,664-10° 0,852-10°% | 0,635-10°
-
6. Koppo3noHnHoe Bo3elCcTBUE
HA METAJUILI I/M? “CYT:
- M€Jlb 0,007 0,006 0,018 0,012
-JIaTyHb 0,002 0,002 0,001 0,005
- aJIIOMUHUN 0,001 0,007 0,001 0,011
- CTallb 0,01 0,026 0,08 0,019
- YyTYH 0,053 0,418 0,143 0,077
7. KoHnenTpanus npoayKkToB
KOPPO3MOHHOTO U3HAIIMBAHMUS,
/T
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Sn - <1 - <1
Cu - <1 - <1
Al - <1 - <1
Fe - 5 - <1

AHanu3upysi OCHOBHBIC IOKa3aTeIM KauyecTBa JKCIUTYaTHPYEMbBIX aHTH(PHU30B
(tabmura 1.2), ¥ olleHUBas COCTOSIHUE MOBEPXHOCTEN neTaineit u y3imoB CXKO, MOXHO ¢
OOJBITION CTEMEHBIO JOCTOBEPHOCTH JIeTIaTh YTBEPXKIEHUS O PabOTOCIIOCOOHOCTH JBU-

ratessl Ha 9TUX OXJIaKIAIOIIUX KUAKOCTIX M cpokax ux 3amensl [49,50,56,57,58].

1.4. Oxjaknaronue JKHAKOCTH M UX CBOMCTBA

1.4.1. Tunsl oXJ2KIAOMINX KUIKOCTEH

[TpuatunuansHo B KadecTBe OXK 1u1si aBTOTPAHCIIOPTHRIX MOPITHEBBIX JABUTATE-
JIel MOTYT HMCITIOJIb30BaThCs BOJIA, MOTOPHOE Maciio, aHTu(dpu3sl (0T anri. Antifreeze —
He3amep3aatomuii). [lepBbie 1BE KUIKOCTH MOKHO HE paccMaTpuUBaTh BBUAY TOTO, YTO
M3-3a IIEJIOTO Psiia U3BECTHBIX 0COOEHHOCTEH MX MPAKTUYCCKOE MPUMCHECHHE SBISICTCS
PEAKOCTBIO.

BOABIIMHCTBO COBPEMEHHBIX aBTOMOOWJIBHBIX aHTU(PU30B COCTOUT W3 OTH-
JICHTJIMKOJIS, BOJBI M TIPUCAZOK. B HEKOTOPBIX CIydasx BMECTO STHJICHTJIMKOJIS TIPUME-
HSIOT MEHEE TOKCHYHBINA MPOMUJICHTIUKOIb, HO TaKhe aHTU(PHU3bI HE TOJYYMIIU pac-
MIPOCTPAHEHUS M3-3a BHICOKOW CTOMMOCTH TPOIUJICHTIIUKOJS U XY/IITUX TETIOOTBO/IS-
IIUX CBOMCTB. ba3oBble KOMIOHEHTHI, BOJA M ATHJIEHIJIUKOIbL, COCTaBIIOT 93-97%
o0BbeMa JKHJIKOCTH, OCTAIbHOE — TMPHUCAAKU. IMEHHO TaKeT MpUCcaJoK OnpeaesseT Ka-
yecTBa aHTHU(PHU3a, €r0 aHTUKOPPO3HOHHBIC M aHTUKABUTAIIMOHHBIC CBOWCTBA, CPOK
OKCIUTyaTalfi, CTOMMOCTh U JIp. VIMEHHO mpucaakam, BBITYCKAEMBIMH HECKOJIBKUMU
¢upmamu B mupe (BASF, Arteco, Prestone u mp.), omim4arorcss aHTH()PU3BI pa3HBIX
MIPOU3BOJUTEIIEH.

AHTH(PU3BI peann3yoTcs Tu00 B BUIE KOHIIEHTPATOB, TUOO B BUJE TOTOBBIX K

IMPUMCHCHUIO X(PI,Z[KOCTCﬁ. KOHLICHTpaT aHTI/I(I)pI/IBa COACPKUT TOJIBKO 3THUJICHITIMKOJIb C
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npucaakamu. [Ipeanonaraercs, 4to BoAy noTpedurens J00aBUT CAMOCTOSATEIBHO, a OIl-
TUMaJIbHOE COOTHONIIEHUE KOHIIEHTpaTa W BOJABI COCTaBIACT ajisi Hamux mupot 50:50
no o0beMy. ['0TOBBIE K MPUMEHEHHUIO JKUJIKOCTH YK€ COJIEpP)KaT HYKHOE KOJIMYECTBO
JIEMUHEPAIM30BaHHON BOJIbI M PACCUMTAHBl Ha TEMIIEpaTypy Hadaia KpUCTaIA3aIuu
60 -37°C no 3apybexxHbpIM ctaHgaptam, Ju6o -40°C u -65°C mo poccuiicKuM CTaH-
naptam [58].

[lo cocTtaBy makeToB MPHUCAZAOK COBpPEMEHHbIC aHTU(PPU3BI JIEIATCS HA YEThIPE
TUNA — KapOOKCWIIaTHBIE, THOpHIHbIe, aHTU(pu3bl «Lobridy u Tpamunmonnsie. OT-
JIEbHYIO TPYIIY COCTAaBISIOT CHEIUaIbHbIe aHTU(GPU3BI IS TSHKEIO HarpyKEHHBIX
JBUTATENICH, KOTOPBIE YCTAHABIMBAIOTCS Ha KaphEPHBIX TPY30BHUKaX, OynIpIo3epax U
T.I1.

Tpaauunonnbie anTudpussl [42,58,59,60,44]— »T0, Tak Ha3bIBaeMbIC Heopra-
HUYECKUE TEXHOJOTHHU, B HACTOSIIEE BpeMsi B OCHOBHOM ycTapeBive. B 3apy0OexHoit
TEXHUYECKOH JMTepaType TPaaullMOHHbIe aHTU(PHU3BI 0003HAYaOT TepMuHamu: Tradi-
tional, Conventional, IAT (Inorganic Acid Technology). ITakeTsl mprcagok TaKKX aH-
TU(GPHU30B COCTOAT U3 PANUYHBIX KOMOMHAIIMN COJIEH HEOPraHMYECKUX KHUCIOT — CH-
nukaroB, ¢ocdaros, 6opaToB (Oypbl), aMUHOB, HUTPATOB, HUTPUTOB. KapOokcuiaTs! B
COCTaB TPAJUIMOHHBIX AHTU(PPU30B HE BXOIAT. AHTU(GPU3bI, coAeprKaniue OEH30aThl
(comu GEH30HOM KUCIIOTHI, OTHOCSIICIHCS K apOMaTHYeCKUM KapOOHOBBIM KHCIJIOTaM),
TaK)Xe€ OTHOCST K TpaaullMOHHOMY Tumy. B wactHOCTH, B cocTaB TpaguimoHHoro «To-
COJIa» BXOAUT OCH30aT HATPHSI.

Tpanuuuonusie aHTUGPU3BI TpUMEHSITHCH B 60-x — 90-X romax mpouuioro Beka,
a 3aTeM OBUIH MOCTETICHHO BBHITECHEHBI HOBBIMHU, 00JIE€ COBEPIICHHBIMHU THOPUIHBIMU U
KapOokcunaTHbiMU aHTU(pu3zamu. CeronHs 3a pyOeKoM TpaJWLIUOHHBIE aHTU(PU3BI
MPAKTUYECKA HE BBIMYCKAIOTCS M MCIOJIb3YIOTCS JIUIIh B CTAPhIX MOJEISX aBTOMOOH-
aeit. OTka3 OT MCMOIB30BAaHUS TPATUIIMOHHBIX aHTU(PHU30B CBSI3aH C HEAOCTaTKaMHU
HEOPTaHWYECKUX MPHUCATOK, KOTOPHIE BXOJSAT B HMX COCTaB. TakK, CHJIMKATHl UMEIOT
CKJIOHHOCTb K 0Opa30BaHMIO Tejieil U aOpa3uBHBIX YaCTHUI, CHIKAIOLIUX OTBOJ TEIIa OT
JIBUTATEJSI, 3aCOPSIOUIUX CUCTEMY OXJIAXKACHHS, Pa3pyLIAIOIIUX >KUIKOCTHBIM Hacoc.

®docarel MOTYT BBIIAAATh B OCAJOK MPHU CMEIIMBaHUU aHTU(dpu3a ¢ Bogoi. Hutputsl
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OUYEHb OBICTPO OKHCISIIOTCS U TPeOYIOT PEryJisipHOro nomnojiHeHus. Bce 3Tu Heopranu-
YeCcKHe MPUCAIKH JIOCTATOYHO OBICTPO PACXOIYIOTCS, M3-3a YEro CPOK IKCIUTyaTalluu
TPaJAWIIMOHHBIX AaHTH(PPU30B OTHOCUTEITHHO MaJl.

K TpamunnoHHbIM aHTH(]pH3aM OTHOCHUTCS OTEUYECTBEHHBIM Kiaccuuyeckuih «To-
con — AM», paspaboranusiii Oonee 50 jer Ha3aa, U ero MoAU(PUKAIIMN — aHTU(PHU3BI
«Tocom — A40M», «Tocon A65M», «Tocorm A40», OXK 40 «Jlema», OX 65 «Jlena» u
T.1. K TpaguunonusiM anTudpusam, BeITyckaeMbiM B Poccuu, MOKHO OTHECTH CHIIM-
KaTHbIE aHTU(PU3BI, TO €CTh KUJIKOCTH, COACPKAIINE COCAUHEHUS KPEMHUS (CUITMKa-
ThI) B COYETAHUU C TIEPEUNCICHHBIMH BBIIIE HEOPTaHUYECKUMHU NpucagkamMu. OCHOBHOM
HEJIOCTAaTOK CHJIMKATHBIX aHTH(PPU30B — MAJIBIA CPOK 3KcIuTyatanuu (He 6osiee 60 ThI-
CsY KM mpoOera) ¥ BO3MOXKHOCTD BBITIQJICHHUS CHIIMKATHBIX TEJICH, CHIIMKATHBIX OCajl-
KOB, HapyIIAIOIMKUX TEMI0BOW 0TBOA. CHIMKATHBIE aHTU(PPU3BI TAKKE COBEPIICHHO HE
3aIMIIAIOT OT KaBUTAlMK. [[puMeHeHne CUTMKATHBIX aHTU(PU30B 3aMpenieHo B 00Ib-
IIMHCTBE 3apyOexHbIX aBTromooOmieii: Ford, GM, Hyundai-KIA, Volvo, VW u npyrux.

OpHako B HaIIEH cTpaHe UCIIOJIb30BAHUE JAHHBIX aHTU(GPU30B MIPOIOIIKACTCS.

Kapo6okcuaarubie anTudgpusbl [56,59] npeacrasisiror coboii ciieayroiee mo-
kosieHue OJXK, OHM CUMTAIOTCA JY4YIIMMH, KaK MO CBOMM CBOMCTBaM, TaK U IO 3HAYHU-
TeIIbHOMY CpOKy 3kcruryaTanud. C koHma 90-x ToI0B OHU HCIIOJB3YIOTCS OOJBIITNH-
CTBOM MHPOBBIX IMPOM3BOIUTENCH ISl TEPBOM 3alpaBKU JBUTATENeH, B CEPBHCHBIX
LEHTpax IpH TEXHUYECKOM oOciyxuBanuu. Hampumep, cneunduxauus VWTL 774-F
(G12+) oTHOCHTCS K KapOOKCHUIATHBIM aHTU(pH3aM. MOXHO OTMETHUTh, YTO POCCHIi-
ckue aBto3aBoabl KAMA3J, JIuA3, ABTOBA3, I'A3 nauanu ¢ 2005—2006 rr. npume-
HATH JJII CBOCM TEXHHKM KapOOKCWIATHbIE aHTU(pU3bl. BOIBIIMHCTBO COOPOYHBIX
npousBoAcTB B Poccun — Ford, Renault, GM-Opel, Hyundai (TarA3), KIA (1:xABT0),

Volvo, Fiat, Komatsu — Tak»xe ncnoiabp3yrT KapOOKCHUIIaTHBIC aHTU()PH3BIL.

KapOokcunatHbeie aHTU(PPU3BI OTIIMYAIOTCS OT APYTUX aHTUPPU30B MO TEXHOJIO-
I'MH MIPOU3BOJICTBA MaKeTa MPUCATA0K, OCHOBY KOTOPOI'O COCTaBISIOT CONU anudaruye-

CKUX KapOOHOBBIX KUCIOT (KapOokcmiarel). KapOokcuaaThl SBISIOTCS TyUYIITUMU WHTU-
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OuTOpaMu KOPPO3UH, CTAOMIIBHBIMU TPU BBICOKUX TEMIIEpaTypax, BbIAEPKUBAIOIIUIMU

I[J'IHTCJ'IBHI)Iﬁ CPOK SKCILTyaTalnu, CpaBHHMBIﬁ CO CPOKOM CJIY)K6I>I aBTOMOOMJIS.

B 3apy0OexxHol TeXHUYECKOW JIUTepaType U B Ha3BaHUSAX aHTU(PPU30B BCTpeya-
I0TCS CIEAYIOINE TEPMUHBI 11 0003Ha4YeHUs KapOOKcwiaTHBIX TexHosorumii: OAT,
LLC, ELC umu XLC, SNF, SF, G12+ (nmo cnerudukamuu VWTL 774-F). [Ipunnmmnm-
ATPHOE OTJINYNE KapOOKCUIIATHON TEXHOJIOTUU OT IPYTUX TEXHOJIOTHUI COCTOUT B TOM, B
HEl OTCYTCTBYIOT HEOPTAaHMYECKHUE MPUCATKU, XapaKTEPHBIC sl TPAAUIIMOHHBIX aHTH-
bpu30B.

N3zBectHbIe KapOokcmnaTabie anTupus3bl Havoline XLC, Glysantin G30, Freecor
NRC, Ford Super Plus, Cool Stream Premium, Mobil Delvac ELC, Glyco Shell
Longlife, Dex Cool, Glas Elf Auto Supra, Prestone, criocoOHbBI 3KCILIyaTHPOBAThCS B
TEUEHUE JIMTEIILHOIO MEePHoJia BpeMEHU — HE MeHee 5 JeT, ¢ mpoderamu 250 ThicsS4
KM B JICTKOBBIX M 650 THICSIY KM B IPY30BBbIX aBTOMOOMIIAX. bonee Toro, Ford maet um
cpok 3amensbl 10 net, a GM-Opel — 6eccpouno (fill for life).

I'uopuanbie anTudpusnl [56,59] —oxnaxkmaromme KUIKOCTH, C YBEIUUYCHHBIM
cpokoM skcrutyatanud. OHu ObUTH pa3zpaboTanbl B Hadane 90-X rogoB, HA HECKOJIBKO
JIET paHee KapOOKCHUIATHBIX aHTU(PHU30B. B cocTaB MX MakeToOB MPHUCAAOK TaKKe BXO-
JIIT COJIM KapOOHOBBIX KUCJIOT B COYETAHUU C COJISIMU HEOPTaHUYECKUX KUCIOT — OT-
CI0OJIa Ha3BaHHUE «TUOPHUIHBIE». B eBpomeicknx ruOpuIHbIX aHTH(PHU3aX BMECTE C Kap-
OOKCHJIaTaMH MCTIONB3YIOT CHIIMKATHI, B AMTOHCKUX U Kopelckux — (ocdartel, B amepu-
KaHCKUX — HHUTPUTHL. B 3apy0ekHOil TeXHUYECKON JUTepaType THOpuIHbIe aHTUPpH-
3b1 0o0o3Havaror: HOAT (Hybrid Organic Acid Technology), Hybrid Technology, NF
(Nitrite Free), G11 (no cneyugpurxayuu VWTL 774-C).

HaunGosee W3BECTHBIMU W IMUPOKO MPUMEHSIEMBIMH aHTU(PU3aMH THUOPHUIHOTO
tuna seistores Glysantin G48, Glysantin G05, Glyco Shell, Mobil Extra, Havoline
AFC, MB 325.0. T'ubpunnbsie aHTUGPU3bI TPUMEHSIOT HA TIEPBBIX 3alpaBKax JIBUTATE-
aeit BMW, Mercedes, Chrysler. Cpok ux skcIulyaTalliv B KaKJOM Ciydae yCTaHaBIIH-
BaeT MPOU3BOAUTEIIH ABTOMOOWIIS.

Antudpussr Lobrid [31, 56,59] naunnas ¢ 2008 roga craym pa3padaTbIBaThCS

no cnenudukaru VWTL 774-G (G 12++), 3aHuMaroIme IpoMeXyTOUHOE MOJI0KECHUE
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MEXy THOpUIHBIMU U KapOokcuiaTHbIME. [lakeTsl mpucamok antudpuszos Lobrid co-
CTOSIT B OCHOBHOM M3 KapOOKCHIJIATOB C J100aBJeHuEM HEOOJBIIIOTO KoJInyecTBa (He 00-
nee 10%) HEOpraHMYECKUX KOMIIOHCHTOB, KaK MPAaBWJIO, CUJIMKATOB. Y HUX TOKa HET
OOILIECTPUHATOTO Ha3BaHUA, a pa3pabOTUMKH HA3BIBAIOT 3TOT THUMN AaHTU(PPU30B IMO-
pasnomy — Lobrid (kommanus Arteco) u SOAT (kommanus BASF). Kpome VW, Takue
anTu(pU3bl Havaa npuMeHaTh rpynmna PSA (Peugeot, Citroen) B HOBbIX MOJEISIX aB-
TOMOOUJIEH.

[TosiBunack taxke HoBas crenupukamus VWTL 774-J (G 13), B xoTopoii 6a3o-
BbII KOMITIOHEHT aHTU(PHU3a FTHUICHTIUKOJIb YACTUYHO 3aMEIICH TITUIIEPUHOM.

[MpencraBurenu antudpuzoB tuna Lobrid— sto Freecor DSC u Freecor QRC,
Freecor HDC xommnanuu Arteco, Glysantin G40 xommnanuu BASF, Frostox D12++
xommanuu Haertol.

Be3Boanbie oxmaxknaromme xkuakoctu Evans Coolants [63] ¢ comepkanuem
CUHTETUYECKUX JAUOJIOB ¢ pepMmeHTamu OsokupoBku ADH 1 6e3BoIHBIMU UHTHOUTOpA-
mu. be3Boanbie oxnaxaaromme xunkoctu (BOX) komnanuu Evans mpeBocxoasT Bce
OXJIaKTAFOIIIHE KUIKOCTH Ha BOJHOW ocHOBe. Hambomee oTmmunTeIbHbIE 0COOCHHOCTH
— 9T0 TeMriepaTypa kunenus Boiie 194°C (pexnamupyercs kak 180°C) u Temrnepartypa
3actbiBaHus Huke - 40°C. Antudpus Evans nmeer odeHb HU3KYIO JIEKTPOIPOBOIU-
MOCTb, T.€. OH HE OKAa3bIBaCT DJIEKTPOJUTUYECKOTO BO3JEHCTBUS, a MOCKOJIbKY B HEM
OTCYTCTBYET BOJIa, TO UCKIIFOUCHO U TaKoe siBieHne kKak kopposus. BOX Evans - antu-
¢bpu3 Ha "BCIO KU3HB'", KOTOPBIN, KaK 3asBIISICT MIPOU3BOIUTEND, HE HYX/IA€TCS B 3aMEHE
U He Jerpaaupyer co BpeMeneMm. Kpome toro, nannas bOXK Ge3omacHa st 5K0JI0THN U
HE TOKCUYHA.

Opnako cienyer oTMeTuTh, 4To noka Bce BOXX Evans mpumepHo Ha mopsiiok
JIOPOKE TPATUITMOHHBIX aHTU(PU30B HA BOJHOW OCHOBE, YTO U SIBIISAETCS OCHOBHBIM
MPETIATCTBAEM TSl KX IITUPOKOTO PACIPOCTPaHCHUS.

VY KaxI0T0 MPOU3BOIUTENS aBTOMOOMIICH €CTh CBOM MPHUHITUIIBI UCTIOTH30BaHUS
antudpuszos. Tak, Ford, GM, Renault, Opel, Fiat, smoHckue u Kopeiickue GUPMBI,
npeanounTaoT kapookcunaTHele antugpussl. BMW u Chrysler ucmonb3yoT ToiIbKO

rudpuaabie antudpusbl. Mercedes, Volkswagen (Bxmrouas Audi, Seat, Skoda), MAN,
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Deutz nomyckaroT u KapOOKCHJIATHBIC, U THOpUJIHbIE aHTU(GPHU3BI B 3aBUCUMOCTH OT
mojeu auratens [43,58].

Cpox ciy>kObl U MHTEpBAJIBI 3aMEHBI aHTU(PHU30B OMPEIACTACTCS KOHKPETHBIM
MIPOU3BOJIUTENIEM aBTOMOOWIISI, @ HE Mpou3BoauTeaeM antudpusa. [Ipu 3ToM oH pyko-
BOJICTBYETCSI MHOTJIa U KOMMEPYECKUMU COOOPAKEHUSIMHU.

Bpemst 3amensl omnpenensercs, UCXOAsd W3 TUMNa aHTH(pHU3a, KOHCTPYKTHBHBIX
OCOOCHHOCTEH JIBUTraTelis U, rJIaBHOE, PEe3yJIbTaTOB XOJOBBIX UCIbITAaHUN. [IepBUYHBIM,
0€3yCJIIOBHO, SIBIISIETCSI CPOK 3aMEHBI, ONMpPEACICHHBIN MPOU3BOJUTEIEM ABTOMOOMIIA.
TonbKko B ciIydae, eciii IPOU3BOIUTENIb ABTOMOOMIIS HE JIaeT HUKAKUX YKa3aHHM O Cpo-

K€ 3aMEHbl aHTU(]pHU3a, MOKHO BOCIIOJIB30BATHCS PEKOMEHIALMUEN MPOU3BOJIUTENS aH-
tugpusa [43,58-62].
1.4.2. AHTHGPU3BI IS THAMKEIO HATPYKEHHBIX ABUTraTeIeH

[Tox Tspkeno HarpyxeHHbIMH auratesimu (heavy duty engines), moapasymena-
I0TCSI IBUTATENU OOJIBIION MOIIIHOCTH, KOTOPBIE YCTaHABIUBAIOTCA HA TSDKEIIbIE U Kapb-
EpHbIE TPY30BHKH, MarucCTpaJibHbIE TATa4M, OyJbI03€pbl, IKCKABATOPHI, TEIUIOBO3HI,
MOPCKHE Cy1a, dJIeKTpocTaHIuu. [1o cpaBHEHHUIO ¢ JIETKOBBIMH aBTOMOOUJISIMH, B TSIKe-
JIO TEXHUKE W [IBUTATEllb, U CUCTEMa OXJIAXKJCHHUS MOBEPrarTCs 3HAYUTEIbHBIM

Harpys3kam 1o OTBOAY TCIlJIa © UHTCHCUBHOCTH JKCILTyaTalluu.

Tabnuma 1.3. OTnuuuTenbHble 0COOEHHOCTH XapaKTEPUCTUK TSHKEIIO
Harpy>Ke€HHBIX aABUrarenei [61]

OTBOJ Temna Kos¢pumn- Hopma
Tun TC gyepe3 CIXKO CHT HATPY3KH npobera Pecype  nu-
JIBUTATEIS ratenst (Km)
(kkas/4gac) (%) (xm/TON)
JlerkoBbIe aBTOMOOMITH 35000 25 25 000 300 000
Tspkemas TeXHUKA 136 000 70 250 000 1 500 000

Juzenu a1l TSOKEOM TEeXHUKH JOJDKHBI padoTaTh B MATh pa3 JOJIbIIE, YeM
OOBIYHBIN JIBUTATENb JUIS JISTKOBBIX aBTOMOOMICH. OCHOBHAs Ipo0JieMa dTHUX JIBUTATe-

neﬁ, BbI3bIBACMAA OXJIAKAAOINUMHA KUIAKOCTAMU, — KaBHTALOUA «MOKPBIX» THJIb3. B
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COOTBETCTBHHM C 3THM, MPOU3BOIUTEIU TSKEIBIX JIBUTATEICH MNPEIBbABISIOT OYEHb
JKecTKue TpeOoBaHMs K aHTH(]pHU3aM, TJIaBHOE M3 KOTOPBIX — CIIOCOOHOCTH MPOTHBO-
CTOSITh KaBUTAIIHH.

Enunbix TpeboBanuii Kk aHTH(pU3aM y TIPOU3ZBOJAUTEIICH TAKEIONM TEXHUKH HET,
32 MCKIIIOUEHHUEM, TOXKAIyHd, OJHOTO: aHTH(pPU3 HE JOJDKEH OBITh CHUIMKATHBIM. M3-
BECTHO, YTO CHJIMKATHbIC aHTU(PHU3bI He 00eCIIeYMBAIOT 3AIMTHI OT KaBuTaluu [61,62].

1.4.3. Pa3znoxxenue antudpusa

B mpormecce skcrutyaTaniid aBTOMOOWIIS TMPOUCXOJHUT CTApCHUE W Pa3jIOKEHUE
anTu(dpu3a U ero npucaaok. JlecTpyKius nprucagok MPOUCXOIUT U3-3a TPEX OCHOBHBIX
IPOIIECCOB: HCTOICHNs, pa30aBiieHus u otcena [43,54,59,64].

HcTomeHue TpOUCXOIUT, TJIABHBIM 00pa30oM, M3-3a MPOTEKAHUS CIICTYIOITUX
XUMHUYECKHUX MPOIIECCOB:

® OKHCIICHHE MTPUCAJIO0K Ha METAIUTMICCKUX TOBEPXHOCTSX;

® ajicopOIus;

® HEUTpalMu3anus,;

® TEPMMUYECKHN pacran;

® THJIPOJIN3,

® BBINAJCHUE B 0Ca0K (IIU1aM000pa3oBaHue).

[TepBbie TpU U3 ITUX MPOIECCOB YUYACTBYIOT B BBIITOJTHEHUHU OCHOBHBIX (DYHKITHIA
antudpusza, GopMuUpys 3alIUTHYIO IUICHKY Ha METAUIMYECKUX TIOBEPXHOCTIX U
HEUTpaIn3ys KUCIOThI, KOTOPbIE 00Pa3yroTCs B aHTU(PPU3E WU MTONAJA0T B HEr0. JTH
XUMHYECKHE TIPOIIECChI UCTOIISHUS MPUCAIOK aHTH(PHU3a, B CBOIO 0YEPEIb, OMPEACIIs-
I0TCSI HECKOJIBKUMU (haKTOpaMHu:

® IMHAMUYECKOE BO3JCHCTBUE ABUTATEIS;

® COCTaB M Ka4eCTBO BOJIBL;

® KaBHTAaIlNS,

® asparus;

® rajbBaHUYCCKAS CBS3b;

® pabouuii 00beM aABUTaTENS 10 OTHOIIEHUIO K éMKocT CXKO;

® 3arps3HEHHE.
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Pa3z6aBJiieHHe MPOUCXOIUT, KOTJa aHTU(GPU3 UCTIApSETCs WM B CUCTEMY J00aB-
nsietcst Boja. Pacxon anTudpusa B mporecce SKCIUTyaTalld JBUTATENsT MOXKET ObITh
BBI3BaH CJIEIYIOIIUMHU (DaKTOpaMH:

® yTeuKa Yepe3 KOMIOHEHTbl CUCTEMBbI OXJIAXKICHUS;

® Tiepe03upOBKa aHTU(DPH3a;

® [ieperpeB JIBUraTels;

® CCTECTBEHHBIE MOTEPHU IIPU PEMOHTE JIBUTATEIIS.

OT1ceB MPOUCXOANT, KOTAa KOHIIEHTPALUsS aHTUKABUTALMOHHBIX MPUCAJ0K B aH-
TU(pHU3€e NpeBbILIAET NMpeaes. ITOT BHIOPOC CHIMKATOB MOKHO OOBSICHUTH LIEJBIM Psi-
JIOM (paKTOPOB, B TOM YHCJIE:

® BBLICOKOI KOHIIEHTpAalMEl CUIMKATOB U (pochaToB B aHTUDPU3E;

® YaCTBIM 3aIlyCKOM JIBUTATEJIEH B TOPSYEM COCTOSHUN;

® COCTaBOM KOMITO3ULIUU MTPUCAIOK.

CrnenyeT OTMETUTh, UTO aHTU(PU3 U MPHUCAIKH HAXOJATCS B CUCTEME OXJIaXK7e-
HUS, YTOOBI IPEOXPAHUTH U OT 00pa30BaHUs prkaBuMHbL. Eciu pxaBurHA NOSIBIISETCS

B KoHTypax CXKO, BbIcOKa BEpOATHOCTH TOTO, YTO OHA HAXOJIUTCS U B OJIOKE TBUTATENS.

1.5. ®uabTpsl OK

Pemennem npo6niem 3arpssHenuss CXKO aBTOTpaHCHOPTHBIX JBUTATEICH MOXKET
OBITh YCTAHOBKA (PUIIBTPOB OXJIAKIAIOLIEH )KUIKOCTH.

MupoBBIM JHIEPOM B MTPOU3BoACTBE GUIbTpoB 1t ouricTku OXK sBisieTcst Gpup-
ma Fleetguard (CIIA). Onnako Ha cerofnsimHui neHb Bce GuiabTpel OXK, BhITyCcKae-
Mble pasnuyabiMu pupmamu (Baldwin, Donaldson, Fram, Fleetguard, WIX u ap.) ume-
10T MPAKTHYECKU OJHY M Ty e KOHCTPYKIMIO (THMa SPIN-ON) M OTJIMYAIOTCS TOJBKO
TEXHOJIOTUEH M3roToBJIeHUsI. OCOOCHHOCTHIO TaKUX (DUIBTPOB SBISIETCS TO, YTO OHHU
OCYIIECTBIISIIOT OJHOBPEMEHHO XHMHYECKYI0 00pabOTKy M MEXaHHMYECKYI0 OYHCTKY

OX (pucynox 1.16). IIpu sTom obecreunBaercs 3ammTa OT 00pa30BaHUS KOPPO3HH,
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HAKWIH, TOBBIIIAETCs pecypc padoTsl OXK 1 MpouCcXOAUT yCTpaHeHUE MPUYMH 00pa3o-
BaHMUSI MPOIIECCOB KABUTALIMH.

B kauectBe dunbTpyromero snementa Fleetguard ncnonp3yer nonmMepHsie BoO-
JIOKHA, KOTOpBIE CIIOCOOHBI OT(HUIBTPOBBIBATH YaCTHUIIBI 3arpsi3sHeHUl pazmepom 30...50
MKM. OTH (QUIBTPHI SABIISIOTCS HEMOJIHOMOTOYHBIMH M BKJTFOUAIOTCS B CIICITUATIBHYIO Ma-
TUCTpalib, BBIMOJHEHHYIO B OJIOKE HIIMHIPOB 11715t moToka OX.

Ounbrpanus OX obecrieynBaeT yiaBIMBaHUE PA3IMYHBIX 3arpsi3HEHUN, YXYA-
HIAIONIUX TEMJI000MEH (MUHEpPAJIbHBIA KaMEeHb, pyKaBUYMHA, HAKUIIb, YACTHUIIHI YIIJIOTHU-

TEJIBHBIX AJIEMEHTOB, (POPMOBOUHBIHN MIECOK U JIP.).

M inlet Flow M Outlet Flow M Diffusing Chemical

a) 0)

Pucynok 1.16 - Koncrpykuus tunuanoro ¢puiastpa OX Trma Spin-on ¢pupmer Baldwin (a) u
cXeMma JIBIKEHUSI TOTOKOB aHTu(dpu3a B punbtpe (0) [67]: 1 —mmacTukoBast kamepa s Xpa-
HEHUs Karlcyll; 2 — Karcydisl (TpaHyJibl) U3 crienuanbHoi npucaaku k OX; 3 — npoccenupyro-
M KaHaJ JUIsl peryIupoBaHus MOAa4u IPUCAIKH; 4 — METaJUIMYECKUM KOPIYC € AMOKCU-
HBIM MOKPBITHEM; 5 — MPY>KUHA; 6 — CHHTETUUECKUIN QUIBTPYIOMIMIA 37IeMeHT; 7 — kukiep (y
pa3HBIX Mpou3BoaUTENEH - AruameTp 3...4 MM), orpannuuBaromuii notok OX uepes punbTp;

8 — cTanpbHOE OCHOBAaHHE C Pe3bOOBBIM OTBEPCTHEM 10 LIEHTPY; 9 — NBOWHOMN 3aKaTOYHBIN I10B,

FEPMETHYHO COCIMHSIONIMI OCHOBaHUE § ¢ KopiycoM 4

Takne @OX ycTaHaBIMBAIOTCS Ha CIEHUAIBHOE MOCAJA0YHOE MECTO (aHAJIOTHUY-
HO MacJistTHOMY (UIBTPY) B OJIOKe IBUTaTelNsl. B 30He 3TOro mocago4yHoro mecra B 0110-
K€ JBUTATEJIS BHITIOJHEH KaHaJ JUIsl MOABOIa ¥ 0TBoAA aHTU(pu3a. ClaemnyeT OTMETHUTh,

YTO ATOT KaHaJ SBISICTCS OaWMacHbBIM, T.€. Yepe3 HEro MPOXOAMT TOJIbKO okoyio 10%
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BCEr0 TEIUIOHOCHUTENISA, MOAABAEMOI0 HAacoCOM (MO JaHHBIM MPOU3BOAMTENEH (DHITb-
TPOB).

Taxue punbTpsl 00ECEUNBAIOT YIaBIMBAHUE YacTHIL 3arpsizHeHuit 6omnee 30...50
MKM (B 3aBUCHUMOCTH OT (DUPMBI-TIPOU3BOJIUTENS) C BEpOATHOCTHIO 98%. MexxcMeHHbIN
CPOK TIOJTIOOHBIX CTyKObI (puibTpoB cocTaBisieT 1 rox (nmm 200 ThIC. KM TIpo0era aBTo-
MoOuts, win 4000 yacoB ero paboThI).

B kauecTBe BemiecTBa CIeUAIbHBIX MPUCATOK, HAXOASIIUXCSA B BUJIE TPaHYJ B
Kopiryce GuIbTpa, pa3aTudHble GUPMBI HCTIONB3YIOT pa3Hble cocTaBbl. Kak mpaBuiio, 3To
COJIM a30TUCTOM W OOpPHOM KHUCIOT wWin coiid (HochOpHON, a30THUCTOW U MOJUOACHOU
kuciotT. Kaxnas u3z GupM-npou3BoAUTENICH UCIOIB3YET CBOM COCTAaB MPHUCAIOK U TO-

CBOEMY UX 0003HAYaeT.

e DCA-4 [66]. Opurunanpubrii xumudeckuii npenapar DCA-4, comepxutcsi B
¢unbTpe B BHUJIE IpaHyl, KOTopsle, pacTBopssich B OXK, 0o0pa3yroT Ha CTEHKaxX T'MiIb3
XMMHYECKYIO 3alIUTHYIO IJICHKY, IPEIOXPaHSIONIYI0 CUCTEMY OXJIAX/ICHUS OT KaBUTa-
uu. [Ipermapar DCA-4 Tak ke moajaepKuBaeT B CHCTEME YpOBEHb pH B mpenenax
8,5...10, yTo mpensATcTBYeT 00pPa30BAHUIO OTJIOKEHHM Ha CTEHKAX CHUCTEMBI OXJIaXKIe-

HUSI, CHIDKAET XUMHUECKYIO KOPPO3UIO M AIIEKTPOIPO3HIO.

e DCA-2 [65-66]. CrangapTHas 3aiiuTa OT OKHUCICHHS C UCIIOJIb30BAaHHEM B COCTa-

BE€ MHIMOMTOpa Ha OCHOBE OOpaTa/HUTPUTA.

e SCA [65-66]. IIpucanka mpeacTaBiser cOOOW XUMUYECKOE COCAUHECHHE, T00aB-
JIIEMO€ B OXJIaXIAIOUTYI0 KUAKOCTh JIMOO B BUJIEC KUJIKOCTHU WJIM MOPOIIIKA, MO0 B BU-
Je KapTpHukKa C TpaHyJlaMH BHYTPU (PHIbTpa IS YCHUJICHHUS aHTUKOPPO3UOHHBIX H
POYMX XUMHUYECKHX CBOWCTB OXJIaxaromei xuakoctu. SCA-Tiprucaaku, KOTOPBIE CO-
orBeTcTBYIOT crnenrdukanmu ASTM SCA, pekoMeHayroTcsi 3apyOeKHbIMU (pupMamMu
JUTSE MAKCHMAJTbHOM 3aIUTHI.

e BTE, BTE-Plus [67]. COanancupoBaHHbIC OYMINAIONINE MPUCATKNA K ITHUJICHIIIH-
KOJTIO TTpon3BojicTBa hupmel Baldwin npenorepamator kopposuro aetaneii CXKO u mo-

BeIIIArOT KadyecTtBo OXK.
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Cnenyer oTMETHUTB, YTO 4acTh MoA0OHBIX DOXK BbilyckaeTcst 6€3 ITUX XUMHUYe-
CKUX MpUCaTOK BHYTpU (unbTpa. [Ipu 3TOM ykazaHHbIE MPUCATKU MOTYT T00aBISATHCS
B aHTU(PU3 B )KUIKOM BHJIE.

B mporiecce paboThl pUIBTPOB 3THU TpaHyJibl MEAJIEHHO PACTBOPSIIOTCS B aHTH-
¢bpuse, BoccTaHABIMBAS U yIIydlias ero GU3NKO-XUMHUYECKHE CBOMCTRA.

Takue QUIBTPHI UMEIOT HEBBICOKYIO 3(PPEKTUBHOCTH U OOJIbIIIE CITYX,aT KaK HO-
CUTEJIM ONMCAHHBIX MPUCATOK ISl YIAyUIIeHUs: (PU3NKO-XUMUYECKUX CBONCTB aHTU(DpU-
30B. OTU (PUIBTPHl NMPUHIUNKAAIBHO He MOTYT OBITh MOJTHOIOTOYHBIMH, T.K. P HUX
IIOJIHOM 3aCOPEHUU MPEKpaTUTCA LUPKYISIUs aHTUgpuza. Kpome Toro, oHu mpormyc-
KafoT yepe3 ceOsl OYCHb MaTyIO JOJII0 TEIUIOHOCHTENS (Kak OTMedalioch, okoso 10%),
YTO TAK)KE CBHUJIETEIBCTBYET 00 MX HEBBICOKOU 3(pPeKkTUBHOCTU. DTU (PUIBTPBI HE MO-
I'yT YCTaHaBJIMBATbCS Ha JIOObIE JBUraTeNd, T.K. B KOHCTPYKLMH IBUTATENS JIOJKHO
OBITH MPETYCMOTPEHO COOTBETCTBYIOIIEE MOCATOYHOE MECTO MOJ (PHIBTP U MOABOAS-
IIMI/OTBOASIIUI KaHAJIBI 17151 aHTU(puU3a.

Eme omuH cepuitHO BbITycKaeMblii (GuabTp mpousBoautcs ¢upmoit Valeo
(®panmus) i yCTAaHOBKH B CHCTEMY OXJIXKIACHHUS aBTOOYCOB W JIPYrOd aBTOMOOHIIb-
HOUM TexHuku. JlaHHBIM QUIBTp ycTaHaBIMBaeTCs B pa3pe3 marpyOka CHCTEMBbI OXJia-
KICHUS, a €ro (PUIBTPYIOIIMM 3JIEMEHTOM SIBJIIETCS METANIMYECKasi CETKA C pa3MeEpPOM

stueiiku 300 Mxwm (pucynok 1.17).

$38

P84 -

Pucynok 1.17 - Buewmnnii Bux u xkoncrpykius dpuiastpa OX dupmbr Valeo: 1 — seixoaHoi
naTpyOoK; 2 — KpBIIIKa; 3 — BXOJIHOW MaTpyOoK; 4 —ChbeMHBIN CeTYaThId (UIBTPYIOLINI d1e-
MEHT; 5 — Kopnyc ¢puibTpa



49

JlauHbIf QUABTP SIBISETCS OOCITY)KHBAEMbIM W TPEOYET OYUCTKH U IPOMBIBKH
IPU KaXIOM TEXHHYECKOM 00CITy’)KMBaHUHU aBTOTPAHCIIOPTHOTO cpencTBa. OH o0amaet
OTHOCHUTEIIHO HEOOJIBIION IPA3EEMKOCTBIO U MPH MAKCHMAaIbHOM (KPUTHYCCKOM) 3a-
MOJTHEHUH 3arpsS3HEHUSIMA MOKET MEPEKPBITh KaHAN, YXY/IIIUB WK BOBCE MPEKPATHB
IUPKYIISAIUIO B HEM.

Amnanornunbiii punabTp Beiyckaercs ¢pupmoit Gano Filter Comp. (CILIA) [68].

Eme ogun BapuaHT GuIbTpa ¢ CETYATHIM (PUIBTPYIOLUIUM 3JIEMEHTOM ObLI MpE/I-

noxeH [69] ITAO «ABtoausenby (SIpociaBckuii MOTOPHBIH 3aBo) (PUCYHOK 1.18).
1 2

Nafixa

Pucynoxk 1.18 - Ceruarsiit GpuibTp 11 paauatopoB aBromoduneit MA3 [69]:
1 - xonb110; 2 - KOpIyC; 3 — THO

B kauecTBe Marepualia CETKH HUCIOJIb3YETCS JIATYHb WJIM HEp>KaBerollasi CTalb.
VYkazanHble (UIBTPHI NMEPBOHAYAIBHO OBUIM YCTAHOBJICHBI Ha aBTOoMOOMIM MA3 B
OAO "MexTtpanc" (r. fpocnasib). OUIBTPEl yCTAHABIMBAINCH B MATPYOKU BEPXHUX
0auKOB pagUaTOPOB B MECTE€ MX COCIAMHEHHS PE3MHOBBIM IIJIAHTOM C KUJIKOCTHBIMHU
TpyOaMu ABuraTelnd. YKa3aHHble (DUIBTPBI MCIOJIB30BAINCH HA aBTOMOOWIAX MA3 B
paaMaTopax CHUCTEMbI OXJaxiacHus asurareici SIM3 — 236/238 u ux mMoaudukanui,
UCIIBITAaHUST KOTOPBIX MpoBoAMIM Ha aBTOMOOWISIX MA3 u KpA3 B 6a30BbIX aBTOXO-
3siictBax [TAO "ABromauzens" [69]. [IpoGiemsl skcIuTyaTaliiu Takux (QUIBTPOB aHAJIO-
THYHBI IPO0JIeMaM, BOSHUKAIOIIUM TPH KCILTyaTanuu ¢uibTpoB Valeo.

B 1984 r. A.K. I'aBpunoBsim (Cu6AJIN um. B.B. KyiiObimeBa) Obu1 ipensioskexH
BapuadT puibtpa OXK c orceunbimMu knananamu st COKO nuzenedt (pucyHok 1.22)
[70]. B ocHoBy aToii koHCTpyKIMK puiasTpa OXK ¢ OTCEYHBIMM KIIallaHAMK IMOJIOKEH

KOMILICKCHBIN IMPHUHOUIT OTACIICHUSA OT HEC TBCPAbIX BanHSHI/ITCJIefI. MexaHu3MbI He-


http://www.amaz.ru/download/file.php?id=44&sid=126dd42191bbe8fb5aa72d9228399f1a&mode=view
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npepreiBHON prunbTpammu OXK B HEM MPEACTaBIAIOT COOOM, MO JaHHBIM pa3pabOTINKOB
[70], caenyroriue mporeccsr:

—  yIepXKaHUe 3arps3HSIONIUX YAaCTHUIl HAPYKHOW TOBEPXHOCTHIO CETYATOTO
®3 3a cuet 3¢ dhexTa NpocenBaHus;

—  H3BJICUCHHUE M3 KHJKOCTH 3arpsA3HSIONIMX YaCTHUI] TOBEPXHOCTHIO MArHHT-
Horo @D BcienCcTBHE CUIIOBOTO BO3JICHCTBHUS HA HUX MarHUTHOTO MOTOKA MOCTOSTHHOTO
KOJIBIICBOTO MarHHTa;

— yJaBIMBAHUE 3arpsI3HAIONIMX YaCTHIl (GUIBTPOM 3a CUET CHJI WHEPIIHH, IO
BO3/ICHICTBHEM KOTOPBIX YAaCTHIIBI OTACIISIOTCS MPU M3MEHEHWH HAIMPaBJICHHS ITOTOKA

JKHIKOCTH.

Pucynoxk 1.22 - XKuakocTHbIil QUIBTP C OTCEYHBIMU KJIaNlaHAMU JJIS OXJIAXKJAIONIEeH CUCTEMBI
muzens [70]: 1 - kopnyc; 2 —ceTyaThblil GUIBTPYIOUINI 3JIEMEHT; 3 - MarHUTHBIN QUIBTPYIO-
IIUN 3JIEMEHT; 4 — KPBIIIKa; 5 — MOABOAAIINN MaTpyOoK; 6 — OTBOASIINI MAaTpyOOK; 7 — OKHA
JUIS OTBOJIa OYMINIEHHOM JKUJKOCTH; 8 — muacTuHa; 9 — nepemyckHoit knanaH; 10,11 — oTceu-
Hble Knanansl; 12,13 — nutanru; 14 — npoOka; 15 — mpoxmaaka
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Couyetanue B OJHOM KOMOMHHMpPOBAaHHOM (QuibTpylomeM yctpoirctBe OX mo-
BEPXHOCTHOTO (ceTuaToro) ¢GuibTpyromiero snemenrta (MD), ynepKuBaroiero 3arpss-
HEHHUSI, KOTOPBIA 10 CBOMM pa3Mmepam OOJIbIIIE SYEEK CETYATOro 3JIEMEHTA U CUJIOBOTO
(marautHOrO) M3, OTACNAIONIETO 3arpS3HEHUS OT KUAKOCTH CO3/IaHWEM MArHUTHOTO
MoJjisi, M0 MHEHUIO Ppa3pa0OTUMKOB, TMOBBIIIAET OUYHUCTUTENIBHYI0 CIIOCOOHOCTH 3TOTO
dbunsrpa [70].

N3 HemocTaTKOB JaHHOM KOHCTPYKUHHU MOKHO OTMETHTBH CIIOKHOCTh KOHCTPYK-
MU U HU3KYI0 PEMOHTONPUTOJHOCTh, HAJIMUYKME CETUATHIX (PUIBTPYIOMIMX AJIEMEHTOB,
KOTOpbIE CO3MaJyT BBICOKOE compoTuBieHHEe (uiabTpa. CBEACHHN O NPAKTUYECKOM
MPUMEHEHUU ATOTO (PUIIbTPA HET.

B cBsi3u ¢ 3THM aKTyalbHOM 3aJa4eid JyIsl COBPEMEHHOTO JBUTATEIECTPOECHUS SAB-
JSIETCSL CO3J]aHUE TOJHOMOTOYHOTO, BBICOKOA((EKTUBHOTO, MPOCTOTO, HAACKHOIO U
nemeBoro ¢unbtpa OX nns coBepuencTBoBanuss CXKO aBTOTpaHCIIOPTHBIX JIBUTATeE-
JIEH.

B Poccuu pazpabotku B ob6iactu @OXK Ha ceronHAmHui 1eHb MOJHOCTHIO OT-
CYTCTBYIOT, XOTs YCJIOBHSI pabOThl aBTOTPAHCIIOPTa B CTpaHE JOBOJIBHO TSDKeEJbIe (U3-
32 HEBBICOKOW KYJbTYpPbI KCILTyaTallid W HU3KOTO KadyecTBa aHTU(PU30B HA POCCHUIA-

CKOM DPBIHKE).

Ounprpanua O sABIAETCS NEPCIEKTUBHBIM HANPABICHUEM B COBEPIICHCTBOBA-
HUU TMOPILHEBBIX ABUTATENECH M MO3BOJIUT 00ECIEUUTH MOBBIIEHHE YP(HEKTUBHOCTH U
HagexxHoctd CXKO um B 1enoM JaBUTaTeNel aBTOMOOMJIBLHON M TPAKTOPHOW TEXHHKHU.
Ucnonb3zoBanne @OX Ha nBuUrarensx aBTOMOOWIEH W TPAKTOPOB, MPOILISAIINX JIJIH-
TeJBHYIO AKCIUTyaTaInio, OyneT ooecneunBaTh yaajleHue 3arps3HeHui u3 antudpusa, a

y HOBOW TEXHHUKH — MOJIEP)KUBATh MepBOoHavYanbHyto yrctory OXK [64-66].

1.6. IlocTaHOBKA 1EJIHN M 32124 HCCJIETOBAHUSA

Ha ocHoBe aHanm3a BBIIIEU3IOKEHHOTO MaTepHaia, MOXHO CHOpPMYyIUPOBATH

eJb U 3a/1a41 JaHHOI'O ANCCCPTALMOHHOTIO UCCICAOBAHUA.
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Ilenbs pabGoThl: HayuHOe OOOCHOBaHHME HeoOxoaumocTH dunbtpanuun OX u co-
3laHWE€ HAa OCHOBE HCCJICJAOBAHMM TEXHOJOTMU M YCTPOMCTB BBICOKOA((PEKTUBHOM
GuIbTpaK OXJIAXKJAIOMICH KUAKOCTH ISl MOBBIIIEHUS TEXHUYECKOTO YPOBHS aBTO-
TPaHCIOPTHBIX MOPIIHEBBIX JABUTATEIICH.

Jlnis nocTrKeHHsI eIl paboThl CPOPMYITHUPOBAHBI CIACAYIONINE 3a1a4u:

- BBINOJHUTh aHAJINW3 MpoOJIeM 3arps3HeHHs] U OuucTKU aHTu(gpu3oB u CXKO B
1[E€JIOM, OLICHUTh CTENEHb I1eJIeCOO0OPA3HOCTU MPUMEHEHMS (PUIBTPOB OXJIAXKAaroIien
XKHUJKOCTU Ha aBTOTPAHCIIOPTHBIX MOPITHEBBIX IBUTATEIIAX;

- pa3paboTaTh U U3TOTOBUTH JIAOOPATOPHYIO YCTAHOBKY JUIsl UCCIIEJIOBAHUS aB-
TOMOOUIBHBIX (priIbTpoB OXK pa3nuuHbIX KOHCTPYKUMNA U IPUHIIUIIOB I€UCTBHUS;

- TMPOBECTU KOMIUIEKCHBIE HCCIIEIOBAaHUS 3apyOEKHBIX 00pa3uoB (UIBTPOB
OX;

- co3nath Metoguku uccnenoBanus ¢unsTpoB OX, a Takxke (QpakUMOHHOTO U
XMMHYECKOTO aHaJIn3a 3arpsi3HEHUN OXJIaXAaroIIen KUIKOCTH;

- copMHpoBaTh KOMIUIEKC TpeOoBaHuii k mepcnektuBHoMmy (unbtpy OX Ha
OCHOBE OIBITA AKCILTyaTal[iy aBTOTPAHCIIOPTHON TEXHUKU;

- co3aath Beicokod(pdextuBHbl QruibTp OXK 1 mpoBecTu ero 1abopaTopHbIe UC-
CJIEIOBAHUA U IKCIUTyaTallMOHHbIE UCTIBITAHMUS,

- pa3paboTaTh KOMIBIOTEPHYIO MOJeTb co3iaBaeMoro ¢puibrpa OX U BBISBUTH
TUJIPOJIMHAMHUYECKYIO KAPTUHY TEUEHU KUIKOCTU B IPOTOYHON YacTu GUiIbTPa;

- BBIIBUTh 3aKOHOMEPHOCTH KOJIMYECTBEHHOI'O M KayeCTBEHHOI'O COCTaBa 3a-
rpsizaenuit OX, obpasyromuxcs B CKO B peaibHBIX YCIOBUSAX 3KCIUTyaTallUH;

- OLICHUTb HEOOXOJUMYIO U JOCTATOYHYIO TOHKOCTh (uibTpauuu OXK u natsb pe-

KOMEHJIallMU 1o npuMeHeHnto GpuiabTpoB OXK Ha aBTOTPaHCHOPTHBIX JBUTATEINSIX.
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I''TABA 2. CO3JAHUE BBICOKOP®EKTUBHOI'O ®UJIBTPA OXK

B manHOU riaBe omucaHbl pe3yiabTaThl PabOThI MO (GOPMUPOBAHUIO OCHOBHBIX
TpeboBaHUM K mnepcrnekTuBHOMY GuiasTpy OXK, BKiItouaromue B ceds Tako OCHOBHOM
MOKa3aTellb, Kak HEoOXOoIUMasi M JOCTaTOYHAsl BeJMYMHA TOHKOCTH (prutbrparuu. [1o-
MHUMO 3TOTO, TpeOyeTCs MPOBECTH aHAJIW3 MAaTEHTHOW MH(OpMAIMHU MO aHaJOTUYHBIM
U3JIeNIUsIM U O0O0OIIUTh JJaHHBIC MO o0pasliaM CepuitHO BbITyckaeMbiX ¢uiasTpoB OX.
Ha ocHoBe 3TOro nomkHa ObITh MpEeiokeHa U 0OOOCHOBAHA TEXHOJIOTHUST (UIbTpaIlun

O u ycTpoiicTBa AJisl €€ peanr3alui.

2.1. O60ocHOBaHHE HEOOXOTUMOM U TOCTATOYHON TOHKOCTH (PUJILTPALIMHU

Cy1iecTByeT NPUYUHHO-CIICACTBEHHAS! CBSI3b MEXK/Y SKCILTyaTallHOHHBIMU CBOM-
cTtBaMu paboueit xxunkoctu (P2XK) B ruapaBinueckux cucteMax M napaMmerpamu (uiib-
Tpalyu, KOTOPhIE B CBOIO OYEPE/Ib 3aBUCAT OT PEKUMOB PabOTHI U YCIOBHM AKCILTyaTa-
uuu TexHukd. Ounctka PXK oT 3arpsi3HEHU SBIISIETCS OCHOBHOM MPAKTUYECKOW 3a]1a-
4eil, KOTopasi perraeTcsi KOHCTPYKTOPaMH Ha CTaIuUd MIPOSKTUPOBAHKS U 00CITyKUBAIO-
IIUM TMEPCOHAJIOM B Mpoliecce ee dkcruryararuu. [Ipu cobmoneHnn HeoOX0AUMBIX Tpe-
6oBanwmii mo ourctke PXX oT 3arps3HeHUil MOKHO CHU3UTH SKCILTyaTaIlMOHHBIE PACcXo-
ael B cpeareM Ha 50% [72,73]. Yuctora PIXK B ruppaBindeckux cUCTeMax B3aMMOCBSI-
3aHa C BBIOOPOM CHCTEMBI (PUIBTpAIIMU U TPUMEHSEMBIX (UIBTPOB, UYTO OKA3bIBACT
peraroriee BIMsIHUE Ha KX CPETHUM PECYPC U CPOK CITY>KOBI.

[Ipy ouKMCTKE TEXHUYECKHUX YKUIKOCTEH IIUPOKO MPUMEHSIIOTCS TEPMHHBI "TOH-
KOCTh (DMJIbTpAllMKM H "KJACC YHMCTOTHI pabouei XKUAKOCTH". DTH JBa HETOXKISCTBEH-
HBIX, HO B3aMMOCBSI3aHHBIX U CaMbIX PACIpPOCTPAHEHHBIX OLEHOYHBIX MOKAa3aTess Xa-
pakTepusytot d3pdextuBHOCTh GunbTpanuu PXX B m000i TeXHUYECKOM cucTeMe.

[Tox abcomtotHOM TOHKOCTHIO (unbTparuu (B coorBerctBuu ¢ [[OCT 14066-68
[74]) nmoHumaeTcs MUHMMAIBHBIA pa3Mep YaCTHIl 3arps3HUTENICH, MOJHOCTBIO (Ha

100%) 3anepxuBaeMbIx GUIBTPOITEMEHTOM. B 3apyOeKHBIX JTOKYyMEHTaX 3TO MOHATHE
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MoJIpa3yMeBaeT MaKCUMaJbHBIA pa3Mep YacTHIl 3arps3HEHHM, MPOMYCKaeMbIX (HIIb-
TpodieMeHTOM. DaKTHUeCKH, STOT TEPMHUH CITYKUT JUIS YKa3aHUS HauOOJIbIIEro pa3Me-
pa oTtBepcTuil B (punmbTpodeMenTe. Ero menecoodpa3Ho MPUMEHSATH JIsl OLEHKH 3(¢-
(EKTUBHOCTH CETYATHIX, IIEIEBBIX U APYTUX OAHOCIOWHBIX QUIBTPYIOMINX MaTePUAIOB
C TEOMETPHUUYECKH YTOPSIOUYCHHONW CTPYKTypod (Hampumep, KBajpaT, TPEYTOJIbHUK,
MHOTOYTOJIbHUK), UCKITIOYAIOIICH HAIMYNEe CBOOOIHO YBEIMUMBAIOIINUXCS TOP, IIETeH
Oonpmoro pasmepa. IlockonbKy aOCOTIOTHAs TOHKOCTh (PHIIBTPAIMHA XapaKTEepPH3yeT
MIOTICPEYHBIN pa3Mep 3arpsi3HEHUH, dTOT TOKa3aTellb COOTBETCTBYET MAKCHUMAILHOMY
TUaMeTpy sueek (1mop) GuibTposieMeHTa.

AOGcCoNfOTHas TOHKOCTh (UIBTPAMH JJIs MOPHUCTHIX M JPYTUX MaTEPHAIOB C
HEYTIOPSATOUYCHHON CTPYKTYpPOH SIBISICTCS HEIOCTATOYHO TOYHBIM OIIEHOYHBIM ITOKa3a-
TEJEM B CBSI3M C HAJIMYMEM CIy4YalHBIX MOp OOJIBIIOrO pa3smepa, MOSITOMY B OTeue-
CTBEHHBIX CTaHJAPTax MPEIyCMOTPEHO NMpHMEHEeHHe HoMHHAIBHOU (95%-HOi1) TOHKO-
CTH (PUIIBTPALINH, ONIPEACIIIEMON pa3MEPOM YaCTHIL, IJIsi KOTOPHIX KOAhDUIMEHT Puib-
tpanuu ¢, = 0,95.

[Ton HOMHHAJIBHON TOHKOCTHIO (PUIIBTPAIMH TPUHSITO MOHUMATh MHUHUMATbHBIN
pa3Mep 4acTHIl, 3aJep>KUBAEMbIX (DUIBTPOM, YHCIO KOTOPBIX COCTaBisieT 95% uacrtui
TaKOT0 JK€ pa3Mepa, HaXOAAIMMXCs B He(DUIbTPOBAaHHOM XHIKOCTH. HoMUHANBbHAS TOH-
KOCTh (pubTparuu O gs HCKIIOYAET BO3MOKHOCTh CIIYYalHBIX OIIHOOK M IMPHOIMIKACT-
cst K abcosoTHO#H [72].

Hapsimy ¢ HOMMHAITBHON TOHKOCTBIO (PMIIBTPAIMA B HEKOTOPHIX OTEYECTBEHHBIX
U 3apyO0eXHBIX CTaHAapTax MpuMeHsoT 98%-Hyto u 50%-HyI0 TOHKOCTh (PUIBTPALINH,
onpenenseMyro cooTBeTcTBeHHO ¢, = 0,98 u ¢, = 0,5. Homunansnas 95%-nast ToH-
KOCTh (GuiIbTpaluu cBsizaHa ¢ 50%-HoW TOHKOCTBIO cooTHomeHHueM dgpgs= 2,829dgs.
B3aumocss3s 50%-Hoii u 98%-Hoii (yCIIOBHO a0COIFOTHOM) TOHKOCTH (PHIIBTPAIIUN BBI-
pakaeTcst 3aBUCUMOCTBIO Ug 99 = 4,190 5.

[Tpu BBIOOpE PUIBTPYIOIIETO MaTepraia sl GUIbTpa C TEOMETPUIECKU HEIpa-
BUJILHON CTPYKTYpOU 3apyOekHble (PUPMbI PEKOMEHIYIOT MOJIb30BATHCS TPEMSI KPUTE-
pusmu: kodpduimentom r3ppekTuBHOCTH GUIBTPOBAaHUS B, iepenaaoM aaBiaeHuid AP

u rpsizeeMkocThio G (Tabm. 2.1) [72].
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Koadppunment sdpdexktuBHOCTH GUIBTPOBAHUS B, XapakTepu3yeT OTHOIICHHE
YyClia YacTHI] ONpPENENIEHHOTO pa3Mepa x B MpoOe padouell >KUIKOCTH 10 U TMOCTe
bunbTpa.

Kosdpdumment B, omnpeaensior ¢ MOMOIIbIO 3KCHEPUMEHTAIBHOIO TECTa
(Multipass-Test), permamentupoBanHoro Hopmamu 1SO 16889:2008 [75]. Llens Tecra -
UCKIIIOUUTh HEAOCTATKH JAPYTHX IKCIEPUMEHTAIBHBIX METOJOB U JaTh MOTPEOUTEISIM
(GUIBTPOB MOKA3ATEINH, C IOMOIIBI0 KOTOPBIX OHU MOTYT CPaBHUBATh (DUIIBTPHI PA3HBIX
uzrotoputene. Yem Oomnbiie By, TeM nydme puibTpanus. OIHAKO HA MPAKTUKE MPU
B,=1 3arps3Henus He 3aaepxuBatorcs. Ecin B,< 1, 310 03HauaeT, 4to cam (uibTpo-
AJIEMEHT SIBIISIETCS HCTOYHUKOM 3arpsi3HEHHS QUIBTPYEMOMN KUAKOCTU. Takoe WHOTIa
CIIy4aeTcsl C KApTOHHBIMU U OyMaKHbIMU (uibTpodiemenTamu. Ilpu B, = 2 ¢punbTpo-

QJICMCHT 3aJCPKUBACT TOJILKO 50% 3arpA3HAIIINUX YaCTHUIT pa3sMCPOM X.

Tabnuna 2.1 - Yucnenusie 3HaueHus koddduirienta B, 1 COOTBETCTBYIOIIUE €My 3Ha-

4yeHHs TOHKOCTH ouncTke (%) [72]

By 1 2 5 10 20 75 100 | 200 |1000 |5000
TonkocTb 0 50 80 90 95 98 95 99,0 {995 |99,98

OYHUCTKHU, %0

AGconmoTHON (GUIBTpalMed HA3BIBAIOT TaKyl0 TOHKOCTh OYMCTKH (MJIM CTENEHb
bunbTpanun), npu KOTopou By OonbIie 75, T. €. GUIBTPOITEMEHT 3aJPKUBACT MOPSII-
ka 98 % wactuil 3arpsi3HEHH pazMepoM x. YUuciaeHHbIE 3HAYCHUS By, 3HAYUTEIBHO
OoJibie, 4eM 75, HE HMMEIOT CYIIECTBEHHOrO 3HAYECHMS, TaK KaK CTAaTUCTHYECKHE
OIMMOKU U3MEPEHUM MOTYT MCKa3UThb PE3yJIbTaThl, U OIlEHKA CTAHOBUTCS HEIOCTOBE]-
HOM.

Kak ykazaHo BblIllle, BCE MEpPEUUCICHHBIE BBINIE CTENEHU (UIbTpaluu padbouei
KHUJIKOCTH COOTHOCATCS ¢ TpeboBanusMu poccuiickoro I'OCT 17216-2001 [76]. B 3a-
pyOEXKHOM MpaKTUKE JJIsI OLICHKU COAEP KaHUsl YACTHII, 3arpS3HSIONIUX paO0UyrO KU I-

KOCTh, HCIOJB3YIOT CTaHIAApPThl KJIACCOB YUCTOTHI corjacHo Hopmam NAS 1638 u

ISO/DIS [77].
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ITo xnaccudukaruu NAS 1638 ycranoBieHbl 13 KIaccoB YHCTOTHI, XapaKTepH-
3YIOIIMX YHUCIIO YacTHUI] B TIpoOe kuakoctu oobeMoM 100 My, KOTOpBIE pa3/ieieHbl 10
pasMepy B MKM Ha Tpynnsl: 5...15; 15...25; 25...50; 50...100 u 6onee 100 mxm (TaG:.
2.2) [72]. Hanpumep, 4-ii kinacc unucTothl mo kiaccudukanuu NAS 1638 orBercTByeT
13/10 knaccy unctotst o 1SO 4406 nnum 8 kiaccy TOCT 17216-2001. Takoit knacce 4n-
CTOTBI JIOCTUTACTCS 3-MUKPOHHBIMU (puiibTpamu (B> 75), eciau mpeabsBIsSIOTCS TOBbI-
IICHHBIE TPEOOBAHMSI K YUCTOTE pabodei )KUIKOCTH (HampuMep, Mpy MPUMEHEHUH pac-
npeeanTeNeH, KJIamaHoB JaBJICHHS ¢ MPOMOPIIMOHAIBHBIM JIEKTPOMArHUTHBIM YIIPaB-
JICHUEM HENpPsIMOTO JIEUCTBUS U PETYISATOPOB PACX0/a).

Tabnuna 2.2 - CooTHOLIEHHE MEKIY KJIacCaMU YUCTOThI paboyell )KUIKOCTH
no HopmaMm 1SO 4406 u TOCT 17216-2001[72]

I'OCT ISO
1 6/6/4
2 9/7/5
3 8/6
4 9/7
5 10/8
6 11/9
7 12/9
8 13/10
9 14/2

10 15/13
11 16/13
12 17/14
13 18/16
14 19/16
15 10/18
16 21/19
17 22/20

JI71s1 TIOBBIIIIEHUS JIOJTOBEYHOCTH BCEX KOMIIOHEHTOB THAPOCHUCTEM HAJO CTpe-
MHTBCS K JIOCTHOKCHUIO 00JIee BBICOKOI'O KJIacCa YHUCTOTHI. Y CTaHOBJIEHO, UYTO HM3MEHE-
HUE Juana3oHa HOMUHAJIBbHOW TOHKOCTH (uiibTpanuu ¢ 25...30 1o 5...10 MKkM mo3Bois-
eT B 7...8 pa3 yMEHBIINTh HHTEHCUBHOCTh CHUKEHUSI 00bEMHOTO K.II.JI. aBHAIIHOHHBIX
HACOCOB W THIPOMOTOPOB [77]. B oOmiem Bujae, yucToTa pabodei >KHIKOCTH JIIs pas-

JMYHBIX OTpaciiell TEXHUKH OTpakeHa Ha cxeme (pucyHok 2.1).
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ABTOMOOMNBbHAA TEXHWKA
Knacc yicToThl 9-12

F 3
KocMu4yeckaa TexHHKa MeTtannyprusa

Knacc unctoThl 3-5 Knacc unctoTel 9-13

OumncTka
TEXHUYECKUX
HuakocTen

/ \

ABMaLMOHHAA TEXHUKA MawunHocTpoeHue
Knacc uicToThl 5-8 v Knacc unctoTel 8-13
KenesHopopoxHaa TeXHUKA
Knacc YicToThl 5-12

Pucynoxk 2.1 - Kimaccel YUCTOTHI pabounX KUIKOCTEH ISl Pa3IMUHbIX OTpaCie TEXHUKU
[77]

OnHako BCE OINMCAHHBIE CTAHAAPTHI MPAKTUYECKU HENPHUMEHUMBI JJISI OLEHKHU
HE0OXOAMMON U JOCTaTOYHOU TOHKOCTH ¢uibTpanuu OXK. B nienom B MupoBoii aBTo-
WHyCTPUU HE CYIIECTBYET HOPMATUBOB WM PEKOMEHAAIMHI O JIOMyCTUMOMY 3arpsi3-
HeHuto OXK. Bo3aMoxkHO, 3T0 cBsizaHO ¢ TeM, yTo ouuctka OXX B mpouecce skcrutyara-
MU aBTOTPAHCHOPTHOM TEXHUKHU MPEACTABISECT COOOM CIIOXKHYIO U JIO HACTOSIIETrO
BPEMEHU HE PEIICHHYIO 3a/1auy, TOATOMY U HE SIBJIsIeTCS 00s3aTeNIbHON (B OTIUYHUE OT
buabTpaIyy TOMJIMBA, MOTOPHOTO Macia, BO3/1yXa).

IIpu onieHKe HEOOXOAUMOW U NOCTAaTOYHOM TOHKOCTH (punbTparuu OX mMoxHO
OpPUEHTUPOBAThCA HAa MHUHHMMAaJbHbIE 3a30pbl Mexay snemeHtamu CXKO aBTroTpaHc-
MOPTHBIX JBUrarTesend. M3 Bcex 3JIEMEHTOB CHCTEMBI OXJIAXKICHUS HAaMMEHBIIWU 3a30p
CYILIECTBYET MEXIY KPbUIbYaTKONW U KOPIYCOM KHUJIKOCTHOTO Hacoca. Tak, B KHUIKOCT-
HBIX Hacocax jBuratesieii Subaru HOMUHAIBHBINA 3a30p MEKIY KPbUIBYATKOW M KOPITY-
coM Hacoca coctasisieT 0,5-0,7 MM, a npenenbhbiid — 1,0 mm [78]. ¥V HacocoB mpowms-
BoacTBa LUZAR (Cankrt-IleTepOypr) aToT 3a30p coctaBusier MUHUMYM 0,9 MM. AHano-
TUYHbIE BEJIMYMHBI MUHUMAJIBHBIX 3a30POB B XKHUJKOCTHBIX HACOCaxX W JAPYrUX JBHUrare-
JIEH.

Kpome storo crmemyer mpoaHaqu3upoOBaTh TOHKOCTH (UIBTPAMH y CEPHUITHO
npou3BoauMbIX GrbTpoB OXK (Tabmuia 2.3).

Tak, dpupma WIX(CIIIA) yctanoBuna ais cBoux puiabtpoB CXKO ¢ OymMakHbIM

GWIBTPYIOIMIMM 3J€MEHTOM TOHKOCTh (uibrpammu 27 MM [79]. Konunepn Parker
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Hannifin Corporation mist ananorunussix GuiasTpoB — 30 MM [80], a yKa3aHHBIE BbIIIE

Donaldson u Fleetguard — 40 mxMm [81,65] npu 3 dpexktuBHOCTH DrbTpanuu 95%.

Tabauna 2.3 - @UIbTPsl Pa3IHYHBIX TPOM3BOANUTEICH U UX BEIMYHHA TOHKOCTH (DHJIb-
Tpauuu (MkM) [65, 78-81]

IIpousBogurenn ToOHKOCTh (PUIBTpaLIK, MKM
WIX 27
Parker Hannifin Corp. 30
Donaldson 40
Fleetguard 40

OpHako cienyeT OTMETUTbh, YTO B JaHHBIX (UIBTPAX UCIHOJIB3YETCS MOPUCTHIN
bunpTpyromuii s1emMeHT (Oymara, KapToH M T.I.), @ caM (UIbTP yCTaHABIMBAETCS B
Oaiinac, T.e. B 00x01 ocHOBHOM Maructpaiu CXO, 4To npu JaHHBIX YCIOBUAX MO3BO-
JISIeT HE MOBBIIIATH COMMPOTUBJICHUE B CUCTEME U 00ECIIEUUTh YKAa3aHHBIC BEJIMUUHBI T10-
Ka3aTesnel TOHKOCTU (PUIIbTPALUH.

Hammwm uccnenoBanus ®OX kommanun Valeo (cM. pucynok 1.17) mokaszaim, 4To
st punsTpanuu OX ucnonb3yercst MeTauinyeckas ceTka ¢ pazmMepom siueek 300 MM,
ciieIoBaTeIbHO, PTOT PUiIbTp OyIeT 3aJepKUBaTh YacTUIlbl ¢ pazMepamu Oosee 300
MkM. CaMa KOMITaHUS HE JJAET JJaHHbIE TI0 TOHKOCTU (unbTparuu s 3roro POX.

Hayunbie nccienoBaHusi M MPaKTUYECKUI OMBIT B 00JACTH THAPABINYECKUX CH-
CTEM TOKa3bIBAIOT, YTO €CJIM OTHOCHTEIHFHOE M3MEHEHHE 3a30pa MEXIy SJIeMEHTaMU
YCTPOMCTBA HE3HAYUTENIBHO, TO CYIIECTBYET OOJbIIAas BEPOSTHOCTh 3aKyIOPUBAHUS
JAHHOTO 3230pa YaCTHUKOHW Tps3H pa3MepoM OoJbiie 1/3 BRICOTHI HAMMEHBIIIETO 3a30pa
(mokazatenp auHUK D Ha pucynke 2.2 [73]). B ¢Bs3u ¢ 3THM, MOKHO C/IeJIaTh BBIBOJI,
4yTO a0COJIOTHAS TOHKOCTh (DUIBTPAIMH JOJKHA PABHATHCS JAHHOMY 3HAYEHUIO, WA
nake ObITh HIDKE. J[aHHBINA rpaduK MOKa3bIBaeT, KaK MIMPUHA 3a30pa MEXKIY dJIEeMEHTA-

MH COOTHOCHUTCS C JIOMYCTUMBIM Pa3MEepPOM YaCTHIIbI 3arps3ueHust [73].
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Pucynok 2.2 - JIoIyCTHMBIN pa3Mep YaCTHIl B COOTBETCTBHH
¢ 6oubIioii (a) u masoi (b) BenmuumHoit 3a30pa [73]

Eme ogquuM moaxoaoM K OnpeesIeHUI0 TOHKOCTH (PUIbTpaIiuu )KUJKOCTH B TH/I-
PaBIMYECKUX CHUCTEMAX TAKXKE SIBIISIETCS PACCMOTPEHUE MUHHMMAJIBHOTO 3a30pa B y3jax
tperus [111, c. 51-57]. Ilpu sTOM mMmoaxoje PEKOMEHIyETCS NMPUHUMATh TOHKOCTb
bunbTpanmu yactuil Kak BeauunHy 50% MUHUMaILHO BO3MOXKHOTO 3a30pa.

Takum 00pa3oM, OCHOBHO#M TexXHHUECKUI mapameTp GuiabTpoB (cemaparopoB) —
kadecTBO ¢unbpTpanuu. [1o sTomy mapameTpy GuIbTpbI JEASTCA HA TPYIIIIHI:

* rpy06oit punsTpammu (100-250 mrm);

* HopmaibHOU dunbTpanuu (10-100 Mmxm);

* TOoHKOU rbTparuu (5-10 Mm);

* CBEpXTOHKOU (umpTparuu (1-5 Mxm).

Ncxoas u3 Bcero BBINMIECKA3aHHOTO U YYUTHIBAs BEJIMYMHBI MUHUMAJIBHBIX 3a30-
poB B anmeMenTax CXKO mgBuratesne, 1jsi MOTHOMOTOYHBIX (PHIBTPOB IO HALTUM TIPE]I-
BApUTEJIbHBIM OIIEHKAM MOYKHO MPUHSTH B KAUECTBE HOMUHAJILHOW TOHKOCTH (pUIIbTpa-
1 BeanunHy dggs= 100 Mxm. T.e. mus ounctku antrdpu3oB B CIKO He0OX0UMBIM U

JIOCTaTOYHBIM OyJIeT rpy0ast OUMCTKA KUJIKOCTH.
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2.2. AHau3 nateHTHON uHGopMannu

JIJ1st OTleHKHW YpOBHSI TEXHHUKHU B JaHHOW 00J1acTH OBLI MpoBeeH WHGOPMAITMOH-
HBIN MOUCK MO HAYYHO-TEXHUUYECKOW M MAaTeHTHOM juTepaType. Beero mo teme ObLIO
otobpaHo okoj0 100 MCTOYHMKOB, OTHOCALIUXCS K TeMe pa3paboTku. B umcio stux
HMCTOYHHMKOB BXOJUT OKO0JI0 70 maTeHTOB, 3apeructpupoBanHbix B PO, CIHIA, SAnonuu,

ctpanax EBponeiickoro Coro3a. PaccMOTpUM HEKOTOpPBIE U3 3TUX MATEHTOB.

Bapuant, npennaraemsiii pupmoit Fram [83], Ha cerogHsAUIHUN JIeHb SBIISETCS
camMoOl pacIpOCTPaHCHHON KOHCTpyKIuer (uiubTpa s ounctku OX (pucyHok 2.3).
31ech MOTOK 3arpsi3HEHHOM KUJAKOCTH MOMAaeT B (UIBTP Yepe3 BXOHbIE OTBepCTHs 9,
pacrnosiokeHHbIe 10 nepudepun Kopiyca 8, NpoXoauT yepe3 GUIbTPYIOIIUA IEMEHT
7, KOTOPBIM U OCYLIECTBISICT MEXAHUYECKYIO OYUCTKY. Jlanee, >KMIKOCTh MOMNAaIacT B
HEHTPAIbHYI0 TPYOKYy 2, IJie OHa B3aUMOJICMCTBYET C XMMHYECKUMHU J00aBKamu 3,
HaxXOSIIMMUCS TaM B BUJE TACThl. JTa MacTa pacTBOPAETCS B )KUIAKOCTU U 3alUIIACT
CUCTEMY OXJIaXKJE€HUSI OT KOPPO3UH, KABUTALMOHHOW 3PO3UHU, HAKUIHU, OT U3MEHEHUS
KHucIoTHO-enoyHoro Oamanca B OXK. Tak ocymiecTBisieTcs M XMMHYECKash OYHCTKA

OX. BeixoauT ouuniiieHHas *KUAKOCTh U3 huiibTpa yepes otsepcrue 10.

9 . 10

g

Pucynok 2.3 - Cxema ¢unbtpa nis ounctkn OX (pupma Fram, CIIA) [83]: 1 - meTan-
JMYECKUE YallKy; 2 - IEHTpadbHast TpyOKka; 3 — XuMudecknue J00aBKU B BUIE PACTBOPH-
MO MacThl; 4 — yAepKUBaoIas MPyKUHA; 5 — IPOKIAAKU; 6 - aHTUAPEHAXKHBIN KJIallaH;
7 — GuABTPyIOMNUI NIEMEHT; 8 — aHTUKOPPO3UHHBIN KOPITYC

B> - BXOJAIIUN MOTOK MR - BHIXOIAIIUN MOTOK
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AHaJlornyHble KOHCTpYKIMU (puibTpoB it ounctku OXK, paspabotansr Du-
Wayne E. Tich (CIIIA) [84] u George R. Sturmor (CIIIA) [85], Long Manufacturing
Ltd.(Canada) [86], Allied-Signalinc. [87], Baldwin Filtersinc. [88], Donaldson Compa-
ny Inc. [89] u npyrumu pupmamu.

CyniecTByIOT BapuaHTbl GUIBTPOB C CETYATHIM (UIBTPYIOIIUM AJIeMEeHTOM. Pa3-
HHUIIA B KOHCTPYKIIMHU 3aKII0YAETCs B MPUHIMIE X BKItoueHus B KOHTYp CXKO. Onun
U3 TAaKUX BapUAHTOB KOHCTPYKIMU yCcTporcTBa jyisi ourcTku OXK, KoTopsIil nipeaiaraet
J. G. Richardson, npexacraBinen Ha pucyHke 2.4 [90]. DToT GuiabTp BCTpaMBacTCs B
TpyOomnpoBoa nojgaun OXK u3 pyOamiku ABUTaTeass B paJuaTop M COCTOUT U3 ABYX
KpBIIIEK ¢ maTpyOkamu 1 U 2, mpo3pavyHOTO BEPTUKAIBHOTO Kopiyca 3 C CeT4aThiM
GbuIbTPOM 4 U COCAMHUTEIBHON MPOBOJIOYHONW PaMKOW 5 ¢ BUHTOBBIM Tprxumom 10.
Kpblliky ¥ KOpIyc UMEIOT MUIMHAPUYECKYIO (POpMY, UX CTHIKUA YIJIOTHEHBI MPOKIa-
KaM# 7, a B CTBIK KOpPITyCa C BEpXHEH KPBIIIKOM MOMEIIeHa OTOOPTOBAHHAsI KPOMKA Ya-
neo0pa3Horo ceryaroro gpuibtpa 6. Ha kpblllikax npeaycMoTpeHbl NaTpyOKH AJIs BXO-
na 8 u Beixoga 9 OXK. IlatpyOku pacrosioKeHbl TAaHTCHIIMAIbHO OTHOCHUTEIBHO OCH
Kopmyca Juisi oOecrieueHus: BpamareabHoro amwkeHus OXK npu mpoxokaeHun yepes

¢bunbTp. [1-00pa3Has pamMka ¢ BUHTOBBIM 32)KMMOM OXBAaThIBAET KOPIYC (PUIIbTpa.

Ay
"/’//../4&,

. AR
1=

|

TN

! T TN
m\\\\\\ ’\
N =

:"
&

AN T A R B T N

Pucynok 2.4 - Cxema ¢uiabTpa Il OYUCTKU MOTOKA KHUAKOCTU (maTeHT ABcTpanun No
67952/81) [90]:1 — BxomHOU maTpyOOK; 2 — BBIXOJHOW MAaTPyOOK; 3 — MpO3padHbIii BEp-
TUKAJIBHBIN KOpITyc; 4 — darneoOpa3Hblil ceTyarbiii GuibTp; 5 — coequautenbHas 1 — o00-
pa3Hasi IpOBOJIOYHAs paMmka; 6 - oTOOPTOBAHHAs KPOMKa 4aleoOpa3HOro CET4aToro
¢wmbTpa; 7 — mpokianka; 8,9 — marpyOku, obOecrednBaromye BpamaTelIbHOe IBIKEHNE
KHUJIKOCTH MIPH MPOXOKIACHUN Yepe3 GuibTp; 10 — BUHTOBOM MPHHKUM
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Heckonbko nHas koHCTpyKius ¢unsTpa 1 ounctku OXK, 3asBieHHas Gpupmoit

Facet Interprises (CILIA), npeacraBieHa Ha pucyHke 2.5 [91].

10 f(\\\/
Ay .‘ '

Pucynoxk 2.5 - ®unetp s ounctku OXK ¢dupmer Facet Interprises (CILA) [91]: a)
pacnojio)keHue (GuiIbTpa Ha aBUratelie; 0) moljaeMeHTHass KOHCTpyKuus ¢uiubtpa; 1 —
paauarop; 2 — kopnyc ¢puibTpa; 3 — TepMocTaT; 4 — 00K HMIMHAPOB; 5 — BEHTUIISITOP
panuaTtopa; 6 — BXoAHOHN natpy6ok; 7 — nmpokiajaka; 8§ — pe3pboBoe coeauHeHue; 9 —
GuABTpYOUIMI 37IEMEHT B BUE ceTKH; 10 — BBIXOHOM MaTpyOoK

OuibTp yCTaHaBIMBAETCS MeXAy paauaTopoM 1 m Onoxom nmiauHapoB 4. Ha
BXOJIe B OJIOK HMWJIMHIPOB ycTaHOBJIEH TepMocTar 3. [lotok >kuakoctu u3 paauaropa 1
MOCTYIaeT B KOpIyc QuibTpa 2 yepe3 BXOAHOW MaTpyOok 6, mMpoXoauT uepe3 (uiib-
TPYIOLMI JJIEMEHT, B KA4€CTBE KOTOPOI'0 MCIOJIb3YETCS METAIIINYECKAs CETKA, U, yiKE
OUYHUIIECHHBIN, BBIXOIUT U3 (HUIbTpa B OJOK IMIIMHIPOB Yepe3 BBIXOHOM matpyook 10.
[Ipu pa3benuHeHnH NaTpyOKOB C MOMOIIbIO PE3bOOBOr0 COECAUMHEHHUS §, MPOUCXOIUT

3aMeHa WKW OYUCTKA (QUIIBTPYIOIIETO AJIEMEHTA.

Amnanornunbsie GuiabTpel paspadortanbl Haseltine Lake&Co. (®panmus) [92],
Louis B. Johnson (CIIIA) [93], Theodore C. Geermans (Ascrpamus) [94], John P.
Hurst (CILIA) [95] u apyrumu pupmamu.

Crenyromasi pasHOBHIHOCTh KOHCTPYKIIUH (DUIBTPA U OYMCTKH KHIKOCTH — C
NpUMEHCHHEM MAarHUTHBIX MatepuaiioB. [Ipemnaraemsiii Guastp David F. McCready,
(CIIA) [96], npencTaBneH Ha pucyHke 2.6. B paccmaTtpuBaemom GuibTpe yCTaHOBIEHA

MarauTHad I10JIOCKAa 6, KOTOpas MMCCT MAarHUTHBIC YaCTHIIbI 7.
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Pucynok 2.6 - Cxema ¢unbptpa mist ounctku xuakoctu (mateHT CIIIA Ne 5078 870
[96]): 1 — BXOomHBIC OTBEpPCTHs, PACIOIOKEHHBIE TIO Tepuepuu; 2 — BXOIHOE OTBEp-
CTHE, PACIIOJIOKEHHOE IO LIEHTPY; 3 — COCIUHUTEIbHBbIE HUTH; 4 - YIUIOTHUTEIHHOE
KOJIBLIO; 5 — HIMIMHAPUYECKUI KOpIyc; 6 — MarHUTHas 1oj0ca; 7 — MarHUTHBIE YacTH-
b, 8 — MAarHUTHBIA CJIOH; 9 — BHYTPEHHSISI TIOBEPXHOCTh MMJIMHIPHYECKOTO KOPITYCa;
10 — meTammuueckuil 4acTUIbl 3arpsa3HeHuit; 11 — MarHuTHBIE TMHUK; 12 — BHYTPEHHS
MOJIOCTh (QUIIBTPa

MarautHoe 1oJsie OnpeesIeHHON HaIpsHKEHHOCTH MOCTOSHHOTO MarHuTa oodec-
IIEYMBAET yACPKAHUE METAUINYECKUX YaCTUL 3arpsisHeHu 10 Ha BHyTpEeHHEH OBEPX-
HOCTH KopImyca 9.

WNnas koHCTpyKUUs GUIBTPa ISl OUMCTKH KUIAKOCTH, MPEACTaBICHA HA PUCYHKE
2.7 (marentoobnanmarens - Allied Signal Inc., CIHA) [97]. )KuakocTe yepe3 BXOAHOM
naTpyOok 2 moctymaet B kopnyc ¢puiabTpa 1. Ha BXxoge B KOpITyC BBIMOJHEHBI MEPETrO-
ponku 4, 7 u 8 nus obecrieueHus ABWKEHHS TTOTOKA B HY>)KHOM HarpabyieHuH. Jlanee,
KUIKOCTh TMPOXOJUT Yepe3 OUUCTUTENIbHBIE IKpaHbl 6, KOTOPbIE YJIABIMBAIOT YaCTULIBI
3arps3HeHuid. Mexly OUUCTUTENbHBIMU SKpaHaMu 6 BBINOJHEHA IUIACTUHA 9, KoTOpas
HE TO03BOJIIET BCEMY 00bEeMY MOTOKA Cpa3y MPONTH Yepe3 SKpPaHbl, U, MOITOMY YacTh
MOTOKA HANpaBJseTCd K MAarHUTHOMY AJIEMEHTY 5, KOTOPBIM MPUTATUBAECT METaInye-
ckue yacTuupl 3arpsizHeHnid. Ctoiiku 10 Hy»HBI AJ1 TOr0, YTOOBI MTO3BOJIUTh KUJIKOCTH
MIOJTHOCTBIO OXBAaTUTh MATHUTHBIM 3yeMeHT 5. M nanee, yke OUYMILEHHAs KUIKOCTD,

MUHYS 9KpaHbI 6, BRIXOAWUT U3 KOpiryca (GUiIbTpa yepe3 maTpyoox 3.
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Pucynok 2.7 - Cxema ¢unbtpa it ourictku xuiakoct Gupmer Allied Signal Inc.,
CIIA [97]: a) BHemHuii BuI ¢puiabTpa; 0) paspes guibtpa; 1 — kopryc guibtpa; 2 —
BXOJIHOM MaTpyOoK; 3 — BBIXOHOI naTpyOok; 4,7,8 — mepe Topojka; 5 — MarHUTHBIN

AIIEMEHT; 6 — OUMCTUTENbHBIE FKpaHbl; 9 — iacTuHa punetpa; 10 — cTolKM, MoaAEPKU-

BAaIOIIIME€ MAarHUTHBIN 351eMeHT; 11 — OonThl, 00ecneunBaroiye repMeTH3aluio GpuibTpa

Bapuant ¢unbrpa mns ounctku OXK mpencrasien ¢upmoit Yuanhui Zang,
(CIA) u noka3aH Ha pucyHke 2.8 [98]. B maHHON KOHCTPYKUWHU KCIOJNb30BaH MPUH-
IIUI Cerapanyy YacTHI] MO JEeHCTBUEM IIEHTPOOEKHBIX CHJI, BBI3BAHHBIX 3aKpyTKOU
MOTOKA KHUIKOCTH.

OUIbTp CONEPXKUT LMIMHAPUYECKUN Kopryc | ¢ mocienoBaTeIbHO YCTAaHOBJICH-
HBIMU B HEM BXOJHBIM 2 MaTpyOKOM JJIsi OCEBOI'0 MOJBOAA KUAKOCTH, HEMOIBUKHBIM
3aKpyYHBAIOIINM ammapatoM 4, BBITIOJHEHHBIM B BHJI€ MHOTOJIONACTHON KPBLUILYATKH,
Y Ha HEKOTOPOM PAaCCTOSHUU OT HETO BBHIXOAHBIM NMaTpyOKOM 5 4acTh KOTOPOTO pacro-
JIOK€Ha BHYTPH LWJIMHIPHYECKOTO KOpIyca. B HIWKHEH 9acTu IMMIMHIPUYECKOTO KOP-
myca B €ro CTCHKE BBINIOJIHEH KaHal OTBOJA TBEPJBIX YACTHUI[ 3arpsS3HEHUN 8 B Ips-

3eCOOpHUK 6.



Pucynok 2.8 - Cxema ¢uibTpa s ouucTke xuakocty o nmatenry CIIA [98]: 1 — mu-
JUHAPUYECKUHN KOPITYC; 2 — BXOJHOU MaTtpy0OoK; 3 — BHYTPEHHUN HUIUHAPUIECKUN KOP-
myc; 4 — HEMOABMKHBIH JIONTACTHON 3aKPyUHUBAIOIINN aIlmapar; 5 — BEIXOJHON MaTpyOoK;

6 —Tps3ecOOpHUK; 7 — MOTOK 3arpsi3HEHHON KHUIKOCTH; 8 — MIETb IS OTBOJIA TBEPIBIX
YaCTUI 3arpsA3HEHUI U3 MOTOKA KUJKOCTH

Jpyroe ycTpoucTBO Ayt ouncTKy noroka OXK mpencrasieHo Ha pucyHnke 2.9. 3a-

ssuteab — Michel E. Klein, (CIIIA) [99].
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Pucynok 2.9 - YcTpoiicTBo 1715 ouncTKU moToka kuakocTtH (matent CIIIA Ne 4 949
682) [99]: 1 — BxoaHOI mMaTpyOoK; 2 — BBIXOAHOH MaTpyOOK; 3 — MOTOK KUIAKOCTH; 4
— HAaKJIOHHAs TPyOKa JJIsl OTACTICHHSI YaCTHIl 3arPA3HEHUI; 5 — 3aKpyYUBAIOIIMIACS
MOTOK XUJAKOCTH; 6 — rps3ecOOpPHUK; 7 — KOPIYC YCTPOMCTBA; 8 — pe3p00BOE CO-
eAMHEHHE [T YaIeHUs 3arpsA3HeHUM

IToTok XUAKOCTH Yepe3 BXOJHOE OTBEpCTHE 2 MOMaaeT B KOPITYC YCTpoHcTBa 7.
B oOnactu pacnoyioxkeHusi HaKJIOHHON TpyOku 4 B MOTOKe 00pa3zyroTcsi MUKPOBUXPH,

BMCCTC C KOTOPBIMHU 3aKPYUHBAIOTCA W YaCTHUIIbI BarpﬂBHeHHﬁ, KOTOPBIC HAIIPABJIAIOTCA
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BHU3 TI0 HAKJIIOHHOW TpyOKe B TpsizecOOpHUK 6. OUHINEeHHAs KUAKOCTh HAMPABISAETCS
Jajnee yepe3 BhIXOJHOM MaTpyOoK 2 B CUCTEMY OXJIAXACHUS. Y JaJeHHe YacTHIL 3arpsi3-
HEHUH U3 Tpsi3ecOOpHUKa 6 OCYIIECTBISAETCS MTPU OTBOPAYMBAHUY PE3LOOBOM MPOOKH 8.

CyliecTBYIOT CXOXHUE C BBIIIEYKa3aHHOW KOHCTPYKIMU (PUILTPOB—CENapaTopoB,
IJIe OYKMCTKA OCYIIECTBIISICTCS IO IEUCTBHEM CHJI TSDKECTH YAaCTHI[ Yepe3 CIeIHalb-
HbI cemaparop. Hampumep, ¢unbrp—cemapatop, npemnoxkenusnii Earl J. Stearnce

(CHIA) [100], Jason H. Anderson (CILIA) [101] (pucynok 2.10) u ap.

Pucynoxk 2.10 - YcrpoiictBo mist ounctku motoka OXK (marent CIIA Ne 20080083669)
[101]: 1 — BxoaHOM MATpPyOOK; 2 — BBIXOAHOW MATPyOOK; 3 — MOTOK XHAKOCTH; 4 — rpsi-
3ecOOpPHUK (KOPITYC YCTPOMCTBA); 5 — cenmapatop

CymecTByeT emie psij KOHCTPYKIuH, B KOTOpbIX punbTp OXK BhINOIHEH B e1H-

HOM KOPIIyC€ C APYTUM Y3JIOM CHCTEMBI OXJIAXKICHUS. SIPKUM MPUMEPOM SIBIIIETCS TEP-
MocTaT ¢ (GUIBTPYIOLINM JIEMEHTOM, TpeaiokeHHbii Jarry P. Harkey (CIIIA). 3xecs,
B KOHCTPYKIIMIO KJIACCMYECKOI'0 TepMocTaTa A00aBjieHa METauIMyecKas CeTKa, 3a/ep-

KUBArOINAs 3arpsI3HEHUS Ha BXOe B TepMocTaT (pucyHok 2.11) [102].

Pucynok 2.11 - TepmocTar ¢ cetya-
THIM (QUIBTPYIOIIUM 3JIEMEHTOM (T1a-
teHT CILIA Ne 201600177809) [102]: 1
— TEpPMOCTAT; 2 — yHopHas npyxuHa; 3
— YIJIOTHUTEIBHOE KOJIBLO; 4 — KOp-
MyC YCTPOMCTBA; 5 — CEeTYAThIN PUIIb-
TPYIOLLMH DIIEMEHT
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Ente ogHuM mogo0HBIM TIPUMEPOM SBJISIETCS KOHCTPYKIIHS, MpeiokeHnas Hy-
dac Fluidtechnic GmbH (I'epmanus) [103]. B manHom BapuaHTe (QHIBTPYIOMIUN 3Jc-

MEHT HHTETPHUPOBAH B KOPIYC paauaTopa OXJIAXJICHUS IBUTATeIs (PUCYHOK 2.12).

20—

Pucynok 2.12 - Paguarop ¢ dunstpyromum snemenToM (mateHt CIIA Ne 008701434)
[103], rae 26 — BxoaHOM naTpy6okK; 32 — BEIXOIHOM nMaTpy0oK; 14 — IIaCTUHBI paauaTo-
pa; 18 —kopmyc panuaropa; 12 — GuUIABTPYIOUINI 2IEMEHT

2.3. CoBpeMeHHbIE YCTPOMCTBA (PUJIBTPALMH KMIAKOCTH U UX aHAJIN3

Knaccudukanus GuiabTpoB uisi OYMCTKH MOTOKA XKUAKOCTHU MPEICTaBIeHA HA PU-
cyuke 2.13. Bce punbTpsl MOTYT KiacCHPHUIMPOBATHCS MO PA3IUYHBIM MpPU3HAKAM —
[0 Ha3HAUEHUIO, TUMY (UIBTPYIOLIETO 3JEMEHTa, MO CHOco0y OYHUCTKH, MO CXEMeE
BKJIFOUEHUS (DUIIBTpPa B MarucTpalib, 1O CIOCO0y 3aMeHbl (PUIIBTPYIOIIETO 3JeMEHTa U
T.I1.

KoMIIEKCHO aHanu3upysl pa3iudHble NPUHLUOBL JEHCTBUS W KOHCTPYKLIMH
(GUIBTPOB AJII OUUCTKHU KUAKOCTH, MOKHO CHIENIaTh BBIBOJI, YTO BCE BBIIICYKAa3aHHBIC
KOHCTPYKILMHU B TOM WJIM MHON MEpe HE COOTBETCTBYIOT TPEOOBAHUSAM, MPEIbSIBISIEMbIM
K TOJJOOHBIM yCTPOMCTBAM, MOCKOJIBbKY (DUIBTPBI JOJKHBI (PYHKIIMOHUPOBATH NP 3HA-
YUTENBHBIX pacxonax >kuakoctd (1o 100 y/mMuH 1 OoJiee), MOBBIICHHBIX TEMIEPATyp
OX (mo +135°C), BBICOKOIM XMMHYECKOW AaKTHBHOCTH (arpecCUBHOCTH) aHTH(PHU3OB

Pa3JINYHBIX BUIOB, 06J1a;1a$[ IIpH 5TOM HCBBICOKHUM I'MAPABIMYCCKHUM COITPOTUBICHHUCM.
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DUIBTP C ICPCKIIOYCHAEM

st ouncTku M [OTOKA (1Ba 3JIeMeHTa,
tertonocureneit (OXX) PpaGoTaONIHE HOIEPEMEHHO)
DuUnETpONaTPOH
J11s1 OYMCTKM TOIUIMBA | Ilo cniocody (uIBTp BEIONHEH
Ilo Ha3HAYEHH IO 3aMeHbI I B OTJICILHOM KOprTyce)
JIi1s ouncTKH Mace ¢uasTpylomnero DUIETP CO CMEHHBIM
Y THIIPABIHYECKUX - 3JIeMEHTa 3JIEMEHTOM (Kopryc
)K"nKOCTCﬁ BBITNOJHCH paS’beMHLIM)
DUIETP ¢ pereHepUPyEMbIM
Aot oqmeTky BO3AyXa (o —>|  3JIEMCHTOM (MMeroTcs
(I)I/IJ_[I)TPI)I YCTPOMCTBA ISl IPOMBIBKH)
Lenmonosnas e DunsTpanus yepes
Oymara 7 TIOPHCTHIN JIEMEHT
Herkanbie
MOJIOTHA 7 . Jﬁ(;;;lgl);l ero Mo cnocody > IenTpoGexHbIe
— OYMCTKH -
3JIeMeHTa
CrekmoOymara <
— MaruuTHbIie
Merannnyeckue 4
le
rionorHa ITo cnocody KombOuHHpoBaHHast
BKJIIOYEHHS 7 OYHUCTKA

le—oI
Merannnieckue CeTKku B MarucTpaib

IepdopuposanHsie | j

MeTaJUIbl (IKpaHbl)

TTonHomoTOYHBIC

HenonHomnoroynsie

Pucynoxk 2.13 - Knaccudukanus GuIbTpoB I OUUCTKH MOTOKA KUAKOCTH [106]

Hanbonee nmepcrneKTUBHBIMU JJISl PEIICHUS 3TOM CIOKHOM 3a7auu Mpe/ICTaBIIs-
IOTCSI YCTPOMCTBA C MCIIOJIb30BAHWEM IIEHTPOOEIKHBIX CHII VISl yIalieHUs 3arpsa3HeHUi
Y3 MOTOKA XXUJKOCTU. Takue yCTpOMCTBA OTJIMYAOTCS ITPOCTOTOM KOHCTPYKLIHMH, OTHO-
CUTEJIbHO HEOOJBIIUMU THUIPABINYECKUMU COMPOTUBJICHUSIMH, JOCTATOUYHO BBICOKOM
3G (HEKTUBHOCTHIO, UMEIOT TMOBBIIMICHHYIO HAJACKHOCTh JAXE MPHU TSIKEIBIX YCIOBUSIX
AKCIUTyaTaluy (BBHICOKME JABJICHUS M TEMIIEpaTyphl NMOTOKOB, HAJWYUE arpeCCHUBHBIX
cpen u T.11.). LIeHTpoOe)HYI0 OUUCTKY KUAKOCTEH MOXHO KOMOMHUPOBATH C CETYATHI-
MU WU TIOPUCTHIMU (DUITBTpaMU, CO3aBasi MHOTOCTYIIEHYAThIe YCTponcTBa 1s A Pek-
TUBHOW OYMCTKHU KUIKOCTEM.

[lenTpoOekHasE OYMCTKA KUIKOCTH MOKET MPOBOAUTHCS MTyTEM 3aKPYTKH TOTOKA
CJIETYIOITUMU CITOCOOaMHU:

- C MOMOIIBIO CHEIUATBHBIX 3aKPYyUYMBAIOIINX alllapaTtoB (JIOMACTeH, ITHEKOB U
Ip.);

- C UCIIOJB30BaHUCM IIPUHIMIIA THAPOIMKIIOHA,
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- C MPUMEHEHHUEM HEHTpUPYr (C TUIPOPEAKTUBHBIM HIIM MEXAHUYECKUM MPUBO-
JIOM).

[lepBblil c1OCOO XapaKTEPU3YETCS] TEXHOJIOTMYECKOM U KOHCTPYKTUBHOM CIOXK-
HOCTBIO, HEOOXOJJUMOCTBIO U3TOTOBJICHUSI U YCTAHOBKHU CIIEIIMAIIbHBIX 3aKPYYUBAOIINX
annapartoB. [IpumeHeHne HeHTpUYT TakKe SIBISETCS YCIOKHEHHUEM U YAOPOKAHHEM
KOHCTPYKIIMU TIPU OJHOBPEMEHHOM pOCTE €€ radapuTHbIX pa3mepoB. bonee mpenro-
YTUTEIBHBIM SIBJISIETCS UCIIOIb30BaHUE MPUHIIUIIA THIPOLMKIIOHA JI 3aKPYTKHU IMOTOKA
OYMIIIAEMON KUIKOCTH.

EcTtecTBeHHO, yCTpONCTBA Ha OCHOBE MCIIOJIb30BaHMSI LIEHTPOOESKHBIX CUJ HE
MO3BOJISIIOT OCYIIECTBIISITh TOHKYIO OUUCTKY KUIKOCTH, HO JUIsl YCIIOBUM COBPEMEHHBIX
CUCTEM JKUJKOCTHOTO OXJIAKJEHHUS aBTOTPAHCIOPTHBIX JABUTaTeNel Takas (QUIbTpaLus
u He Tpedyercs. Kak ykazaHo Bblllie, Ji YCIOBUNM paObOThl CUCTEM OXJIAXKIEHUS aBTO-
MOOMJIBHBIX JIBUTATENIEH BIOJIHE JIOCTATOYHO YJAJsATh 4YacTullbl ¢ pasmepamu ot 100
MKM U 0oJ1ee.

'mApOUMKIOHBI MOJYYUIN PACIPOCTPAHEHUE B PA3IUYHBIX OTPACISIX TEXHUKH
(pucyHok 2.14) [104-105]. Mo cBoeit CyTH THAPOLMKIOH — 3TO CEMapaTop, KOTOPBIH
HCIIOJIB3YEeT HEHTPOOSKHYIO CHITY, YTOOBI OT/ACIMTh HAan0O0JIee MEIKHUE YaCTHUIIBl MeXa-
HUYECKUX MpUMEcEe U3 cycneH3uu. B ocHOBe paOOThl THAPOLMKIIOHA JIEKUT pa3HUIIA
CKOpPOCTEM JBWXKEHHSI YaCTHL, OTIMYAOIIMXCA Maccou. B mpouecce cenmapauuu He
IIPOUCXOIUT XUMUYECKOTO U3MEHEHUS COCTaBa BEIIECTBA.

OnbIT UCMONIB30BaHUS THAPOIMKIOHHBIX yCTpoiicTB mokasbiBaeT [104-105], uto
OHM CIOCOOHBI 3ajepxkuBath 98% TBepAbix vactuil ¢ pasmepamu 50...70 mxm. Ilpwu
TOM MHOT'O€ OMpPEENSIeTCs MPAaBUILHBIM BEIOOPOM KOHCTPYKTHUBHBIX MMApaMeTPOB TU-
POIIMKIIOHOB.

['uaponMKIOHHBIE YCTPONUCTBA 00JIAI0T TIETBIM PSAAOM BasKHEHIIUX 10CTO-
UHCTB!

1. BBICOKAs MPOU3BOAUTEIILHOCTh U HEMPEPHIBHOCTH Pa0OTHI;
2. MaKCHUMAaJIbHO MPOCTasi KOHCTPYKIIMSI, HE COAEpIKaIas TOIBUKHBIX dJIEMEHTOB,;
3. OTCYTCTBHE COOCTBEHHO (DUIIBTPYIOIIETO 3JIeMEHTa (TKaHEBOr0, KAPTOHHOTO,

CHHTETHYECKOT0, CETYATOTO U T.M.) KaK TaKOBOTO;
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» = Pucynok 2.14 - KoHcTpykTHBHAs cxema
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KJIaccuyeckoro ruapouukiaona [34]: 1-
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KOpHyc; 2- muTaroumi narpyook; 3-
o !
’\]? » Hacagka, 4- CIMBHOW maTpyOoK; 5-

cnuBHas Tpyda; 6- cTuBHAS Kamepa
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4. mpeneibHO Mayiasi CTOUMOCTH;
5. KOMMNAaKTHOCTh KOHCTPYKIIHH;
6. BbICOKas 3(h(HEKTUBHOCTH;
/. TIpaKTUYECKH HEOTPAHUUYEHHBIN CPOK CITY>KOBI;
8. MOBBIIIIEHHAs HAJCKHOCTD JaKe MPH TSKENBIX YCIOBHUSIX IKCIUTyaTaIuu (BBICO-
KH€ JIaBJICHUS U TEMITEPaTyphl IOTOKOB, HAIMYNE arPeCCUBHBIX CPEI U T.I1.);
9. mosHast aBTOHOMHOCTh PaOOTHI.
B xauecTBe 0co0eHHOCTEN TUIPOLMKIOHHBIX (PUIBTPOB-CENAPaTOPOB MOKHO OT-
METHUTh CIEAYIOIIEE:
1. ¢unbTpanus He aBisIeTCS a0COTIOTHOM, T.K. 3((PEKTUBHOCTH cenaparim 3a-
BHUCHT OT CKOPOCTH TIOTOKA M SIMHUYHOM MACChI yIaIIeMbIX YaCTHII;
2. TIPH MaJIbIX CKOPOCTSIX MOTOKA YaCTh YACTHUIL 3arPSI3HEHUN MOXKET HE YJIaBJIu-
BaTbCS ¥ IUPKYJIUPOBATH B TUPABINYECKOM KOHTYPE 000pYA0BaHMUS;
3. He yIajsroTCs U3 OTOKA YaCTHUIII ¢ INTIOTHOCTHIO MEHBIIIE INTOTHOCTH (PHITH-
TPYyEeMOU KUAKOCTHU (KaK MPABUIIO, 3ITO OPrAaHUUYECKUE YACTUILHI).
YcrpolicTBa Ha OCHOBE HMCIOJIB30BAHMS THAPOIUKIOHHOTO TPUHITUIA JEHCTBUS

HC IMO3BOJIAIOT OCYHICCTBIIATE TOHKYIO OYHUCTKY JKHUAKOCTH, HO JJIA YCJIOBI/Iﬁ COBPEMCH-
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HBIX CUCTEM XHUJIKOCTHOT'O OXJIAXKACHUA aBTOMOOMJILHBIX ,Z[BI/IFaTeJIeﬁ TaKas (bI/IJ'IBTpa-

U U HE TpeOyeTcsl.

2.4. ®opMmupoBaHue TpeOGOBaHUIl K NepcneKTUBHOMY GpuiabTpy OK

PaspabatsiBaemsrii puinbTp OXK A aBTOTPaHCTIOPTHBIX ABUraTesel MpeaHa3Ha-
yeH 11 ouncTku OXK, HMpKyJIHMpyIoled B CUCTEME OXJIAKICHHS JIBUTATENS, OT MeXa-
HUYECKUX MpuMecel (IecKa, 4YacTULl METaJlIa, IPOTyKTOB XUMUYECKOM KOPPO3UHU U Ka-
BUTALlMOHHOMN 3pO3UM METaIOB, HAKUIH, OCTAaTKOB I'€pMETHUKOB, (DparMEeHTOB pa3py-
MIMBIIKXCS MPOKIAIOK U T.I1.) U IPOJYKTOB pa3ioxeHus aHTu(puzon (cm. 1 riasy).

OcHoBHBbIe TpeOOBaHMs K niepcriekTuBHOMY puibTpy OX MokHO chopmymupo-
BaTh CJICAYIOIIUM 00pa3oM.

1. ®unbtp (YCTPOHCTBO OYHMCTKU) JOJDKEH SIBIISATHCS MHOTOPA30BBIM, C BO3MOXK-
HOCTBIO MEPUOINYECKON OUHUCTKU I'psi3eCOOpPHUKA. DTO SBISETCS SKOHOMUYECKH LieJie-
CO00pa3HbIM, a TAK)KE SKOJOTHUECKH PAllMOHAIBHBIM PELICHUEM, TO3BOJISIOLINM CyILIe-
CTBEHHO YIIPOCTUTH BONPOC YTHIM3ALHUH UCTIOJIb30BAHHBIX aBTOKOMITOHEHTOB.

2. KoHCTpYKTUBHO (DUIBTP JTOJKEH COCTOSITh M3 BXOJHOTO M BBIXOJHOTO Ia-
TpYOKOB [JIsl MOJACOEAMHEHHUS K IIJIAHTaM CUCTEMBbI OXJIAKIEHHUS, KOPIyca, B KOTOPOM
OCYULIECTBIISIETCS (PUIIbTpAIUs U EeMKOCTH JIJ1sl cOOpa 3aepKaHHbIX 3arpsa3HeHuil. Takas
KOHCTPYKLUS TO3BOJIUT YCTaHABIUBATh JAHHBIN QUIBTP 0€3 3HAUUTEIbHBIX U3MEHEHUM
B CUCTEMAX OXJIAKJCHHUS Ha JBUTATEIN, YCTPOUCTBO U KOMIIOHOBKA KOTOPBIX HE NIPERY-
cMaTpuBaeT MOHTaX 3apyoexxHbix POXK Trma spin-on.

3. HomuHanbpHast TOHKOCTh (UIBTPANMH (OYUCTKH) JJISl TBEPBIX YACTHIL 3arpsi3-
HeHul (95% ynaBnuBaHus) HE TODKHA ObITh HE Xyke 100 MKM TP HOMUHAIBHOM pac-
xone OX. Kpome BbIllIeyka3aHHBIX 3arps3HEHUH, (QUIBTP JOJKEH YJIaBIUBATH pas-

JIMYHbIE TeJIe00pa3HbIe MPOAYKTHI (pe3yIbTaT pa3ioKEHUsI aHTU(PHU30B).

4. 9¢(peKTUBHOCTH OUUCTKHU HE JIOJDKHA CYIIECTBEHHO 3aBHCETh OT OPUEHTALIMU

¢buabTpa B MPOCTPAHCTBE.

5. 'mapaBaudeckoe comportuBieHue GuibTpa (TIepenaj AaBieHUs Ha (QUIBTPE)

HC JTOJDKHO ITPCBBLIIIATDH YCTaHOBHeHHOﬁ BCJINYUHEI, OHpGI[GJIHGMOfI B 3aBUCHUMOCTH OT
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TUnopasMmepa ¢uibTpa npu HoMUHaIBHOM pacxone OX (yTouHsieTcst B mporecce pas-
paboTku Ut Kakaoro turnopasmepa). [lpu ycranoBke ¢uibrpa pacxon OX B cucteme
HE JIOJDKEH CHIDKAThes Oonee yem Ha 15%. JlanHoe TpebGoBaHME MO THAPABINYECKOMY
cornpotuieHuto nepcnekTuBHOro ®OXK 10kHO ObITH B3aMMOYBSI3aHO CO 3HAUEHHUSIMU
THJIPABIMIECKOTO COMPOTHUBIICHUS Npyrux komroHeHToB CXKO (TepmocraToB pamuaTo-
POB M [p.), MOCKOJIbKY JOJDKHA OOECIIeYMBATHCS THUIPABINYECKAS COBMECTUMOCTD

DOXK ¢ cucteMoil OXJIaXKICHUS B IIEJIOM.

6. B IMpOoLCCCC SKCILTyaTallkun IIpU YJIABJIMBAHHUH 3anH3H€HI/II>JI I'nApaBIMICCKOC
COIIPOTHUBJIICHUC q)HHBTpa HC JOJDKHO HM3MCHATHBCA IO CPAaBHCHUIO C HepBOHa‘IaHBHOfI

HOPMHUPOBAHHOW BEJIMYMHOU.

/. OuIbTp IOJKEH MCKI0YaTh nepekpbiTue notoka OXK B cucreme, Jaxe mnpu

IIOJIHOM 3aIlOJIHCHHUN rp513ec6opHI/n<a qacTHIIaMH BanHBHCHHﬁ.

8. B koHcTpykiuu ¢unbrpa (yCTpoiicTBa OUMCTKHU) JOJKHBI OTCYTCTBOBATh IO-

JABUIKHBIC OJICMCHTLI U AOPOTOCTOAINE MaTCpHUAJIbI (KOMHOHGHTBI).

9. ®unpTp (YCTPOMCTBO OYMUCTKH) JOJKEH 00J1a1aTh IPsI3eEMKOCThIO, 00ecIIeun-
BaIOIIEH CPOK €ro IKCILTyaTaluu 0e3 BCKPBITUS HEe MeHee 2-X JieT (uau 50 Thic. KM mpo-
Oera TpaHcmopTHOro cpenctBa win 1500 MoTo-yacoB ero padoTh). OOIIHI CPOK CITYXK-
Obl GUIBTPA AOJHKEH OBITh MPUMEPHO PABEH PECYpCy ABHUratTeis (CPOKy CIy>KObl aBTO-
MOOMIIS). YKa3aHHBIE CPOKU OOBSICHSIOTCS MHTEPBAIAMH TEXHUUECKOTO 00CTY>KUBaHUS
aBTOMOOUJIEH, YCTAaHOBJICHHBIC 3aBOJIAMHU-U3TOTOBUTEISIMU M CPOKAMU CITYKOBI aHTHU-

(Gpu30B, KOTOPHIE YCTAHABIUBAET UX TPOU3BOJAUTEIIb.

10. ®unbTp (YCTPOMCTBO OUUCTKHU) JOJKEH BBIMOJIHATH CBOM (DYHKIIMU B Juara-
3oHe Temmeparyp - 40 ... +115°C (kpaTkoBpeMeHHO — mpu Temriepatypax o +135 °C)
B cpene antudpuza (MOOBIX MapoK) mpu pabouux pacxojax motoka ao 100 i/mMun
(Inama3oH pacxoJI0B YTOUYHSIETCA B Mpollecce pa3pabOTKU JUIsl pa3IMUHbIX TUIIOpa3Me-
poB GUILTPOB). YKa3aHHbIE 3HAUEHUS TEMIIEPATyp TOCTUTAIOTCS B coBpeMeHHbIX CIKO
JIBUTATEJIE U HOPMUPYIOTCS MPOU3BOAUTENSIMU PAAUATOPOB, TEPMOCTATOB M APYIHX

y3noB CXKO [57].
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11. MaccorabapuTHbie TapaMeTpbl GUIBTPA U €ro KOHCTPYKIUS JOJIKHBI 00ec-
NICYMBATh €T0 JISTKMI MOHTaX B TIOJIKAIIOTHOM MPOCTPAHCTBE aBTOMOOMIIA (TpaKkTopa) B
«pa3pbIBE» MEKIY PE3UHOBBIMHU MATPYOKaMHM CHUCTEMbI OXJaxAeHUs. MecTo MOHTaxa
buabTpa T0JKHO OBITH BEIOPAHO U3 yCIIOBUS ruapaBinueckoit coBMectumoctu ¢ CXKO.

12. ®unbTp (YCTPOMCTBO OUMCTKU) JOIHKEH COXPAHSATh T€PMETHUYHOCTH MPU HC-
NBITAaHUM W30BITOUYHBIM cTaTdeckuM naBieHueM He meHee 150 +£10 xlla. Ykazannoe
3HauYeHUE AaBieHus MoxeT gocturatbes B COXKO aBTomMoOMIbHBIX aBurareneid. CtaTu-
YECKUM JIaBJICHUEM MOJOOHON BEJIMYMHBI UCTIBITHIBAIOTCS aBTOMOOMIIBHBIE TEPMOCTATHI
u paguatopsl o 'OCT P 53832 — 2010 [57].

PazpaboTka M0KHA BECTHCH C YYETOM TEXHUYECKHM UM SKOHOMHUYECKH OOOCHO-
BaHHOW YHU(PUKAIUU, CTAHAAPTU3AIMKN U B3aHMMO3aMEHSEMOCTH HCIOJIb3YEMbIX JeTa-

JIEN U y3JI0B.

2.5. PazpaboTka nepcnekTuBHOM KOHCTPpyKInu ®OK

Ha ocHoBe copMynrpoBaHHBIX TPEOOBAHUI U PE3yIbTATOB KPUTHUECKOTO aHa-
J13a NATEHTHON U HayYHO-TEXHUYECKOM JINTepaTyphl IpeIokKEeHbl COOCTBEHHBIE BapHU-
aHTBI (PUIBTPOB-CENAPATOPOB OpUrHHAIBLHOUW KOHCTpykiwu [104-105]. Beut nmomyden
nateHT P® 2 552 547 na u3obperenue «YCTpONCTBO I OYUCTKH MOTOKA YKUIKOCTH OT
TBEPbIX YacTull 3arpsisHeHui» (aBTopsl paromupos C.I'., Diinens I1.U., Iparomupos
M.C., Xypasnes C.A.), (pucyHok 2.15).

YCTpOUCTBO JJI OYMCTKU IMOTOKA KUJIKOCTHA OT TBEPABIX YACTHI| 3arpsi3HEHUU
paboTaet crneayomuM oopazoM. [1oTok xuaKoCTH, coaepKallnuil TBEpPAbIE YaCTULIbI 3a-
IpSA3HEHUH, TIOCTYIAET B YCTPOMCTBO uepe3 BXOAHOW MaTpyOoK 4 U Mocjae MpOoXOoxkKIe-
HUS 4epe3 3aKpyuyMBaroluil anmapatr 6 mpuoOpeTaeT BpallaTelbHOE ABUKEHHE, KOTO-
poe pa3BUBaeTCA Janee MpHu JBMXKEHUH MOTOKa B HUJIMHAPUYECKOM Kopryce 1. 3akpy-
YEHHBIA MOTOK B HUJIMHAPUYECKOM KOpItyce 1 MMeeT pa3inyHyl0 OKPYKHYIO CKOPOCTb
— BBICOKYIO Ha niepudepun (BOIU3M CTEHKM) U HU3KYIO B IIEHTpaibHOU 30He. biaronaps

I[CﬁCTBI’IIO I_IGHTpO6€}KHBIX CHJI B 3aKpYUYCHHOM IIOTOKEC, TBEPABLIC YaCTHUIIbI OT6paCBIBa-
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IOTCSl HA BHYTPEHHIOKO [TOBEPXHOCTh CTEHKH LIWJIMHIPUYECKOro Kopmyca | u B mpouec-
CE 3aKpPYYEHHOTO JABUKEHUS MMOTOKA MPOXOASAT Yepes3 MIeTu 7 B MOJIOCTh Ipsi3ecOOpHUKA
8. Beixom moTOKa KHAKOCTH, OYHMIIEHHOTO OT TBEPABIX YACTHIl 3arpsS3HEHUM, OCy-

IMESCTBILACTCA YCPC3 NCHTPAJIBHYIO YaCTh MUJIMHAPHUYICCKOT'O KOpPITyCa IB BLIXOIIHOﬁ Ima-
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Pucynok 2.15 - YerpoiictBo ans ounictku OXK [104]: 1 — nmnuaapuyeckuii kopmyc; 2,3 —
TOpLIEBbIE CTEHKH, BBIMIOJHEHHbIE B BUE (hiaHIEB; 4 - BXOAHON MaTpyOoOK; 5 — BBIXOA-
HOM matpyOok; 6 — 3aKkpy4MBarOUIMil anmnapar; / — eIy Ui OTBOJA YacTHUll 3arpsizHe-
HUH; 8 — Tps3ecOOpHUK; 9 — MUAMHAPUYECKUi KOXyX; 10 - nononuuTenpHbIN (ranery; 11
— KOJIbIeBas kamepa; 12 — npenaxknoe otBepcrue; 13 — pe3nboBast mpoOka; 14 — BcTaBka
B (hopMe TOHKOT'O JINCTA U3 MATHUTOIJIACTUKA

VYerpoiictBo s ounctky nmotoka OK OT TBEpAbIX YacTHIl 3arpsi3HEHHM ycTa-
HaBJIMBAeTCs B pa3pbiBe pe3nHoBoro natpyoka CXXO mexnay aBurarenem u ero paaua-
TOPOM B TOPU30HTAIBHOM MOJ0KEHUU. OHO MOXET OBbITh BBIMOJHEHO Pa300pPHBIM HIIU
Hepa30opHbIM. B mocneHem citydae OHO pacCUUTHIBAETCS HA ONPEAENICHHBIN CPOK IKC-

IUTyaTalliy, MOCJIe Yero yAaaseTCs U3 CUCTEMbI U YTHIIM3UPYETCs (pUCYHOK 2.16).
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Pucynox 2.16 - Buemnuii Bua
MaKeTHOTo oOpasia
ycTpoiictBa g ounctku OXK

Kpowme atoro, B 2017 r. nonyden nareHT PO Ne 2625891 na uzobperenue «I ua-
POLMKIIOHHOE YCTPOMCTBO MJIE OUYUCTKU OT TBEP/ABIX YACTHUIL 3arpsi3HEHUN OXJIaXKaro-
el JKUJIKOCTU TOPIIHEBBIX ABuratenei» (aBtopbl Jparommpor C.I'., JIparomupon
M.C., Duinens I1.1., XKypasnes C.A., 'amaronoB A.1O., Cenuanos H.M.) [105].

[Ipennaraemerii B 3ToM marentTe ¢ubTp-cenaparop [105] mpencrasiser codoi

CIIEIYIOIIYIO KOHCTPYKIIHIO (prcyHoK 2.17). YerpoticTtBo miast ourctku motoka OX ot

]

Pucynok 2.17 - KoHCTpyKIIMS THAPOUMKIOHHOTO YCTPOWCTBA JJISI OUMCTKH OT TBEPJIBIX
yactull 3arpsizHennii OXK nopmHeBbix asurateneit [105]: 1 — quanHApUYECKUil KOPITYC;

2 1 3 — BXOAHOM U BBIXOJHON MaTpyOKu; 4 — BUXpeBas Kamepa; 5 - ynaBiIMBaroOIIue OT-
BepcTus; 6 — rps3ecOOpPHUK; 7 — KOPIYC Tps3ecOOpHUKA

TBEPJBIX YACTHI] 3arpsi3HEHUM paboTaet cienyromum obpazom. [Totox OX, comepxka-
LI TBEPJIbIC YACTHUIIBI 3arpsI3HEHUH, TOCTYIACT B HWJIUHAPUYECKUIN KOpIyc 1 ycTpou-

CTBa 4epe3 BXOAHOW TaHTeHIMAIbHBIA MaTPyOOK 2 U 3a CYET TAHTE€HIMAJIBLHOTO PaCIo-
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JIO’KEHUsI maTpyOKa 2 mpruoOpeTaeT BpallaTeabHOE JBUKEHUE BHYTPH UIMHAPHUUECKON
kamepsl 1. 3akpydeHHblil notok OJK B HMIMHIPUYECKOM Kopityce | MMeeT pa3InuHyIo
OKPYXXHYIO CKOPOCTh — BBICOKYIO Ha mepudepun (BOIM3M CTEHKH) U HU3KYIO B IICH-
TpajabHOM 30HE. [Ipy 3TOM MOTOK JBUKETCS IO BUHTOBOM JIMHUU K BUXPEBOM Kamepe 4.

braronapst J€MCTBUIO LIEHTPOOEKHBIX CHJI B 3aKPYYEHHOM IOTOKE, TBEPAbIE Ya-
CTHIIbI 3arPS3HEHUN OTOPACHIBAIOTCS HA BHYTPEHHIOIO TOBEPXHOCTh CTEHKH IUINHAPHU-
YEeCKOro kKopmyca 1 u manee, mocTynarT B BUXPEBYIO KaMepy 4. 3a cueT MpoaoKaro-
HIeiCcs 1 UHTEHCU(PUIUPYIOIIEHCS 3aKPYTKHU MIOTOKA B BUXPEBOM Kamepe 4 MPOUCXOAUT
0TOpachIBaHUE TBEPJIBIX YACTHIL 3arPSA3HEHUN Ha BHYTPEHHIOIO CTEHKY BUXPEBON Kame-
pBI 4, B KOTOPO! BBHIITOJHEHBI YJIaBIMBAKOLIME OTBEPCTUA 5. 3a CUET AECUCTBUS LEHTPO-
OCKHBIX CHJI Ha TBEpJbI€ YACTHIbl, UMEIOLINE IUIOTHOCTh OOJbIIE, YEM ILIOTHOCTH
XKUIKOCTH, 3TH YaCTULIBI IIPOXOIAT YEPE3 YIABIMBAIOIINE OTBEPCTUS S5 U MOCTYNAOT U3
MOJIOCTU BUXPEBOM KaMephl 5 B MOJIOCTh Ips3ecOOpHUKA 6, T/Ie M HAaKaIUIMBAIOTCA B
npolecce dKCIulyaTauuu ycrpoiicta. Beixon motoka OXK, OYMINEHHOTO OT TBEPABIX
YaCTHULl 3arps3HEHUM, OCYIIECTBIISIETCS Yepe3 BBIXOJAHOM OceBOl marpybok 3 3a cuer
00paTHOr0 3aKPY4YEHHOI'O LIEHTPAJIbHOTO TOKA KUJIKOCTH BHYTPH LMJIMHIPHUYECKOTO
kopnyca 1. Jlanee ounnennas OX noctymnaer B maructpans CKO nBurarens (Ha pu-
cyHke 2.17 He moka3aHa), B KOTOPYIO BKJIFOUEHO YCTPOUCTBO.

Ha npakTuke npemyaraeMoe yCTPONCTBO MOXET pa3MEIIAaThCcsl MEXIy ABUTraTe-
JIEM U €ro pajiuaTopoM - B pa3pbiBe MEXKIY PE3MHOBBIMU MATPyOKaMU CHUCTEMBI OXJIa-
xaeHus. [lo cBOMM TEXHUYECKUM XapaKTepUCTUKAM U MaccoradapUTHBIM MOKa3aTeIsIM
OHO Ham0oJee MPUroTHO JJISl UCIIOJIB30BAHUS B COCTaBE MOPIIHEBBIX ABUTATEIEH aBTO-
MoOuIIeH, aBTOOYCOB, TPAKTOPOB PA3IUYHOTO HA3HAYEHUS, CTPOUTEIBHO-TOPOKHBIX U
JIECOTEXHUYECKUX MAILIMH, ApMENCKOW TEXHUKH, CYI0B, TEIUIOBO30B U JP.

YcTpolicTBO MOXET paboTaTh IPU OPUEHTAIIUHU €r0 MPOIOIHHOM OCH, KaK B CTPO-
IO BEPTUKAJIILHOM, TaK U B HAKJIOHHOM MOJIOKEHUSAX (MpU OTKIOHEeHUsX A0 30°0T Bep-
TUKAJIN).

JlaHHOe TeXHUYeCcKoe pelieHne o0JasaeT psIoM NPEeUMYILECTB - MPOCTOTOM,
TE€XHOJIOTUYHOCTHIO, KOMIIAKTHOCTbIO KOHCTPYKIMH, 3(PPEKTUBHOCTHIO, HAJIEKHOCTHIO,

HCBBICOKUM T'HAPABINYICCKUM COIIPOTUBJICHHUCM.
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[IpensioxkeHHOE PacHOIOKEHHUE YIIABIUBAIOUIUX OTBEPCTHI HEMOCPEICTBEHHO B
CTEHKE BUXPEBOI KamMepbl U OXBaT 3TOM KaMephl BEPXHEH 4acThIO KOpIyca rps3zecoop-
HUKa TO3BOJISIOT PAllMOHAIIBHO MCIOJIb30BaTh 00BEM YCTPOICTBA, YBETUUYHMBAs TEM Ca-
MBIM €r0 KOMIAKTHOCTb NP CHMKEHUM MAacChl U YIPOILEHUU KOHCTPYKLHH, & TAKXKE
MOBBICUTH YPPEKTUBHOCTH CEMapaliy TBEPbIX YacTUIl 3arps3HeHuil u3 motoka OX.

BelnonHeHe yJIaBIMBarONIMX OTBEPCTUH HENOCPEIACTBEHHO B CTEHKE BUXPEBOMU
KaMephbl MO3BOJISIET OCBOOOUTH IPOCTPAHCTBO HMJIMHIPUUECKOTO KOPITyca U BUXPEBOU
KaMephl U, TEM CaMbIM, CHU3UTh TUAPABINYECKOE COMPOTUBIIEHUE YCTPOICTBA.

EMKOCTB rpsi3ecOOpHUKA ITPU 3TOM MOKET BapbUPOBATHCS B JIOBOJIBHO LIMPOKUX
npenesax, B 3aBUCUMOCTH OT OCOOCHHOCTEN MOPIIHEBOTO JBUTaTeNs (EMKOCTH €r0 CHU-
CTEMBbI OXJIaXJIEHHUs), YCIOBHM 3KCIUTyaTaluu ycrpoiictBa Ay ouuctku OX u tpedo-
BaHU, IPEABIBISIEMBIX K HEMY (pUcyHOK 2.18).

BeinyckHoe

O0TEEPCTHE ;

BnyckHoe
OTBEPCTHE

a) 6

Pucynoxk 2.18 - Buemnwnii Buj pazpadborannoro 'dC: a — MakeTHBIN oOpaszerr; 6 — Tpex-
MepHasi MOJIENb ISl pacueTa

Pe3ynbTaThl npenBapUTEIbHbIX UCCIEIOBAaHUN MTPAKTUYECKOTO MPUMEHEHUS ITHX
JIBYX OMMCAHHBIX KOHCTPYKIMH MOKa3aau, 4To 0oJiee MpeanouTUTEIbHON (IO KpUTEpH-
SIM CJIO)KHOCTH U TEXHOJOTUYHOCTH KOHCTPYKITUH, MAacCOrabapuTHBIM TMOKa3aTeNsIM U
BO3MOXXHOCTH KOMITOHOBKH ycTpoiicTBa Ha ATC u ap.) siBisieTcst BTopasi KOHCTPYKIIUS -
TUAPOIUKIIOHHOTO (hunbTpa-cenaparopa (I'dC). E€ ornuyaeT mpocToTa M TEXHOJIOTHY-
HOCTh, OTCYTCTBHE CIEIUATBLHON KPBUIPYATKH JJIS 3aKPYTKHU IMOTOKA, HEOOIbIIHe rada-

PUTEI B I‘OpPI?:OHTEUIBHOﬁ IIJIOCKOCTH, HEBBICOKAsA CTOMMOCTBD.
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Takum 00pa3oM, MOXKHO MOJaraTh, YTO HAWMIEHHOE TEXHUYECKOE PEIICHHE MOKET
ObITh ycriemHo npuMeHeHo B CXKO coBpeMeHHBIX JBUrateseH, Mpu yCiIoBUU O0TpabOT-
KM Ha OCHOBE HCCJEIOBAHMI BCEX KOHCTPYKTHBHBIX NapaMeTPOB TAKOTO T'HMJPOLUK-

JIOHHOTO (pHIIbTpa-cenaparopa’.

Ha3Banue «ruIpOIMKIOHHBIN (UIBTp-cenapaTop» BbIOPAaHO U3 TeX COOOpaXKEHWH, YTO TEPMUH
«TUIPOLUKIOHHBIN» YKa3bIBaeT HA MPUHIHUII €0 JACHCTBHS, «UIBTP» - HA (PYHKIHUIO YCTPOICTBa, a
«cenapaTopy - Ha PU3UYECKU cMoc00, KOTOPBINA 00eCcTIeYMBAET OTACICHUE YaCTHI] 3arpA3HEHU.
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I'JTABA 3. MOAEJIMPOBAHUE PABOTHBI 'MIPOLIUKJIOHHOI'O
OUJIBTPA-CEITAPATOPA N ITOUCK EI'O PAIIMOHAJIBHBIX

KOHCTPYKTHUBHBIX PASMEPOB

Ha ocHOBe mpuBeICHHBIX B JAHHOH IJIaBE Pe3yJIbTaTOB MOJICIMPOBAHUS PaOOTHI
nepcrekTuBHOrO ¢GmibTpa OXK 000CHOBBIBaCTCS BHIOOp €ro KOHCTPYKTHBHBIX Tapa-
METPOB U NPEBAPUTEIILHO OIlcHUBACTCS 3()(HEKTUBHOCTD PaOOTHI.

Pacuer ruaponmkiionHoro ¢uibsTpa-cenaparopa (I'@C) mpousBoamics B Mpo-
rpaMMHO-BeIaMCIIMTENBHOM KoMImiekce Solid Works FlowSimulation (SWFS), kotopsrit
npeIHa3Ha4YeH I TPOBEACHHUS T'a30- M THIPOJMHAMHYECKOTO PACUYCTHOTO aHaju3a B

cpene [108].

3.1. Ucnoab3yemasi MaTeMaTH4eCKasi Moj1eJIb

UtoOwl paccuutaTh (HU3MYECKUN Mporiecc, T. €. U3MEHEHHEe (DU3MYECKUX TMapa-
METPOB B IPOCTPAHCTBE W BPEMEHHM, €r0 HAJO0 CHadaJa MATEMAaTHYECKH CMOJEIINPO-
BaTh. [loCKOIbKY (U3MUECKHE MPOLECCH — PE3YNbTAT JEUCTBHS 3aKOHOB (DU3UKH, TO
Haubosiee ajekBaTHbIe (PU3NYECKUM MpOoIleccaM MaTeMaTHUECKUe MOJIEIH MpeICTaBs-
I0T COOOW CHUCTEMY OTPa)KaroIIMX 3aKOHbI (PU3UKHU TUDPEpeHIHATBHBIX W/WIH HHTE-
IpajbHbIX YPaBHEHHM (C MPUBIICYEHUEM, €CIIM HAA0, MOJYIMIUPUUECKUX U IMIUPUY -
CKUX KOHCTAHT M 3aBUCUMOCTEH) C TPAaHUYHBIMH U HaYaJIbHBIMHU YCJIOBHUSIMH, TPUBSI3bI-
BAIOIIMMH JIAHHYI0O MAaTEMaTHYECKYI0 MOJENb K MOCTaBICHHOW KOHKPETHOW (uinye-
CKOM (MH)KEHEpHOI) 3a7aue, T. €. ONpeAeAIOIMMU JaHHbIe (PU3NUYECKHe MPOIeCChl B

atoit 3anade [109].

3.1.1. Pacuer Teuenust

B SWFS nBwxenne u TemiooOMeH TEKydeil cpeibl MOACIUPYETCS C MOMOIIBIO

ypaBHenuii HaBbe — CTOKCa, ONKUCHIBAIOIIMX B HECTAIMOHAPHON MOCTAHOBKE 3aKOHBI
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COXpaHEHUs! MAcChl, UMITyJIbCa W SHEPIHM 3TOU cpenpl. Kpome TOro, Mcmosib3yroTcs
yYpaBHEHUSI COCTOSIHUSI KOMIIOHEHTOB TEKy4el Cpejlbl, a TaKKe SMIMPUUYECKUE 3aBUCH-
MOCTH BSI3KOCTH U TEIUIONPOBOJAHOCTH 3THUX KOMIIOHEHTOB CpPEIbl OT TEMIIEPATYPHI
[108].

OTUMU ypaBHEHUSIMHU MOJEIUPYIOTCS TYpOyJICHTHBIC, JTaMUHAPHBIE U MEPEXO]-
HbIe (MEX]y JIJAMUHAPHBIMUA U TYpOYJICHTHBIMHU, MEPEX0]] OMPEEIAETCS KPUTHIECKUM
3HaueHueM uucia PeiiHonbaca) Tedenus. [ MoaenupoBanus TypOyJIeHTHBIX TE€UECHUN
(OHM BCTpEUarOTCsl B MHKEHEPHOU MPAKTUKE HanOoJee 4acTo) YIIOMSHYThIE YpPaBHEHUS
HaBbe — CtoKca ocpeaHstoTcs mo PeilHONBACY, T. €. UCMOJIb3YETCS OCPEIHEHHOE T10
MaJioMy MaciiTaby BpeMEHHU BIUsSHHUE TypOyJIE€HTHOCTH Ha MapaMeTphbl MOTOKA, a KPyT-
HOMAcCIITaOHbIE BPEMEHHBIE U3MEHEHHS OCPEHECHHBIX M0 MAJIOMy MaclITa0y BpeMEHU
COCTaBIISIIOIINX I'a30MHAMUYECKUX [TapaMETPOB MOTOKA (AaBJIEHUS, CKOPOCTEM, TEMIIE-
paTypbl) YUUTHIBAIOTCS BBEIACHUEM COOTBETCTBYIOIIMX MPOM3BOAHBIX MO BpeMeHU. B
pe3yJibTaTe ypaBHEHUS UMEIOT JOMOJHUTEIbHBIC YJIEHbl — HANpsHKEHUs 10 PelHONb -
Cy, a JIJIsl 3aMBbIKaHus 3TON cucteMbl ypaBHeHuM B SWFS rcnons3ytoTcst ypaBHEHUS T1e-
peHOCa KHHETHUYECKON SHEPTUr TYpOYJICHTHOCTH U €€ JMCCHIIAlMU B pamMKax K - e Mo-
nenu Typoysaentaoctu [110].

DTa cucTteMa ypaBHEHUN COXpAaHEHHUS MAcChl, UMIYyJIbCa U YHEPIHUU HECTalHO-
HapHOTO MPOCTPAHCTBEHHOTO TEUEHUSI UMEET CIEAYIOIIMNA BUJ B paMKax moaxoja Jil-
jepa B IeKapTOBO#M cucteMe koopauHaTt (X, 1=1,2,3), Bpalnaromiencs ¢ yriioBoi cKoOpo-

CTBIO £ BOKPYT OCH, TIPOXOJIAIIEH Uepe3 ee Havyao:
dp a .
ot T omn (pu;) =0, (3.1)

8lpuy) , 8 _ 8r _
= o (pu;uy — ;) + o S, (3.2)

8(pE) a
——+ a((pE +Plu + @ — Titty) = S + Qy, (3.3)
rae t — BpeMs, U — CKOPOCTb TEKYUYEH Cpelbl, p— ILNIOTHOCTh TEKYUYEU CPEbI,
P— namnenue Texydeu cpefibl, Si, — BHEITHHUE MACCOBBIC CHIIBI, JCHCTBYIOIINE HA €1~

HUYHYIO MacCy TEKy4eW CPeIbl: Sipenctrate— ACHCTBHE COMPOTUBIICHUS YCIOBHO MPOHU-



81

maemMoro TeiJa, Sigravity— JICUCTBHUE rpaBUTaIIUH, Sirotatior— JEHCTBHE BpalcHUs CUCTCMBbI
KOOpAHuHAT,
T. €. Si:Sipenetrate"'Sigravity+Sirotation (34)

E — nomnnas SHCPIrusi SIMHUYHOM MacChl Tequeﬁ CpEaknl, QH— TEIIO, BBIACIISIEMOC
TCIIJIOBBIM HUCTOYHUKOM B C€IWMHHUYHOM o0BeMe TCqueﬁ CpCabl, Tik— TCH30P BA3KHX
CABHUI'OBBIX HaHp}IXCGHHﬁ, g— I[I/I(I)(I)yBI/IOHHLII?I TEIJIOBOM IIOTOK, HM)KHUE HHJEKCHI
O3HA4Yal0T CYMMHPOBAHHEC 110 TPEM KOOPAHUHATHBIM HAIIPpABJICHHUAM.

JIns HBIOTOHOBCKHX TEKYYMX CpE€l TEH30p BS3KHX CHIBUIOBBIX HANPSLKECHUU

OTIPEIETISETCS CICAYIOMUM 00pa3oM:

du; du;j 2 au;) 2
;i =U|{—+——-—| —=pkd,; 3.5
Y H (Bx_l,- dax; 3 dx 3 P L ( )
rae pU=pj+tuiu— KodpPUIMEHT TUHAMHYECKON BA3KOCTH, Ui — KOX(P(UIUEHT

TypOyJIeHTHON BA3KOCTH, Ji— AenbTa-¢pyHkuus Kponekepa (dij = 1 mpu i= j; 6 = 0
npui# ), K — kuHeTnyeckas sHeprust TypOyJaeHTHOCTH. B cooTBeTcTBHHU € K- MOjIe-
JBbI0 TYpOYJEHTHOCTH, (i ONPEAEISIETCS Yepe3 BEIMYMHBI KMHETHUYECKON SHEPIHH TYp-

OyJIEHTHOCTH K ¥ TUCCHIIAIIUH 3TOW SHEPTHUH &:

w=f, ‘TH_F’F‘Z_ (3.6)

&

20,5

rme f, = [1—exp(—0,25R,)] - (1+%

p/ky pk?
).;R'L? = J'RT: !
. Hie

y—paccrostaue oT nmosepxHoctu crenku (y=0,09).
KuneTtnueckas sHeprusi TypOyJIEHTHOCTH K ¥ AMCCUTIAINS 3TOW SHEPTUU € OIpe-

JIETISIFOTCSL B PE3YJIbTaTe PELICHUsI CICIYIOMINX IBYX YPABHEHUM:

opk . 0 _ 0 (4 pr) 2k

at + dxy (puk k] - dxy (.H’I * CF.I;:) daxy + Sk’ (37)
%2 1 2 (pupe) = — (,u -I-ﬂ)a—s +S5 (3.8)
at dxy k dxy ! ge/ Bxy &’ '

rac.

dug
SF: = 'E!'-R}a—xj—pE—Fﬂ!PE,
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S, = rR 2% 4 CyP pe
= E!k I‘Ja HiLlplp Ezfzk’
du;  du;  23du 2 ild
H’I( —t L {6:;)__10;(6!;":' &__P’
dx j dx; 3 8x 3 g g dx;
gi — cocCTaBJIAIOIIasA rpaBUTAIMOHHOI'O YCKOPECHUSI B KOOPAMHATHOM HallPaBJICHUU

0,05

3
Xi, Cp=1 npu Pp>0 u Cp=0 npu P <0, f1—1+(f ),ﬁ—l—exp( R%),
[

Ca=144,C2=192,0.=1,3, ok =1.

Hubdy3roHHBIN TETIOBON MOTOK MOJEIUPYETCS C TOMOIIBIO YPAaBHECHUS

k=1,2,3, (3.9)

I'ne o= 0,9, Pr— uucno I[Ipanarns, C,— yaenbHast TEMI0EMKOCTb IPU MOCTOSH-
HOM JIaBJIEHUH, T —TeMIIepaTypa TEKYUEH Cpebl.

JInss MopenvupoBaHUsl JIAMWHAPHBIX TECUYCHUM JlaHHAsA CHUCTEMA YpPABHEHUW HeE-
CKOJIbKO MOJU(HIHpyeTcs, a uMeHHo nosiaraercs 4= 0 u k = 0. C momotpio GyHKIHH
f, Monenupyercst mepexoj JaMUHAPHOTO TEYEHUs B TypOYJICHTHOE W TypOYJICHTHOTO B
namuHapHoe [108].

JlamunapHbie ¥ TypOyJICHTHBIC MOTPAHUYHBIE CIOU TEUEHHUS OKOJIO TOBEPXHO-
CTEIl TBEPAOIO Tela, a TAKKE MEePEX0]] JaMUHAPHOTO MOTPAHUYHOIO CJIOSl B TYpOYJIEHT-
HBI ¥, HA00OPOT, TypOYJIEHTHOTO B JIAMHUHAPHBIN, MOJEIUPYIOTCS C BBICOKOH TOYHO-

CTBIO C ITOMOIIBIO MOAU(DHUIIMPOBAHHBIX YHUBEPCAIBHBIX MMPUCTCHOYHBIX (QYHKITHIA.
3.1.2. Pacuer ABM:KEeHUS YACTHIL

JIByx(da3Hble TeUeHUs] TEKy4del cpeAbl C KUJIKUMHU WM TBEPABIMU YaCTULIAMH
MOJEIIUPYIOTCSl KaK JIBM)KEHHE 3THUX YacTULl B YCTAaHOBMBIIEMCS (pacCMaTpUBAIOTCS
TOJIBKO CTallMOHApHBIE ABYX(a3Hble TEUECHUs) TOTOKE TeKy4Yel cCpenbl, T. €. Mpemnoia-
raercs, 4To CUJIOBOE U TEIJIOBOE BO3JEHCTBHE YACTHI] Ha TEUEHHE Ia30BOM (hasbl mpe-
HEOpEeKUMO MaJjio. DTO MPEANONI0KEHNE BEPHO B TOM Ciydae, KOorJa MaccoBas J0Jis ya-
ctul] B aByx¢a3zHoMm notoke He mpeBbimaeT 30%. Ilpu onpenenenun koddunueHta

COIIPOTHUBJICHUS 9aCTHUI] IIPCAIIOIAracTcs, 4YTO OHA (KaK KHUOKHNEC, TaK U TBepI[I)Ie) HUMCIOT
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chepuueckyro Gopmy. KodpduuueHT conmpoTHUBIEHUS YaCTUIl PACCUUTHIBACTCS TIO
dbopmyrne XenaepcoHa Uisl HEpa3psHKEHHBIX M Pa3pesKeHHBIX, J10-, TPAHC- U CBEPX3BY-
KOBBIX, JJAMHHAPHBIX, IEPEXOIHBIX M TYPOYJICHTHBIX YCIOBUN OOTEKAHUS YacTHUIl. TeM-
nepaTtypa 4acTUlbl onpejaensercs no Gopmyse TerooOMeHa YaCTUIbI ¢ OKPYKarolen
TeKyudeu cpefoil. Tak Kak y4YUTHIBACTCS BIUSIHUE TEMIIEPATYPhl YACTHUIIBI HA TIJIOTHOCTh
ee MaTepualia, a Macca 4acTHIIbl CYUTAETCS HEM3MEHHOM, TO COOTBETCTBEHHO M3MEHSI-
eTcsi pazmep yactuilbl. Ecim HeoOX0MMO, TO YYUTHIBAETCSA BIUSHUE T'pABUTAIlMU Ha
JBIDKCHUE YacTull. B3auMoaeicTBre 4acTHUIl ¢ TIOBEPXHOCTIAMHU TBEPJIbIX TEI MOJACIIH-
pyercst Tub0 Kak IMOJHOE MPWIMIIAHUE YAaCTUIl K MMOBEPXHOCTH (CBOMCTBEHHO KaIlIsiM
YKUJIKOCTH TIPY HE OYEHBb BBICOKUX CKOPOCTSX COYyJapeHusi), MO0 Kak HICIbHOE WIH
HEUJeaNbHOE OTpakKeHHE (CBOMCTBEHHO TBEPABIM dYacTulaM).Eciii cOCTaBISIONIYIO
CKOPOCTH YacCTHUIbI N0 HOPMaJIM K IMOBEPXHOCTU HEMOCPEICTBEHHO MEPEN €€ coyape-
HUEM C 3TOM MOBEPXHOCTHIO 0003HAYUTH Vi ,a COCTABIISIONIYI0 CKOPOCTH YaCTHUIIBI IO
KacaTeJIbHOM K 3TOW MOBEPXHOCTH HEMOCPEICTBEHHO IEPENl €€ COYHapeHUEM C ITOU
MOBEPXHOCTHIO 0003HAUUTh Vi, , @ 3TH K€ COCTABJISIONINE CKOPOCTH YACTHUIIBI Cpazy
MOCJIe €€ COyAapeHusi CO CTEHKOW 0003HAYUTh COOTBETCTBEHHO Vo, U V2 ; U paccMoT-
pPETh OTHOIIEHUS

VZ,J‘I . VEJT

, B =

, (3.10)

1.n lI"’J.,T
TO TIPHU UACATBHOM OTPAXKECHUU €, = €; = 1, a Tpu HeuJeaabHOM OTpakeHuu e,<lu e.<1.

Wcxons 3 KOHTUHYaIbHOM MOJENH ABYX()A3HOTO TEUYEHHS, T. €. TCUCHUS B3au-
MOTIPOHUKAIONTUX KOHTUHYYMOB Ta30BOH (Da3bl M 4aCTHIl pa3IMUHbIX Qpakiuii (Bce ya-
CTHUIIBI pa3JesAtoTCs Ha (pakiuu MO0 KaKOMY-THO0O MPU3HAKY, MO3BOJISIIONIEMY OJHO-
3HAYHO 33JaBaTh HAYAJIbHBIC YCIIOBUS JIBUKCHHS YAaCTUIl B CEYCHUHU, OT KOTOPOTO 3TO
JIBUKEHHUE PACCUUTHIBACTCS: HAIIPUMEDP, €CIIM B HEKOTOPOM TOUKE HAYAJIBHOTO CEUCHUS
MOTYT HaXOJMTHCS YACTHUIBI PAa3HbIX Pa3MEpPOB, TO TAKUM IAPAMETPOM SIBIISIETCA pas-
Mep YacTHll), IpH MOMAJAHUN YACTHUI] HA CTEHKY OMpEAENsieTCs CyMMapHas MO BCEM

MMOBCPXHOCTAM, Ha KOTOPLIC BbIIIAIN YaCTHIIbl, HHTCHCUBHOCTb HAJIUIIAHUWS YaCTHI[ HA

9T TIOBEPXHOCTH 110 (OpMyJIe

Roccretion = Z?:l Mp;‘; (3.11)
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rae N — gucno ¢paxumii yactui, My — pacxoj 4acTHIl i-if ppakiuy, BBINABIIAX HA OTH
MTOBEPXHOCTH; a TAK)KC HHTCHCHBHOCTh YHOCA MaTepHaja CTCHOK, Ha KOTOPBIC BBITAIH
YacCTHUIBl (PEIICHNE O TOM, NMPHUBEACT JIM BBITIAJEHUE YaCTHI] Ha 3TH IMOBEPXHOCTH K
HaJMIAHUIO YaCTHIl Ha TUX MOBEPXHOCTAX HJIM K YHOCY MaTepHalia 3THX IOBEPXHO-

CTel, — OCTaeTCs 3a MOJIb30BaTeNIeM), TI0 opMyJIe:

RE erosion Z J’ K!' ’ Vpiz ’ fl:' (arp:'] ’ fE :'(dp:')dm'lpi ' (312)

i=1 Mp!

rae Ki- 3alaHHBIN [0JIB30BaTENEM KO3(PPUIMEHT dPO3UHA MaTepHaia MOBEPXHOCTH, Vi
—CKOPOCTh YaCTHIl HETIOCPEICTBEHHO Tepe]l COYAapeHUEM, D — 3amaHHBIN 1MOJIb30Ba-
TENEeM ToKa3arenb crerneHu, fii(opi)— Oe3pa3MepHBIi KOAPPHUIMCHT, YUUTHIBAIOIIUIL
BIIMSIHUE HA 3PO3UIO0 yIJia G MOAJIETa YACTULl K TIOBEPXHOCTH BBINAJEHUS (OTHOCUTEIb-
HO HOpMAaJIU K MOBEpXHOCTH), f2i(dpi) — Oe3pazmepHblit KOAQPHUIIUCHT, YUUTHIBAIOIINIA

BJIMSTHUC HA OPO3HI0 JUAMCTpa dpi qaCTHII.

3.1.3. Co3nanue TpexmMepHOIi reoMeTpuM

Bp100p rpaHMYHBIX YCJIOBHI, 32/1aHHE CETKH

TpexmepHast Mojenb uccieayemoro gpuibrpa Opuia coznana ¢ nomornsio CAIIP
Pro/Engineer (cMm. pucynok 2.18, riasa 2).

st mpoBenenust pacuetoB B komiuiekce SWFS HeoOxoaumMo Moau@uIMpoBaTh
Moienb (pucynok 3.1):

® VIPOCTUTH, YOPAB U3 PACCMOTPEHUS T€ €€ JeTalu, KOTOPhIE HE BIUSIOT HA pe-
HIEHUE 33/1a4d, HO yBeJIMYMBaIOT notpedisiembie SWFS koMmbloTepHbIE pecypchl — B
NEPBYIO OYEPEIb NaMATh — M, BO3MOXHO, 3aTPAaYMBAEMOE HA PEIICHHE 3a/1a4d MpOLEC-
COpPHOE BpeMS;

® JIONOJHUTH MOJENIb HEOOXOAUMBIMU KPBIIIKAMH, 3aKPbIBAIOIIMMHU BXOJHbBIE U

BBIXOJHBIC OTBCPCTUS;
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® U3MEHUTh MOJIETh BO M30ekKaHWE KOH(IMKTHBIX COMpPSDKCHMI (KacaHue, Co-
npsDKEHUE Tell 110 pedpy);

e co31aTh (PUKTUBHBIC TEJIa, HAIIPUMED, MJIS 3a/IaHMS B JIOKATLHOM 00bEeMe KHI-
KOCTH Ha4aJIbHBIX YCJIOBHM, JIOKAJILHBIX HACTPOEK CETKU WJIU ISl TIOJyYCHHs 3HAUYCHUN
apaMeTpoOB B JIOKAJIbHOH o0nactu skuakoctu [108].

JIns IpUBSA3KKM MaTEMAaTUYECKON MOJETN

- K KOHKPETHOM (pu3nveckoi (MHKEHEPHOW) 3a-
u Jade U K o0JlacTU MPOCTPAHCTBA, B KOTOPOH
OHa pemraercs (Tak Has3bpIBaeMas pacyeTHas
obnacth, mockoibky B SWFS wucnonb3yercs
MeToJi (DUKTHUBHBIX 00JIaCTEH, TO pacyeTHas
001aCTh MOXKET OBITh MEHBIIIC TOM 00JacTH, B
KOTOPOM CTPOMTCS pacueTHas CETKa), MOJIb30-

BaTCJIb AOJDKCH 3a/laTb HAa4YaJIbHbLIC W I'paHUY-

HBIC YCJIOBHAI.

Ecan 3aJa4a CTallMOHAPHAasd HWJIKM HECTa-

Pucynoxk 3.1 - TpexmepHas mMo- IIMOHApHAs1, HO C NMEPHUOAUYCCKUM PEIICHUEM,
ACJb, IIOATOTOBJICHHAA IJIA IIPOBCACHUA o
pacuetos TDC TO €€ PEIICHUE CYUTACTCS HAaUICHHBIM I1OCJIE

€ro YCTaHOBJICHUSI BO BpEMEHU — B ATOM CJIy4yae B 3aJaHUU HaYaJIbHBIX YCIOBUM HMeE-
eTCsl OMPECICHHBIA MPOM3BOJ (CTEMEHb 3TOTO MPOM3BOJIA 3aBUCHT OT 3a/a4yM, HO B
JT1000M cilydae HadallbHbIE YCJIOBUS JIOJDKHBI ObITh (PM3UYECKH KOPPEKTHBIMH; HEKOTO-
phIe 3aa4i MOTYT UMETh HECKOJIBKO CTAI[MOHAPHBIX PEIICHUM, COOTBETCTBYIOIINX Pa3-
HBIM 00JIaCTSM 3HAUYCHUN HAYAJIbHBIX YCIIOBUIA), TaK YTO OT HAYAJIBHBIX YCIOBUYN 3aBU-
CUT HE pelIeHue 3a7]a4H, a CKOPOCTh HAXOXKJACHUS ITOrO pelieHus (ueM OJIMKe Hadallb-
HBIE YCIIOBHS K PEUICHUIO, TEM OBICTpEe ATO pellieHUE OYy1eT HalICHO).

3ajaHrie TPAaHUYHBIX YCJIOBHH, T. €. YCIOBUW Ha TPAaHUIIAX PacUYeTHOW 00JacTH,
00s13aTeNIbHO JIJIs BCEX 3aJ1ady — KaK CTAllMOHAPHBIX, TAaK U HeCTallMOHApHBIX. DakTuye-
CKH, TPAaHUYHBIC YCJIOBHS OMPENCISIOT CBsI3b (DM3UUECKUX MPOIIECCOB B PACUETHON 00-

Jactu ¢ GU3MYECKUMU TPOIIECCAMH BHE €€.
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[Tpu pacuere '®C B KauecTBE rPaHUYHBIX yCIOBHH (prCYHOK 3.2) ObLIN MPHUHSI-

ThI pacxoj KUAKOCTH 40 J1/MUH Ha BXOJIHOM OTBEPCTUHU U TOJIHOE JABJICHUE JKUJIKOCTU

101325 Ila Ha BbIXOOHOM OTBepcTHH. LllepoxoBaTtocTh CTEHOK MpUHSIM paBHO 10

MKM. B kadecTBe pabodeit KUIKOCTH — Bojia mpu Temriieparype 293 K u naBiaeHuun
101325 ITa.

s obecrieueHust IprUEMIIEMBIX pe-

MonHoe

g 3yJbTaTOB PACUYETOB HEOOXOIMMO OBLIO
a

AOCTUTHYTH aaalTanuu pacquHoﬁ CCTKH

pacxoa K PCHICHHUIO 3a1a4H.

40 n/muH
Jns aroro TpeOoOBajIoCh pEUIUTh

cleAyIoNIue TPU IPOOIEMBI:

® CBOEBPEMEHHO HJACHTUPHUIIUPO-
BaTh YCTAaHOBJICHUE pelIeHus (T. €. ycTa-
HOBJICHHWE LIeNIM WM IIeJed TPOoeKTa) B

Pucynok 3.2 - 'paHn4HbIE YCIIOBHS KaXXJIOM ITPOBOAUMOM pacHcTe,
® CcCJIM 3a/laya peIIaeTcs Kak cTa-

[[MOHApHAas, T. €. C JJOKaJIbHBIM BHIOOPOM Il1ara o BPEMEHH, TO HEOOXOIUMO YOETUThHCS,
YTO PELICHHUE ATOM K€ 3a/1a4M, HO KaK HECTALMOHAPHOM, T. €. C OJIMHAKOBBIMU /ISl BCEU
pacueTHOM 00JIaCTH IIaramMu Mo BPEMEHH, TaeT Te€ K€ UM JOCTATOUHO OJU3KUE PE3YJib-
TaThl, MOCKOJBKY B HEKOTOPBIX 3aJa4ax ATO MOXET OBbITh HE TaK; TOT/a MPHUIETCS pe-
IaTh JAaHHYIO CTAllMOHAPHYIO 33Ja4y MCKIIOUUTEIBHO KaK HECTAIMOHAPHYIO, YTO MO-
TpeOyeT, K COKAJICHUIO, TOpa3 o 00JbIlIe BPEMEHH;

® IPOBECTH CEPUI0 PACUETOB HA CETKAX C Pa3HbIM pa3pelICHHEM T'€OMETpHhue-
CKUX OCOOEHHOCTEH MOJENN W HEeITWHEHHOCTEH pPACCUUTHIBAEMOTO MO (U3MYECKUX
napaMeTpoB, 4YTOObI YOSIUTHCS B HAJIMYMU TaK HA3bIBAEMOM CETOYHOM CXOIUMOCTH
pelieHns 3aJaui U MOJYYUTh OKOHYATENIbHOE PEIICHUE 3aJlayd Ha ONTUMAJIbHOW (110
TOYHOCTH PEIICHHUS MaTeMaTHYECKOW 3a7auM C YYETOM PECYpCOB U OBICTPOJACUCTBUS
KOMITbIOTEPA) PACUETHOM CETKE.

[Iporpamma SWFS ocHOBaHa Ha METOAE€ KOHTPOJBHBIX OOBEMOB JUIS PEIICHUS

ypaBHEHUHN TUAPOJUHAMUKH W MCHOJB3YET MPSIMOYTOJbHYIO aJaNTUBHYIO JIOKAJIbHYIO
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n3MenbueHHyto pacuetHyro cetky (AJIMC). Cymuocts TexHonorun AJIMC 3akimodaeT-
csi B cienyromeM (pucyHok 3.3): Bo BCeil pacueTHOM 00JIaCTH BBOJUTCS MPSIMOYTOJIbHAS
ceTka. Beimenstorcss momo0macTd ¢ 0COOEHHOCTSIMU TEOMETPUN WIIA TEUCHHUS, B KOTO-
pPBIX HEOOXOJIMMO MPOBECTU pacueT Ha 0oyiee MEJIKOHN ceTke, yeM ucxonHas. [lpu atom
pacueTHas siuelika, B KOTOPYIO IMoOIMajia BbiAensieMas 0COOCHHOCTh, JEIUTCSA Ha § paB-
HBIX siYeeK (B TPEXMEPHOM cllydae) wid Ha 4 sueiiku (B AByMEpHOM ciiydae). [anee,
€CJIM He0OXOAMMO, STYEUKHU NIETSATCA €lle pa3 U Tak J0 AOCTHXKEHUS] HeOOXOAUMOM TOU-
Hoctu [110].

O6uacth pacueTa MpeacTaBIsieT CO0OM YacTh MPOCTPAHCTBA BOKPYT 0OTEKAEMOTO
T€JIa, KOTOpask Ha3bIBACTCS KUAKOCThIO. SIUelKu nensarcs Ha 3 Tumna:

® SKUJIKOCTHBIC STYCHKU — SUCUKH, IIETUKOM JICXKAIUE B )KUJIKOCTH;

® HepacyeTHbIC SYEHKU — SIUEUKH, IIEIMKOM BBIXOJAIINE 32 PACUETHYIO 00JIacTh
WM TIEJIMKOM JIeXKAIIUe BHYTPHU TBEPBIX TE B PaCU€THON 00JacTH;

® YACTUYHBIC STYEHKU — STYEHKH, YACTh KOTOPBIX JICKUT B )KUAKOCTH, & YaCTh BbI-
XOJIUT 32 PaCYETHYIO 00JIaCTh WM JISKUT BHYTPU TBEPJIBIX TEJ B paCUETHOU 00JIacTH.

Bcro nadopmaIiio o moBepxXHOCTH paz/ieiia HeCyT YaCTUUHBIC STUYCHKH.

Z
2 7
Z] /]
4 0 YPOBEHL MIMENEYEHUA 1 YPOBEHB M3MENBYEHUA
AVAV 4
/ X
ye r - I |
i { ==
AT —) 2 YPOBEHL M3MENbYeHUA 3 YPOBEH M3MENbYSHUA
3

PI/IcyHOK 3.3- Hp}IMOYFO.HBHaSI aaallTUBHAA JIOKAJIbHO U3MCIIBYCHHAA paCYCTHAA CCTKa

OCHOBHBIM BOIIPOCOM TIPU OTPAOOTKE PACUETHON CETKH JJII KOHKPETHOTO Kilacca
3a/1a4 SIBJIAETCS ONPEAEICHUE CETOUHON CXOUMOCTH. J[JIsi 3TOr0 MPOBOJIUTCSI HECKOJIb-
KO pacyeToB HAa Pa3HbIX PACUETHBIX CETKAX, OTIMYAIONIMXCS Pa3MepoOM, U COOTBET-

CTBCHHO, KOJIMYCCTBOM A4YCCK. ECJII/I, Ha4YuHaiA C HCKOTOpOﬁ T'yCTOTBI CCTKH, PCHICHHC



88

3a71a4y MPECTAET 3HAYMMO 3aBUCETH OT JAJbHEHIIIET0 U3MEIbUYCHUS, TO MOXKHO CUUTATh,
YTO MOJIyY€HA TaK Ha3bIBaeMasi CETOUHasi CXOJAUMOCTb.

XKenatenpbHO, YTOOBI 3TH pacCUYCTHBIC CETKH HMMEIH OJMHAKOBYIO CTPYKTYpY,
o0ecTieurBaIOIIyI0 pa3pelieHne reoMeTpUUeCKUX OCOOCHHOCTEM pacueTHOM 00JacTH,
T.€. 9TOOBI KaK/Iasi MOCIEAYIONMAasi CETKa ATOT0 psifa Obl1a ObI MOMyYeHa U3 TPEIbITY-
1IEH ITYTEM JICJICHUS KaXKI0U AYEHMKU HAJBOE 10 KAXKI0M KOOpAMHATHOW ocu. [Ipu 3ToM
HaJI0 YYUTHIBATh OTPAHWYEHHUE HA pa3Mep CETKHU, HaKJIaJbIBAEMOE JOCTYIHOM oIlepa-
TUBHOUW MAMATHIO U IPUEMIIEMOM CKOPOCTBIO pacueTa.

Ecimu pemienune 3anadyn MMEET TEHACHUMUIO K CETOYHOM CXOJIUMOCTH, TO MOYKHO
CUUTATh, YTO MAaKCUMAJIbHAS MOTPEIIHOCTh PEIIECHUS 3a/1a4d U3-3a OTPAHUYEHHOTO KO-
JIMYECTBA STYEEK PACYETHOW CETKM HE IMPEBBINIAET MOJYYEHHYIO Pa3HUILY MEXy 3HAude-

HUSIMHM OTCJICKHUBACMOM HGpGMGHHOfI Ha JIBYX COCCOAHUX PACUCTHBIX sTYeMKax.

3.1.4. Onpenesenne KpUTEPUEB CXOAUMOCTH M aIANITAIUSI PACYETHOM CETKH

st onpeneneHus ONTUMAIbHOM pacueTHOM ceTku (pucyHOK 3.4) Hamu ObuUIM
IPOBEJICHBl pAacUyeThl HA HECKOJIbKUX BapHaHTaxX 0a30BbIX PA3JIMYHBIX CETOK, U3MEHSS
pa3Mmep siueek oT 6 MM 70 2 MM. Tak e BO BCEX MOJENSIX MCIOJIb30BAACh JIOKATbHAS
ajianTanusi pacu€THOM CETKM BO BITYCKHOM UM BBITYCKHOM OTBEPCTHSX M B 001acTu
YJIaBJIMBAIONTUX OKOH (pUCYHOK 3.4). B yKa3aHHBIX JIOKQJIBHBIX 00JIACTSAX CETKH pa3Me-
pBI TYEEK MEHBIIIE, YeM B OCHOBHOM CETKE B 3 pas3a - 3T0 HeoOXxoauMas Mepa aiisi 0oiee
TOYHOTO ONHUCAHMS I€OMETPHUUYECKHX OCOOEHHOCTEM pacueTHOW 00JacTH M BBICOKHUX

IrpaiiCHTOB OCHOBHBIX THAPOAMHAMHUYCCKUX IIapaMCTPOB.
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NokanbHana ceTka
Ha BBINYCKHOM OTEEPCTHE

TNokaneHaa cetka
Ha BNYCKHOM OTEENCTHE

NokanbHaAa ceTtka B
obnactu YNAaBNUBAHILLMX
OKOH

Pucynok 3.4 - PacueTHas cetka Mozenu

B kadectBe meneil cxommMocTH pacyéra ObLUTM BBIOPAHBI IEperaj] JTaBIICHHUS
MEXy BXOJIHBIM ¥ BIXOIHBIM oTBepcTHsIMU POXK u MmakcumanbHas ckopocts OX.

B pesynbraTe MpOBEACHHBIX HCCICIOBAaHUN OBUTH TOJyYEHBI CIEAYIOIIHE pe-
3ynbTaThl (Tabmuma 3.1).

Ta6Jmua 3.1- PG3YJ'II)TEITI)I HCCICO0OBaHUA CETOYHOM CXOANUMOCTH

Pa3§/1 P Hepenan MaxkcumaneHass  Bpems onHOM Pacxon xuxocta,
AYEHKH, JaBJICHMSI, J1/MMH
MM klla CKOPOCT®, M/C Hrepatmi, © (3a1aBaeMblii mapamerp)

6 3,26 0,7 2,7 40

5 3,31 0,72 4,5 40

4 3,46 0,73 7,2 40

3 3,48 0,73 10,8 40

2 3,50 0,725 18,2 40

AP, kMa
3,55
3,5
3,45
3,4
3,35
33
3,25

................... 32
d, MM 6 5 4 3 2 1 0

Pucynoxk 3.5 - 3aBucuMocCTh nepemnaja cTaTUYeCKOro AaBJICHUS OT pa3Mepa
SAYEUKH PaCUETHOU CETKU
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V,m/c

/‘—ﬂ_\‘ ;

d, Mm 6 5 4 3 2 1 0

Pucynox 3.6 - 3aBHCHMOCTB cpeiHel CKOPOCTH B pacYETHOM 00JIacTH
OT pa3Mepa sUYeHKU pacueTHOM CEeTKH

15

10

d, MM 6 5 4 3 2 1 0

Pucynoxk 3.7 - 3aBUCUMOCTh BpEMEHHU pacuera OJIHOM UTepaluu oT pa3Mepa
AYEUKHA paCUETHOU CETKU

Anamu3 rpaduxoB (pucynku 3.5 u 3.6) mokaspIiBacT, 4TO 3HAUYCHMS Iepernana
JIABJICHUS] 1 MAaKCUMaJbHOM CKOPOCTH CTAOMIM3UPYIOTCS, HauKMHAas ¢ 0a30BOM pacyer-
HOM CeTKH C pa3MepoM siueiku 4 MM, cTaOuan3upyroTcs. [lorpenrHocTs He MpeBbIIacT
4%, HO TIPU STOM YMEHBIIICHUU PA3MEPOB STUCUKHU 00NN 00BEM CETKH U BpeMsl pacue-
Ta SBJISIOTCS MPHEMJIEMBIMU (PUCYHOK 3.7). JIJIs OJIydeHUs TOCTOBEPHBIX PE3yJIbTaTOB
pd MHUHUMAaJIbHOM BpPEMEHHU pacyeTa JalbHEWIINE HCCIEIOBAHUS MPOBOJIUIUCH HA

paCUETHOM CETKE C pa3MepoOM SIYEHKHU 4 MM.
3.2. [l;1aH pac4yeTHOr 0 IKCINEPUMEHTA

3amaueii TaHHOW YacTh pabOThI SBISUIOCH TIOJYUYEHUE HA OCHOBE KOMITHIOTEPHOU
MoJieu (PYHKIMOHUPOBaHUS nepcrekTuBHOTO uibrpa OX ruapoaumHaMuueckoit kap-
TUHBI TeueHnd B ipotoyHoi yactu ['@C. Ha ocHOBe 3TOro ObUT BHITIOJIHEH BBHIOOP €T0
KOHCTPYKTHBHBIX [TapaMEeTPOB U cJiejaHa oleHKa 3p(HEeKTUBHOCTH PaOOTHI.

Baxunenmmu nokasateisiMu, xapakrepusytomumu padoty I'dC, spistoTcs ero
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TUAPABINYECKOE COMPOTUBIICHUE (Tepernan AaBieHuss AP MexXay BXOJAOM U BBIXOJOM
YCTPOMCTBA) M YJIaBJIMBAIOIIAsl CIIOCOOHOCTh, YUCICHHO OIpeaeisieMas H3BECTHBIM KO-

> UIEEHTOM 0YHUCTKH  f3:

m/'l

Bl % (3.13)

rae: Me— Macca TBEPABIX YAaCTHUIL, BBEJACHHBIX B TMJIPABINYECKUN KOHTYDP CUCTEMBI B
poliecce SIKCIEPUMEHTa; My— Macca 3a/iep>KaHHbIX (PUIBTPOM YaCTHII.

Bce nccnenoBanus B JaHHOW pabOTe HANpaBIICHbl HA YJIYYIIEHUE ITUX ABYX MO-
KazaTeneu mis nomydeHus padorocrnocodHoro oopasma I'OC. Ilpu BrIOOpE KOHCTPYK-
TUBHBIX NAPAMETPOB MAKETHBIX U ONBITHBIX 00pa3noB ['@C opHeHTHPOBAIUCH HA M-
NUPUYECKUE JTAaHHBIE, NTOJIYYCHHbIE B MPAKTHKE MCCIEIOBAHUS U MCIOJIb30BAHUS TH/I-
POLIMKIIOHHBIX YCTPOMCTB. 3a OCHOBY Jt00BIX KOHCTpYKIMil ['®C npuHumanuce aua-
METpPbI BXOJHBIX/BBIXOJIHBIX MATPYOKOB, pa3Mepbl KOTOPBIX JOJKHBI, 0€3yCIOBHO, CO-
OTBETCTBOBATh pa3MepaM MaTpyOKOB B CHUCTEMax OXJIAXKJIEHUS JIBUraTelss WIM OTOIUIe-
HUSl CaJloHa aBTOTpaHCHOpTHOro cpencrsa (ycraHoBka ®OXX Bo3MOXHa W B KOHTYp
ororuieHus). Ilpu arom B koHcTpykuuu I'@C BapbHpOBaIUCH JUAMETP U BHICOTA BHX-
pPEBOI KaMephbl, TUIONIAIb CEYCHHS YJIABIMBAIOIINX OTBEPCTUH (CM. pUCYHOK 2.17), roy-
OMHa BBOJIa BBIXOJHOI'O MaTpyOKa B BUXPEBYIO KaMepy. Ha ocHOBE BBINOTHEHHBIX pac-
YETOB C MOCIEAYIONIEeH AKCIEPUMEHTATLHON MTPOBEPKON OBLIM MOA00paHbI ONpeeicH-
HbIE TEOMETPUUYECKHE MapaMeTpbl, odecneunBaromue padorocnocooHocts ['OC ¢ npu-
€MJIEMBbIMH BBIIIEYKa3aHHBIMU TOKAa3aTeMsIMU. 3a/iladya ONTUMHU3ALUU KOHCTPYKLIHMH
['®C na nanHoM sTane paboOT HE CTaBUJIACh, OJIHAKO B MEPCIEKTUBE OHA 00s3aTEIbHO
OyJzeT peniaTbesl.

Meroauka pacyeTra TUApaBIMYE€CKOT0 COMPOTUBIIEHUS ONMKMCAHA BhIIIE MPHU OIpe-
JIEJIEHUH CETOYHOM CXOJMMOCTH, C Pa3HULEHN JIMIIb B TOM, YTO MCHOJB3YETCS MOCTOSH-
Hasi CeTKAa C pa3MEpoOM pacueTHOM siuerku 4 MM U Bapbupyetrca pacxon OX uepes

®OX. beut mpou3BeIeHBI paCcUYETHI MIPU PA3NTHYHBIX pacxojax - oT 10 mo 70 i/muH.

* CietyeT OTMETHTh, 9TO KOA(PPHUIIMEHT OUNCTKH [J HE TokAecTBeHEH KoddpurueHTy 3pPeKTHBHOCTH
GmbTpanuy Bx HA TI0 GU3NIECKOMY CMBICITY, HH 110 YUCIIOBBIM 3HAUCHHSIM.
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Pacuer wactuir MmogenupoBasicsi B ycranoBusiiemcs: noroke OX mpu pacxoae Q
= 70 n/muH. [Ipu >TOM NpeIonaragoch, 4T0 CUIOBOE U TEIIOBOE BO3ACHCTBUE YACTHI]
Ha TEUCHHE MPEHEOPES)KMMO Majo, TaK KaK MaccoBas JOJIS YaCTUIl B TTIOTOKE HE TPEBBI-
maet 30 %. Ha BxomHom otBepctre ['@C Ha3HAYAIMCH CIEAYIOIINE YCIOBUS: BBOAU-
nock 3 Buaa gpakuuii kopynaa (p=4020 kr/m?) ¢ onpeneneHHBIMU TUAMETPAME YACTHIL
— 110 mxm; 250 mxm; 450 mxM. BeiOop 3THX pa3zMepoB yacTHil JJIsl pacdeTa ornpese-
JISUICSL TEM, YTO B JajbHEHIIeM (MpU dKCIEPUMEHTAIBHONU MPOBEPKE JAHHOTO pacyeTa)
OBLT MCIOJIb30BAH B KAYECTBE TECTOBBIX YACTUI] (PAKIIMOHUPOBAHHBIN MECOK KOMIIa-
Huu Triakor (OPI'), npuMeHsIeMbIil 11 CTOMATOJIOTHYECKUX TECKOCTPYHHBIX arrmapa-
TOB, OTJIMYAIOLIUNACS MaJIbIM pa30pOCOM Pa3MEPOB YACTHII.

Maccossrit pacxon G kaxmoit ¢ppakiuu coctasisut 0,025 kr/c. Ha BeIxogHOM OT-

BEpPCTHE 33J]aBAJIACh IOBEPXHOCTHAS 1I€J1b OMPEIEIICHHUS] MAaCCOBOTO PACX0/1a YACTHII.
3.3. Pe3yabTaTthl pacuera

PGBYJ'IBTaTI)I PaCcuCTOB ITHAPABJIIMYCCKOT'O COIIPOTHBJIICHHA I'oC MpcaAcCTaBJICHbBI B

tabnuie 3.2 u Ha pucyHke 3.8.

Tabnuia 3.2 - Pe3ynbTaThl pacyeTa THIpaBInueCKOro
conpoTtuBiieHus: ['OC

No pacuera Q, 1/mMuH AP, kIla
1 10 0,2
2 20 0,9
3 30 2,0
4 40 3,5
5 50 54
6 60 7,8
7 70 10,7

AP, klMa

10 — Pacyer

@ SKCrepumeHT

0 10 20 30 40 50 60 70 Q, nfmuH

Pucynok 3.8 - 3aBUcHMOCTH Tiepenaaa CTaTHIECKOTO AaBieHus AP mexay
Bx0J10M ¥ BeIxos1oM ['®C oT pacxona xunkoctu Q yepes HEro



Ha pucynkax 3.9-3.12 mpencraBieHO pacueTHOE paclpeliesieHHe CKOpOCTel B

nporouHoi obsnactu ['OC npu pacxonax Q = 20 u 70 n/MuH.

Pucynok 3.9 - Kapruna pacnpenerne-
HUS a0COIOTHBIX CKOPOCTEH B MPOIOTEHOM
ceyenuu notoka OX npu pacxone 20 n/mMuH

o=

Pucynok 3.11 - Kaptuna pacnpenene-
HUs1 a0COTIOTHBIX CKOPOCTEH B IPOAOIBLHOM
ceuenun notoka OX npu pacxozge 70 1/mMun

Pucynok 3.10 - Kaptuna pacrnpenene-
HUST a0COIOTHBIX CKOPOCTEH B IOMEPEIYHOM
ceyenuu notoka OXK npu pacxone 20 1/mMuH

Pucynoxk 3.12 - Kaptuna pacnpeneie-
HUS1 a0COTIOTHBIX CKOPOCTEHN B MOMEPEYHOM
ceuenun notoka OX npu pacxozne 70 1/mMun

[Ipoananu3upoBaB JaHHble Ha pucyHkax 3.9 - 3.12, 3aMeTuM, 4TO IpPH MaJIbIX

pacxonax teueHue noroka OXK mMeer JJaMHUHApHBIN XapakTep, IpU OOJBIIUX pacxoaax

TE€UeHHE MpHOOpeTaeT TypOyJIEHTHBIM XapakTep, U, KaK CIEICTBUE, - YBEIUYUBACTCS

rupaBianyeckoe conporusieHue ['OC (pucynok 3.8).
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Ha pucynkax 3.13-3.16 mpencraBieHO pacdeTHOE paclpejiesieHhne aOCOTOTHBIX
JaBJICHUN U JTMHUN TOKA (TPACKTOpUI ABMXKEHUS YACTHII TOTOKA) B MPOTOYHOM 00nacTu

['®C npu pacxogax 20 u 70 1/MuH.

—

Pucynok 3.13 - Kaptuna pacmnpenene- Pucynok 3.14 - Kaptuna pacnpenese-
HUS TIOJIHBIX JABJICHUIA B MPOJIOJIBHOM C€4e-  HHUS MOJIHBIX JIAaBJICHUH B IPOJOJIHLHOM ceue-
Huu nortoka OX npu pacxozne 20 n/Mun Hun noroka OX npu pacxozne 70 n/Mun
[ T T

Pucynok 3.15 - Kaptuna tedenus (c Pucynok 3.16 - Kaptuna teuenus (c
3aJIMBKOM 11O MOJYJIIO CKOPOCTH) B 3aJIMBKOM MO MOJYJIFO CKOPOCTH) B
MIPOAOIBHOM CEUEHHH MOTOKA )KUIKOCTH MIPOAOIBHOM CEUEHHH MOTOKA YKUIKOCTH
npu pacxoae 20 i1/MuH npu pacxozae 70 n/mMuH

Xapaktep TeueHuil, n300pakeHHbIl Ha pucyHkax 3.13-3.16, mokasbiBaeT, 4TO
JaKe TPU CPABHUTEIHHO HEOOJBIIUX pacxojax moTok BHyTpu ['@C MHTEHCHBHO 3a-

KPpY4HBacCTCA, 4TO 06YCH3BJII/IB8.€T IMOCTOAHHYIO OYHCTKY XKUIAKOCTU B IIHUPOKOM pa60-
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yem nuamna3zoHe ['C. Dto cBoiicTBo HemnpepbiBHONW ouncTku OXK BocTpeOoBaHO B
YCIIOBUSIX peajbHOM pabOThl aBTOTPAHCIIOPTHBIX JABUTATENIeH, KOTOpbIe paboTaloT mpu
YACThIX CMEHAX CKOPOCTHBIX PEKUMOB.

[locne mpoBeneHus pacueTa YacTHI] ObLIM TMOJIYYEHBI CIEAYIOIIHE Pe3yJbTaThl
(Tabnuia 3.3).

Tabnuna 3.3 — Pe3ynbTaThl MPOBEIEHHOTO pacyeTa

Pasmep uactun d, My Koaddunment ounctku B, %
ODKCIEPUMEHT Pacuer

110 83 64

250 94 95

450 99 99

CpaBHEHHE PE3yJIbTATOB PacyeTa ¢ 3KCHEPUMEHTOM IPEACTABICHO HAa PUCYHKE

3.17.

B8,%
95

20
SKCNePUMEHT

85 Pacuer

80
75
70
65

60
0 100 200 300 400 d, MKM

Pucynoxk 3.17 - 3aBucumocts k03¢ dUlMeHTa OYUCTKH 3 OT pazMepa
yactull d npu pacxoje xkuakoctu 70 J1/MuH

CornocTaBieHre pacyeTHBIX M IKCIIEPUMEHTAIbHBIX JaHHBIX (Tabiu. 3.3, pUCyHOK
2.17) noka3pIBaeT HEIJIOXYI0 CXOIUMOCTD I YyacThil pasmepamu 250 u 450 mxm. st
yacTul ¢ pasmepamu 110 MKM pa3nnuus MeKIy pacu€THBIMHU U DKCIEPUMEHTAIbHBIMU
JAHHBIMHU OY€Hb CYIIECTBEHHBI, YTO MOXKET ObITh OOBICHEHO KaK MOTPEIIHOCTAMHM IKC-
IIEPUMEHTA, TAK U HECOBEPILIEHCTBOM pacyeTa [yl YaCTULl MaJIoro pasMepa. BosMoxHo,
JUIs KOPPEKTHOT'O pacyeTa JBWXKEHHS YacTHI[ TaKOro Majoro pasMepa HeoOXOIUMO
3HAYUTENIbHO CTYIIATh PACYETHYIO CETKY, YTO MOTpedyeT ropasno 0osee cepbe3HbIX

BBIYHUCIIUTCIBHBIX PECYPCOB.
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3.4. BuiBoabl mo riaase 3

Pa3paboTana MeToauKa KOMIIBIOTEPHOTO MOJEIUPOBAHUS THAPOIMKIOHHOTO
dubpTpa-cemapaTopa B MporpaMMHO-BEIMHCIUTEIbHOM Komimiekce Solid Works Flow
Simulation. Dta MeToAMKa C TOCTATOYHON TOYHOCTBHIO MO3BOJIIET MOJCIMPOBAThH TH/I-
PaBINYECKHE MPOIECCHI, TPOUCXOIANINE B (DHIBTpE-cenapaTope U TaKKe OMPEAeATh
ruapaBInyeckoe conpotuBieHue pazpadoranHoro ['OC. [lorpenHocTh HE BBIXOJUT 3a
npeneisl 4%, 4TO MOXKHO CUYMUTATh MIPUEMIIEMBIM JUIs IOJIOOHOTO poJia 3a/1ay.

[Ipu MonenupoBaHUM CENapalMOHHBIX MPOIECCOB C HMCIOJIB30BAHUEM YaCTHII
pa3zmepom 250 u 450 MKM MOJIy4EHBI XOPOIINUE PE3YIbTAThI (IIOIPEIIHOCTh MEKIY pac-
YETOM M DKCIEPUMEHTOM He mpeBbimaeT 1%). OqHako npu UCroib30BaHUU YACTHUI] Ma-
joro pasmepa (110 MKM) BO3HUKIIA CYIIECTBEHHAs MOTPEIIHOCTh, YTO HE IMO3BOJISIET
onpeneNsaTh KOdPPUIUEHT OYUCTKU C HEOOXOAUMONM TOYHOCTBIO IS 3TUX Yactull. OJi-
HaKO TMPHU 3TOM MOXKHO OLICHMBAaTh KaYECTBEHHOE M3MEHEHME IMO0Ka3aTelis, MOCKOJIbKY
pe3yabTaThl pacyeTa IKBUAUCTAHTHBI AKCIIEPUMEHTAIbHBIM JTAHHBIM.

Crnenyetr OTMETHUTD, YTO Ty YacTh Pa0OTHI HEb3sl CYUTATh 3aKOHYEHHOU. J{0mK-
HbI OBITh YTOUHEHBI PACUETHBIC PEKUMBI PaOOTHI (PUIBTPA U UX COOTBETCTBHUE pealb-

HBIM PCKUMaM TCUCHUA KUIKOCTH B 3JICMCHTAX CUCTCMbI OXJIAXKACHUA IBUI'aTCILA.
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I'IABA 4. JABOPATOPHBIE NCCJIIEJJOBAHUSA ®UJIBTPOB OXK
4.1. 3agavu 1a060paATOPHBIX UCCJIETOBAHNM

3amauaMy JTaHHOTO 3Tala KCCIEeIOBAaHUS SBIAIOTCS MPOBEAEHUE JTaOOPaTOPHBIX
UCTIBITAHUHN CO3JIaHHBIX MAaKETHBIX M OMBITHBIX 00pa3lloB (QMIBTPOB, C IEJIBIO BBISBIIC-
HUS HanOoJiee parMoHanbHON 1 3 dekTuBHON KOHCTpYKInu prmbTpa OXK.

Kpome 3Toro, omHO# U3 3a7a4 JaHHOTO 3Tana paboThl SBISIOCH MCCIICIOBAHUE

3apy0OexxHbIX 00pa3oB ¢puiabTpoB OXK.

4.2. O0beKTHI HCCIeT0BAHNA

[lepBoHayaJIbHO OBLIO W3rOTOBJIEHO S5 OMNBITHBIX OOpa3lOB pa3padOTAHHOIO
bunbpTpa-cenapaTopa U3 aJIlOMUHHEBOIrO CIlaBa (pUCYHOK 4.1a), KOTOpbIE MPOILIH Jia-
OopatopHble 6E3MOTOPHBIE UCIIBITAHUS, a 3aTEM ObUIM YCTAHOBJICHBI Ul SKCIUTyaTallu-
OHHBIX HcIbITaHUU B aBTOOycHOM napke OOO «burAsroTpancy (r. Bmagumup), rie B
AKCIUTyaTallM HaxOJMSITCS TOPOJICKHE aBTOOYCHI 3apyOeHOTO IMPOM3BOACTBA (BCETO
nopsizika 160 aBTo0ycoB). Bece aBToOyChI 3apy0eKHOTO MPOU3BOICTBA (Pa3IMUHBIX Ma-
POK M MOJENei), CPOKH IKCIUTyaTaluu aBToOycoB oT 9 10 13 ner (mpoberu 6onee 300
ThIC. KM). ABTOOYCHI OcHaIeHbl au3ensiMu npou3BojacTBa ¢upmbl MAN (I'epmanus),
AMEIOIMMHI MOITHOCTE OT 160 1o 220 1. c.

B 2015 r. Obu1 pa3paboTaH M M3rOTOBJIEH TUIACTUKOBBIM MaKETHBIM BAPUAHT CO-
3MaHHOTO (UIbTpa-cenaparopa (pucyHok 4.10), KOTOphIil peaHa3HAYEH I TIPOBEIC-
HUs 1a00paTOPHBIX UCHBITaHU. PUIBTp-cenapaTop ObLI U3rOTOBJIEH € Momolbio 3D-
nevyaT u3 Tiactuka ABS (mpenenvhas pabouas temmneparypa +80°C).

B 2016 r. mo 00X0OQHOI TEXHOJIOTHM C HCIIOJb30BAHUEM CHJIMKOHOBBIX MOJIEJIEN
OblJIa M3rOTOBJIEHA OMBITHASA NApTUsl (UIBTPOB-cENapaTopoB (pUcyHOK 4.1B) B KoHue-
ctBe 10 mr. B kadecTBe mMaTepuasia HCOIB30BAJICA TEPMOCTOMKUHN TIIACTUK (paboTO-
cniocobeH npu temneparypax -40...+110 °C). @unbTpbI-cenapaTtopsl U3 3TOM NapTUU B
mae 2016 r. ycranoBieHsl Ha aBToOychI B IT. Cy3nane, ['ycb-XpycranbHoM, PamyxHom

(Bnagumupckas o6macts).
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Buemnuii BUj] BApMaHTOB pa3pabOTAHHOIO M M3TOTOBJIEHHOT'O THIPOLUMKIOHHOTO

bunbTpa-cenaparopa OX nokaszan Ha pucyHke 4.1.

0) B)

Pucynoxk 4.1 - BHemnuii BuJ1 BApHaHTOB pa3pad0TaHHOTO TUAPOIUMKIOHHOTO (PHIbTpa-
cemmapatopa OXK (ombITHBIC U JIAOOPATOPHBIC 0OPA3IIbl): a) — BApUAHT M3 ATIOMUHUCBO-
o CIUTaBa; 0) — MJIACTUKOBAsT MOJICITh, TIOJTy4EHHAs TPOTOTHITHPOBAHUEM C TIOMOIIIBHIO
3D neuaTy; B) — INIACTUKOBBIA BapUaHT, U3TOTOBJICHHBIN U3 TEPMOCTOMKUX MaTepHua-
JIOB 10 00XOTHOM TEXHOJIOTUH

BapI/IaHT U3 aJJIOMHHHCBOI'O CIIJIaBa, HpeI(HaSHaquHBIﬁ JJI1 OKCINTYaTallMOHHBIX

UCTIBITAHUH, BHITIOJTHEH B 2 BapHaHTaX — ¢ 4 U 6-OKOHHBIM CemapaTopoM (PUCYHOK 4.2).

m G

[l
\=
k=3

Pucynoxk 4.2 - Bun pa3iandHbIX BAPHAHTOB CEMapaTOPOB pa3pabOTaHHOTO
TUAPOIMKIOHHOTO (pribTpa-cenaparopa OX

OcHoBHbIe MapameTpbl amtoMuHueBoro (Nel u Ne2), mmactukoBoro (Ne3) u ma-
CTUKOBOM Mojenu, nojydeHHol ¢ nmomonisto 3D neuatu (Ne4) BapuantoB ['®C mpen-
cTaBJieHBI B Tabmute 4.1.

JIJis TOHOTHI Ta0OPATOPHBIX MCCIEAOBAHUN, TPEOOBAIOCH MTPOBECTH HCIIBITAHUS

cozmagaoro ®OX:
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- B 1a00OpaTOPHBIX YCIOBUAX (A8 onpeaenenus 3h(HEeKTUBHOCTH cenapanuu TBep-

AbIX YaCTHUIl U CPABHCHUA C PC3YIIbTATAaMH KOMIIBIOTCPHOT'O MO,ZIGJII/IpOBaHI/IH);

- B PCAJIbHBIX YCJIIOBHAX OJSKCILTyaTallMKM Ha aBT06ycaX (I[J'I?I OLICHKHN KOJIMYCCTBA

YJIaBJINBACMBIX SanHBHeHI/Iﬁ H OIIPpCACICHUA KAYCCTBCHHOI'O COCTaBa 3arp5{3HeHHﬁ).

B kadecTtBe 3apyOekHBIX 00pa3ioB (UILTPOB OBLIM OTOOpPAHBI IS MCTIBITAHWUN

TUITMYHBIC KOHCTPYKIIHUH:

- HETIOJIHOIIOTOYHBIN (QUILTP ¢ OyMaXKHBIM (QHIIBTPYIOIUM 31eMenToM Donaldson

P552096 (pucynok 4.3); moapoOHOe OnKcaHue JaHHOW KOHCTPYKIIMK MTPUBEIACHO B IJIa-

Be |. nepea uHCCICA0BAHNCM XUMHUYCCKUC IIPUCAIKH U3 q)HHBTpa ObLIN YAAJICHBI,

- GmIBTp ¢ ceT4aThiM QWIBTPYIOMMM 3ieMeHTOM (upmbl Valeo (pucyHok 4.4);

nopoOHOE OMKUCaHUE U radapUTHBIE pa3Mephl JAHHOTO (PUIbTpa MPUBEICHO B TIiaBe .

Tabnuua 4.1 - OcHoBHBIE MapaMeTpbl pazpaboTaHHbIx ['OC

Bapuantsl [[©C
Mapaveron [DC AJIOMUHUEBBIA | AJTIOMUHUEBBIN 14 THKOBLL [LmacTukoBeIi
PaMetp TOC (4 oxna) - | TOC (6 oxom) - | IO | papuan 3D -
Nel No2 P j Ne4
Marepuan kopmnyca AJIFOMUHUT AJIFOMUHUT Tep;\jI(;ZTTZiKHH ABS mnactuk
BricoTa oOmias, MM 220 220 200 200
Huamerp Koprryca 80 80 80 80
BHYTPCHHUN, MM
JuameTp naTpyOKoB 38 38 38 38
(BX. U BBIX.), MM
061)el\g rpsi3ecOOpHHU- 160 160 240 210
Ka, CM
Macca, r 840 840 360 310
ComnpoTuBieHue
¢unbTpa, klla (mepe-
7,4 53 9,7 5,0

naj IaBJIeHUS TIpu
pacxone 70 j1/mMuH.)
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3
S
v

140

Pucynok 4.3 - Bua ¢punsrpa OXK Donaldson P552096 ¢ ero rabapuTHbIME
Y IPUCOEANHUTENbHBIMHI pa3MepaMu

120

38

Pucynok 4.4 - Cxema dunstpa OX dupmser Valeo ¢ radbaputHbiMu
Y IPUCOEAMHUTEILHBIMHI pa3MepaMu

4.3. JlabopaTopHasi yCTAHOBKA /1JIl IPOBe/IeHUs UCCJIeJOBAHUI U IPUMeHsieMoe

o0opynoBaHme

PazpabotanHas u U3roToBJI€HHAs JlabopaTopHasi ycTaHOBKa (pUCyHOK 4.5) mo3-
BOJISIET MOJICTIUPOBATH Pa3IMYHbIC THAPABINYECKHE pexxuMbl padothl CXKO (n3meHeHue

HArpy3Ku 1 4aCTOThbI BpalllCHUS BaJjid I[BI/IFaTCJ'IH). Ona BBIICIINTD TUAPABIINYCCKHC IIPO-
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neccol padbotsl CKO, He 3aTparuBasi 0COOEHHOCTH TEIUIOBBIJICIICHUS B JIBUraTese, Ko-
TOpBIE 3aBUCAT OT XapaKkTepa NpoTekaHus pabouero mporecca Ha pa3INyHbIX peKUMaXx.
OTO MaeT BO3MOXKHOCTh paccMaTpuBaTh (GYHKIIMOHUPOBAHHUE THAPABIMUYECKOTO TPaKTa
CXO B «uucrom» BHIE, 00ecreunBasi BbICOKYIO ITOBTOPSEMOCTH PE3YyJIbTaTOB JKCIIE-
PUMEHTOB.

Cxema 51abopaTOpHON YCTAaHOBKM NpEACTaBIIEHA Ha pUcyHKe 4.5a, a ee BHEIIHUN
BUJ - Ha pucyHke 4.56. Kondurypauus ruipaBindeckoii 4acTi CTeHAa B 1I€JIOM MOBTO-
pset koHpurypauuto TunuaHor CKO aBToMoOMIBbHOrO ABUrarens (Ho 0e3 paguaTopa).

B cocTaBe ycTaHOBKHM HCNONB3YETCA CTAaHAAPTHBIA LHEHTPOOEKHBIM HACOC C AJIEK-
TponpuBooM GupMbl BOSCh, mpuMeHsiemblii B KauecTBe BCIIOMOTATEIBHOTO IS MIPO-

kaunBaHus OX yepes3 ruagpaBIndecKuil KOHTYp cajloHa peaJbHOro aBTolyca.

Pucynok 4.5 - Cxema (a) u BHenHu# Buj (0) 1a00paTOPHON MOJEIUPYIONICH YCTaHOBKH
JUTS UcCTieIoBaHus paboThl PUIIBTPOB: | — MepCcOHANBHBIN KOMIBIOTEP; 2 — pacxoiomep; 3
— ¢unptp ana OXK; 4 — Hacoc; 5 — yCTPOUCTBO JJIsl BBOJIa YACTHII 3arpsi3HEHUM; 6 — mpo-
3payHas TpyOKa

Hacoc mpuBOAHUTCS OT BCTPOSHHOTO JJICKTPOIBUTATENSI TIOCTOSHHOTO TOKa HO-
MUHAJLHBIM HanpsbkeHuem 24 B u obecrieunBaeT yacToTy BpaieHus Baita Hacoca 3900
mua! mpu norpednsemom Toke 3,6 A (MomHOCTh Hacoca 86 Br). IIpu 5TOM ILIaBHBIM
pEeryJIUPOBAaHUEM HAIPSKEHUS MMUTAHMS DJICKTPOJBUTATENST Hacoca JOCTUTACTCS PEry-
JUPOBKA pacxo/1a KUAKOCTH B Auana3zoHe ot 0 mo 90 n/muH.

JIist m3MepeHust pacxojia KUAKOCTH B THAPABINYECKOM KOHTYPE YCTaHOBKH HC-
MOJIb30BAJICS yibTpa3BykoBoi pacxogomep US-800 (pucynok 4.6) npousoactea OO0

«91-Cu DnekTpoHuKey, 1. Yebokcapsl. JlnanazoH u3MepeHus pacxoaa y 3TOro pacxo-
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nomepa - 8...440 n/muH. [lorpemHocTh U3MEPEeHHs pacxo/ia Mo MacHOPTHHIM JTaHHBIM

coctapyseT = 1,0 %.

Pucynoxk 4.6 - YasTpazBykoBoii pacxogomep US-800
IIpu npoBeaeHNN U3MEPEHUI PacX0oA0MEDP BKIIOYAJICS B THIPABIMYECKUNA KOHTYP
1abopaTopHOil ycTaHOBKU. B kaduecTBe paboueil ®KUJIKOCTU Ha JJaOOPATOPHOM CTEHJIEC
MCIIOJIb30BaIach 0OBIYHAS BOJIA C IIIOTHOCTHIO 1000 Kkr/m3,
JIns MCKYCCTBEHHOTO BBOJIa YACTHIl 3arpsi3HEHUM MPHUMEHSJIOCH CIEHHAIbHOE
YCTPONCTBO, COCTOSAIIEE M3 MIJIMHIPA C TOPIICHRKOM U PE3MHOBOW TPYOKH, COCTHHS-

IOIICH MOJIOCTh IUJIMH/PA C YIaCTKOM TpyOorpoBoaa (pucyHok 4.7).

PucyHnok 4.7 - BHeutHuii BU1 NOPIIEHHKOBOIO YCTPOUCTBA (@) U CXe€Ma BBOJIA 3arpsi3HEHUM
(6) B moTok: 1 — kopIyc; 2 — 4acTHUIIBI 3arpsi3HEHUM; 3 — KaHaJ BBOJA YacTHII, 4 — y4acTOK
TpyOOIpoOBO/Ia; 5 - MOpIIEHEK

TecToBBIE YaCTULIBI IPEABAPUTEIBHO TOMEIIAINCH BHYTPh YCTPOUCTBA U 3aTEM B
ONpEIEIEHHBII MOMEHT IOJABAINCH BPYYHYIO MOPLHIEHBKOM B MarucTpajlb CHCTEMBI.
[Ipu 3TOM B HMIMHIPE YCTPOMCTBA MPAKTUYECKH HAXOAWIACh CMECh YACTHULl 3arpsi3He-
HUU ¥ BOJBI, YTO IIO3BOJISUIO JIETKO BBOJUTH 3arpsA3HEHUS B IIOTOK.

JUIsl 3aIIOJIHEHHSI CUCTEMBI JKUJKOCTBIO B KOHTYpP YCTaHOBJIEHA IJIaCTMAacCOBAs

naboparopHass BopoHKa. Kpome omucaHHBIX KOMIIOHEHTOB, JabOpaTopHas yCTaHOBKa
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BKJIIOYAET B ce0s1: CTEKIISIHHYIO TPYOKY ISl HaOIIOJICHUS 32 XapaKTepOM JIBHKEHHUS T10-
TOKa KUAKOCTH U OTOOPHUKH JIaBIICHUS.

Jlns u3MepeHus nepenaja JaBJICHUS MEXY BXOJOM U BBIXOJOM HCCIIETYEMOIO
bunbTpa ucnonb30BAIUCH MU PepeHnanbHbIe MOTYIPOBOIHUKOBBIC AATUUKHU JaBIie-
Hus pupmber Honeywell (CIIIA) veckonpkux Tumno (MPX5010DP, MPX5050DP - mns
Pa3IMYHBIX JUANa30HOB u3MepeHuil). [IlpuMensemble TaTYNKU UMEIOT MaJible TabapUThI
U BBICOKHE METPOJIOTMUECKHE XapaKTEPUCTUKU, 00ECIIEUYUBAIOIINE TOTPEITHOCTD OMpe-
JenieHrs naBieHus (mepemnaja nabieHus) He xyxke £0,5% ot BepxHero mnpejena u3me-
pEHUM.

JUist pa3zenieHrs 4acTull 3arpsi3HeHU (MOJyYEHHBIX B OKCILTyaTallluK) Ha Qpak-
MU MCHOJIb30BAJICA KOMIUIEKT JiabopaTopHblx cuT (7 mryk) mpousBoactBa OOO
«Bubportexuuky, r. Cankr-IlerepOypr (pucynok 4.8a). Bce cuta umenu nuamerp 128
MM M BbIcOTY 37,5 mMm. IIpocenBaronias NOBEPXHOCTh CETKH HOPMAaJIbHOM TOYHOCTH B
cootBercTBUM ¢ ['OCT 6613-86 (TY-14-4-167-91). Pa3zmep siueek CUT COCTaBIISLT OT
1500 mo 50 mxm.

B3BemrBaHue mopuui 4acTHI] 3arpsA3HEHUN MPOU3BOJMIOCH HAa JJIEKTPOHHBIX
Becax (pucyHok 4.80) mpousBozactBa Shanwen (TaiiBanb). Becbl oOecrneunBaan B3Be-

muBaHue yactul 10 S00 rpamm ¢ morpemHocThio 0,0 I rpamm.

Pucynox 4.8 - Kommiiekt 1abopaTOpHBIX CUT C TECTOBBIMH YaCTULIAMU 3arpsi3HEHUH (a)
U DJIEKTPOHHBIE Bechl (0) /7151 B3BEIIMBAHUSI OTACNIbHBIX MOPLUNA YaCTHI] 3arps3HEHUM
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[Tpu mpoBeneHNH HUcciaenoBaHus 3apyoekHbIX o0pa3ioB POX oHu ycTraHaBIMBa-
JUCh Ha crienualibHOM cToiike (pucyHok 4.100) ¢ moMOIIbI0O MOHTaXHOTO YCTPOMCTBA
(pucynok 4.9), 1100 HENOCPEACTBEHHO B pa3pe3 MaTpyOKOB, 3aKpeIlIsieMble CTSKHBIMU
XOMYyTaMH.

[TpuHnMNUagbHasT cXeMa TEXHOJOTUYECKOTO YCTPOMCTBA, MO3BOJSIONIETO HUCCIe-
JI0BaTh HEIMOJIHOMOTOYHbIC (UiabTphl THHa SPin-on, takue kak Fleetguard, HENGST,

Donaldson u T.11., moka3ana Ha pucyske 4.9.

Pucynoxk 4.9 - [IpyanunuaibHas cxema TEXHOJIOIMYECKOr0 YCTPONCTBA AJIs
NPOBE/ICHHS UCTIBITAHU 3apyOC:KHBIX (DUITBTPOB THIIA SPIN-0N

Pucynoxk 4.10 - Paznuunsie @®OX B coctaBe 1abopaTopHOii YCTAaHOBKH: a) — pa3pabdo-
TaHHBIA MakeTHBIN oOpasen ['DC; 6) — HenomHonoTouHbIH GriibTp Donaldson tumna
spin-on; B) — punsTp hupmer Valeo
[Tpu onpenenenun >PGEeKTUBHOCTH (PUIBTPA C MCHOIB30BAHUEM OIHOIPOXO/I-

HOM CXEeMbI IPOXOKJIEHUSI TECTOBBIX YacTHIl Yepe3 GuibTp (OMucaHbl ajee) B THAPaB-
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JMYECKUN KOHTYp J1a0OpaTOPHON YCTaHOBKHM J00ABISIETCS PECUBEP CO CHEIHAIbHBIM

TCXHOJIOTHYCCKHUM (1)I/IJIBTp0M.

4.4. MeToanKa IKCNIEPUMEHTAIbHBIX HCCIeT0BAHNM

PaboTa naHHOI J1aOOpAaTOPHOW YCTAaHOBKH MOET MPOBOAUTHCS B JBYX paziiny-
HBIX PEKMMaX — MHOTONIPOXOIHOM M OJTHONIPOXO/IHOM.
Cxema yCTaHOBKH, pa0oTarollell B peKMMe MHOTOMPOXOAHON CUCTEMbI IIOKa3aHa

Ha (pucyHok 4.11).

a3

7 4 Pucynoxk 4.11 - Cxema nabopaTopHOii
YCTaHOBKH pa0OTAIOIIEH B PEKUME
AN 5 - MHOTONPOXOIHOM cucTeMbl: 1 — Hacoc
2 C DIIEKTPONPUBOOM; 2 — maboparop-
__ Hasi BOPOHKA JIJIsl 3aMI0JIHEHUSI CUCTe-
I 1 MBI )KHJIKOCTBIO U BBOJIA YaCTHII MEC-
/ ka; 3 — ucciuenyemsiii '®C; 4 — caus-
n HOM KpaH; 5 — yJIbTpa3ByKOBOM pac-
@ X0JI0Mep

B mHoOrompoxomHoM pexume jgabopaTopHas YCTaHOBKAa MMHUTHUPYET peajbHOE
byHKIMOHUpOBaHUE (QUIBTPA B YCIOBUSAX IKCIUTyaTalliy aBTOTPAHCIIOPTHOTO JIBUTATE-
7151, IOCKOJIBKY TE€CTOBBIE YAaCTHIIbI 3arpsI3HEHUIT MHOTOKPATHO MPOXOAAT Yepe3 Hcclie-
qyeMblid GuIbTp. DTOT pekuM Hanbosee MpUOIMKEH K peaIbHbIM YCIIOBHUSM.

B sToMm pexume paboThl MpU BKIOYEHHOM 3JIEKTPUUYECKOM Hacoce (C 3aroIHEeH-
HBIM >KHJIKOCThIO KOHTYPOM) 4epe3 KaHaj JJid BBOJA YaCTHUIl BBOJUTCS OINpPENESIEHHOE
KOJIMYECTBO (Macca) TECTOBBIX YAaCTHII 3aJaHHON (DpaKIIuu.

B kauecTBe TeCTOBBIX YacTUI] (MMUTAIMS 3arpsi3HCHUN) TIPUMCHSIICS CIICIUANTb-
HbIi dnekTpokopyHa (Al,O3 - hpakIMOHUPOBAHHBIN TECOK I MECKOCTPYHHBIX aria-
paToB, NPUMEHSIEMBIX B CTOMATOJIOTHH), MPOou3BoACTBa GupMbl « Triakory (I'epmanus),
BBIITYCKAaE€MbIN B pa3nuuHbIX ¢pakuusx (0T 25 no 450 MxM). DTOT PppakIuOHUPOBAH-
HBI MECOK OTIMYAETCs MajlbIM pa3dpocoM pa3MepoB YACTHUIl U MPAKTHUECKU OTCYT-

CTBHMEM MOCTOPOHHUX BKJIIOYEHHH (MbLUIM W npuMeceii). B3pemmnBanue mopuuii TecTo-
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BBIX YACTHIl POBOAMIOCH HA JIEKTPOHHBIX Becax, OMUCAHHBIX BhImIe. [I0TOK KHIIKO-
CTH, HaXoJisIIehcs B paboueM KOHTYpE YCTaHOBKH, ABUKETCS BMECTE C TECTOBBIMU Ya-
CTHIIAMH U MPOXOAUT uepe3 ¢puibTp. [Ipu HEKOTOpOM pacxose KuakocTu Q u u3BecT-
HOM 00beMe V BHYTPEHHHUX MOJOCTEH THIPABINYECKON YacTu J1abOpaTOPHOU yCTaHOB-
KU (OIpeaensieTcs ONbITHRIM IyTeMm), Bpemsi At (¢), 3a KOTOpoe KUAKOCTh OJHOKPATHO
MPOMJIET BeCh TUAPABINYECKUN KOHTYP YCTaHOBKH, ONIPEACIUTCA 10 hopMyJIe:

At=V/Q (4.1)
rae V- 00bEM BHYTPEHHHUX MOJIOCTEH THIPABINYECKOr0 KOHTYpa YCTaHOBKH (CONSt), 1;
Q- Tekymmii pacxo KUAKOCTH, TOICPKUBAEMBIA HACOCOM C AJIEKTPOIPHUBOIIOM, JI/C.

KosindyecTBo (KpaTHOCTB) MPOXO/I0B | paboUe KUAKOCTH Yepe3 THIPaBINICCKUN
KOHTYpP YCTaHOBKH 3a BpeMsl OMbITa 1 ONpPEeIeTUTCA:

i=T/At (4.2)

[Tocne HexoToporo BpeMeHu 1 pabOThl 1aO0OPaTOPHOM YCTaHOBKM (KOHKPETHO
OIpEENSIETCS B XOJ€ NPOOHBIX OIBITOB), SJEKTPUUECKUNA HACOC BBIKIIOYACTCS U JKH]I-
KOCTh YJaJsieTCsl U3 CUCTEMBI C MOMOIIBIO CIMBHOTO KpaHa, BCTPOCHHOIO B KOHTYD,
BMECTE C TECTOBBIMH YaCTULIAMH, KOTOPbIE (PUIIBTP HE CMOT YJIOBUTb.

[Tocne 3Toro yaepxaHHbIE TECTOBBIE YACTHUIbI M3BJIEKAIOTCS U3 IpsA3ecOOpHUKA
ucIbIThIBaeMoro (uibTpa. TecToBble yacThilbl B BUAE KopyHIa (mioTHOCTH p=4020
Kr/M°)  onpeseneHHoro pasmepa (Mcrnonab3oBanuchk Gppakuun 110 MxMm, 250 mxm 1 450
MKM) BBICYIIMBAIOTCS B JIAOOpATOpPHOW Tedke i ynaneHus Biaaru. Cyxue TeCTOBbIE

YaCTHUIbI B3BEILIMBAIOTCS, MIOCIIE YETO BBIUUCIAETCA KOI(PPUIUMEHT OUUCTKH f:
—_ n
p=— (4.3)

r7e: Me— Macca TeCTOBBIX YACTHII, BBEJICHHBIX B THIPABIMYECKUN KOHTYP CHCTEMBI B
npoliecce IKCIEPUMEHTa; My— Macca 3aJepKaHHBIX (IIBTPOM TECTOBBIX YacTHIl (M3
rpszecOopHUKa GUIBTpa).

JInist conocTaBiieHus! TaHHBIX YHCIICHHOTO MOJICIIMPOBAHUS M pacyeTa QUIbTpa C
IKCIICPUMECHTAIBHBIMH JTAHHBIMH HEOOXOJMMO UCIIOJIb30BaTh JIAOOPATOPHYIO YCTAHOB-
Ky B OJHOIIPOXOTHOM PEXKUME, T.K. PacUeT IMO3BOJISICT YYUTHIBATH YJIOBJICHHBIE TECTO-

BbI€ YACTHIIbI 3arPA3HEHHI TOJHKO MPH OJHOKPATHOM Npoxojae QpuibTpa.
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[Ipu pabore nabopaTOpHON YCTAHOBKM B OJHONMPOXOAHOM DPEKUME MPOLETYPHI
3aMoOJHEHUsI KOHTYypa pabouel )KUIKOCThIO, €€ YAaJIeHUs], BBEJCHUSI B CUCTEMY TE€CTO-
BBIX YaCTHII, a TaKXKe omnpeneiaeHus kodhduumenta GuiIbTpau, 0OCTaloTCS aHAIOTHY-
HbiMU. [IpuHUUMNUanbHAs cxema J1abopaTOpPHOW YCTAaHOBKH, paboTaroliel B pexume

OJTHOTIPOXOJTHOM THPABINICCKON CHCTEMBI ITOKa3aHa Ha (pUCYHOK 4.12).

/CLZI-;\ Pucynok 4.12 - Cxema nmabopaTopHO
B [ } &/ 4 YCTaHOBKH, PabOTAIOIIEH B PEXUME OHO-
IPOXOIHOMN CHCTEMBI: 1 — HAacoC ¢ dIIeK-
TPOIIPUBOIOM; 2 — 1ab0paTOpHAsi BOPOHKA
Z JUTSI 3aTIOJTHEHUST CUCTEMBI KUIKOCTHIO U
BBOJIa TECTOBBIX YAaCTHII; 3 — UCCIIETIye-
L A Mblil 'DC; 4 — cnuBHOM KpaH;S — yIbTpa-
g 3BYKOBOH pacxojomep; 6 — pecusep

@‘ TEXHOJOTHYECKUM QUIBTPOM (TIOCHETHUN
HE IMOKa3aH)

KiroueBbIM oTnimureM paboThl yCTAHOBKH B OAHOIIPOXOJHOM PEKUME OT MHOTO-
MIPOXOJTHOTO SIBISIETCS] HAJTMYUE CIEeIMaIbHOTO pecuBepa (pucyHok 4.12 nos. 6) co crme-
[UAIBHBIM TEXHOJIOTUYECKUM (UIBTPOM, KOTOPBIN 3aJ€pKUBAET TECTOBBIE YACTHIIbI,
HE YJIOBJIEHHBIE (PUIBTPOM U, TAKUM 00pa30oM, UCKIIIOUAET X OBTOPHOE MPOXOKICHUS
ux uepes uccienyemsiii puiibtp. O0bem pecusepa cocrasiiger 100 1, 4To BMECTE C TeX-
HOJIOTUYECKUM (UIBTPOM (CETYaToro THma ¢ pa3MepoM siueek S50 MKM) HCKITHOYaeT
BTOPUYHOE MOMAJaHKE 3arps3HEHUI B UCCIIEyeMblid (PUIIBTP.

Boraucinss ko @uImeHT o4ucTKy 10 BhIIeyKazaHHOU dopmyrie (4.3), moaydaem
€ro 3HaueHUe IIPHU OJHOM MPOXOE 3arps3HEHUN yepe3 TeCTUPYEeMbIi QUIbTP.

[Ipu wuccrnenoBanuu 3¢GHEKTUBHOCTH paboThl (UIBTPa B SKCIUTyaTAllMOHHBIX
YCIOBUSIX TOJTYUYEHHBIE 3arpsi3HEHUS pa3esIsIuCh Ha (PpakLUu CIeAYIOIIUM CIIOCOOOM.
Yepes KOJIOHHY U3 Ja0OPATOPHBIX CUT MPOCEHUBAIUCH MOTYYEHHBIE CyXHE YACTHUIIbI 3a-
rps3HEHUH (IpoLIeAIINe CIeHHABHYIO MOATOTOBKY), KOTOPhIE B 3aBUCUMOCTH OT CBOE-
ro pazMepa IpOXOIWIN ONpPEJEICHHbIE CUTa U 3aJeP>KUBATUCh HA TE€X CUTaX, pa3Mep
A4eeK KOTOPBIX ObLJI MEHbLIE pa3Mepa 4YacTull. B 3aBUCHMOCTHM OT 3TOrO YacTHIIbI
YCIIOBHO MOAPAa3esUINCh Ha TPYIIbI, 0003HaYaeMble JaTUHCKUMU OykBamu oT A 1o H

(pucyHok 4.13).
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cHTa Pasmep sueek A>1500 MM
f 1500 MKM
1500 mxMm >B> 1000 MM
1000 MKM
1000 mxM>C> 700 MKM
70 0 MKM
- 700 mxMm >D> 450 Mmxm
YaCTHIIBI | | 450 MKM
450 mxMm >E> 250 Mxm
E 250 MKN
R = 250 mxMm >F> 100 Mmxm
I—Fl MR 100 mxm >G> 50 MmxMm
I;}I S H< 50 MxMm

H

Pucynox 4.13 - Cxema pa3neneHus 9acTuIl 3arpsA3HeHUH 1o pa3mepam Ha rpymmsl A-H

Bce mabopatopHbIe SKCIIEPUMEHTHI TPOBOAMIACH C KOJTUISCTBOM TECTOBBIX Ua-
cTul] Jr000i1 u3 dpakuuii ot 25 no 50 rpamm. JlaGoparopHsie uccienoBanus 3¢ dek-
TUBHOCTU pa3pabaTbiBaeMbIX (DUIBTPOB MPOBOJUIUCH MPU MHOTOIPOXOJTHOM PEKUME
(MHOTOKpaTHOM MPOXO’KJICHUH 3arps3HEHHOM BOJIBI Yepe3 (GUIBTP) MPH PACX0JIe MOTO-
ka xuakoctr 70 j/muH. KpaTHOCTB MpoOXoja KUAKOCTH MpUHHMaiachk i1=50. DTOT pe-
KUM COOTBETCTBYET pEabHOMY THIPABIMYCCKOMY PEXUMY pabOThI (PHIIBTpaA B COCTaBE

CUCTCMBbI OXJIAKACHUA ABUIAaTCIIA aBTOTPAHCIIOPTHOI'O CPpCACTBA.

4.5. OnpenesieHue ruIPaBIUYECKOr0 CONPOTUBJIeHUs GUILTPOB

JlabopaTopHasi yCTaHOBKA, MPU TMPOBEACHUH HIKCIIEPUMEHTA IO OMPEEICHUIO
TUAPABINYECKOTO CONMPOTUBIICHUS (DUIBTPOB, BHITJISIAUT CIAEAYIOIUM oOpa3oMm (pucy-

HOK 4.14).

3 () - Pucynoxk 4.14 - Cxema nabopatopHoit
YCTaHOBKHU JIJISI OTIPEJICIICHUSI TUAPABIINYEC-

< CKOT'O COTPOTHRIICHHS: |-XKHJIKOCTHBIN
2 6 HACOC C AJIEKTPOTPUBOJIOM; 2-TTACTHKOBAS

nabopaTopHast BOPOHKA; 3-UCCIIeTyeMblii
®OX; 4-ynpTpa3ByKOBOM pacxoJloMep; 5-
CJIIMBHOM KpaH; 6-nuddepeHunanbHbIi
JATYMK J1aBJICHUS
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dunbTp, Kak Jr000€ THIPABINYECKOE YCTPOUCTBO, CO3/]a€T CONMPOTHBIIEHUE MOTO-
Ky KUJKOCTH, IPOXOASIIEMY dYepe3 Hero. J[s mpeogonenus ruApaBInyecKiux noTephb B
CXO ycranaBnuBalOT HacOC CIOCOOHBIN cO3/1aTh HEOOXOIUMBIA HAMOP, HO TIPU STOM
Ha MPHUBOJ] HACOCA 3aTPayMBaeTCs YacTh MOJIE3HONH MOUTHOCTH ABuUrartesns. [lostomy mpu
pa3paboTke Bcex anemMeHToB CXKO mbITaroTcsi CBECTU THAPABIUYECKUE MOTEPU K MHU-
HUMYMY.

Jlnst ompesenieHns: THAPABINYECKOTO COMPOTUBICHUS (DUIIBTPa HA €ro BXOJAE U
BBIXO/I€ YCTAaHABIMBAIOT OTOOPHUKH JaBIICHUS U K HUM MOJKII0YAIoT quddepeHmnans-
HBIA AaTyuK nasneHus. 3menss pacxon xxunkoctu Q, GUKCUPYIOT nepenaj 1aBIeHUs
AP. o moyry4eHHBIM JaHHBIM CTPOSTCS XapaKTEPUCTUKH THAPABIMUECKOTO COMPOTHB-
JICHHs Pa3TUYHBIX KOHCTPYKTUBHBIX BapUaHTOB (PUIBTPOB, UTO MO3BOJSET UX CPABHU-
BaTh 10 3TOMY IIOKa3aTeNl0 U ONPENeNsITh NMpUeMIIeMble XapakTepucTuku. Ha stame
pa3padotku HOBoro MOX 1enecoodbpa3Ho MOCHE KaKIOTO0 U3MEHEHUS KOHCTPYKIIUU
CHUMAaTh XapaKTEPUCTUKHU TUIPABINYECKOrO COMPOTHUBIIEHUS JJISl OLIEHKH JOCTUTHYTO-

ro pe3yJibTara.

4.6. Pe3yabTaThl HccJeI0BaHUil 3apy0e:kHBbIX 00pa3noB puiabTpoB OK

OueHuTh GUIBTPYIOIIYIO CIIOCOOHOCTD 3apyOEKHBIX 00Pa31[0B HEMOJHOMOTOUYHBIX
¢buneTpoB THma Spin-on (Fleetguard, Donaldson, Baldwin u ap.) nocratouno TpyHoO,
MOCKOJIBKY Ha MpaKkTHKE Takue (pUIbTPhI YCTAHABIMBAIOTCS B OalmacHbIi kaHan (rma-
payuiensHo ocHOBHOM Maructpayii B C)KO) ¥ TOUHO ydecTh KOJIMYECTBO 3arps3HCHHIA,
NOMAJAIONMX B GUIBTP Uepe3 3TOT KaHajl JOBOJBHO cl0XKHO. [ToaTomMy maHHBIN moka-
3aTeNib QYHKIIMOHUPOBAHUS 3apyOeKHBIX (PUIBTPOB B JaHHON paboTe HE OILICHUBAJICS.

B cBs3u ¢ Tem, 4TO QUIBTPHl MOJOOHONW KOHCTPYKIIMH HMMEIOT (PUIBTPYIOLIUN
AJIEMEHT, a TAaKXKe JAPOCCEUPYIOLIee OTBEPCTHE HA BbIXoJe M3 (GUiIbTpa, B Jaboparop-
HBIX YCIIOBUSIX OMNPEIESINCh TaKWE XapaKTepUCTUKU (UIbTpAa KaK COMPOTUBICHUE
IPOXOJSAIIEMY 4Yepe3 HEro MOTOKY JKUIKOCTH M MPOMYCKHas CIOCOOHOCTh (UiIbTpa

(pucynok 4.15).
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AP, kMa
40

35
30
25
20

15 —#— DunbTp Donaldson

10
5

0
0,0 1,0 2,0 3,0 4,0 5,0 Q, n/munH

Pucynok 4.15 - 3aBucuMocTts nepenaja gapieHus AP MeX1y BXOJOM U BBIXOJOM
¢mipTpa THna SPin-on komnanuu Donaldson ot BenmnuKMHbBI pacxoaa KUIAKOCTH Q

AHam3 XapaKTepUCTUKU THIIPABINYECKOTO CONPOTHBICHUS (pUCYHOK 4.15) mo3-
BOJISICT CJIENIaTh BBIBOJ, YTO Yepe3 HEMONHOMOTOYHBIN (GUIbTp THIA SPIN-ON MPOXOAUT
BecbMa HEOOJbIIAs YacTh XUAKOCTH — OKOJOo 5 J/MuH. Ilpum 3TOM compoTuBieHuE
¢unbTpa ABISETCS TOBOJIBHO 3HAYUTENIBHBIM U cocTaBisieT 6onee 35 klla mpu pacxone

5 1/MuH.

Ha ocHOBe 3THX pe3ybTaTOB MOKHO OOOCHOBAHHO 3aKJIIOYUTh, YTO Uepe3 Moao0-
Hble (UIBTPBI MPOXOAUT TOpa3o MEHbLIEE KOJIMYECTBO >XHAKOCTH, yeM 10% oT oc-
HoBHOro notoka OJXK, kak yka3bIBalOT 3apyOeKHbIE MPOU3BOAUTENN TaKUX (UIBTPOB.
DTHUM TOATBEPKIAAETCS BBIBOJ O TOM, YTO HEMOJHOMOTOYHBIE HEPa30OpHbIE (UIBTPHI
TUMa SPiN-0N ciIyXat He CTOJIBKO it ouucTKH OXK, CKOJBKO JJIsl XpaHEHUS ¥ BBEICHUS

B MTOTOK aHTU(PU3a XUMUYECKUX TIPUCAIOK, O UeM FOBOPHUIIOCH B Ii1aBax 1 u 2.

Kpome sTtoro, mpu j1abopaTOpHBIX HCCIAEAOBAHUSIX MPOBOAWIOCH U3YYCHUE TH]-
PaBIMYECKHUX XapaKTEPUCTHK BBIMICOMMCAHHOTO ceTyartoro gpuibtpa Gupmer Valeo. Ha
pucyHke 4.16 npuBepeHa 3aBUCUMOCTh Tiepenaja aaBjieHuss AP MeXIy BXOJOM U Bbl-

x010M (punbTpa (TUAPABINYCCKOE CONMPOTHBIICHHE) OT BEIMYHMHBI PACX0Jia KUIKOCTH

Q.
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AP, klMa

4 —— QunuTp Valeo

0,0 20,0 40,0 60,0 Q, n/mun

Pucynok 4.16 - 3aBucuMOCTh nepenaja aaBiaeHus AP Mex1y BX0OJI0M H

BBIXOJIOM (GHIBTPa (PUPMBI Valeo or Benmunnsl pacxona xuakoct Q
[IpuBenenusiii Ha pucyHke 4.16 rpaduk runpasaudeckoro conpotusiaeHus GOXK
¢upmer Valeo mokaspiBaeT, 4To 3TOT PUIBTP UMEET OTHOCUTEIILHO HEBBICOKOE THJIPaB-
JMYECKOEe COMPOTHUBIICHUE JI0 PACXOI0B KUAKOCTU 75 1/MUH. OIHAKO MPHU ITOM CIIETy-
€T YUUTBIBaTh, YTO ITHU JIaHHbIE MOJYUYEHbI C YUCTOM ceTko ¢unbTpa. B mporecce pe-
IBHOU HKCIUTyaTallMy TUPABIMYECKOE COMPOTUBIICHUE (PuiibTpa OyJeT yBETUINBATh-

Csl TI0 MEpEe 3aCOPEHUS CETKU YaCTUIIAMU 3arpsi3HEHUH.

4.7. Pe3yabTaThl HCCJIe10BAHUIT pa3padoTAHHOIO THAPONUKIOHHOTO (PUJib-

Tpa-cenapaTopa U UX CPaBHeHHE C 3apyOe:KHBIMH aHAJIOTaMU

B pesynbrate nabopaTOpHBIX UCHBITAaHUI ObLIa MOJyuy€Ha 3aBUCHUMOCTh, OLICHU-
Baomast 3p(HEKTUBHOCTh JaOOPATOPHBIX OO0pa3lUOB TUAPOUUKIOHHBIX (PHIBTPOB-
CernapaTopoB pa3IMyHbIX KOHCTpyKiui. Ha pucynkax 4.17-4.19 npuBeaeHbl 3aBUCUMO-
cti K03(p(PUIIMEHTOB OYUCTKH OT pa3Mepa (YCIOBHOTO JMAaMETpa) TECTOBBIX YaCTHI
IPU PA3IUYHBIX pAacXoJax paboyel KUIAKOCTH ISl HECKOJIBKHUX BAPUAHTOB KOHCTPYK-

i ['OC.
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Pucynok 4.17 - 3aBucumocTtb k03P GULIMEHTa OUYUCTKH 3 OT pazmepa
TECTOBBIX YaCTHII IPU pa3IMUHbIX pacxonax s Bapuanta ['OC Nel

p

0.9

0,7

Pacxo0, Q
N/MUH.

05 = 70
- 45

—— 20
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Pucynoxk 4.18 - 3aBucumocts kK03 dUIIMEHTa OYUCTKH 3 OT pa3mepa
TECTOBBIX YAaCTHI] IPU PA3JIMUHBIX pacxonax s Bapuanta ['@C Ne2

p

\

Pacxod, Q
JI/MUH.
-o= 70
—o= 45
09 —= 20

0,8

0 10

o

200 300 400 3, MKm

Pucynoxk 4.19 - 3aBucumocts ko3 HuimenTa oOuucTky 3 ot
pa3Mepa TECTOBBIX YaCTHI] PU Pa3IHMYHBIX pacxomax ais Bapuanta ['@C Ne3
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OuenuBas gaHHble rpad@ukoB Ha pucyHkax 4.17 — 4.19, MOXXHO clenath BBIBO/I,
YTO MpakTUYecKu Bce BapuaHThl ['@C HMMEIOT HEIMJIOXYIO YJIABJIMBAIOLIYIO CIOCO0-
HocTh. Ha rpadukax sBHO BUIHO, UYTO C MOBBIIMIEHHEM pacxoia (CKOPOCTH) MOTOKA U C
YBEIMYECHHEM pa3Mepa TECTOBBIX YACTHI] yJIaBIIMBAIOIIasi CIOCOOHOCTh BCEX BAPUAHTOB
['®C Bozpactaer. Haxe npu 40 i/mMmuH. ams gactul pazmepoMm 110 MM K03QpuIineHt
bunbsTpanuu P npesbimaet 0,7 ans BapuantoB ['OC Nel u 3, 4ro sBISETCS XOPOUIUM

pe3yJbTaTOM, JTAFOIIUM OCHOBAHMS JIUIS TalIbHEHUIIICH TOpaO0TKU ATUX (DUIIBTPOB.

B mpouecce nabopaTOpHBIX UCCIENOBAHUIX TaKKe MPOBOAUIIOCH CPaBHEHHUE TU-
PABIMYECKUX XAPAKTEPUCTUK (PUIBTPOB PA3IUYHBIX KOHCTPYKIMI: BBIIIEYKa3aHHBIX
BapuanToB ['®C, a taxxke HenonmHonoTouHbIXx ®OXK npowussoacTBa Gpupm Donaldson u
Valeo. Ha pucynke 4.20 mpuBeieHa 3aBHCUMOCTbh THIPABIMYECKOTO COMPOTHUBICHUS

TUX (PUIBTPOB OT BEIMYUHBI PACX0/1A )KUIKOCTH.

AP, xIla 12
40
10
35
30 8
Ounep Donaldson
25
6 — OnsTp Nl
20
— OneTp No2
15 4
DuneTp No3
10
2 Dunstp Valeo
5
0 — 0
D 10 20 30 40 50 60 70 Q, a/mma

Pucynok 4.20 - 3aBUCHMOCTb THAPABINYECKOIO CONTPOTUBIEHUSA AP
pazmuuHbX GuasTpoB OXK B 3aBHCUMOCTH OT pacxoa sXuIKOCTH Q
(meBas mikana nepemnana gaBieHU AP TONBKO 11t QUIbTpa KOMITAHUH
Donaldson, mpaBast — 1151 BCeX OCTaIbHBIX )

Pe3ynbraThl CpaBHUTENBHOTO aHAIW3a THAPABIMYECKUX XapPAKTEPUCTHUK Pa3iiny-
HbIX ®OXK (pucyHok 4.20) mMOKa3bIBaIOT, YTO TPAJAUIIMOHHBIC HETIOJTHOIIOTOYHbIE (DHITH-
TphI THMa SPin-on (Donaldson, Baldwin, Fleetquard u T.11.) uMeroT 0YeHb 3HAYUTETBLHOE
TUAPABINYECKOE COMPOTHUBIICHUE YXKe MpU pacxomax a0 S5 n/muH. Bapuanter [OC, a

taroke GuiabTp Gupmbel Valeo o0amaroT OTHOCHTEIBHO HEOOJBIIMM CONPOTHBICHUEM
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10 50...75 n/muH. Ilpyu 3TOM HaumydIui pe3ysbTar Mo TUAPABINYECKOMY COMPOTHB-

snernro mokasai I'@C Ne2.

4.8. Pe3yabTaThl J1a00pPATOPHBIX HCHBITAHUI cepuHHBIX 00pa3uoB I'®C

Ha ocHOBaHMU MPOBEEHHBIX KCIUTYyaTallUOHHBIX MCMBITAHUN (OMUCAHBI Jlajiee B
rnaBe 5) npencepuiinbix BapuaHToB ['DC u nx nadbopaTopHbIx uccienoBanuii B 2018 r.
ObLT pa3pabOTaH W M3TOTOBJIEH CEPUMHBIA THIPOLMKIOHHBIN (uiabTp-cenapatop PC-
38A (TVY 28.29.12-001-31706395-2018) u3 amomMuHHEBOrO ciuiaBa (pUCyHOK 4.22a).
Brimrymienapie mapTuu 3Toro ¢GuiabTpa OBUTH YCTAHOBJICHBI JJIS OKCIUTyaTallid B aBTO-
oycubix mapkax OOO «AIM» (r. Bmagumup), I'VII «IIACCAXKUPABTOTPAHC»
(aBToOyCHBIM apk N2, r. Cankr-IleTepOypr) Ha ropojickue aBTOOYCHI (BCETro MopsiaKa
120 aBTOOYCOB) OTeYecTBEHHOTO Tpon3BojacTBa - Momenu VOLGABUS (¢ mm3ensmu
YUCHAIY C6J210N-52 E-5, mpousBoactBo - Kurait) u JIMA3-529260 (¢ musemsimu
AM3).

B 2018 — 2019 r.r. O6p1ma u3roroBieHa emnie ogHa Bepcus cepuitHoro ['OC — OC-
20A w3 amOMHHHEBOTO CIiaBa (puUCyHOK 4.220), KOTOPBIM peIHa3HAaYCHHAs JJI YCTa-
HOBKH B KOHTYpP CHUCTEMBI OTOIIEHUs KaOuH mMaructpaibHbix Tsradeir SCANIA © MAN

Poccutickoro numesoro xonauara KDV Group (dbunuman B r. Bnagumup).

Pucynok 4.21 - Bux BapuanToB pa3paboTaHHOTO THUAPOLIUKIOHHOTO (uibTpa-cenaparopa OXK
(cepuiiabie oOpasibl): a) — BapuanT @C-38A u3 amoMuHHEBOTO cruiaBa; 0) — Bapuant dC-
20A 13 aTIOMUHHMEBOTO CILJIaBa
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a) 0)
Pucynox 4.22 - BHemHuil BUA BapHaHTOB pa3pabOTaHHOTO THAPOIMKIOHHOTO (QHIbTpa-
cenaparopa OX (cepuiinbie 00pa3iibl): a) — BapuanT OC-38A u3 alroMUHUEBOTO CIUIaBa; 0) —
BapuanT ®C-20A u3 aJIFlOMUHHUEBOTO CIUIaBa

OcHoBHbI€ MapaMeTpbl cepuiinbix 00pa3noB ['®C npeacrapiiensl B Taduie 4.2.

Tabnuua 4.2 - OcHOBHBIE TapaMeTPbl pa3pabOTaHHBIX U CEPUIHO Mpou3BOAUMBIX ['OC

a LoC Bapuantsl [[©C

apameTpe! DC-38A ®C-20A
Marepuan ¢punbTpa AJFOMUHHUEBBIE CIUIABBI AJIOMUHUEBBIE CIIJIAaBBI
Bricora oOmas, MM 227 172
JlnameTp Kopryca BHEIIHUN, MM 85 60
JlnameTp naTpyOKoOB (BX. U BbIX.), MM 38 20
O6beM rpsa3ecOOpPHHKA, CM° 268 105
Macca, r 800+30 400+20
['mapaBauveckoe COMPOTUBIICHUE (PUIBTPA,
He Ooutee, kl1a (mpu HOMHHATIBHOM PacXo- 6,0 (60) 8,0 (15)
e, JI/MHH. )

B pesynbrare npoBeeHHBIX JJA0OPAaTOPHBIX MCCIIEA0OBaHUN OblIa ompenesieHa (-
(EeKTUBHOCTH CEpUIUHBIX 00pa3I0B TMAPOLUUKIOHHBIX (GUIbTpoB-cenapatopoB OC-38A
u O®C-20A (tabmuupbr 4.3-4.4). Crnenyer OTMETUTH, UYTO KOHTPOJIHHBIC HWCIBITAHUS
bunbrpa 1 GC-38A nmpoBoawnck mpu pacxojae 40 JI/MUH. B peKUME OJHOMPOXO-
HOW M MHOTONPOXOJHOW CHCTEMBI, OCKOJBKY JTAHHBIM PAacxoJ COOTBETCTBYET peallb-

HBIM JKCIUTyaTaliMoHHBIM nokazatessM CXKO nBuraresneit aBToOyCHON TEXHUKHU.

Ucnbrtanuss @C-20A poBoaUINCh TIpU pacxoae 15 1/MHUH. B peXUME OJHOMPO-

XOHHOﬁ 141 MHOFOHpOXO,IIHOfI CHUCTCMBbI, ITOCKOJIBKY ,Z[aHHBII\/'I pacxon O6YCJIOBJI€H KOH-
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CTPYKTUBHBIMH OCOOEHHOCTSIMU (DUIIbTpa-cenaparopa M IKCILTyaTallMOHHBIMU TPeOo-

BaHWAMH K HCMY.

Tabmuma 4.3 —-Koapdunment ounctku B cepuitHpix ['@C OC-38A
n ©C-20A npu OAHOIIPOXOJTHOM CUCTEME

Bapuant ['®C Q, 1/mMuH. Kosddunment
OYHCTKH [3
DC-38A 40 0.348
dC-20A 15 0,8163

Tabmumua 4.4 — Koappumment ounctku § cepuitabix ['OC OC-38A
u OC-20A mpu MHOTOTIPOXOTHOM CUCTEME

Bapuant I'OC Q, n/MuH. Kosppuuuent
OYHUCTKH, 3
dC-20A 15 0,9728

Kpome asToro, mpu naHHBIX JTaOOPATOPHBIX HCCICAOBAHUAX IPOBOAMIOCH U3yUe-
HUE TUAPABIUYECKUX XapaKTepUCTUK cepuiHbix o0pasnoB ['®C. Ha pucynkax 4.23-
4.24 npuBencHA 3aBUCHMOCTD Iepernaja JaBiICHUS Ha BXOJIC U BBIX0/I¢ (PHIIBTPOB OT Be-

JIMYUHBI pacxoda KUJIKOCTH.

AP, KlMa

Y

i}
2 /
0 /
0 20 40 60 80 Q, n/MuUH

Pucynok 4.23 - XapakTepucTuka ruipaBIndeCcKOr0 COMPOTHUBIICHUS
cepuitnoro ¢unetpa-cenaparopa ®C-38A
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AP, KMa

18

/0
16 /
14

j pd
2 el

C

0 5 10 15 20 25 30 Q, 1/mMmAH

Pucynok 4.24 - XapakTepucTHKa THAPABIHYECKOTO COMPOTUBICHUSI
cepuitnoro ¢unbtpa-cenaparopa OC-20A

Pesynbratel TectupoBanusa cepuitHbix oOpasinoB ['®C moneneit ®C-38A u OC-
20A moxa3bIBalOT, UTO UX COMPOTUBJICHUE JJIsI COOTBETCTBYIOIIMX HOMUHAJIBHBIX pac-
XOJIOB KUJKOCTHU SIBJISIETCS MTPUEMIIEMBIM JIJIA 3aJIaHHBIX YCIOBUM 3KCIUTyaTaluu. JTO
MOATBEPAKAAIOT U PE3YJIbTATHI pEATHbHOM IKCILTyaTalluy ATUX (QUIBTPOB HA PA3TUYHBIX

ATC B Teuenue 2018-2022 rr.

4.9. BeiBoasbl 1o riase 4

[IpoBenennble uccnegoBaHusi pa3zpadboTaHHbiXx o0pasnoB ['OC u 3apyOexHBIX
(GUIBTPOB MO3BOJISIOT CIIEJaTh OJIHO3HAYHBIN BBIBOJ O BBICOKOW 3((HEKTUBHOCTH CO-
31aHHBIX BapuanToB ['PC no cpaBHEHUIO C 3apyOEKHBIMH aHAJIOTaMHU.

CpaBHEeHHE KOHKYPEHTHBIX TMOKa3aTellel COo3JaHHOro (UiIbTpa C 3apyOeKHBIMU

KOCBEHHBIMHU aHAJIOraMU MPUBEACHO B Tabime 4.5.
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Tabnuia 4.5 — CpaBHEHHE KOHKYPEHTHBIX MTOKa3aTesle CO3IaHHOTO (QUibTpa

C 3apyO0eKHBIMU KOCBEHHBIMHU aHAJIOTaMHU

Tunuunele Co3naHHbIN THI-
[Tokazatemu ubTpoB | Hepa3OOpHBIE Pasboprbie POLMKIOHHBIN
(KpuTEepHHU OIEHKH) GbuneTpsI SPIN- ceTiarbie bunbTp-
bUIBTPHI
on cenaparop

1. KoHncTpyKTHBHAs 1 BBICOKAs cpen- HEBBICOKAs
TEXHOJIOTHYEeCKas HsIs1/HEBBICOKAs
CJIOKHOCTD
2. [lonHomoTouHas HET na/HeT na
bunpTpanus
3. ToHKOCTH GUIBTPA- 30-50 300 100
107078
(momuHanwpHasg, 0,95
yJIaBJIUBAHUS), MKM
4. CTaOWIBHOCTD HET HET 712, BBICOKAsI
XapaKTEPUCTHK
5. I'psazeeMKoCTh CpenHsis MaJiasi/CpeiHsis BBICOKasI
6. [Ipumenenue: OJTHOPA30BOE MHOTOPa30BbIE | MHOTOPA30BBIT
OJTHOPA30- (HepazbopHbIC) (pa3bopnbie) (pa30opHbIii)
BOE/MHOTOpPa30BOe
7. Y 106CTBO TeXHUYE- He TpedyeTcs HEBBICOKOE BBICOKOE

CKOTO 00CITy>KHBaHHUSI

8. Y100cTBO 3aMEHEI

BBICOKOC€

He TpedyeTcs
(TOJBKO MepHo-
JUYecKas ero

He TpedyeTcs
(TOIBKO TIEPHO-
JUYecKas ero

OYHUCTKA) OUHMCTKA)

9. Pecypc pabotbl 1 rog wim 200 paBeH pecypey paBeH pecypey

TBIC. KM TIpo0Oe- JIBUTATEIIS JBUATATEIIS

ra

10.CriocobHOCTH 1101- UMeEEeTCs HEBO3MOXKHA [TpuHIMNIMATBEHO
JepP’)KUBATh XUMCOCTAB BO3MOJKHA, Tpe-
anTudpu3a IS XuM3a- Oyet pa3paboTku
el COKO
11. Orpannuenus no CnenuansHoe OTPaHUYEHHUS OTPAHUYEHHUS
YCTaHOBKE/KOMIIOHOBKE MECTO TOJIBKO 110 Taba- | TOJBKO MO rada-

JUTSl YCTAaHOBKH puTam puTam
12. CroumocTts 1 en.,
py0. (OpUEeHTUPOBOU- 1500...12000 | 5000...25000 1 500...3 500

Hasl)
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T'JIABA 5. HCCJIEJOBAHUS D®PPEKTUBHOCTHU OUNCTKH
OXJIAXKJTATOIEN )KHJTKOCTH U XAPAKTEPUCTHK EE 3ATPSA3HEHUM
B ITPON3BOJCTBEHHO-3KCILTYATAIIMOHHBIX YCJIOBUSX

B naHHOM T71aBe MpeACTaBICHBI PE3YJIBTATHI PEICHUS CAEAYIOIIEro psaia 3a/1ay:

1. ananm3 pabouux CBOWCTB aHTHU(PHU30B B MPOIIECCE IKCIUTyaTaI[UU JIBUTATEIICH

B COCTAaBC aBTOTPAHCIIOPTHBIX CPCACTB,

2. oueHka crenenu 3arpsisHeHurd CKO B mponecce sKCIulyaTallMd JBUTATENEH

ABTOTPAHCIIOPTHLBIX CPCACTB,

3. ucnbitanus pazpaboranHbix ['@C B yClOBUSIX HKCILTyaTallMd M OLIEHKA TOJTY-

YCHHLIX PC3YJIbTATOB,

4, HCCICA0OBAHUC XHUMHUYCCKOI'O H (bpaKIlI/IOHHOI‘O COCTaBa SanHSHeHHﬁ, IIOoJIy-

YCHHBIX B PCAJIBHBIX YCIOBHUAX OKCILIyaTallun I[BHF&TCHCﬁ;

5. uccienoBanue u ananus 3apyoexxkunix ®OX nmocne okoHUaHUST UX dKCIUTyaTa-

ouu.

bazoii 115 mpoBeeHUsT UCCIEIOBAHUM CITY>KUITM aBTOTPAHCHIOPTHBIE MPEATIPUs-
tusa r. Bnagumupa u obnactu - aBro0ycHbiit mapk OOO «burAsroTpancy» (. Brnanu-
mup), Arponpennpusitue CIIK «Cy3nansckue 3opu» (Brnagumupckas obnacts, c. [1aB-

nosckoe), aprocepBuc UIT berukos I'.I1., OO0 «AIM» u ap.

5.1. UccnenoBanme coCTOSTHUS aHTU(PPU30B B IKCILTYyATAIUH

Kak ormeuanocs B | rimaBe pa®oThl, B XOJ€ 3KCIUTyaTalldd aBTOTPAHCIIOPTHOTO
JBUTATENS B aHTU(PpU3aX MPOTEKAIOT TAaKUE MPOLECCHI, KAK UCTOLIEHUE, pa30aBiieHUE U
OTCEB, MPOUCXOANUT CTapeHUE U pasliokeHue aHtudpuza u ero npucaaok. OgHoN u3
BAXKHBIX BO3MOKHOCTEH TMOBBIIIEHUSI HAJEKHOCTH MU PECypca 3JIEMEHTOB CHUCTEMBbI
OXJIKICHHS BUTATENS SIBISIETCS BBICOKOE KAa4eCTBO MPUMEHSEMOTo aHTU(pHU3a, 4To

noaTBepkaaeTcs myonukanusamu  Harmoka M., XKykosa B.A. u ap. [51,52,54,56].
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[Ipu m3yyeHun BoIpoca TEKYIIETO COCTOSIHUS aHTHU(dpHU3a B MPOIECCEe IKCILTya-
Talliy TIPOBOJUIMCH OTOOPHI €ro MPOo0 U3 CUCTEM OXJIAKICHUS JBUTATENEH TOPOJICKUX
u Mexayroponaux aBTo0ycoB MAN, Mercedes u Setra, Haxonsmuxcst B SKCIUTyaTaIluu
B KpyHHEHIIEM aBTOTPAHCHOPTHOM npeanpustuu r. Bmagumupa — OOO «burAsro-
Tpanc», uz CXKO pgBurareneil celbCKOXO3UCTBEHHOM TEXHUKH (KOMOaitHbl) Arpo-
npeanpusatus CIIK «Cy3nansckue 3opu» (Bnagumupckas obnacts, ¢. [1aBioBckoe), a
TaKKe€ M3 CHUCTEM OXJIaxJeHus npurareneil apromobusien KAMA3 koMMyHanbHBIX
ciy0 r. Bnanumupa. Jlaniee 3T mpoObl aHAIM3UPOBAIUCH MO MOKa3aTeIsIM KayecTBa

aHTU(PU30B.

5.1.1. Onpenenenne TeMnepaTrypbl KPUCTALIU3ZANMUM, COAEPKAHUS ITH-

JIECHTJIMKOJIAA M BeJIMYUHBI PH aHTH(PU30B B IKCILTyaTAIINH

[Tarbnecar mpoO, OTOOPAaHHBIX U3 CUCTEM OXJIAKJCHUS JBUTATENEH TOPOJCKUX U
mexayropogHux aBrooycoB MAN, Mercedes u Setra, moaBepraauch 1a00paTOPHBIM
WCCIICIOBAHMSIM, LIEJbI0 KOTOPBIX SIBISUIOCH OMpPENEJCHHE CIeAYIONIMX IoKa3aTenen

OTOOpaHHBIX 00Pa3I0B aHTU(PHU30B:
- TEeMIIepaTypbl KPUCTATIIA3AIUY;
- coJIepKaHus STUICHIITUKOIA (B %);
- BeTMUMHBI PH.

Uccnenosanue otroOpaHHbIX MpoO aHTU(pPHU3a MPOBOAUIOCH B TIOMENICHUH C TEM-
nepaTypor OKpY’Karolero Bo3ayxa, Haxojsuencs B nepegenax ot 20 go 24 C°, npu
MCKYCCTBEHHOM OCBEIlleHUU. Pe3ynbTaThl MCCIeI0BaHMS MPEACTaBIICHbl B MPUBENICH-
HBIX HUXke Tabmuie 5.1 u rpadukax (pucyHok 5.2-5.4).

[Ipu uccrnenoBaHMM HCHOJIB30BANINUCH: KOJIOBI M3MEPUTEIbHBIC; MEH3YpPKH; apeo-
meTp-ruapoMetp (mpousBoauteib ITAO «Crexnonpubdopy», Poccus, Tounocts +0,5%);
pedpaxromerp ADD501A (mpoussonutens ATC, KHP); numerka; BOpOHKH; WHIHWKA-
TopHble PH-monockn s auanazoHa pH 1-12 (mpowmsBoaurens OOO «/lenpTa-xum-

TIK») (prcyHoK 5.1).
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SPECIAL INDICATOR PAPER
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Pucynok 5.1 - [IpumensieMbie TpUOOPHI U
000pyZ0BaHUE: a — apEOMETP-TUAPOMETP;
6 — peppakromerp ADD501A; B — nnanka-

Tabnuua 5.1 - PesynpraThl aHanu3a npod antudpusa

TopHbIe PH-TI0TI0CKM

ITokazanus apeomerpa

[Tokazanus pedpakro-

MeTpa

No, /i | T'oc. per. 3Hak % pH
C t 3am, °C Conep. % tsam, °C (ET) | g, Kr/n
1 A 519 MP 20 -40 53 -37 1,32 8,3
2 A 534 MP 20 -45 55 -38 1,33 8,2
3 A 514 MP 20 -40 53 -36 1,32 8,2
4 BP 909 20 -40 53 -35 1,31 8,2
5 BC 387 20 -40 53 -38 1,33 8,2
6 E 607 MK 20 -45 55 -39 1,34 8,2
7 E 429 MK 20 -36 50 -36 1,32 8,4
8 E 795 MO 20 -45 55 -40 1,34 8,3
9 K 008 HA 20 -39 51 -35 1,30 8,2
10 K267 HA 20 -36 50 -35 1,31 8,4
11 0 002 KX 20 -40 53 -35 1,31 8,0
12 Y 008 MA 20 -36 50 -35 1,31 8,3
13 A 512 MP 20 -45 55 -39 1,33 8,2
14 A 532 MP 20 -45 55 -39 1,33 8,1
15 A 529 MP 20 -42 54 -37 1,32 8,2
16 BP 588 20 -45 55 -40 1,34 8,1
17 B 766 MT 20 -50 59 -41 1,35 8,3
18 E 772 MK 20 -47 57 -39 1,33 8,3
19 E 425 MK 20 -47 58 -38 1,33 8,2
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20 M 057 MO 20 -40 53 -37 1,32 8,2
21 H 120 ME 20 -42 54 -40 1,34 8,1
22 C817MC 20 -45 95 -41 1,35 8,2
23 Y 009 HT 20 -40 53 -38 1,33 8,2
24 X 123 KC 20 -42 54 -37 1,32 8,2
25 A 518 MP 20 -40 53 -35 1,31 8,2
26 BP 8§32 20 -65 66 -45 1,38 8,0
27 BT 942 20 -36 50 -35 1,31 8,3
28 B 762 MT 20 -34 48 -30 1,27 8,2
29 BT 964 20 -40 53 -35 1,31 8,2
30 BT 656 20 -40 53 -37 1,32 8,2
31 E 595 HB 20 -40 53 -38 1,33 8,2
32 M 812 MO 20 -50 68 -42 1,35 8,3
33 H 838 ME 20 -40 53 -37 1,32 8,2
34 0761 MA 20 -40 53 -37 1,32 8,3
35 T 300 HT 20 -45 55 -38 1,33 8,2
36 X 092 HB 20 -50 68 -40 1,34 8,3
37 A 510 MP 24 -40 53 -38 1,33 8,3
38 BT 920 24 -50 59 -43 1,36 8,2
39 B 513 HM 24 -40 53 -36 1,32 8,3
40 BP 879 24 -40 53 -36 1,32 8,3
41 K 940 MK 24 -45 95 -40 1,34 8,2
42 K982 HA 24 -36 50 -33 1,30 8,1
43 H 922 ME 24 -40 53 -36 1,32 8,2
44 O 522 HH 24 -36 50 -34 1,30 8,2
45 C 730 MP 24 -45 55 -40 1,34 8,3
46 T 900 MC 24 -40 53 -38 1,33 8,2
47 Y 720 HM 24 -36 50 -32 1,29 8,2
48 X 565 KC 24 -40 53 -34 1,30 8,2
49 X 999 MK 24 -50 59 -40 1,34 8,4
50 X 954 HH 24 -45 55 -41 1,35 8,2

[To moydeHHBIM IEPBUYHBIM JJAHHBIM OBLTH IIOCTPOCHBI JUATPAMMBI (PUCYHKH
5.2 — 5.4), no3Bostsroniue 60see HarIsAHO MPEACTaBUTh OIICHKHU TTOKa3aTesiel KauecTBa

aHTI/I(l)pI/ISOB, HaxoasAIMunXcCs B OKCILTyaTaluu.
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Pucynoxk 5.2 - Pe3ynbpTaThl aHann3a oTOOpaHHBIX MPOO aHTH(pU3a IO TEMIIEPATYPE
KpucTtauzanuu t (mo BepTUKAIbHON OCH JaHO KOJUYECTBO P00, %)

%
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g, K/
PucyHnok 5.3 - Pe3ynbTaThl U3MepeHUi MIOTHOCTH § OTOOpaHHBIX MPOo0 aHTU(pHU3a
(o BepTHKAIBHOW OCH JIaHO KOJIUYECTBO Mpo0, %)
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8,0 81 8,2 83 8,4 pH

Pucynoxk 5.4 - Pesynbsrater onpenenennst PH oToOpanHbIx mpod anTrudpu3a
(10 BEepTUKAJIBHON OCH JIaHO KOJMYECTBO Mpoo, %0)
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AHanmu3 oTOOpaHHBIX MPOO aHTU(GPHU30B U3 CUCTEM OXJIAXKICHUS JIBHraTejici ro-
poackux U MexayropoaHux aBrooycoB MAN, Mercedes u Setra mokasain, 4TO aHTH-
bpu3 B C)XKO nmaHHBIX aBTOOYCOB HaXOAUTCS B yIOBIETBOPUTEIBHOM COCTOSHHUH, CO-
TJIACHO ITOJTYYCHHBIM 3HAUCHHUSIM TEeMIIEpaTyphl KPUCTAIM3AIUH, TIFIOTHOCTH aHTU(pH-

30B (COJepIKaHUS STUICHIINKOJISA) ¥ 3HaYeHni PH.

5.1.2. JIaGopaTopHblii XxpoMaTorpagpuyeckuii aHajau3 aHTU(PPU30B B IKC-

IIyaTauuu

OtnenpbHO OBUT MPOBEACH J1aOOPATOPHBIM XpoMaTorpapuyeckuil aHamu3 mpod
SBHO Pa3JI0KUBIIErocs (IerpagupoBaBUIEro) aHTU(PpU3a (PUCYHOK 5.5), B3STBIX U3 CH-
CTEM OXJIAXJIEHUS cenbckoxo3sicTBeHHONW TexHukH arpomnpeanputus CIIK «Cy3nanb-
ckue 30pu» (c. [laBnoBckoe Cy3aanbckoro p-Ha Bragumupckoit 0071.) U aBToMoOMIIeH

KAMA3 kxomMmyHanbHOM Cityk0bI T. Biiagumupa.

3agayueld 3TUX UCCIIECIOBAHUN SBJISJIOCH ONMPENCICHUE KOHUEHTpAlMd METaHoJa,
riunepuHa, nudTuieHrnukonas (I21) u monostunenriukonss (M3I') B oToOpaHHBIX
oOpa3nax antu(dpuza, a TaK)Ke BBISIBICHUE COAEPKaHUSI B COCTaBe aHTU(dpHU3a pa3auy-
HBIX PUMECEN TOCTOPOHHHX BEIIECTB.
Uccnenosanne otoOpanHbIX Mpo0 aHTU(pHU3a (PUCYHOK 5.5) MPOBOAUIOCH HA Jia-
O0oparopHoii 6a3e aHanuTuueckoro llenrpa HayuHo-uccnenoBaTenbckoro v MpoOeKTHOTO

uHCTUTYyTa Kapbamuna (1. [3epxxuHck Hmwkeropoackoit 06:1.).

Pucynok 5.5 - Bua npencras-
JICHHBIX HA UCCIIEIOBAHUE MTPOO
antudpuza n3z CXKO npurareneit
CEJIbCKOXO03HCTBEHHON TEXHUKH
(ciieBa) KOMMYHaJIbHOM TEXHUKHU

(cpaBa)

[Ipu mpoBeneHrMH aHaNW30B B MOMENIEHUU TEMIEpATypa OKPYKAIOIIEro BO3ayXa

Haxoauiack B npenenax ot 20 go 24 C°. Ilpu uccnenoBaHuy UCIOJIb30BAIUCH:
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- KOMIUIEKC Xpomartorpaduyeckuii razoBbiii «Xpomoc I'X-1000» ¢ aerexkropamu
[T u ATII (3aB. Ne923, TTU I Ne923, ATII Ne470; moBepen 1o 03.02.2018 r.);
- MEH3YPKHU; TUIIETKA,; BOPOHKH; CHCIIHAIBHBIC UTIBI C (PYIBTPYIONTUMHU JICMEH-

TaMH (PUCYHOK 5.6).

a) 6)
Pucynoxk 5.6 - [IpumensieMblie npubopsl 1 000pyAOBaHKE: a — KOMIUIEKC XpoMarorpadu-
yeckuit ra3oBbiil «Xpomoc ['X-1000»; 6 — crienranbHas uria ¢ GUiIbTPYIOUIUM dJIEMEH-
TOM

Pe3ynbTaThl HccienoBaHus MPECTaBICHBI B MPUBEACHHBIX HIDKE Ta0IuIax 5.2-5.3

u rpadukax-xpomaTorpammax (pucyHok 5.7-5.8).

20000 L
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17000 |
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12000 |
11000 |
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2000 | C
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1000 | =

. . \ I
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Bpema, miH

Pucynoxk 5.7 - XpomaTorpamma ananuza npo6 antudpuza uz CXKO
nuzenst MM3 J[-243-91 cenbCKOX03IMCTBEHHON TEXHUKHU
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Pucynok 5.8 - Xpomarorpamma ananuza antudpusa n3z CKO nuzens

Tabmuna 5.2 - ConepxaHue KOMIOHEHTOB B mpobOax aHTU(pu3a, orodpanHbix u3z CXKO

KAMA3-740 xoMMyHaIbHOM TEXHUKU

JIIBUTATENEH CENbCKOX03IMCTBEHHON TEXHUKHU

No | Bpewmsi, muH. | BricoTta, MB ITmomanes, MB-Mun. | Konnenrpanus | Komnonent
1. [9.319 9048.105 620.399 2.155 METaHOJI

2. | 29.247 4271.278 5862.737 20.327 TJIMIEPUH
3. |31.352 19982.378 4630.570 16.049 MOTI

4. |40.500 40.371 9.924 0.034 JoT

Tabnuna 5.3 - Coaepkanre KOMIIOHEHTOB B npobax antudpusa orodbpanusix uz CKO nBura-

teneit KAMA3 koMMyHaIbHON TEXHUKA

No | Bpems, muH. | Beicota, MB | ITnomaas, MB-MuH. | Konuentpamusa | KomnonenT
1. 19425 10815.203 710.186 2.466 METaHOJ

2. |28.384 3307.144 2428.964 8.207 TJIULEPUH
3. [31.358 14489.719 3010.696 10.174 MOrI

4. |35.770 114.720 17.581 0.059 HEU3BECTECH
5. 140.554 106.943 26.569 0.089 2T

6. |46.345 20.625 6.685 0.034 HEU3BECTCH
7. 150.111 34.490 6.800 0.035 HEU3BECTCH

HpnMeanne: pE3YyIbTaT «HCU3BCCTCH» - HCT KaJ'II/I6pOBKI/I XpOMaTOI‘pa(l)I/I‘-ICCKOFO KOMIIJICKCa OJId
OMMpeaACIICHNA JaHHOI'O BEIICCTBA.

AHan3 O0TOOpaHHBIX MPOO aHTU(PPU30B U3 CUCTEM OXJIAKICHUS CEIBLCKOXO3SIH-
ctBeHHoi TexHuku arponpeanpustua CIIK «Cy3panbckue 30pu», a TakKKe U3 CUCTEM
oxnaxnenus auzeneid KAMA3-740 komMmyHanbsHOU CiTy>kKO0bI T. Bnagumupa, nokasbiBa-

eT, uto auTudpu3 B CXKO maHHOU CENhCKOXO3SIICTBEHHON M KOMMYHAIBHOW TEXHUKH
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JerpagupoBall u 3arpsizHeH (mokasarenu Ned4,6,7 B Ta0i. 5.3) ¥ aHAIU3UPYEMBbIN aHTH-
bpus HE COOTBETCTBYET HOpPMaM »JKCIUTyaTallud U TpeOOBaHUSM 3aBOJIOB-

U3rOTOBUTEJIEN.

5.2. UccaenoBanue u anajau3 3arpsisiennii CKO aBuraresieii B 3kcniyara-

187071

3ajaueii 3TOro ATarna UCCieI0BaHus SIBISUIOCH BBISIBIIEHHE pPEeajbHON KapTUHBI 3a-
rpsizHeHni COKO nBurareneil B mpouecce sKCIulyaTalii aBTOTPAHCIIOPTHOM TEXHUKH C

MOMOII[BI0 COBPEMEHHOM armapaTypsl U MpuOOPOB.

5.2.1. Ucnoab3yemblie puOOpPHI M 000pyA0BAHHE

W3ydeHne qaHHOTO BOIPOCA HA MPAKTHKE MPOBOANUIIOCH Ha Pa3IMYHON TPy30BOH U
CTPOUTETLHON TEXHHUKE, HAXOJSIICHCS B AKCIUTyaTaliuu (GUpM U npeanpusTuil r. Bia-
JUMUpa U 00J1acTH, ¢ UCTIOJIb30BaHUEM COBPEMEHHOM (hoToanmapaTypsl U CreluaIbHO-
TO0 HMCCJENOBAaTEILCKOT0 000pyaoBaHUsS — 3epkaidbHOro (oroanmmapara Canon EOS
1300D Kit, TeXHHYECKOro YIpPaBIsSEMOr0 BHICOIHIOCKOINA BBICOKOTO pPa3peIICHUs
JProbeFX (TaiiBanp) (Model: FASTA, Ao MADADAO045) (pucyHoK 5.9) 1 3JIeKTpOHHOTO
USB-mukpockomna «Mukpon-500» (SITITEK, Taiieanp) (pucynok 5.10). Mukpockon
«Muxkpon-500» obnamgaer makcuMmanbHbIM S500-KpaTHBIM YBEJIMYEHHUEM, YTO BIIOJHE

A0CTAaTOYHO AJIA p€IIacMbIX B pa60Te 3agad.

Pucynok 5.9 - Texuuueckuii ynpaniisieMblii BUACOIHIOCKOII
BBICOKOTO pasperienus jProbeFX



Pucynoxk 5.10 - USB-muxpockon «Mukpon-500»

5.2.2. Pe3yabTaThl BU3yaJbHOI0 UCCIEA0BAHUS

3adukcupoBaHHBIE B MPOIECCE UCCIIEIOBAHMS MOBPEKICHUS JAeTallel U DJIIEMEH-

TOB CHCTEM OXJIKJICHHS Pa3IMYHbIX JBUTATENCH MpUBEIeHBI Ha pucyHkax 5.11 - 5.24.

Pucynok 5.11 - Tunuunsie 3arpsi3HEHHS] CUCTEM OXJIAXKACHUS aBTOMOOMIBHBIX M TPAKTOPHBIX
JIBUTATENEN: a) — KaBUTAIIMOHHBIEC pa3pylieHus: KaHana rojoBku asurareiast MAN; 6) pagua-
TOP OTONHUTEIS calioHa ¢ TypOynu3upyroomumu BctaBkamu asuratenss MAN; B) — paxuaTop
ororuTens cagoHa apromoomtst BA3-2106 u ero BepxHsisi KpbIIKa(T)
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Pucynoxk 5.12 - Bua 3arpsi3Henuii B 6J10ke IUJIUHIPOB ABUTATENS
3M3 — 523.1 nmocne 150 ThIC. KWIOMETPOB IKCIUTYaTallMOHHOTO Mpodera
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Pucynok 5.13 - TunuuHble 3arpa3HeHUs] paAuaTOPOB OXJIAXKICHUS JABUTATENICH IPy30BBIX aB-
TOMOOWJIEH B BUJE OTJIOKEHUH PA3TUYHON MPUPOJIBI — MECKA, PKABUYHMHBI, POIYKTOB Pasiio-
XKeHUsl aHTu(dpu3a u (HparMeHTOB YIUIOTHUTEIBHBIX MPOKIATOK C TePMETUKAMHU (JIBUTATEIH
maructpaiabHbIX Taraueii MAN u SCANIA)



Pucynok 5.14 - Bun 3arpsizHeHuil B paguaTope OTONUTENS CaJloHa JIETKOBOI'O aBTOMOOWMIIS
UMIIOPTHOTO IPOU3BOJICTBA OCE 98 ThIC. KWIOMETPOB IKCILTYyaTallMOHHOIO Ipodera
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Pucynok 5.15 - Bug MoMeHTa IpOJIMBKU KUAKOCTHIO 3aKYTTOPEHHBIX
KaHaJIOB paguaTtopa asurarens asromoomns MAN

Pucynok 5.16 - 3arps3HeHus paguaTopoB OXJIAKICHUS JBUTaTeleil aBTOMOOWIIECH B BUIE
necka, yacTen MpoKIa oK, NPOAYKTOB KOPPO3HH
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a) 0)
Pucynok 5.17 - Bua otnoxeHuil Ha BHyTpEHHEH OBEPXHOCTH KOpIyca TeIJI000MEHHUKA
neuratens rpy3oBoro aBroMmoomtsi SCANIA B Buie MPOTYKTOB pa3ioxkeHUs aHTH(pH3a (a) 1
Hakumu (0)

Pucynok 5.18 - I'mnb3a nununapa asurarenst SCANIA ¢ kaBUTaIMOHHBIMU pa3pyLICHUSIMHA U
OTJIOKCHHUSIMH CJIOSI PIKABUHHBI

Pucynok 5.19 - Bug nocreneHHOro paspyiieHus KpbUlbU4aTKH KUJKOCTHOIO Hacoca IU3€eIIs
KAMAZ3-740 oz neficTBHEM KOPPO3UHU M KABUTALIMOHHOHN 3PO3UH
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a) 0)
Pucynoxk 5.20 - Bug noBpexaeHust BXOAHOTO MaTpyOKa paanaTtopa oxJaaxaeHus (a) U Bbl-
xoaHoro (0) nBuraresns ropojackoro aBTooyca Mercedes-Benz mox neiictBreM KOppo3uu u
KaBUTAIMOHHOM 3po3un

6)

Pucynok 5.21 - Buj nmoBpexxeHHs pe3HHOBOTO YIUTIOTHUTENS TepMocTata aqeuratens Nis-

san (a) 1 OTJIOKEeHUs Ha Pe3MHOTKAaHEeBOM MaTpyOKe CUCTeMbl OxXJslaxaeHus (0) nBuraTens
MaruCTpalbHOro TsAradya Scania B Bujie KOppo3uu

Pucynox 5.22 - Bua noBpexaeHus paguaTopa OXJIaxACHUS IBUTATEIS
MarucTpanbHoro Tsarada Volvo FH B Buze abpa3suBHOro M3HAIIMBAHHUS



Pucynoxk 5.23 - Bug npoaykToB pa3iokeHus: aHTudpu3a u ero OTI0KEeHUN
Ha BHYTPEHHEH MOBEPXHOCTH PACIIUPUTEIHLHOTO OaUKa CUCTEMbI OXJIAXKICHUS
nBurareist aromoouist BA3-2106

Pucynok 5.24 - 3arpsi3HeHus B BUJIe KOPPO3UH, IPOLYKTOB pa3IoKEHUS
aHTU(pH3a U YaCTUUYEK HAKUIK HAa AaTpyOKe *KUJAKOCTHOTO Hacoca
nsurareist 3M3-402
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Pucynoxk 5.25 - ®OTOCHUMKH OTJIOKEHHH M pa3pylIeHUN MOBEPXHOCTH KaHAJIOB CH-
CTEM OXJIAXK/ICHUS JABUTATEJICH IPy30BbIX aBTOMOOMIIECH, MOTYyYEHHBIX C TOMOUIBIO BU-
JICO3HIOCKOIIa BBICOKOTO paspenicHus jProbeFX

Takum 00pa3oMm, 000OIIEHHO OIIEHWBAsl MPUBEACHHBIE KAPTUHBI MCCIIECIOBaHUS
sarpsisHeHnit CJKO aBTOTpaHCHOPTHBIX JIBUTATENEH, MOXKHO 3aKIIOUYUTh, YTO SIBHO 00-
Hapy>KCHBI:

e 3HAYUTENbHBIC 00pa3oBaHus HakuIu (pucyHok 5.14, 5.16, 5.176);

® TIPOJYKTHl XUMHUYECKOW KOPPO3UH U KaBUTAIIMOHHOM 3po3uu 35eMeHToB CXKO
(pucynok 5.11a, 5.13, 5.16, 5.18, 5.19, 5.20-5.22, 5.25); pa3uuma B Macce MEKIy HUC-
MIPAaBHOU M MOBPEKJIEHHON KpbUIbUaTKOM Hacoca (pucyHok 5.19) cocraBuna 430 r., yto
CBUJICTEIILCTBYET O 3HAYMTEILHOM KOJIMYECTBE MeTauinyeckoro abpasumsa B CXKO
JTAHHOTO JIBUTATEIIS;

e (parMeHThl Pa3PYIIUBIINXCS YIUIOTHUTEIBHBIX SJIEMEHTOB (pUCYyHOK 5.13-
5.16, 5.21a);

® TPOAYKTHI pa3yokeHus aHtudpusa (rear) u oTpadOTaHHBIX MPUCATOK K aH-
TU(DpHU3Y; 3HAUUTEIbHOE KOJIMYECTBO MeCKa, IPsi3H, CLIIMKOHOBBIX T€PMETUKOB, OCTaTKU
MpenaparoB JJisi TePMETU3AINKA TEUEH, MACISTHbIC M KHUPOBBIE OTJIOKEHUS (PUCYHOK
5.11,6-r) - 5.17a, 5.23, 5.24).

Bce BbIsIBIIEHHBIE 3arpsi3HEHHS] U HEMCHPABHOCTA HEM30EKHO MPUBOJAT HApYIIIE-
Huto repMmernyHocTr CXKO, MOBPEXIEHUIO TPOKIATOK M CATHHUKOB, HEKOPPEKTHOMN
paboTe TEpMOCTATOB U NNATYMKOB, 3aKYIMOPUBAHUIO MPOTOYHBIX KAHAJIOB PaIUaTOPOB,
OJIOKOB W TOJIOBOK IHWJIMHIPOB, U KaK CIEACTBHE — K YBEIUYCHHUIO THAPABIUYCCKOTO

COIIPOTUBJICHUA 3JICMCHTOB, K YXYAIICHUIO MICPCaAAIN TCIJIA OT HAIPCThIX I[eTaHeﬁ ABH-
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ratens B C)KO. Bc€ 3To B KOHEYHOM HUTOTE BBI3BIBAET €r0 MEPETPEB U CHUIKEHUE DHEP-
TFETUYECKHX MOKA3aTeNEH, a TAKKE 3HAYUTEIBHO MOBBIIIAET PUCK MOJHOTO BBIXO/A JIBU-

raTels U3 CTposl.

5.3. OneHka u3MeHeHUs1 THAPABJINYECKOr0 CONPOTHBJIEHUS PAAHATOPOB NPH

o0pa3oBaHNU 3arpsA3HEHUH

B xoze uccnenoBanus ObUTO MPOBEACHO UCIIBITAHUE PAIdAaTOpPa OTOMUTEINS CalOHA
JIETKOBOTO aBTOMOOWJISI UMIIOPTHOTO MPOU3BOJICTBA, IKCITYyaTallMOHHBIN MPOOer KOTo-
poro coctaBysut 98 000 km (pucyHok 5.14). Llens ucmbITaHUsS 3aKIIIOYaach B OIpee-
JICHUU PA3HUIIBI TUAPABIAYECKOTO COMPOTHRBIICHHS paadaTopa JaHHOTO aBTOMOOWIIS U
COTPOTHUBIICHUS aHAJIOTUYHOTO HOBOTO pajuaTopa. Pe3ynpTaTel mpuBeneHbl Ha rpaduke

(pucyHok 5.27).

Pucynok 5.26 - Bun nabopaTopHO# ycTaHOB-
KM JUIs1 OIIpEIENIEHUs THIPABIMYECKOTO CO-
MPOTUBJIEHUS pauaTOpa OTOMUTENS AaBTOMO-
OWJI UMIIOPTHOTO IPOU3BOJICTBA
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Pucynoxk 5.27 - I'mapaBiandeckoe CONPOTHUBIICHUE 3arpsI3HEHHOTO PAaJMaTOpa OTOIMTEIS JIET-
KOBOT'O aBTOMOOWJISI UMIIOPTHOTO MTPOU3BOJICTBA (KpacHAas JIMHUS) M HOBOTO (CHHSIS JTUHUS)

Kak nmoka3bIBaloT JaHHBIE MPECTABICHHOTO rpaduka, paauaTtop, ObIBIIUN B DKC-
IUTyaTalMi ¥ COZCPIKAIUK 3HAYUTEIIBHOS KOJIMYECTBO 3arpsi3HEHUH (pUCYHOK 5.14),
UMEEeT B JICCSATKU pa3 OoJblllee TUIPABIMYECKOE COMPOTHBIICHHE, YeM aHAJIOTHYHBIN
HOBBIN panuaTop. Takoe 3HAYMTEITBHOE YBEJIMYEHUE TUIPABIMYECKOTO COMPOTUBIICHUS
ATOTO pajuaTopa HEM30EKHO MPUBOAUT MPAKTUYECKH K MOJTHOMY MPEKPAIICHUIO TeUe-

Huro OXK uepes Hero.

5.4. UccaenoBaHus XMMHYECKOT0 M (PPAKIMOHHOI'O COCTABA 3arpsi3HEHMI,

3aaep:kaHHbIX puiabTpamu OZK B mpouecce 3KCIIyarauMu ABUraresen

BaxxHbIM MOMEHTOM SKCIUTyaTallMOHHBIX HUCCIEAOBAHUM SIBIIIETCSA ONpPENCICHUE
COCTaBa 3arpsi3HEHUH, KOTOPBIA TaeT BaKHYIO HH(OOPMALIMIO JJIsl CO3IaHUS TEXHOJIOTUU
yAaJeHus 3arpsi3HeHni. [JlaHHbIe 0 cocTaBe 3arps3HEHUN MMO3BOJISIOT MOHATHh UX UCTOY-
HUKWA BO3HWKHOBEHUS W BBIACHUTH MPOTEKAIONIME MPOILECCHl 3arpsA3HEHUS OXJIAKAAI0-

et xxuakocty U CXKO B 1ietoM.
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5.4.1. MeTroauka uccjieIOBaHUA U MPUMeHsieMoe 000py/10BaHNe

HccnenoBaHre XMMUYECKOTO U (PPAKLIMOHHOIO COCTaBa MOJIYYEHHBIX 00pa3IoB 3a-
rps3HeHni B pe3yibTate BCKpbiTHs POX (3apyOekHbIX 00pa3loB M pa3paOOTaHHBIX
['®C ) mocne onpeneNieHHOTO CpOKa UX IKCILTyaTalluu MPOBOIIOCH C UCIIOJIb30BAHNU-
eM CJIeTyIOIIero 00opyaoBaHus 1 anmaparypsl (pucyrok 5.10, 5.28, 5.29a, 5.290):

- USB-muxkpockona «Mukpon-500y;

- PEHTTeHO(UIYOPECIICHTHOTO CIEKTPOMETpa  IOCJIEJOBATEIbHOTO  aHajIu3a
ARLADVANT'X (ThermoScientific (CIIIA) Ne 38436-08 B ['ocymapcTBeHHOM peecTpe
CPEICTB U3MEPEHHUM );

- mopoikoBoro audpakromerpa D8 ADVANCE (Bruker AXS, I'epmanus);

- KOMILIEKTa J1a00paToOpHBbIX KaauOpOBaHHBIX CUT «BuOpoTexHHK» (OmHCaHbl B
rinase |11);

- JJICKTPOHHBIX UPPOBBIX BecoB Shanwen (onwcans! B riase 1);

- My(QeabHOI neyu.

a) 0)
Pucynok 5.28 - PeHTreHo(h1yopeceHTHBIN CIIEKTPOMETP MOCIeI0BaTENbHOTO aHanm3a ARL
ADVANT'X (a) u ero cepruduxar (0)

PentrenoduyopeciieHTHBI CHEKTPOMETp TMocienoBarenbHoro ananmza ARL
ADVANT'X ¢ texnonorueit In-telliPower™ (pucyHox 5.28) 1mMo3BoJIsieT peniaTh pa3ind-

Hble aHanuTUYecKue 3a1ayu. [Ipubop mo3possieT onpeaenars 10 84 3JIeMEHTOB MepUO-
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JUYECKOM TaOJIMIIBI B PA3IMYHBIX MPO0ax: TBEPIAbIX WIN KUIKUX, TPOBOJSIINX WU HE-
npoBosanmX. OH UMEET UPOKUI AUAMa30H peliaeMbIX 3a]1ay:

* MOHHUTOPHHT CJIEJO0B 3JIEMEHTOB B MacjiaX U MOJUMEpax;

* aHaJu3 OCHOBHBIX AJIEMEHTOB U MPUMeECEH B IEMEHTE, TOPHBIX MOpOAax U T.11.;

* TIOJIHBIM aHAJIN3 CTEKJIa, METAIJIOB, PY/ibl, OTHEYIOPOB, '€0JIOTUYECKUX MaTepua-
JIOB H JIp.

TexHonorus MOATOTOBKM 3arps3HEHUN K aHAIM3y 3aKI0Yanach B CIEAYIOLIEM.
Bce cobpannbie B puiibTpe 3arps3HEeHUs] TOMENIATUCh B EMKOCTh 00bEMOM OKOJIO 2 J1 U
3anMBanachk 4ucto Bojoil. Ilocne mepememmBaHMs 3arps3HEHHl B BOJIE, €MKOCTb
OCTaBJISLJIaCh NMPUMEPHO HA CYTKU JIJI1 OTCTaMBaHUs 3arps3HeHuil. Uepes cyTku Ha JTHE
€MKOCTH TIOJIHOCTBIO OCAXKJAMCh BCe 3arpsisHeHus. UucTtas Boja HaJl 3arpsi3HCHUSIMU
yAaJsIach ¢ MOMOIIBIO TUIACTUKOBOTO HIMIpHIa 6oJbioro oobema. OcTaBiuiics oca-
JIOK (4aCTHUIIbI IECKA, PE3UHBI, METAJJIOB U JIP.) BhIIAPUBAJICA B TUTJIE MY(ETbHON Meun
JI0 TIOJTHOTO yJajeHus Biaru. /lamee CyXol OCTaTOK MPOCEUBAJIICS YEpE3 CUCTEMY Ka-
nnbpoBaHHbIX cUT (onucanbl B riase 1), ¢ nenvio pa3aenenus yactuil 3arpsa3HEeHUN Ha
dbpakiuu (pucyHok 5.29a) U pacCOPTUPOBBIBAJICA MO pa3MepaM B OTJEIbHbIC MIACTH-
koBble eMkocTu. Kaxknas u3 ¢pakumii A-H B3BemnBaiach Ha SJEKTPOHHBIX Becax M
n3yJanach ¢ momorisio USB-mukpockona «Mukpor-500». IIpoBeneHHas oTiaaka mpo-
IrPaMMHOTO OOECTEUYeHHs] MHUKPOCKOTA TMMO3BOJIMIIA MPOU3BOJIUTE ONTHUYECKUE H3MEpe-
HUS pa3MepOB 0OBEKTOB HAOIIOICHUSI.

B3BemrBaHue mopiui 4acTHI] 3arpA3HEHUN MPOW3BOJMIOCH HA 3JIEKTPOHHBIX
Becax (omucansl B riiase |1).

Kaxnas m3 dpaxiuii dKCITyaTallMOHHBIX 3arps3HEHUN MOoJBEprajach XUMUYe-
CKOMY aHaJM3y C MOMOULIbI0 PEHTTEHO(IYOPECIIEHTHOIO CIIEKTPOMETpa MOCIeI0Ba-
tenbHoro ananmuza ARLADVANT'X (Thermo Scientific (CILIA), Ne 38436-08 B I'ocynap-
CTBEHHOM pEECTpe CpPEJCTB M3MEpPEHUil). DTU UCCleloBaHus NpoBoawiuch B LleHTpe
«DyHKIMOHATFHBIE HAHOMAaTepUaIbD»y Kadeapsl «JIuTelHble MpoIecchl U KOHCTPYKITU-
OHHBbIE MaTepuaibl» BraguMHUpPCKOro rocylIapCTBEHHOIO YHHBEpPCUTETa HM. AJEK-

canzapa ['puropreBuua u Huxonas ['puroppeBuda CTOJIETOBBIX.
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5.4.2. UccnenoBanus 3arpsi3HeHUii, 3a7ep:;kaHHbIX 3apyoexubivu @OXK B

npouecce IKCILTyaTaluH

Kak yxe oTmeuanoch paHee, ycTaHaBIMBaeMble 3a pyoexxom ¢puiabTpbl OXK Ha He-
KOTOpBIE MOJIETIN JBUTATENEeH, paboTaloNMX B TSHKEIBIX SKCIUTyaTallMOHHBIX YCIOBHUSAX
(TsKenble TPY30BUKH, KapbepHBIE CaMOCBAJIbl, CTPOMTEIBHO-JOPOKHBIE MAIIMHBI U
T.I.), JIUIIb YACTUYHO MOMOTal0T pemuTh npodiemy 3arpsizHeHuit COXKO nBuratenei.
Jlnst mosmydeHust nojaHou kapTuHbl 3arpssHeHuil C2KO nBurarenei, ObIJIO MPUHATO pe-
HICHUE UCCIIEeI0BATh JaHHbIE (PMIIBTPHI IIOCIE UX AEMOHTaXa MPU CEPBUCHOM O0CITYKU-

BAHUU PA3JIUYHON aBTOTPAHCIIOPTHOW TEXHUKH.

Jlyis mpoBeeHUsT MCCIIEOBaHNUS ObUTM BBIOPAHBI CIEIUAIM3UPOBAHHBIC aBTOpE-
MOHTHBIC TIPEIMPHUITHS 110 OOCITY’)KHBAaHHIO U PEMOHTY TSDKEJIBIX MarMCTPAIbHBIX TSTa-
yell amepukaHckoro mpousBozctsa (Peterbilt, Kenworth, Freightliner, MACK, Volvo,
International u mp.). beutn otoOpans! aBa oopasna ®OXK — LUBERFINER LFWA4071 (c
neurarens Detroit Diesel 60 series — pucynok 5.30) u oqun - Fleetguard WF2142 (c
maructpaibHoro tsarada Volvo VNL 670— pucyHok 5.29), KOTOpble HaXOIMIUCh B KC-

TUTyaTaluy JUIUTeIbHBIA nHTepBan Bpemenu (mpooer 120 - 150 Teic. km).

SSAL
C
\ )
0 p,
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Pucynok 5.29 - Buemnuii Bug uccnenyembix @OX

B mpouecce n3ydeHus: NpoBOAUIIOCH BCKpbITHE KOpitycoB AaHHbIX POXK ¢ nemon-

TakeM UX QUIBTPYIONIMX 3JIEMEHTOB (prcyHOK 5.30-5.34).
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Pucynok 5.32 - Bun BayTtpenHei nosepxHoctu kopnyca @OX LUBERFINER
LFW4071 nocne ynaneHus: GuibTPYIOIIETO dJIEMEHTA



Pucynok 5.33 - Bun punsrpyromiero anmementa @OX LUBERFINER LFW4071
(mepBsIit 0Opasern)

Pucynok 5.34 - Bun ¢punsrpyromiero snementa u kopryca @OX LUBERFINER
LFW4071 (BTopoii oOpa3zerr)
Ha BHyTpeHHEH MOBEPXHOCTH KOpIyca M OyMaKHOM (IIBTPYIOIIEM 3JIEMCHTE
¢mipTpa Fleetguard WF2142 3adukcupoBaHo Haluune 3HAYMTEIBHBIX MACIISIHBIX OT-
JIO’KEHUM, MPOAYKTOB Pa3NIoKEeHUsI aHTU(]pHU3a, ECOK, MOCTOPOHHNUE HEOPraHUYECKUE

BKIIFOUYCHUA.

Ha BHyTpeHHEH MOBEpPXHOCTH KOpIyca M OyMaKHOM (UIBTPYIOLIEM 3JIEMEHTE
¢unbrpa LUBERFINER LFWA4071 ycTtaHoBieHO Haln4Khe 3HAUUTEIHLHOTO KOJUYECTBA
NPOAYKTOB pa3oXKeHHUs aHTU(pPU3a, reseo0pasHbIX BEIIECTB, a TAKKE MOCTOPOHHUE

BKJIFOYCHUA B BUAC IICCKA, I'PA3H U T.II.

Ha BHyTpeHHEHl MOBEPXHOCTU KOpIyca M OyMaKHOM (QHIBTPYIOLIEM 3JIEMEHTE

BTOporo obpasma ¢punstpa LUBERFINER LFWA4071 Takke BBISIBICHO HAJWYHE IMPO-
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AYKTOB PAa3JI0KCHHA aHTI/I(i)pI/ISa, CJI€Abl KOPPO3HUH, a4 TAKIKC ITIOCTOPOHHHUEC BKIIOUYCHH B

BHUIC IICCKA, I'PA3HU U T.II.

Pucynok 5.35 - BHemHuil BU1 MOJATOTOBJIECHHBIX JJIs1 aHAJIM3Aa 3arpsI3HEHU,
3anepxkannbix punsTpom LUBERFINER LFWA4071 (mepBsiii oOpasertr)

Ilo cBoeMy Xxapakrepy W IPUPOJE IPOUCXOXKICHUSA YKa3aHHBIC 3arpsA3HECHUS B
naHHblx @OXK coBmamaroT ¢ MOMYYEHHBIMM paHEE pPE3yJIbTaTaMU IPU UCCICAOBAHUU
neranei u y3noB CXKO TsKenol TEXHHUKH, YTO MOATBEPKAAET CYLIECTBOBAHUE OCTPOU

npo6nemsl 3arpssHenuit CXKO nsurateneil.

5.4.3. 3arpsi3HeHus1, 3aiep:kaHHble pa3padoTtannbiM ['®C B npouecce Kc-

Iiyataunu

3arpsi3HeHUs ObLIU MOJIYYEHBI U3 ONBITHBIX U cepuilHbIX 00pa3noB ['OC, ycraHoB-
JICHHBIX /ISl yaJeHUs 3arpSI3HEHUN B KOHTYPBI CHCTEMBI OTOIUICHHS CaJOHOB TOPOJI-
CKUX U MEXAYropogHux aBTo0ycoB MAN, Mercedes u Setra, HaXOAsIIUXCS B DKCILTya-
taruu y komrmanuu OO0 «burAstoTpancy, ropoackux apTooycoB VOLGABUS, (OO0
«AJIM») u rpy3oBbix aBromobunei-tsaraueir SCANIA R 420.

B mepBoHavanbHOM BHUE BCE 3arps3HEHUS MPEICTABISIOT COO00W Mazeo0pa3Hyro
MaccCy M3 YacTHIl MecKa, pe3uHbl, Macia u ap. CobpaHHas Macca MoJBepraiach Crelu-

aJIbHOM IMOATOTOBKC K aHAJIN3Y, OIIMCAHHOMY BBIIIC.
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a) 6)

PucyHok 5.36 - BHemHMil BUJ yJIaBlIUBaeMbIX 3arpPA3HEHUN B CUCTEME OXJIAXAEHUS TOPOI-
ckux aBTo0ycoB MAN u Mercedes B Bujie OTJIOKEHHH Ha MPOKIaaKe GHiabTpa (a) U B OTACIb-
HOM emKocTH (0)

(6)

Pucynok 5.37 - BHemHuil BUT yIaBIUBAEMbIX 3arPSI3HEHUN B CUCTEME OXJIAXKICHHS TArada
SCANIA R420 (a) u ropoackoro aBrodyca «Bonradacy (6)

[IpencraBiieHHbIE JaHHBIE TMOKAa3bIBAIOT, YTO KOJMYECTBO 3arpsa3HeHuid B OX
MOKET OBITh JOBOJHHO 3HAUYUTEIHHBIM, YTO HE MOXET HE CKa3aThCs Ha paboTOCTIOCO0-

HOCTHU CUCTEMBI OXJIAXKACHUA I[BI/IFaTCJIeﬁ.

5.4.4. 3arpsizHeHuii, 3aaep:xkanHble pa3padoTanHbiM ['®C B C/KO HOBBIX

I[BHFaTeﬂeﬁ, HCIIBITBIBACMBIX HA 3aBOAC-U3I0OTOBUTECJIC

OnHuM U3 MyTei MOsBJICHUS 3arpsi3HeHUi paznuuHoi npupoasl B CXKO nBurare-
JIell ABJISIFOTCS MPOU3BOJICTBEHHO-TEXHOJIOTUYECKHE MTPOLIECCHI MPU U3TOTOBICHUU JIBU-

rateneil. J{ns OLIEHKH peajbHOro BKJa/a 3TOTO MCTOYHMKA 3arps3HEHUN ObLTH MpPOBE-
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JIEHBI CHEIUAJIbHbIE SKCIIEPUMEHThI HA OJJHOM M3 MOTOPHBIX 3aBOJI0B P®, npousBons-
MM aBTOMOOMJIbHBIE OCH3UHOBBIE IBUTATENN U IU3EIH.

[TpousBoacTBeHHBIE 3arpsizHeHUs (PUCYHOK 5.38) ObuIM MOMYYEeHBI C MOMOIIBIO
onbITHBIX 00pa3noB I'PC, yCTaHOBIEHHBIX B Ka4€CTBE TEXHOJOTMYECKUX (DPUIBTPOB B
KOHTYPE CHUCTEMBI OXJIXKICHHS UCIBITATEILHOTO CTEH/Ia MPU OOKAaTKE HOBBIX JBUTaTe-

JIen.

Pucynox 5.38 - BHenHuil BU1 yJIaBIUBAaE€MbIX 3arpSI3HEHUN B CUCTEME OXJIAKICHUS
UCIIBITATEILHOTO CTEHIa TPU OOKAaTKE HOBBIX JIBUTATENEH
[Tocnie mpoBeieHUsT CIENMAIBbHOM MOATOTOBKMA M aHAIW3a 3arpsi3HEHUM, YCTaHOB-
JIEHO, YTO OHU BKJIIOYAIOT B ¢€0s1 (DOPMOBOYHBIN MMECOK, MIOCTOPOHHUE OPTraHUYECKUE U

HCOPIraHNYCCKHUC BKIIIOUCHUA U JP.

Camo Haauume SanHSHeHI/Iﬁ B KOHTYypaxX CUCTCMBbI OXJIAXKJICHHWA HCIIBITATCIBHOTO
CTCHAA IIpHU 00KaTKe HOBBIX )IBHFaTeHCfI ITO3BOJISICT CACJIATh OJIHO?;H&‘IHBIﬁ BBIBO —
JaK€ Ha CTaJuu IMPOU3BOACTBA )IBI’IF&TCHCIZ B CHUCTEMAX HUX OXJIAXKICHUA YIKC MMCIOTCA

3arpsi3HEHUSs, 00pa30BaHNE KOTOPHIX HEM30EKHO.

Kak yxxe ormMeuanoch, yMEHbIIUTh KOJUYECTBO ITUX 3arPA3HEHUN MOYKHO CHELH-

AJIbHBIMHA TCXHOJIOTHUYCCKNMHU MCpPaMU.
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5.4.5. Pe3yabTaThl JJa00OPATOPHBIX UCCAE0BAHNA XMMUYECKOT0 U (DpaKIu-

OHHOI'0 coCTaBa 3arpﬂ3HeHm‘/’1

Bce monyuenHnble 3arpsi3HeHusl B Ipoliecce UcmbiTanus padpadoranneix ['OC Ha
JBUTATENSAX Pa3IMYHOM aBTOTPAHCHOPTHOW TEXHUKH 00padaThIBAIMCh IO BHIIIEYKa-
3aHHOM TEXHOJIOTUH, B3BEIIMBAJINCH U UCCIIEIOBAINCH Ha (DPAKIIMOHHBINA U XUMUYECKUIN
COCTaB.

Buszyanbsblii aHaIM3 ¢ IOMOLIBIO MUKpockomna «MukpoH-500» mo3Boaun ycra-

HOBHUTH pazHO00pa3Hyto (HopMy 4acTHIl 3arpsisHeHui. TunudHbie POTO YaCTHIL 3arps3-

5000 mm

5|° 10(iPIer 1|50 ZDOIPixel 2I50

I'pynma: A Zoom: 3x YBemuuenwue: 130X
Macca ¢paxiuu: 0,731 Macca ¢pakunn: 1,851

47m i, 22 i

I'pynna: C Zoom:3x YBenuuenue: 130x I'pynna: D Zoom:3x YBenuuenue: 130x
Macca dpaxkiuu: 3,44r Macca dpaxiuu:8,02r
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Pucynoxk 5.39 - Muxkpodororpaduu paznuunbix ppakuuii (rpynnst A-H) gyactuig
3arpsi3HeHui aHTUdpHU3a, OJTyYeHHBIE B Mpollecce dKcIuryaTanuu aBTooyco MAN,
Mercedes, Volgabus

OpakIMOHHBIA aHATN3 MTOKa3ai, uTo Oosee 85% Bcex 3arpsA3HEHHUA UMEET pa3Mep

ot 50 1o 1000 mxM (pucyHok 5.40).
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0 50 100 250 450 700 1000 1500 g, yxm

Pucynok 5.40 - Pacnipenenenue TBEpAbIX YaCTHUIL 3aTPA3HEHUN OXJIaXKTAIOIICH KU T-
KOCTH 110 ()paKiysiM B TUIIMYHON TTOPIIMH 3arpsi3sHEHUH, TTOJTyIeHHOW 13 (puibTpa-
cenaparopa (pa3mep ¢pakmuii nax B mpenenax ot 0 1o 50 Mxm, ot 50 10 100 MKkM 1
T.1.)

Kak moka3piBaeT aHanu3 NpHUBEACHHBIX MUKpodoTorpaduid, TBepble YaCTHUIIbI
3arpsisHeHnit OJK aBTOTpAHCHOPTHBIX JIBUTATENE HMMEIOT CaMylo pPa3HOOOpa3Hylo
dbopMy — OT OKpYTJION 10 yrioBaToil. B wacTHOCTH, BCcTpedaercs uemryituaras ¢hopma

YacTHUIl, OBaJibHasi (OKpyIJias) U ¢ OCTphIMH TrpaHsamu. Kpome 3toro, HabmromaroTCs
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MIPOJOITOBAThIC HUTEOOPA3HBIE YAaCTHUIIBI 3arpsI3HEHUH B MENKHX ¢pakiusx. Martepua-
JIOM BCEX ATUX YACTHIL SBIIAECTCS KPEMHHUI, KeJe30, AIFOMUHUMN, CBUHEIT U JIp.

[Ipu 5TOM CclemyeT OTMETUTh, YTO OKPYTJIbIE YACTHUIIHI (MX BEIMYHMHA, KaK TIPABU-
70, MeHble 450 MKM) MEeHee OmnacHbI IS AJIEMEHTOB CUCTEMbI OXJIaxKIeHus. TBepabie
YaCTHUIBI C OCTPBIMHU yTJIaMU MEXIYy TPaHSIMH, HalpPOTHB, 00Jiee OMAacCHBI, T.K. MOTYT
BBI3bIBaTh MOBHIIICHHBI M3HOC B MpoIleccaXx TPEHUS WM yIaIsITh OKHCHYIO TUICHKY C
QTIOMUHUEBBIX JI€TAJIeH, MPUBOJIS K YCHWJICHUIO UX KOPPO3UU U paspylieHuto. B stom
OTHOIIIEHUH, KaK YK€ YKa3bIBaJIOCh, HAUOOJBITYI0 OMTACHOCTh MPEICTABIISIOT YaCTHIIHI
xene3a Fe u vacturpl kKpeMHHs Si, KOTOpble 0013 al0T 3HAYUTEIIBHOW TBEPAOCTHIO U
yTI0BATOCTHIO OJTHOBPEMEHHO.

B cootBeTcTBUU ¢ 3amavyaMu paOOTHI OBLIT MMPOBEACH CPABHUTEILHBIN aHAIN3 XU-
MHUYECKOTO COCTaBa TBEPBIX 4acTHUIl 3arpsa3HeHuid. C MOMOIIbIO ONMKUCAHHOTO BBIIIE
peHTreHO(IIyOpeCIIEHTHOTO CIieKTpoMeTpa obOpaborano 17 mpobd (pucyHok 5.41) u3
pa3HbIX QUIBTPOB (B Kaxkaoil mpobe npejacTaBieHbl Bce ¢pakiuu — ot A 1o H). Pe-

3YyJbTaTbl XUMHUYCCKOI'O aHaJIn3a CBCACHLI B 06061]13}0111'}7}0 Ta6J'II/II_[y 5.4.

Pucynok 5.41 - O6muii Bug npo6 3arps3HEHUH, TOATOTOBIEHHBIX IS
WCCIIeIOBAaHUS HA PEHTTEHO(IIYOPECIIEHTHOM CIIEKTPOMETPE

Tabmuma 5.4 - O600I1IEeHHbIE TaHHBIC TT0 OTHOCUTEILHOMY XHMHYECKOMY COCTaBy 4a-
CTHII TBEPJIBIX 3aTPSA3HEHUH, COePIKANTNXCS B aHTU(DpHU3e

Pazmep Jlonst OTNIEeNbHBIX XUMHUYECKHUX 3JIEMEHTOB, % (Macc.)
YaCTHI]
10 TpyTI- Fe Pb Si Sn Zn Al Ca Cu Mg
naM (MKM)
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A 159- | 04- 14,4- | 6,0- 8,6- 7,4- 2,4- 5,5- 1,8-
(>1500) 20,0 0,9 19,9 141 18,0 9,6 59 10,8 2,5
(1005’ 20,2- | 0,8- 10,5- | 9,8- 7,4- 3,3- 2,1- 5,3- | 0,96-
1500)"' 21,5 0,9 19,3 111 12,2 7,8 6,7 8,1 3,1

C 21,2- | 0,68- | 18,1- | 2,5- 7,2- 7,7- 5,5- 5,1- 2,4-
(700...1000) | 254 0,7 19,4 8,7 10,6 12,8 6,2 91 2,9
D 29,8- | 0,6- 17,6- 1,6- 5,2- 7,4- 5,3- 4,5- 2,4-
(450...700) | 38,3 1,0 20,1 2,2 12,1 8,7 5,7 8,8 3,0
E 33,8- | 0,7- 19,1- | 0,9- 3,4- 5,7- 3,4- 3,3- 2,0-
(250...450) | 47,1 0,9 24,0 1,3 11,9 6,9 4,2 7,3 2,5
F 25,7- | 05- | 29,8- | 0,56- | 2,5- 5,1- 3,1- 2,8- 1,4-
(100...250) | 44,2 0,65 31,1 0,8 59 7,7 9,2 4,5 2,7
G 16,0- | 04- | 31,7- | 0,26- | 2,9- 7,0- 8,1- 2,8- 2,8-
(50...100) | 33,2 0,55 36,7 0,35 3,4 8,8 17,1 3,5 4,1
H 13,7- | 0,2- | 352- | 0,22- | 2,9- 8,4- | 13,2- | 3,2- 4,0-

(< 50) 21,8 0,58 36,4 0,30 3,2 9,3 19,3 3,7 4,3

CpaBHHUTENBHBIA AHAIU3 XUMHUYECKOTO COCTaBa TBEPABIX YACTHUIl 3arpsi3HEHUM
MOKa3aj, YTO y Pa3JInuHbIX OOBEKTOB MCCIEIOBAHUM (ABUTaTEIeH aBTOOYCOB pa3iny-
HBIX MOJIEJICH, MaruCTPaJbHBIX TATaued U Jp.) HET OOJBIIOTrO pa3inyus B XUMUYECKOM
COCTaB€ TBEPJbIX YACTHI] 3arpsI3HCHUN OXJIKIAIOMIEH XKUAKOCTH (32 PEIKUM HCKIIIO-
YEHHEM), YTO CBHUJECTEIBCTBYET O HEKOTOPHIX BHYTPEHHUX 3aKOHOMEPHOCTSIX 00pa3o-
BaHUS 3arps3HEHUM B OJIU3KUX YCIOBUSAX Y CXOJHBIX OOBEKTOB.

Henb3st HE 3aMETUTh 3HAUUTEILHOTO KOJIMYECTBA YACTHI] JKeJie3a CPeau 3arpsizHe-
Huii — ot 13,7 mo 47,1%. Ocobenno muoro yactun Fe B rpynmax D, E, F, G. To ectb
ATO JAOBOJILHO KpymHbIe yacTUlbl ¢ pazmepamu 700...50 mxm. [Ipupoaa ux nosisieHus
B aHTU(PHU3E — KABUTAIIMOHHBIC U KOPPO3HOHHBIE PA3PYIICHUS TUIb3 UIUHAPOB JIBU-
raTejied U IPyrux AeTajiel U3 YepHbIX METAJIOB.

KpoMe yKa3aHHBIX XMMHUYECKHX JJIEMEHTOB B TBEPJIbIX 3arps3HEHUSIX MPUCYT-
CTBYIOT Ha ypoBHe MeHee 1,0% (Macc.) Takue XMMHYCCKHE DJIEMEHTHI, Kak Kanuid K,
natpuii Na, tutan Ti, pochop P, cepa S, xpom Cr, monubaen Mo, xmop Cl, upuawmii Ir,
Hukeab Ni, mapraner; Mn u ap. He3HaunTenbHOE coiepKaHKHE ITHX 3JIEMEHTOB MOYKHO
cunTath (POHOBBIM M HE MPUHUMATHh BO BHUMaHHE. VICTOUHUKAMU TOSBIICHUS ITHX dJie-
MEHTOB MOTYT OBbITh pa3JIMuHble METAJUIbl U CIUIaBbl B KOHCTPYKIIMM JIBUTaTeseH, Mpu-

Caki K aHTU(pHU3y | T.1I.
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Kpome storo, obOpamiaer Ha ce0si BHUMaHUE 3HAYUTEILHOE KOJUYECTBO KPEMHUS
Si (nmecka) B oOmieit Macce 3arpsisHeHnid — ot 14,4 1o 36,7%. Hanuuue necka B aHTH-
bpuze MOKET OBITH OOBSICHEHO KaK MPOU3BOACTBEHHO-TEXHOJIOTUYECKUMHU MPUIMHAMHU
€ro nomnajaHusi B pyoamky ABuraTess (Ipyu ero U3roToBJICHUH), TAK U BHEITHUM MTyTEM
BHECCHMSI BCJICICTBHE HEIOCTATOUYHOM KYJIBTYPBI SKCIUTyaTaIlliy TEXHUKH.

Hannuue B 3arps3HeHHsX YacTHil cBHHIIA PDh u oioBa SN oOBsCHSETCS comepika-
HUEM 3TUX 3JIEMEHTOB B IPHUIIOE, KOTOPHIM MPOMAMBAIOTCS PATUATOPHI JBUTATENS U
otonuTens. TakuM ke myTeM MOKET MOMaaaTh ¥ IIMHK ZN B COCTaB 3arps3HCHUM.

[MosiBnenue yacTtuil amoMuHus Al sBiIseTcst CleICTBHEM KaBUTAIIMOHHOW 3PO3HMU
JeTane MBUTATENs U3 A TFOMUHHUEBBIX CILIABOB.

Yactump! kameitus Ca BXOIAT B COCTaB HAKWITH, OTJIATAIOIICHCS HA CTEHKAX CH-
CTEMBI OXJIAXKICHUS ABUTATEIIS MIPU UCIIOJIb30BAaHUU HEKAaYECTBEHHOTO aHTU(pu3a.

Yactumpl Mmeau CU u Maraus Mg MOTYT cofepKaThbCsl Kak B TIPHUITOS, UCIIOJIb3Ye-
MOM TIipu COOpKE paiuaTopa, Tak U B IPYTUX dJIEMEHTAX JIBUTATEJIs.

OO0600IIEHHO aHANMM3UPYS COCTaB 3arps3HCHHM, MOXXHO OTMETHUTh, YTO HauboJjee
OITACHBIMU W TIPUCYTCTBYIONTUE B 3HAYUTEIBHBIX KOJIMYECTBAX SBJISIOTCS YACTHUIIBI JKe-
ne3a Fe u kpemuus Si. To ecTh, M0 CyTH, 3arpsI3HEHHBIH aHTH(PPU3 TPEACTABIACT OO0
CBOEOOpa3HbIil pacTBOp abpas3uBa, JACHCTBYIOIIETO Ha CallbHUK HAacoca, KPbUILYATKY,
KJIallaH TE€PMOCTaTa, BHYTPEHHIOIO MOBEPXHOCTh PAUATOPOB U JApP. ITO BO3JCHCTBUE
MOKET ObITh BEChbMa OMACHBIM U MPUBOAUTH K BBIXOJY SJIEMEHTOB JIBUTATENSI U3 CTPOSL.

BHOBE oTMeTHM, 4TO HamOoJiee OMACHBIMU COCTABJISIONIUMHU 3arpsI3HCHUN SIBIISI-
IOTCS YaCTHIIBI Jkesie3a Fe u kpemuus Si, T.K. OHH 00J1a1a10T a0pa3sUBHBIMU CBOMCTBAMH
¥ MOT'YT pa3pyliaTh TOHKYK OKHCHYIO TUICHKY BHYTPEHHEH TTOBEPXHOCTH CTCHKH KaHa-
JIOB PaJIMaTOPOB OXJIAXKICHHS, IPUBOIS UX K MPEKIECBPEMEHHON KOPPO3UH U pa3pyIile-
uuto. Pactipenenenue yactuir Fe u Si mo dpakiusim 1aHo Ha puc. 5.42a, a BHEITHUN BU/

yactull Fe npu ysenuuenuu 150x — Ha puc. 5.426.
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Pucynok 5.42 - TunuuHoe pacnpeeneHue yacTull xenesa Fe u kpemuus Si no ¢paxmusm
(a) B cocTaBe TBEpIbIX YaCTHUIL 3arpsiI3HCHUH M BHEITHUHA BUI YacTull Fe mpu yBemmyeHuu

150x (6)

Kak noka3biBaet rpaduk Ha pucyHke 5.42-a, Bo (ppakuusax 3arps3HEHHUI ¢ pa3Me-
pamu ot 0 10 250 MkM koimuecTBO Si cocraBiser okosio 30...35%. Jlanee, mo mepe
YKpYIHEHUsT QPAKIHN, OTHOCUTEIILHOE KOJIMYECTBO YACTHUIL S| CHUXKAETCS.

[To yactunam Fe HabmroaeTCsl HECKOJIBKO MHasl KapTUHA — Haubosiblliee OTHOCH-
TenbHOE cojiep:kanne yactull Fe Habmonaercs Bo ¢ppakuusax ¢ pazmepamu ot 50 go 700
MKM — 25...40%.

[TpuBeneHHbIE BhILIE JaHHBIE SBJISIOTCS HOBBIMU JUIsl MUPOBOM HAayKH U MPAKTUKU

B obsactu punpTparuu OXK aBTOTpaHCIIOPTHBIX MOPIIHEBBIX ABUTATEINIEH.

5.5. UcnbITaHust pa3padoTaHHOr0 THAPOIMKJIOHHOTO (PUJILTPa-cenaparopa

B YCJIOBUAX IKCILIyaTallUHA

Jlis mpoBeneHUsT HCHBITAaHUN pa3paOOTaHHOTO THIPOLMKIOHHOTO (DUIBTpa-
cemaparopa B YCJIOBHUSAX SKCIUTyaTalluH, IEPBOHAYAIBHO ObUIO U3TOTOBJIEHO 5 OMBITHBIX
00pa31oB U3 aJIOMUHHUEBOTO CIijlaBa (pUCYHOK 5.43), KOTOpbIE MPOILIX JIaDOpaTOpPHbIE
0€3MOTOpHBIE UCIIBITAHUSA, @ 3aTEM 3 U3 HUX OBLIM YCTaHOBJEHBI I SKCILUTyaTalMOH-

HBIX uccaeaoBanuii B aBTo0ycHoMm napke OO0 «burAsroTpancy (1. Bnagumup).
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Pucynok 5.43 - OnbITHBIN 00pa3el rTuaApOUUKIOHHOTO GuiibTpa-cenapaTtopa OXK

Br160op aBTOOYCOB B KadecTBE 00BEKTOB NMPUMEHEHUS (PHIIBTPOB aHTU(pH3A 00h-
SCHSAETCS TEM, YTO aBTOOYChl MMEIOT OOJBIIYI0 MPOTSKEHHOCTh KOHTYpa OTOILICHUS
CaJloHa W 3HAYUTENHHBIA O0BEM CHUCTEMBI OXJAXKIACHHS (C y4eTOM BHYTPHUCAJIOHHOM
MOJICUCTEMBI OTOIIEHUSI aBTOOYCa), YTO OIMPEAEIAET BHICOKYIO CKIIOHHOCTh CUCTEMBI K
3arpsizHeHusM. [locaencTBus 3TuX 3arpsi3HEHUN NPOSBISIOTCS B TOM, YTO COOCTBEHHO
KOHTYDP OXJIOKICHHSI IBUTATEIIS 3aCOPSETCS M YCIOBHUS OXJIAXKICHUS IBUTATENS CyIIe-
CTBEHHO yXyALIAIOTCS.

B cBsa3u ¢ atuM Ui pa3paboTaHHOW KOHCTPYKIMH THUAPOIMKIOHHOTO (DUIIBTpa
(pucyHok 5.43) ObLIO OMPENEICHO MECTO €r0 YCTAHOBKH — B OTCEKE IOCJIE AJIEKTpHYe-
CKOT'O BCIIOMOTaTeJIbHOTO >KMJIKOCTHOI'O Hacoca JJIsl MPOKAayKd aHTU(]pu3a yepes3 moj-
CHUCTEMY OTOIUICHMS cajioHa aBToOyca (pucyHok 5.44). [TapameTpbl onBITHOrO 0Opasiia
¢bunbTpa naHel B Tabnuie 5.5.

Kpome sToro, Ha ropojckue aBTOOyChl OBUIM yCTaHOBJICHBI CEPUHHO BBHIMyCKae-
Mbie ['®C mopemn ®C-38A B aBToOycHOM mapke Ne2 I'VII «I[TACCAXMPABTO-
TPAHC» r. Cankrt-IlerepOypra (pucyHok 5.45). Pe3ynbrarhl SKCITyaTallMOHHBIX HC-
nbiTanus 3Tux GOXK Takke BOUUIM B JaHHYIO padoTy.

YcraHoBka ¢GuibTpa B KOHTYpE OTOIUICHMS Ha OOpTy aBTOOyca oOecredyuBaer

MOJHOTIOTOYHYI0 (PUIbTpanuio aHTu(dpu3a, YTO MPUHIMIIHMAILHO HEAOCTHKHMO MpU



153

UCIIOJIb30BAaHUU (PUIIBTPOB C OyMaKHBIMHU MJIM TKAaHEBBIMHU (PUIIBTPYIOIIUMU JIEMEHTA-

MH.

Pucynok 5.44 - YcTanoBka rUIpOLUUKIOHHBIX QuibTpoB-cenaparopoB OXK Ha 60pTy ro-
poackoro aBroOyca Mercedes-Benz (roc. per. 3Hak C615MM 33) (a), Mercedes-Benz
(roc. per. 3uak BO596 33) (6) u Mercedes-Benz (roc. per. 3aak O761MA 33) (8) 8 OO0
«burAstoTpancy (r. Bnagumup)

Pucynok 5.45 - YcTaHoBka CepUitHBIX THAPOIMKIOHHBIX (GUIbTpOoB-cenaparopoB OXK Ha
oopty ropojckux aBrooycoB HEDA3-529260 (a) 1 VOLOGABUS (6,B) B aBTOOyCHOM
napke Ne2 (r. Cankr-IlerepOypr)

Tabnuia 5.5 - OCHOBHBIE MapaMeTphl ATFOMUHIEBOTO BapuanTta ®OXK
(onbITHBIN 00pa3err)

ITapameTpsr ®OXK 3HayYeHUs TapaMeTPOB

BricoTa o0mias, MM 220
JlnameTp Kopryca BHYTPEHHUH, MM 80

JluameTtp naTpyOKOB (BX. U BBIX.), MM 38

O06beM Ipsa3ecOOpPHHKA, CM° 160

Macca, r 840
I'uapasin. conporusienue ¢punbTpa, klla (me- 9

penaja nasieHus npu pacxoze 60 1/MuH.)
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Uepes 40...50 teic. kM mpobera aBToOyca (mpumMepHo uepes 3...4 Mecsia dKCITy-
aTalu) KKIbIN U3 ATUX (UIBTPOB JEMOHTHUPOBAJICSA M BCKPBIBAJICS JIs yIAaJICHUS 3a-
rps3HeHui. B pe3ynbraTe okazanoch, 4To 3a yKazaHHOE BpeMs paboThl (QUIBTPHI COOU-
panu ot 75 o 130 rpaMm 3arps3HEeHUM, TPEACTABISIIONIMX cO00i Ma3eoOpa3Hyto Maccy
W3 YacTHI] MEeCKa, METAJJIOB, HaKunu u 1p. (pucyHok 5.47). Jlanee coOpanHas macca
MOABEPrajiach CEUUAIBHON IMOJATOTOBKE K aHAIU3Y IO OMMMCAHHOM paHee METOJUKE.

OO60011IeHHBIE PE3yJbTaThl JJIMTEIbHBIX SKCIUTyaTAllMOHHBIX HWCIHBITAaHUN (DHIIb-
tpoB OXK moxaszansl Ha pucyHke 5.48. JlaHHbIe, TIpeACTaBICHHBIC HAa TpaduKe, MOy-
YyeHHbIe 3a 2,5 rona ucnbeiTanuil (Mait 2014 — Hoss6ps 2016), MoOKa3bIBAIOT, YTO UHTEH-
CUBHOCTbh 00pa30BaHMs 3arpsA3HEHUN B CUCTEME OXJIAKIEHUS MOXKET cocTaBisATh oT 0,4
10 3r Ha 1000 km npobera aBToTpaHcnoptTHoro cpeactsa. [lpu ycranoske ['OC B cu-
CTEMY OXJIaKJIEHUS JABUTATelsl HHTEHCUBHOCTh oOpa3oBaHus 3arpssHeHuil B OXK cHu-

xaetcs B 3-4 pa3a, UTO CBUIETEIBCTBYET 00 3P(HEKTUBHOCTH €r0 MPUMEHEHHUS.

PucyHnok 5.47 - Bun 3arpsi3HeHunit
(B rpsizecOOpHUKE), 3a/IeP>KAHHBIX
buIbTpOM—CEnapaTopom B TU/I-
PaBIMYECKOM KOHTYPE OXJIaxK/Ie-
HUS IBUTATENS] M OTOIIJICHHS CaJlo-
Ha TOPOJICKOTO aBTOOYyCa
Mercedes-Benz

r/1000 Km
3
25 ——®OM¥ Nel
— — PO Ne2
2 QO
\ ®OK Ne4
1,5
’ N
\_"-—__——kﬁ\
0,5 ' ~—
P——
0
50 100 150 200 250 L, Tbic. Km

Pucynoxk 5.48 - VI3MeHeHue yieabHOr0 KOJIMYECTBA 3arpsA3HEHU, YIOBIEHHBIX
OTIBITHBIMH (PHIITpaMU B 3aBHCHMOCTH OT Tipodera L ropoackux aBTo0ycoB
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5.5.1. UcnbiTaHus1 pa3paboTAHHOIO IMAPONUKIOHHOI0 (pUIbTpPAa-

cenaparopa Ha BAT B ycnoBusix nposeaenusi CBO

Ha ocnoBanuu ykazanus Ilpencenarens Hayuno-rexHuueckoro komureTa (pa3Bu-
TUSL BOOpYxkeHui) ot 28 deBpansa 2023 1. ¥ yKa3aHHU 3aMecTUTeNs HadanbHUKa [ 1aB-
HOTO aBTOOPOHETAaHKOBOIO yIpaBieHuss MunuctepcTsa 000poHbl PO ObLIM pOBEIeHbI
SKCIUTyaTallMOHHBIE ~HCHBITAHMS ~ pa3pabOTaHHOTO THAPOLUKIOHHOIO  (HILTpa-
cemapaTtopa Ha apMeickoil Texauke B yciaoBusx CBO. Bbuto W3roToBieHoO 2 cepuitHbIX
obpasma ®C-20A u3 amroMuHHeBOro cruiaBa (pucyHok 4.22., Tabnuna 4.2.), KOTOpbIe
OBUTM YCTaHOBIICHBI JJISl SKCIUTyaTAI[MOHHBIX HCCle0BaHui B 30HE mpoBeaeHus CBO
Ha aBToMoOMIHF KAMA3-4310 (1989 r. BeImycka, mpober 99500 kM) u aBTOMOOUIH
cnenuansHoro HasHaueHust (ACH) «bYPAH» (2022 r. Beimycka, mpoOer 11580 km).

VYcraHoBka (DHIIBTPOB-CENAapaTOpPOB Ha 3TH OOBEKTHI IMOKa3aHa Ha pHCYHKax 5.49 u

5.50).

" UcnbiTanus npoBoauiuck cnenuanucramu OI'bY «21 HayuHo-uccienoBaTenbCKUi UCTIBITATEIbHBIN
MHCTUTYT BOCHHOW aBTOMOOMIIbHOM TeXHUKW» MuHHCTEpcTBa 000pOHEl PO
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r)
Pucynok 5.49 - O6mwuii Bug aBTomoounss KAMA3-4310 ¢ ycranosneHHbIM [[OC DC-

20A u xapakxTep 3arpsi3HEHU 3a1epKaHHBIX B KOHTYPE OTOIUICHUS KaOWHBI

Pucynok 5.55 - O6muii Bug ACH «bYPAH» ¢ ycranosnennsim ['@C OC-20A u xa-

paKTep 3arpsi3HEHUM, 3a/IepKAHHBIX B KOHTYpE OTOIICHUS CajlOHa
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[Ipu ucneiTanusx duiabrpa-cenaparopa ®C-20A na aromodmiie KAMA3-4310
YJIOBJIEHO 3HAUUTENBbHOE KOJMYECTBO MPOAYKTOB pasiiokeHus komrnoHeHToB OXK (cu-
JIMKATHBIE T€JIN) U TBEPABIX OTIOKEHUN (YACTULBI KOPPO3UH, HAKHUIIb) B KOJIMYECTBE 6 T
(B cyXOM BHUJIE) U3 CUCTEMBI OXJIAX/IEHUS B MPOLIECCE SKCIUTyaTalluy MpU npolere aB-
TomoOus 371 kM.

[Ipu ucneitanusx ¢unstpa-cenaparopa ®C-20A na ACH «bYPAH» ynosnens
TBEP/bIE OTJIOKEHUS (TEXHOJIOTMUYECKUE OTXO/bl, OKAJIMHA) B KOJIMYECTBE OKOJO 1 T (B
CYXOM BHJI€) U3 CUCTEMBI OXJIAXJACHUS B MPOIIECCE AKCILTyaTal[uu JIBUraTess MpU Mpo-
oere aBTomMoOmIIs1 6380 KM.

B uenom mpencraBurenn MuHuctepctBa 000poHbl PO OTMETHIIM BBICOKYIO 3(-
¢dextuBHOCTH ['DC U B HacTosiLiee BpeMs BeyTcsl pabOThI IO ONBITHOM YCTaHOBKE 3TUX

(bUIBTPOB-CENapaTOPOB Ha EJBIN Psii MOJIEIeH BOGHHOW aBTOMOOMIIBHON TEXHUKHU.

5.5.2. [IpakTuyeckue pe3yjbTarhbl Hcnoab3oBaHuss '@C B koMnaHumn

«AJIM» (r. Bragumup) B 2018-2019 rr.

[ToctaBka ['®C (mapka ®C-38A) B komnanuio AJIM Havanuch B okTs0pe 2018r.
MasbiM uHHOBaIMoHHBIM nipeanpustueM OO0 «HTIL «ABtoCdepa» mpu Bal'V». Jlo
ATOTO KOMITAHMS UCTIBITHIBAJIA CEPhE3HBIE MTPOOJIEMBI C BHIXOJOM TOPOJACKUX aBTOOYCOB
Ha JIMHUIO W3-3a 3arpsi3HCHUS] CUCTEM OXJIAKJEHUsS JIBHUTaTeNiel MoJeneil aBToO0ycoB
Bonradac u MAN. ITapk aBro6ycoB kommanuu B 2018-2019 rr. cocrasmsin 121 — 134
aBTOOyca (KOMITaHHS TOMOJIHsIIA TapK, HEKOTOpPhIE aBTOOYChl CUCKIBAINCH). Konuye-
CTBO HOBBIX aBTOOyCOB (mpober 10 60 Thic. kM) B mapke kommnanuu AJIM cocrassiio
okoJ10 17%, ocTanbHbIe aBTOOYCHI MMen rpooder oT 60 10 480 ThIC. KM.

AHaJIM3 JaHHBIX CIYKObI TJIABHOTO MEXaHWKa KOMIIAHUM TO3BOJIJI YCTAHOBUTH,
YTO €XKEMECSIYHO TOJBKO IO MPUYMHE 3arpsi3HEHUS] CUCTEM OXJIAXIEHUS JIBUTATENeH
NPUXOAWIOCH CTABUTh Ha PEMOHT OT 4 110 9 aBTOOYCOB. 37€Ch U3 aHAJIN3a UCKIIIOYAIIUCH
aBTOOYCHI, KOTOPBIE HAMPABISIIUCh HA PEMOHT IO MIPUYMHE TEYEH B CUCTEME OXJIaXKe-

HUS (OTOTUIEHUS ), N3-3a HEUCIIPABHOCTEN TEPMOCTATOB U T.II.
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Pucynox 5.56 - Pe3ynbrarsl aHaamM3a KOJIMYECTBA aBTOOYCOB BCTABIIMX HA PEMOHT JI0 | TI0-
cie yeranoBku ['OC (1Mo BepTHKAIBHON OCH JaHO KOJUYECTBO aBTOOYCOB, %)

Omnpenenenue koaumuectBa aBToOycoB K, BCTaBIIMX HAa PEMOHT MO MPUYHMHE 3a-

TPABHCHHUA CUCTCM OXJIAKIACHUA I[BHFaTeﬂeﬁ, BCJIOCH B OTHOCHUTCIIBHBIX €AMHUIIAX (%).

Te.:
K=A/J/As, %

rae A, (IIT.) — KOJIMYeCTBO aBTOOYCOB, MOCTABIIEHHBIX HA PEMOHT W3-3a 3arpsi3He-
HUS CUCTEMBI OXJIQXKICHHSI JBUTATEIICH B TEKyIIeM Mecsie; Ay (IIT.) — o0Iee Koaude-
CTBO aBTOOYCOB B TTapKe KOMITAHUH, HAXOIAIINXCS B AKCILTyaTallid B TEKYIIIEM MECSIIE.

JlanHble aHanM3upoOBaIUCh 3a nepuon ¢ sHBaps 2018 r. mo gexabpp 2019 r. Pe-
3yJAbTaThl aHajJM3a TPEJCTaBICHb B BHJE THCTOrpaMMbl (pucyHke 5.56). Ha ructo-
rpaMMe OTMEUEHO B BUJE CcTpesku Hadano nmoctaBok [ ®C (oxtsa6pp 2018r.). [ToctaBku
87 I'dC mapku OC-38A npogomxanuck ¢ okTsi0ps 2018r. o ampens 2019 r.

Kak moka3sIBaroT JaHHBIC TUCTOTPaMMBI (pUCYHOK 5.56), mocsie Havama yCTaHOBKH
['®C na aBTOOYCHI, KX KOJTUYECTBO, HAMPABIISIEMOE HA PEMOHT BCIICJICTBUE 3arpsS3HEHUS
CHUCTEMBI OXJIQXKICHUS JBUraTENEH, 3aMETHO YMEHbIIMIOCK. [Ipruem, ¢ konua 2018 r. B
PEMOHT TMOMNAaJaIN TOJBKO T€ aBTOOYCHI, Ha KOTOphIX ['®C He OblT ycTaHOBIEH. ABTO-

oycsl ¢ ycranoBieHHbIMU ['DC perynsapHo npoxoamin TO, Ha KOTOPBIX BeJdach OYUCT-
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Ka Tps3ecOOpHUKOB (UIBTPOB-cemapaTopoB. Ha 3TWx aBTOOycax OYMINATH CHCTEMY
OXJIAKICHHSI HE TPEOOBAIOCH.

JlanHbie HA pUCYHKE 5.56 HarIsAHO TOKA3BIBAIOT A(M(PEKT, TOCTUTHYTHIN TIPH IKC-
IUTyaTauu aBTOOycoB 3a cueT ycTaHOBKM ['®C B KOHTYp OXJaKIEHHUS IBUTATEIS
(oTorIICHMS calloHA).

BeposiTHO, TIOTHOCTBIO MCKITFOYHUTD 3arps3HEHUS W3 CUCTEMBI OXJIQXKIICHHUS MPUH-
[IUITHAIBHO HE YJACTCs, T.K. MX TOCTOSHHO «T€HEPUPYIOT» pa3luyHble HCTOYHHKH. Ho
CYILECTBEHHO YMEHBIINTH KonuuecTBO 3arpsizHeHnid B CXKO ¢ momoipio pazpaboTtaH-
HOro (UJIbTpa BIOJHE PEAIbHO, YTO IMO3BOJMUT YIYUIIUTh TEIUIOOTIAIOLIYIO CIIOCO0-

HOCTBb CUCTCMBI OXJIAXKACHUS IBUIaTCIIA.

5.6. UccienoBaHue OCHOBHBIX XapaAKTEPUCTHK Pa3padoTaHHOI0 rHIPOLMK-

JIOHHOTO (PUIIbTPA-cenapaTopa Ha MOTOPHOM CTEH]Ie

C 1enplo omnpeaeNneHns BO3MOKHBIX U3MEHEHUN OCHOBHBIX THMAPABIMYECKHX Xa-
pakrepuctuk CXKO nBuratens npu ycTaHOBKE B HE€ pa3pabOTaHHOTO T'MIPOLIMKIOHHO-
ro unpTpa-cenaparopa, ObUIO MPOBEIEHO UCHBbITaHUE (PUIBTPA B COCTABE JIabDOpATOP-
HOTO MOTOPHOTO cTeHAa ¢ apuratenem mojaenun BA3-2106 na 6aze Bmagmmupckoro

rocynapcrseHHoro yausepcuteta uM. A.I'. u H.I'. CroneToBbix (pucynok 5.57-5.60).

1

10 /9

Pucynok 5.57 - IlpunnunuansHas cxema J1abopaTOpHOTO MOTOPHOTO CTeHAa: 1- jBura-
tenb BA3-2106; 2 — GanancupHas mammuHa; 3 — KopoOka mepenad; 4 —KUIKOCTHBIN
HACOC; 5 — THIPOLMKIOHHBIN QUIBTp-cenapaTop; 6 — paclIupUTENbHBIN 0a40K; 7 — KUJI-
KOCTHBIH pasnaTop; 8 — BeHTWIATOP oxJaxkaeHus; 9 — pacxogomep; 10 — repmocrar



Pucynox 5.58 - O6mmii Bup n1a6o-
pPaTOPHOTO MOTOPHOTO CTEH/IA

Jns gaHHBIX Ja00paTOPHBIX MCCIEAOBAHUN HCIIOJIB30BAJICS THAPOIMKIOHHBIN
(bunbTp-cenapaTop, U3rOTOBJICHHBIA IO 00XOAHOW TEXHOJIOTHH C UCIOJIb30BAHUEM CHU-
JMKOHOBBIX MOJIEIEN U3 TEPMOCTOMKOIro IUIacThka (padoToCrnocoOeH Mpu TeMIlepary-
pax -30...+100 °C).

CoryiacHO NPUHIMITUATIBHON cXxeMe J1abopaTOPHOr0 MOTOPHOIO CTEH1a (PUCYHOK
5.57), Ha BXO/Ie B KHUJIKOCTHBIN paguaTop 7, OXJIaxIaeMblid BO3AYITHBIM BEHTUISI TOPOM
8, ycranoBieH ['OC 5 ¢ orbopHukamu naBieHus. JKUIKOCTh, BBIXOMS U3 pajuaropa,
MOCTYIAEeT B pacxogoMmep 9 ¢ oTOOpHUKaMU JIaBJIeHUs U fanee yepe3 tepmocrtar 10 00-
paTHO Ha KUJKOCTHBIN Hacoc 4. B mpornecce ucnbiTanuii asurarens 1 monenu BA3-
2106 npuBoaUiICsA B eCTBUE OalaHCUPHON MAIIMHOM 2 («XOJ0aHas» MPOKPYTKA), YTO
MO3BOJIMJIO TOJHOCTBIO OMNPENENnuTh Bce runpaBinueckue xapaktepuctukun CXKO u
dbunbTpa-cemnapaTopa B AuanazoHe pabOYMX YACTOT BpalieHus Bayia aurarens. s
oOecrieyeHus: OTKPBITHS KJlallaHa TEPMOCTAaTa Ha HEMPOrPETOM JBUTATENE B PEXKUME
«XOJIOZHOW» MPOKPYTKH, STOT KJIaraH ObUI MPUHYIUTEITEHO OTKPHIT U 3a)UKCUPOBAH B
TaKoOM TOJIO)KEHUU. TakuM 00pa3zoM, ObUT UMUTHUPOBAH THAPABIMYECKUN PEKUM pado-
ThI MQJIOTO U OOJIBIIOTO KOHTYPa OXJIaXK/ICHUS IBUTATES.

[IpoBenennsie ucnbiTanus pazpadorannoro I'®C, BxnroyeHHoro B koHTyp CXO
nsuratens BA3-2106, nmokaszanu, 4To B LEIOM THIPABIMYECKUE XAPAKTEPUCTUKUA CH-
cTeMbl M3MeHsoTcs (pucyHok 5.59) ¢ moxmkmodeHneM (uIbTpa-cemaparopa - ooiiee

ruapaBaudeckoe conpotusiaeHrne CXXO yBennuniiock 1o mepe pocra pacxona OX.
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Pucynox 5.59 - 3aBucumocts m3meHenus ruapasimndeckoro conporupierus CXKO nBu-
ratenss BA3-2106 ot pacxoga OX: cunsist muaust — C2KO c Bimouenuem ['@C, kpacHas
nuHus — ctadaaptHas CKO
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Pucynoxk 5.60 - 3aBucumocts pacxona OXK oT yacTOThl BpallleHHs KOJIEHYAaTOro Baja
neuratens BA3-2106: cunsis muaus — CXKO ¢ Brmtouenuem ['OC, kpacHast TUHUS —
cranmaptHas CXKO (6e3 ['DC)

[Ipu mMakcUMalbHOM pacxojie OKOJo 68 J/MUH OTHOCHUTEIHLHOE COMPOTHBIICHHE
CUCTEMBI C (PHIIBTPOM-CemapaTopoM BBIpOCIO mpumepHO Ha 44%. OmHaKO HA CHIDKE-

HHH pacxoaa XUAKOCTH 4€PE3 pagruaTop ABUIATCIIA 3TO IMOYTH HE CKa3aJlOCb — YMCHb-
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HIEHUE Pacxo/ia )KUJKOCTH Ha OOJBIIMHCTBE CKOPOCTHBIX PEXKUMOB PAaOOTHI IBUTATENs
coctaBisier okosnio 13% (pucynok 5.60, tabnumna 5.6), 4TO BMNOJHE JOMYCTUMO, IO-
CKOJIbKY aBTOMOOWJIPHBIE PAMATOPHI B 00S3aTEIPHOM MOPSJIKE UMEIOT OIPEIeICHHBIN
3arac 1o TernIopacCeuBaIOIIEeH CIIOCOOHOCTH Ha Cy4yal 3aCOpEHUs KaHAJIOB YacTUIIaMU
3arps3HeHui U cHkeHus pacxoaa OX.

Ta6muma 5.6 - [loka3zarenu n3meHeHus pacxoja xuakoctu B CXKO B 3aBUCUMOCTH OT H3MEHE-
HUS YaCTOTHI BPAILICHUSI Bajla IBUTATEIIS

Yacrora Bpame- | Pacxon xunko-
) Pacxon xunakoctu | OTHOCHUTENIBHOE U3MEHEHHE pac-
HUS Baja, N MUH ctu 6e3 I'DC,
1 c '®C, n/mun xoma A, %
JI/MUH
500 8,4 7,1 -15,5
1000 17,0 14,6 -14,1
1500 25,6 22,2 -13,3
2000 34,2 29,7 -13,2
2500 42.8 37,3 -12,9
3000 51,4 44 8 -12.8
3500 60,0 52,4 -12.7
4000 68,6 59,9 -12,7
4500 77,2 67,5 -12,6
5000 85,8 75,0 -12,6
5500 94,4 82,6 -12.,5

Bonpoc ruapasnuueckoid coBMeCTUMOCTH ['DC U cUCTEMBbl OXJIAXKICHUS JIBUTa-
Tens TpeOyeT CnelUallbHOrO U3y4yeHus, MOcKoybKy mapameTpbl CXKO kaxmoi moxenu
nBuratens uHaAuBUAyabHbl. KpoMme Toro, Ha C)KO okasbIBaeT BIMSHUE KOHTYpP OTOI-
JICHUS CaJloOHa aBTOTPAHCIOPTHOTO CpeACTBA. B KakaoM KOHKPETHOM ciydae HeoOXxo-
JAMO OTIEIBHO paccMaTpuBaTh BOINPOC IO MECTY BKJIIOUYEHUS TUIPOLUUKIOHHOTO

bunbTpa-cemnapaTopa B CUCTEMY OXJIQXKJICHUS IBUTATENS aBTOTPAHCIIOPTHOTO CPEJICTRA.
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OCHOBHBIE PE3YJIBTATHBI U BBIBO/IbI

1. Ha ocHOBe NpOBEIEHHBIX UCCIEIOBAHUA M OMBITHO-KOHCTPYKTOPCKUX PadoT
CO37laH MHHOBALMOHHBIM BHICOKOA(P(HEKTUBHBIN THIPOLMKIOHHBIA (PUIBTP-cernapaTop
OXJIQXK/JIAIOIIEH JKUJIKOCTA aBTOTPAHCHOPTHBIX JBUTATENEH, KOHCTPYKIHS KOTOPOTO
3amuiieHa narenroM P®. CepuiiHoe mpou3BOACTBO ATOr0 (hUIBTpa-cenapaTropa 0CBOe-
HO (TVY 28.29.12-001-31706395-2018) B OOO «HTL] «ABToCdepa» mpu Bramumup-
ckoM rocyaapctBeHHoM yHuBepcutere uMm. A.I'. u H.I'. CroneroBbix». UeThipe moau-
dbukarmn puIbTpa-cenapaTopa MOCTaBISIOTCS PA3IMYHBIM MOTPEOUTENSAM B Pa3HBIX pe-
TMOHAX CTpaHbl, a Takke B benapyces n Kazaxcran.

2. Ha ocHOBe Hay4HBIX M MPAKTHUUYECKUX JAaHHBIX JOKa3aHbl aKTyaJIbHOCTh U
HEO0OXOMMOCTb TPUMEHEHUSI OUHUCTKHU OXJIAXKIAIOIEH JKUJIKOCTH Ha COBPEMEHHBIX aB-
TOTPAHCIIOPTHBIX MOPIIHEBBIX ABUTATENSAX, UMEIOIIUX BHICOKOI(P(DEKTUBHBIE CUCTEMBI
OXJIQXEHUS, TIOCTOSHHO YCJIOKHSIOIIMNECS B CTPYKTYPHOM U KOHCTPYKTMBHOM acIeK-
Tax, 4YTo TpeOyeT 0ojiee BHICOKOW YHUCTOTHI OXJAXAAOUIeH KUAKOCTH. OO000ImEeHHON
NPUYUHON TOSIBJICHUS 3arpsi3HEHUI Pa3IMYHON MPUPOJbI B CHCTEMAaX OXJIAXKICHUS SIB-
asieTcst GU3UKO-XUMHUUYECKOE B3aUMOJICHCTBHUE OXJIAXKIAIOIICH KUIKOCTH (aHTU(DPH3A) C
pPa3HBIMU 3JIEMEHTAMU U Pa3HOPOJHBIMU MaTepHalaMHd CUCTEMbI OXJIaxaeHus. Mcronb-
30BaHuE a0COJIFOTHO YMCTOM OXJIaKIAIOUIEH KUAKOCTH B CUCTEMaX OXJIAKICHHS aBTO-
MOOMJIBHBIX M TPAKTOPHBIX JBUraTENIEeH MPAaKTUUYECKU HEPEAbHO, TaK KaK BCerjaa OyayT
CYILLECTBOBATh JKCIUTyaTallMOHHBIE YCJIOBHS, CHOCOOCTBYIOLIME OOpPA30BAHMIO 3arpsi3-
HECHUMU.

3. Pazpabotana, u3roToBjiieHa M YCHEIIHO ONMpoOOBaHa KOMIUIEKCHas Jabopa-
TOpHAsl YCTAHOBKA 1 UCCIICAOBAHUS aBTOMOOMIIBHBIX YCTPOHCTB OYHCTKU ((HIBTPOB)
OXJIQXKJAIOIIECH KUJKOCTH PA3IMYHBIX KOHCTPYKIIMN U NMPUHIMNOB JecTBUA. Co3aaHbl
Y YCIICIIHO MPOLUIH MPAKTHYECKYI0 MPOBEPKY METOAUKHU UcciaenoBanus GpuiabTpoB OXK,
a Takxke (PaKIMOHHOTO M XMMHUUYECKOTO aHalin3a 3arps3HEHUN OXJIakKTArOIIeH KUIKO-
CTH.

4. TlpoBeneHHBIH KOHCTPYKTUBHBIM aHAIN3 U KOMIUIEKC HCCIEAOBaHUI 3apy-
OeXHBIX 00pa3loB GUIBTPOB OXJIAKIAIOUIEH KHUAKOCTH MMOKa3all, YTO BCE OHU MOCTPO-

CHLI 110 TPpaJUIWMOHHBIM IMPHUHIOUIIAM OYHMCTKH }I(I/I,I[KOCTeﬁ C HCIIOJIB30BaHUEM (I)I/IJ'IB-
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TPYIOIIMUX 3JIEMEHTOB (OyMa)kKHBIX, CETYATBIX U T.N.) U HE OTBEYAIOT MPEbSBIIEMbIM
TpeOOBAHUSIM COBPEMEHHOU aBTOMOOMILHOM TexHUKHU. Takue GuiabTphl 001a1a0T 11e-
JIBIM PSJIOM CYIIECTBEHHBIX HEJOCTAaTKOB M B 1IEJIOM HUX HEJb3S CUUTATh MEPCHEKTUB-
HBIMH JIJI1 aBTOTPAHCIIOPTHBIX JBUTATEIICH.

5. Ha ocHoBe ombITa 3KCIUTyaTalldd aBTOMOOWJIBHON TEXHUKH CHOPMHUPOBAH
KOMILJIEKC TpeOOBaHUM K MEPCHEKTUBHOMY YCTPOMCTBY OYMCTKM OXJIAXKIAIOIICH >KHJI-
KOCTH aBTOTPAHCIOPTHBIX JABUTATENIeH, BKIIOYAIOMIUNA B ce0s1 PyHKIIMOHAIbHBIE TPEOO-
BaHUS U TpeOOBaHUsA K €ro 3QPEKTUBHOCTH.

6. Coznmana kommbioTepHass Mozaenb ['OC, 1mo3BoJivBIIAsS BBISIBUTH THAPOJAUHA-
MUYECKYI0 KapTUHY TEUEHHUsSI KUJKOCTU B €r0 MPOTOYHOM YACTH U MPEABAPUTEIHHO
OIICHUTH €T0 YJABJIHUBAIOIIYIO CIIOCOOHOCTh M THAPABINYECKOE COMPOTUBJICHUE B 3aBU-
CUMOCTH OT KOHCTPYKTHUBHBIX MapaMeTpoB. Pa3paboTana MeTouka npeiBapuTeIbHOTO
ruapasiandeckoro pacuera ['OC.

/. BblsBaeH (QpakiMOHHBIA U XUMHUYECKHI COCTAaB TBEPABIX YACTHUIl 3arpsi3He-
HUW OXJIQXKIAIONICH >KUIKOCTH, 00pa3yIOIIUXCs B CUCTEMax OXJIAXICHHUS aBTOTPAHC-
MOPTHBIX JIBUTATENICH B pEAIbHBIX YCIOBUAX IKCIUTyaTaluu. OpakiiMOHHBIA aHAIU3 TH-
MUYHOM MOPITUHU TBEPABIX YACTHUIL 3arPS3HEHUH, MOTYyUYEHHON U3 KOHKPETHOTO (QUIIhTpa-
cenaparopa OX nBuraresns aBTo0yca, mokasai, uto 0osee 85% Bcex 3arpsi3HEHUN nMe-
et pasmep ot 50 1o 1000 mxm. Tlpu 3TOM TBEpabie yacTuilsl ¢ pazmepom 250-450 Mkm
UMEIOT HauOoublyto Aojito (6osee 45% 1o macce) cpean BceX YacTHI] 3arpsa3HEHUM
paznmuuHbix pazmepoB. Opaxnus 450-700 mxM coctaBiser okoio 17% (macc.) cpeau
oOmiedt maccel 3arpsisHeHHi. OTHOCHUTEIBHOE KOJMYECTBO 3arpsi3HCHUN OCTAIBHBIX
dbpakiuit He npesbimaeT 10%. 10. C moMornpio peHTreHOhIyOPECIIEHTHOTO CIIEKTPO-
MeTpa TOCJIEA0BaTEILHOTO aHaliM3a YCTaHOBJICHO, YTO B COCTAaB TBEPbIX YaCTHIl 3a-
IPSA3HEHUM OXJIAKIAIOIIEH >KUIKOCTH BXOJWUT IEBIN PSJl XUMHYECKUX IJIEMEHTOB (B
komuecTBe oT 1 10 47% (Macc.) KaXKa0ro JIeMeHTa): xene3o Fe, kpemuuit Si, aaomMu-
uuii Al, ceuner; Pb, onoBo Sn, munk Zn, kansiuii Ca, maramii Mg, mens Cu.

[IpucyrcTBue pa3muYHBIX XUMUYECKHUX AJIEMEHTOB B COCTaBE 3arpsi3HEHUN 00b-

ACHACTCSA UX HAJIMYHMEM B IIpUCAKaAX K aHTI/I(l)pI/ISaM, B CTAalIIX N AJJIOMHMHHECBBIX CIlJIa-
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Bax, U3 KOTOPBIX U3IOTOBJICHBI OTACIBHBLIC 3JICMCHTLI ABHUIaTC/IsI U €ro CUCTEMBI OXJIa-

KICHHUA, a TAKIKC BHCCCHHUCM PA3JINYHBIX SanHSHCHI/Iﬁ HN3BHC.

8. Ha ocHoBe aHanu3a u 0000IIEHNS HAyYHBIX JAHHBIX PA3JIMYHBIX OTEYECTBEH-
HBIX U 3apyOEeKHBIX HCCIEeNOBaHUI B 00JacTH (UIBTPALMU JKUIKOCTEH JaHa OICHKa
HEOOXOMMON U TOCTATOYHON TOHKOCTH (MIBTPAIIMH OXJIAXKIAIOIIEH KU IKOCTH JIBHUTa-
TeJsl — HOMUHAJIbHAs TOHKOCTh QuibTpauuu (95% ynaBauBaHUs YacTHIL) 10JKHA OBITh

> 100 MxM.

9. JlmuTenbHbIE DKCIUTyaTallUOHHBIE UCIBITAaHUSI pa3paOOTaHHBIX OOpPa3IOB T'UJ-
POIMKIIOHHBIX (DUIIBTPOB-CENapaTOPOB MOKA3AIM, YTO HHTEHCUBHOCTh 00pa30BaHUs 3a-
IPSI3HEHUI B CHCTEME OXJIAXKIEHUS MOXKET cocTaBisATh OoT 0,4 mo 3r (B cyxoMm BUJE) HA
1000 km mpobera aBroTpaHcropTHoro cpenctsa. Ilpu ycranoBke I'OC B cucremy
OXJIQXJICHUS JABUTATENsl HHTEHCUBHOCTh 00pa3oBanus 3arpsizHeHnil B OXK cHuxkaercs B

3-4 paza, 4To CBUACTENbCTBYET 00 YOPEKTUBHOCTU €TI0 MPUMEHEHHUS.
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OBO3HAYEHUA N COKPALIEHU

=

ATC — aBTOTpaHCIIOPTHOE CPEJICTBO

ACH — aBTOMOOWIIb CTIEIIMAIBHOTO Ha3HAUYCHHUS
BOX — 6e3BoiHBIE OXJIAKIAIONINE KUIKOCTH
BAT — BoeHHBII1 aBTOMOOUIBHBIN TPAaHCIIOPT
['®C — ruapOoUKIOHHBIN QUIBTP-cenapaTop
DOXK — bunbTp oxXJaKIAIOIICH KUAKOCTH

OO — QuIbTPYIOUTUHN JIEMEHT

OX — oxmaxknaromias )KUIKOCTh

© o N oo a0 B~ w D

OI" — oTpaboTaBiiue ra3bl

10.PXK — paGo4ast )KuIKOCTh

11.CXKO — cucreMa KUIKOCTHOT'O OXJIaXKICHUS
12.CBO — cnenmanbHas BOGHHAs OoTiepaIus

13. BTE, BTE-Plus - ab6peBuatypa ot auri. - Balanced Treatment Additive —
BU/I IPUCAJIKU K aHTU(Dpr3am

14. DCA-4, DCA - 2 - ab0OpeBuarypa ot anri. Diesel Coolant Additive — Bun
MPUCAIKU K aHTU(pu3am

15. ELC wnu XLC- Extended Life Coolant - antudpus ¢ yBeIM4eHHBIM CPOKOM
CITYKOBI

16. LLC - Long Life Coolant — antudpus ¢ JIUTEIBHBIM CPOKOM CITYXKOBI

17. OAT - Organic Acid Technology — oHa U3 TeXHOJIOTHH POU3BOCTBA AHTH-
(Gpu30B (TEXHOJIOTUSI OPTaHUYECKUX KUCIIOT)

18. SNF - Silicate Nitrite Free - antudpus 6e3 cogepxanus HUTPATOB
19. SF - Silicate Free — anTugpu3 06€3 CHIMKATHBIX IPHUCATOK

20. SCA - a60peBuarypa ot anri. — Supplemental Coolant Additive — Bux nipu-
CaJKu K aHTH(pH3aM
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IHPUJIOKEHHUE

AKTBI BHeIpeHHS Pe3yJIbTATOB AMCCEPTALMOHHON padoThI

«YTBEPXIAIO»
1.0, I'napuoro umxenepa

~ABTOOYefPS napka Ne2

Hcrionb30BaHus pe3y IbTaTOB AMCCEPTAIMOHHOM paGoTs! Ditnens [Tapna Hropesuua
«CoBepIIEHCTBOBAHHE CHCTEMBI OXJIAXK/IEHHS ABTOTPAHCIIOPTHBIX OPIIHEBEIX ABArATE-
JIelt Ty TeM paspaboTKM U IPUMEHEHHUS THAPOLUKIOHHOTO ¢uisTpa-cemaparopa oxia-
KNIAIONIEH YKUIKOCTHY, PEICTABICHHOM HA COUCKAHME YUEHOMN CTENCHN KaHIAaTa
TEXHIMCCKMX HayK (crenuansHocTs 2.4.7 — «Typ6oMaluuHEl U HOpIIHEBEIE JBUTATEIINY)

Hacrosumm axtoM moxarsepxmaetcs ucronb3osarue B CII6 I'YIT «Ilacca-
KUPABTOTpaHC (uiuan ABTOOYCHBIN mapk No2 HpaKTHYeCKHX pe3yJIbTaTOB MHC-
CepTalOHHON paboThl Oimenst I1. U. «CoBepIICHCTBOBAHUE CHCTEMBI OXJIXKACHUS
aBTOTPAHCIIOPTHEIX TOPIIHEBBIX JBHUraTeleH MyTeM pa3paGOTKH ¥ [NPUMEHEHUS THAPO-
IUKJIOHHOTO (QUITBTpa-Ccenaparopa OXJIaxIaoeH KuIKOCTI.

B 2019-2020 rr. Ha HECKOIBEKO aBTOGYCOB HAIIETO OpeAnpusTrs ObUTH ycTa-
HOBJICHBI 00pasibl QHIBTPOB OXIAXKIAIOLIEH JKUIKOCTH, YCIICLIHO NPOIIEIIINE
IIpeABapUTENBHBIC HCIBITaHHA. Ha ocHOBe 3aciymmBanus u o6cyxneHus HHbOp-
MalUH 110 QUIBTPaIlH OXTaxJatoLell KuaKocTH Ha HayqHo-TeXHUYECKOM CoBe-
te Cankr-IletepGyprexoro I'VII «IlaccakupaBTOTpaHC» GBUIO IIPUHATO peLICHHE
YCTaHOBHUTE MApTHIO QuribTpoB (20 mrt.) amst Goltee yrmy6neHHOM IPOBEPKU TUX
QHIBETPOB B SKCILTyaTALMH B PAa3IMUHEIX KIHMATHIECKITX YCIIOBHSAX B TE€UEHHE TO-
na (mporokon HTC Ne01-01-14 ot 14.07.20217.).

B Hacrosiee BpeMs GHIBTPBI TPOXOAAT UCIIBITAHHS, TIO pe3yJbTaTtaM KOTO-
PBIX OyZIET paccMaTpUBAaThLCS BOIPOC 06 HX HUCIIONBb30BAHMY Ha aBTOOyCcax Halero
IpEANPUSATHS, HAXOMAIMKXCS B OKCIUIYaTAlWH, @ TAKKe O BKIIOUEHUH TPeOOBaHHIH
[0 yCTaHOBKe (QHILTPOB OXNAKIAOIIEH KHIKOCTH Ha BHOBB 3aKyIIaeMyIO TEXHH-
Ky.

B nenom cymraeMm, yto paspabotannubiil Diinenem [1.U. GHUIBTP OXJIAXIAr0-
LIeH MIKOCTHA UMEET Psijl HECOMHEHHBIX OCTOMHCTB M €r0 MPHMEHEHHUE [eTeco-
00pa3sHo Ha Pa3IHYHOM aBTOMOOUIIBHOMN TEXHUKE.

9
Hagameauk ITTO AIT No2 /7,,(\/ [Tomos A.B.

-
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«YTBEPKIAIO»
W.0. mpopeKTopa r0-00pasopare/bHOY aesmm bHOCTH
®I'BOY BQ: (angmumupcmu rocy 1apeTBEHHbI
yHMBepCHIETHMf}HH AﬂeKc gipa ['puropbesuya u
Hm(onas T pm‘ geB C OJlGTOBblx» K.T.H.
, AA Haudunos

-\ <<Zd» /% éz 2(}23r

—.wu-

AKT
06 MCIIONBb30BAHMH PE3yIbTaTOB AMCCEPTALMOHHOI paboTh Didnens [lasna Mropesnya
«CoOBepLIEHCTBOBAHHE CHCTEMBbI OXJIaXK/1€HUs aBTOTPAHCIIOPTHBIX MOPLIHEBbIX 1BUIATC-
neit myTeM pa3pabOTKH U IPUMEHEHHs! THAPOUMKIOHHOrO (pUibTPa-cenaparopa OXJak-
patomeit sxuakocTn» (cneuuanbHocTs 2.4.7 — « TypGomalvHbl U MOPLIHEBbIC JABUIaTe-
au») Ha kadeape «TemnsoBble IBUraTeld U 9HEPreTHUECKUE YCTAHOBKH»

HacTosiumM akToM noaTBepskaaercss ucnoiabzoBaine B ®PI'BOY BO «Bnaanmup-
CKMil rOCyJapCTBEHHbIH yHHBEPCHTET MMeHM Anekcanapa ['puropbeBnya Hukonas
I'puropbesnya CTOIETOBBIX» Pe3yJIbTaTOB AUCCEPTALMOHHON pabOThI Dunens .M. npu
oGydeHuu CTyeHTOB no HanpasieHusM 13.03.03 (Gaxanaspuar) u 13.04.03 (marucrpa-
Typa) « JHePreTHUECKOe MalIMHOCTPOCHHUE.

Pe3ynbTaThl Hay4HO-MCCIIEA0BATENbCKOM paboTel Dinens [1.M. ucrionb3yrores Ha
kapenpe «TernsoBple JBUraTed W JSHEPreTHYECKHE YCTAHOBKM» IIpW HYTEHWH KypCoB
«YCTpOiCTBO M paboTa CHIIOBBIX arperaToB TPAHCTOPTHBIX MalluH», «CHCTEMbI JIBUIa-
Tenei», «CoBpeMeHHbIe MPOOIEMBl HAYKH M TMPOU3BOJCTBA B SHEPreTHYECKOM MALIMHO-
CTpPOEHMM» U Jp. MaTepuaibl AuccepTalnoHHON padoThl Diaens [1.M. HaXoaaT UCrOb-
30BaHHME B KYPCOBOM M AUIIOMHOM IIPOEKTHPOBAHUH.

Co3nanHas UM j1abopaTtopHasi yCTAaHOBKA Ul MCCIEI0BAHUS KOMIOHEHTOB CHCTE-
Mbl YKMIKOCTHOTO OXJI@XKIEHHUs ABUraTesel (BKItovaowas nporpaMmmy uis perucTpaiuin
3KCTEPUMEHTAJIHBIX JaHHBIX, MOArOTOBICHHYIO B cpene LabVIEW), npuMeHseTcs npu
npoBeieHuK 1abopaToOpHbIX paboT mo Kypey «CHCTeMBI ABATATENei» M B IKCIEPUMEH-
TalbHBIX MCC/IEJOBAHUAX MAarMCTPAHTOB MPH MOATOTOBKE MMM BbIIYCKHBIX KBAIH(HKa-
LIMOHHBIX paboT. OTAenbHBIE MaTEpUabl €ro AMCCEPTALMU UCIOJb3YIOTCS MarucTpat-
TAMM TIPU [POBEICHUM HMCCIEN0BaHUH MO COBEPIICHCTBOBAHMIO CHCTEM JKHAKOCTHOrO
OXJIaXk/1€HHsl aBTOTPAHCIOPTHBIX MOPILIHEBBIX JABUIaTENEH.

Hupextop MHCTUTYTa MaLIMHOCTPOEHHS

¥ aBTOMOOMIIBHOTO TPAHCIOPTA, K.T.H. P A ‘ AW. Enkun
Vi
3aBeaytouiuit kagenpoit «Tennosbie ABUraTENN :
M SHEPreTHUECKUE YCTAHOBKHM», K.T.H. G A.JO. AGansies
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OGuecTBo ¢ OrpaHMYeHHOIi 0TBETCTBEHHOCTHIO «Hayuno-
TexHH4ecKuii ueHTp «AsroCdepar» npu Baagumupekom
roCyAapCTBEHHOM YHHBEpPCHTETE
uM. AT, u H.I'. CToseroBbix»
000 «HTLI «AsroCdepar npn Bal'y» UHH 3329094030; KIIIT 332901001
600031, Bnanumupckas o61acTs, r.Bnaaumup, yn. 106uneiinas, nom 9, kB.36

OKBD/J172.19; OI'PH.11183328009347; [TAO CGepbank Oduc Ne8611/0160 ;
BUK 041708602; K/C 30101810000000000602; P/C 40702810110000008015

AKT
BHE/IPCHUS pe3yIbTaTOB AMCCEPTALHOHHON paboThl Diinens Iasna Uropesuua
«CoBepIIEHCTBOBAHHE CHCTEMBI OXJIAX/IEHHS ABTOTPAHCIIOPTHBIX MOPILHEBLIX JABUraTeIel myTem
Pa3pabOTKH U NPUMEHEHHS THAPOLIMKIIOHHOTO (GHIIBTPa-CEnapaTopa OXAakAaOLIEH KHIAKOCTH
(cneumanbHocTh 2.4.7 — « TypGOMAIIMHBL M HOPLIHEBbIE JIBUTaTEJIN»)

Oiipens TLM. Hauan 3aHMMaThes BOMPOCAMM OUMCTKH OXJAKAAIOLIEH JKHIAKOCTH aBTOTpaMC-
TMOPTHBIX JIBUTATelIel OT TBEPbIX YacTHI 3arpsizHeHuit B 2014 1. 3a HECKOJILKO 11T MCCIe0BaHMl 1
Pa3paboTOK OH MOJIYYHMIl MHTEPECHBIE HAYYHbIE M MPAKTHYECKH 3HAUMMbIE pesyabTaTel. Ha ocHone
9THX pe3ynbratoB B 2018r. Oblo cosnaHo mamoe WHHOBalMOHHOE npeinpusitie OO0 «Hayuno-
TexHUYeckuii ueHTp «ABToCdepa» mpyu BiaauMupckoM rocyaapcTBeHHOM yHuBepcutere um. Al u
H.I".CronetoBeix» (caiiT - www.avtosfera.pro). Diinens [L.U. spasercs ogHuM U3 ero yupeauTeneii.
O6acTb NeATENbHOCTH MPEANPUATHS — HAYYHBIE MCCIENOBAHMS U NPOU3BOJCTBO MHHOBALMOHHbBIX
YCTPOHCTB JUIsl OYUCTKM OXJIAKIAIOLIEH JKUAKOCTH TPAHCTIOPTHBIX ABMraTeleil. B nactosiice BpeMmsi
NpeAnpUsTHE YCIEIHO paboTaeT U pa3BUBaeTCs.

Cospanneiii Ha Gase mccnenoanmii Ditnens ILU. u npousBoaMMBINA HaIHUM NpeanpusiTHEM
OPHTMHANIbHBIA TMAPOLMKIOHHBIH (QunbTp-cenaparop (nar. PO Ne 2 625 891) susiercs MPUHLMITH-
ajllbHO HOBBIM aBTOKOMIIOHEHTOM Ha aBTOMOGHMIIBHOM PBIHKE M CITy)KHT ISl OUHCTKH OT TBEPbIX dac-
THLL 3arpA3HEHNH OXJIAKIAIOUIEH KHUIKOCTH MOPLIHEBbIX JBUraTeleil pa3uuHOro HasHAYeHHs — ap-
TOMOOHJIbHBIX, aBTOOYCHBIX, TPAKTOPHBIX, CEMbCKOXO3SHCTBEHHBIX M CTPOMTENILHO-A0POKHBIX Ma-
LLIMH, BOCHHOMW W CMELHUANbHON TEXHUKH U .

B npouecce uccnenosanuii Diinenem .M. ycranosieHo, 4to 3arpA3HEHUs CUCTEM OXJlakK/le-
HUsl MPAKTHYECKH HEM3OEKHBI KaK B XOJIe MPOM3BOACTBEHHO-TEXHOMOTMUYECKHX MPOLIECCOB, TAK H [PH
OKCITyaTallMk MOPUIHEBbIX ABHraTe/ied. AKTyalbHOCTh M 3HAYHMOCTD 3TOH NPOGIEMBI MOATBEPK/1a-
€TCsl OTIBITOM 3KCILTyaTalliy JAIBUTaTe/Iel B COCTABE Pa3IM4YHbIX aBTOTPAHCIIOPTHBIX CPECTB.

3a nepuoa paboTh MPEANPUATHS OPraHU30BaHO MPOM3BOJICTBO THIIOPA3MEPHOTO PSiid MHAPO-
UMKIIOHHBIX (QuiIbTpoB-cenapatopoB (TY 28.29.12-001-31706395-2018), skiouatotero 4 mMoamdu-
Kauuu GUIbTpa I aBTOGYCOB, TSKENBIX IPY30BMKOB M MarMCTPambHBIX TAraueii, IerkoBbIX aBTOMO-
Ouielt 1 MaTOTOHHAXKHBIX TPY30BUKOB.

B nocieanue roapl rugpoUMKIOHHbIE (HIBTPBI-CENApaTOPhl OXJIAKIAIOLIEH HKUIKOCTH, MPO-
M3BOJIMMBIE HALIMM NPEANPUITHEM, YCTaHABIMBAMCh HAa CaMyI0 pa3zHOOOpa3Hylo aBTOMOOMILHYIO U
TPaKTOPHYIO TEXHUKY:

- Ha ropojickue aBTobycel MAN, Mercedes, Scania, BOJITABAC u ap. B OO0 «BUTABTOT-
PAHC», OO0 «AIM» (r.Bnamumup), B ['VIT «[TACCAXKUPABTOTPAHC» (r. Cankr-ITerepGypr)
B I'TT «ITICKOBITACCAXKUPABTOTPAHC» (r. I1ckoB);

- Ha TPAKTOPHYIO TeXHUKY npou3BojacTBa AO «KamerkoBckuil mexanunueckuii 3aoa» u AO
«KoBpoBckuii snexTpomexanuueckuii 3aBo» (Binaaumupekas o6m.);

- Ha MarucTpaibHble TArauu Scania, pasanuHble Jerkossie aBToMobuu (Toyota, VW, Peugeot,
['A3 u z1p.), TpakTopsl MT3 u zip. B Poccun, benopyccuu, Kazaxcrane.

B npouecce skcnnyarauum noaTBepikaeHa BbICOKas 3G(EKTHBHOCTb, HANEKHOCTb M NPAKTH-
YecKas LeHHOCTb CO3/1aHHBIX GUIILTPOB. IToTpeOuTenbCKuMii CIpoc Ha HUX HEYKIIOHHO pacTer.

Co3nanHplit Ha OCHOBE HccieIoBaHHMit 1 paspaboTok Diinens TLU. ruapourkIoH b GuabTp-
CenapaTop OXJIAXAAIOLIEH JKMAKOCTH MMEET PsAN 3HAYMTEJbHBIX KOHKYPEHTHBIX MPEUMYLUECTB B

BPEMEHHOM aBTOMOOMIIbHOM U TPA

AR
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AKT UCTIBITAHUSA PE3YJbTATOB JUCCEPTAUOHHOM PadOTHI

«YTBEPXJIAIO»
Bpno HauyaasHlKa, (P

Méfﬁ““%é,; .

AKT
0 peaM3aliy Pe3yJIbTaTOB JUCCEPTALMOHHON paboThI

Ditnens [TaBna Mropesnua «CoBepLIEHCTBOBAHUE CUCTEMBI OXJIAXKICHUS
aBTOTPAHCIIOPTHBIX MOPIIHEBbIX ABUraTeNeil myreM pa3paboTKU U IPUMEHEHHUs
I'UJIPOLUMKIIOHHOTO (PHIIBTPa-cenapaTopa OXJIaxAaroIeHn XUIKOCTH,
Npe/CTaBisieMoi B quccepTalnoHHbIi CoBeT Uis 3allUThI
1o crienuanbHocTH 2.4.7 — « TypOoMalliHbl ¥ NOPLIHEBBIE JBUTaTEII»

Komuccust B cocraBe: mpejcenaresis — BPHO 3aMECTHTENs HaydalbHHKA
OI'BY «21 HHUHMU BAT» MunoGoporsl Poccuu mno Hay4yHoit pabote
noanonkoBHuka podsr M.M., 4ieHOB KOMHUCCUM — HaualbHHMKa 12 Hay4yHOro
ornena ®I'BY «21 HUKUKU BAT» MunoGoponsl Poccun mnoamnonkoBHUKA
Hcaesa JI.W., crapuiero HayuyHoro cotpyanuka OI'BY «21 HUHMKU BAT»
Muno6oponsl Poccun JlBoprioBa A.M. CBHIETENBCTBYIOT O TOM, YTO OCHOBHBIE
pe3yJbTaThl, BHIBOJBl U PEKOMEHIALMH AUCCEepTalMOHHONW pabotsl Dipens ILH.
HaAXOJAT UCTOb30BaHue B Xoxe nposenenuss HUP «MccnenoBanue npoGieMHbIX
BOIMPOCOB YIIpaBJieHUs SKCIUIyaTalMeld BOEHHONH aBTOMOOMIBHON TEXHHKH B
COBpEMEHHBIX YCIIOBUAX pa3BUTH Boopyxkennsix Cun Poccuiickoii @enepannm»
(mudp «OxkcmuryaraHT-2025») U [IPOBEICHHBIE creliaIicTaMH
OI'BY «21 HUMU BAT» Muno6oponsl Poccun 3kcrulyaTallMOHHBIE UCIIBITAHUS
(GHUIBTPOB-CENapaTOpoOB  OXJAXKIAIOUIEH KUAKOCTM Ha obpasiax BOEHHOH
ABTOMOOMJIBHOM TeXHUKE MOKa3alH UX d(Q(EKTUBHYIO U HAZECKHYIO paboTy.

Peanuzanusi Hay4yHbIX pe3ynbTaToB Oinens I1.M. mo3BonuT mNOBBICHUTH
HaJe)XHOCTh H 3(deKTUBHOCT, paboThl CHCTEM OXJIAXAEHHsS JBHUratesen
obpasioB BAT, uro B cBOIO ouepeib 00CIIEUUT MOBBILIEHUE CTENIEHH FOTOBHOCTH
BAT k ucronb30BaHHUIO 0 HA3HAYEHUIO.

Bpuo 3amecturens HauanbHuka PI'BY «21 HUMU BAT»
Muno6oponsl Poccun o HayuHol pabote,

KaHAUAAT TEXHUYECKUX HayK, MOAMNOJIKOBHHUK M.U. Jlpoda
HavanpHuk 12 Hay4HOro oTa€ena,
KaHIMJAT TEXHUYECKUX HAYK, OANOIKOBHUK A.W. Ucaes

Crapimit Hay4HBIN COTPYIHUK A.N. IsopuoB



180

E.H. TutoB
2023r.

: AKT
UCrOMb30BaHMsI Pe3yNbTaToOB KaHAWMAATCKOW Ancceptaumu Masna Uropeeunya diaens
«CoBepLUEHCTBOBAHNE CUCTEMBI OXNTAXKAEHUS aBTOTPAHCNOPTHBIX MOPLIHEBLIX ABUraTenen
nyTem pas3paboTku ¥ NPUMEHEHWSI TMAPOLMKIIOHHOMO DUbTPa-cenapaTopa oOxXaXxaatoLLen
XUAKOCTU» (CreunanbHOCTb 2.4.7 — «Typ6oMallnHbl M NOPLUHEBbLIE ABUraTeNnn»)

HacToswmmM akTom noaTeepxaaeTcs ucnonb3oBaHve Ha AO «KOBPOBCKUM 3neKTpoMe-
XaHWYeCKU 3aBoA» NPAKTUUYECKUX Pe3ynbTaToB AMCCepPTaLUMOHHON paboTsl M. U. dipens.

Ha Hawem npeanpusatum B uione 2021 r. 6610 NpoBeAeHO UCMbITaHWe GunbTpa OX-
naxpatoLuent xmakoctn (TY 28.29.12-001-31706395-2018) Ha gsuratene B COCTaBe TPAKTO-
pa ANT 4135F B o6beme MCWU, BbiNyCkaeMoro HawuM npeanpusiTueM. B pesynbtate Gunbt-
POM 6bININ Y/IOBNEHbI YaCTULbl 3arpsisHEHUA CaMOM PasnMYHOM MPUPOAbI, HAXOASLMECS B
cicTeMe oxnaxkaeHus asuratens. o pe3ynbtatam NpoBeAEHHbIX UCMbITAHWIA JoKka3aHa pa-
60TOCNOCOOHOCTL hunbTpa OXNAXAAKOLWEN XMAKOCTU (NPOTOKON McnbiTanua ot 19.07.2021
Fe):

i Ana npuHATUA 060CHOBAHHOIO pelleHusl Mo YCTaHOBKE AaHHOro unbTpa Ha cepuid-
Hyl0 MPOAYKUMIO MpeanpusiTusa, C asrycta 2021r. HaMu NpPOBOAATCS 3KCMUyaTalMOHHbIE WUC-
MbITaHMs (MNbTPa OXNAXAAIOLLEN XMAKOCTU B Pa3NIMYHbIX KIMMATUYECKMX YCIIOBUAX Ha ABU-
ratesie B COCTAaBe TpaKTopa Hallero Npou3BOACTBA. M0 OKOHYaHUM 3TUX UCMbITaHWUN ByaeT
paccMOTpeH BOMPOC 06 MCMo/Ib30BaHWM pa3paboTaHHOro ubTpa Ha CEPUMHON TPaKTOPHOM
NMPOAYKUMM HALero npeanpusitus.

B uenom (unbTp oxnaxaaroLlen )KVIAKOCTM paspaboTaHHbii [.U.21aenem, umeer
OpPUrMHANbHY KOHCTPYKUMIO 1 06najaeT psaoM NpeuMMyLlwecTs nepe aHanoraMmu: nNpocToTy
KOHCTPYKLUK, OTCYTCTBUE (DUIbTPYIOLLErO 3N1eMeHTa Kak TakoBOro, BO3MOXHOCTb MHOropa-
30BOr0 UCMO/Mb30BAHWUA, HU3KOE rMApaBiIMYECKOE CONMpPOTUBNEHWE (HE U3MEHSIETCS MO Mepe
3arps3HEHNA  rpA3ecbopHMKa), BLICOKYIO CTEMNeHb YNaBMMBaHWS 3arpsi3HEHUA U HU3KYHO
CTOMMOCTb.

CuutaeM, 4TO yKasaHHbIN PUILTP UMEET NEPCNEKTUBbLI A/t NPUMEHEHUS HA ABUraTe-
NAX C XXMAKOCTHOW CUCTEMOMN OXNAXKAEHUS Pa3/IMYHON aBTOMOBU/IbHOM N TPAKTOPHON TEXHM-
K.

BeayLumin nHxeHep-KOHCTPYKTOP

Mo CENbCKOXO3AUCTBEHHON TEXHUKE lopuwkos WU.B.
HauyanbHuk Kb no 40pOoXXHO-CTpOMTENBHOM
“N C/X TEXHUKE Bsanbues .M.

\ “‘t .
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YTBEPXIAIO

3aM. HCII. JUpeKTopa Io
IrpakAaHCKOW MPOAYKIIUH

é g )
 XK.S. Oyruman

«___ »wuons 2021 r.
- [IpoTokon
UCIBITAHUN (bHJILTpa OXJIAXXJArOIIEH )KUIKOCTHA
"TurboSteam"
Havaneauk KO Ne65

—7/ _EH. Turos

« 7% » monsa 2021 r.

2021 1.
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1. Hean nenplTanuii

1.1 Ilposepka 3 dexTuBHOCTH paGoTH GUITBTPA OXJIAKTAIOIEH XKUIKOCTH
"TurboSteam".

1.2. TIpoBepka HaJHYHA 3arpsA3HeHUil (OKaJHHBI, IeCKd, CTPY)KKH M T.II.) B KOHType
CHCTEMBI OXJIAXK/ICHHSA HOBOI0 KOMIUIEKTAa JBHUIraTels M JeTaleif CHCTEMEI OXJIAXIeHUs
(panuatop, natpy6KH, pacIIUpHTENbHBIN 6a40K, 60K KIUMaTa).

2.YcnoBHst HCNBITAHH R
2.1 Ucneitanus nposoaunuck ¢ 2.07.2021 r. o 6.07.2021 r. Ha TeppuTopuu c60pouHOro
yaactka Ne7 AO «KOM3».
2.2 Hcneltanys mpoBOAWINCE KOMHCCHEH B cOOTBETCTBHM C IIporpaMMoil mpoBepku
CHCcTEMBI oxnaxaeHus ot 2.07.2021.
2.3 CocTaB KOMHCCHH:
Ipencenarens koMuccuu — HadanbHAK KB Ne2 KO Ne65 Bsusues I.M.
YJIeHBl KOMHCCHH:
HHXeHep-KOHCTpykTop ["opikos .B.

3. MeTtoanka HCObITAHAT ~

3.1 TlonxmroueHue QuUIbTpa K KOHTYPHI CHCTEMBl OXJI&XICHMA B Pa3phlB HA YUacTKe
MEXIY IIOMIOH CHCTEMBl OXJaXAEHHS M pPajJUaTOpOM CHCTEMBI PElHPKYISLUH
0TpaboTanubix ra3os. ITpy 3TOM BXOZHOM MaTpy6oK GUIETPa MOAKTIOUEH K MarkCTPalk
OT moMmbl (HANOPHOH), BBIXOAHOH (BePTHKAIBHBIA) - K maTpyGKy paamaTopa.
Pacrnionoxenue ¢puipTpa mokaszano Ha puc.l.

3.2. Jlpuratens Tpakropa paGoTan B TeueHue 1 uaca, B ToM uucie 40 MHHYT mox
Harpyskoi ¢ yactotoit ot 1500 g0 2200 06/MuH.

3.3. HcnbITaHHs TPOBORMIHCH Ha YJIHIE IpPH TeMIEpaType Bo3dyxa +28 rpaiaycoB
Ilenscus.

3.4. B xauecTBe TEIUIOHOCHTENS HCIIONB30BATACh OXNIakKAaromasn xuakocts "TOCOIT (-
45) FELIX" TV 2422-006-36732629-99,
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4 Pe3ybTaT HCnbITAHHI

4.1 B rpssecGopHuKe 0GHapyKeHbI Clie/lyrOlIMe 9acTHIB pasmepamu ot 0,05 10 0,7mmM:
-METATM4ECKas CTPYIKKA HEMArHUTHASI (IIPEATIONOKHUTENbHO aTIOMUHHEBBIH CILIaB);
-po0b YyryHHas;

- CTPY’KKa 4yryHHas;

-OKaQJIMHA;

-OKHCJIBI XKee3a (prKaBumHa);

~COJIM MEJIHOTO CILIaBa;

-4aCTHLBI KPACKH;

-4acTulbl KpeMHe3EéMa (rmecok a0 0,55mm).

lIpucyTcTBHE yKa3aHHBIX YaCTHL[ CBHIETENLCTBYET O HEKAYECTBEHHOH OYHCTKE
CKPBITBIX MOJOCTEH OT 3arpsA3HEHMil, TONABIMX TyJa Ha Ppa3IMYHBIX 3Tamax
M3TOTOBJIEHUS AeTalleli 1 cbopku. Pororpadmus yacTun ¢ yennuenrem 20X, HonydeHHAas
¢ nomompro Mukpockona MbC-2, npencrasiena na puc. 2.
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Pug. 2,

5. BoiBoabI KOMHCCHH

5.1 DddexruBrocTs paboThHI OunbTpa oxnaxaaomei xuakoctu "TurboSteam" TV
28.29.12-001-31706395-2018 ¢ narpyOkaMu  HapyxHeiM  ®20MM, ¢ EMKOCTBIO
rps3ecGopruka 150cm’ na TpakTope ANT 4135F moarsepsxaeHa.

5.2 YcranoBka JaHHOrO QuIbTpa AOMYCKacTCA CHiIaMu noTpeduTeNs npu cobmoaennii
TpeOOBaHHIT MOHTaXA.

5.3 Pemennte o neo6xommmoctH TIPHMCHCIHA  YKa3aHHOr0 (HIBTPA TPH CEepHITHOM
U3roToByicHnd TpaktopoB ANT4135F npunsate nocie ananmsa paaMaropa CHCTEMBI
OXNACHNA, MOCTYNHBIIETO OT MNOTPEOHTENS B CBSN3H €  CHCTEMATHUECKHM
HaxokieHueM pabodeit emneparypsi JIBC Ha npeneibHO JAOTYCTHUMBIX 3HAYCHHUSAX.

/ Bsmbues M.

I'opmxos U.B.

Ilpeacenarens koMHCCHE

YneHs!l KOMUCCHH:



