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OCOBEHHOCTHU INPEAITY CKOBOI'O IPOT'PEBA CTAHUOHAPHOI'O 'A30BOI'O JIBUT'ATEJISL C
HCIIOJIb30BAHUEM TEIIJIOBOI'O AKKYMYJISAITOPA C ®A30BbIM IIEPEXO/IOM

B.C. Bepboscoxuii, H.B. I'puuyx, /1.C. Aopos, 3.HU. Kpacnokymckasn

B craTtbe paccMaTpHBaIOTCS pe3yabTaThl MAaTEMAaTHYECKOTO MOJEIMPOBAHMUS MIPOIECCOB B CHCTEME MPOrpeBa CTaI[HOHap-
HOT'O Ta30BOT0 JBHUTATENs MPHU HCHOIb30BAaHUHU TEIUIOBOIO AaKKyMYJISITOPA C TETIOAKKYMYIHPYIOIMMH MaTepHUaTOM, HMEIOIINM
(ha30BBIi IEpexo, 0 UKy IPEAITYCKOBOTO U ITOCIIEITYCKOBOTO IIPOrpeBa M1 OXHOBPEMEHHOM IIPOTPEBE OXJIAXKJAIOMECH KUI-
KOCTH ¥ MOTOPHOro Macia. Pe3ympTarsl oneHKH 3((EKTHBHOCTH MPUMEHEHUS] CHCTEMBI HNPOrpeBa MOATBEPIMIHN YIydIIeHHE
TOIUTMBHONM 3KOHOMHUYHOCTHU TPH pabore, a Takxke 3(QPEKTUBHOCT NPUMEHEHUS €€, KaK OJHOTO W3 HANpaBICHUH YITydIIeHHs
9KOJIOTHYECKHUX ITOKa3aTeNei ra30BOro IBUraTels.

FEATURES OF PREHEATING PROCESS IN STATIONARY GAS ENGINES WITH A THERMAL BATTERY
WITH PHASE TRANSITIONS

V.S. Verbovsky, LV. Gritsuk, D.S. Adrov, Z.1. Krasnokutskaya

The article discusses the results of mathematical modeling of processes in the system of warming stationary gas engine us-
ing a thermal battery storage materials, that has phase transition on the cycle after the plugs and start warming up while warming
up the coolant and engine oil. Efficiency estimation results confirmed that application of warming will improve fuel efficiency
and environmental performance of the gas engine.
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METOJUKA KOMILTEKCHON OLIEHKA KPUTUYECKOI'O COCTOSIHUASA
NPELU3UOHHBIX TOBEPXHOCTEM TOIJIMBHOM AIINMAPATYPHI
TEILIOBO3HBIX JTU3EJIENA

Ha ocnoge meopuu éeposimnocmu pazpaboman Mamemamuieckuti annapam onpeoeneHust KpUmuyecko2o coCmosHus
npeyu3UOHHbIX NOGepXHOCMell Oemainell U Y3108 MONIUGHOU anNapamypsl meniogo3Hvix ousenel. [ana oyenka xaye-
CMBEHHOU CMOPOHbL pabombl MONAUGHOU ANNAPAMYPLL U €€ GUAHUA HA XAPAKIMEPUCMUKY TMONIUBON00auU 80 8CEM
ouanasone uacmom epawjerus u mowHocmu. Ommeueno, ymo mooerupoganue pabomvl MONIUSHOU ANNAPATYpbl
NnpoBOOUMCSL C YUEMOM BIUAHUA NPEYUSUOHHBIX USHOCOB 8 PEeAlbHOM 8pemeHu dKchayamayuu. Memoouxa komniexc-
HOU OYeHKU BIUAHUA USHOCA NPEYUSUOHHBIX NOBEPXHOCIEN HA XAPAKMEPUCTIUKY MONIUBONO0AYU MAKCUMATLHO NPU-
OnudICeHa K UCNONb30BAHUIO 8 UHIICEHEPHBIX PACUEMAX U HEeNOCPeOCMBEHHOMY UCHONb30BAHUIO HA YYACMKAX MONIUG-
HOU annapamypbl JIOKOMOMUBHLIX 0EN0 U MeNni08030PEMOHNIHBIX 3060006.

BBenenue
W3BecTHO, 9TO pabOTOCIIOCOOHOCTh U TEXHHYE-
CKOE COCTOSHUE TEIIOBO3HBIX JIU3EJCH, SKCIUTyaTh-

ABTOPbI NPUBOJAAT TE3UC I10 np06neMe OTCIIC)KUBaAHHUA
H3HOCA MPCIU3UOHHBIX HOBCpXHOCTCﬁ TA B pcajibHOM
BpPEMCHHU C MGTO)IOJ'IOI‘I/I"IGCKOI‘/'I TOYKH 3pCHUA IKCILTya-

PYIOIIMXCS B Pa3IMYHBIX PETHOHAX W KIMMAaTHYECKHX
YCIIOBUSIX, B 3HAUUTEIILHON MEpe 3aBHCUT OT CTaOMIb-
HOI paboThl TomMBHOM anmapatyps! (TA), obecrieun-
BAIOIIEH YCTOMUYMBBINA 3aKOH TOIUIMBONOAAYH BO BCEM
JIMara3oHe YacTOT BPaIIeHHs W MOIIHOCTH. Ps oTeue-
CTBEHHBIX W 3apyOEXHBIX YUEHBIX MPUBOJAT HEOCIO-
pHUMBIEC TOBOABI O BIMSHWHM HA 3aKOH TOIIMBOIIONAYN
(Hapsoy C KOHCTPYKTHBHBIMH OcOOeHHOCTAMH TA)
WCTEUEHHs TOIUIMBA 4Yepe3 3a30pbl B MPEIHM3MOHHBIX
MIOBEPXHOCTSIX IUTYHXXEPHBIX T1ap TOIUIMBHBIX HAcOCOB
u pacnbumateneil ¢popcyHok [1,2], yBennmuuBarommxcs
IIPU €CTECTBEHHOM H3HOCE B OJKCIUTyaTalWH. Taroke

TaIMOHHVKOB (TPOBEpKa Ha CTCHEC - aHAJIN3 U3HOCA -
MIPUHATHE PEIICHUSA).

AHaiu3 paHee NMPOBeleHHbIX MCCJIEI0BAHUN U
MOCTAHOBKA 3aJ1a4N

CymiecTByronasi IpakTUKa OIEHKU TEXHUIECKOTO
COCTOSIHUSL M PabOTOCIIOCOOHOCTH TPEIM3UOHHBIX Y3-
m0B TA B JOKOMOTHBHBIX JE€NO H TEIJIOBO30-
PEMOHTHBIX 3aBOJIaX OYepUYCHAa paMKaMH TpeOOBaHHI
[IpaBun nenoBCKOro W 3aBOJCKOTO PEMOHTOB, MPENy-
CMaTPUBAIOIIUX MPOBEPKY T'€PMETUUHOCTH, TUAPABIIU-
YEeCKOM TUTOTHOCTH TOIUTMBHBIX HACOCOB, (POPCYHOK,
KayecTBa pACIBUIMBAHUSA TOIUTMBA (POPCYHKAMH Ha
CIEMUANTN3UPOBAHHBIX CTEHJAX Y4YacTKa TOILITMBHOM
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anmnapaTypbl. 3a4acTyio IIpOBEpKa U aHaJIU3 pe3ysbTa-
TOB MPOBOAMTCS 0€3 TITyOOKOro CHCTEMHOro MOAXoa
K IMoKa3aressiM paboThl TOIUIMBHOM ammapaTtypbl U MX
TEXHHYECKOMY COCTOSIHUIO W CBOAMTCA K QopmyIe,
UCIIpaBeH — HEMCIPABEeH TOIUIMBHBIA Hacoc, popcyHKa.

[lepenpoBepuTh MoNydyeHHbIE PE3yAbTAThI, KOraa
BO3HUKAIOT COMHEHUS, TJIaBHBIM TEXHOJOTI JIOKOMO-
THBHOTO JIETIO WJIM 3aBOAA HE B COCTOSHHUM H3-3a OT-
CYTCTBUSI NPUOOPHOI 0a3bl Ha y4acTKax TOIUIMBHOMN
anmapartypbl (TEH30CTaHIMH, OCHWIIIOrpadbl, YCHIH-
TN U T.1.) U, KaK CIIeCTBUE, (PUKCUPYIOTCS CyOBEK-
THUBHBIE Pa3pO3HEHHbIC MTOKa3aTeIN pa3MyHbIX MHapa-
MeTpoB TA. 3auacTyro IpOBOAMMBIN aHAIHU3 HE MO3BO-
JISeT OTCIEeIUTh H3MEHEHHE B pPEajlbHOM BpPEMEHU
MHO)KECTBA B3aMMOBJIMSIONIMX OT/AEIbHBIX ITapaMeT-
pPOB, B pe3yibTaTe 4Yero OTCYTCTBYET BO3MOXKHOCThb
MIPOrHO3UPOBAHUS M TTOJYyYEHUsI KOMIUIEKCHOM OIIEHKH
paboter TA B oM.

[Tpu oneHke KauecTBEHHOH CTOpOHBI paboTel TA
B TEYEHUH >KM3HEHHOTO LHWKJIA IBHUTaTeNsl BHYTPEH-
HEro CropaHus aBTOPHI padot [3,4] UCIONB3YIOT CBOJI-
HBI A(QEKTUBHBIA ITOKa3aTeNb KadecTBa pPabOTHI
(OIIKP), xoTopsIii pa3OuBaeTcss Ha HECKOJIBKO IPYII C
COOTBETCTBYIOIMM peituHrom. Ilocie Toro, kak BBO-
JIUTCSl KOHKPETHBIM IT0Ka3aTens, aBTOPbI ITOMYYHIN
BO3MOXKHOCTB C JIIO0OH TEPHOJMYHOCTBIO OTCIEXKH-
BaTh YXYALIEHHE HAAEKHOCTH M paboTocrocoOHOCTH
9TOro MOKa3aTessl B XO[€ 3KCIUTyaTalluu, a TakKe Ie-
peXox ero M3 OJHOM Ipynmbl HAASKHOCTH M paboTo-
CIOCOOHOCTH B JIPYTryl0, KaK MPaBUIIO, C TIOHWKEHHEM
peiitunra. Kpurepuem Haaé&XHOCTHM B ITOM Cciydae
ciyxar 3adukcupoBaHHBIE M 00pabOTaHHBIE CpeHe-
CTaTUCTUYECKHE XapaKTEPUCTUKH Pa3pO3HEHHBIX Ia-
paMeTpoB Uil KaKIOW AeTaly JUOO y3ia JBUrarels
BHYTPEHHETO CrOpaHus, U3MEpPEHHbIE B OJIHU M TE K€
MOMEHTBI BPEMEHH 3KCIUTyaTallud, W CBEJCHHBIC B
3¢ (GeKTHBHBI MMOKa3aTEAb  HAASGKHOCTH  PabOTHI
(OITHP) IBC. ITomy4yeHHble 3HAaYE€HHUS U3MEPEHHBIX H
CTaTUCTUYECKH O00pabOTaHHBIX IapaMeTpoB MOAYH-
HSIFOTCSI HOPMAJIFHOMY 3aKOHY PaclpeeNeHus ¢ BBICO-
KMM OXujaeMbIM pesyasTatoM. Kpurepuem OITHP, B
9TOM Ciydae, CIY)KHT MaTeMaTHYeCKOe OXXHIAaHUE U
CpEeIHEKBAAPaTUIHOE OTKJIOHEHUE.

B cratbe [5] mpemiokeHo Bce mapamerphbl pabo-
Thl pa3aUuHBIX y3710B U aetaneil [IBC ycnoBHO pas-
OWTh Ha TpW TpyIIBl (Ha caMOM JieJe TaKuX TPy
MOXeET OBIThb OOJbIIe), BOSMOXXHO TaKKe IOIOJI-
HUTENFHOE pa3OMeHue Ha IMOArPYHIEI 110 OCHOBHBIM
BTOPOCTENEHHBIM U TPEThECTENCHHBIM Mapamerpam. B
9TOM Cilydae K IEpBOH TpYyIIIE OTHOCSTCS YAENbHBIE
BEJIMYMHBI pacxoja TOIUIMBA, Macia, BO3AyXa M HEKO-
TOpBIE Jpyrue IapaMeTpsl, cBs3aHHBIE ¢ 3¢ddexTus-
HBIMHM TIOKa3aTelssMH padoOThl aBurarens. Bropas
IpynIa y4uThIBala MapaMeTphl, CBS3aHHbIE C MaKCH-

MaJbHBIMHA BEJIMYMHAMY JaBJICHUS CTOPAHHS M CKa-
THS, TEMIIEPATypbl OTPAOOTABIIMX Ta30B. TpeThs
IpyIIa yYUTHIBATA H3HOCHBIC MIOKA3aTENN, KaK MPCIr-
3MOHHBIX Y3JIOB, TaK 3a30pbl B PAa3IMYHBIX JCTAJSIX
JABC. ABTopbsl MOmuY€pKUBAIOT, YTO HA YXYIUICHHUE
TexHuueckoro cocrosaus JIBC oOka3pIBalOT BIMSHEE
KaK OTICIbHBIC IapaMeTpPhl BCEX BBEJCHHBIX B pac-
CMOTpPEHHUE TPYII, TaK U UX BCEBO3MOXHBIC COBMECT-
HBIE coyeTaHus. B aTol cBs3u ObUT BBeleH 0000IICH-
HBIU TI0KA3aTeNb YXYIIICHUS TEXHHISCKOTO COCTOSHUS
JBC n(?):
n() = k{a@pi(V) + B()p2A(2) +v(Ops(0) +
a(OBOp1(Op2(0)+ a (O (Op1(Dps (OB (OpAD)ps(0) +
a(OB@OY(Op1(DPA(Dp3(1)}, (D
rae — o(?), P(¢), y(f) HeyOBIBarOIIUE MOMOKUTEIHHEBIC
¢yHkmm napamerpos pabdorst JIBC nepBoii, BTopoii u
TPEThEH TPYI, KOTOpPBIC MPHUBOAATCS K CIUHOMY
Macmraby ¢ TIOMOIIbI0 HOPMHPOBAHUS COOTBETCT-
BYIOIIIUX pa3MEPHBIX Belnw4uH; pi(t), p(f), ps(f) — Be-
COBBIC XapaKTCPUCTHKH, COOTBETCTBEHHO, IICPBOH,
BTOpPOM, TPeThel TPYII MapaMeTpoB; k- MacIITaOHBINA
MHOXuTenb. [lapamerpsr a(f), B(¢), y(f) npencrasusior
co0oif MacmITaOHBIC AUCKPCTHBIC BCIUYHMHBI M 3aBH-
CUMOCTH
Pe3yabTaThl NIPOBEEHHBIX HCCIEI0BAHUI
B crathe paccMaTpuBaeTCS METOIMKA OTCIICHKH-
BaHUS TPEIU3NOHHBIX U3HOCOB TA ¢ IMOMOIIBIO TPO-
THO3HOU OIICHKH HAJCKHOCTH M pabOTOCIOCOOHOCTH
JIeTajeii W Y3JIOB TOIUIMBHOM ammapatypsl TEIIOBO3-
HBeIX gm3eneil. [Ipu pa3paboTke METOMUKHA KOMIUIEKC-
HOM OLIEHKH KPUTUYECKOro COCTOsSHUS TA HUCMONb30-
BaJlaCh TCOPHUS BEPOSITHOCTU MPUMCHEHUS IapaMeTpH-
YECKHUX W HETIAPAMETPUICCKAX METOJIOB, IO3BOTUBINAS
MPEUIOKUTh MAaTEMATHUCCKHUIA armapaTr ONpeIeICHUs
KPUTHIECKOTO COCTOSIHUSL (M3HOCA) TPEIM3UOHHON
MTOBEPXHOCTH Taphl WIJIA-KOPITYC PACHBUIATENS JTHOO
IUTYHOKEPHOW Taphl TOIUTMBHOI'O HAcOCa BBICOKOTO
JTABJICHUS, BITUSIONICTO HA 3aKOH TOIUTHBOIIOAAYH.
ITpu craTucTHYeckoM aHamM3e pPabOTOCIIOCOOHO-
CTH W HAJCKHOCTH MPEIU3NOHHBIX ITOBEPXHOCTEH
pacTIbUIUTENCH W TUTYHXKEPHBIX Map WH()OpPMAIWSA, I10-
CTYTAIOMIasi B PACIOPSKCHUE HCCICIOBATENS, ITIPEI-
CTaBIIIET COOOH pa3pO3HEHHBIC IICH3YpUPYEMBbIe (KaK
MPABHJIO, TJIABHBIM TEXHOIOTrOM) BBIOOpKH. [Tpm sTOM
aHaJIM3 W OIICHKAa BEIOOPOK, IO M3HOCAM IPEIU3UOH-
HBIX TTOBEPXHOCTEH, MPAKTHIECKH BCETa IMOIBEPTacT-
cs cyOBEKTHBHOMY TOAXOMY TexHojora. J[is mckiro-
YeHMsI CYObEKTHBH3MA B OIEHKAX paboTOCIIOCOOHOCTH
1 HaI&KHOCTH OTPAHUYCHHOTO KOIMYECTBA TPEIH3H-
OHHBIX JeTaiied TA TEeIIOBO3HBIX IHU3eiIeil HEOOXOIUM
3¢ (GEeKTHBHBIA METOJ] TOYHOCTH OICHUBAHUS TIPU pa3-
HBIX KOMOWHAIMSAX TTOJMHBIX W HETIOMHBIX HapaOOTOK U
IIpH BEIOOPKAX Pa3IMIHOTO KOIMYECTBA 3TUX JeTaIeH.
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PaspaboTka Takoro MeToia mpoBOAMIACH Ha Oase
HCIONB30BaHUs MTapaMeTpUIeCKUX MeToj0B HembcoHa
u JI>KOHCOHA, MO3BOJISFONIUX MPOU3BOIUTH CPABHCHUE
MPEIU3UOHHBIX U3HOCOB C MHHUMAJIBHBIM MPHOOPHBIM
Y MHCTPYMCHTAIBHBIM CONMPOBOXKIACHUEM. [Ipu mpose-
JICHAH WCCIICAOBAHUIA MPEICTABIISIIO HHTEPEC CPaBHE-
HUC U3HOCOB MPEIU3MOHHBIX ITOBEPXHOCTCH JeTayei
TA u HemapaMeTpHYCCKMM METOJIOM, ITO3BOJISIFOIIAM
OCYIIECTBUTH IOCJIE0OBATENbHBIN IEPEX0l K HOBOM
CHUCTEME KOOPJMHAT - OT HapaMETPUUCCKOro K Hera-
paMETPUUECKOMY METOAY OICHUBAHUS MPEIIM3HOHHBIX
noBepxHocteil neranei TA.

CpaBHUTEIBHBIC HUCCICAOBAHUS IPOBOIMINCH
MTOATAITHO C TOYHOCTHIO BBIYUCICHHS II0 CPEIHEMY
M3HOCY MPEIU3NOHHON MOBEPXHOCTH M JalibHEHIIen
HapaOOTKU JI0 MPEICTBLHOTO COCTOSHUS, BIUSIOIICTO
Ha Tporecc TOIUIMBOMOAAa4YHW. Pacu€rHeie  WC-
CJIeJIOBaHUS TMPOBONWINCh, Ha 0ase pa3paboTaHHOTO
MPOrPaMMHOT0 O0ECIIEUCHHSI CTATUCTHYCCKUX METO-
JIOB CTATUCTUYCCKUX HCIBITAHUNA TPU YUCIE OIBITOB
3000 ms KaXkaoW KOMOWHAIIMU TMOJHBIX W HEMOJHBIX
HapaOOTOK (WM3HOCOB MPCIU3UOHHBIX ITOBEPXHOCTEH
TA nuzens).

B kayecTBe MOACTHPYEMBIX paCHpEICICHAN Ha-
paboTOK K OTKa3y ObUTM M30paHBl HOpMAallbHOE pac-
MpeJIeTICHIE TPEIU3NOHHBIX NeTaieid ¢ KodhduiueH-
tamu Bapuanuu v = 0,1; 0,2; 0,3 u pacnpenenenus
BeiiOymia-['HeZileHKO ¢ TlapameTpaMu W3HOCA IPEIr-
3uOHHOI moBepxHoctu b = 1,0; 1,5; 2,0; 3,0; 4,0 (co-
OTBETCTBYIOIME KOd(pduImenty Bapuanuu v = 1,0;
0,679; 0,523; 0,363; 0,280). Ilpu BBIOOpE BETHIUHEI
mapaMmeTpa (GopMbI W3HOCA MPEIU3MOHHON MOBEPXHO-
CTH OBUIO PEIICHO HE pacCMaTpHWBATh CITydau, KOrja
PACTIBUIMTENN U TUTYH)KEPHBIC Taphl MPOIUTH IPHpa-
OOTKYy Ha 3aBOJIC-U3TOTOBUTEIE (TIPEATIONIAraeTcsl 3Ta-
JIOHHBIH BapHWaHT), TOTOMY BapuaHT b < 1 He uccieno-
BaJICS.

Jns  MomenupoBaHUS IEH3YPUPYEMOTO HM3HOCA
BEIOOPKM BEIOpAaH WHKCHEPHBIN ITOIXON, HMMCIOITUIA
MECTO Ha TPAKTHKE, B YCIOBUSAX IPOMEIIUICHHOTO
npeanpustus. [IpoBOAMIOCH HEMpPEphIBHOS HAOTIOIE-
HUe 3a N npeur3HoHHbIMU mapamMu TA ¢ MOMEHTa Ha-
Yajia WX JKCIUTyaTallid. 3a Mepuoj HAONIOICHUS ¢ n U3
HUX OTKa3aJ¥, IPAYEM MOMEHTHI HX OTKA30B (hPUKCHPO-
BaJICh B JKypHaIaX TEKYIIETO OOCTYKUBaHUSI U PEMOH-
Ta TEMI0BO30B. Toraa MOIy4yeHHbIH CTaTUCTUYECKUN
Marepuai ABIseT co00i # MONHBIX 1 k =N-n Henon-
HBIX M3HOCOB Npeum3uoHHbIX Aeraned TA. Ilpu uac-
THYHOM W3HOCE TIPCIM3MOHHBIX MOBEPXHOCTEH 3Ta Jie-
Talb HE 3aMEIIACTCS, a TIPH /1 TIONHBIX JHOO & TIPEBHI-
MIAOIIUX CPEIHUE M3HOCHI M IPUONIDKAIOIIECS K MaK-
CHMaJhbHBIM WM3HOCAM TIPEIM3HOHHBIX ITOBEPXHOCTEH,
3aMeIIar0TCs Ha HOBBIC.

B cooTBeTcTBUM ¢ M3OPaHHON MOJENBIO HUCITBITA-
HUH (MAaKCUMAaJIbHO MPUOIMKEHHON K IKCILTYaTallHOH-
HBIM YCIIOBHSIM) MOJICIHUPOBATUCH IICH3YPHUPYEMbIS
(KaK MPaBWIIO TVIABHBIM TEXHOJIOTOM) H3HOCHI, BKJIO-
YaIOIIKe 71 U k MOJHBIC U HEMOJHBIC U3HOCKHL. ['eHepu-
poBanoch n+k HapabOOTOK, PACHPEICICHHBIX IO BBI-
OpaHHOMY 3akOoHY. M3 HUX CITydailHBIM 0Opa3oM BEI-
Ooupayiick k HapaOoTOK. Jlanbie JUId KaKIoH U3 HHUX
TeHEPHPOBAJIOCH CIIyYaifHOE YMCIIO0, PaBHOMEPHO pac-
npenenenHoe B unrepsaine (0,1)), /=1, k, rae - 1; coor-
BETCTBYIONIAs TONHAs HapaOorka. J[is MOBBIIICHUSA
TOYHOCTH PAcYETOB HCMOJB30BATHCH BEPOSITHOCTHBIC
CeTKH, MpeAoKeHHble B MeTogax Hembcona u JIoH-
coHa. [TosTOoMYy TSl MPOBEICHHST BRIYUCICHUH HEO0X0-
MO OBLIO MPUMEHUTH COOTBETCTBYIOLINE MPEBpallle-
HUSI MHTETPATIBHBIX (DYHKIHI pacipeiesieHusI.

MonenupoBaHie NPelU3HOHHBIX U3HOCOB TI0 Me-
tony Henbcona ¢yHkius pacnpeneneHuss HapaOOTKH
(u3HOCA) 1O OTKa3a (MPEICIBHOTO COCTOSHHS) TpEI-
CTaBJICHA B BHJIE:

F(t)=1-¢"0), )

JUTSL KOOPJUHATHOM CETKH M, COOTBETCTBEHHO, CTPOUT-
Csl B KOOPAMHATAX.

ITpu MOJETUPOBAHUY MPEIU3UOHHBIX U3HOCOB U
uX pacrnpeneneHue no merony BeliOymna-I'Henenko B
JBYXIIAPAMETPUYHON (OpME MPEACTABICHO B BUJIE:

A(r){i]b, 3)

InA(f)=bInt—blna=In{-In[l- F@)}, (4
TJIe a - mapameTp Macmraoa; b - mapamerp ¢popmu, a
JUTSE HOPMAJIBHOTO PacTpe/ieNieHnst

A(t)z—ln[l—F(t)]:—lnl—CDt_Tm . )

e (D(z) - cranapTHas pyHKIUS HOPMAJIBHOTO pac-

TIpe/IeNICHMSI.
B ciryuae nmpumenenus metona JPKOHCOHa ceTka
CTPOUTCS B KOOpAMHATAX {ln t, ln[l -F (t )]} .

B cnyuae onpeneneHus M paclpeneneHus U u3-
HOCOB NPELU3UOHHBIX OBEPXHOCTEN M0 MeTony Beli-
Oymna-I'HeJIeHKO UCTIONB3YeTCS BRIPAKCHUE

In{-~n[1-F(¢)}}=bIns-bIna, (6)

JImst KaXKmoi CMOIETHPOBAHHOW BHIOOPKH METO-
JTOM HaUMCHBIINX KBAJPaTOB BBHIYHCISUTUCH, HA OCHO-
BAaHHUM 3aKOHA paclpeAeieHUs] CPEIHUE U3HOCHI, U H3-
HOCHI JTO OTKa3a (TPaHWYHOTO COCTOSHHMS) MPELM3HOH-
HBIX MOBEpXHOCTeH. B pe3ynpraTe aHammsa pacnpese-
JICHWsI CPEJHUX W3HOCOB M M3HOCOB J0 OTKa3a (Trpa-
HUYHOTO COCTOSIHMS) OBUI ITOJy9YeH METOA IOCIIeI0Ba-
TEJNBHOrO MEPEXO0Aa K HOBOM CHCTEME OLIEHOYHBIX KO-
OpIUHAT, OT MapaMETPUUYECKOro K HemapaMeTpuue-
ckoMy. Meron mocnenoBaTeabHOrO Iepexona Mo3BO-
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Okennyamauyus [BC

JIUJT BBIYMCIISITH CpelHeaprupMeTHIecKoe MaTeMaTrye-
CKOE O)XKHJaHHe, JIEBO - M MPaBOCTOPOHHEE OTKJIOHE-
HHUE OT CPEIHET0 MOJACIUPYEMOW BEIIMUUHBI, 8 TaKXKe,
JIEBO - U MPAaBOCTOPOHHUX MHTEPBAJIIOB OTHOCHTEIHHO
MOJICTIMPYEMOM BEIMYMHBI IIPEHU3UOHHOTO H3HOCA
noBepxHocTu Aeranu TA. Meroa nocinenoBaTeabHOIO
nepexofia MO3BOJMJI B YCIOBHSIX IPOMBIIUIEHHBIX
MIPEANPUSITHH MOJIEIMPOBATh BBIOOPKY 110 HM3HOCAM
MIPELU3UOHHBIX MOoBepxHocTel aeranell TA TenaoBo3-
HBIX TU3ENeH.

3akinoueHne

MeroayKa KOMILJIEKCHOH OLIEHKH KPUTHYECKOTO
COCTOSIHHSI TIPEIM3NOHHBIX TTOBEPXHOCTEH TOIIIMBHOMN
anmaparypsl TEIUIOBO3HBIX AM3eENeH, paspaboTaHHAs Ha
0a3ze MeToJa IOCIEA0BATENBHOIO Iepexosa OT Iapa-
METPHYECKOI'0 COCTOSHUS K HelmapaMeTpUuecKoMY,
MO3BOJISIET  BBIYMCIAWUTH M OLEHHUTh  CpEIHe-
apr(MeTHuecKoe MaTeMaTHYeCKOe OXHMJaHUe H3HOCa
MIPEIM3NOHHBIX MOBEPXHOCTEH HMH)XEHEPHO-TEXHHYeC-
KOMY IE€pCOHAIIy JIOKOMOTHBHBIX JIENIO M TEIUIOBO30-
PEMOHTHBIX 3aBOJIOB B PEAIbHOM BPEMEHH JKCIUTyaTa-
LU,
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METOJIUKA KOMILITEKCHOI OL[IHKA KPUTUYHOI'O CTAHY NPELU3IMHUX IIOBEPXOHDb AJIMBHOI
AITAPATYPU JU3EJIIB TEIIJIOBO3IB

B./1.30n06

ITpuBeneHa MoOZENb KOMIUIEKCHOI OL[IHKM KPUTHYHOTO CTaHY NMPELM3iiiHUX MMOBEPXOHB ITAIMBHOI anapatypH IU3eliB Tel-
JIOBO3iB, sika po3po0JieHa Ha OCHOBI Teopii BIpOTiHOCTI 3aKOHY HOPMAIBHOTO PO3MOLUTY 1 JO3BOJISIE OIHUTH BILUIUB 3HOCY IIpe-
LU31MHUX TOBEPXOHB NMAIMBHOI arapaTypy Ha XapaKTEePUCTHUKY IPOIECy MaNUBONIOAAYI.

METHOD OF COMPLEX ESTIMATION OF CRITICAL CONDITION IN HIGH-PRECISION SURFACES OF FUEL
SYSTEM OF LOCOMOTIVE DIESEL ENGINE

V.D.Zonov

The model of complex estimation of critical condition of high-precision surfaces of fuel delivery system of diesel engine is
resulted. The model was developed on the basis of probability of law of normal distribution theory, allowing to estimate influ-
ence of wear of high-precision surfaces of fuel delivery system on description of process of fuel delivery.
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