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IO PO3PAXYHKY HA 3AITAHHSA JETAJIEW LT B3
B.I. 3apenoin, M.1. Miwenxo, B.B. bozomonos
3arporoHOBaHO METOM PO3PaxyHKy Ha 3aiaHHS JeTaleil IITHHAPO-TIOPIIHEBOI IPYIN ABUTYHA BHYTPIIIHBOTO 3rOPaHHs,
0 BpaxoBye TEIUTO(hi3WYHI i 9acOBl YMHHUKY B 30HI KOHTAKTy IIPW HECTAJIOMY XapakTepi TepTs. 3alpOIOHOBAaHA METOIUKA
nepenbavac po3paxyHoK B J[Ba €TANM: PO3PaxXyHOK MAKCHMAJIBHOI TEMIlepaTypy Ha KOHTAKTi 1 poO3paxyHOK dacy, 3a SIKMH Ha
MIKPOBHCTYII MOX€ BITHOBIIOBATUCS ancopOIiiHuN map. Pe3yapratu po3paxyHKy NaroTh MOXKIIMBICTH TEOPETHYHOI OIIHKH
BIpOTiTHOCTI 3aAMPy B Tapi TepTs MOPIITHEBe Kible-Tinb3a mutinapa JIB3 B yMoBax MOBTOPHO-KOPOTKOYACHOTO PEXHUMY TEPTSL.

TO THE CALCULATION ON SEIZURE OF DETAILS OF ZPG OF ICE
V.G. Zarenbin, N.I. Mischenko, V.V. Bogomolov

The method of calculation on seizure of details of cylinder-pistons group of internal combustion engine is offered. Calcula-
tions were made taking into account thermophysical and temporal factors in the area of contact at the unset character of friction.
The offered method includes calculation in two stages: calculation of maximal temperature on a contact and timing, for which on
a microledge an adsorption layer can be restored. The results of calculation enable to conduct theoretical estimation of probability
of appearance of jamming in the pair of friction piston-ring-shell of cylinder of internal combustion engine in the conditions of
the repeatedly-temporal mode of friction.

YK 629.4.02
AK. Cxkaugpyc, B.H. Mozuna

MOBBIINIEHUE Y®»PEKTUBHOCTH CUCTEMBI OXJIAKJTEHU S
TEIIJIOBO3HOI'O JU3EJISI C UCIIOJIb30BAHUEM ®A30BBIX IEPEXO/IOB
TEILJIOHOCUTEJIEA

Paccmompena BO3MOMNCHOCMb NPUMEHEHUSA d7a306blx nepexoboe MENIOHOCUMENSL 8 CUCTeME OXIANCOEHUsT MeNnio-
803H020 OU3EIIA. Onpec)eﬂeﬁbl npeumyuecmed, HedoCcmamku u nepcnekmueslt 0anH020 HanpaeJieHus. Onucana npur-
YUNUAIbHAA CXemMa CUcmembsl OXTLAXNCOCHUSL OU3eTIsL MENOBO3A C UCNONb308AHUCM (1)&306171)6 nepexodoe menJjioHocu-
mejid, a maxoice onpec)afzeHbl pPayuUoOHAIbHblE dmauuecxue ceolicmea u xumuyeckuti cocmae menyonocumens. Taxoice
ONUCAHblL meopemudecKue u IKCnepumenmadailbHbvle uccnedosanus pa6ombz cepuﬁHbzx pac)uamoprzx ceKuuzZ 6 peodtcu-
Mme KOHO@HCCImOpa napa, mamemamudecKoe MO@@JZHPOG&HM@ npoyecca menioomoadu npu KOH()eHCClMuu napa 6
NJ10CKOOBA/IbHbLX mpy6ax, u npec)cmaezzeHbl pes3yiomambsl pecpecCUOHRHO020 ARANU3A IKCNEPUMEHMAIbHbLX OAHHBIX.

ITocTanoBKka npodsIeMbl
Juzenu TemioBo3a SIBISIIOTCS BeCbMa HECOBEP-
LIEHHBIMU TEIUIOBEIMU MamuHaMu: u3 100% TemnoBoit

nakpatomeit Bonoi pyoamkn musens ~14,5%, ¢ oxma-
xparomuM MaciioM ~10%, a Takke OTBOAMTCS 4YacTh
TEIUIOTHI HAJyBOYHOIO BO3JyXa C IOMOIIBIO BO31Y-

SHEPIUH CrOpaHMS TOIUIMBA TOJBKO ~37% mpeobpa3sy-
ercs B MOJIe3HY0 pabory. OcTanpHas TeIioTa Tepser-
cs B pe3ynbTare TEIUIOOTHA4Yd KOpIyca JH3elis
(=3,5%), Be1OpaceIBaeTCst B aTMOC(Epy C BHIXJIOMHBIMU
razamu (<35%) 1 OTBOIUTCS TEIJIOHOCUTEISIMHU: C OX-

xooxnmagurenst [1]. TerumoBas »Heprus, OTBEACHHAsS
TEIUIOHOCUTENSIMHU, PAaCCEUBAETCS B XOJOAWIBHON Ka-
Mepe TEIJIOBO3a, MPU 3TOM Ha LUPKYJISALHUIO TEIIOHO-
cuTeNiel U MPUBOJ BEHTHWIATOPOB XOJOAMIBHON Kame-
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pBl pacxonyerca eme 8-9% OT mone3Hoil MOIIHOCTH
nuzens [2].

MOXHO BBIICIUTH J1Ba ITyTH MOBHIIICHUS YKOHO-
MHUYHOCTH CYILIECTBYIOIIMX IU3EJEH: HCIONb30BaHUE
OpOCOBO¥ TEIUIOBON SHEPTHH, OTBEICHHOH C TEIUIOHO-
CHUTCISIMA U BBIXJIOITHBIMH Ta3aMW, W CHIDKCHHE pac-
XOZIOB MOITHOCTH Ha ()YHKIIMOHHPOBAHUE CHUCTEMBI
OXJIXKICHUSI.

[Ipoanamu3upoBaB TEIUIOBOW OamaHC, MOXKHO
cJieNiaTh BBIBOJ: JU3€Jb TEIJIOBO3a MPOU3BOJAUT B PaB-
HOM Mepe MEXaHUYECKYIO U TEIIOBYIO sHepruto. Cre-
JTIOBATEIIEHO, HEOOXOIMMO PacCMOTPETh BO3MOKHOCTH
CO3/1aHMS KOT€HEPAIMOHHOM CHUCTEMBI OXJIaXKIIEHUs, B
KOTOpOI MeXaHUUYeCKasi SHEPTusl OyAeT UCITOIb30BaTh-
ci s MPOU3BOJACTBA DJIEKTPOIHEPTHU B JU3ENb-
reHepaTope, a TEIIOBasi SHEPTUsl TEIJIOHOCUTENEeH —
JUTSL UCTIAPEHHUSI BTOPOro pabodvero Teina ¢ MoCIeIyro-
oM 1peoOpa3oBaHUEM 3TOW TEIUIOBOH JHEPTUU B
MEXaHUYECKYIO.

AHAJIN3 NOCJEeTHUX HCCIEeT0BAHUI
U myOIuKanuii

®a30Bble NEPEXOJbl TEIUIOHOCUTENEH SBIISIOTCA
HauOoJIee YHESPrOEMKUMH IIPOIIECCaMU, YTO AeTaeT UX
OYCHb TMEPCICKTHUBHBIMA B CHCTEMax OXJIaKICHUSI
JBC u B npyrux TemiooOMEHHBIX alnapaTax.

Hawubompmree pacpocTpaHeHHE CHCTEMBI OXJIAXK-
IeHus ¢ (ha30BBIMU TIEPEXOIaMHU TEIUIOHOCHTEICH TO-
Ty4iTd B cygoctpoeHnrn. OrpoMHBIC TabapwTHI TU-
3€IFHOTO OTJICNICHUSI KOpaOJIs MO3BOJISIOT HCIOIB30-
BaThb HCHApEHHWE U KOHACHCALMIO JOIMOJHUTENBHOIO
TEIJIOHOCUTENSI BO BCEX KOHTYpaxX CHUCTEMbI OXJaxK]e-
Hus. [IpuMeHeHrne BOISHOTO OXJIAXKACHUS 3a00pTHOM
Bozoii Oonee 3(h(PeKTUBHO, YeM OXJIAXKICHHE BO3IY-
XOM, U TMO3BOJISIET HUCIOJB30BaTh TEIUIOHOCUTEIH C
JIOBOJIBHO HU3KOH TEeMIIepaTypoi KUIICHUS-
KOHJEHCALUU. JTO JaeT BO3MOXKHOCTb HCIIOJIb30BATh
BBICOKOE€ W30BITOYHOC JaBJICHHUC B WCIIAPHTEIBEHBIX
TEIUIOOOMEHHHUKAX, TONYYaTh Mapbl TEIUIOHOCUTENS C
BBICOKUM JIaBJICHUEM, C IOCIEAYIOLIUM HCIONIb30Ba-
HHEM 3TOTO Tapa JJIs MOMyYeHHs YPHEPTUU B TypOore-
HEpaTOpax M MOTYyICHUS MAITHHHOTO X0JI0/AA.

Bonbmas gacte cucrem oxmaxaenus JIBC c da-
30BBIMU TEPEXOJAMHU TEIJIOHOCUTENIEH HCIIOJIb3YET
TOJIBKO TEIUIOTY YXOMSIIMX TIa30B, IOCKOJbKY 3TO
HauOoJee mpocToll BapuaHT. TemriepaTypa yXOmsAImx
ra3oB BbICOKa U MoxkeT gocturath 350 °C, 4To 103BO-
JIIET UCIIONIF30BaTh B KAYECTBE TEIIOHOCUTENS C (a-
30BBIMH IIEPEXOIaMHU JTUCTHILTUPOBAHHYIO BOAY U IO-
Jy4aTh BBICOKHE naBieHus mapa [3]. Ilepeman maBie-
HUA MEXIy HCIIapUTeIeM W KOHICHCATOPOM B He-
CKONIEKO aTtMoc(ep JacT BO3MOXHOCTh HCIONB30BaTh
TypOOreHepaTophl BBICOKOH MOIIHOCTH, KOTOPBIE CITO-
COOHBI TEHEPUPOBATH 3HEPTHIO B pasmepe 4...10% ot
MOJIE3HON MOIIHOCTU Ju3eis [3], TO ecTh MO3BOJISIIOT

noBeicuTh obumid  KIIJl cunmoBolf ycraHOBKM Ha
4...5,5% [4].

[IpeoOpa3oBaHue TEMIIOBOH SHEPTUH YXOISIINX
ra3oB B MEXaHHYECKYIO SIBIISETCS BEChbMa IIEPCIICKTHUB-
HBIM HalpaBJICHUEM W B aBTOMOOmIecTpoeHHH. KoMm-
nanneii BMW  Bemercs  paspaboTka  mpoekTta
«Turbosteamer» M0 CO3MaHUIO CHCTEMBI YTHIIA3AIUU
TEIUIOTHl YXOJSIIUX Ta30B JIETKOBEIX aBTOMOOWIICH.
Co31aH OMBITHEI 00pa3el] aBTOMOOMIIST ¢ MIHHAATIOP-
HOW mapoBoi TypOuHOI. [IpoBencHHBIC WCIBITAHUSL
roka3ainy nosbienne obmero KIT/ wa 10 % [5].

Termora oxmaxkgaromiel JKUAKOCTH —PYyOamIKu
JBC, Temiota HaALyBOYHOrO BO3AyXa U Macia Teope-
THYECKU TaKKe MOTYT OBITh MCIIOIB30BAHKEI B TypOOTe-
HepaTopax. OmHaKO, TeMIepaTypa 3THUX TEIDIOHOCUTE-
JIel He BBICOKA, YTO MPENSTCTBYET MOJYYEHHUIO BBICO-
KOro Iepenajia TaBJICHAN MEXy HCIIapUTENIeM W KOH-
JICHCATOPOM W 3HAYHUTENHHO CHIXKAaeT 3(pPeKTUBHOCTH
TypOoreHnepatopa. Takke B 3TOM ciydae B KauecTBE
TEIUIOHOCHUTENS ¢ (Da30BBIMH ITIEpEXoJaMu Tpedyercs
HCIONB30BaHUC JICTKOKHUILIIIUX KHUIKOCTeH ((hpeoHOB,
XJIAZIOHOB | JIp.) C TIOCIEAYIOIINM TOTPEeBaHUEM 00pa-
30BaBIIErOCs Mapa. DTU TPYIAHOCTH CYLIECTBEHHO Or-
PAHWYUIIN HCITONB30BAHKUE TEIUIOTHI CHCTEMBI OXJIAXK-
nernst JIBC ¢ moMotbsto TypOoreHepaTopoB.

OTmenpHOC BHUMAHHE CIEIyeT OOpaTHTh Ha WC-
MOJTh30BaHKE (DA30BBIX ITEPEXOIOB UIA CO3JIaHUS WC-
KYCCTBEHHOT'O XOJI0[la. DTOT CIOCO0 YTHIM3AINU TEIl-
JIOBOW SHEPruu MOJNY4YUJI PACTIPOCTPaHEHHE Ha CYHO-
Bbix JIBC. Kak mpaBuito, UCrons3yercss TEIUIOTa yXO-
aamux ra3oB. [lonmydyeHHBIH X010, B OCHOBHOM, HC-
MOJIb3YETCS AJIs1 OXJIaKIEHUSI HAlyBOYHOTO BO3yXa.

Hcnonp3oBaHME TEIUIOTH YXOMSIIUX Ta30B IS
CO31aHHS HMCKYCCTBEHHOI'O XOJI0Jla MO3BOJSET IMOBBI-
cutb KIIJI IBC na 1,5...2% amsa 3)KeKTOPHBIX XOJO-
JAITBHBIX MalIvH, ¥ Ha 3...4% a1 abcopOnMoHHBIX [4,
6].

ITockonbKy MOILIHOCTH CYJOBBIX U TEILIOBO3HBIX
IU3eNell OYeHb BHICOKA, OTBEACHHE 00Pa30BaBIIETOCS
mapa B atmMmocepy He MPEICTABIACTCS BO3MOXHBIM, U
BO3HUKACT HEOOXOAMMOCTh HCIIOIB30BATH 3aMKHYTHIN
UK IUPKYISIAHA TETUIOHOCUTENS ¢ KHITCHUEM M KOH-
JICHCAITUCH ero B TETUIOOOMEHHUKAX.

IIpouecchl KuneHUs: AOBOJIBHO YacTO HCIOJb3Y-
FOTCS B ammapaTaxX XUMUYECKOH ¥ MHUINEBOW TPOMBIIII-
JICHHOCTH, B PE3YJbTaTe 4ero OBUI BEIBEICH P I0-
BOIIGHO TOYHBIX PACYCTHBIX 3aBUCHMOCTCH, OITHCHI-
BAOIIUX MPOIECC TEIUIOOTIAYH IPU KUTICHUU JKHJKO-
CTH BHYTPY WJIH CHapYXH Kpyribix Tpyd. [Tockombky
OXJIAJTUTENIM Macia W HaJTyBOYHOIO BO3JyXa HA TeIl-
JIOBO3aX Yallle BCETO COCTOST U3 KPYTJIBIX TPYOOK, UX
TEILUTOBOM pacuer mpu (pa30BbIX IMepexojax HEe COCTaB-
JsieT 0codoro Tpyaa.
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OpHako nporece TeMI00TAAYN MPU KOHACHC AN
mapa M3y4eH HE JOCTaTOYHO IOJTHO: CYIIECTBYIOIINE
(GOpMynBl AIOT pa3IMYHBIE PE3YIbTaThl C BBICOKOM
MOrPEIIHOCTHI0, @ KOH/IEHCAIMs B TpyOax HEKpPYyIioro
CEeYeHHs BOOOIIe MAJIO N3ydeHa.

IlocTanoBka 3agaun

Jis moBeimenust 3pQeKTHBHOCTH M AKOHOMHY-
HOCTH CHCTEMBI OXJXICHHS JW3EIIsl TEII0BO3a HE00-
XOIMMO pa3paboTaTh NPUHIMITHAIBHYIO CXEMY CHCTE-
MBI OXJIQX/ICHHS C UCIIOJIb30BaHKEM (ha30BBIX MEpexo-
JIOB TEIJIOHOCHTENSI U MPOBECTH TEIUIOBBIC U THAPaB-
JIMYECKHE PAcUeThl BCEX TEMIIO0OMEHHUKOB CHCTEMBI.
OTro, B CBOIO ouepenp, norpedyer mondopa pamuo-
HAJIFHOT'O TETUIOHOCHUTEIISL.

Taxoke cinenyer mogodpars Haubonee 3PQeKTuB-
HYI0 KOHCTPYKIIMIO KOHJEHcaTopa Iapa, pa3paborarb
Oonee TOYHBIC PACUETHHIC 3aBHCUMOCTH M ITPOBECTH
9KCIIEPUMEHTAIILHYIO TIPOBEPKY a/J€KBaTHOCTH IIONY-
YEHHOW MaTEMaTU4ECKOU MOJEIH.

[Tocre NMPOEKTHPOBAHMS CHUCTEMBI OXJIAXKACHHS
JIU3ETIsl TeTUI0BO3a ¢ (Pa3oBBIMH ITEpeX01aMi TETUIOHO-
CHUTelNell ClIeAyeT BBITONHUTE CPABHUTENBHBINA pacyer
SKOHOMHYHOCTH pa3paboTaHHOW M CyIecTBYIOLIEH
CHCTEMBI.

PesyabTaTsl nccnegoBanuii

ITocne mpoBeneHUs] CPAaBHUTEIHHOTO aHAIHM3A U
psifa MpeABapHUTEIbHBIX TEIUIOBBIX PACUETOB BBIICHH-
JIOCh, YTO MPUMEHEHHE ITapOBBIX TypOMH Ha TEIIOBO-
3ax MPaKTUYECKH HEBO3MOKHO. {1t 3TOro Heobxoau-
MO HCTIOIb30BaHHUE TEIUIOHOCUTENSI ¢ HU3KON TeMIIepa-
TYpOll KHIIEHHS, YTO ITO3BOJIMIIO OBl JTOOMTHCSI BBICO-
KHMX JaBieHWd B ucraputene. OpHaKo, B OTIMYUE OT
CYJIOBBIX CHUCTEM, I'I¢ KOHICHCATOp Napa OXJIaX/1aeTcs
3a00pTHOM BOJIOW C HU3KOM TeMIepaTypoi 1 BBICOKHM
ko3 dunmeHTom Termonepenadu [3], Ha TEIIOBO3ax
KOHJIeHCalusl napa C TemrepaTypoi ¢asoBoro mepe-
xoma Hmwke +60°C mpu TemmepaType OKPYKAroIlero
Bo3yxa +40°C TpeOyer upe3MepHO OONBIIMX 3aTpar
MOIIIHOCTH. A HCIOJIb30BAHNE TEIUIOHOCUTENSI C TeM-
mepatypoit kunienus Beimie +80°C He obecrednt pa-
LMOHAJIbHBIE 3HAYEHHS TEMIIEpaTyp Macia M HaJy-
BOYHOTO BO31yXa M NOTpeOyeT NOBBIIIEHHS rabapuToB
TEIJI000MEHHUKOB-NCITAPUTETIEH.

CrnenoBaTenbHO, TeMrepaTypa (a3oBBIX HEepexo-
JIOB TEIJIOHOCHUTENS JOJDKHA OBITh B Ipeaenax 60-
80°C, 4TO HE IO3BOJISIET UCIOIb30BaTh 3HAYUTCIHLHEIN
Tiepenaj JaBJIeHUH MEXIy UCTapuTelIeM U KOHAEHCa-
TOPOM.

CorylacHO pe3yibTaTaM pacueroB, NPHMEHEHHE
(ha30BBIX MEPEX0/I0B B KOHTYPE OXJIAKACHUS pyOarIku
JTU3ETIs] TETIIOB03a IKOHOMHYECKH M KOHCTPYKTUBHO HE
BBITOAHO (IIOBBIIIEHHE 3aTPaT MOIIHOCTH U JIOTIOJIHH-
TENBHBIA TemI000MeHHHUK). OJHAaKO MPUMEHEHHE KH-

TICHUS-KOHJICHCAlUN B KOHTYPE OXJIAXKJICHUS Macia U
Ha/ITyBOYHOrO Bo3ayxa (0e3 MCHONb30BaHMS MapOBBIX
TypOMH) MMeEeT SIBHOE NPEUMYIECTBO HaJl CTaHIapT-
HOU CHCTEMOM.

Macio 1 HaJyTyBOUHBII BO3JIyX MMEIOT CBOH OII-
TUMaJIbHBIE Hana30Hbl padounx temreparyp. OxHako
TEMIIepaTypa KHUIICHHUS OXJIaXKAAIOIIEro TEeIIOHOCHTE-
J MMEET IIOCTOSHHOE 3HAa4YCHHE IIPHU HOPMaJIbHBIX
YCIOBUSIX OKpY’Karomield cpensl, 4TO TNPETsSTCTBYET
OJHOBPEMEHHOMY HCIOJIB30BaHUIO (ha30BBIX MEpexo-
JIOB TEIUIOHOCHUTEINSI B OXJIQXKJICHUH HECKOJBKHX O00B-
eKTOB. B cBoro ouepens nprMeHeHNe HECKOIBKHUX pa3-
JUYHBIX TEIMJIOHOCUTENEH KOHCTPYKTHBHO CIIOXKHO H
SKOHOMHYECKH HE BBITO/HO.

Ienecoobpa3no paspaborars crocod perymmpo-
BaHUS TEMIIEPATypbl KHUIIEHUS TEIUIOHOCUTENS, YTO
MTO3BOJIUT HCIOJIB30BATh BCE MPENMYIIECTBa (ha30BBIX
MIEPEXO0JI0B TEIJIOHOCHTENSI MPU OXJIAKICHUM Macia
JIU3eTIsl ¥ HA/ITyBOYHOTO BO3/1yXa, U IPU 3TOM HCIIOJb-
30BaTh €IUHBIH TerioHocuTenb. Hambonee ymoOHBIM
CHoCcOOOM SIBJISIETCS M3MEHEHHUE JaBJICHUS B UCTIApUTE-
Je.

B xone npoektrpoBaHus ObUT TOA00paH psif TEN-
JIOHOCHTEJEH, COOTBETCTBYIOIINX BBIIBUTAEMBIM Tpe-
6oBanmsiM. OTHUM W3 HanOosee BBITOAHBIX SBISICTCS
azeorporHblii pactBop anmimHa COHSNH2 (18,2 %)
Ha ocHoBe Bogwl (81,8 %), ¢ Temmeparypoli KuIeHHUs
npu HopManbHbIX yenoBusix 75 °C [7, 8]. 3naumrens-
HOE COJIepXKaHue BOJBI 00eCIIeunBacT HEBBICOKYIO Ce-
0eCcTOMMOCTh ¥ HHU3KYI0 TOKCHYHOCTH pPacTBOpA.
(A3eoTporHbIE PacTBOPHI HE Pa3JeisIOTCS HPH HCTIa-
PEHUH W KOHJAEHCAIIMH M BEIyT ceOs Kak IIEeIbHOE Be-
IIEeCTBO.) YKa3aHHbIH pacTBOP XMMHUYECKH U KOPPO3H-
OHHO HEAKTHMBEH IJISi METAUIOB M PE3WHOBBIX YIUIOT-
HEHUI, HE TOpPI0Y M HE B3PBIBOOIACEH, XUMHYECKH
crabmwieH. O6xagaeT BRICOKMMU 3HAYCHUSIMU TEIIOTHI
(ha30BBIX IEPEXO/I0B, TEIJIOEMKOCTH, HEBBICOKOH BS3-
KOCTBIO M IIOHIPKCHHOW TeMIIepaTypol 3aMep3aHusl -
5°C. IlyreM HE3HAYUTEIbHOTO U3MEHEHUS JABJICHUS
BO3MOXKHO OO€cIieueHHe 3HAUCHHs TeMIlepaTyphl KH-
TICHUS, HEOOXOANMOTO ISl OXJIAXKICHNS Macila U Hal-
JTyBOYHOTO BO3/1yXa JI0 PallMOHAJILHBIX 3HAUYCHHUH.

Onucanne npoekTHOH cucrembl. IIpuHSB BO
BHUMAaHHE BCE BBIIICH3JIOKEHHOE, NPUHIMITHAIBHAS
CXeMa ITPOEKTHOM CHUCTEMBI OXJIaXIECHHS TEIIOBO3HO-
rO JU3esl C HCIOJIb30BaHMEM (Da30BBIX MEPEXOI0B
TEIJIOHOCHUTENICH TPUMET CIEAYIONMH BHJ (TTATCHTHI
VYkpannst Ne 54682, 64764, 66915, 66918, 78663,
96712):
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Puc. 1. [lpunyunuanvuas cxema npednazaemou cuc-
membl OX1adHCOeHUss Ou3sensi menioso3a ¢ Pazosvlmu
nepexodamu menionocumens: 1 — ousens; 2 — mypbo-
Komnpeccop, 3 — 8030yX00X1a0uUmens, 4 — Maciooxna-
oumens,; 5 — HACOCHI, KOMAPECCOPbL, 6 — KOHOEHCAMOp
«XONOOH020» KOHMYPA, 7 - KOHOEHCAMOOMBOOUUK, 8 —
pacwupumensudlii 6ax, 9 - paouamop «2opsauezo»
koumypa, 10— monausonooocpesamend u OmMonu-
menbHoe 00opyoosanue; 11 — konmyp skoHomatizepa;
T 2a3; P - oicuorkocms; B - senmuns 3axpui-
moui,; LE, PE, TE - Oamuuxu yposHs, 0aéeHus, mem-
nepamypul

Cucrema paboTaeT CICAYIONMM 00pa3oM: >KH[I-
KM TEIUIOHOCHTENb MOAACTCS W3 PACHIMPUTEIHEHOTO
6aka 8 B TpyOKM peKyNepaTHUBHBIX TEMII000MEHHHUKOB:
OXJIQINTENS HAIlyBOYHOTO BO3AYXa 3 WM OXJIAIHUTENsS
Macna 4. OTH TpyOKH OMBIBAIOTCSI CHAPYKH TOPSYUM
Ha/ITyBOYHBIM BO3AYXOM M TOPSIYMM MAacjoM COOTBET-
CTBEHHO, YTO BBI3BIBACT KHIIEHHE TeruoHocurens. O0-
pasylomuiicss map 3abupaeT TEIIOTy M OTBOIMTCS B
koHzAeHcaTtop. OTBOJ mapa OCYILECTBIISIETCS C IOMO-
IO KOMITPECCOpa WM IIEHTPOOEKHOT0 Hacoca B Tell-
J0€ BpeMs roja, 1u00 caMOTeKoM B 00XOx Hacoca B
XOJIOJTHOE BPEMS TOJIa.

Konnencarop 6 00myBaeTcss HApYKHBIM BO3/Y-
XOM C TTIOMOIIbIO BEHTHIISITOPOB XOJOAMIEHON KaMephl
TEIJIOBO3a, YTO BBI3BIBAET OXJIAKICHHE M KOHJECHCA-
LU0 TIapa U OTBOJ TerioThl. [ToaydeHHbI KOHAEeH AT
OTBOJUTCS Yepe3 KOHJCHCATOOTBOMYMK 7 B PACIIHPH-
TeNbHBIM Oak 8§, 4eM obecreynBaeTcs 3aMKHYTHINA
LIUKJL.

OxJaXkeHne BOABI pyOalIKy JAU3ENs OCYIIEeCTB-
JISieTCsl KaK B CTAHAAPTHOM CHCTEME OXJIAXICHHS: C
TIOMOIIBIO0 HACOCA M PAANATOPOB 9 «ropsiuero» KOHTY-
pa.

TomnuBonogorpeBatens 10 W OTONUTENBHOE
000pyIOBaHHE HCIIOIB3YIOT TEILIOTY BOIBI TA3EIIS.

IIpumMenenne sxoHOMal3epa 11 B mpuHIMIE BO3-
MOXXHO KaK Ha CYILIECTBYIOIIMX CHUCTEMAaX OXJaxK]e-
HUS, TaK W Ha TpoekTHoW. OmHako HeHUIMT IIpo-
CTPAHCTBA B KY30BE TEIJIOBO3a CYLIECTBEHHO IMPEMST-
CTBYET BHEAPEHHUIO YKOHOMAN3epOB, BCIECICTBUE YETrO
B JIaHHOH paboTe pacdeT SKOHOMaii3epa HE MPOBOIMI-
col.

®a30Bble MEPEXOAbl TEIVIOHOCUTENS B «XOJOM-
HOM» KOHTYPE€ CUCTEMbI OXJIAXKACHUS TU3EIS TEIIOBO-
3a MOTYT JaTh PAJl CYIUECTBEHHBIX MPEUMYLIECTB, OT-
HOCHUTEJIbHO TPaJIULIMOHHON CUCTEMBI:

1. IlocTosiHHAs pauuOHaIbHAsl TeMIepaTypa OX-
JIAXAAIOMIEro TEIIOHOCUTENSI, paBHasl €ro TeMIlepary-
pP€ KUIIEHUSI IPU 3aIaHHOM JIaBJICHUU, HE3aBUCUMO OT
pexxuMa paboThI TU3EIS U YCIOBHN OKpYKaloeh cpe-
JTBL.

2. IlocTosiHHAs ONTUMAaJIbHAS TEMIIEpPATYpa Macia
TIPH JIFOOBIX YCIIOBUSIX OKPYXKAIOUICH CpeNbl (Tpamuniii-
OHHO pabouuii TeMIepaTypHBIA IWANa30H IS Macia
Ter1oBo3HbIX au3eneid 70...90 °C [9], oqHako JaHHBIC
3HAUEHUSl aJaNTUPOBAaHbl K TOMY, 4YTO OXJIAJIUTEIb
Macjia U HaJlyBOYHOIO BO3AYyXa BKIJIIOUEHBI MOCIEN0-
BAaTEJIbHO W OKa3bIBAIOT BIUSIHUE Npyr Ha apyra. B
JIEACTBUTENILHOCTH, ONTUMAaJIbHAs TEMIIEpaTypa Macia
nomwkHa ObITh 80...90 °C, uro 0OecneunBacT BHICOKUE
CMa3bIBaIONIME CBOMCTBA MPU MHUHUMAJIBHO JOIYCTH-
Mo Bsizkoctu [10].

3. CHmwKeHHE pacxola MOUIHOCTH Ha IUPKYIIs-
uuto TeroHocurenei. K npumepy, ynenbHas temiora
napooOpazoBanust BoAbl coctasisier 2257 k/x/kr, a
yAelbHas TEIUIOEMKOCTh 1 Kuwiorpamma Boabl 4,2
k/x/xr°C [11]. CnenoBaTenpHO, KOJIHYECTBO TEILIO-
THI, criocoOHoe Harperh 54 kr Boael Ha 10°C, Moxer
OBITh OTBEIECHO ITyTEM HCIIAPCHHS BCETO | KI' BOJBL
Takum 00pazom, Hacoc, MOMAIOIININ KHUIKOCTh B UCTIa-
pUTENb, TODKEH NepeKaynBaTh Malblil e¢ 00BEeM, UTO
3HAUUTENIBHO CHUXKAET PAcXOj MOILIHOCTH Ha €ro Mpu-
Boa. Takke B JECATKH pa3 CHIDKACTCS HCOOXOMUMBIN
obmmii 3amac TeruoHocuTens. OOpa3oBaBIIMIACS map,
KOTOPBIM OTBOJIWTCS B DPaJUATOPHBIE CEKUUH, UMEET
OYEHb HU3KYIO BSI3KOCTb, YTO TaKXX€ 3HAYUTEIHHO
CHWDKAET TMIPaBINYECKOE COIPOTUBIIEHUE PaIUaTOPOB
1 TpyOompoBoaoB. [Ipu ycIoBHsSX XOpOIIEH TEII00T-
a9l OT PaJHATOPOB BO3MOXKHO OOCCIICUCHHE BCACHI-
BaroIero 3PQeKra Mpyu KOHJCHCAIIUH Tapa, Y4TO CO3-
JIaCT Pa3HOCTb JABJIEHHUM U 3aCTaBUT Nap MepeMeraTh-
Csl CaMOTEKOM 03 3aTpaT MOIIHOCTH Ha €r0 TPaHCIIOp-
THPOBKY.

4. Tloseimenue 3GQGEKTUBHOCTH pPaIdaTOPHBIX
cekruii. OOBeM Tmapa, HeOOXOUMEIH T OTBONA TEII-
JIOTBI ~ «XOJIOMHOT'0» KOHTYpa, OOeCIieurBacT 3HAYU-
TEIBHYI0 CKOPOCTh JBIDKCHUS Tapa Mo TpyOKam pa-
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JIMATOPHBIX ceKuui (1o 25 m/c). Takum obpasom, Ko-
3G QUIUEHT TEMI00TAAYH OT Mapa K TpyOkam u Kodg-
(UOMEHT TeIuIonepeaayn paJuaToOpPHBIX CEKIUH B Iie-
JIOM  3HAYUTEIHHO TIIOBBIIACTCS. JTO TO3BOJISIET
YMEHBIIUTh KOJIWYECTBO PaJUaTOPHBIX CEKIMH OO
CHHM3UTH Pacxo]] MOIIHOCTH Ha NPHUBOJ BEHTWISTOPOB.
(IToBpIIEHNE CKOPOCTH Iapa KOMIIEHCHPYETCSl €ro
MaJIOH BSI3KOCTBIO, YTO 00ECIIEYNBAET HEBBICOKOE TH/I-
PaBJINYECKOE CONPOTUBIICHHE. )

5. OTcyTCTBHE HAaKHWIM W 3aCOPEHMH B CEKIHSIX
panuaropoB. IIpy KUIEHHH NPOHMCXOIUT ITOCTOSHHAsS
JTUCTIUIAIMS TerioHocuTens. [Ipu 3ToM Bce mpomyk-
THI KOPPO3UH U HAKUIEOOPa30BaHUs OCTAIOTCS B pa3-
OOpHBIX OXJIAJMTEISIX Macia W HaJJyBOYHOTO BO3MY-
Xa, KpYIHbBIE KpYIJble W NpsSMbIE TPYOKH KOTODPBIX
JIETKO TIO/IJAIOTCSI MEXaHMYECKOW OYHCTKE.

6. BosmoxxHa pabora McHapuTeNbHBIX TEII000-
MCHHUKOB B PEXKHME TEIUIOBBIX aKKyMYJIsTOpoB. B
cHcTeMe OXJIaKAEHHs C (Da30BBIMM IEPEXOaMH Tell-
JIOHOCHUTENb B OXJIaJWTeNle Maciia M HaJTyBOYHOTO
BO3/lyXa HE IUPKYJIUPYET MOCTOSHHO, & TOJIBKO JIOJIH-
BaeTcsl 10 HEOOXOAMMOro YPOBHS M HCHApsIETCS NpH
KuneHun. TakuM 00pa3oM, NPH OCTaHOBKE JIU3EIsS
KHUIICHHUE TEIUIOHOCHUTEINSI MpPEKpalaeTcss M TEro00-
MEHHUK TOJ00CH TEPMOCY C TEIUION >KHUAKOCTHIO, YTO
BECbMa BBITOHO B YCIIOBHSIX HU3KHX TEMIEpaTyp OK-
PYKaIOIIEro Bo3ayxa.

MaremaTndeckoe MoaeanpoBaHue. Ilimocko-
oBajybHAs (popma TpyOOK pamuaropa sBiseTcss HauOo-
nee 3 (HeKTHBHONH M YKOHOMHYHOH C adpoIuHaMHUe-
CKOW TOYKM 3pEHHs, UTO JeJaeT CTaHIapTHhHIC paaua-
TOPHBIE CEKIMHU MEPCIIEKTUBHBIMU ISl MCITOIb30BAHMS
B Ka4eCTBE KOHJ/ICHCATOPOB I1apa.

OpHako AJIsi TOYHBIX TEIUIOBBIX PAacderoB HE0O-
XOJIMMO PacCUUTHIBATH KO3()(UIMEHT TEIUIOOTAaYN OT
mapa K CTeHKaM (nmajee o) Ul KOHJIGHCAllMW Mapa
BHYTPH IDIOCKOOBAJIBHEIX TPYO (pHc. 2, 3).

055

V24

22

95

Puc. 2. Ceuenue nnockoosanvroii mpyoku paouamopa men-
noeosa: O, O; — yenmpwvl nonyoxkpyscHocmeil; R — paouycot
nonyokpyaicHocmeii; n — omuoutenue 2R x wupune mpyout

71 Puc. 3. Cxema obpasosanus
KOHOeHcama 80371e CMeHKU
™ mpybKu ¢ ykazanuem bananca
] Maccoguix pacxooos: mk —
Y Maccosbvie pacxoovl, dz — sne-
MEHMAPHOE KOIbYO ClIOSL KOH-
T2 Odencama, o — MOTWYUHA NileH-
Il KU KoHOencama

JUIsl TIIOCKOOBAJIBHOTO CEYEHHST TPYOBI 3IJIeMEH-
TapHYIO IUIOMIAAKY pa3o0beM Ha JBE COCTaBIISIONIHME
(cMm. puc. 2):

(a) 1Be MOITYOKPY>KHOCTH:
xle(=nR;—(n—-1)R)u((n—DR;nR); yle (-R;R);

(6) mpAMOYTOJBEHUK:
xle(-(n-DR;+(n-1DR), yle (-R;R).

INepenava Tervia B MOTOKE TEIUIOHOCHUTEIIS TIPH JTAMH-
HapHOM PEeXHME ONperessuiachk ypaBHeHHeM Dypbe, mpu
TypOysieHTHOM — ypaBHeHHeM Dypbe-Kupxroga. ITpume-
HUB K 3THM ypaBHEHHSIM TpeoOpa3oBaHue XaHkerns u Jlar-
Jiaca, TOMYYWIN BBIPaKEHUS, ONPEIEIISIOIee pacipeesie-
HHE TEMIIEpaTypbl TI0 KOOpIIMHATE ¥ TI0 BPEMEHH (COOTBET-
crBeHHO: (1) - W1 TaMUHAPHOTO, (2) - WISt TYpOYJICHTHOTO
pexrMa) 1 At Ha SIIEMEHTapHOM Y4acTKe:

oy (y:—l)Jl )
T, =2 +erf(%x/@)dy )

2 J,(/n) ( (y—y/r)jz
T, ., == O (exp| — ol —
O P e

_exp(_ (y+y/ro)j iy,

4924 )

rae V¥ - ko3 uIMeHT TemiepaTyporpoBoaHocTy; T -
TEMITepaTypa TeIIIOHOCUTEIIS; ¢ - BPEMST; ) — OCh KOOp-
JMHAT, HalpaBJICHHas 110 HOpPMAJH K CTEHKE; F - pa-
JanbHas KOoOpauHaTa; A - kodddumuent rteruiomnpo-
BOJIHOCTH; ¢ - IUIOTHOCTH TEILUIOBOI'O IIOTOKA; F, - I10-

JIOBUHA JTUHEHHOI'O pa3Mepa JICEMCHTAPHOI'0 TOYCYHO-

ro mapamienenunena; J, (y:—l) , Jy (rl) , J(») -
0 0

uHTerpaibHele Gopmynsl beccens must peiicTBuTens-

HOT'O apryMeHra; erf (l VWt) — dyHkums onmooK.
7,

0
Pacuer TOJIMIWHBI TJICHKW IMPOBOJAWJICA UCXOAS U3
OajaHca MacCCOBBIX pacxodgoB i BJIEMCHTApHOI o
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KOJIbIIa CJIOSl KOHJEHcaTa ¢ TonumHOW dz. Ecim (oM.
puc. 3) 0003HAYUTH MOCTYIAIOIIYIO B 3JIEMEHTapHOE
KOJIBIIO MacCy KOHJICHCATa Mg, , BBITCKAIOIIYIO Maccy
KOHJICHCATa My, U KOHJCHCUPYIOIIYIOCS B CBOOOIHOM
MIOBEPXHOCTH IIEHKU MacCy Mig; , TO [12]:

My + Mz =Ny A3)

Jns ydacTka (a) MaccoBble PacxXoibl Opeess-
torcs popmynamu [12]:
¥=3(2) @)
My =2mp, [(R=)-w, (¥)dy,
=0

dmkl dz (5)

mkz =mk1 +

6
m,, =2n };AI(R 8)dz ©

rne p, — IUIOTHOCTb KOHIEHCATa; W,(y) — CKOPOCTh
KOHJIeHCaTa; 7 — yJelbHas TEeIUIoTa HCHapeHus; o —
TOJIIMHA TJICHKN KOH/AEHcaTa; Af — pa3HOCTh TeMIle-
patypsl apa ¥ TeMIIepaTypbl CTCHKH.

Jns ygactka (0) MaccoBble pacXoibl PacCUUTHI-
BaJIMCh I10 CIIeytonmM Gopmynam:

5(2) (7
mhy = p [(R=3)-wy(»)dy-4(n—DR,
0
8
mk2=mk1+ kl dZ, ( )
zZ

iy = ’1" Al S (= DRz 2

HewnsBecTHOoe pacnpeneneHue CKOPOCTH  Wi())
ObUIO TPENCTAaBICHO B BHJE KyOWUECKOH mapaOoIibl
[12]:

wk(y)=A+B'y+C'y2+D'y3. (10)

Koaddrmmentsr 4, B, C, D onpenenstorcs rpa-
HUYHBIMHA yCIOBUsAME [ 12]:

TJie T, —“HANPsDKCHUE Ha TPaHUIE KOHACHCATA U CTCHKHY;
75 — HaNpPsDKEHUE Ha TIOBEPXHOCTH IICHKH BCIICACTBUC
TpeHus mapa; dp/dz — MajicHue TABJICHUS B HalpaBlie-
HUM TeueHus napa [12]:

_dp e (>
dz “2R 2

rae {=0,184Re )’

AU mapa; w,; — CKOpOCTbL I1apa (J'IOKaJ'H)HaSI JJI B351-

; Rey — kpurepuii Pelinonpaca

TOTO y4acTKa).

Jarnee, Ha OCHOBaHMM TEIUIOBOTO OajtaHca, ObUIa CO-
CTaBJIeHa CHCTEMA YPaBHEHHH, XapaKTEpU3YIOIIasl TIPOLIECC
TEINIOOTJAYM TIpH KOHZAEHCAIMM Tlapa BHYTPH IUIOCKO-
OBAIBHBIX TPYO:

y=3(2)

e s al [T a9
}prﬁt - % ' SI)(R =)W (»)dy )
= (1;2_W §)°z "R _2§)kz o yj‘(o& —Iw My g
Wy = (:: 1;) pH(R 5 ) 8(f)( R=y)w, (y)dy 19

IIe Wwp, — HadajlbHas CKOpPOCTh Ilapa Ha BXOJE B
TpYOKYy.

Jliis onpeneneHuys TONMIMHBI INICHKA KOH/IEHCATa
4(z), OBUIM YHCIICHHO pEIIEHBI HOJYYEHHBIE CHCTEMBI
ypaBHEHUH ¢ HadalnbHbIMH ycioBusmu (14)...(18) a
Takxke (20):
z=0 — 8(0)=0; (20)
z=0 > w,(0)=wg,.

Pemenne ypaBuennii (16), (17) mpoBonunocs Me-
togoMm Pynre-Kyrra; unarerpanst (18) u (19) Opum pe-
meHs! MetosoM Crmicona. Jlanee aist 3aaHHOTO I1a-
ra MHTEIPUPOBAaHMS Oblia ITOJydyeHa TadiMIa paccyu-
TaHHBIX 3HAYEHWH TOJIIMHBI IJICHKN KoHAeHcaTa. [lo-
CJIe  anmpoKCHMAaluHM IOTYYEHHBIX 3HayeHWil Obuia
MOJTy4eHa MOJENb 00pa3oBaHUs IUICHKH KOHIEHCATa

=0  wy(»)=0, (11) [0 AnuvHE TpyOBl A KPYIVIOTO U ILUIOCKOOBAJIBHOI'O
CEUYEHHUS.
y=0 kil 3 0 _ e , (12) ITocne BbIUUCIEHMS MACCOBBIX PACXOJOB, pac-
9 Mk npeaeIeHus TEMIEpaTyphbl B Cpefax U TOJILIMHBI IIeH-
*w, 1 dp (13) KA KOHJEHCaTa, ObLI ONpeNeNeH JIOKAIbHBIA o H
y=0 a2 )o :n_(d__gpk) ’ cpenHuii KO3(QQUIMEHT TEMIOOTAAYH Oy COINIACHO
o, . * (14) HepeaHHOMY KOJIUYECTBY TEeIIO0ThL:
y=98 (ZFs=T"
Y k r-mk, + At -c,mk, ZOLU
oy = FAL > Oy = 7 (21)
h
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TZie ¢, — TEIIOEMKOCTh KOHJICHCaTa; F — IIomaap 1mo-
BEPXHOCTH TPYOBI; z — JUIMHA TPYObI; /i — IIar MHTET-
PHUPOBAHWSI.

Bce BbIUMCIECHUS NMPOBOJWINCH B CIICHAAIBEHO
HaIMCaHHOM IIPOrpaMMHOM OOeCTICYeHHH.

JKcrnepUMeHTATbHbIE  HccaegoBanusi. s
MIPOBEPKH M YTOYHEHHS PE3YJbTATOB YMCICHHOIO pe-
LIEHHUs IOJYYEHHOW CHCTEMBl YpaBHEHWH, MOJCIH-
pyIoIIeil mpomecc TEIIOOTAAYM HpPH  KOHAEHCAINH
rapa BHYTPHU TPYO IUIOCKOOBAJIFHOTO CEYCHUS, POBE-
JIeH psAl (PU3NYECKUX W YNCIICHHBIX IKCIIEPUMEHTOB.

dusnvecKkre SKCIEPUMEHTHI IIPOBOJMINCH Ha Ce-
pUIHOM BOJAO-BO3AYIIHOW paanaTopHON cexuun BC-
0,5. BHyTpeHHSIsI 1 BHELIHSISI IOBEPXHOCTH paguaTop-
HOM CEeKIMHM OBUIM TIIATEIBHO ITOATOTOBJICHBI ITyTEM
OYHMCTKH BOJASHBIM M BO3IYIIHBIM IIOTOKaMH, MEXaHH-
YecKOM U XHMHUYeCKoi oOpaborkamu. Jlanee, mms orr-
peleNieHns] YMCTOTHl U KayecTBa MCCIIeAyeMoro oopas-
11a, OBUIN TIPOBENICHBI TEIUIOBBIE MCIIBITAHHS BBIOpaH-
HOH paauaTopHOH CeKIMM B CTaHJAPTHOM DPEXHME C
TIOMOIIBI0 YHUBEPCAIFHOTO TETJIOTEXHUYECKOTO CTeH-
na [9]. OTkimoHeHHE pacdeTHOro KOA(PQPUIMEHTA Tell-
Jionepesadyd OT SKCIEPUMEHTAIBHOIO COCTaBJISIIO B
cpenneM 0,4 %, 4TO MO3BOJIMIIO KCIOJIB30BATH pac-
YeTHbIC 3aBUCUMOCTH JUIs ONpeAeseHus Kod3hdunnen-
Ta TEIUIOOTAAYH OT TOBEPXHOCTH PaIMATOPHOHN CEKIIMU
K BO3JlyXY B JAJbHEHIINX SKCIEPUMEHTAX.

ITocre 3TOro MPOBOAWINMCH HCHBITAHUS paaua-
TOPHOW CEKIMH B pEXHMME KOHJIEHCAaTopa Iapa c II0-
MOIIBI0 MOAU(MUIIMPOBAHHOI'O CTEHAA VIS TEIUIOTEeX-
HUYECKHX UCIIBITAHUH pasnaTopoB (puc. 4).

2.1 w8 8 h 5,

7 2o\ 4 \ g g

Puc. 4. Cxema cmenoa 015t meniomexHu4eCcKux ucnbol-
MAanULl paouamopHulX cekyull npu KOHOeHcayuy men-
aonocumens: 1 - paouamop, 2 - nampy6ox, 3 - nepe-
X0OHUK, 4 - mpybonposoo e030yxa, 5 - yeHmpoobesic-
HbLUL 6eHMUIAMOp; 6 - anekmpodgueamensy, 7 - mpyoo-
npogoo 0l KoHoencama, 8 - baxk Hazpesamenvubill, 9 -
TOH; 10 - komnpeccop; 11 - senmuns, 12 - mukpoma-
Homemp; 13 - ceemenmuasn ouagpaema; 14 - mepmo-
memp; 15 - mpybka noanozo dasnenus; 16 - nynom
ynpasieHus, gonvmmemp, amnepmemp, 17 - mepuas
eMKoCmb 071 KOHOeHcama

[Ipu mpoBeJeHUH DKCIIEPHUMEHTAa BapbUPOBAITUCH
3HA4YeHHs Tpex (akTopoB: paboyast AjIvHA TPYOOK Z
(T.e. paboyvasi MOBEPXHOCTh TEIUIOOOMEHA), JIMHEWHAS
CKOPOCTh I1apa Ha BXOJE B TPYOKH Wy, U MaccoBas

CKOPOCTH BO3/yXa Ha BXOJE B PagHaTop iU, Ocraib-
Hbele QakTopsl (popma TpyOOK pamguaropa, (uzmko-
XMMHYECKHE CBOMCTBA TEIJIOHOCHTENS, NABJICHHUS B
0ake W pagmaTope, TEMIIEpaTypa BO3/yXa Ha BXOJE B
panuarop 1 T.1.) SIBJSUTICH KOHCTaHTAMH.

B coorBercTBHE € TpaBUiIaMH IUIAHUPOBAHMS
9KCIIEPUMEHTOB OBIJIO TPOBENEHO 15 ONBITOB 1O TpH
3aMepa JaHHBIX B YCTaHOBHBIIEMCS peKuMe. Pe3yib-
TaThl SKCHEPUMEHTAIBHBIX HCCIIENOBAHUHA OBUIM arl-
MIPOKCUMHPOBAHBl  yYPaBHEHHWEM PETPECCHH  BHJA
o, = f(z,Wy,u,,) . OnHAKO, U, HE ABIAETCA CaMO-
CTOSITEJIEHBIM (PAKTOPOM M BKITIOYACT B ceOsl BIMSHUE
IUIOTHOCTH M TEMIEPATyphl OXJIaXJAIOIIET0 BO3IyXa.
Hcxonst 13 3TOr0, HA OCHOBAHMM PaBEHCTBA TEILUIOBBIX
MIOTOKOB OBUI TIPOBENEH pacueT TeMIepaTypbl BHYT-
pPEHHEW MOBEPXHOCTH CTEHKU TPYOOK {,, TPSAMOE H3-
MEpeHHe KOTOpOH BechMa 3aTpyAHHTENbHO. B mo-
CTPOGHHMU YpaBHEHHUH perpeccus, Kak M B MaTeMaTH-
YecKOWH MOJelH Hauboree yJo0HO MCIONb30BaTh pas-
HOCTh TEMIIEpaTypbl Mapa W TeMIlepaTypbl CTEHKH
At =tgo—to, =t —t., (TEeMIepaTypbl Hapa U KOH-
JICHCAllUW B JaHHOM CIIydae paBHBI, ITOCKOJBKY Iepe-
TpEB napa He MPUMEHSIICS).

Ha ocnose a,,, = f(z,wy,,u,,) ObUIO BbIBENEHO

YPaBHEHUE perpeccud Bunpa o, = f(z,wyy,Af) u
9KCTPAINOIUPOBAHO Ha Oojiee MIUPOKUI AUANa3oH 3Ha-
4yeHuil z U wpyo . s KOHAEHCALlUM BOASHOIO Iapa B

TpyOke cekumn BC-0,5 (cM. puc. 2) ypaBHeHHE per-
peccuu UMeeT BUI:

o, =3729~7,372-2-5101- At +1056 - w, +

+4258- 22 20940 - Ar> —11,259 - w,,” —
—58,89-2-At-36.9-z-w,, -333,06- At -w,,

(22)

PaccunTanHble 3HaUeHUST Af TO3BOJIWIIM IPOBEC-
TH CpPaBHEHHE PE3YIbTAaTOB MATEMAaTHYECKOIO MOJE-
JIUPOBAHMS C PE3YJAbTATAMH OTACIBHBIX OIBITOB (HH3H-
YECKOT0 DKCIEPUMEHTA, a TAKXKE C Pe3yabTaTaMU BbI-
BEJICHHOI'0 YPaBHEHUS PETPECCUN.

[Tpn KoHZIEeHCAaMK Tapa BHYTPH TPYObI IUIOCKO-
OBaJILHOI'O CEUEHMs, 00pa30BaBIIAsICS IUICHKA KOHJICH-
caTa MmoJ, ACHCTBUEM CUJI MOBEPXHOCTHOI'O HATSHKEHUS
repeMernaercsi Ha 00a 3aKpyrJIeHHBIX Kpas CeueHHMs,
0CBOOOX/1asl TUIOCKYIO 4YacTh BHYTPEHHEH ITOBEpXHO-
CTH. DTH TIPOIECCHl HE OBUIM yUTEHBI NPH MaTeMaTH-
YECKOM MOJIEIHPOBAHUM, UYTO IPUBENIO K 3aHIKECHUIO
TEOPETUYECKHUX PE3YJIbTaTOB Ha ~12% OTHOCUTETBHO
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Pe3yIABTaTOB DKCHEPUMEHTA. DTO BIHMSIHUE OBLIO BBE-
JICHO TIOMPABOYHBIM KO3((HUIIMECHTOM B IMPOrpaMMy
YUCJIEHHOTO PEIIEHUSI TEOPETUUECKUX 3aBUCMOCTEM.
B wutore cpenHee OTKIOHEHHE TEOPETHUUYECKUX
JIaHHBIX OT JKCIEPUMEHTAIBHBIX cocTaBmwio ~17%,
IPU TOM O, Ui IUIOCKOOBAILHOH TPYOBI JUTMHOM

z=1 M MOXET NpPEBBIIATh O, I KPYIJIOH TPyOb!

sKBHBaJeHTHOro nuamerpa Ha 30...40%.

Janee ObLT MPOBEACH pSAJ YUCICHHBIX KCIICPH-
MEHTOB — CpABHCHHC BIUSHUS OTHCIBHBIX (PU3UKO-
XUMHYECKHX ITapaMeTPOB TEIDIOHOCUTENS Ha KO3 Pu-
[UCHT TEIUIOOTAAYM TPU KOHJICHCAIMK Iapa BHYTPH
TpyO TUIOCKOOBAJIEHOI'O CEUCHHs (Ha OCHOBE MaTeMa-
THYECKOH MOJACTN) U BHYTPH KPYIJIBIX TPYO SKBHUBA-
JICHTHOT'O CEeUYCHUS (WCIIONB30BAINCh YCPEIHCHHBIC
pe3yABTATHI, MOTYYCHHBIC O HAMOONIee W3BECTHBIM
¢dopmymam X. Youra, B.I1. Mcauenko, X. XapTmaHna,
C.C. Kyrarenanze, A.A. XKykayckaca, A.B. bonrap-
CKOTO U JIp.)

MaccoBast 101 aHWJIUHA B BRIOPAHHOM IS TIPO-
€KTHOW CHCTEMBl OXJIKJEHHUSI a3€0TPOIHOM BOJAHOM
pacTBope BechbMa Malla, W TIOYTH BCE (PUUKO-
XUMHYECKHE TapaMeTphl PacTBOpAa OTIUYAIOTCS OT
rnapamMeTpoB Boibl B mpenenax +5%. EavHcTBEHHBIM
rnapameTp, 3Ha4€HUE KOTOPOro CYIIECTBEHHO OTJIMYa-
JIOCb — BS3KOCTh KoHJeHcaTa. COOTBETCTBEHHO, Ha
OCHOBE IMPOrpaMMbl ISl YUCIEHHOI'O PELIECHUS MaTe-
MaTHUYECKOM MOJENU Impolecca KOHACHCAUU mapa
OBUT TIPOBEJICH YETHIPEX(PAKTOPHBIA YHCIEHHBIA SKC-
IIEPUMEHT, YYMTBHIBAIONIMA BIMSHUE HA O, TaKUX

daxropos: o, = f(z,wye,AL W, ), TOE W, - AMHAMH-

qeCKasd BA3KOCTb TCIIJIOHOCUTCIIA. HOJ'Iy‘IeHHI)Ie pe-
3YJbTAThl ANIIPOKCUMUPOBAHBI YPABHCHUECM PpCTrpecC-
CHUM:

o, =5437-5,6-10" - z-23-10" - At +

+956,46 - w,, —1,53-10° -, +3369-2° +
+14570- At> —5,278 - w,,,” —3,135-10°u,” - (23)
—3834-z-At—65,288-z-w,, +1,9-10° - z-u, —
—367,438- At-wy, +1,938-107 - Ar -, —

~1,842-10% - w,, -,

(urs Bomsl W, =2,994-10"" Tla-c; mis pacTBopa aHu-
muHa p, =9,861-107 Tla-c; umenno -4 crenens 06y-
CIIaBJIUBAET BBICOKHE CTEIECHU B YPaBHEHMU perpec-
CHHN)

VYpagrenue (23) N0O3BOJAET BHIMUCIUTE O, [PU
KOHJICHCALMU T1apa BOJBI, a3€0TPOINHOI0 BOAHOIO pac-

TBOpa aHWJIWHA 1mbo napoB Apyrux BCHICCTB, OTJIH-
Yaromuxcs OT BOABI TOJIBKO BA3KOCTBIO.

Benercs pa3paboTrka KpUTEpHUAIFHOTO ypaBHE-
HUs, TIO3BOJIAIONIETO BBIYMCIATE O, U Pa3IMYHbIX

BEIIECTB.

IJKOHOMHYECKHE MOKA3ATeJH NMPOCKTHOH CHC-
Tembl. C HUCNONB30BaHMEM MOITYYECHHBIX ypaBHEHUN
perpeccuyl ObLIM TPOBE/IECHBI YyTOYHEHHbIEC TEIUIOBBIEC U
THPABINYECKUE pacdeThl Ul KaKAOro TEIIOOOMEH-
HUKA TPOEKTHOM CHCTEMBI OXJIAXACHUS IU3EJNs, HUC-
TIONB3YIONIEeH (ha30BbIe ITEPEXOAbI a3E€0TPOITHOTO pac-
TBOpa aHWJIMHA. PacdeTsl NpOBOAMINCH AJIS BCEX TEM-
HepaTyp OKpyXarollel cpelbl B quana3oHe t,,=+40 °C
c marom B 5 °C (puc. 5).

]
—40-35-30-25-20-15-10-5 0 5 10 1520 25 30 35 40
tssi c
Puc. 5. I'paghux enusnus memnepamypul okpysicarouje-
20 8030YXA HA BETUHUHY CYMMAPHO20 PACX00a MOUWHO-
Ccmu Ha PYHKYUOHUPOBAHUE «XON0OHO20» KOHMYPA
cucmemvl 0xXaaxNCOeHUs Ousenst mennogosa (2T2116):
N1, — ona cywecmsyroweti cucmemvl, N2, — 0151 npo-
EKMHOI CUCmeMbl

BruiBoabI

1) IIpumenenne (Ha3oBBIX MIEPEXO0B B CHCTEME
OXJIXKICHUSI JIU3€TsI TEIUIOBO3a SIBIISICTCSI BO3MOKHBIM
1 TIEPCIEKTUBHBIM.

2) IIpumeHeHne CTaHAAPTHBIX paJiaTOPHBIX CEK-
Uil B KayecTBE KOHAEHCATOPOB Mapa SBISAETCA BO3-
MOXHBIM M UMEET NPEUMYIIECTBA HaJ UCIIOIb30BaHH-
€M PaJraTopOB C KPYIJIBIMH TPYOKaMH.

3) UwucieHHOe pelIeHWE BBIBEACHHOH CHCTEMBI
ypaBHeHui (16...19) mo3Bossier ¢ JOCTaTOYHON TOYHO-
CTBI0 PACCUMTaTh 3HAYEHHE O, [PU KOHIEHCALUH
rapa BHYTPH IJIOCKOOBAJIBHBIX TPYO.

4) Ucnonb3oBanue s pacdyera o, MPU KOH-

ACHCALIWU T1apa B INIOCKOOBAJIbHBIX pr63X PAaCYCTHBIX
3aBHCHMOCTCI>i, CO3JIaHHBIX JId KPYTJIbIX pr6, MOXET
JAaBaThb CYIICCTBCHHOC MCKAXXCHUC peE3yijibTara, CICA0-
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BaTeJIbHO, UCIIOIb30BaHUE YKA3aHHOI'O IPOrPaMMHOIO
obecrieuennst MO0 ypaBHeHHMH perpeccun (22,23) B
JTAHHOM ciTy4ae Ooiiee YMECTHO.

5) HeobxonumMo nanpHel1ee n3ydeHue mporecca
KOHJICHCAllUM Tapa BHYTPH TPYO pa3iauyHoi (opmbl
ceyeHns! W pa3paboTka KPUTEpUANBHBIX YpaBHEHHH,
OITMCHIBAIOINX JTAHHBIHN ITpoIecc B 00IIeM BUIE.

6) IlpumeHeHue (a30BBIX IMEPEXO0B TEIIOHO-
CHUTEJISl B CUCTEME OXJIKACHMS JN3eIIs TEeIIoBo3a I10-
3BOJINT JOOUTHCSI CHIDKEHHMSI CPEHETO/I0BOTO pacxoza
MOIIIHOCTH Ha MPUBOJ HACOCOB W BEHTHJIATOPOB «XO-
noxHoro» KoHTypa Ha 20..31% (B 3aBHCHMOCTH OT
KIIMMATHYECKOH 30HBI M KOHCTPYKTUBHBIX OCOOEHHO-
CTEH CUCTEMBI).
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NIABUIIEHHA EOEKTUBHOCTI CUCTEMMU OXOJIO/PKEHHS TEIIVIOBO3HOI'O JU3EJIA
3 BUKOPUCTAHHAM ®A30BUX HEPEXO/IIB TEILIOHOCIIB
AK. Cxnighyc, B.H. Mozuna

PozrisHyTa MOXIHBICTE 3aCTOCYBaHHS (Da30BHX IEPEXOIIB TEIUIOHOCIS B CUCTEMI OXOJIOKEHHS TEIIOBO3HOro Am3els. BisHa-
YeHi IepeBary, HeOMIKY 1 IePCeKTHBY JAHOTO HanpsiMKy. Omnrcana MPIHIMIIOBA CXeMa CHCTEMH OXOJIODKEHHS IM3eNs TEIUIOBO3a 3
BUKOPHUCTAHHSIM (Da30BHUX MEPEXOiB TEIUIOHOCIS, a TAKOXK BU3HAYCHI PaIlioHAIBHI (Di3FUHI BIACTHBOCTI 1 XIMIYHHMI CKIIa]] TETUIOHOCIS.
Takox orrcaHi TEOPETHYIHI Ta eKCIIEPHIMEHTAIBHI JJOCTI/PKEHHS POOOTH CepifHMX pa/iiaTOpHHX CEKIIH B PEXKUMI KOHIEHCATOpa MapH,
MaTeMaTUYHe MOJEITIOBAHHS TIPOLECY TEIUIOBiAadl MpH KOHJCHCAMil MapH B IUIOCKOOBAJIBHUX TPyOax, 1 MpeacTaBiIeHi pe3ylibTaTH
perpeciifHoro aHaii3y eKCepuMeHTAIBHIX JaHUX.
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IMPROVING THE EFFICIENCY OF THE COOLING SYSTEM OF DIESEL ENGINE WITH USING PHASE
TRANSITIONS OF HEAT TRANSFER AGENT
Ja.K. Sklifus, V.I. Mogila

The possibility of using the phase transitions of coolant in the cooling system of locomotive diesel engine is considered.
Identified strengths, weaknesses and prospects of this area. This design of the cooling system of diesel locomotives using fluid
phase transitions, as well as a rational physical properties and chemical composition of the fluid. It also describes the theoretical
and experimental studies of serial sections of radiator steam condenser mode, the mathematical modeling of heat transfer during
condensation of steam in the flat-oval tubes, and the results of the regression analysis of experimental data.

VK 621.43.016

A. B. Tpunés, /1. I. Cuguix, E. B. Cunaeckuii, O. IO. Ilununenxo

ABTOMATHUYECKOE PEI'YJIMPOBAHMUME TEIIVIOBOI'O COCTOAHUA
KJIAITAHHOTI'O Y3JIA BBICTPOXOJHOI'O JU3EJIA

Paspabomana s1eKmponnas cucmema agmoMAmMuYecko20 pe2yiuposaniss. menio8o20 COCMOSIHUS KIANAHHO20 V3id
gopcuposannozo bvicmpoxoodHoeo ousens. Ilposedena npogepka aneopumma padomul cucmemspl U HAOEHCHOCMU pa-
60UUX IEMEHMO8 8 YCILOBUAX DEIMOMOPHO20 IKCHEpUMEHMA. [ OXAAXHCOeHUs KIANAHHO20 V31a U MEXCKIANAHHO
nepeMbIuKU UCNONb3YEMCs cocamplil 6030yX. IIpedycmampueaemcs eneopenue cucmemsl pe2yiuposanus Ha Gopcu-

POBAHHBIX OU3ETAX 2PY308bIX ABMOMOOUNELL.

Beenenune

Hanexxnas pabora Hanbosee TermIoHaIpsKEHHBIX
neraneii kamepsl cropanus (KC) nBuratens, KoTopsle
U ONpEeeNsioT ero MOTOPECypc, B COYETAaHUU C BBICO-
KO TOIUIMBHOM SKOHOMHYHOCTBIO OBUIM M OCTArOTCS
OCHOBHBIMH ITI0Ka3aTENISIMH TEPCHEKTUBHOCTH KOHCT-
pykuuu JIBC. TIpu 3ToM cnefyeTr 3aMEeTHTh, UTO Ypo-
BEHb TPEOOBAHWHI IO HAIEKHOCTH, SKOHOMHYHOCTH,
YIENBHBIM Ta0apUTHBIM M MAacCOBBIM IIOKa3aTelsM
MTOCTOSTHHO BO3pacTaer.

Tem1oBoe cocTOSHUE KJIATAHHOTO y37a (BBIMYCK-
HOH KJIalaH, Ceylo, HalpaBIIAIONIas BTYJIKA) SIBISETCS
OHMM W3 OINpPEICISIONX (haKTOPOB, BIMAIOMINX Ha
Ha/ISKHYIO paboTy y3/1a B YCIOBHSIX 3KCIUTyaTalllH, Ha
ero pecypc. OPQGEKTHBHBIM CIIOCOOOM ITOBEIIICHUS
Ha/ISKHOCTH y371a, KaK MOKa3aJlM pPacuyeTHbIC W JKCIIe-
pUMEHTAIBHBIC HCCIIEIOBaHMS, IPOBOJIMBINMECS HA
katdenpe [IBC HTY “XIIN”, MOXET CTaTh JIOKAITEHOE
BO3JIYILIIHOE OXJIaXK/ICHUE KaK OTACIBHBIX JeTaJel, Tak
U y371a B LIEJIOM (HECKOJIIBKO KOHTYPOB OXJIQXKICHHS).
BeiOop BapmaHTa OXJNAXIEHWS 3aBUCHUT OT YpPOBHS
MaKCHMAaJIbHBIX TEMIIEPaTyp JeTallei B AKCILTyaTalyy,
KOHCTPYKTHUBHBIX OCOOCHHOCTEH T'OJOBKM LWJINHIPOB
(T'LL), mpucniocodnennoctn JIBC 1 ycTraHOBKYM B 11€710M
K Ppa3MEMICHUIO CHCTEMBl JIOKAJIBHOI'O OXJIAXKICHUSI
(J10).

[lomyueHnnele B XoA€ pacdyeTHO-IKCIEPUMEH-
TAIBHBIX MCCIICOBAHUN ITOJIOKUTEIBHBIE PE3YAbTAThI
JUIsl MX TIpakTHdeckor peanusanmu Ha JIBC cepuiiHoro
MIPON3BOJICTBA TPEOYIOT pa3pabOTKN CPEICTB yIpaBJie-
HUS TIPOLIECCaMH OXJIAXKICHHUS B 3aBUCHMOCTH OT TeTl-
JIOBOT'O COCTOSIHHUS JIeTajled B aBTOMaTHYECKOM PEXKH-
Me. [TocTOSHHBIN MOABOA OXJIAJUTENS MPU IOCTOSH-
HOM JaBJICHHUHM Ha BCEX PEKUMAaxX, KaK TEPMHUYCCKH

HaNpsDKEHHBIX, TaK ¥ HEHANPSDKEHHBIX, TPeOyeT cy1e-
CTBEHHBIX 3aTpaT MOIIHOCTU JBUTATENs Ha LUPKYJIS-
LU0 OXJIAMUTENs] C W30BITOYHBIM JaBJICHHUEM, YTO
yXyamaer skoHomudeckue nokaszarenu JBC. Pemre-
HHUEM TIOCTaBJIICHHOW 3aJjaud MOXKET CTaTh pa3paboTka
CHUCTEMBI aBTOMAaTUYECKOr0 PEryIUPOBaHMS TEMIIOBOIO
cocrostanst (CAPTC) xmananHoro ysna. BaxHbM Mo-
MEHTOM TakKXe A MpakThdeckodl peanusanuu JIO
SIBIISIETCS. ¥ BHIOOpP YCTaHOBKH, HambOoiee IpHCIoco0-
JICHHOH 10 CBOMM MacCOrab0apHTHBIM ITOKa3aTelsiM K
Pa3MEIIEeHHIO JOKaIbHOM CUCTEeMBI oxJaxaeHus. IIpo-
BEJCHHBIM INpENBApUTENBHBIA aHaIM3 IOKa3al, YTo
Haunbolee panroHaABHBIM SBISIETCS pa3MelleHe CHc-
teM JIO Ha au3ensx OONBIICrpY3HBIX aBTOMOOMIICH.
Ha ceropmsiiauii 1eHs ogHUME U3 HauOosee N3BECT-
HBIX TPOM3BOAMTENICH OOMNBIIETPY3HBIX aBTOMOOWIEH
siBistroTcst pupmel Tatra, Scania, Volvo, MAN. B ka-
YEeCTBE CHJIOBOT'O arperara (UpMbI HCIIONB3YIOT 4-X
TakTHbIE qu3enbHble [IBC ¢ TUTpOBON MOIIHOCTBIO OT
25 nmo 30 xBt/1 u ypoBHEM QOpCHUpOBaHUS TIO CpeIHE-
My s¢dextuBHOMY nmamenuto ot 1,2 mo 2,0 Mlla.
TexHUKa BO MHOTHMX CIy4asX UCHONB3YeTCs B TPYI-
HOIPOXOAUMBIX MECTHOCTSIX U B PETHOHAX C TSDKEIbI-
MU KJIMMAaTHYECKUMH YCIOBUSMHU.

[oBeimenne ypoBHs (opcupoBaHus JU3enel
TpeOyeT BHEAPEHUs JOTOIHHUTENBHBIX MEpPOIPUITHH
JUTS TIOBBIIIEHNS HazexxHocTH. IIpum 3ToM Maccoraba-
PUTHBIE MOKa3aTeIH 3TOM TEXHUKU AOMYCKAIOT pa3-
MEIIeHNE JIOTIOIHUTENIBHBIX cucteM JIO 6e3 3amMeTHOrO
YXYALIEHUS! 5)KOHOMUYECKHX MTOKa3aTeNeH.

B paGore Ha OCHOBE pacdyeTHO-IKCIEPUMEH-
TaJbHBIX HCCIEIOBAHMI MOKa3aHa BO3MOXHOCTb aB-
TOMaTUYECKOr0 YIPABIEHUS TEIJIOBBIM COCTOSTHHEM
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KJIAIIAaHHOTO y3J71a ¢ cucreMoil BozaymHoro JIO Ha Te-
TUTOHATIPSDKEHHBIX PEKUMaX IKCIITyaTaluy.

AHajau3 my0anKanuii.

Paszpaborke CAPTC xmiamaHHOrO y3ma OBICTpO-
XOJIHOT'O /IN3eJIsl IPEIIIECTBOBAJIO 0000IIEHNE pe3yIlb-
TATOB PAacUETHBIX HCCIICIOBAHUI, MOTOPHBIX B OE3MO-
TOPHBIX DKCIEPUMEHTOB C IMpuMeHeHueM JIO, a Takxke
COBPEMEHHBIX MOAXO0B K MPAKTUUECKON peanu3aliu
CAPTC Ha nBurarerne.

OCHOBHBIM TNPEUMYILECTBOM Bo3aymHoro JIO
SIBJIIETCS BO3MOXKHOCTb JIOKAJIbHO YMEHBIIATh TEMIIE-
parypy HamOojee HarpeThIX YYacTKOB JieTaineil Kia-
MIAHHOI'O y3J1a, YMEHbBIIATh NEepenajbl TEMIEpaTyp Me-
My TapelaKoW KIalaHa U CTEP)KHEM, B 30HE MEXKKJIa-
nanHo# nepembruku 'L, DddextnBHOCTE JIO OmEHM-
BajJach B XOJ€ MOTOPHBIX M OE3MOTOPHBIX SKCIIEPH-
MEHTOB, TpoBojuBmIMXCcs Ha Kaderape JBC HTY
“XTIN>.

B pabore [1] npuBeneHs pe3yabTaThl MOTOPHBIX
HCMBITAHUN IO OMNPEAETICHUIO0 TEIIOBOIO COCTOSHUS
CEepUIHOTO M OXJIAXJAae€MOrO BO3JyXOM BBITYCKHBIX
KJIallaHoB ~ aBTOTpakTopHoro  mmens 44YH12/14
(Ne=73,6kBr, n=1800 mun"'). VicHbITaHus mpoBOIH-
JIUCh IO HATPY30YHOM XapaKTEPUCTHUKE JUISl PEKUMOB C
n:1600MI/IH'1, n=1800 mun"'. W36bITOYHOE HaBiICHNE
oxJaxkaarouero Bozayxa PB uzmensuiocs ot 0,1 go 0,3
MIla, KOHTPOIUPOBAINUCH TaKXKe TEMIEparypa OxJa-
JUTENsl Ha BXOZE U Ha BbIXOAE U pacxon. Ilpu nasie-
Hun PB=0,1MIla cHmKeHHe TeMmepaTypsl BBITYCKHO-
ro KJanaHa B HauOoJjiee HarpeThIX TOYKax TapeiKk (B
LIEHTpe, BOJM3M omopHOW ¢acku) coctaBuiao 150-
120°C, cHwKeHne TeMIiepaTypsl CTEp>KHSI BOJIM3M Ta-
penku — 180 °C. JlanpHeiiliee MOBBILICHUE OABICHUS
PB 1o 0,2-0,3 MIla ycunuBaer oxnaxaaronuii ¢ dext
B cpeaneM Ha 30-40 °C. Pacxox Bo3ayxa depes KiamnaH
COCTaBHWJI Ha OTAEIBHBIX pexumax 3,7-6,5 M°/gac.

B xome 6e3MOTOpHOrO 3KCIIepuMeHTa [2] mccie-
JIOBAJIOCH TEIIOBOE cocTostHue (¢parmenta 'Ll auzens
44H12/14. ®parMeHT ocHaIAJICS TepMOIapaMH B 30-
HE BCTaBHBIX CEEJ, ObUTH BBIITOJIHEHBI JOMOIHUTEINb-
HBIE€ BO3JIyXONOJABOJAIINE MOJIOCTH U KaHanbl. Harpes
(¢parMeHTa 10 3aJaHHOTO TEMIIEPaTypHOIrO peXHMa
(BoccTaHaBiIMBaJICs MO pe3ylbTaTaM paHee MPOBEACH-
HBIX MOTOPHBIX HCIIBITAHWI) OCYIIECTBIISIICS C MOMO-
IIbI0 IIABWIIBHOM 3ekTponeuu. KoHTpomupoBantuch
pacxol M JABIECHUE OXJIAXJAIOLIEro BO3JyXa, CO37a-
BaeMble aBTOHOMHBIM MOpPLIHEBBIM KOMIIPECCOPOM B
nuanasone ot 0,1 ma 0,3 MIla. JJocTurHyThiii MaKcu-
MaJbHBIN 3QQEKT O CHIKSHUIO TeMITepaTyphl ceuia
npu Pe=0,3 MIla cocraBun 80-120°C BOMM3M cenen
knarmaHoB u 50-60°C Ha nepudepHilHBIX ydacTKax
OTHEBOT'O THUILA TOJIOBKU.

C wWCrmonp30BaHUEM OINMCAHHOTO 0E3MOTOPHOIO
creHya B pabore [3] onenuBanacek sdpdexrrBaOCTL JIO

WHIVBHIYaJIbHOH  TOJOBKM  LWIMHIPOB  JIU3EIsS
KaMA3-740. I1pu atom anst yeuseHus 3¢ exTa omnbIT-
HBIE CeJUIa BBINOJIHSUIACh C YBEIMUEHHOM TEIUIOOTBO-
JISIIEH MOBEPXHOCTBIO, TEPMOIAphl yCTaHABIUBAIUCH
HE TOJHKO Ha OTHEBOM JIHHMINE, HO M Ha CaMuX Kiara-
Hax. /laBieHwe oxyamuTeNns M3MEHSJIOCH B IIpesernax
or 0,1 mo 0,3 MIla, pacxoa Bo3ayxa cocrtaBui 4,5-
5,4M°/uac. CHIKEHHE TEMIIEPATyphI B 30HE CEIUIA BbI-
ITyCKHOT'O KJIallaHa M caMol OITOpPHOM (hacky KiamaHa
cocrasmio 100-140°C.

OKcHeprMEeHTalIbHBIE HCCIIEOBAaHUS  TerIo00-
MEHHBIX  ITIPOLECCOB B  CONPSDKEHHUH
HaNpaBJIAIOMas BTYJIKA ITPOBOAWINCH Ha MOTOPHOM
crenzae nuzens 44UH12/14. OxnaxaeHue CTepKHs npu
P6=0,1-0,3MIla cyliecTBEHHO MOBIMIIO TOJBKO Ha
TEMIIEpaTypHOE TIOJIE CaMOro CTEpXKHS (CHIKEHHE
At°=40-120°C) u mpakTUYECKH HE CKa3aJOCh HA TEM-
nepaTypHoM nojie Tapenku. Ilpu aToM pacxon oxisa-
JMTeNIs yepes KiIamaH Bo3poc 710 6,5-7,0 M>/4ac. B Tom
e DKCIIEPUMEHTE OXJIaX/ICHHE HaIlpaBJIsFONIeH BTYII-
KM IpH pacxoze Bo3ayxa ot 2,3 na 3,3 M’/4ac u paGore
C CEpUIMHBIM HEOXJIAX/IAeMbIM KJIAIIAaHOM JaJl0 CHIDKE-
HUE TeMIepaTypsl BTyJIkd B cpenHeM Ha 30-40°C u
MIPAKTHYECKH HE CKA3aJI0Ch HAa TEMIEPAType CTEPIKHS
knanana [4].

IIpoBenennslii B padore [1] pacuerHslii aHamms
JHEPreTUYECKUX 3aTpaT Ha MPUBOJ MOPLUIHEBOTO KOM-
Ipeccopa Ui IPUBEACHHBIX PACXON0B OXJIATUTENS U B
IepecyeTe Ha pa3BEpHYTbIM JBUTATENb IMOKa3aad J0-
TIOTHUTENbHBIE 3aTPaThl MOLIHOCTH B JTHania3oHe OT 2
10 7 kBT (Ha oMH KOHTYp OXJIQXKICHUS) B 3aBUCHMO-
CTH OT JJaBJICHUSI.

Kak crnemyer U3 mpoBeIeHHOro aHalu3a, COBpe-
MeHHBIH ypoBeHb pa3Butusi CAPTC TtpeOyer ucnosns-
30BaHUsI CHCTEM MHUKPOIPOLIECCOPHOrO YIPaBICHUSL
[5]. Buenmpenme mmkponporneccopoB (MII) npu mo-
ctpoerun CAPTC cBA3aHO ¢ NPUHIMNHMAIBHBIMU U3-
MEHEHMSMH B HX CXEMax M XapakrepucTukax. IIpeod-
JIA/IAl0T CUCTEMBI C JCLEHTPAIN30BaHHBIM YIIPABICHH-
€M, MUKPOIPOLIECCOPHBIE CUCTEMBI C M3MEHSIOMIEHCS
CTPYKTYpPOH, pealM3yIonye alropuTMbl ONTHMaIbHO-

KJ1ariaH-

IO YIpaBJICHUS U PETYINPOBaHMS, CUCTEMBI C aBTOMa-
TUYECKOH HaCTPOUKOHN U AMarHOCTUPOBAHUEM.

CAPTC, conepxaiye B CBOEM COCTAaBE D3IEK-
TpPOHHBIE OJIOKH, IO CPaBHEHHWIO C TPaJUIHNOHHBIMU
CHCTEMaMH pETYINPOBAHUS, HMEIOT psl TpeuMy-
IIIECTB: BO3MO)KHOCTh U3MEHATH B HIMPOKOM JHAra3o-
HE ITapaMeTpbl HACTPOWKH B 3aBUCHMOCTH OT PEKHUMOB
U YCIOBHUI pabOTHI JBUTATEISA, BBICOKOE OBICTpOICH-
CTBHE, NMPOCTOTA pPEATU3alMX JTOCTATOYHO CIIOMKHBIX
anroputMoB ympasieHusa. Beenenue B coctaB CAPTC
MII eme Oonee pacmmpser UX (QyHKINOHAIBHBIE BO3-
MOXHOCTH [5].
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ITpu BBIOOpE panmoHanbHOM cxembl JIO kaman-
HOTO y371a M OIeHKe ee 3((EeKTUBHOCTH OBUIN TaKKe
HCIOJIB30BaHbI PE3YJIbTaThl PACUETHBIX UCCIEI0BAHNM,
MIPOBOJUBIIUXCS paHEE C MOMOLIbI0 KOHEYHOJIEMEHT-
HOHM Y3JIOBOM MaTeMaTHYecKOH MOJenH, pa3paboraH-
Hoit Ha kadenpe ABC HTY “XIIN”.

Henp ucciienoBaHns U NOCTAHOBKA 32241

Lenbto uccnenoBaHus SABISETCS YIy4IICHUE TEX-
HUKO-OKOHOMHWYECKHX ITOKa3aTelel (OopCHpOBaHHBIX
OBICTPOXOAHBIX JW3eNiell aBTOTPAKTOPHOTO THIA 3a
CYeT NMPaKTUYECKON pealn3alid yIpaBiIsieMOro aBTO-
matuyecku JIO geraneit knamannoro y3na u 'Ll

JIst nocTHKeHys MOCTaBIEHHON LIENIN Ha JTaHHOM
JTane PEeIaroTCs TaKKUe 3aJa4u:

- YCOBEPIIEHCTBOBAHNE KOHCTPYKIMU 0€3MOTOp-
HOro cTeHja [3], AonoJHEeHue, MO3BOJIAIOIIEEe OpraHu-
30BaTh ABTOMATHYECKOE BKIIOYEHUE M OTKIIIOYECHUE
MOJauM OXJIAXKJAIOMIEr0 BO3JyXa B 3aBUCHMOCTH OT
JIaBJIECHUS BO3JyXa B PECUBEPE M 3aJaHHOM KpUTHYE-
CKOH TemIeparypsl;

- BEIOOp MITH pa3paboTKa KOHCTPYKIMU HCITOTHH-
TENIFHBIX YCTPONCTB, MOAOOP JaTYMKOB, ITPOBEpPKa pa-
60TOCITIOCOOHOCTH ATHX 3JIEMEHTOB B OE3MOTOPHOM H
MOTOPHOM JKCIIEPUMEHTAX;

- pa3paboTKa anrOpUTMOB YIIPaBJICHUS H 3JIEK-
TPOHHOM CXEMBI AJIS UX pealn3alui;

- IpoBepKa B OE3MOTOPHOM SKCHEpUMEHTE pabo-
TOCIIOCOOHOCTH CHCTEMBI YIIPaBIICHHUSI.

OcHoOBHBIC 3TaNbl U Pe3yJIbTATHI HCCJICAOBA-
HHUS.

[puaun  paboter cosmaBaemoit CAPTC kna-
naHHoro ysna ¢ JIO 3axmrouaercs B mojgade CKaToro
BO3/lyXa M3 HaKONMTEIBHOTO pecuBepa (0ayuioHOB)
mon w30bITounsiM  masieHreM  0,1-0,3 MIla gepes
BO3AYXONOABOJSIUE KaHaNIbI, BelTodHEHHbIE B I'L], ¢
BBIXOIOM MPOJYKTOB MpPOXYBKH B aTMoctepy. Mccie-
JIOBAaHUE BBINOJIHUIOCh B HECKOIBbKO 3TanoB. Ha mep-
BOM J3Tane ObLI MPOBEJICH PAaCUCTHBIA aHAJIU3 TEIUIo-
HanpspkerHoro cocrosiuus (THC) xmamanHoro ysna
opictpoxoxnHoro nusenst 44H12/14. Tlo pesympratam
MIPOBEZICHHOTO aHann3a ObUT BHIOpaH KOHTYp OXJIAX-
JIeHHUs Ce/Ula BBIIYCKHOI'O KJIallaHa, OTJIMYaroLuics
BBICOKOH 3((EKTUBHOCTHIO IPH CHI)KEHHH TeMIIepa-
Typbl HanboJiee HarpeToOl W HaNpPsPKCHHOW YacTH BBI-
ITyCKHOTO KJallaHa M He TpeOyIomuii BHECEHUS U Cy-
LIECTBEHHBIX W3MEHEHUIl B CEPUHHYIO KOHCTPYKIUIO
I'Tl.

CucremMa COIEpKUT PETYIATOp IOJaud BO3AyXa
(PIIB), KOTOpBIH BKIIIOYAET ITOAYY IPH JTOCTHKEHUHU
3a/laHHOM KPUTUYECKOM TeMIlepaTypsl celyla UM BBI-
IIyCKHOrO KiamaHa. J[is ompeneneHuss KpUTHYECKHUX
TEMITepaTyp NpH pa3paboTke MM JOBOIKE KOHCTPYK-
i (popcHpOBAHHOTO JTU3EIsT MPOBOIUTCS CEpUs MO-
TOpHBIX ucnbITaHui, MojenupoBanue THC. ITpu atom

TEpMOMETpHsI KiamaHa (ceia) 1o Harpy3o4HOH Xa-
PaKTEepUCTUKE CONPOBOXKIACTCA H3MEPEHHEM TeMIIle-
parypbl 0TpabOTaBIIMX ra30B C MOMOIIBIO CEPUIHOTIO
JIaTUYMKA, YCTAHOBJIEHHOI'O B BBITYCKHOM KOJIJIEKTOpE.
DTOT CepUMHBIM JAATYUK U JOJDKEH KOCBEHHO OTCJe-
KHUBaTh TEMIIEPATypy KJIalaHa, M0 €ro CUTHANY BKIIIO-
yaeTcs uian Boikitouaetcss PTIB. Ha puc. 1 nokazana
Harpy304Hasl XapaKTepUCTUKA, CHSTas MPU MOTOPHBIX
ucnbiTanuax ausens 44UH12/14 u Ha KOTOpOH mpHBe-
JIEHBl 3aKOHBl W3MEHEHMsI TEMIEPaTyphl BBIITYCKHOI'O
KJaraHa (Todka 1 B IIEHTpe Tapesiku) 1 oTpaboTaBIINX
ra3os [1].
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Puc. 1. Haepy3ounas xapakmepucmuxa ousens
4YHI12/14:
t;- memnepamypa 6binyCKHO20 Kianauna ¢ m.1:
- cepuiinblil KI1anaw,
— — — - oxaxcoaemuuii knanaw, Pe=0,1 Mlla;
- memnepamypa ompabomaguiux 2a3os, t,,

KoHTpomo mouieskuT Taxke n30BITOYHOE JaBiie-
HUE B HAKOIUTEIBbHOM PECHBEPE, CO3/1aBaeMOE IpH-
BOIHBIM KoMIpeccopoM. IIpu mageHuu naBiieHUst HU-
ke 3agaHHoro yposHs PIIB orkirodaer nogady Bo3ny-
xa B '], koMmpeccop nepeBoanuTCsS B pabounii pexxum
JUIsl BOCCTAHOBJICHUS! JABJICHUs, MOBTOPHO 3ampallld-
BaeTcsl TemIieparypa orpaboraBmmx razoB u PIIB
BKJIIOYAET WIN HE BKIIIOYAET MOAAYY OXJIQJAUTENS.

Jlnst mpoBeneHus uccae10BaHys Ha BTOPOM dTarle
WCIIONIB30BAJICS OE3MOTOPHBIN CTEHJ, OIMCAHHBIA B
paborax [2, 3], HO ¢ BHeceHHeM nomomHeHnd. Cxema
MOJIEPHU3UPOBAHHOIO CTEH/1a IPEACTaBICHa Ha pUC. 2.
O0bekrom wmccnenoBanus seisgercs [ mm3ens Ka-
MA3, ocHaieHHas TepMonapaMu M COAEprKallas Ka-
Hans! JIO.

PerynupoBanue JIO ocymiecTBisieTcs: MEKPOIPO-
neccopHoil cucremoit. IIpu Bxitouennu nurtanus PIIB
9 ycraHaBIHMBaeTCS B MOMHOCTBIO 3aKPBITOE IMOJIOXKE-
HUEe. B MOMEHTBI OTKpPBITHS-3aKpPBITUS BKIIIOYAETCS
senenblid HL1 wmm kpacueiit HL2 cBeromuonel. B
KpailHUX IOJIOKEHHUAX (TI0OJIHOE OTKPBITHE-3aKpPHITHE)
COOTBETCTBYIOIUI CBETOAUOJ, TOPUT HEMPEPHIBHO.
ITocne ycranoBku B ucxonHoe nonoxxenue PIIB Haun-
HaeTcsl MPOBEpKa TEMIEpPaTypbl, U3MEPIEMON TEpMO-
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napoit 11. Tlpu npeBsleHUN 3a4aHHON BEpPXHEH rpa-
HUYHOW TEeMIepaTypbl HpPOUCXOAMT OTKpeiTHe PIIB
BO3AYyX MOCTyNAaeT K CeQIy BBITYCKHOTO KiamaHa. B
OTKPBITOM TOJIOKEHUHU PETYIATOp OYAET ylepKUBaTh-
csl 10 TeX MOp, IOKa TEeMIEepaTypa HE CTAaHET MEHbIIE
3aJJaHHON HIDKHEH rpaHmyHoi. [Ipu stom Oymer mpo-
HCXOJAUTH MOCTOSHHBIA KOHTPOJb JABJICHUS BO3AYyXa B
nojarolel cucreme mnocpenctsom aaruuka 13. Eciu
JIaBJICHNE YIaaeT Hibke Kpurudeckoro, To PIIB Oyxer
3aKPBIT 10 HATIOJIHEHUS PECUBEPA 5 U BOCCTAHOBJICHUS
JIaBJICHHUSI, TT0CJI€ YEero BO3OOHOBUTCS MPOBEPKA TEM-
mepaTypsl.
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Puc. 2. Cmpyxkmypnasa cxema CAPTC knanannozo
y3aa:

1 - 2on06xa yununopos; 2 - anekmponeus, 3 - mpauc-
dopmamop; 4 - xomnpeccop; 5 - pecugep, 6 - pacxo-
Odomep PI'- 40; 7 - pacwupumenvholii 6auok; 8 - 3a-
NOPHBIU 2IeKMPOMASHUMHBLIL Kaanan, 9 - pe2ynsimop
nodauu go3oyxa; 10 - pene komnpeccopa, 11 - mep-
monapa, 12 - oamuux memnepamypwi 6o30yxa; 13 -
damuux oasnenus; 14 - bnox ynpagnenus; 15 - nanens
ynpaenenus, 16 - oucnieu

OX[ ]

N

Cy1mecTByeT BO3MOXHOCTh IpPH  HaXOXKICHUU
PIIB B OTKPBITOM COCTOSIHUM BBINOIHUTH €r0 MpPHUHY-

JIUTENIbHOE 3aKphITHE (KHOMKa S2), MPOMCXOIUT
3aKpBITHE U yEp’KaHUE B TAaKOM IOIOXKEHUU B Tede-
HUE

30 cexyna. ITocne 3Toro BO300HOBHUTCS aJlTOPUTM
MpOBEpKU TeMIeparypsl. Eciou Temmeparypa, H3Me-
psiemast Tepmoniapoid 11, He mpeBbIIIaeT 3aJaHHON, TO
npeaycmorpeHo oTkpeitie PIIB (knomka S1). Haxoxk-
JIEHHE B OTKPBITOM COCTOSIHUM OrpaHudeHo 30-Tbio
cekyHaamu. KHomka S3 10O3BONS€T BBHINONHHUTH Ha-
CTpOIKY X0za peryisaropa. s nepexona K HacTpoike
HEoOXO0AMMO HaXKaThb KHONKY S3 M yJep)KUBaTh €€ 10
OKOHYaHUs HacTpouku. HacTpoiika BBIOIHSETCS OT-
HOCUTEJIBHO TONHOCTBIO 3aKpBITOrO COCTOSHUS, IO-

3TOMY, €CJIIH PEryJsTop OyAeT OTKPBHIT B MOMEHT Ha-
XKaThd KHONKM S3, TO mpousoiiaer ero 3akpsitue. O
IepexXo/ie B PEKUM HACTPOWKU CBUAETENBCTBYET OJI-
HOBpeMeHHoe BKJtoueHue cetogauogos HL1 m HL2.
Taxast HacTpoiika HeoOXOIUMa NPHU PETYIUPOBKE Tep-
METHYHOIO MpUJIEraHus KiamaHa § IOCIe YCTaHOBKHU
PIIB.

Ha s>xupkokpucranmmueckoM aucriiee 16 Bo3-
MOXHO OTOOpakeHHe MH(OpMalWH O JIABJICHHH BO3-
Jlyxa W TeMIepaType BO3[yXa B PpacCHIMPUTEIEHOM
Oauke 7, TemrepaType B KOHTPOJBbHOW TOUYKE Ceisia
BBIIYCKHOI'O KJIallaHa, a TaKXKe BPEMEHU J10 3aKPbITHS
(orkpertus) PIIB. Cucrema yrpaBieHUs BBINTOJHEHA
Ha Oaze MukpokoHTpoiepa ATMegal6 ¢upmbl
Atmel, koTopblii paboTaeT C TAaKTOBOH 4YacTOTOH &
MTI'u. Hampsiokenue BHeuiHero ucroynuka +12B cra-
ownmsupyercs Mukpocxemoir LM 1815 Ha yposHe +5B
JUIsl IATaHUS BCEX Y3JIOB CXEMbl. B kauecTBe mepBuu-
HOro npeoOpa3oBaTessl TEMIEPaTypsl B 0€3MOTOPHOM
JKCIHEPUMEHTE HCIOIb3YETCS TepMonapa XpOMeENb-
aJIoMellb, TEPMO-3/]C KOTOPOH YCHJIMBAETCs OIepary-
OHHBIM ycmiuTeneM. OnepalMOHHBIA YCHIIUTENb pac-
CUMTaH Ha H3MepeHue Temmeparypsl 1o 1000°C. Jlanee
YCUJICHHBIM CUTHAJI MOJAETCS Ha BXOJ BHYTPEHHErO
aHasoro-1udposoro npeodpaszosarens (ALIT) muxpo-
koHTposutepa. ALIIT Hacrpoen Ha pabory B 10-TH OuT-
HOM pexume. OnopHoe HampsbkeHue +5B mocrymaer
Ha COOTBETCTBYIOLIMM BXOJ MHKpPOKOHTpOIUIEpA OT
cTabmin3aropa HanpspKeHHs. TOYHOCTE W3MEpeHHs
TemriepaTypsl, obecrieunBaeMasi kanamom ALl u ¢
YYeTOM IIOTpelmrHoCTell B KaluOpoBke, He Ooree
42,5 °C. MHKpPOKOHTpOIIEp, BBHINOTHSAET MPOrPaMMy
n3 BHyTpeHHer Flash-namsti. Ha nuHMAX BbIXOAHOTO
IIOPTa, B 3aBUCHMOCTH OT MOKa3aHUI TEpMOMapsbl, BbI-
cTaBJIsAItOTCS curHanel ynpasienust PIIB. B kauectse
peryasTopa 9 HCHONb30BaJICS IMPOMBIIIICHHBIA PETy-
JIATOP XOJIOCTOr0 X0/Ja, YCTAHABIMBAEMBII B CUCTEMAX
komIuiekcHoro ympasinenuss JIBC cemeiictBa BA3
(puc. 3).

OTOT 3JIEMEHT BBIIOJIHEH Ha OCHOBE IIAroBOrO
JNEKTPOABUIraTENs, TUCKPETHOE BpPAILICHUE Bajla KOTO-
pOro, mocpeaCTBOM IIepeiaul BUHT-TaiiKa, Impeodpasy-
eTcs B IOCTYNATENBHOE JBIDKEHHE 3allOPHOIO HAKo-
HeyHHKa. [ obecrnedeHust IOTMKY paboThI [IaroBOro
AJEKTPOABUIraTENsl UCIOJIB30BAIACh CXEMa KOHTPOJLIE-
pa Ha mukpocxemax 1297 u L298. Mukpocxema L297
COJICPKUT JIOTUKY (popMHpOBaHMS BPEMEHHBIX ITOCIIE-
JIOBATEJIBHOCTEHN U MO3BOJSAET YHIPABIATh IyCKOM WM
OCTAQHOBKOH IIAroBOr0 AJIEKTPOJABUIATENs, HalpaBie-
HUEM U CKOPOCTBIO BpalleHus ero Bana. Mukpocxema
L298 BeimonHseT B TaHHOM ciiydae (QyHKIUIO (hopMH-
poBaTelss BBIXOJHOTO YIPABISIONIErO CHTHalIa Heoo-
XOAMMOM MOIIHOCTH sl IIAroBOrO AJIEKTPOABHUraTe-
TS
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Puc. 3. Pecynamop nooauu eozdyxa

Bcest HeoOxoaumas nHpoOpManms mepenaeTcst ye-
pe3 muHEMM TmocnenoBatensHoro oomena UART wmuk-
POKOHTpoOJUIepa U Npeodpa3oBaTenb nHTEpdeiicoB Ha
6aze MCP2200 na moptr USB noyrOyka. Kaxxmas mo-
CBUIKA BKJIIOYAET B ceOs TeKyIee BpeMs, HalpsuKeHNe
Ha BBIXOJIC C YCHJIMTENS CUTHajla TEpPMOIIaphl, U3Me-
psemyro Temnepatypy u coctosiaue PIIB (0 — 3akpsiIT,
1 — OTKpHIT). DTH AaHHBIE AJIs MOCienyromeil odpa-
0OTKM 3aIKCBHIBAIOTCS HA )KECTKHH TMCK KOMIIBIOTEpA B
BHJIC TEKCTOBOTO (haiina.

[IpenBapuTenbHO MpoBEpKa pabOTOCIIOCOOHOCTH
CHCTEMBI M BBINIOJIHEHHS 3aJI0)KEHHOT O aJITOPUTMa BbI-
TIOJTHSUIACH C UCIIONIB30BAaHMEM KHUITSIIIHUX KUIKOCTEH U
MOTOPHBIX Macej. Tak NpH UCHBITAHUSX B HarperoM
MOTOPHOM MacJiie 3a/1aBaJICh TeMIlepaTypa OTKPBITHS
PIIB - 150 °C u 100 °C na ero 3axpbite. AHanu3 me-
penaBaeMbIX MHUKPOIPOLIECCOPHON CHCTEMOH JaHHBIX
MOKa3aJl IJIaBHOE HapacTaHWe HampspKeHWs (TemIiepa-
Typbl) Ha BBIXOJE YCHJIMTENS, W CBOEBPEMEHHOE
(153,7 °C) orxpertue PIIB. TIpu MeIeHHOM OXJIakie-
HuM Maca 3akpsitie PIIB mpousomuio mpu 99,2 °C. B
pe3ynbTaTre TakoW MPOBEpKH OBUIO yCTaHOBJIEHO, YTO
MIOrPENIHOCT, M3MEPEHUH HAaXOAWTCS B Ipefenax =+
2,5%, a anroput™M paboOThl MHKPOIPOLECCOPHOH CHC-
TEMBI BBITIOJTHSIETCS JUISl 3a7[aBaeMbIX TPaHUYHBIX 3Ha-
YeHUH TemIeparypsl 0e3 OmmnooK.

CrenyromuM 3TarmoM TPOBEPKH PabOTOCIIOCO0-
Hoct CAPTC 6bu1 coOCTBEHHO 0€3MOTOpHBII SKCIIE-
PUMEHT, B KOTOPOM 33JaBaJINCh TPaHUYHbIC TeMIlepa-
Typel M JIaBJICHUSI B pECUBEpEe Uil BKIIOYCHUS-
BoIkItoueHus PIIB.

Ha puc. 4 noka3aH xapakTepHBIH IIpHUMEp U3Me-
HEHUS CUTHAJIOB OT JIATYMKOB JIABJICHUS U TEMIIepaTy-
PBI BO BPEMEHH, OTMEUEHBI TaK)Ke€ BPEMEHHbBIE HHTEP-
Baibl (289 - 326 ¢, 356 - 373 ¢), COOTBETCTBYIOIIUE
oTkpeiToMy coctosHuio PIIB. I'padmk moctpoeH Ha
OCHOBE UH()OpMaIWH, TOCTYHUBIIEH Ha )KECTKUI JNCK
IIK B BHE TEKCTOBOTO (haiina.

t, °C 200 1

P acc,
300
Kl
200 4
100
285 295 305 315 325 ;J-S 345 355 365 ;') 85
T, C
Puc. 4. H3zmenenus cuenanos npu mecmuposaruu

CAPTC

[Ipn 3TOM OTKpHITHE IIONAYM OXJIAXKAAIOIIETO
BO3/lyXa JJIsl IaHHOTO TECTOBOTO BapuaHTa 3aJaeTcs
npu 150 °C (289 c), a 3aKphITHE — PH CHIKEHHH TEM-
neparyps 10 80 "C (326 c). Kak ToIbko JaBleHue B
pecuBepe craner Mensuie 150 k[la momaua BO3gyxa
TIpeKpamiaercs Mpy JII000H TeMIepaType 1 BKIIIOUaeT-
sl KOMIIPECCOp ISl HAKAYKH PECHBEpa.

BruiBoabI

[IpoBeneHHbIE  pacUETHO-IKCIIEPUMEHTAIBHBIC
WCCIIEIOBAHMS ITOKa3aJld BO3MOXKHOCTH aBTOMaTHYe-
ckoro ympasieHus cucreMoil JIO kianaHHoro ysia
JUTSL 33]JaBa€MBIX B TIPOTPaMMeE KPUTHICCKHUX TEMIIepa-
Typ IeTaliei y37a, XapaKTepHBIX MPU BBICOKHX YpPOB-
Hsix QopcupoBanus. Paspaborannas CAPTC moarsep-
JIiIa CBOIO paboTOCIOCOOHOCTh, HAIEKHOCTh B YCIIO-
BUSIX OE3MOTOPHOro 3KcnepuMeHTa. [lomyueHHsle pe-
3yAbTaThl OYIyT WCIIONB30BAHBI MPH ITOATOTOBKE MO-
TOPHOTO SKCIIEPUMEHTa, B KOTOPOM B KauecTBE 3a-
JIAIOIIETO TapaMerpa Mpeanoyaraercsi KOHTPOIUPO-
BaTh TEMIIEPATypy OTPabOTaBIIMX I'a30B, a TAKXKE OT-
CJISKMBATh JJABJICHNE OXJAXK/IAIOIIEro BO3/lyXa B PECH-
Bepe.
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ABTOMATHYHE PETYJIIOBAHHSI TEILIOBOT'O CTAHY KJIAITAHHOTO BY3JIA
MIBUIKOXIHOTO JA3EJIS

O. B. Tpunwvos, /. I'. Cisux, €. B. Cunaecokuii, O. IO. [lununenxo

Po3pobiteHa eeKkTpoHHa cHcTeMa aBTOMaTHYHOTO PETYITIOBAaHHS TEIUIOBOTO CTaHy KJIAITAHHOTO BY3J1a (JOPCOBAHOTO MIBH-
KoxizmHoro mmsens. [IpoBeaeHa mepeBipka alropuTMy poOOTH CHCTEMH Ta HaIiHHOCTI poOOYMX €IEeMEHTIB B yMOBax 0e3MOTOp-
HOTO eKCTIepUMEHTY. )1 OXOIOKEHHS KIIAITaHHOTO BYy3Ja i MIDKKJIAIIAHHOI IIEPETHHKN BUKOPHCTOBYETHCS CTHCHEHE TTOBITPSL.
[Nepen6avaeThCst BIPOBAKEHHSI CHCTEMH PETYITIOBAaHHS Ha (DOPCOBAHMX JH3ENISIX BAHTAXKHUX aBTOMOOLITIB.

AUTOMATIC CONTROL OF THE THERMAL STATE OF THE VALVE UNIT IN
HIGH-SPEED DIESEL ENGINE

A.V. Trinjov, D.G. Sivyh, E.V. Sinyavskii, O.Y. Pylypenko

Developed an electronic system of automatic control of the thermal state of the valve unit of the high-speed diesel engine.
The algorithm of the system and the reliability of the work items in a non-motorized experiment was audited. For cooling the
valve unit and the arch between the valves a compressed air was used. It is expected to use such controll system at high-load
lorry diesels.

VK 621.43.052
A.P. Marchenko, D.E. Samoilenko, Omar Adel Hamzah

THE PROBLEMS OF UTILIZATION OF FLARE GASES IN INTERNAL
COMBUSTION ENGINES

The problem of flare gases utilization in internal combustion engines is considered. Flaring associated gas from oil
drilling sites is the most promising fuel for such purpose. Also the problems of detonation arising during the opera-
tion of internal combustion engines on flare gases are also studied. It is shown that the only independent parameter
that affects the occurrence of detonation during operation of a gas engine is methane number which is a physical
characteristic of the gas. The new conception of the internal combustion engine with on-board steam reformer to
avoid the problem of detonation is offered in present study.

Introduction emissions of carbon dioxide. For example, oil refinery
Flare gases such as flaring associated gas from oil flare stacks may emit methane and other volatile or-
drilling sites can be utilized in Internal Combustion ganic compounds as well as sulfur dioxide and other
Engines. At present, such gas is just flaring in gas sulfur compounds, which are known to exacerbate
combustion devices that is harmful for human health, asthma and other respiratory problems. Other emis-
and is a contributor to the worldwide anthropogenic sions include, aromatic hydrocarbons (benzene,
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toluene, xylenes) and benzapyrene, which are known to
be carcinogenic.

As of the end of 2011, 150 billion cubic meters
of associated gas are flared annually. That is equivalent
to about 25 per cent of the annual natural gas consump-
tion in the United States or about 30 per cent of the
annual gas consumption in the European Union [1].

The top ten leading contributors to world gas flar-
ing at the end of 2011, were (in declining order):
Russia (27%), Nigeria (11%), Iran (8%), Iraq (7%),
USA (5%), Algeria (4%), Kazakhstan (3%), Angola
(3), Saudi Arabia (3%) and Venezuela(3%) [2].

That amount of flaring and burning of associated
gas from oil drilling sites is a significant source of
carbon dioxide (CO2) emissions. Some 400 million
tons of carbon dioxide are emitted annually in this way
and it amounts to about 1.2 per cent of the worldwide
emissions of carbon dioxide. That may seem to be in-
significant, but in perspective it is more than half of the
Certified Emissions Reductions (a type of carbon cred-
its) that have been issued under the rules and mecha-

nisms of the Kyoto Protocol as of June 2011 [1, 3].
Satellite data on global gas flaring show that the

current efforts to reduce gas flaring are paying off.
From 2005 to 2010, the global estimate for gas flaring
decreased by about 20%. The most significant reduc-
tions in terms of volume were made in Russia and Ni-
geria [1,4].

From the other side flare gas can produce energy
by using it in internal combustion engines.

The problem of utilization flare gases is solved in
Ukraine at mine named after Zasjadko [5]. In 2004 at
mine named after Zasjadko started designing powerful
cogeneration plant using coal mine gas as a motorfuel.
The first phase of the station with electrical capacity of
36 MW and 35 MW was equipped with 12 pre-
chamber gas-powered GE Jenbacher engines. The
station was commissioned in 2006 on the eastern in-
dustrial area of the mine.

To study the possibility of using flare gases in In-
ternal Combustion Engines it is important to know the
properties and fuel characteristics of such gases. The
major flare gas fuel properties are: Specific Gravity &
Density, Moles and Molecular Weight, Heat Value.

The major physical properties of Gases are shown
in Table 1[6].

Table 1: Physical Properties of the main components of flare Gases (Metric Units)

Gas Density, 0°C, 101,31 kPa Heat Value: At 0°C
‘ ‘Air Required Flammability Limits
wer 3
- o SRR Gy | e et N N | Lo P e e
’ (Air = 1) (LHV) (HHV) (LHV) (LHV)

(Vol/Vol) Lower Higher
Methane CHa -161,51 0,5539 1,3997 | 0,4180* | 0,2994~ 35,746 39,700 50,034 14,980* 9,53 5,00 15,00
Ethane C:zHs -88,59 1,0382 0,7468 0,2656 0,3556 63,626 69,558 47,516 16,897 16,67 2:90 13,00
Propane CaHs -42,07 1,5226 0,5119 0,2578 0,5082 90,992 98,900 46,579 23,578 23,82 2,00 9,50
iButane CaH1o -11,79 2,0068 0,3864 0,2171 0,5619 117,937 | 127,823 | 45,571 25,606 30,97 1,80 8,50
nButane CaHio -0,51 2,0068 0,3864 0,2253 0,5831 118,346 | 128,231 45,729 26,665 30,97 1,50 9,00
iPentane CsHiz2 +27,83 2,4912 0,3112 0,1940 0,6234 145,397 | 157,264 | 45,248 28,208 38,11 1,30 8,00
nPentane CsHiz +36,05 2,4912 0,3112 0,1961 0,6301 145,589 | 157,578 | 45,307 28,548 38,11 1,40 8,30
Hexane CeH1a +68,72 2,9755 0,2606 0,1728 0,6630 173,104 | 186,940 | 45,111 29,909 45,26 1,10 7,70
Heptane CrH1s +98,37 3,4598 0,2241 0,1539 0,6869 200,478 | 216,287 | 44,927 30,860 52,41 1,00 7,00
Octane CaHis +125,65 | 3,9441 0,1966 0,1387 0,7056 227,831 | 245,626 | 44,792 31,605 59,55 0,80 6,50
Carbon Monoxide co +156,44 | 0,9670 0,8018 + + 12,598 12,598 10,101 + 2,39 12,50 74,20

Carbon Dioxide CO: +42,91 1,5196 0,5103 0,4167 0,8167 o] o] (o] 0 + + +
Hydrogen H +217,17 | 0,0696 11,1651 + + 10,766 13,451 120,203 + 2,39 400 74,20
Hydrogen Sulphide 3 ES -60,27 1,1767 0,6589 0,5272 0,8001 23,065 25,043 15,198 12,160 7,20 4,30 45,50

Oxygen 02 -182,95 1,1048 0,7018 0,8002 1,1403 o] o] (o] 0 + + +

Nitrogen Nz -195,80 0,9672 0,8016 0,6478 0,8081 [o] 0 (o] [o] + + +

Air -194,34 1,0000 0,7754 0,6771 0,8733 (o] (o] (o] o} + + +

The most important flare gas characteristics are
stoichiometric air/fuel ratio and methane number
(MN). All these properties and characteristics have a
core influence on detonation of the engine.

The purpose of this paper is to analyze the
problems of detonation arising during the operation of

internal combustion engines on flare gases, and finding
possible ways to overcome it.

Detonation and Pre-ignition

Detonation and pre-ignition are two forms of ab-
normal combustion that involve uncontrolled burning
of the fuel-air mixture in the cylinder. Pre-ignition is
the term used to describe premature ignition of the
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fuel-air mixture before the spark plug has fired. Deto-
nation describes the scenario where the fuel-air mixture
is ignited at the proper time by the spark plug and a
second ignition event takes place in the unburned fuel-
air mixture before the normal combustion sequence can
go to completion. Both events are potentially damaging
to the engine due to their potential to produce localized
high temperatures and sharp rises in pressure.

Pre-ignition is typically a result of a “hot spot” in
the combustion chamber. Such hot spots may occur at
sharp edges on the engine parts (such as valves or
spark plugs) if they get too hot, or from carbon depos-
its in the combustion chamber. If these hot spots can-
not cool between combustion cycles, they can get hot
enough to serve as an ignition source themselves and
will light the fuel-air charge before the spark plug gets
the chance. Detonation is the result of a more complex
set of circumstances, involving the combined influence
of fuel quality, engine design, engine set-up, site con-
struction, ambient conditions, and engine loading. If
enough of these inputs stray from their proper ranges
during engine operation, combustion that begins nor-
mally can suddenly see a portion of the unburned gas
self-ignite before it has been met by the primary flame
front. The flame fronts from these two combustion
sources will eventually collide, creating a sharp metal-
lic “ping” sound that is the audible evidence of detona-
tion.

Detonation is the event often called “knocking” in
car’s gasoline engine.

Normal combustion

Burning of the fuel-air mixture is started by the
spark plug. The flame front progresses uniformly
across the combustion chamber until the entire fuel-air
charge is burned. Heat released by combustion pro-
duces a rise in pressure that pushes the piston down in
the cylinder, producing useful work at the crankshaft.
Refer to Fig. 1.

"W

Fig. 1. Normal combustion

Detonation

The advancing flame front compresses the un-
burned fuel-air mixture, pushing its temperature be-
yond the auto-ignition point. The unburned portion of
the mixture self ignites, creating a sharp rise in pres-
sure and localized high temperatures. Refer to Fig. 2.

1)

Fig. 2. Combustion with detonation

As described earlier, detonation results from one
of several factors being out of range either at the start
of, or during, the combustion sequence. The basic
driver for detonation is the temperature of the un-
burned gas, or “end gas”, before it is ignited by the
flame front. Because of this, the list of direct causes for
detonation can be pretty well defined (although the
root causes for those conditions can sometimes be
more difficult to establish).

Direct causes of detonation include:

Fuel-air charge temperature too high: High start-
ing temperature of the fuel-air mixture results in tem-
perature rise in the end gas beyond the auto-ignition
threshold.

Low fuel MN: Fuel gas does not have sufficient
resistance to detonation. The fuel autoignition tempera-
ture is low compared to the standard fuel resulting in
auto-ignition under normal combustion pressure rise
conditions.

Focusing just on engine attributes that directly
play into detonation sensitivity, four design issues
come to the forefront:

e Compression Ratio

e Ignition Timing

e Aftercooler Temperature
e Power Rating

e Methane number.

In the next investigation will be studied how sev-
eral of the factors are directly related to one another.

Compression Ratio

The compression ratio of the engine and the fuel
MN go hand-in - hand when searching for the proper
engine for a given flare gas fuel. High compression
ratios tend to increase in-cylinder pressures, making
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factors sensitive to the pressure rise critical with regard
to detonation. Low MN fuels burn faster than higher
MN fuels, creating steeper pressure rise rates that are
not well matched to high compression ratios. In gen-
eral, low MN fuels require low compression ratio en-
gines.

Ignition Timing

Ignition timing is also directly tied to fuel MN
and pressure rise rate. Achieving peak combustion
pressure at the proper time in the piston’s movement in
the cylinder requires that the spark plug fire at a pre-
cise moment in advance of that point. The timing of
that “spark advance” depends heavily on the burning
rate of the fuel, which is closely related to the fuel’s
MN. Lower MN fuels require the use of less spark tim-
ing advance.

Aftercooler Temperature

The aftercooler serves as the final control over the
starting temperature of fuel-air charge. Because this
plays directly into the risk of detonation, any design or
installation issues that can compromise the after-
cooler's ability to achieve the appropriate temperature
in the inlet charge are critical detonation risk factors.
The aftercooler can fail to provide adequate cooling of
the inlet air by not being large enough to handle the
heat removal demand placed on it or by being fed af-
tercooler water at too high a temperature. High after-
cooler water temperatures can stem from improper
selection of the aftercooler water thermostat set point,
or an inadequately sized radiator, or by high ambient
air temperatures reducing the cooling capabilities of
the radiator.

Power Rating

Engine power output is the most challenging to
see how it contributes to detonation because it involves
the movement of the piston. Normal operation of the
engine uses the pressure rise in the cylinder to push the
piston and eventually drive the load attached to the
crankshaft. If the driven load on the crankshaft be-
comes too great it restricts the movement of the piston.
With the piston movement restricted, the pressure rise
in the cylinder gets steeper, eventually resulting in
detonation.

All previously mentioned factors have unequal
impact on the detonation during operation of the par-
ticular design engine. Thus, compression ratio is a de-
sign parameter that determines the efficiency of burn-
ing in the cylinder, and therefore can not be changed or
optimized. Thus, the only independent parameter that
affects the occurrence of detonation during operation
of a gas engine is methane number which is a physical
characteristic of the gas.

Methane number

The key property of flare gas as was mentioned

before is the ability of the fuel gas to resist detonation.
For this reason, having a measure of this detonation
resistance property provides a valuable tool for assess-
ing the suitability of a gas to use as engine fuel. Earli-
est attempt at a detonation resistance scale was using
the octane rating method, a tool long established for
use with gasoline engines. The octane rating method
uses a special test engine with variable compression
ratio to establish the critical compression ratio for a
fuel, the compression ratio at which detonation occurs.
Unknown fuels are tested in this engine and their re-
sults are compared to a baseline set of results for
blends of iso-octane and nheptane. The octane rating
number represents the percent of iso-octane in the
baseline blend. The problem with using the octane rat-
ing is that octane is not an effective reference point for
flare gases and methane-based natural gas. Flare gas
typically contains a high percentage of methane, the
smallest, lightest paraffin fraction. Octane is a much
heavier paraffin series molecule with very different
combustion properties, including the fact that it tends
to exist as a liquid under normal conditions -good for
gasoline engines, but not so good for natural gas en-
gines. To use the octane rating for gas engines, each
hydrocarbon fraction (methane, ethane, propane, and
so on) must be tested to establish its octane rating
number. These value are then used to compute a
weighted average octane rating for each gas mixture
being evaluated. This approach has two significant
drawbacks. First, it assumes a linear contribution by
each fraction to the overall average result. In fact, the
heavier fractions tend to have more impact than the
lighter ones on the behavior of the mixed gas. Sec-
ondly, the octane rating system provides no way to
take into account the beneficial effects of inert gases
like carbon dioxide or nitrogen. In certain blends, these
gases can help to cool combustion, allowing a small
improvement in resistance to detonation. The octane
rating method was acceptable when used with proc-
essed “pipelinequality” natural gas, but it usefulness
was limited when applied to the broad range of gas
compositions found at the well. These applications
needed a more reliable rating method.

The methane number rating method was first de-
veloped in Austria in the mid-1960s by AVL company.
Instead of octane, it uses methane as the reference for
establishing resistance to detonation. The methane
number scale sets a value of 100 for pure methane and
uses hydrogen, with a value of 0, as the reference for a
very fast-burning gas prone to detonation. Caterpillar
adopted this method in the 1980s, continuing to refine
the system through extensive research and testing on a
wide range of fuels from field gas to landfill gas [6].
Calculating the methane number requires a set of com-
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plicated computations using computer program to per-
form these calculations and allow field determination
of the methane number. All these programs are com-
mercial ones.

Table 2. Methane numbers of some individual
component of flare gases

Component Methane
number
Methane (CHy) 100
Ethane (C,Hp) 46.6
Propane (C;Hy) 33
i- Butane (C4Hj) 15
n-Butane (C4Hj) 10

It can be seen from Table 2 that content of i-
butane and n-butane in flare gas will reduce methane
number and increase the risk of detonation in the en-
gine. So, these components should be removed or
cracked. In the word practice there are two ways of
solving mentioned problem. One is to remove butanes
with debutanizer and burn the rest of flare gas in Inter-
nal Combustion Engine. But this way is not good be-
cause of the low efficiency of utilization. Another way
is to reform heavier hydrocarbons to Methane and Hy-
drogen with no intermediate products. This process can
be implemented using steam reforming.

Steam Reforming

Steam reforming converts higher hydrocarbons to
Methane components with no intermediate products.
The typical operating temperature is from 400 to
550°C. The temperature is chosen to avoid hydrocar-
bon cracking which results in carbon precipitation.
Methane reforming is completed in a final stage at

Gas In

Cooler/Condenser

Condensate

Gas
Preheater

higher temperatures and higher steam to carbon ratios
are used to suppress carbon precipitation. Below are
the reactions that occur.

CoHpn + nH,0 — nCO + (n +1/2m)H, (-AH°298 = -
1108kJ/mol, n = 7) (1)

CO + 3H, «» CH, + H,0 (-AH°298 = 206,2 kJ/mol) (2)
CO + H20 < CO2 + H2 (-AH°298 = 41,2 kJ/mol) (3)

A detailed review of the process is given in a [7].
Reaction (1) is irreversible whereas the other two reac-
tions establish equilibrium, which is temperature de-
pendent. Carbon dioxide and water will be present in
the product as well as carbon monoxide and hydrogen
since reactions (2) and (3) are equilibrium reactions.
The reaction mechanism for steam reforming involves
the adsorption of the hydrocarbons onto the catalyst
surface, leaving of all the carbon-carbon bonds, and
leaving only single carbon components (i.e. methane,
carbon monoxide).

Experiments have shown that the higher hydro-
carbons slowly decrease through the catalyst bed and
that no intermediates are created. Because the rates of
reactions (2) and (3) are relatively fast, the kinetics of
the steam reforming of the higher hydrocarbons is the
rate determining step.

Steam reforming unit can be installed as part of
the power unit with internal combustion engine. All the
fuel will be burnt in the engine and this fact makes
such method of flare gas utilization much better than
method debutanization. In present study the next
scheme (Fig. 3) of internal combustion engine with on-
board steam reformer is offered.

, T.C. Compressor

I.C.

Engine Power

|

Out

T.C. Turbine

Steam

]

<—| Steam Generator/Superheater ‘

ﬁ}_ Feed Water

Exhaust

Fig.3. Internal combustion engine with on-board steam reformer
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Figures 3 showing how a steam reformer system
could be incorporated into the fuel delivery system for
reciprocating engine systems. A more efficient method
would be to use low temperature steam for some of the
engine cooling duty and to use the heat recovered for
superheating. The schemes in Figures 3 could be im-
proved by closer integration with specific engine sys-
tems.

Conclusions

From the wild rage of flare gases, flaring associ-
ated gas from oil drilling sites is most beneficial for
utilization in internal combustion engines.

Ukraine already has experience in the implemen-
tation of projects with flare gases. At mine named after
Zasjadko the powerful cogeneration plant running on a
mine gas was build with electrical capacity of 36 MW
and 35 MW.

The main problem for ICE running on flare gases
is detonation or “knocking”. It is established that the
most significant non-structural factors affecting the
detonation is Methane Number of the fuel.

The new conception of Internal combustion en-
gine with on-board steam reformer is offered in present
study. Such concept solves the problem of detonation
by on-board reforming of heavier hydrocarbons (like
butane) and allows utilizing full energy of flare gases
and getting useful energy.
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MPOBJIEMBI YTUJIM3ALIUU MMOITYTHBIX 'A30B B JIBUT'ATEJISIX BHYTPEHHEI'O CTOPAHU S
A.II. Mapuenxo, /I.€. Camoiinenxo, Onap Adenv Xamsa

Paccmotpena npobiema yrunusanun nomyTHbIX ra3oB B JIBC. IlomyTHeIi HeTsHOM ra3 sSBISETCS OMHUM U3 HauOoiee IpHBIIe-
KaTeJIbHBIX MCTOYHUKOB SHEPTUH JUIS TAKOro poza yruiam3anun. PaccMorpena npobnema neronanuu B JIBC npu pabore Ha Ta-
kux raszax. [Ioka3aHo, 4TO €IMHCTBEHHBIM HE3aBUCHMBIM I1apaMETPOM, BIUSIONMM HAa BO3HUKHOBEHHUE JETOHALMU B Ia30BOM
JIBUTATEJIe TIPH €T0 IKCIUIyaTalluH ABJISIeTCs MeTaHoBoe uncio. [Ipeanoskena HOBast cxeMa yTHIIM3alUK MOITYTHBIX I'a30B Ha Oa3e
JIBC ¢ Momynem mapoBoif KOHBEPCHH MOIYTHOTO Ta3a, KOTOpast TI03BOJISIET PEIIUTh TPOOJIEMY IETOHAINH B BHTATEIE.
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MMPOBJIEMUA YTI/I.JIBAI_[Ii MNOMYTHUX I'A3IB B AIBUT'YHAX BHYTPILIHbBOT O 3TOPSIHHA
A.Il. Mapuenxo, /I.E. Camoitnenxo, Omap Adenv Xamsa

PosrisayTo mpobnemy yrumizarnii nomytaux rasis y JIB3. IlomyTHuit HadToBHI ra3 € OXHUM 3 HAWOLIBII MPUBAOIUBHX KEPET
eHeprii A Takoro poxy yrmitizarii. PosrisHyro npo6nemy neronanii y JIBC mpu poGoTi Ha Takmx rasax. [lokasamo, mo enu-
HUM He3aJIeXHUM [TapaMeTpoM, IO BIUIMBA€ Ha BUHUKHEHHS JETOHAMii B TA30BOMY ABHTYHI IIPU HOr0 eKCILTyaTallil € METaHOBE
9HCIT0. 3alpoIOHOBAaHO HOBY CXEMY YTHUII3allil MOITyTHUX Ta3iB Ha 6a3i JIB3 3 Momynem mapoBoi KOHBEpCii MOMyTHOTO rasy, ska

JI03BOJISIE BUPIMIATH POOIeMy JeTOHAMil B ABUTYHI.

VK 621.036.038

A.B. I'puyirox, A.H. Bpyoaeeckuii, A.A. O8uunHHUK06

ATIIPOBAIIMSA HOBBIX BO3MOKHOCTEM TOIIMBHOM CUCTEMBI
HENIOCPEJACTBEHHOI'O JEHCTBUS ITIPU ®OPMHUPOBAHUU BHEIIIHEN
CKOPOCTHOM XAPAKTEPUCTHUKHA ABTOMOBWJIbHOI'O JTU3EJIA

TIpooondicen yuxn uccredo8anull, HaNPABIEHHbIX HA paspabomky "Mexanuueckoll anrbmepHamugnl” aKKymyassmopHou
monausHoti cucmeme Common Rail ¢ anexmpounvivm ynpagienuem Oiisi COBPEMEHH020 OMEHeCmEeHHO20 ABMOMO-
ounvroco ouzena 4/JTHAI. Onucanvt 06vémbl pabom no ompabomxe cuOPONHEBMOMEXAHUUECKO20 Pe2yamopa Ho-
801l cucmembl Ha mpedyembvle Napamempsl A0ANMUEHO20 3A0AHUSL MONIUBON00AYU U OATbHelds anpodayls HOBbIX
803MOJCHOCE 008€0eHHOU TMONIUBHOU CUCTeMbl NPU DOPMUPOBAHUL BHEUIHEll CKOPOCHHOU XAPAKMEPUCIUKU
(BCX) asmomobunvrozo ousens. [lpedcmasnenvl odxcudaemvie npu paspabomre ouzens 4/[THAI BCX u xapaxmepu-
CMUKU U3MeHeHUll 3()heKkmueno2o Kpymsauecocs MOMeHmMa U y0enbH020 3PPEeKmuUeHo20 pacxooa moniuea npu pa-

b6ome no 3motl xapakmepucmuxe.

Beenenune

CrpemuTenbHOE pa3BUTHE TOIUIMBHBIX CHCTEM
aBTOMOOWJIBHBIX JTU3EINIeH C 3JIEKTPOHHBIM YIPaBJICHH-
eM B mocineaHue roasl XX u B Havdane XXI Beka
c(hOpMHpPOBaAJIO yCTOHYMBOE MHEHHE 00 MX Oe3anbTep-
HaTHBHOCTH. HeGomnblioe KOJMYECTBO M3BECTHBIX 3a-
pyoexusix ¢upm, a umeHHo "R. Bosch" (I'epmanms),
"Delphi" (CILA), "Siemens" (I'epmanms), "Zexel"
(Amonus), "L'Orange” (I'epmanust), IepBEIMH OCBOUB-
IIMX ITPOM3BOJICTBO TOIUTMBOIIONAIOIICH anmapaTypbl
(TITA) axkKyMymATOPHOTO THNA C BIIEKTPOHHBIM
YIOPaBICHUEM, CTAIU "3aKOHOAATEISIMU MOABI' U MO-
HOIIOJICTaMHU B pa3paboTke KIIFOYEBOH CHCTEMBI aB-
TOMOOMIIBHOTO JTM3€EJIsl, B35IB TOJ KOHTPOJIb BCE Hajb-
Helllee pa3BUTHE IM3ENBHONW WHAYCTPUH B MHPpeE.

MOIIHOCTD JBHI ATe IS

OcobenHo mpeycreBaet gupma "R. Bosch".

IlepenaB Bce cBoum mnpousBoacTBa TIIA Hemo-
CpPE/ICTBEHHOT'O JIEHCTBHS C MEXaHUYECKUM DPEryIHpo-
BaHMEM B asmarckue ¢mmmana, ¢upma "R. Bosch”
(aKTHYeCKH TpeKpaTHia UX pa3BUTHE W cienana (1o
KpaifHeld Mepe It ce0si) BpEMEHHBIM CaMmoO SIBICHHE
COXpaHEHMs] Ha aBTOMOOWIISX "MEeXaHM4YeCKOH ajbTep-
HaTHUBBI" aKKyMYJSITOpHBIM cucremaM Thma Common
Rail (CR). HarmsiiHpIM TIONTBEP)KIEHUEM STOMY SIBIISI-
ercst uH(opManys, MpecTaBIeHHas] Ha OJHOM M3 I10-
cieHUX TeXHUYECKOM M JMarHOCTHYecKoM (opyme
Bosch (Munck, 22.11.2012 r.). Tak, mist au3enei BbI-
mycka nocie 2012 roma MomHocTEIO OT 37 1o 129
kBT, ¢upma Bosch He BHIMT anbTepHATHBBI CHCTEME
Common Rail (puc. 1).
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Puc. 1. I[Ipoenosuposanue gpupmoti Bosch nepcnexmuenocmu npumeHeHus MONIUGHbIX CUCTIEM
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A ObUI TN WcYepnaH MOTEHIMAJI COBEPIICHCTBO-
BAaHUS XapaKTEPUCTUK TOIUIMBOMNOAAYU Yy "MeXaHHYe-
ckoil anbTepHaTHBBI'? Ha 3TOT BOIpPOC M MBITAIOTCS
OTBETUTh CIEHUAIUCTBI XapbKOBCKOIO KOHCTPYKTOP-
ckoro 61opo no aeurarenecrpoernio (XKb) n Xaps-
KOBCKOTO HallMOHAJIBHOTO aBTOMOOMIIEHO-JIOPO>KHOTO
yauBepcureta (XHALY), omumpasick Ha Hay49HBIH I10-
TeHIMan XapbKOBCKOW IIKOJIBI JABHUrAaTEIECTPOCHHUS.
VIMeHHO 5TH Hay4HO-TEXHMYECKHE CTPYKTYpBI pa3pa-
0oTann TepBBIH OTEYECTBEHHBIH aHAJIOr amNapaTyphl
trna CR, peanbHO NOHSB Kak €€ NPEeuMyIIecTBa, Tak U
HMMEIOIIUECS] HENOCTaTKU, & B HACTOSILEE BpEMs aK-
TUBHO 3aHMMAIOTCS CO3JJaHHEM AaBTOMOOWJIBHOI'O M-
3els JBOMHOrO HAa3HAYEHMS, B KOTOPOM HapajesIbHOe
MIPUMEHEHNE "MEXaHNYECKON aJbTepPHATHBBI" CUCTEME
Trna CR SBIsSIETCS OAHMM U3 OCHOBHBIX TEXHHUUYECKUX
TpeboBaHMIi K pa3paboTke.

AHaJIU3 paHee U3JaHHBIX MyOJIUKAIUI
TomnuBHAs cUCTeMa HEMOCPEACTBEHHOIO JIEUCT-

BUSI C THAPOITHEBMOMEXaHMYECKUM PEryIsaTOpoM (Ia-
nee - cucrema HPM) pazpabarbiBaeTcs JUIsl HCIIONB30-
BaHUS Ha IIEPBOM OTEYECTBEHHOM BBICOKOOOOPOTHOM
ManonutpaxsoMm ausene 4ITHA1 nBoiiHoro HazHade-
Hus (puc. 2) Openna "Crodoxxanckuit muzens [1].

Puc. 2. Jluzenv 4JTHA1

KommekcHast cxeMa TOILTMBOIIOJAIONIEH U Pery-
JUPYIOIIEH anmapatypsl U MpUHOKT €€ paboThl mpe-
CTaBJICHBl B MPEAMIECTBYIOIMX Nyonukanmsax [2, 3].
VY>ke mepBblil ONBITHBINA oOpaser cucremsl HPM mo-
3BOJIMJI IIPOBECTU CEPHUIO IKCIIEPUMEHTANIBHBIX HCCIE-
noBaHuil ¢ BbIxomoM B 2012 rogy Ha ompeaenuTenb-
HbIE HcnbITaHus pa3sépHyroro nusensd 4/ITHAL B yc-
J0BUSIX MOTOpHOTrO crenaa [4]. [locnennue mokasanu,
YTO €IMHCTBEHHBIM Y3JIOM TOIUIMBONOJAIOLIEN U pe-
rynupyrouei anmnaparypsl ausens 4J{THA1, xoropsrit
HE BBINOJHAET AJANTHBHYIO 3aJady TOILIMBOIOAAYU
aBTOMOOWJIBHOTO [TU3EJIsl, SIBISETCS THIIPOITHEBMOME-
XaHUYECKUN KOPPEKTOp yIJa OHEPEXEHUS BIPBICKU-
Banus Torumiea (YOBT).

Henp n mocraBka 3aa4M HACTOAIIET0 HCCJIe-
JAOBAHUS

Lenp maHHOrO MCCIENOBaHMA - YTOUHEHUE Mapa-
METPOB aJalTHUBHOIO 3aJaHMs TOMIMBONOJAYU ABTO-
mobOwmibsHOro ausens 41THA1 (4YHA-1 8,8/8,2), pa3-
paboTKa TEXHWYECKHX TpeOOBaHMH K XapaKTEPHCTHKE
MexanmsMa m3MeHeHnss YOBT, ampoOarust HOBBIX
BosmoxkHocted TIIA npu dopmupoBannu BCX aBTo-
MoOWIBHOrO am3ens u GopmupoBanne BCX nmusens
41THA1 c KOppEeKTHpPOBKOH MNpOEKTa TEXHHYECKHX
ycnosuit (4ATHA1.TY) u BHeceHHEM NOBEPOYHBIX
TOYEK B MPOrpaMMy W METOAMKY OOKaTOYHBIX, pery-
JIUPOBOYHBIX u CHATOYHBIX UCTIBITAaHUI
(4ATHA1.IIM1).

YTouHeHne napaMeTpoB aJaNTHBHOIO 3a]a-
HHS TOILIMBONOAAYH

[Momyuennass B pabore [4]
O, = f(n,, Pg) oTpakaeT XapakTep H3MEHEHHs

3aBUCHUMOCTD

reomerpuueckoro YOBT ®,,, oT yacToThl BpalieHuUs
KOJIEHYaToro Bajna (7,, ) U AaBieHus Hamuysa ( Fy).

[IpencraBnenHas B 3ToH ke pabore (B BUIE IMHEHHOTO
TpPEH/1a) KOPPEJSLMOHHAS CBS3b JEHCTBUTEIHHOTO U
reomerpuueckoro YOBT mno3Bonmna aBropaMm moiy-
YUTh HOBYIO 3aBHCHUMOCTb YyXe€ IEHCTBUTEIBHOIO
YOBT (0, = f(ny, Ps) ), rpapuueckuii Bug koro-

polil B CPaBHEHHMH C aHAJIOTUYHON 3aBHCHUMOCTBIO IIEp-
BUYHOTO HCCJEJOBAaHMSI B YCIOBUSX OE3MOTOPHOTO
cTeH[a [2] mpuBeIcH Ha puc. 3.

KommiekcHasi cxeMa TOILTMBOIIOJAIONIEH U PeEry-
JUPYIOIIEH anmapatypsl U MpUHOKT €€ paboThl mpe-
CTaBJICHBl B MPEAIIECTBYIOMMX Nyonukanusax [2, 3].
V>ke mepBbIil ONBITHBINA oOpasen cucremsl HPM mo-
3BOJIMJI IIPOBECTU CEPHIO IKCIIEPUMEHTANIBHBIX UCCIE-
noBaHuil ¢ BbIxomoM B 2012 rogy Ha ompeaenuTensb-
Hble HcnbITaHus pa3sépHyroro nusend 4/ITHAL B yc-
JoBUsIX MoTOopHOro crenna [4]. [Tocnexnue mokasan,
YTO €IMHCTBEHHBIM Y3JIOM TOIUIMBONOJAIOLIEN U pe-
rynupyrouei anmnapatypsl ausenst 4J{THA1, xoropsrit
HE BBINOJHAET AJAaNTHBHYIO 33aJady TOILIMBOIOAAYU
aBTOMOOWJIBHOTO TTU3EJIsl, SIBISAETCS THIPOITHEBMOME-
XaHUYECKUN KOPPEKTOp yIJa OHEPEXEHUS BIPBICKU-
Banus Torumiea (YOBT).

Henp 1 mocraBka 3aa4y HACTOAIIEI0 HCCJIe-
JAOBaHUS

Ienp maHHOrO MCCIENOBaHMA - YTOYHEHUE Mapa-
METPOB aJaNTHUBHOIO 3aJaHMsl TOMIMBONOJAYU ABTO-
mobOwmisHOro ausens 41THA1 (4YHA-1 8,8/8,2), pa3-
paboTKa TEXHWYECKHX TPeOOBAaHHMH K XapaKTepPHUCTHKE
MexanmsMa wm3MeHeHnss YOBT, ampoOarust HOBBIX
BosmoxkHocted TIIA npu dopmupoannu BCX aBro-
MoOWIbHOrO am3ens u ¢GopmupoBanne BCX nusens
41THA1 c KOppEeKTHpPOBKOH MpOEKTa TEXHHYECKHX
ycnosuit (4ATHA1.TY) u BHeceHHEM NOBEPOYHBIX
TOYEK B MPOrpaMMy W METOAMKY OOKaTOYHBIX, pery-
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JIMPOBOYHBIX u UCIIBITAaHHUIH
(4ATHA1.IIM1).

YTouHeHne mapaMeTpoOB aJanTHBHOIO 3aJa-
HHUSI TOJIMBONOAAYH

Ilonyyennas B

CAaTOYHBIX

pabore [4]
= f(n,, Py) OTpaxkaeT XapakTep H3MEHEHHs

3aBUCUMOCTD
@ BITP

reomerpuueckoro YOBT ®,,, oT 4acTOTHI BpamieHus

KOJIEHYaToro Baja (7,, ) U AaBieHus Hamuysa ( £ ).

[IpencraBnenHas B 3Tol ke pabore (B BUIE JIMHEHHOTO
TpEH/1a) KOPPEISLMOHHAS CBS3b JCHCTBUTEIHLHOTO U
reomerpuueckoro YOBT mno3Bonmuna aBTopam moimy-
YUTh HOBYIO 3aBHCUMOCTb YyXe€ JEHCTBUTEIBHOIO
YOBT (©,,, = f(nyy, Ps) ), rpadbudeckuii BUI KOTO-

poll B CPaBHEHHMH C aHAJIOTUYHON 3aBUCHUMOCTBIO IIEp-
BUYHOTO HCCJIEJOBAaHMUSI B YCIOBUSIX OE3MOTOPHOTO
cTeHja [2] mpuBeneH Ha puc. 3.

®gnp
Tpax. IL.K.B.
22
20
18
16

14

Ngg,
am 1 4000

1600
0)

Puc. 3. Hosepxnocmo O, = f(nyy, PS)

a - peanu306aHHAs HA OE3IMOMOPHOM CMeHOe;
6 - mpebyemas ons peanuzayuu Ha ouzene 4/{THAI

OtcyTCcTBHE NOTHOW MACHTUYHOCTH MOITYYEHHBIX
rpadU9IecKuX 3aBUCHMOCTEH MOTPeOOBaIO MPOIOI-
JKUTh B YCIOBHSX OE3MOTOPHOTO CTEHAa OTpPabOTKy
mexanu3zMa u3MmeneHuss YOBT mnocne yrounenust na-

paMeTpoB aJanTHBHOIO 3aJaHMs TOIUIMBOIOAAYU Ha
OCHOBaHHMHM JIaHHBIX TaOxI. 1, OTpa’karomIux OTKIOHE-
Hue panuoHansHoro YOBT or daktnuecku peannzye-
MOT0 pa3paboTaHHBIM MEXaHU3MOM.

Tabnuma 1. Otkinonenus parponansHoro YOBT ot peann3yemMoro MexaHu3MoM yriioMeHa

No

poxm -, g » MAH" P, MIla P, , MIla for > °C M,,, HM Ee> AP rexu. yriover,
Ma r/kBr-uac rpa. I.K.B.

2400 0,190 12,0 580 155,4 263.,4 0

1 2400 0,193 12,5 560 161,7 256,9 +2

2400 0,189 13,0 520 154,4 261,2 +4

5 3000 0,200 13,0 505 140,7 256,2 0

3000 0,205 12,7 520 142,8 246,4 -1

3 3600 0,210 13,5 570 132,3 268,6 0

4 4200 0,210 13,2 590 120,7 305,2 0

4200 0,212 14,0 570 125,5 2944 +2

Pa3zpaboTka TexHM4YecKHX Tpe0oOBaHHMIl K Xa-
paKkTepucTHKe MexaHu3Ma usmeHennss YOBT
Ha ocHoBaHMM pe3ynbTaTOB OMNPEAETUTEIBHBIX

WCIIBITaHUH TIEPBOTO ONBITHOTO 00pasla aBTOMOOWIIb-
Horo ausenst 4[[THA1 B ycnoBusIX MOTOPHOrO CTEHJA
ObUTH pa3paboTaHbl CIEAYIOIINE TeXHHYeCKne Tpedo-
BaHUS K MEXaHU3MY aBTOMAaTHYECKOIO PErYIHPOBAHUS
YOBT (nanee - MExaHnu3M YrJIOMEHa) 3TOTO TU3EIIs:

1. O0mwmii X0 TorumBHOrO Koppekropa YOBT
JIOJDKEH COCTaBIATh BEJIMUMHY NEPEMEILEHMs, YKBUBA-
JICHTHYIO W3MEHEHHMIO ®ppp Ha 16 rpag. mK.B. WIH
8 rpaj. o kynaukosoMy Bany THB/I.

2. OOmwmii X0 THEBMaTHYECKOTO KOppPEKTopa
YOBT nomxkeH TakKe COCTaBIISITh BEIMUMHY IEepeMe-
LIEHMs, SKBUBAJICHTHYIO U3MEHEHHIO Op7p Ha 16 rpam.
IL.K.B. MM § rpaj. no KynaukosoMmy Bairy THB/I.
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3. IlepekpeiTue X040B ABYX KoppektopoB YOBT
JIOJDKHO COCTABJIATH BEJTUUUHY [IEPEMEILEHHS, YKBUBA-
JICHTHYI0O W3MEHEHUI0 ®ppp Ha 14 rpaj. N.K.B. WIH
7 rpaj. no kynaukosoMy Bary THB/I.

4. PaccrosiHEe MEXIy CONPATAIOLMMHUCT MO-
BEpXHOCTAMU ABYX KoppekTtopoB YOBT mpu P1=0 un
Ps=0 momxHO COCTaBIIATH TMHEHHYIO BEIMUUHY, JKBH-
BAJICHTHYIO U3MEHEHHIO Oppp Ha 18 rpaa. mK.B. Wiu
9 rpaz. o xynaukosoMy Bary THB/I.

5. beBrras Touka HanbOosee PaMOHAIBHOIO MO-
MeHTa BrpsickuBanus (3,0 - 3,5 MM Xoza mryHxkepa), K
KOTOpOH NPUBSI3BIBAINCH KalHOp M TOIUIMBHBIN KOp-
pekrop YOBT, nomwkHa ObITH OTCTpOCHA Ha cpelHee
MoJokeHne pabouero xoxa nopurHs yriiomeHa. Cpen-
Hee IMTOJIOKEHHE TOoro mnopiuHs (nanee 0 rpax 1mo creH-
Jly X OTMETKA JaT4MKa IOJOKEHUsI KyJIauKOBOIO Baja
o I1K) momkHo OBITH 0OecredeHo mogoopoM KECTKO-
cred  mpykuH nOpu  PT,  cooTBeTcTByOIEM
Py sara = 1200 Mun™ 1 P = 0,15 MITa.

6. lo nmaBneHus TOIUIMBA, COOTBETCTBYIOLIETO
Dy, pana = 790 MI/IH_I, TOPIIEHb TOIUIMBHOTO KOPPEKTO-
pa HEMOABIKEH M HAaXOAWUTCS B IMONOXKECHHH, 3aJar0-
meM A®gpp=-4 rpan. no xyn. Baxy THB/I. ITpu pocre
9aCTOThl BPALICHUA JO Myyy para = 900 MuH" MIOpILIEHb
nepeMeraeTcsi B nonoxeHue A®p;p=-3 rpaj. mo Kyi.
Bally. OTO KpallHee MOJIOXKEHUE €ro IepeMELICHus,
Ipy KOTOPOM JAaBICHHE HAJAyBOYHOIO BO3JyXa HE
BiusieT Ha YOBT.

7. KoHTpONIbHBIE TONOXKEHUS TOPIIHS TOILIUBHO-
ro KOPPEKTOpa MpU OTPAaHUYEHUM €T0 XO/a THEBMAaTH-
yeckuM KoppekropoMm YOBT 3amanst B Tabm. 2.

Tabnuma 2. KoHTponbHBIE MapamMeTpbl MEXaHH3-
Ma yrIoMeHa

1}1\;‘;[ nﬁ;;ﬂa’ P, MIla rpaj. rloA ;(p}’/n BaITy
1 900 0 -3
2 900 0,25 -3
3 1200 0,22 -2
4 1200 0,18 -1
5 1200 0,15 0
6 1500 0,13 +1
7 1800 0,13 +2
8 2100 0,16 +3
9 2100 0,13 +4
10 2100 0 +4
11 2100 0,22 +2

BBIHIeyKEBaHHBIG TEXHUYCCKUC TpC6OBaHI/IH I10-
3BOJIMJIN TIOJYYHUTH IIPOCKTHYIO XapPAKTECPUCTHUKY MC-

xaam3ma m3MmeHeHns YOBT (puc. 4) 1 KOHCTPYKTHBHO
peanu3oBaTh NpemIoKeHHY0 npodeccopoM [ 'purops-
eBbIM A.JL. TpEXNIPYKUHHYIO CXEMY YIJIIOMEHA C IMPo-
BEJICHHEM IIOJTHOT'O IIWKJIA WCCIIEOBaHWN Ha Oe3Mo-
TOpHOM cTeHje [3].

B MIT4 Japnenue

031 nannysa Ps, Mlla %Jﬂll }(l,lﬁ )0.15
7/1 /1 /
0,29 / / //

/,

027 _nu*lBOOMMH' // / /
S e e Wil S 7 7k 7 il
0,25 / /
' /A ANWA
0,23 / //
| Nk =1500 Mun ! /

B i o o o o B
’ VARVARV/ 4

Y -
// Ps=0.14 ks =1200 Man"

0,19

S e —_s = (_______%___.'____

0.17 // s =1000 mMun’'

S 5 ot M e P

3
I8 / s =750 murir! |
0,13 / __-___—-__—______--__—I___-r_—_ A
4 3 2 a1 +1 42" 43 44 parnxs

Puc. 4. [Ipoexmnoe usmenenue ABGzp 6 3a6ucumocmu
om daenenust PT 6 pecyiimope
(UYL HACMOMbL Ny, o 6GNA HACOCA) U 0AGTEHUSA HAOOY-
6a Ps [3]

Anpobanusi HOBbIX Bo3mo:xHoOcTell TIIA mpm
¢popmupoBanun BCX aBTOMOOMJIBHOrO aU3eJsi
4]ITHAL.

OTtpaboTKa T'HIPOITHEBMAaTHUECKOTO KOpPpPEKTOpa

YOBT nos3Bonmia NOBTOPUTH MapaMeTpPUUYECKHUE HC-
IIBITAHUS! IIEPBOTO ONBITHOTO 00pasia nuzens 4/ JTHA1
B ycioBusix motopHoro crenaa KIT"XKB/". Hoseie
BozmoxkHOcTH TIIA, a mmenHo perynuposanue YOBT
IO 75 U Pg BO BCEM IMamna3oHE 3KCILTyaTallMOHHBIX
4acTOT BPAILICHHSA KOJIEHYATOro Baja JU3EIs, Aald
BO3MO)KHOCTH C(hOPMHPOBATH M IOATBEPIHUTH JKCIIE-
PUMEHTAIIEHO HOBYIO IPOTPECCHUBHYIO BHEIIHIOIO CKO-
POCTHYIO XapaKTEpHUCTHUKY aBTOMOOMIBHOTO JH3EIs
4]1THA1 (puc. 5).

Peann3oBaHHblE palMOHANBHBIE M BHEIIHEH
XapaKTEepUCTUKH 3HaueHUs! Op;p MPUBEICHBI HA ITOM
xe rpapuxe. Kpurepuem BbIOOpa panroHaIBHOTO 3HA-
4YeHUs Oppp ABISUTUCH 3HAUCHHUS MAKCUMAJIBHOTO JaB-
JIEHWsl CTOpaHMs B LIWIMHJIPE, KOTOPHIE IO YCIOBUAM
HaaéxHOU padoTsl am3ens 4/ITHA1 He DOMKHBI mpe-
Beimate 14 Mlla, Temneparypa oTpaboTaBIIMX TI'a30B
(ae 6omnee 853 K) 1 MUHUMANBHOTO, JUIA YCIOBHU W3-
MeHeHust YOBT c BBINOTHEHNEM NEPBBIX IBYX KpUTE-
pHEB, 3HAYCHUS YCTHHOIO Pacxoja ToImBa (g,).
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Puc. 5. Hoeas npoepeccuenas eneuttsiss CKOPOCMHASL XAPAKMePUCMuKa agmomoounvrozo ousensi 4/[THAI

3aknoueHne

IIpoBeneHHbIid WK pabOT IIOKasayl HaJIMdHe
"MEXaHNYECKOW abTEPHATHUBBI" 2JIEKTPOHHBIM CHCTE-
maM tuma Common Rail mis TITA oredecTBEHHBIX
aBTOMOOWJIBHBIX JAM3eNeil [BOWHOro HazHauyeHus. Ta-
KOM albTEpPHATUBOM SIBJIIETCSI OTEUECTBEHHASI CUCTEMA
HPM, >ddexTuBHOCTS KOTOpOH MOATBEP)KAECHA MO-
TOPHBIMH HCIIBITAHUSIMH OIIBITHOTO 00pasna au3els
41THA1 B ycnoBusix crenaa KIT "XKB/". danpHei-
11ee POJBHKECHIE BBIIIEOINCAHHON CHCTEMBI TpeOyeT
MIPOBEACHUS ONPEACIUTEIbHBIX HUCOBITAHUNA AU3ENs B
YCIOBHSIX TPAHCIIOPTHOI'O CPENICTBA.

ABTOpBI BBIpaXKalOT ONaromapHoOCTh A.T.H., HPO-
¢deccopy HTY "XIIN" I'puropseBy A.JI. n Bepymemy
nmwkenepy KII "XKBA" CadonoBy C.B. 3a monesnsie
TIPETIOKEHHST M KOHKPETHYIO TTOMOIIb TP O0TpaboTKe
TITA B ycioBHsIX 6€3MOTOPHOTO CTEH/IA.

Cnucok 1umepamypbol:

1.Texnixo-exonomiune o06IpyHMyBaHHa HeobXiOHocmi Oep-
Jlcagnoi  niompumku -y 6UKOHAHHI inHo8ayiliHo-
ineecmuyitinoeo npoekmy "Po3pobnenns ma enposadiicenns
Y BUPOOHUYMBO MATLOIIMPANCHOZO ABMOMOOIIbHO20 OU3eis
nomyoscuicmio 100 - 175 x.c. noosiiinozo npusnauenns (Cno-
boorcancokutl - ousenv)”  @.1 Abpamuyk,  C.O. Anvoxin,
MJIL beros ma inw.;, 3a ped. npogh. @.I Abpamuyka,
c.n.c.O0.B. I'puyroxa ma npog. LA. [[mumpicea. - Xapxis:
"XHAJIY", 2012. - 164 c¢. 2. Ompabomrxa moniuerol anna-

pamypul  aBMOMOOUTLHO20 MATOTUMPAICHO20 OU3elsL  CO
cesazannol  cucmemou  ynpaeienus / A.B.  Ipuywx,
A.H. Bpybnesckuii, I.A. [llepbaxos, A.A. Oguunnuxos //
Jleueamenu enympenneeo ceopanus.- Xapvkos: HTY "XIIH",
2011. - Ne2. - C. 69-74. 3. Pacuémmnuiii memoo ucciedoganus
nyavcayuii 0aéieHus 8 cepeonpusode pe2yiimopa ouzeis /
A.B. I'puyiok, AJL T'pueopwes, A.H. Bpybresckuil,
A.A. Osuunnuxos // Bicnux HTY "XIIl". Cepis "Mamemamu-
YyHe MOOen06anHss 6 mexwHiyi ma mexwonoeiax". - Xapkig:
HTY "XHI", 2013. - Ne5 (979). - C. 27-53. 4. Buibop napa-
Mempo8 adanmusHo20 3a0aHUsi MONAUBONOOAYU ABMOMO-
bunvnoco ouzens 49HA-1 8,8/8,2 6 ycnosusx momopnozo
cmenoa / A.B. I'puyiox, A.H. Bpyonesckuil,
A.A. Osuunnuxoe // Jjgucamenu 6HympenHezo c2Opanusl. -
Xapvkos: HTY "XITH", 2012. - Nel. - C. 10-13
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1. Techniko-ekonomichne obgruntuvannya neobchidnosti derzhavnoi
pidtrimki u vikonanni innovatsiino-investitsiinogo proektu "Roz-
roblennya ta vprovadzhennya u virobnitstvo malolitrazhnogo
avtomobil'nogo dizelya potuzhnistyu 100 - 175 k.s. podviinogo
priznachennya  (Slobozhans'kii  dizel)"  F.I.  Abramchuk,
S.0. Al'ochin, M.L. Belov ta insh.; Za red. prof. F.I. Abramchuka,
s.n.s. O.V. Gritsyuka ta prof. 1.A. Dmitrieva. - Charkiv: "ChNADU",
2012. - 164 s. 2. Otrabotka toplivnoi apparatury avtomobil'nogo
malolitrazhnogo dizelya so svyazannoi sistemoi upravleniya /
A.V. Gritsyuk, A.N. Vrublevskii, G.A. Scherbakov, A.A. Ovchinnikov
// Dvigateli vnutrennego sgoraniya.- Char'kov: NTU "ChPI", 2011. -
Ne2. - S. 69-74. 3. Raschetnyi metod issledovaniya pul'satsii dav-
leniya v servoprivode regulyatora dizelya / A.V. Gritsyuk, A.L.
Grigor'ev, A.N. Vrublevskii, A.A. Ovchinnikov // Visnik NTU "ChPI".
Seriya "Matematichne  modelyuvannya v technitsi  ta
technologiyach". - Charkiv: NTU "ChPI", 2013. - Ne5 (979). - S. 27-
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53. 4. Vybor parametrov adaptivnogo zadaniya toplivopodachi av-
tomobil'nogo dizelya 4ChNA-1 8,8/8,2 v usloviyach motornogo

A.A. Ovchinnikov // Dvigateli vnutrennego sgoraniya. - Char'kov:
NYU "ChPI", 2012. - Nel. - S. 10-13.

stenda / A.V. Gritsyuk, A.N. Vrublevskii, |G.A. Scherbako
Tlocmynuna 6 pedaxyuio 30.05.2013
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KOHCTpYKTOp I'ocymapcTBeHHOr0 mpeanpusitis " XapbkoBCKOE KOHCTPYKTOPCKOE OI0pO IO JBHTraTeNiecTpoeHHI0", XapbhKoB, YK-
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AMPOBAIIISI HOBUX MOXKJIMBOCTEN MMAJIMBHOI CUCTEMM BE3IIOCEPEJHbBOI 1i IIPU ®OPMYBAHHI
3O0BHINIHBOI IIBUJAKICHOT XAPAKTEPUCTUKHA ABTOMOBLIBHOT'O TA3EJISA

O.B. I'puyiok, O.M. Bpyonescvkuit, 0.0. Osuunnikos

[TpomoB>keHO MK AOCHTIHKEHb, CIPSMOBAaHIH HA PO3pOoOKY "MEXaHIYHOI ajJbTepHATHBU" aKyMYIATOPHIM NMajauBHIA cuc-
temi Common Rail 3 enexTpoHHIM KepyBaHHSIM UISl CyJacHOTO BITYM3HAHOrO aBToMoOuUTEHOTO mmsens 4/ITHAL. Omumcano o6-
CSITH pOOIT 3 BiANPAbOBYBAHHS TiJPOIMTHEMOMEXaHITHOIO PEryssiTopa HOBOI CHCTEMH Ha HEOOXiIHI MapaMeTpH aJalTHBHOTO
3aBIaHHs MMAIMBOIOAAYY 1 MOANIbIIA arpodaltis HOBUX MOKIIMBOCTEH TOBEIEHOI TaJIMBHOI CHCTEMH NpH (OpMyBaHHI 30BHIII-
HboI mBHAKICHOI XapakTepuctuku (3LX) aBromobineHoro musenst. IpencraBieno owikyBaHi mpu po3podmi musens 4/ITHA1
3IIX i XapaKTepUCTHKU 3MiH e(peKTHBHOTO KPYTHOTO MOMEHTY 1 TUTOMOI e()eKTHBHOI BUTpATH IaiuBa pu podoTi 11o 1iif xapa-
KTEpHUCTHIII.

TESTING OF NEW PERFORMANCE CAPABILITIES OF FUEL SYSTEM AT FORMATION OF EXTERNAL
SPEED CHARACTERISTIC OF AN AUTOMOBILE DIESEL ENGINE

A.V. Gritsjuk , A.N. Vrublevsky, A.A. Ovchinnikov

The researches cycle directed on development of "mechanical alternative" to the accumulative electronically-controlled
fuel system Common Rail for the modern domestic automobile diesel engine 4DTNAI is continued. Amount of works on im-
provement of hydropneumatic controller of the new system on required parameters of the adaptive setting of fuel supply and the
further testing of new performance capabilities of the finished fuel system at formation of external speed characteristic of the
automobile diesel engine are described.

External speed characteristic expected at development of a diesel engine 4DTNAI and characteristics of changing of the ef-
fective torque and the specific effective fuel consumption at operation on this characteristic are presented.

YK 621.436
B.A. Ilvines, U.A. Hecmepenko, C.H. baknanoe

MPEJABAPUTEJBHASA OIIEHKA PECYPCHOM MPOYHOCTH MOPIIHS TPAK-
TOPHOI'O JU3EJIA C YYETOM ITPOAOJDKUTEBHOCTH HUKJIOB
TEXHOJIOI'MYECKOI'O HAT'PY KEHUSA

B cmambe paccmampugaiomesi 60npocyl, Cs3anHble ¢ 0becneueHuemM pecypCHoll npOYHOCIU NopuiHel npu (opcu-
posanuu ouzenst. Ommeueno, 4mo pecypcHas NPOYHOCHb NOPUIHSL 3AGUCUM OM NPOOOIICUMETLHOCIU HUSKOYAC-
MOMHO20 YUKIA €20 HAZpydceHus. B cmambe evinonnen ananuz npomusopeuusocmu akmopos GiusHus npoooi-
JHCUMENLHOCU YUKIA HAPSYHCEHUS. 08ULAMENSL HA HAKONIEHHbLE NOBPENCOCHUS], BbI36AHHBLE NPOYECCAMU YCMANIOCTU
U noazyvecmu mamepuand. Belnoinena npeosapumenvras OYeHKa pecypcHoll NPOYHOCIU NOPUIHS NPU PASTUYHBIX
YPOBHSAX (hopcuposanus 0sueamens.

BBenenne
CoBpeMeHHbIE TEXHOIIOTUU BBIPAIUBAHUS CEJb-

Opno¥i u3 Hambosee TepMOHANPSIKEHHBIX JeTa-
JIel aBUraTens sABisercs nopmens. HemocpeacTBeHHO

CKOXO3SMICTBEHHOW MPOAYKIIMU OCHOBAHBI HA HCIIONb-
30BaHUM MAITUHHO-TPAKTOPHBIX arperaTtoB, YHEPTeTH-
YECKHMHU YCTAHOBKAMHU KOTOPBIX SBISIOTCS TBUTATEITH
BHYTpCHHETO cropanus. [loaromy moBsimenue 3¢ dek-
THBHOCTH  CEILCKOXO3SIICTBEHHOTO — IPOU3BOJICTBA,
KpOME TIPOYEro, CBA3BIBAIOT C JadbHEUIIHM (hOPCHPO-
panuem JIBC.

BOIpOCY oOecIrieueHrss PEecypcHOH NpPOYHOCTH €ro
kpoMmku kameps! cropanus (KC) ynensiercst cymect-
BEHHOE BHHMAaHUA. Y CTaHOBJECHO, YTO NPU HEU3MEH-
HOM YpOBHE ()OPCHpOBaHMS M BPEMEHH HapabOTKH
JIBUTATEINs, HO B PA3HBIX YCIIOBUSX €0 SKCIUTyaTallUH,
pecypcHasi IPOYHOCTH IOPIIHS MOXKET CYIIECTBEHHO
otmmyathes [1,2].
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ean uccaenoBanus

Lenbto paboTHL SIBIIACTCSI YCTAHOBIICHUE OTpPEIc-
JISOMIMX PECYPCHYIO TMPOYHOCTH MOPIIHS Jau3els (ak-
TOpPOB, OKAa3BIBAIOIIMX BIIMSHUEC Ha HAKOIUICHHUE IIO-
BPEXKJICHUI B MaTepHaje B YCIOBUSX HU3KOYACTOTHO-
T'0 TEPMHYECKOTO HATPY>KEHUSI KOHCTPYKIIUU.

TeopeTnueckasi 4YacThb

[epromudeckass cMEHa OIEpaIii TEXHOIOTHYEC-
CKOT'0 IHKJIA MAaIIHHHO-TPAKTOPHOTO arperara MpuBO-
JIUT K U3MEHCHUSIM HArpy3Ku B COOTBETCTBUH C XapaK-
TEPHOW COBOKYMHOCTBIO NMEPEXOAHBIX MPOLIECCOB U-
3ens. [lpu 3TOM Hambosee OmacHBIM, C TOYKH 3PCHUS
paspymieHus (pa3CcTPEeCKUBaHUA) 0CO00 TEpMOHArpYy-
skeHHbIX 30H KC, cuuTaercd Hamuuue UUKINYECKOU
MTOCTICTOBATEIEHOCTH 3aBEPIICHHBIX MPOIIECCOB Ha-
TPY)KEHUsI TU3EIIS 10 IUKIY «XOJIOCTOH XOI — Xapak-

l‘,o C Ty

TEPHBIA THKEIBIA PEXUM JKCIITyaTallud — XOJIOCTOU
XO0m».

Teopernueckuit nukn Harpysku gerann KC,
npeacTaBiaeH Ha puc. 1. Ero MoXHO paccMaTpuBarts,
COCTOALIMM U3 YEThIpEX y4acTKOB. DTO T; — BpeMs
nporpesa aeranmn KC mpu Habpoce Harpy3Kku; T, — pa-
60Ta Ha YCTaHOBHUBILEMCS PEXXHUME; T3 — BPEMs OXJIaXkK-
JICHUsI JIeTall IIpu cOpoce Harpysku; T, — pabora Ha
YCTaHOBJIMBAEMOM YaCTHYHOM PEXHME.

ScHo, 4TO yMEHbIIEHNE HAPaOOTKH JBUTaTelsl Ha
YCTaHOBMBIIUXCSI PEXKHMMaX MPHUBOAUT K YBEIUYECHUIO
00IIIeT0 KOJIMYEeCTBa TEOPETHYECKUX IMKJIOB IPOAOII-
XKUTENBHOCTBIO T,. IIpu 3TOM Ba)HO, 4TO pecypcHas
MIPOYHOCTb KOHCTPYKIMU H3MEHSETCS HE IMPOIOPLUO-
HaJIbHO M3MEHEHMIO KOJIMYECTBA JTHX LIMKIOB HA 3a-
JTAaHHOK BpeMeHHOM 0aze [3].

Ty

T muH

Puc. 1. Hnmepnpemayus HuzKouacmommnozo memnepamypuozo Hazpyoicerus oemanu KC

[IporHo3MpoBaHWEe TPAHUIHOTO COCTOSHUS PabOTHI
neraneit KC gacTo CBS3BIBAIOT C IIOHATHEM HAKOILIC-
HUS TOBpEXACHUA. B o0mmeM ciydae CIOXHOTO Tep-
MoOMexaHnyeckoro Harpyxenus aetanu KC BenuuuHbl
HaKOIUICHHBIX MOBPEXACHUM OINpeAensieTcss NOJIAMU
MOBPEKICHUN, CBA3aHHBIX C YCTaJIOCTBIO U IOJI3yYe-
CTBIO MaTepuaa:

dpo=d ,+dy (1)

fs
IIpn »TOoM mpolecc nedopMUpOBaHMS MaTepuaia B
YCIIOBHSIX AEUCTBHA MIHOBEHHBIX IUIACTHYECKUX Je-
¢dopmanuii €, n nepopmanuii OI3y4ecTH €,, COOTBET-
CTBYET CXEMe, IIPEACTaBICHHON Ha pHC. 2.

AHanu3 pUCYHKOB 1 M 2 CBUAETENBCTIBYET, YTO
4YEeM MEHIIIE MIPOAOJDKUTENBHOCTh BPEMEHH T U T4, TEM
UMeeT MecTO OoIbllee KOJMYECTBO LUKIIOB HArpyxe-
HUSL IBUTATENs M TeM OONbIIeH MMeeM JOII0 ycTalloc-
THBIX NOBpexaeHui dn. C npyroil cTopoHsl, yBemude-
HUE NEepUoJia T, IPUBOIUT K YBEIHUCHHIO PEIaKCALUU
MOBPEXJCHUN Ha yuacTke 3"-4", a yBennueHue nepuo-
Jla T4 — peNlaKkcaluy HanpsbKeHW Ha ydacTtke 1"- 2"
Takum oOpa3oM, yBeJIMUEHHWE BPEMEHH LHKJa Harpy-
JKEHUS IBUTATENA T, NPUBOJUT K MEHBLIEMY KOJIHYEC-

TBY IIMKJIOB Harpy>KeHHs! ¥ MEHBIIEH J10Je HAKOIUICH-
HBIX TOBPEXIEHUH YCTanocTu dy mpu Oonbluel 1omu
HaKOIUICHHBIX TIOBPEXICHUHA mon3ydectn d,. M Ha
000pOT, COKpaIlleHHe BPEMEHHM YCTaHOBHBIIMXCS pe-

JKUMOB BCICT K POCTY 3HAYCHHI df 1 CHUJKCHHIO dS.
G

Puc. 2. Quxnuueckoe depopmuposanue ocooo mepmo-
Haepyoicerou 30ubl mamepuana KC ouzens
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PacyerHas yacTh
PaccmoTpum mcnonb3oBaHue BhIpakeHus (1) B
pacdeTHOM BHE (2):

dfszdf+dS=ZNL+L*ZUk=1, 2)
k7 U k
rae Ny - KOJNMYECTBO LUKJIOB JIO Pa3pyLICHHUS; U -
MIPUHATAs] KPUTHUYCCKAsl BEIMYUHA YIEIBHON YHEPTUr
pacerBaHUs TPHU ITHX yCIOBUAX; U, — TeKyIIee 3Hade-
HUC YICNHHOW YHEPTHU PACCUBAHUS B YCIOBUSAX ITON-
3y4ecTH;

U, = [e,0dr 3)
0

TZie €, —CKOPOCTh MOJI3y4ECTU MaTepHana; G — TEKYILEee
3HAYCHUE HAIPSDKCHHSI B MOMEHT BPEMCHH T,

Jns HaxoXaeHWs BEIMYUHBI Ny HCIOIb3yeTcs
coorHorrenue b. [Mocrummna [4], momydeHHOE Ha OC-
HOBe 00obmeHoro npunnuna Heiibepa u ycosepuieH-
CTBOBaHHBIX ypaBHEHUII Moppoy:

_ ' €
O un.one. = Gf (2Nf)( +

’

S

1-m

& +Elg, (2N, f + g] ,(4)

o} (2Nf)(+ ;7/ :

rae E- MOIynb IIacTUYHOCTH MaTepuana g,,,- He pas-
pyIIAIOMAscsS COCTaBHAs AaMIUIMTYABI IUIACTHYECKON
nebopmanuy; b,c,cy,€,” - NapaMeTphl MaTepuana.

CKOpOCTh TION3YYECTH MOXET OBITH OIpeIeicHa
10 TEOPUH YIPOUHEHUSL:

g, =sign(c,)4,, exp[— kJ(t + 273)]><

x(1+D,e,[ ™) [o,
Ilie 6| — TeKylllee 3HaueHUe HANPSDKEHUS; €, - BEIUYU-
Ha fedopmanuy nonsyuecty; 4,, ki, n, D,, o, — Ko3p-
(UIMEHTHI 10I3y4eCTH.

BakHo, uTo B [2] ycTaHOBIEHA 3aBUCUMOCTb KO-
3(Q}UIHEHTOB MOI3y4ecTd [UIA IIOPIIHEBOIO AIIOMH-
HueBoro cruiasa AK12M2MrH or nponomxutensHo-
CTU LIUKJIA Ty,

CTallMOHAPHBIA PEXUM: Ay = 2,44:10°%; k=
26580; n = 5,68; D,~ 0,256; a,, = 1,06; 1, = 18 mMuH:
Apy=3,23:10"; ky = 26580; n = 5,68; D, = 1,60;
a, = 1,40; 7, = 12 mun:

Ay =3,84:10"; ky = 26580; n = 5,68; D, = 1,60;

oy, = 1,50; 7, = 7 MuH:

Apy = 5,59-10"; ky = 26580; n = 5,68; D, = 1,60;

o, = 1,59; 7, = 6 MuH:
Ay = 6,53:10"; ky = 26580; n = 5,68; D, = 1,60;
o, =1,61;

n

8)’1

[Tpn 5TOM yCTaHOBJIEHO, YTO yBEIWYECHHUE IIPOAO-
JDKUTENBHOCTU LUKIIA 7, CHIXKAET CKOPOCTH I10I3ydec-
TH €', ¥ Yepe3 HTO BIUSAHHE YMEHBIIACT BEIHUUHY d.
TeM cambIM MMeeM NMPOTHBOPEUMBOE BIIMSHHUE BpEMe-
HU YCTaHOBUBIINXCSl PEXMMOB Pa0OTHI ABHTaTesns Ha
COCTaBIIAIOLINE HAKOMJIEHNS OBPEXKACHUH dy U d;.

B nienmom ucnone3oBanue Metonuku (2) — (5) mo-
3BOJIICT IPOTHO3MPOBATH PECYPCHYIO IPOYHOCTH
TIOPIIHS C YYETOM NPOAOIDKUTEIBHOCTH KaXKJOro OT-
JIETPHOTO0 HU3KOYACTOTHOTO IIMKJIA TEpMOHArpy>KeHUs
JeTald T,, U COOTBEICTBEHHO, C Y4€TOM BIMSHMA
IIPLECCOB YCTAJIOCTH M TOJ3y4YECTH MaTepHana, a Ta-
K)KE pelaKcaliy TePMHUYECKHX HarpsoKeHUH B 0c000
TEIUIOHANPSDKEHHBIX 30HAaX IOPIIHS Ha IPOLECCH Ha-
KOIIJICHUSI TOBPEKICHHH.

PesyabTaTnl pacueroB

CucreMoil MalluH OPEIyCMOTPEH YYeT Ompejie-
JICHOTO KOJIMYECTBA I'PYHTO-KIMMATHYECKUX 30H, WC-
MOJB3YeMBIX JUISl BBIPALIMBAHUS CEJIBCKOXO3SHCTBEH-
HBIX KynbTyp [5]. B Tabn. 1 npuBeneHsl ocHOBHBIC
CBEJICHHSI O TPYHTO-KJIIMMAaTHYECKUX 30HaX psija peru-
oHoB EBpasuiickoro koHTuHeHTa. BumHo, uTo B pas-
JUYHBIX PErMOHAX BpeMs TEXHOJIOTMYECKHUX IIMKIIOB
MAaIIMHHO-TPAKTOPHBIX arperaToB OYAET CyIIECTBEHHO
pasHbM. CpenHsist AJMHA TOHA TpakTopa B YKpawmHe
Haxogurcst B mponoprun 0,33:1:1,67 u Gomee. /s
JIpyrux 30H EBpa3suiickoro KOHTMHEHTa 3TO COOTHO-
menne umeet Bup 0,25:1:3,32. Takum obpasom, cpea-
Hee MCTHHHOE 3HAYeHHE T, B IKCIUTyaTallMd MOXKET
CYIIECTBEHHO OTJIIMYATCSI OT CPEOHEro TEOPETHYECKH
MIPUHAMAEMOro 3Ha4yeHHs B 5-06 MHH, XapaKTEepHOTO
st YKpaussl [2].

Bpewms nporpeBa - oxyiakJeHUs! MOPIIHS (QOpCH-
POBAHOTO TPAKTOPHOTO JM3ENs COCTABIIET MOpsiIKa 6
MuH. [lo3TOMY YCIOBUS SKCIUTyaTallid C HPOIOIIKH-
TEJIFHOCTIO LIMKJIA MeHee 6 MUH, B paboTe He paccMat-
pHUBaKch. A Ha OCHOBaHMHM JaHHAX TaOn.l mpuHsTO,
YTO B EKCIUTyaTallud CYIIECTBYIOT BIIMSIOIINE Ha pe-
CYPCHYIO TPOYHOCTh TOPIIHS TPAaKTOPHOTO JIU3EIs
TEXHOJIOTUYECKHE IMKJIBI, OTJITHYAIOUINECS MEXIy
co0oif mpuMepHO B 3 paza.

Pe3ynpraTel pacdyeToB pecypcHOW IPOYHOCTH
nopurHs TpakTopHoro auzernst 44H12/14 npu ypoBHsIX
¢dopcupoBanus Ni=22 xBr/n u Nn=25 xB1/n npen-
cTaBieHbl B Tabs. 2. BBICOKOYaCTOTHBIE COCTaBIISIIO-
e HATPY)KEHHS B pacueTe He YUUTHIBAJIHCE.

[NomyueHnble pe3ynbTaThl CBHACTEIBCTBYIOT, YTO
IIPY YBEIIMUCHNN BPEMEHHM IMKJIa HArpY>KeHUS JTU3eIIs
BTpPOE, pecypc MOPIIHs yMeHbInaercs Basoe. CormacHo
CXeM€ pHUC.2 3TOT pe3yabTaT OOBSICHIETCS MPEeBaTUPO-
BaHUEM pEJNIaKCalliM TEPMHUYECKUX HAaIrpsHKEHUH Hal
JIPYTHMH, BIMSIOIIMMH HA IIPOLECC HAKOIUICHHS IT0B-
pexaeHHl paKTopamy.
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Ta6nnua 1. XapaKTepI/ICTI/IKI/I TPYHTO-KJIMMATHUYCCKUX 30H, psAda PCriOHOB EBpa3HﬁCKOFO KOHTHHCHTA

Cpenssist mpoao-
Cpennsist OmHocuTenbhas KUTEIBHOCTH ITHKJIA
Howmep BEJMYMHA FOHA ’
Peruon JUTAHA  CDEITHEM MUH.
rona, M PEIEMY
YKPaHHCKOMY
3oubl | ITon3oHbl
Peruonsr PO:
HentpanpHbit 1 400-800 0,66-1,33 4-8
2 300 0,5 3
800-

3 1000 1,33-1,66 8-10

3anaaHo-Crbupckuit 2 1 300-600 0,5-1 3-6
Perunons! Ykpaussr:
800-

JHonenko-ITpuaHenposckuit 3 1 1000 1,33-1,66 8-10
fOro-3amanuerii 600-800 1-1,33 6-8
2 200-600 0,33-1 2-6

Bonee
HOxHbIH 5 1 1000 bonee 1,66 Cspire 10
Kazaxcran 6 2000 3,32 20
2 300-400 0,5-0.66 3-4
Benopyccus 300-600 0,5-1 3-6
MongoBa 800 1,33 8

Crpansl bantun 9 150-200 0,25-0,33 1,5-2

10 300-400 0,5-0,6 3-4

Tab6muma 2. Pe3ynpTaTsl pacyeToB pecypcHOU
MIPOYHOCTH TTOPITHEH TPAKTOPHBIX AU3EIICH

Pecypchas npoyHocTs, dj
N
KBJTI/’H 1,=6 MuH. | T,~18 MuH.
22 0,00093 0,0017
25 0,00185 0,0039
BruiBoabI

Ha ocHOBe BBINOIHEHHOTO PacYETHOI'O HUCCIENO0-
BaHWS YCTAHOBJICHO, YTO MPUBATHPYIOIIAM (aKTOPOM,
BJIMSIOIIMM Ha CyMMAapHble HAKOIUIEHHBIE MOBPEX/E-
Hus B 30He kpoMky KC mopiuHs npy U3MEHEHUH Bpe-
MCHH IIMKJIa HATPYXCHUS TU3CNS SIBIICTCS pelaKca-
WS TCPMUYCCKUX HANPSOHKCHUA HA YCTaHOBUBIIMXCS
TSHKEIIOM U YaCTHYHOM PEKUMaX PabOTHI ABUTATEIIS.

JanpHeliiee HanpaBicHue padoT MpeaycMaTpH-
BAET BBINOJIHEHUE OLEHOK PECYPCHOW MPOYHOCTH KPO-
Mk KC nopiuns ¢ yueroM BIMSIHUS HU3KOYaCTOTHOI'O
Y BBICOKOYACTOTHOT'O €r0 Harpy>KeHusl.
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HOMEPEHS OLIIHKA PECYPCHOI MIIITHOCTI IOPLIHA TPAKTOPHOI'O JU3EJISI 3 YPAXYBAHHSIM
TPUBAJIOCTI HUKJIIB TEXHOJIOT'TYHHOTI'O HABAHTAKEHHS

B.O.I1unvos, 1.0O. Hecmepém(o, C.M. baknanoe

VY crarTi po3rIIAAAIOTECS MUTAHHS, TOB'I3aHi 13 3a0€3IMeYeHHIM PECYpPCHOI MIITHOCTI MOPINHIB MPH ()OPCYBAHHI JU3EIISL
BinznadeHo, mo pecypcHa MIIHICTh TOPIIHS 3aJIEKHUTH Bil TPUBAIOCTI HU3bKOYACTOTHOTO IIUKITY HOr0 HAaBaHTAKCHHSL. Y CTaTTi
BHUKOHAHO aHAJII3 CYNepewINBOCTI (haKTOPiB BIUIMBY TPUBAIOCTI IIUKITY HABAHTAXXEHHS JBUTYHA Ha HAKOMMYICH] YITKOHKEHHS,
BHKJIMKaHI IIPOIIECaMH BTOMH 1 TOB3y40CTi MaTepiany. BukoHaHa monepe Hs OIiHKa PeCypCHOI MIITHOCTI ITOPIIHS IIPH Pi3HUX
PiBHSX (OpCYBaHHS ABHUTYHA.

PRELIMINARY ESTIMATION OF STRENGTH RESOURCE OF TRACTOR DIESEL TAKING INTO
ACCOUNT THE DURATION OF TECHNOLOGICAL CYCLES

V.A. Pylyov, I. A. Nesterenko, S.N. Baklanov
The paper addresses issues related to ensuring resource strength of pistons while boosting the diesel. It is noted that the
resource strength of the piston depends on the length of its low-cycle loading. In this paper the analysis of contradictory factors
influencing the duration of cycle engine load on the accumulated damage caused by the processes of fatigue and creep of the
material was made. A preliminary assessment of piston’s resource strength at different levels of forcing the engine was also

made.

YIAK 621.432-1042.018.7
A.B. Benozyo, A.A. 3omoe, M.A. Makcumosa

IF'EOMETPUYECKHUE U CUJIOBBIE 'PAHUYHBIE YCJIOBUS ITPU AHAJIN3E

HAMNPSKEHHO-JE®OPMUPOBAHHOI'O COCTOSIHUA IMMOPITHEN
METOAOM KOHEYHBIX 3JIEMEHTOB

Paccmompenvl 0cobeHHOCMU HAZHAYEHUS SPAHUYHBIX YCIOBULL (3aKPENIeHull U Mecm NPULONCEHUs. OetiCMEYIouuxX
cun u peakyuti) npu Uccre008aHUU HANPHCEHHO-0ePOPMUPYeMO20 COCMOAHUA NOPUIHA MEMOOOM KOHEUHbIX dile-
menmos (MKD). Tloxkazano, umo 01 KOppekmHO20 3aKpenieHus HeoOX00UMO 6600UMb 2panb HA NOBEPXHOCHIU
NnopuiHs 8 Mecme, 20e HanPAdNCeHUsi OMCYMCMEYIom, a npu pacieme peaxyuil y4umoleams cmeujeHue yeHmpa msice-

CMU NOPULHA OMHOCUMENbHO OCU NAIbYEe6020 OMeepCmusl.

BBenenue

Peanuzauus TOH WA MHOM TEXHOIOTMM KOHCT-
PYKTOPCKOTO MPOCKTHPOBAHUS CIIOKHBIX TEXHUYECKUX
CHCTEM CErOJHS OCHOBBIBACTCS HA CPEICTBAX YHUBEP-
canbHbIXx CAD-CAE maxkeroB. [l paspabotku 3¢-
(DEeKTHBHBIX METOIOB KOHCTPYHPOBAHUS, CBS3aHHBIX
co cnenru(UKoil KOHKPETHOW KOHCTPYKIIHH, HE00XO-
quMo o1y crienuduky gopmannzosats [1,2]. B 6oib-
muHcTBe CAE mnakeToB Hpu aHalIM3€ HaIpPSHKEHHO-
e OPMHUPOBAHHOTO COCTOSHUS JICTaJC U Y3JI0B KOH-
CTPYKIMIA HAIIeN MPUMEHEHUE METOJI KOHEYHBIX dJIe-
MeHToB (MKD). OH sBisgercs oOIICpU3HAHHBIM HH-
CTPYMEHTOM TIONy4eHUsI WHPOpPMAIMU O paboumx Je-
(dbopmanmsax, 3amacax IpodHOCTH u mp. [Ipu 3ToM oc-
HOBHOW 3ajadcii sSBISACTCS KOPPEKTHOE ONpeIeiIcHUE
CHUCTEMBI HaTrPY>KCHHUS U3ACTHS U BBIOOP CHCTEMBI €ro
BHPTYaJBHBIX  3aKpeIuicHWid. [IpuMEHUTENBHO K
MTOPIITHIO — OYEBUJIHBIC, HAa TICPBBIA B3TJISA, 3aKpernic-

HUS IPUBOJAT K CYLECTBEHHO HEKOPPEKTHBIM PE3YJIb-
TaTaM pacdeTa Kak HanpsDKEHHH, Tak u JedopManuii.
Tak, HanpuMep, 3aKpeIUICHHE TUIA «POJUK/TION3YHY,
MPUMEHEHHOE K BHEIIHEH, YCIOBHO-LWINHAPUUYECKOH,
TIOBEPXHOCTH FOOKH, HE YYHTHIBAeT ee (pakTHUecKyro
HELWINHIPUYHOCTh. K HeMUIMHApUYIECKOi TOBEPXHO-
CTH, B CBOIO Ou€pefb, HENb3sl MPUMEHHUThH BBIIICYKa-
3aHHBIN THI 3aKperuIeHns. 3aMeHa 3aKperuIeHNH peak-
LUSIMH, IPWIOKEHHBIMH K OIPEeNIeHHBIM MecTaM
jeranu (TopiHs), TpeOyeT aHaINTHYECKOro OIpese-
JIeHWsI BEJMYMHBI peakuuu M Mecra (rpaHu, pedpa,
TOYKH), K KOTOPOMY 3Ta PEaKIHs PHIOKEHA.

ean padoTsl — pa3paboTka CUCTEMBI KOPPEKT-
HOI'0 3aKpeIuieHus nopiHs npu ero aHanuse MKO, u
pacueTa peakuuil Ha MOPLIEHb CO CTOPOHBI 3epKaya
LWIHHApPA.

Bu16op cucrembl 3akpemienuii [3,4]

IlopmieHp — reoMeTpuYecKd CUMMETPUUYHOE W3-
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nmenue. [I1oCcKoCTh CUMMETPHUH TISPIICHINKYIISIPHA OCH
MATBIIEBOI'0 OTBEPCTHUS M MPOXOAUT 4Yepe3 OCh, 00pa-
3ylolieil ero, BHENIHEH MOBEPXHOCTH'. DTO O3HAUACT,
9TO MOXHO OIPaHUYUTBHCS PACUCTOM TOJOBHUHKHU
mopmHsa. ['pans Ha ero 3-D momenu, oOpa3zoBaHHas
ATOHM TUTOCKOCTBIO (puc.la), SBISETCS OUEBUIHON IS
3aKpeIUICHUsT  THIIA
JTUK/TIONM3YHY.

«CUMMETPUI» nim «po-

6)
Puc. 1. Ilosepxnocmu u pebpo 3akpenieHuil.
a) — niocKocmb cumMmempuu; 6) — cekmop 6
nanibyesom omeepcmuu; 8) — pebpo Ha 600OvlKe

Crenyroteii MOBEPXHOCTBIO, YAOOHOH UIs 3a-
KpETUIEHHSI, SBISIETCS IMIMHAPUYECKUN CEKTOp Majb-
1IeBOro oTBepcTHs” (pHc. 16), 3aKpemIseMblii Kak «po-
JuK/mon3yn». Takoe 3akperuieHue (B paauaabHOM Ha-
MIPaBJIEHNN) HE IO3BOJISET IMOPIIHIO MEepeMeaThes B
IUIOCKOCTH cuMMeTpur. OHO YCIIOBHO KOPPEKTHO, Tak
KaK OKa3bIBaeT BO3JCHCTBHE HA MPWIETaloliie K JaH-
HOH IUTOIIA/IKE MacCHBBI, HE IMO3BOJSS UM Je)OpMHU-
poBaThesi. bomee KOppeKTHBIM OyleT COBMECTHBIN
pacyeT MOPIIHS ¥ HOPIIHEBOTO MaJbIia, HO, VIS MPE-
BapHUTEIbHBIX PAcyeToB AOMYCTUMO HCIIOIb30BaTh U
YIpoIIeHHbIH BapuanT. OHaKo, Jake B 3TOM ciydae
CleyeT OTPAaHWYHTH TITyOWHY W IIUPUHY TaKOW ILIO-
aIKA, 9TOOBI 00ECIIEYUTh OOINBIIYIO JTOCTOBEPHOCTH
pe3ynpTaroB. Tak, MHpHHA IDIOMIAIKU JODKHA HAXO-
nutees B npenenax 80-90% ot nuamerpa OTBEpCTHS
TI0/1 TTIOPIITHEBOM Nasien (4TO MPHUMEPHO COOTBETCTBYET
cextopy B 60 rpaaycoB), a riryouHa — npumepHo 1/3 or
TIONTHOW TITyOMHBI OTBEPCTHUS (COOTBETCTBYET BEIMUH-
He 3a7enku mnaibna). s onpeneneHust pasmMepoB
TUTOIIAIKK MOXXHO BOCIIOIB30BaThCS (POpMyIIoit:

' o TeroBbim TPaHUYHBIM YCIOBHUSIM TaKOM CUMMETPUH
MOXET U He OBITh, YTO CBA3aHO C OCOOCHHOCTSIMH OpTaHU3a-
i pabodero mporecca

Ecnm ananmmsupyeTcs cOOpKa «IIOpIIeHb-TANIeN», TOTAA
HEOOXOAMMO 3aKpEIUIATh MaJell, HO MOPIIEHb MOXKET Bpa-
IIaThCSL BOKPYT HETO, T.€. BCE PABHO HY)KHO «OTOMpATh) elle
OJTHY CTEIICHb CBOOOIBI.

c=(h-a)/2b/D-(I-d'/D",

IZle ¢ — BEJIMYMHA BBUIETa IMOPIIHEBOTO Maibla, MM
(cM. puc.2); b — BenmuuMHA 3a€IKH TOPIITHEBOTO MaNTb-
1na, MM; D — quamerp MOpPIIHEBOTO IManblia, MM; d —
BHYTPEHHHUI TUaMeTp MOPIIHEBOTO ITajblia, MM.

Takum oOpazoM, IMOpHIEHb 3aKpeIUIeH OT 5-Th
BO3MOXHBIX Iepememienuid. Ilocnennee — BpaleHue
BOKpYI' OCH Tajblla — B PEANbHBIX YCIOBHUIX OI'paHH-
YEHO KOHTAKTOM ITOPIIHS CO CTEHKOHW IWIMHApPA, Ofi-
HaKO TPH KOMITBIOTEPHOM MOJEIMPOBAHUN TaKOTO
Harpy>KeHus HEJIO0CTaTOYHO 3aMEHHTh ATOT KOHTAKT
CHJIOBBIM BoO3zeiicTBHeM. Heobxoaumo mpHu HoMoIn
JIOTIOTHUTENBHOTO 3aKpeIyIeHHs. OrPaHHuYWTh Bpallle-
Hue nopiHs. Kak Ob110 cKka3aHO BBIIIE, 3TO 3aKperie-
HUE HE MOXXET OBITh NPWJIOXKEHO K BHEUIHEH ITOBEpX-
HocTH mopurHA (rfoOke). Takoe 3akperuieHue nmpu Ha-
TPY)KEHUH OKa3blBaeT BIWsSHHME Ha (opMy I0OKH (ee
YacTH) TaKk Kak He JaeT eil nedopMHpOoBaThCs, YTO HE
COOTBETCTBYET JEWCTBUTEIHHOCTH. JlOTIOMHUTENBEHOE
3aKperieHle B pacueTHOH MOJETIH HE MMEET HKBHBA-
JIeHTa B JEWCTBHUTENBHBIX ycinoBuax paborsl JIBC,
MIOATOMY OHO, OYy/Ay4Yd BBEJEHHBIM B PACUETHYIO MO-
JIeTTb, HE JIOJDKHO OKa3bIBaTh CKOJIBKO-HUOY/Ib CYIIECT-
BEHHOTO BIIHMSHUS HAa PE3yJbTaThl pacueroB. [ obec-
TICYCHNS] BBIMIOJHEHHS 3TOTO YCIIOBHS IpEIaraeTcs
MIPOM3BOJIUTE 3aKPEIUICHUE THIIA «POJUK/TION3YHY,
OrPaHUYMBAIOIIEE TOBOPOT MOPIUIHA BOKPYT OCH Malb-
LEBOTO OTBEPCTHS, IO KPOMKE HCKYCCTBEHHO BBEJCH-
HOro pedpa Ha 600bIIIKe (pHC.1B), B MECTe, T1I¢ BO3HH-
Kalolye HaIrpsHKeHUS] MUHUMAJIBHBI TIPH JII0OOM BO3-
JISWCTBUN BHEIIHUX HArpy30K.

[Tpn nanpHeliemM aHau3e OTCYTCTBUE HaIpsiKe-
HUH Ha 3TOM pedpe MOKa3bIBaeT MIPABUIILHOCTH U 3a-
KpEeIUIEHHH, ¥ PACCYMTAHHBIX PEAKIIHH.

Pacuer peakumii ot AeiicTBUS ra30BbIX U
WHEPUHOHHBIX CHJI

Hcxonst U3 BBIIEU3IIOKEHHOTO, JJIs1 KOPPEKTHOTO
aHaJIi3a, HaM He0OXO0ANMO KOPPEKTHO Harpy3uTh I10p-
IIHA C Y4E€TOM IPHUHATOM CHCTEMBI 3akperuieHuil. Ha
pHc.2a noKa3aHbl ACHCTBYIONINE HA ITOPIICHH CHIIOBBIE
BO3ACUCTBUS. JTO J1Ba JABJICHUSI — CO CTOPOHBI Kame-
pBl cropanust (p.,;) 1 CO CTOPOHBI Kaprepa (p,), a
TaKke cwia uHepuuy, 3amaBaemas B CAE-makerax
yckopeHneM j. KOHCTpYKTHBHO IOpIIEHb MOXET
UMETh MPOTHUBOIIYMOBOE CMEILICHHE MaJblia OTHOCH-
TEJIFHO OCH MOPIIHS U CMELIEHUE ero [EHTPa TSHKECTH
(IT) orHOCHMTENBHO 3TOH OCH. DTO NMPHUBOIUT K BO3-
HUKHOBEHUIO MTaphl CHJI, YPaBHOBEIIMBAIOIINXCS PEeak-
LIUSIMU CO CTOPOHBI 3epKajia mmimuHApa. Kpome Toro
HEOOXOANMO YpPaBHOBEIIMBATH HOPMAJIBHYIO K FOOKE
TIOPIIHSL COCTABJISIONIYIO, CBI3aHHYIO C HAKJIOHOM IIa-
TyHa. Cleyer Tak’ke OTMETHUTh, YTO CHJIBI PEaKIny Ha
100Ky MEHSIOT CBOM 3HaK M MECTO INPHIOKEHHS, YTO
(haKTHYIECKH O3HAYACT IEPEeXO0Jl ITOM CUIIBI (TIaphl CHIT)
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C OIHOW CTOPOHBI IOOKW Ha JPYTYyIO, HO 3a/1aBaTh CH-
noByto Harpy3ky B CAE-nakere cnemyeT Kak MOI0XKH-
TENBHYI0, BEIOUpAs €¢ MECTO MPINIOKCHUS B 3aBHCH-
MOCTH OT COBOKYITHOCTH BJIHSIFOIIUX (PAKTOPOB — yIIia
[OBOpPOTa KPHBOILINIA, JABJIEHUS B KapTepe U Kamepe
CrOpaHus, MPOTUBOLIYMOBOTO CMEILIEHUS, CMEIIECHUS

T, yriioBoi CKOpOCTH KOJEHBaNA.
5 lopweHs

[on0Bka wamyHa

llopuiHe 8ol nasey /

Puc. 2. [lopwens c nopunesbim nanvyem u 6epxHei
20JI08KOU WIAMYHA

B cBsi3u ¢ 3TIM MOXHO paccMaTpuBaTh 6 BapuaH-
TOB JICMCTBUS CHJI PEaKkLH Ha I0OKY MOpIIHA, a 3Ha-
quT U 6 Momudukarwii 3-D Mojenu mopIIHs, y KOTO-
PBIX TUTOMIAJKA TIPIIOKCHUS CHJI PEAKIMH PACIIONo-
KEHBI TI0-pasHoMYy (puc.3 a-e).

Puc.3. Bapuanmol npunosicenus cun peakyuii K iooke

NOPUIHAL:
Daas — OABJIEHUE HAO NOPUIHEM, D,— 0asieHue noo
nopuiHeM, a — npomueouLyMosoe cmewenue, b —
cmewgenue LT, j — yckopenue nopwins, N; — peaxyus
€O cmoponvl cmewenus nanvyd, N, — peaxkyus ¢
NPOMUBONOLOANCHOT CIOPOHBI, [ — niewo npunodicenus
cunvt Ny, 1; — nnewo npunooscenust cunvt N,

IlepeuncayM >TH BapHaHTHI:
a) - mapa CuJI — CIIpaBa CBEpXY, CJIe€Ba CHH3Y OT
OCH NaJIbLIEBOr0 OTBEPCTHS;
0) - mapa cuJI — cIIpaBa CHH3Y, CJIeBa CBEPXY;

B) -OJHa CHJIa — CJICBA HMXXC OCH IIAJIBLCBOI'O

OTBEPCTHS;
T) - OJJHA CHJIa — CJIEBA BBIIIE OCH MaJIbIIEBOTO
OTBEPCTHS;
) - OJlHA CHJIa — CIpaBa BbIIIE OCH IAJIBIEBOTO
OTBEPCTHS;

€) - O/IHA CHJIAa — CIIPaBa HIDKE OCH IMAaJbIIEBOTO
OTBEPCTHSL.

B nmocnennnx 4-x Bapmanrax (puc.3 B, T, 1 U €)
HU3MEHSIETCS. HE TOJBKO CHUJla, HO M T€OMETPUYECKOE
MECTO ee MPIIOKECHNS K F00ke. CHITBI CIIeNyeT Tpria-
ratb Ha IDIOMIAJKH, pa3Mep W (opMa KOTOPHIX ITOJ-
poOHO mccieI0BaHa U pecTaBieHa B [3,5].

Jnst onpeneneHust peakiuii co CTOPOHBI 3epKalia
HWIMHIpA, JEHCTBYIOIMX Ha MOPLIEHb MPU PACCMOT-
PEHHHU €TO CHIIOBOT'O HATPYXKEHUS, HAMH Pa3paOOTaHbI
METO/IMKA, 0A3UPYIOMIAsCS HA M3BECTHBIX YPABHECHUSAX,
aJTOpUTM U COOTBETCTBYIOLIAs Mporpamma, KOTopas
peanuzoBana B cpene EXCEL. 3aBucumMocTb naBieHHst
B WJIMHJIPE OT YTJIa TIOBOPOTA KOJICHBAJIA MOXKET OBITh
paccunMTaHa Kak B caMOHM MporpaMme, Tak U MOJCTaB-
JIeHa U3 JPYTHX PacueToB WIIU SBIATHCS PE3YIbTATOM
(bHU3MUECKOro SKCIIEpHUMEHTa” .

Jns ompeneneHus peakuui, ACWCTBYIOIIMX Ha
100Ky TOPIIHS, BOCIIONB3YeMCS YCIOBHSME CTaTHYC-
CKOT'O ¥ IMHAMUYECKOr0 €ro PaBHOBECHSL:

> Pr=0, (1)

> M, =0, ()

rae P; — cuibl U peakuuu, IeHCTBYIOIINE HAa OPILEHb;
M; — MOMEHTBI CUJI, AEUCTBYIOIINE HA OPIIEHD.

W3 ycnoBuil IMHAMUYECKONO M CTaTUYECKOTO

PpaBHOBECHA CIICAYCT:
(aP, +bP, + NI,)

en

) €)

! I +1,

2

rne P, =(p,,—p.) ; D — 1uameTp TOpLIHS

4

P, =—jm, — cuia UHEPLUU TOJbKO HOPIUHHA; M, -

Jjn
MaccCa MOPIIHA;, ] — YCKOpPCHHUC IOPLIHSA; ll — IJIC40

AefictBus cuiisl N, ; [, — miedo gecTBust cuisl N, ;

N — GokoBas cuia, IEHCTBYIOIAs B IJIOCKOCTH, Mep-
NEHIUKYISIPHON OCH LWIMHAPA U MPOXOJSAIEH depes
OCh NAJIBLEBOrO OTBEPCTHUS, PACCUUTAHHAS C Y4€TOM
MACCHI NAIBIA U MOCTYNATEJBbHO ABUHKYIIeiic Yac-
TH IIATYHA.

N =P ; “)
B =P,+P; ®)
I)j = _jmnma > (6)

3
Crnenyer NOAYEPKHYTH, YTO IPU CPABHUTEIHFHOM aHAJIH3e

KOHCTPYKIMI AaBlIeHUE U P Apyrux I'Y He nomkHbI u3Me-
HSATBCSL
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m, .. — Macca IIOpIIHs, I1ajIiblia M 4YaCTH 1IaTyHa,

J =Rw’(cos ¢ +Lcos 29+ Aksing) ; (7)

A =R/L; k=a/R; (8)
B= arcsin[k(sin 0— k)] ; )
N,=N-N,. (10)

[Mockonbky cuibl N; 1 N> MEHSIOT HE TOJIBKO 3Ha-
YeHWe, HO U CBOU 3HAK B MUKJE U 3HaK "+" mmm "—"
9TO I Pa3HBIX CTOPOH IOPIIHS 00O3HAYaeT OTPHIB
00KM OT 3epKajia IWINHIApa, TO Jajiee MPUMEM CJe-
JTyroIie 0003HAYCHMST:

N1' — CWJIa, MPWIOKCHHAS K IOOKE TOPIIHS CO
CTOpPOHBI MPOTHUB CMELICHHUS NaJIbLIA; le — cuIIa, TIpu-
JIOKCHHAS! K FOOKE ITOPIIHS C MPOTHBOIIOIOXKHOW CTO-
POHBL.

Torpa:

N, ipu N>0, N,<0

N, =N, npu N,<0, N>0 (11)
N nipu Ni>0, N,>0

0 npu N,<0, N,<0.

[pu 5TOM TIIEUO MPHIIIOKEHHUS ITOW CHITBI OyICT:
[y mpu N>0, N,<0
I, =-I, ipu N;<0, N>>0 (12)
-P,opa/N nipu Ni>0, N,>0
0 npu N;<0, N,<0.

-N; pu N,<0, N,>0

le =-N, ipu N;>0, N,<0 (13)
-N nipu N;<0, N,<0

0 mpu N;>0, N,>0.

[Tpu 3TOM MIIEYO NPUIIOKEHMS TAHHOM CHJIBI OYy-

JIeT:
[, mpu N,<0, N,>0
I, = -1, mpu N;>0, N>,<0 (14)
-P,opa/N nipu N1<0, N,<0
0 mpu N,>0, N>0.

Ha puc. 4 npuBenena MHAMKAaTOpHAS JUarpamMma
(paccunTaHHas B IPOrpaMMHOM KoMIulekce «/lu3ens
PK» [6]), npentudunmpoBannas st nsurarens BA3
21083 mo MmomMeHTy 1 000pOTaM, KOTOpast HCIOJIb30Ba-

HAa JJIs pacueTa peakuuil IpUBEICHHBIX Ha pUC. 4-6.

1,E+06
=
<
6,E+05
2,E+05 J/ \J
\_ el
-2,E+05
0 180 360 540 <2pao. IIKB 720

Puc.4. Pacuemnas unouxamopuas ouazpamma npu
n=1500 mun; M=5,3 Hu

U3 pacueroB (cM. puc. 5-7) BHOHO, YTO TpH
W3MCHEHWM TIOJIOKEHUSI IIEHTpa TSDKECTH
peakuuif, I nmpuMepa,  M3MEHHIINCH
HECYIIECTBEHHO, HO MOMEHTHI INEPEKIaJOK IOPIIHS,
OCOOGHHO  Ha  TakTe  BBINYCKA,  CIABHHYINCH
cymecTBeHHO. C pOCTOM YacTOTHI BpAIlCHUS (CHIIBI
WHEpLIMH) BIMSHHE CTaHeT 3aMeTHee. lI3MeHeHne
MIPOTUBOIIYMOBOTO CMEIIEHS CYIIECTBEHHO BIIHSET
Kak Ha CHJIBl pEaKIuH,

CHJIBI
Hamero

Tak M Ha MecTa HX
MIPUIOXKEHUS.

BriBoabI

AHanu3 pHUCYHKOB IIOKa3bIBAET, YTO, KaKk U CMe-
LIEHUE NaJIbLEBOI0 OTBEPCTUS, TaK U CMEILICHUE LIEH-
Tpa TSDKECTU MOPIIHS OTHOCHTENBHO OCH IIWIMHJIpPA
CYLIECTBEHHO BJIMSET M Ha BEIMYUHY CHJI peakuil Ha
100Ky ITOPIIHS, ¥ CUCTEMY IPWIOKEHHS STHX CHJI, YTO
HEOOXOANMO YUYHMTHIBATh Kak IPH aHAJIM3€ HaNpsHKEH-
HO-J1e()OPMUPOBAHHOT'O COCTOSIHHUS, TaK U IIPH Mpodu-
qupoBaHuu mnopmHa. Ilpu npoBeneHMH pacyeTHO-
JKCHEPUMEHTAIBHBIX HCCICAOBAaHUM, CBS3aHHBIX, B
YaCTHOCTH, C M3YYEHUEM JKUAKOCTHOIO TPEHUS B CO-
MNpsDKEHUU TOPLIEHb - 3€pKano LWIMHAPA, PacCMOT-
pPEeHHAsl TEXHOJIOT U PacdyeTa peakiyil ¢ MOCIEeAYOINM
pacuerom MKD nedopmannii 100Ky MOpIIHS MOXET
OBITH HMCIONB30BaHA /ISl HA3HAYCHUS] HAYaIbHBIX YyC-
JIOBHH.

500

Cuna, H

250

i
/'\‘ Ry
P Y S
vy M H \‘
I3

0 180 360

540 <epad.IIKB 720

— 2

N |

- F =

/

'
a
p

0 180 360 540 2pao. IIKB 720

a)

0)

Puc.5. Cunvt peaxyuii a) u naeuu ux npunodicenus 6) npu oezaxcasice -1,2 mm u T Ha ocu yurunopa
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a) 6)
Puc.6. Cunvt peaxyuii a) u naeuu ux npunosicenus 6) npu oezaxcagice -1,2 mm u cmewgeruu LT -0,6 mm
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0)

Puc.7. Cunvl peaxyuil a) u nieuu ux npunodicenus 6) npu dezaxcagice -0 mm u cmewgenuu LT -0,6 mm

IIpencraBneHHble Pe3yNbTaThl HCIOIL3YIOTCA IPU
aHaJIM3¢e HaNpPsDKEHHO-/1e(OpMUPOBAHHOTO COCTOSIHUS
nopiuHs B npaktuke [TAO «KABTPAMAT) npu mpo-
€KTHPOBAHUY MOPIIHEN.

Cnucok 1umepamypbol:

1. SolidWorks. KomnvlomepHnoe modenuposanue 8 undicenep-
ot mpakmuxe / A. A. Anamosckuu, A. A. Cobaukun,
E. B. Oounyos u op. — CIIb. : BXB-Ilemepbype, 2005. —
800 c. 2. Benozy6 A.B. Iloodepaicka dcu3HeHHO20 Yukia moH-
kocmennvix nopuinei [{BC na ochose mexnonozauu unmezpu-
posanno2o npoekmuposanus u npouzsoocmea / A.B. bBenozyo
// Bocmounoegponeiickutl JcypHan nepedosvlx mexHorocull.
— 2010. - Ne3. — C. 27-40. 3. 3omog O.0. YOockouanenus
MexXHON02T] NPOeKmy8aHHs MOHKOCMIHHUX nopwnuie J[B3 3
npumycosum 3ananenusm/ Juc. Kamo. mexH. HAyK:
05.05.03 / Hayionanehuii  mexniynuil  yHigepcumem
«Xapxiecokuil nonimexuiunui incmumymy. — Xapxis. — 2010
p. — 127 c. 4. Benoeyb6 A.B.Hayuno-mexuuueckue OCHOGbL
UHMEZPUPOBAHHO20 NPOEKMUPOBAHUA U NPOU3BOOCHIBA MOH-
xocmenuvix nopwnetl J{BC / [uc. ... 0okm. mexu. Hayk:
05.05.03/ Hayuonanenoviti  mexuuueckuii  yHugepcumem
«XapvKoscKuti ROIUMexXHU4ecKutl uHcmumymy. — Xapbkos. —
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TFEOMETPHUYHI I CWJIOBI TPAHUYHI YMOBMU ITPU AHAJII3I HAIIPYKEHO-JE®OPMOBAHOI'O CTAHY
MNOPHIHIB METOJAOM KIHIHEBHUX EJIEMEHTIB

O.B. binozyo, 0.0. 3omos, M.O. Makcumosa

PosrisHyTi 0cOGIMBOCTI MPU3HAYECHHS TEOMETPHYHNX TPAaHUIHUX YMOB (3aKpPIIICHb 1 MiCIlh MPHUKIaJaHHS III0UNX CHIL 1
peakuiif) Ipu JOCTiPKEHHI HAaIpy:KeHO-Ae(hOpMOBaHOrO CTaHy mopmHs MeronoM kixmneBux enementiB (MKE). ITokazano, mo
JUTSL KOPEKTHOTO 3aKpiIUICHHS! He0OXiJHO BBOAWTH I'PaHb HA TIOBEPXHIi IMOPIIHS B MICIIi, 1€ HANpyra BiACYTHS, a IPH PO3PAXYHKY
peakiiii BpaxoByBaTH 3CYB LEHTPY TSDKIHHS MOPIIHS BiTHOCHO OCI IAIBILOBOTO OTBOPY.

GEOMETRICAL AND POWER BOUNDARY CONDITIONS AT ANALYSIS OF THE TENSE-DEFORMED STATE
OF PISTONS BY THE METHOD OF FINITE ELEMENTS
A.V. Belogub, A.A. Zotov, M.A. Maksimova
The features of setting of geometrical boundary conditions (fixings and places of application of operating forces and reac-
tions) are considered at research of the tensely-deformed state of piston by the method of finite elements (FEM). It is shown that

for the correct fixing it is necessary to enter a verge on the surface of piston in a place, where tension is absent, and at the calcula-
tion of reactions to take into account displacement of centre of gravity of piston in relation to the axis of the digit opening.

VK 621.436

HU.H. Mockanenko, B.H. /louenko, A.B. benozyo

OB30P METOJ0OB NIPO®UTINPOBAHUA IOBOK ITOPIIHEM IBC

TIpuseden 0630p 0CHOBHBIX pactemHO-IKCNEPUMEHMATLHBIX MeNMO0008 npohunuposanus 1000k. Beidenenvt ocnogHble
@usuueckue paxmopwl, Komopule yHUMbI8aOM A6MOopsbl @ paciemax OuHamukyu mpudoconposicenuil. Paccmompenut
MUnogsle U OPUSUHATbHbIE KOHCMPYKMOPCKUE peuleHus UCHOTHeHUsl 000K nopuiHell, HAnpagieHHvie Ha CHUdICEeHUe
mpenus. IIposeden ananu3s 6binOIHEHHLIX pabom U HaAMeYeHbl HaNpPasieHus OAIbHEUUX UCCTe008AHU.

BBenenue

bajaHc MeXaHWUYECKHMX MOTEPh M0 MEXaHH3MaM,
conpspkeHusiM U cuctemaM J[BC 3aBUCHUT OT MHOTHX
(aKToOpoB, CpeAM KOTOPBIX OCHOBHBIMH SIBJISIFOTCSI
KOHCTPYKIIUS, TEXHOJIOIMYECKOE COBEPILNCHCTBO, Pa3-
MEpPHOCTh U TeXHHYEeCKOoe cocrosinue jasurarens. Co-
MOCTABJICHUE 0alaHCOB MEXAaHHUYECKUX IOTePh KaK B
OCH3UHOBBIX, TAK U B JU3CIbHBIX ABHrarensax (puc. 1)
MOKA3bIBAET, YTO HAMOONBINNI BKJIa] B OOIIME MeXa-
HUYECKUE TTOTEPU BHOCUT TPEHHUE JAETaleH [UIHHAPO-
nopurHeBoid rpymnmsl (L) — 45...50% [1,2,6,9]. Io-
3TOMY, OOJIee MOIHOE MOHUMAHHUE MPOIECCOB, MPOUC-
xomsamux B LIII eme Ha craguuM MpPOEKTHPOBAHUS,
3aKJIAJBIBACT OCHOBY JUIA JOCTIKEeHHS Oornee 3¢ dek-
TUBHO# PabOTHI BUrATEIIS B IIEIIOM.
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Puc. 1. bananc mexanuyeckux nomeps 6 J{BC:
1 —LIIT"; 2 — KpusowunHo-UamyHHbI MEXAHUIM,
3 — eazoobmen,; 4 — 2azopacnpedenumenbHblll Mexa-
HU3M,; 5 — HACOCbL U BEHMUTAMOD

OcHoBHbIME y31amu Tperust LI, BnugrommmMu
HAa MEXAHWYECKUE IIOTEpPH, SBISIOTCA Iapa TPEHHs
«TOPIICHb-IWIMHAP» U Mapa «IOPIIHEBOE KOJIBIIO-
HWINHAP». B oTindMe OT AOCTaTOYHO LIUPOKO Mpen-
CTaBJICHHBIX B JUTEPAType UCCIENOBAHUM, MOCBAIIECH-
HBIX IIape «IOPIIHEBOE KONbLO-LWIHHAPY, ape «Iop-
LIEHb-IIWIMHIP»  yIEIEHO 3HAYUTEIbHO MEHbIEE
BHHUMaHHe. B cBOIO ouepenb, HIMEHHO COBEPIIEHCTBOM
9TOrO COMPSDKEHMs ONpeenseTcd IUHAMHYECKas Ha-
rpyxensocts LI, TermnoBoe cocTosiHUE ABUraTens,
KOJIMYECTBO MOCTYMAIOIIEr0 Macia K IOPIIHEBBIM
KOJIbIIaM, YPOBEHb BUOpanuii u myma.

PaborocriocoOHOCTE 3TOM Maphl XapakTepu3yeTcs
3a30pamMH MEXIy MOPIIHEM W IHMIMHAPOM, Ipodriem
100KH, MECTOM PacIiOJIOKEHHS MaJbIIEBOIO OTBEPCTHSI.
Kpome 3T0ro, 0co6eHHOCTEIO pabOoTHI SBISETCS TO, YTO
MOpIIeHh W LWIMHAP paboTaroT B YCIOBHSX KpaiiHe
HECTallMOHAPHBIX TEIUIOBBIX W CHJIOBBIX (DaKTOpPOB, B
pe3yapTaTe 4Yero BO3HUKAIOT IEPEMEHHBIE B IUKIIE
TEIJIOBBIE M CHJIOBBIE Je(OpMalliy, NPUBOMASIINE K
CYHIECTBEHHOMY U3MEHEHHIO 3a30pPOB B CONPSLKEHHM.
Henocrarounsiii yyer Takux nedopMaruii MOXXET MpH-
BECTH K MOSBIECHUIO 33UPOB, 3aKJIMHUBAHUIO MOPILIHS
U BBIXOJY ABUTATeNs U3 cTpod [2].

IlepBoHauanbHO NpH YBENMYEHHH MOIIHOCTU
JIBUTATENEH, COMPOBOKIAEMON 3aKIMHUBAHUEM J€Ta-
sert UIIT, mpou3BOMTENHN 1IJIM HA CO3HATEIBHOE yBE-
JIUYEHHE 3a30pa. OTO MO3BOJSIO MPEAOTBPATUTH 3a-
JIMp, HO OTHOBPEMEHHO, CIIOCOOCTBOBAJIO MTOBBIIICHUIO
IIyMa ¥ BHOpalui, yBEeINYEHHIO pacxo/a Macia, CHU-
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JKEHUI0 HaJSKHOCTU W jojroBevnoctu aeraned LT
DTOT (paKT cTan MPEemNnOCBUTKONW TS BO3HUKHOBCHUS
TEOPETUICCKH O0OCHOBAHHBIX METOHOB IPOQHIHpO-
BaHUS OOKOBOW MTOBEPXHOCTHU TOPITHEH.

0030p pacyeTHO-IKCIEPUMEHTAJIbHBIX METO-
0B NpoGHINpPOBaAHUS

OnHa W3 TEepPBBIX HAYYHO OOOCHOBAaHHEIX METO-

JUK npodurpoBaHus 1000K MOPIIHEH, HAINlpaBIeHHas
Ha CHIDKEHHE paMOYHOTO M KPOMOYHOTO KOHTAaKTa
TIOPIIHS € IMJIMHIPOM, OblIa mpeioxkeHa B 70-x ro-
Jlax TPOIUIOr0 BEKa TPYIIOW HCCienoBaTeNeld I1ox
pykoBoxcTBoM mpodeccopa b.S. I'mazbypra [3]. Co-
TJIACHO 3TOW METOJUKe, oOpa3yromas mpoduis BEIOH-
paetcst TakuM 00pa3oM, YTO B 30HE Tepeadr GOKOBO-
IO YCWJIMSI B KOHTAKT C IWJIMHAPOM BOBJIEKAETCSI, BO3-
MOXHO, OOIbIIasi IJIOMIAb FOOKHM TTOPIIHS IIPH OHO-
BPEMEHHOM yCTPaHEHHH KOHTAKTa I00KH C IWIIMHIPOM
B 30He 000bImeK mopmHs. Takas KoHQHUTrypays KOoH-
TaKTa JOCTHIaeTCs 3a CUeT NMpHIaHus 00YK00Opa3HO-
CTH 100Ke TIOPIIHS B IPOIOJIHHOM CEUEHHH M OBaJIN3a-
MM B TIONEPEYHOM CEYEHHH. ABTOpPHI MpeIaraior
00pa3yronyo OKH B HATPETOM COCTOSHHUM 3a7aBaTh
IJIAJKON BBIMYKJIOA KPUBOM, ONpeAenseMOdl MaKCU-
MaJIbHOHM CTpenoi mporuda, mapameTpoM pacrioioxe-
HUSI MAaKCUMyMa BBIMYKJIOCTH, 3aBUCSIIMM OT IIepera-
Jla TEMITEpaTyp MEX 1y I00KOi ITOPIIHS ¥ HWINHIPOM B
BEpXHEll M HIWKHEH 30HaX I00KH, a TaKKe OT BEIMYHMH
3a30pOB B YKa3aHHBIX 30Hax. HeoOXomumblil 1i1st u3ro-
TOBJICHUSI TOPIIHA Npo(dWiIs OOKOBOWH ITOBEPXHOCTH
I00KM B XOJIOJHOM COCTOSIHUHM CTPOHTCS C YYETOM
BIMSHUS JIMHEHHO-TEMIIEpaTypHOTO PaCIIMPEHUS] Ma-
Tepuaina nopiHs. [IpodunrpoBanue 100KH B Iorepey-
HOM CEYEHHH IO03BOJISIET KOMIIEHCHPOBATh MCKa)KEHNE
(OpMBI, BEI3BaHHOE AEHCTBHEM OOKOBOM CHIIBI ITOPII-
Hs. OBanbHOCTh Ha3HA4YaeTCd W3 KOHCTPYKTHUBHBIX
CO00paKeHH 1 3a]Ja€TCS MACCHBOM OTKIIOHEHHH.

B nanpreitmem pabora 'maz6ypra b.41. Obu1a no-
MONHEHa W YTOYHEHa HcClefoBaHusIMH Huxumm-
Ha B.J., KOTOPBIH MPEMTOKIIT METOAUKY TIPOdHIIpo-
BaHUs, OCHOBaHHYIO Ha TEOPUH COYAAapeHUs U Koneda-
HUI Iapsl «IOpIIEHb-TWIb3a». Takol MOAXO0[ MO3BO-
JIMJT PEIINTh 33/a9y O CHW)KEHWH KOHTAKTHBIX Harpsi-
KEHUH I00KH B MOMEHT ITE€PEKJIIKY OPIIHS B LMJIHH-
Ipe.

MHoroieTHsIsI IpakTHKa IOKa3alla JIOCTaTOYHYIO
Ha/ISKHOCTh TIOpIIHEH OBaJbHO-00YKOOOPAa3HOro TH-
rma. OJHAKO ¢ TOYKM 3PEHUSI SHEProCOEpEeKEHUs ITH
MIOPITHA HE SIBJISIOTCS] ONTHMANBHBIMU, T.K. TEOPHSI X
popMIMPOBAHUS HE YYUTHIBACT TUHAMUKY TTOPIIHS U
ruapoarHaMudecKue 3((QEeKThl, BO3HUKAIONINE B CMa-
304HOM CJIO€.

HeobxonnmocTs ydera BIAMSHUS CMa3Kd M OCO-
OenHOCTeH reomeTpun moBepxHocteit neraneit LI Ha
PEKUM TPEHMS! HArJISAHO MPOJIEMOHCTPUPOBAHO B UC-

CIIEJIOBaHUSAX SIMOHCKMX aBTOpoB Takeo, Suzuki,
Tovohiko. ABTopamu mpoBeieHbI SKCIIEpUMEHTATbHBIC
HCCIIEIOBAaHUSI HA MAKETHOW YCTaHOBKE C MPO3PAUHOM
ruiIb30i. VcenenoBanock KaueCTBEHHOE BIIMSHHE pa3-
JUYHBIX Tpoduield oOpa3yromell MoBepXHOCTH Ha 00-
pa3oBaHKE M IOBEJEHUE MACISIHOTO CIIOs. Y CTaHOBJIE-
HO, 4TO NMPO(HIb OKa3bIBAET OIPEIECIAIONIee 3HAUCHNE
Ha BO3HMKHOBEHHE MACIISTHOM IUIEHKH, PEXXHUM TPEHUS
U, KaK CJIEACTBHE, BEJIMYNHY MEXaHUUECKHX ITOTEPb.

OpHa 13 MEPBBIX MOMBITOK TEOPETHYECKOr'O OIH-
CaHUsl MEXaHU3Ma TPEHMS C YYETOM CMa3KH IIPE/ICTaB-
neHa B pabore CrpenbiioBa B.1. ABTOp, OCHOBBIBAsICh
Ha TIPEINOJIOKEHUH, YTO MPOLECC B3aWMOACHCTBUS
TOPUIHS ¥ IMJIMHAPA MOJUYUHSAETCS 3aKOHY >KHUAKOCT-
HOro TpeHus, ucmnons3oBan (opmyry H.II. Tlerposa
JUI OIIpeeseHus] KOd(PQUIEHTa TPEHHUS C YYETOM
HECOOCHOCTH IMOPIIHS ¥ LITHHIIPA.

Ha nanpHeliniee pazsutre MeTOJ0B NMpoduimmpo-
BaHUsI MOPLIHEH C y4eTOM BIMSHUS CMa3Kd 3HA4YM-
TeJIbHOE BIIMSIHUE oKaszana pacudeTHo-
9KCIIepUMEeHTalIbHasl 0a3a, pa3padoTaHHas IIpHU UccIIe-
JIOBAaHMSX THAPOJAWHAMUYECKHX OIOp CKOJBXKEHUS
BBICOKOCKOPOCTHBIX pOTOpoB. HaydHoe oOBsicHeHHE
SIBIICHUH, IPOUCXOAAIIMX B CMa30uyHOM Clloe, Jaa
THPOAMHAMHMYECKAs TEOPHsI CMa3KH, OCHOBBI KOTOPOH
6butH 3anoxens! H.I1. IlerpoBeim u O. PeitHonbacom u
pasButsl B paborax H.E. JKykoBckoro, C.A. Yarbiru-
Ha, A. 3ommepdenbra. 3HAYUTENBHBIA BKIA] B Pa3BU-
THE THIPOJUHAMHYECKON TEOPUU CMa3KH IOPIIHEBBIX
MaIlIMH BHECIN OTEYECTBEHHBIE U 3apyOeKHBIE HccIIe-
nosarenu: IL.W. Opnos, M.B. KopoBuunckuii, 1..
Toxaps, B.H. ITonos, A.T'. bBypraun, B.H. IIpokorbes,
B.U. Cypxun, I''H. T'puropses, I'"H. Muponos, I".M.
Peix, M.C. bemunkuii, FO.K. Iepepnes, D. Zhu, H.S.
Cheng, P.R. Meernik, C. Furuhama, S.D. Haddad, K.P.
Oh, C.H. Li, P.K. Goenka u npyrue.

B nauvane cemuzecsateix romoB Tokapp M.S. Ha
TIpUMepe MCCIEI0BaHuUs JBIKESHUS TOPIIHS TUTYH)Xep-
HOT'O THIIa XOJIOJMIBHOI'O KOMIIPECCOpa ITOKa3all, YTo
3a/auy JTUHAMHUKH TOPIIHSA B HWJIMHAPE HEOOXOIUMO
pemaTh Kak THAPOJUHAMUYECKYIO [4]. ABTOp y4MTHI-
BaeT IepeMellleHre MTOPIIHS B pajialibHOM HarpaBJie-
HUHM U €ro ITOBOPOT OTHOCHTEIHFHO OCH TOPLIHEBOT'O
naneia. [uaponrHaMuyeckoe AaBjIeHUE B CIIOE CMa3KU
ONpeneNaeTcsl U3 pelIeHus ypaBHEHMs PelHonbica.
OpHaKo ONMUCHIBAEMBIH B padOTe MPUOIIKEHHBINH Me-
TOJ pacdyeTa He IMO3BOJIAET HCIOIb30BaTh €ro s
MIPaKTHYECKOT0 PEIIECHHs 3a1a4.

B navane 1980-x romoB mosBisiercst OoIbIoe
KOJIMYECTBO ITyOJIMKAIWH, MOCBSIIEHHBIX MPOQUIHPO-
BaHUIO 00pa3yroleil ITOBEpXHOCTH ITOPIIHS HAa OCHOBE
JIOCTIKEHUH B 00J1aCTH MAIIMHHBIX PacUyeTOB.

B pab6ore Knoll G.D. u Pecken H.J. paccmarpu-
BaIOT Mapy «IIOPIIEHb-IIMIMHAP» KaK «CBOSOOPA3HBII»
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MOJIINIHUK CKOJIbXEHUs. BnusaHue ruaponuHamude-
CKOM CMa3KM YYUTBIBAETCS HA OCHOBAHHMU YUCIECHHOI'O
pemenust ypaBHeHust PeliHombzaca. [lanbHeilee pas-
BUTHE TAaKOW IIOJIXOJ IONY4YHWI B HCCIeNOBaHMSAX Li
D.B., Rohde S.M., Ezzat H.A. ABTopamu pazpaboTana
MaTeMaTU4ecKasi MOJ€Nb, OCHOBAaHHAsI HA COBMECTHOM
pelIeHu: ypaBHEHWH JUHAMMKU TIOPIIHS W THAPOIH-
HaMUYECKOW TeOpUU CMa3Kd. PaccuuraHbl mapameTpsl
paAnaIbHOrO MepeMeIleH s IUINHAPUIECKOro MOpII-
HSl M TIOTEPH HA TPEHUE B 3aBUCHUMOCTH OT J€3aKCaxa,
paboumx 3a30pOB M BA3KOCTH Macya. OHAKO BIHSHHE
nipocmiist 100KM OpIIHS B paboTe HE YIUTHIBACTCS.

Ha cnemyromem stame Oh, C. H. Li, P.K. Goenka
YK€ paccMaTpHUBAIOT CUCTEMY «IOPIIEHb-CMA304HBINA
CIIOW-IIMIMHIP» Kak ynpyro-nedopmupyemyto. B pa-
60Te, BBIMIOHEHHOW NPUMEHHUTEFHO K TOHKOCTEHHO-
My HOpPIIHIO OSH3WHOBOTO JIBUTATellsl, MCCIEA0BATEIN
pa3paboTany pacdyeTHyI0 MOJENb M PEUIMIH YIPYro-
THPOAMHAMHMYECKYIO 3aj7[ady CMas3KH TpHOOCOIpshKe-
HUSL.

Meroandeckyo LEHHOCTb MPEACTaBISIFOT HCCIIe-
JIOBaHMs, NMpoBesieHHbIe Ha Oase HOxHO-Ypanbckoro
rocynapcrBeHHoro ynusepcutera [IpokonseBsiM B.H.,
Poxnecrsenckum 10.B., KapasaessiM B.I'. no paspa-
00TKEe METOJOB pacyeTa JUHAMHUKH ITOPIIHS Ha CMa-
304HOM CJIO€ B IWIMHApPE, KOTOpBIE JEININ B OCHOBY
TaKeTa MPUKJIQJHBIX ITPOrpaMM Mo TpHUOOaHATU3y CO-
MPsDKEHUS KITOPLIEHb-IWIHHAPY [S].

Onupasch Ha BBIIECOMUCAHHBIE MOJIENU, B CBOEH
nmuccepTaiuonHon padore [6], MacmoB A.IL. cdopmy-
JIUPOBAJI OCHOBHBIE IPUHIUIIEI NPOEKTUPOBAHUS Ha-
MPABIISONIEd YaCcTH aCUMMETPUYHOTO OTHOCHTENBHO
IIPOOJIBHON OCH MOpUIHS. ABTOp IpearacT MEeTOAM-
Ky UHIUBHIYaJILHOTO NMPOQUINPOBAHUS HArpyXEHHON
W HEHarpy>KeHHOH OOKOBBIX HMOBEPXHOCTEW MOPIIHS C
TOYKH 3pEHHsI OOECIeYeHUs OJMHAKOBBIX YCIIOBHH
cMmasku. [IpemnokeHHas MaTemMaTHdeckas MOAEIb IH-
HaMUKU TOPUIHS Ha CMAa304HOM CJIO€ ITO3BOJISET OIpe-
JITIUTh HECYIIYIO CITOCOOHOCTH CMa304HOTO CJOSI, CO-
MIPOTUBJIEHUE IBIKEHUIO IOPIIHS M PacXOf CMa30d-
HOM HUJKOCTH Ha yrap B COIpPSDKEHHMH, & TaKXkKe Olle-
HUTH BIUSIHUE OCHOBHBIX KOHCTPYKTHBHBIX OCOOCHHO-
CTEell NOpLIHSA, B TOM YHCIE NMpoQwis UIMHBI I00KH,
pacToNIOKEHHsI LIEHTpa TSKECTU M OCH IOPIIHEBOIO
nanbla, 3a30poB B conpsbkeHud. OJHAKO, TaHHAs Me-
TOIUKA HE YYUTBHIBAET IIEPEMEHHBIE COCTABIIAIOLINE
nedopmanmii MOpPIIHA OT Ta30BBIX, THUIPOIUHAMHYE-
CKHX M MHEPLMOHHBIX CHJI, YTO MOXKET SIBJISITHCS CIIpa-
BEJUIUBBIM JOMYIEHUEM TOIBKO IPU PacueTe MacCHUB-
HBIX TU3ENBHBIX MOpPIIHEN.

Bonpmoi npakTudeckuil MHTEpEC NMPENCTaBIsSET
MPUKIAAHON METOA NPOEKTHPOBAaHUS MOpPIIHEH, pas-
paborannsii Bexymumu crenuanucramu Kb AO3T
«YxpaunHckue Mmotopsl» 1 I[TAO «KABTPAMAT» Beno-

ryoom A.B., 3otoBeiM A.A, Crpubynem A.C [7,8].
[IpennoxeHHBI aBTOpaMU MOJXO] MTO3BOJISIET pacyer-
HBIM IIyTEM HOJYYUTh Npoduinb OOKOBOH ITOBEpXHO-
CTH, UCHOJIb3YSI MHIMKATOPHYIO JUarpaMMy U JaHHbIE
0 TPaHWYHBIX YCIOBHSIX HarpykeHus mopmHs. B oc-
HOBY METOJla TOJIOKEHA T'HIIOTe€3a O HE3aBHCUMOCTH
nmedopmarmii geraneii LTI, BEI3BaHHBIX CHIIOBEIMH H
TeIyIOBBIMU  (akTopamu. Dopma NPOEKTUPYEMOTo
MOPIIHSA  TIOTYYaeTCs BBIYUTAHUECM (0O0ABIICHHEM)
TEMIIEpaTypHOH M CHIJIOBOH JedopMmanuu U3 MoBepX-
HOCTH 3€pKajia [IINHAPA, UMEIoLIel TeKyliee Harps-
XKeHHo-1edopmMupoBaHHOE coctosHue. [Ipu orpenerne-
HUH TIEPEMEHHBIX AedOopMaluii aBTOpaMy IPUMEHsIeT-
Cs1 METOJI KOHEUHBIX 3JeMeHTOB. OCOOEHHOCTHIO TaKo-
ro MeToJia SIBJISIETCS TO, YTO B MOJIENIM pacyera Iepe-
MenHoro HJIC, BBI3BaHHOTO CHJIOBBIM HarpyKeHHUEM,
BEJIMYMHBI THAPOAMHAMHYECKUX (OOKOBBIX) CHI U
TUTOLIA KK TSITEH KOHTAaKTa ONPEJEIISIOTCS Ha OCHOBA-
HUH SKCIICPUMEHTAIBHBIX JaHHBIX.

CoBpeMEHHOE COCTOSIHME BOIIPOCA XapaKTepH3y-
eTCsl YTOUHEHHEM METOJMK pacuera AWHAMHUKH CHUCTe-
MBI «IIOPIICHh-CMA30YHBIN CIIOH-IIMIIMHPY, YIETOM
KOHCTPYKTUBHBIX M JKCIUTyaTaIlHOHHBIX (PAKTOPOB U
pa3paboTkoil Ha 3TOM 0a3e HOBBIX THIIOB INpOQHIeH
mopirHei. [IprMepoM MOXET CIIy:KuTh psij padboT [9],
BBINOJTHEHHBIX 3a IMOCIIeIHEE JECATUIICTHE MIPEACTaB -
TeNsIMH MaccadyceTcKoro TEXHOJIOTMYECKOro HMHCTH-
tyra D. Bai, F. McClure, L. Moughon u ap. 911 pabo-
THI HAIlPaBJEHBI, B OCHOBHOM, Ha MOJICJTMPOBaHHE I10-
BEICHHS MACJISTHOM TUIEHKH U ONHUPAIOTCS Ha MOIU(HU-
LIUPOBaHHOE ypaBHeHue PeifHonbaca, KOTOpoe MO3BO-
JISIET YYUTHIBATh HAJMYUE MUKPONPO(GMIS U HIEPOXO-
BaTOCTH ITOBEPXHOCTEH TPEHUSL.

O030p OPUIrHMHAJIBHBIX KOHCTPYKTHBHBIX pe-

IIeHUI PO UIUPOBAHMSA
O030p Hay4dHO-HCCIEIOBATEILCKUX PadoT, 3ape-

THCTPUPOBAHHBIX MATEHTOB M OPUIMHAIBHBIX KOHCT-
PYKTOPCKHX pELIeHWH ITOKa3bIBaeT, 4TO HaOIroaro-
myecs B IOCIeHEe BpeMsl B MOPIITHEBOM JIBUTaTele-
CTPOEHMH TEHJICHIIUH HalpaBieHbl B OCHOBHOM Ha!

1) onTUMH3aNHMIO TPOQUIIST HAIPABIISIOIEH YacTH
TIOPIIIHS;

2) pa3jencHre FOKH MOPIIHSI HA HATPYKEHHYIO U
HEHarpy)KeHHYIO CTOPOHBI C HHAMBHAYAIBHBIM MpO-
(UITMpPOBAaHUEM KaXK/I0M;

3) yMeHbIIeHHE IOy OITOPHOH MTOBEPXHOCTH
100KM Ha MEHee Harpy>KeHHOW CTOpPOHE;

4) ctpemitenue k T-oOpa3sHoii hopme.

B craree [10] nccnenoBarensimn Kwang-soo Kim
u Paras Shah nponenana obmmupHas SKcriepUMEHTab-
Hasi paloTa, ITOCBSIIEHHAS OIPEIEICHUIO BIIUSHUSL
KoH(purypauuu npoduis 100KH Ha BEIIMYUHY MEXaHH-
4yeckux morepb u yposeHp mryma LIII'. M3rorosnena
MapTUsl OTBITHBIX MOPIIHEH C MSATHIO KOHIENTYalIbHO
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HOBBIMU TMPOPUISIMA OOKOBOW MMOBEPXHOCTH, IOy~
YEHHBIMM HA CTAHKAX C YHUCJOBBIM IPOrPAMMHBIM
yrpasieHueM (puc. 2.).

SR
FA
Puc. 2. Bapuanmul 3xcnepumenmanbHulx nopuitet

C pa3IUHBIMU KOHQDUSYPaAYUAMU HANPAGTAIOUUX
yacmeli

Bonee TemMHBIM LBETOM Ha HaNpaBJSIOUIMX MO-
BEPXHOCTSX BBIJCIICHBI O0JIACTH, YTOIUICHHBIC Ha 35 —
40 mxm. VMccnenoBaHusi MpOBOAWIUCH HA OJHOLIMIIMH-
JIPOBOM JIBUTaTENbHOM YCTAHOBKE, BEJIMYMHA CHJIIbI
TpEHUs] U3MepsIach Ha MSTH Pa3IMYHBIX PEXHUMax
paboTHI TBUTATEITS.

B pesynbrare aBTOpHI BBIAETWIN HOpIIEHb Ned,
Kak, oOJamaronuii HaNMEHBIIMH TIOTEPSIMH Ha Tpe-
aue. [1o X MHEHUIO, BEpXHEEe U HIDKHEE YrITyOJICHUS,
BBITIOJTHEHHBIE Ha HAMpaBJSIOUIE 4YacTH MOPIIHS,
CIIOCOOCTBYIOT YACP)KaHUIO CMa3KH Ha I00Ke W obec-
MeYMBaeT IMOAayy Macjia B IJIABHYIO 30HY KOHTaKTa
MTOPIITHS PAaBHOMEPHO BO BCEM ITUKJIC paOOTHI JBUTATE-
JIS1.

Kpome 3toro, aBTopamMu copMyarpoOBaH BEIBOJ,
YTO YMEHBIICHHE IUIOIAAN MSATHA KOHTAKTa B COMNpS-
KCHUU He Bceraa sBisiercs 3(Q(ekTHBHBIM ciocoOoM
CHW)KEHMSI CHJIBI TpEeHUsl. DKCIEPUMEHTaIbHO YCTa-
HOBJICHO, 4TO NPHU MaJbIX IUIOMIAAX MATEH KOHTAKTa
MacJI0 MOKET BEIIaBIIMBATHCS M3 HECYIIEH 00JIacTH, B
pe3ysbTare 4ero HacTYyMaeT «MAaclIHOE TOI0JaHUEY.

OJTHOBPEMEHHO C 3TUM HEKOTOPHIE aBTOPHI MpeI-
JIaraloT BBINOJIHATH MOPIIEHb ¢ MUHUMAJIbHO BO3MOX-
HOM JUIMHOM HANpaBJISIIOIIEN YacTH ISl YMEHbBILECHUS
myMa M NoTepp Ha TpeHue. [Ipumepom MoxeT ciy-
JKUTh TOpIIeHb, 3amareHToBaHHbIM B ['epmanum F.
Eberhard (puc. 3.).

Jns Takoro mMOpHIHS PEKOMEHJIOBaHBlI CIEAYIO-
IIME€ COOTHOUICHUS Pa3MEpPOB OCHOBHBIX 3JIEMEHTOB:
H=(0,5...0,6)D; K=(0,3...0,4)D; R=(0,2...0,37)D. AB-
TOp CYHUTAET, YTO MPHU 3TOM COOTHOLICHHH Pa3MEpOB
YMEHBIIUTCS YrOJI HAKJIOHA MOPIIHS W, CJIEI0BATENb-
HO, YPOBEHB IlIyMa OT €r0 yJapa O CTEHKY LWINHAPA.

Qc

1]

Puc. 3. Cummempuunsiii nopuiens ¢ KOpomxou
rooxou: D — ouamemp nopwnsi; H— evicoma nopunsi;
K — paccmosinue om onuwga nopuirsi 00 ocu
nopuinego2o naavyd, R — onuna 100ku nopuina

Jlis ymydimeHnst caMOyCTaHOBKH TIOpINHEH B IIU-
JIMHAPE Ha psijie MOTOPHBIX 3aBOJIOB OBLIO IPEIOoXKe-
HO U BBIITOJIHEHO YBEJIMUCHUE TUaMETpa MEXKOJIECIHON
TIepeMbIYKH MOPIIHS, KOTOpasi IpW HarpeBe KOHTaKTH-
pYyeT ¢ 3epKajioM IWIMHAPA, BBIIOJIHSS POJIb BTOPOU
TOYKH OIOpHI mmopiHi. Kpome sToro, Obiin n300pere-
HBI MHOTOOTIOpHBIE (IBYX- M Ooinee) mpodmim 000K
nopuHel. [lopiieHs ¢ IByXONOpHOW FOOKOH He HyX-
JIaeTCsI B OIOPE 110 KOJIEYHOMY TOSICY, T.K. OTIMIaeTCs
JIOCTaTOYHO XOpOIIe caMOyCTaHOBKOH 3a cuer ¢op-
MHUpPOBaHUS THIPOJMHAMHYECKHX peakuuid 1o obe
CTOPOHBI OT OCH TIOPIIHEBOro Naibia. [IpuMepom Mo-
KET CIY)KUTb TOpIIEHb, 3araTeHToBaHHbIH [lyTHHIe-
BeM C.B. (puc. 4.).

Puc. 4. JIgyxonopHuiil cummempuunsiii NOpulets:
1 — koHuyeckull yuacmox, 2 — yuruHopuyeckul
yuacmok, 3 — mpaneyeudanvhwiil yuacmok, A, B —
BEPXHULL U HUIICHULL DOUKOOOPA3HbIE YUACTIKU
coomeemcmeenno, b — yununopuieckul yuacmox; - - -
— npoghunb 100KU 6 2opsiueM COCMOSHUU

OO6pasyromast 100K TaKOr'o MOPIIHS BBIIOJIHEHA
B BHJIE JIOMaHOH JINHUM, UMEIOIIEH TPU CONPSHKEHHBIX
ydJacTKa OAWHAKOBOW JIIMHBI: TparelenaaIbHbIN, H-
TUHIpUIecknit M koHudeckuit. [locne mporpesa oOpa-
3yroliasl TpaHC(OPMHUPYETCS B JINHUIO, COCTOSIIYIO U3
JIByX OJHMHAKOBBIX OOYKOOOpa3sHBIX YYacCTKOB U 3a-
KITIOUEHHOT'0 MEX/Ty HUMH IIMJIMHAPHYECKOTO yJacTKa.
ITo mMHeHuro aBTOpa, Takas (¢opMa oOpasyromeH mpo-
¢uns obecriednBaeT yBeIHMUEHHE HECYIIEH criocoOHO-

78 ISSN 0419-8719

ABUIrATEJIN BHYTPEHHEIO CIrOPAHUA 2°2013



KoHcmpykuus BC

CTH COTIPSDKEHHS, POCT TOJIIUHBI CJIOS CMa3KH B 3330-
pe MeX Iy I00KOi ITOPIIHS U CTEHKOH IMJIMHIpA.

JUis CHIDKEHUsI TOTeph Ha TPEHHE CONPSDKEHHS
IOPIICHB-IIWIMHAP» Ha  HaNpaBISIOMIEH  YacTH
TIOPIIHS BBIMOJHSIOT BBICTYIIBI M BIIQAWHBI, (OpMH-
pyIOIIMEe KOHTaKTHYIO HOBEPXHOCTh IOOKH M CO3JIafo-
IMe, TaKk Ha3bIBaeMble, MACIISTHBIE MOAYIIKU JJIs Tpe-
JIOTBPAILEHNS] KOHTAKTOB MOPIIHS CO CTEHKOH HMIINH-
npa. Hanpumep, nopmens, 3anareHroBanHbiii M. Rho-
des (puc. 5.), uMeeT TpU KOHTAKTHBIX YJacTKa ITOJTHO-
CTBIO Pa3/IeIeHHBIX MEXIy COOOH: JBa — B BepXHed
YacTH M OJWH — B HWKHeWd. OcraibHas MOBEPXHOCTh
100KM HE BOCTIPHHHUMAET HArpy3Ky ¥ IO3TOMY He TOjI-
BEpraeTcs YNCTOBOM 00paboTKe.

Lkamy

Puc. 5. Ilopwenv ¢ mpems KOHMmakmuvimu
yuacmkamu Ha 10oke: 1 — KOHMAKmMHule Y4acmKu 6
sepxwell yacmu 00OKuU, 2 — Mo e 8 HUMNCHel Yacmu

KoHTakTHBIE y4acTKH MMEIOT BBICTYIAIOMIYIO Ha
10...150 MKM BEITYKJIYIO 00JacTh, COSTUHEHHYIO CKa-
TaMH ¢ OCHOBHOM ITOBEPXHOCTBIO Tejla IMOPIIHI. ABTOp
MIPEAIOIaraeT, 4To YMEHBIICHNE IUTONIa i KOHTAaKTa
1I00KM CO CTEHKOW IIMJIMHApA IPHUBENET K CHIDKCHHUIO
MOTeph HA TPEHUE.

Jpyroii npumep npoduIMpOBaHUS HANPaBIISIO-
el yacTH — MopIeHs, npeiokennslid R. Hart (puc.
6.). Ilpodune momydeH myreM M3MEHEHMs paauyca B
HalpaBJICHUH YTJIOBOM KOOpJIMHATHI, B pe3yJbTare
4Yero Ha I0OKe IOMydaroTcs YriryOJieHws, HIIyIne
BJIOJIb KOHTAKTHBIX MOBEPXHOCTEH M IMOCTENEHHO CYy-
KaroIuecs KHU3Y.

e BeMKY KO 00KE
Puc.6. Ilopwens ¢ gvlemKoU, U3MEHAEMOU NO
svicome

I'myOuHa 5THX BBIEMOK B BEpXHEH 4YacTH I0OKH
MaKCHMalbHas W YMEHBINACTCS B HANpaBIEHHH OT

JTHANIA. BeleMKH CIIOCOOCTBYIOT yIep)KaHHIO CMasKd
Ha 100Ke, B pe3yJIbTaTe Yero MOBHIIIAETCS HaeKHOCTh
COTIPSDKEHUS! «IOPLIEHb-IIMINHAP» U CHIDKAETCA IIIyM,
TaKk Kak ITOBEPXHOCTH MOPIIHSA U IWIMHApA BCerzaa
pa3aeneHsl MacIsIHOW TUIEHKOM.

Heobxonumoro Makpornpoduisi HarpasJsiomen
4acTU MOPUIHA MOXKHO JOCTHYb OpraHusalued Ha eé
IIOBEPXHOCTU KaHABOK I yaepxaHusa cMma3ku. Ha-
npumep, Poxxkos A.Il. npemnaraer nopuieHs, Ha 100ke
KOTOpOT'O BBIITOJHEHBI BOJTHOOOpa3HbIe KaHABKH IIepe-
MeHHOW mupuHEL. [llMprHa KaHABKM MaKCHMalbHa B
30HaX HAaMMEHBIIEr0 OOKOBOT'O JABJICHUS IOPIIHS, U
MHUHHAMaJIbHa — B 30HE HAWOONBIIEH BEIWYHUHBI OOKO-
BbIX cwil. Ilpo¢uns KaHaBOK CHOCOOCTBYET yBenHde-
HUIO JIaBJICHUS Maclia B Hanboee Harpy>KEHHBIX 30HaX
1 YBEITMYHMBAET OMOPHYIO pabOvyIO IIOBEPXHOCTb.

[Mpumepom paBuratenelr ¢ MaxpompoduiieM Ha
OOKOBOW TTOBEPXHOCTM MOPLIHEH MOTYT CIYXHTh
nByxtakTtHele nuzenu 6T u STIDM cepuiiHO BHI-
myckaemsle ¢ 1986 r. Jlns ynydiieHus yclnoBUH cMa3-
KM U JIOKaIW3allud MECTHOIO CXBaTBIBAHMSA, B ITHX
JIBUTATENIAX YBEJIMYEHAa MAcCIOEMKOCTh HECYIIed Mo-
BEPXHOCTH TOPIIHA ITyTeM HAaHECEHHs JIYHOK B BHJE
CHUHYCOHU]| WU IepeKpelBaroIuxcs KaHaBok. Taxue
KOHCTPYKTUBHBIE MEPONPHATHUS IO3BOJIAIOT YBEIUUUTh
IUIOIAAb HECyIlel MOBEpXHOCTU MOpIIHA Ha 15,25
umu 40 % coorBercTBeHHO. KpoMme 3Toro, yaepxuBae-
MBIIf Ha OOKOBOIl ITOBEpXHOCTH 3HAUYMUTEIBHBIH 00BHEM
MacJiia MOBBIIIAET CIIOCOOHOCTh K PereHepanuy Macys-
Hoit meHku [11].

3HAUUTENBbHYIO YacTh PACCMOTPEHHBIX NAaTEHTOB
MIPE/ICTABIISIOT OPIIHU C aCHMMETPUYHBIM IPOPHIEM.
ACHMMETPHUYHOCTh OOYCIIOBJICHA JKEJIAHUEM HCCIIENI0-
BaTeneld o0ecreunTh PaBHOMEPHBIH, MHUHHMAJILHO
BO3MOXKHBI 3a30p MEXIy CTEHKOM LWIMHApa U
MOPIIHEM IO BCEH €ro BBICOTE BO BCEM JUANa3OHE
pexxuMoB. TpynHOCTb 3TOM 3aja4l COCTOUT B TOM, YTO
pa3JIM4HBIC YacTH TOPIIHS IPH paboTe HArpeBaroTCs
KpaiiHe HepaBHOMEpHO, JedopMmanus B IMKIE IIepe-
MEHHA, a 3HA4YMT, W IMOPIICHb HEpaBHOMEPHO Jedop-
MUPYIOTCA.

XapakTepHbIM NPUMEPOM KOHCTPYKIUM IOpII-
HEel ¢ aCHMMETPHYHBIM MPOQUIEM CIYXKHUT IMOPIICHb,
3anateHToBaHHBIN E. Ripberger. Llenbto m3obperenus
SIBJII€TCSA CHIDKEHHE LIIyMa OT yJapoB MOPILHS O CTEH-
Ky IWIMHAPA, HEAOMYIIEHUE €ro 3aKJIMHMBAaHUS IpU
Ieperpese, a TakXke YMEHBIIEHHE IOTEph HAa TPEHHE.
JUis aroro mpeanaraercs OBaJIbHO-OOYKOOOpa3HBIN
MOpPILEHb, ¥ KOTOPOr0 OTKJIOHEHHE OT LMJINHAPUYHO-
cTH OOJIbIlIe Ha Harpy)KEHHOH CTOPOHE B BEpXHEH Yac-
T 100KkHu. [Ipu 3TOM npoduy 06pa3yroumx B IIOCKO-
CTH NOPUIHEBOr0 Majblia TAKKE OTIMYAIOTCA, T.€. IO-
[IEPEYHbIE CEUEHUs! MOPILIHA UMEIOT IEPEMEHHYIO CTe-
MIEHb OBAJIBHOCTH.
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B 1993 r. MacnoBeiM A.Il. ObUT 3amaTeHTOBaH
MOpIIEHb C IOOKOH, aCMMMETPHYHONW OTHOCHTEIILHO
BEepTUKAIbHOW ocu mopirHs [6]. Dopma r0OKH I JIe-
BOW M mpaBoi 00pa3ylomyX BHIOMPAIOTCS MO COOTHO-
wenuo: H3>H1>H4>H2, rne H1 u H2 — BbicoTa npo-
¢ oOpasyromiell B BepXHEH M HIDKHEH 4acTax s
neBoi obpaszyromerd, H3 u H4 — Bricora npodums 06-
pasyromeil B BepXHEW W HIDKHEH YacTsIX FOOKH JUIs
npaBoii oOpasyromield. KpuBonnHuelinsie obpa3syromme
Harpy>KeHHOH M HEHarpyXeHHOH CTOPOH MpOoQHIHPY-
I0TCSl MHIUBHUAYAIbHO B COOTBETCTBUU C 3aJaHHBIMU
COOTHOIIECHUSIMH.

3aknoueHne

AHanu3 CymecTBYIOIUX TEOPETHUECKUX M JKC-
MIEPUMEHTANIBHBIX HCCIEIOBAaHUM, MOCBSIIEHHBIX IPO-
(UITMPOBAHMIO HATIPABIISIOIIEH YacTH MOPIIHS, TO3BO-
JIWJT CAENATH CIICAYIOIIUE BBIBOBL

1) HecMOTpsi Ha OOJBIIOE KOJWYECTBO pa3pado-
TaHHBIX MAaTEeMaTHYECKUX MOJenel, OMMCBHIBAIOIINX
JIMHAMUKY TIOPIIHS, HU OJlHA W3 PAacCMOTPEHHBIX Me-
TOJUK HE YUUTBIBAET KOMIIJIEKCHOTO BO3JIEMCTBUS BCEX
¢m3ruecknx (aKTOpOB, BIMSIOMMX Ha I1APAMETPHI
TPUOOCONPSIKEHHS KITOPIIEHB-LIUITAHIIPY;

2) HE BBISBIEHO COBPEMEHHBIX TEOPETHUECKH
00OCHOBaHHBIX METOJIOB CHHTE3a ONTHMAIBHBIX (OpM
(xoH(UTrypanuii KOHTaKTHBIX IUIOLIAJOK FOOKH) ITpoO-
¢uns GOKOBOW ITOBEPXHOCTH TOHKOCTEHHOTO ITOPIIHS
OEH3MHOBOT'O JIBUTATEIS;

3) W3BeCTHBIE MO JIMTEPATYPHBIM IaHHBIM METO-
JIBI SKCIIEPUMEHTAITBHBIX NCCIIEJOBAaHHH, KaK ITPAaBUIIO,
HE I03BOJISIIOT NPOBOAUTH IMOTHOLEHHBIE HCCIENO0Ba-
HUS TTapaMeTpPOB CONPSDKEHHSI M II09TOMY Tpedyercs
HX pa3BUTHE.

O030p JHTEpaTypHBIX HCTOYHHUKOB
OONbIIOE  KOJIIMYECTBO KOHCTPYKTHUBHBIX —pEIIeHUH
npodmmpoBanus 1000k mopmHed. OpHako, Hpeasa-
raeMple KOHCTPYKIIMU IIOJTY4YE€Hbl B OCHOBHOM Ha OCHO-
BaHUM OOIINPHBIX 3KCIIEPUMEHTAIBHBIX PadOT MM JKe
JIMYHOTO OIbITa Pa3pabOTYMKOB U HYKIAIOTCS B JO-
MTOJTHUTENIBHBIX TEOPETUUECKUX HCCIEJOBAHUAX.

Takum 00pa3om, IpeAcTaBisieTcs Ierecoodpas-
HBIM COCPEJOTOYUTh YCHJIMsI B HAIpaBIEHUU pa3pa-
OOTKM CHCTEMBI ONTHUMH3ALUH KOHCTPYKIMH FOOKH
TIOPIIHS, YYUTHIBAIOMIEH (OpMY, IIIOMAAb KOHTAKTa 1
npouib.
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MAT», XapbkoB, YkpanHa.

OorJjsiA METOAIB IMP®IJIFOBAHHSI FOBOK ITOPULIHIB /IB3
I.M. Mockanenko, B.M. /loyenko, O.B. Benozyo

[IpencraBneno OanaHC MEXaHIYHUX BUTpPAT MO MEXaHi3MaM, CIpsokeHHsM, Ta cuctemaM /IB3. [lokaszano, mo HaiOiLmbIwid
BKJIJ[ B 3arajibHi MEXaHIUHI BHTPaTH ABHTYHAa BHOCHTH TEPTs JETajleil MIIIHIPONOPIIHEBOI TPYNH, a caMe TPHUOOCTIPSKEHHS
«TIOPIIEHS - NIIiHAPY». HaBeqeHo orisy OCHOBHUX PO3paxyHKOBO-EKCIEPUMEHTAIBHUX METOIB NpodimoBaHHs 1000K. Buaineni
OCHOBHI (pi3U4HI (HaKTOPH SIKi BPaXOBYIOTH aBTOPH B PO3PAXyHKAX AWHAMIKH TPHOOCHPSDKEHHS. PO3TiIsHyTi THHOBI Ta opHriHa-
JIBHI KOHCTPYKTOPCHKI PillIeHHsT BUKOHAHHS 000K MOPIIIHIB, SIKi CIPsIMOBaHI Ha 3HIKEHHS TepTs. [IpoBeaeHo aHalIi3 BUKOHAHUX
poOiT Ta HaMideHi HAaNPSIMKU MOJAJIBIINX JOCIIKEHb.

THE OVERVIEW OF PROFILING METHODS FOR ICE PISTON’S SKIRTS
L.N. Moskalenko, V.N. Dotsenko, A.V. Belogub

In this article the balance of mechanical losses in ICE mechanisms, pairs and systems is represented. It is shown that the
most contribution in the general mechanical losses is caused by friction in cylinder-piston group. The overview of the main com-
putational and experimental methods for profiling piston’s skirts is described. The main physical factors, which are considered by
authors in the dynamical tribounits calculations are highlighted. The typical and original designer’s solutions in piston’s develop

are examined. Analysis of works performed is completed and the direction of further investigations is scheduled.

VK 62-503.55

U.D. I'ymepos, B.M. I'ypees, 10.D.I'opmoiuwios, P.P. Canaxos, A.X. Xaupynnun,

HU.P. Canaxos

PA3PABOTKA AJAIITUBHON CUCTEMBI OXJIAXKJIEHUA IBC

Hosvruenue s¢ppexmusnocmu [ABC, ynyuuieHue €20 3KOI0SUHECKUX U MEXHUKO-OKOHOMUYECKUX noKazameinell mpe-
6yem HOBbIX N00X0008 U pewtenuti. B oannou pabome paspabamuisaemcs adanmugnas cucmema oxaadicoenus [BC,
obecnequsarowas GbICoKUe NOKa3amen MONIAUGHOU IKOHOMUYHOCTNU OBUSAMENS U CHUIICAIOWASL 8b1OPOCHL BPEOHBIX
seugecms. OCHOBHOU azpeeam CUCmeMbl — HACOC C Pe2yIupyemMbiM I1eKmponpugooom. s nposedenus YucieHHbIX
uccne008anull XapaKkmepucmuk CUCmemMbl OXIAACOCHUS, 8 NPOSPAMMHOM Komnaekce 1D-modenuposanus nocmpoena
eé PyHKyuoOHanvbHas Mooenb, Komopas no360451em NposooUms GUPMYANbHbIE UCHBIMAHUA PATUYHBIX KOMIOHOBOK
UHMENTEeKMYanbHOU cucmembvl oxaadxcoenus. Ilepgvle pe3ynbmamvl YUCTEHHbIX UCCIe008AHUL KAYeCMBeHHO NoO-
meepaHcoarom 3¢hhexmusHocmb HOOOOHBIX cucmem, paboma nepexooum 8 IKCHePUMEHMATbHYIO CIAOUI.

33,&&‘{3 IOBBIIICHUA CIMHHNYHBIX MOHIHOCTGﬁ
IlBI/IFaTeJIeﬁ npu OAHOBPEMCHHOM YMCHBIICHHUU WX
Fa6apI/ITOB, METAJIJIOEMKOCTH, 3Hepr0r[0Tpe6neHI/m u
CHWXCHHUHU CTOMMOCTHU HAa CAWMHHUIY KOHCYHOI'O ITOJIC3-
HOro 3(1)(1)6KT& 0O3HAa4YacT COBCPUICHCTBOBAHUC UX KOH-

CTPYKLMU MPHU CHIKEHUU MAaTEpUaJTOEMKOCTH, MOBBI-
mennu HagexxHoctu u KITJ[ neurarens.

OnmarM w3 Hambosee pachpOCTPAHCHHBIX Ha-
MpaBJCHUN TMOBBIIIEHUS YHEPIeTUYECKUX U SKOJIOTH-
yeckux mokasareneit J[BC sBisiercs ux ¢opcupoBanme
TypOoHamyBoM. OTHAKO YBEIWYCHUE YIEIBHOTO 3(-

O N.®. T'ym
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(heKTHBHOTO NaBJIICHUS B paboyeil kaMepe MPUBOIUT K
MOBBILIECHUIO YPOBHS TEIJIOBOW HAIPSHKEHHOCTH J1€Ta-
ned munuHapo-nopiHeBod rpynnsl (LI n obpazo-
BAHUIO MPOTrPECCUPYIOMIMX MHUKPOTPEIIMH HAa OXJIaX-
naembix netanax JIBC. MexaHu3m BO3HUKHOBEHHSI
MHUKPOTPEIIUH OOYCIOBIICH TEM, YTO B JBHUTaTEISIX
pa3IMYHON MOITHOCTH B mepBble 5-10 cekyH paboThI
MPOUCXOJUT MHTEHCUBHOE HAapacTaHHE TEeMIIEpPaTyphl
noBepxHoctu aAeraneil LI, a mpouecc Brixoma cuc-
TEMBI OXJIQKJICHHUS Ha CTAI[HOHAPHBIA PEKUM pPabOTHI
3aHUMAET HECKOJIbKO MHHYT, YTO NMPUBOAUT K HUX JIO-
KaJIbHBIM Heperpesam [1].

OcraHoBKa JBHraTelis MOCIe JJIUTEIbHOW HKC-
IJTyaTallud TakKe BbI3bIBAET 3HAYUTENIbHbIE TEpMUYE-
CKHE HampspKeHHs B cuiibHO Harperbix netamsx LTI,
nosromy nocie ocraHoBku [IBC miig minaBHOro oxJia-
JKICHUS HarpeThiX JeTajiedl JBuraresis cucrtema oxJja-
xneans (CO) momkHa emme padoTaTh B TEYEHUE OIIpe-
JIETIEHHOr0 BpeMeHu [2]. TpaauuuoHHas cucTeMa OX-
naxpaenus JIBC ¢ MexaHW4ecKUM MPUBOJIOM Hacoca U
BEHTWISITOpPA OT KOJIEHYATOrO Basia IBUraTells HE UMe-
€T TaKOi BO3MOXKHOCTH.

Oco00 CTOUT YIOMSHYTH O TpoOJieMe 3arpssHe-
HUSL OKpYKaloIled cpensl BBIOpocaMH BpPEAHBIX Be-
mectB [IBC, xoTopas B HacTosIiee BpeMsi CTOUT Hau-
6onee ocrpo. OcHOBHOHM 3amadyell MpU HPOEKTHPOBA-
HUM HOBBIX U COBEpPILEHCTBOBAaHUM IOKa3aTenel cy-
miectByromux JIBC sBisieTcs BEIIONHEHHE Bce Ooree
KECTKUX dKoTormaeckux Tpedopanuii (Hopm "EURO -
5", "EURO - 6"). BiusiHue TeMneparypsl OXJaaaro-
mel JKUIKOCTH Ha YIeNbHBIA 3((EKTUBHBIN pacxon
TomiiuBa M okcuael azora B [IBC mpencraBieHsl Ha
puc. 1 1 Ha puc.2.
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Puc. 1. Busyanuzayusa xapaxmepucmux y0eibHo20
aghhexmusHo20 pacxooa monauea npu paziuyHsIx
memnepamypax OXK ¢ cucmemoii oxnaxcoenus ouze-
a2 muna 69H 13/14

Puc. 2. Buzyanuzayus xapakxmepucmux blopo-
€08 OKCUO08 A30Ma NPU PA3TUYHBIX MEMNePaAnypax
OXX ¢ cucmemoii oxnasicoenus ouzens muna 64H
13/14

JUts mocTikeHus HeoOXOAMMBIX 3KOJIOIHYECKUX
nokazatenelr JIBC TpeOyercs cHmkeHue oOmiei Ter-
JIOBOM HANpSKEHHOCTU U MOJAEP KaHUE ONTUMAaJIbHON
Temnepatypsl LT

IIpyuMeHeHrEe MaTepHaloB ¢ HU3KOW TEILIONpPO-
BOJHOCTBIO (KEpaMHKa, XapOCTOWKWE CIUIABBI) ISt
cHIDKeHMs notepb Tenna B CO gBuratens A0 HacTos-
LIETO0 BPEMEHH HE HAIUIO IIUPOKOro PaclpoCTpaHe-
HUS. A BHECEHHE 3HAYUTENBHBIX KOHCTPYKTHUBHBIX
M3MEHEHHUI B CHCTEMY OXJAXKACHUS JBUTaTeNs CTall-
KHMBA€TCsl C PSIOM TEXHUYECKUX, TEXHOJIOTUYECKUX U
(DMHAHCOBBIX NMPOOJEM U SIBISIETCS TPYyJHOpEaTu3ye-
MBIM.

CnoXUBIIAsCS K HACTOSIIEMY BPEMEHH MPaKTHKA
MPOEKTUPOBAHUS OTHENBHBIX CHUCTEM, IOACHUCTEM U
arperaroB [IBC o0ycioBnuBaeT yder MHOrOOOpa3HbIX
B3aMMHBIX CBSI3€H M peasbHBIX YCIOBHI €ro paboThI.

Hcxond U3 Beero BBIIECKA3aHHOTO, CIEAYET, YTO
noseiienne 3¢ dexruBroctn [IBC, ymydmenue ero
9KOJIOTHUECKUX U TEXHUKO-I)KOHOMHUYECKHX IMOKa3aTe-
nel TpeOyeT HOBBIX ITONXO/M0B M peuieHuid. MmeHHO
TakuM pemieHueM u  asiserca nepexon JBC na uc-
TIOJTb30BaHNE MHTEIUIEKTYIBHBIX (2aNTHBHBIX) CHC-
TeM oxyaxaeHus [3].

Aoanmuenas cucmema  oxaavicoenus (ACO)
obecreunBaeT MOJBOJ OXJIAXKJAroNel cpepl K Harpe-
THIM JICTJISIM JIBUTATENsI U OTBOX OT HUX B aTMocdepy
JIUIIHEH TEMIOThI, IPU ONTUMAIIBHON CTENEHH OXJIAX-
JIeHusI B TpeOyeMbIX TpesenaXx TEIUIOBOTO COCTOSHUS
JIBUTATENS, TIPH Pa3JInYHBIX PEXHUMaX M YCIOBHSX pa-
OOTBL.

OCHOBHO# arperaT MOj00HBIX CHCTEM - Hacoc ¢
pETYIUpPYEMBIM 3JIEKTPONPUBOAOM. Pa3zpaboTKy naH-
HOI'O TUIIAa HACOCOB BEIyT TaKUE M3BECTHBIE IIPOU3BO-
murenn, kak Valeo, Wahler, DANACorp., Delphi,
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EWP u np. ApantuBHble HAacoChbl M3rOTaBJIMBAIOT, B
OTIIMYUE OT TPATUIIMOHHBIX MEXaHHMICCKHX aBTOMO-
OWJIBHBIX TIOMII, C ITUPOKUM MIPHMEHCHHUEM CIICIIHAITb-
HBIX TUTACTHKOB, YCTOWYMBBIX K BBEICOKUM TEMIIEPATY-
pam, BHOpaIrusM, MEXaHIHICCKUM Harpy3kaM, XUMHJe-
CKOMY BO3ICHCTBUIO arpeCCHBHBIX Pa0OYMX >KHIKO-
creii (aHTH(PU3OB, MACEIT), YTO IMO3BOJSICT CHUIUTH HX
maccy Ha 65% u Ha 30% MOBBICUTH UX JOJTOBEYHOCTD
[0 CPaBHCHUIO C TPATUIMOHHBIMA KOHCTPYKIUSIMHU
[4].

Cpasuenne 3 (peKTHBHOCTH Hacoca C MEXaHUYe-
CKMM M 3JIEKTPUYECKUM MPUBOIOM Ha IpHUMEpE AM3e-
neit Volvo VNL 64T 610 u Cummins N14-460E+ST2
ESP npencrasneHo Ha puc. 3.

pre ==
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® 4
S / —a— Mechanical
e 4 water pump
5 /
S 7 Py
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B el 4 —+—Electric
S rd \ water pump
o
E /
] i
a ] /
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0 200 400 600 800

Coolant flow rate [Ipm]
Puc. 3. 3asucumocmo KII/] nacoca om pacxooa OX

W3 anamm3a TpeACTaBICHHBIX 3aBHCHMOCTEH
BuaHO, yTo Hacoc CO mBurarens c 3JIEKTPHYECKUM
MIPUBOAOM B ananazone pacxoaos 200-600 yi/MuH. npe-
BOCXO/UT 1O 3¢ EKTUBHOCTH TPaJWIMOHHBIN Oonee,
yeM Ha 20 %.

SIBHOE NMPEUMYILECTBO HACOCOB C DIIEKTPOINPUBO-
JIOM CJ/IENIaJI0 UX BECbMa IPHBJICKATEIILHBIMU ISl HC-
MIOJG30BaHMSl B CHCTEMax OXJIKACHHS [BUraternei
OTEYECTBEHHOI' O MPOU3BOACTBA.

Jnst pemenns 3agaun BHenpeHust ACO B orede-
creennble JIBC paspaboran anropuTM yIpaBiCHHS
aJalTUBHON CHCTEMOM OXJIaXKACHHMS, IPEACTaBICHHBIN
Ha puc. 4.

JlaHHBIN anropuT™M OOeCIIeuMBAET ISt CHCTEMBI
OXJIKJCHUSI PEXKUMBI paboThl C MaKCHMalIbHOH 3¢-
(DEeKTUBHOCTBIO, TPH BBICOKHMX ITOKAa3aTeNsX TOILIMB-
HOM SKOHOMHYHOCTH JIBUTATEIsI U CHIKEHUH BBIOpO-
COB BPEHBIX BEIIECTB B aTMOCchepy.

B mepByro oudepens KOHTpOIEp ONpeenseT
TEMITepaTypy TOJOBKM OJiOKa IMIMHApPOB. B ciyudae,
eclIH W3MepeHHas TemmepaTypa mpesbimaer 300°C,
cHcTeMa MEepPEeXOoauT B PEKUM MaKCHMAIBHOTO OXJIAX-
JICHUSI: KJIallaH MOJIHOCTBIO OTKPBIBACTCS, HACOC U BEH-

TUIISITOP PaboTaIOT Ha MaKCHUMaJIbHBIX 000poTax. AJ-
TOPUTMOM  IIPEYCMOTPEHO TIIO3TAITHOE BKIIIOUCHHE
COOTBETCTBYIOIINX HCIOJHUTENBHBIX MEXaHH3MOB:
JIEKTPOIIOMIIBI, TPEXXOJI0BOTO KilallaHa, BEHTHIISTOpPA
panuaropa. 3anaroTcsi KOHTPOJIBHBIE TEMIIEpaTyphl -
30°C, 80°C, 90°C, 95°C u 105°C ua BbIXOHE M3 IBUTrA-
Tens. B ciydae mpeBhIICHHS TeMIeparypsl OJoKa
JIBC nomyctumoro 3uauenus - 105°C, cucrema mepe-
XOJIUT B aBapHUHBIA PEeXNM, Ha MaHENIU MTPUOOPOB aB-
TomoOmis 3aropaercst samna «Check Engine», mamb-
Hel1Iee IBIKECHUE B 9TOM PEKHME 3alperieHo.

v

OnpeaenexHne TeKyLWnX
3HaveHWI:
t_ox(1); t_ow(2);t_réu; H;
n_H; n_g.

H=max
n_#=max
n_s=max

H=0
n_n=0
n_s=0

H=0
n_H=min |+—
n_s=0

H=max
] ne = fE_oae (1))
ng = AAT)

H=max
n_H=max

5 = AN

H=max Het
n_H=max
n_e=max

Cwrnan-Check engine
H=max
n_H=max
n_p=max

Puc. 4. Ancopumm ynpasnenusi adanmugnoti cucmemotu
OXNAAHCOCHUS

JUis IpoBenieHnsT YUCIIEHHBIX HCCIIeIOBAaHUN Xa-
PaKTEPUCTUK CHCTEMBI OXJIAXKAEHHS, B IPOrpaMMHOM
komrutekce LMS Imagine.Lab AMESim nocrpoena eé
(yHKIMOHANbHAsT MOJIENTb, KOTOpAsi IO3BOJISIET MIPOBO-
JIUTh BUPTYaJIbHBIC WCIIBITAHUS PA3JIMYHBIX KOMITOHO-
Bok ACO.

LMS Imagine.Lab AMESim - unTerpupoBanHas
rratopMa MHOTOANCIMIUTMHAPHOTO CHCTEMHOI'0 MO-
JISTTMPOBaHMS U ONTHMU3AIMK. V3/1enmust B pacueTHBIX
Mozersix Imagine.Lab npencrasistorcs B Buae QyHK-
LUOHAJBHBIX cXeM. KOMIOHEHTHI ()yHKIIMOHAIBHBIX
CXEM M3AENUH ISl pelleHHs] caMbIX pa3sHOOOPa3HBIX
3aja4d coieprkarcsi B oOMMpHOM Habope MPOBEPEHHBIX
6ubmorek. Ha ocHoBe Mopneneil kommoneHToB LMS
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Imagine.Lab mo3BonsieT mOCTPOUTH OOIIYI0 KOMITBIO-
TEpHYI0 MOJENb H3JEIHs, HEe TPeOYIOUIYI0 IOIHOTO
TPEXMEPHOI'0 TeOMETPUIECKOT0 ITPEICTABICHHS.

Ha puc. 5 n 6 npencrasieHsl (yHKIIMOHAJIbHBIC
Mozenu TpaguuonHoi CO u ACO IIBC.

6 7 p=
|

GQUEROCE =

1)” __C):__{,T%ll ISSA) -

Puc. 5. @yukyuonanvnas modeno mpaouyuonrnou CO
JIBC
1 — ceoticmea memanna; 2 — xapakmepucmuxuy uc-
NbIMAMeENbHO20 CIMEHOd; 3 — C8OUCMBA IHCUOKOCTIU
4 — guewHue ycaosus; 5 — obopomvl dgueamens, 6 —
nepedamounoe uucio; 7 —nomna, 8 — ABC; 9 — kon-
mMpoabHbLL damuuk memnepamypsi; 10 — mepmo-
cmam; 11 — pacuwupumenvuwiil 6auox; 12 — padua-
mop oxaaxcoenuu; 13 — ckopocms nabezaiowezo
nomoxa 8030yxa, 14 — maneiii Kpye cucmemul oxna-
JHcoenus

Puc. 6. Dynkyuonanvnas mooens ACO J{BC

1 — ceoticmea memanna; 2 — xapakmepucmuxuy uc-
NbIMAMenbHO20 CIMEHOd; 3 — C8OUCBA IHCUOKOCTIU

4 — enewnue ycnosus, 5 — J[BC; 6 — anexmpomae-

HUMHBLI KIANaw, 7 — pacuiupumenbHulil Oayox;

8 — paduamop oxaasicoenuu; 9 — ckopocme Habe-
earoweeo nomoxa, 10— I[1H][-pezynamop obopomos
nomnwl; 11 — I[IH][-pezynamop ckopocmu 8030yuHO-

20 nomoka, 12 — I[IH][-pecynsmop snexmponnozo

mepmocmama, 13 — manwiii Kpye cucmemvl OXadxc-
Oenus; 14 — obopomel senmunamopa

B ¢ynknmonansraoit monemn ACO anst mpoBene-
HUS TECTOBBIX 3ajaau ucronb3oBaH [IWJ-perymstop,
KOTOpBIH (pOopMHpYeT YNpaBISIOINA CUTHAJ, SBIISIO-
muics CyMMOH TPEX COCTABIISIONINX, IIEPBOE U3 KOTO-
PBIX MTPOMOPIIMOHAIBEHO PA3HOCTH BXOIHOTO CHTHAIA U
CUrHajJa OOpaTHOW CBsI3M (CHTHAJ paccorjacoBaHU),
BTOpOE — MHTErpaj CHTHaja pPaccoriacoBaHMUs,
TpeThe — MPOMU3BOJIHASL CHTHAja PacCOriacoBaHUS.
®opmyna TIM-peryaupoBaHus HMEET CIETYIOLIUI
BUJI:

n_Hn=K,f(_oxu)+K, 'J.;f(tioofc)'dﬂr

df (t _ooc) (1)
e’

rae n_H — 000poThl BOAAHOro Hacoca; K, - koaddu-

+K,-

LUEHT IPOIOPIHOHAIBHON cocTaBisomel GyHKIny;
! _ooic- TeMmIepaTypa OXJIaXIAIoIeH >XUAKOCTH Ha
BeIxofe u3 gBurarens; K, - xodddunueHt unre-
rpanbHOl cocTaBistomelt pynknuy; K, - koahduny-
eHT au(QepeHNaIbHON COCTaBISIOMEH HCKOMOH

byHKIUH.
Pe3ynbraTel uncneHHbIX uccnenoBaHuii B LMS

AMESim npezcrasieHsl Ha puc. 7.

‘fscfenginﬂ - temperature at port 1 [degC] ‘
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‘fsciengine3 - temperature at port 1 [degC]
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Puc. 7. Pesynomamol YucieHHbIX UCCAe008aHULL 6
LMS AMESim

a - epems npoepesa [IBC ¢ mpaduyuonnoii cucme-
Mou oxaaxcoerus; 6 - epems npoepesa /[BC ¢ adan-
MUBHOU CUCTNEMOU OXTAINCOCHUSA

W3 anann3a npencTaBICHHBIX HA pPHC. 7 pe3yib-
TATOB XOPOIIO BHJHO, YTO BPEMsI BBIXOa Ha paboumii
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PeXHUM, TO €CThb IPOrPEB OT TEMIEPATypPhl OKPYKaro-
mieii cpenpl 10 92-96°C cocrapmo 20 MUH, a JUIS CITy-
yast ucnonbzoBanusi ACO 10 mun. Ilonydyennsie pe-
3yJbTAThl YHUCIEHHBIX UCCIEIOBAaHUM O3BOJIMIN Kaye-
CTBEHHO OLIGHUTh MEPCHEKTUBHOCTh MPHUMEHEHUS
ACO JIBC B oTe4eCTBEHHBIX JIBUTATEIISAX.

OCHOBHBIE PE3YNbTATHI, NPEACTABICHHBIE B JIaH-
HOU CTaThbe, MOTY4EHBI B paMKaX BBHIIIOJTHEHUS MMPOCKTA
«IlepcrieKTUBHBIE JKOJOTMYHBIE KOJECHBIE TPaHC-
MTOPTHBIC CPEJICTBA C BHICOKUMH ITOTPEOUTEITECKAMHU
CBOWCTBAMHU WM HHU3KHM YPOBHEM OJKCILTyaTaIlHOHHBIX
3aTpar» 1o nocraHosnaeHuro [IpaBurenscrta PO Ne218
ot 9 ampens 2010 r.

BriBoabI

1. IlpoBeneHHBIM aHaNMU3 JUTEPATyphbl MOKa3ajl
MIEPCICKTHBHOCTh U O00OCHOBAHHOCTH HCIOIH30BaHUS
3JIEKTPUYECKOrO MPUBOAA JUIsl BOJSHOIO Hacoca CHUC-
TEMbI OXJIAXKIACHHUS.

2. Pa3zpaborana ¢yHKIIMOHAIBHAS MOJAETH CHUC-
TeMbl oxyaxzaeHus JIBC B mporpaMMHOM KOMILIEKCE
1D monennpoBanust LMS AMESim.

3. CdopMymupoBaH 3aKOH PEryIHpOBaHUS 000-
poramu BoasHOro Hacoca Ha ocHoe [IN]I-
perynsropa.

4. TlpoBeaeHbl MpeABApUTENbHBIE YHCIECHHBIE
HCCIIEIOBAHUS XAapaKTEPUCTUK JBUTATENs, KOTOPHIE
MOKa3aJiy, 4TO MPUMEHEHUE aIallTUBHOTO YIIPaBJiICHUS
CUCTEMON OXJIAXKICHHSI MO3BOJISIET CHU3UTh BpeMS
nporpesa LIII" B 2 paza.

5. Jlns BepuduKauy NOITYYEHHBIX PEe3yJIbTaToB
HEOOXOANMO BBITOJHUTH KOMITJIEKC SKCIEPHUMEHTAaNb-
HBIX HCCIICAOBAaHUIM.

Cnucok 1umepamypbol:

1. Hecuonoscxuii O.I., Yayuwenue noxazameneti 3KOHOMUY-
HOCMU a8MOMOOUTILHO20 OU3eliA 3d CUem pe2yiupo8anust e2o
mennogoeo cocmosanus. Aemopegepam ouccepmayuu, AI1H.
Apocnasne, 1995. 2. JKuoxocmmoe oxnadicoenue asmomo-
ounvnwix dgueameneti / A.JI. Kpueep, M.E. /fuckun, A.JI. Ho-
eennukos., B.U. Iuiikyc - M.: Mawunocmpoenue, 1985.-
176 c. 3. Becexepckuii B.A. Teopua cucmem asmomamuue-
ckoeo peeynupoganus / B.A. Becexepckuii, E.Il.IIonog. — M:
uzoamenvcmeo «Haykay, 1975. — 768 c. 4. Chalgren R.
Development and Verification of a Heavy Duty 42/14V Elec-
tric Powertrain Cooling System / R.Chalgren, L. Barron //
SAE Technical Paper. — 2003-01-3416. — 2003. — doi:
10.4271/2003-01-3416.

Bibliography (transliterated):

1. Nesiolovskij O.G., Uluchshenie pokazatelej jekonomichnosti
avtomobil'nogo  dizelija za schet regulirovanija ego teplovogo
sostojanija. Avtoreferat dissertacii, JaPl. Jaroslavl, 1995. 2.
Zhidkostmoe ohlazhdenie avtomobil'nyh dvigatelej / A.L. Kriger, M.E.
Diskin, A.L. Novennikov., V.I. Pijkus - M.: Mashinostroenie, 1985.- 176
s. 3. Besekerskij V.A. Teorija sistem avtomaticheskogo regulirovanija /
V.A. Besekerskij, E.P.Popov. — M izdatel'stvo « Naukay, 1975.— 768 s.
4. Chalgren R. Development and Verification of a Heavy Duty 42/14V
Electric Powertrain Cooling System / R.Chalgren, L. Barron // SAE
Technical Paper. — 2003-01-3416. — 2003. — doi: 10.4271/2003-01-
3416.

Tlocmynuna 6 pedaxyuro 31.05.2013

I'ymepoB Hpek ®10poBHY — KaHI. TeXH. HAyK, 3aMECTHTENb reHepanbHoro aupekropa OAO «KAMA3» — nupekTop 1mo
pazsututo, HTL[ OAO «KAMA3y, Habepexusie Uennsl, Poccus, e-mail: pr@kamaz.org.

TopTeimos KOpuii ®@exopoBuy — JOKTOp TEXH. HayK, podeccop, 3aBenyromuil kageapsl TEOPETHISCKUX OCHOB TETLIO-
TexHUKHN Ka3aHCKOro HAIOHAIBHOTO HCCIIEN0BATENLCKOro TeXxHnueckoro yHusepeurera uM. A.H.Tymonesa «KA», Ka3zans,

Poccus, e-mail: tot@tot.kstu-kai.ru.

I'ypeeB Bukrop MuxaiijioBH4 — JOKTOp TEXH. HayK, mpodeccop, mpodeccop Kadenpsl TEOPETUIECKUX OCHOB TETIIOTEX-
HuKH Ka3aHCKOro HAIMOHAIBHOTO MCCIIEA0BATEIHCKOTO TeXHUIecKoro yHuBepeurera uM. A.H.TymoneBa «KAW», Kazans, Poc-

cus, e-mail: gureev@tot.kstu-kai.ru.

CanaxoB Pumat PusoBuy — Haydns1ii corpynank KazaHckoro HaIlMOHAIEHOTO UCCIIEA0BATENECKOIO TEXHUIECKOr0 YHH-
Bepcutera M. A.H.Tynonesa «KAW», Kazans, Poccus, e-mail: akirishat@yandex.ru.

XaiipyasuH A3at XaTHBOBHY - MJIAIINI HaydHBI COTpyAHUK Ka3aHCKOro HaIlMOHAIBHOIO MCCIIEOBATEIIBCKOIO TEX-
Hudeckoro yHuBepcutera nM. A.H.Tymonesa «KAW», Kazans, Poccus, e-mail: azat-meh@mail.ru.

CanaxoB Undat PusoBny — mimanmmii HaydHbIH coTpynHUK Ka3aHCKOro HaIMoOHAIBEHOTO HCCIIEI0BATEIECKOrO TEXHUIE-
ckoro yauBepcutera uM. A.H. TymoneBa «KAW», Ka3zans, Poccns, e-mail: fix m@Mail.ru.

PO3POBKA A,I[AHTI/IBHOi CUCTEMHU OXOJIOJKEHHS /1B3
1.®. I'ymep, B.M. I'ypecs, 10.®.I'opmuwios, P.P. Canax, A.X. Xaipynnin, I.P. Canax

[MigBumenns edexruBHocTi JIB3, momimmenHs 0ro eKONIOriYHNX i TEXHIKO-eKOHOMIYHIX MOKAa3HUKIB BUMAra€ HOBHX IIi-
JIXONIB 1 pimeHb. Y AaHiil poOOTI po3poOIISETHCS aNaNTHBHA CHCTeMa OXoNomkeHHs JIB3, mo 3abe3mneuye BUCOKI MOKa3HUKH
MTAJIUBHOI €KOHOMIYHOCTI BUTYHA 1 3HIDKYE BUKHUIY IIKiUTMBUX pedoBUH. OCHOBHHMII arperaT CUCTEMH - HacOC 3 PEryIbOBaHUM
€JIEeKTPOIPUBOAOM. J{JIsl POBEICHHS YHCEIBPHAX TOCIIIKEHb XapaKTEPUCTHK CHCTEMH OXOJIOIPKCHHSI, B TIPOrPAaMHOMY KOMILICK-
ci 1D-moznemroBanHs moOyoBana 1i (yHKIiOHATIBHA MOJIEINb, SIKa JO3BOJISIE TIPOBOAMTH BipTyaldbHI BUIPOOYBAaHHS Pi3HUX KOM-
MIOHYBaHb IHTENEKTYaJIbHOI CHCTEMH OXOJIO/PKeHHs. llepmr pe3yiabTaTH YHCENbHUX JOCTIKEHD SIKICHO MiATBEPIKYIOTh eek-
THUBHICTH NOIOHUX CHCTEM, POOOTa EPEXOUTh B €KCIIEPUMEHTANIBHY CTa/IiIo.
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DEVELOPMENT AN ADAPTIVE COOLING SYSTEM OF ENGINE
LF. Gumerov, Y.F. Gortyshov, V.M. Gureev, R.R. Salakhov, A.H. Hairullin, I.R. Salakhov

Improving the efficiency of internal combustion engines, improving its environmental, technical and economic perform-
ance requires new approaches and solutions. In this work we develop an adaptive cooling system of engine, providing high fuel
efficiency and reduces emissions. The main unit of the system - the pump with adjustable electric drive. Functional model built in
a 1D-simulation software system to carry out numerical researches of the characteristics of the cooling system. 1D-simulation
software system allows for virtual testing different layouts intelligent cooling system. The first results of numerical researches

qualitatively confirm the efficiency of such systems, the work goes into the experimental stage.

VK 621.436

H.M. Jlykoe, O.H. Pomawkosa, A. C. Kocmooamuanckuii, I. @. Kawinukog

ABTOMATHNYECKASA KOMBUHHUPOBAHASA MUKPOITPOIIECCOPHASA
CUCTEMA SKCTPEMAJIBHOT O PEI'YJIMPOBAHUSA TEMIIEPATYPbI
HAJAYBOYHOI'O BO3AYXA IU3EJIA

Hz6ecmupie agmomamuyeckue cucmemsl pe2yiuposanis. MemMnepamypvl HA00y60uH020 6030yxXa Ousens He obechne-
yueaOM NOOOEPIICane MmemMnepamypbl HA00Yy80UHO20 8030YXA HA ONMUMAILHBIX YPOGHSX NPU USMEHEHUU 8 UWUPOKUX
OUAna3oHax MOWHOCMU OU3eIsl U MEMRepamypbl HAPYICHO20 6030yxa. Pazpabomana KoMOUHUPOBAHHASL MUKDONDO-
YeCCOPHAsL IKCMPEMATbHASL ABMOMAMUYECKAs CUCIEMA De2yIUPOBAHUS MEMNEPamypbl HAOOY80UHO20 8030yXaA Ou-
3€/5l, CEA3AHHAL C O8YMSL ABMOMAMUYECKUMU CUCIEMAMU De2YIUPOBAHUsL: ¢ CUCMEMOU Pe2yIUpO8arUs CKOPOCHU
8pawenus gana Ou3ensi u ¢ CUCMeEMOU Pe2yIuposanus memMnepamypvl oxaaxcoarwell srcuokocmu  ouzensi. Muxpo-
nPOYECCOPHDBLIL KOHMPOITEDP CUCEMbL COOEPIHCUN NPOSPAMMY ABMOMAMUYECKO20 NOUCKA MEMNEPAnypbl HAOOYE80U-
HO20 8030yXd, NPU KOMOPOU OU3enb UMeem MUHUMATbHBII PAcX00 MONaua 0is OAHHO20 pedcuma pabomol. [l yc-
KOpeHUsi npoyecca noucka ONMUMAIbHbIX 3HAYEHUL meMnepamypbl HA00YEOUHO20 8030YXA CUCHIEMbl Pe2yIupo8a-
HUsL MeMnepamypul OXaaxcoaroweli HCUOKOCmu U IKCIMPEMAiIbHO20 Pe2yIUPOBAHUs MEMNEPAmypbl HA0OYEOUHO20
6030yXa Ou3seist GbINOIHEHbl KOMOUHUPOBAHHBIMU C UCNONb308AHUEM OONOIHUMENbHbIX CUSHANIO8 YNPAGIEHU NO
MOWHOCIU OU3eia U NO MEMNEpamype HapysicHo2o 6030yxa. Paspabomannas cucmema obecneuusaem MuHUMATb-
HblIl pacxo0a moniuea, NOBbIUEHUE HAOEHCHOCMU OU3Es U YMEHbUICHUE 8bIOPOCA 8PEOHBIX BEUECE C GbINYCKHbIMU

ceasamu.

W3BecTHBIC aBTOMATHYECKHE CUCTEMBI PETYINPO-
BaHUS  TeMIepaTypsl  HAJJlyBOYHOTO  BO3AyXa
(ACPTHB) muzenss He 00eCHeYWBAIOT MOMACPIKAHUSL
TEMITepaTyphl HaUIyBOYHOI'O BO3AYyXa Ha ONTHUMAallb-
HBIX YPOBHSX NP U3MEHEHHHU B IIMPOKUX JAHMana3oHax
MOIIHOCTH JIM3ENIS ¥ TEMIIEPAaTyphl HapyXHOTO BO3.TY-
Xa, YTO IPUBOANT K YBEJIIMUEHHOMY PacxoJy TOIIIMBA,
CHIDKEHHUIO HaJIS)KHOCTH JW3eNIi M YBEIWYEHHIO BBI-
Opoca BPEHBIX BEIICCTB C BHITYCKHBIMH Ta3amu[1].

Jltobast aBTOMaTHYecKass CHCTEMa COJCPXKUT IBE
OCHOBHBIE (DYHKIIMOHAJIbHBIE YacTH: OOBEKT peryiH-
poBanmsi (OP) m aBromatmueckuii perynsitop (AP).
JItobolf aBTOMAaTHUECKHH DETYISTOP COICPXKUT JIBE
OCHOBHBIE, COEIMHEHHBIE I10CIEA0BAaTENbHO, (YyHK-
LMOHAJIbHBIE YacTu: yrnpasisiomuii oprad (YO) u uc-
TIOTHUTENbHO-peryaupytomee  ycrpoiictso  (UPY).
VYnpasinsiomuii opraH COAEpKUT YCTPOMCTBA: N3MEpH-
tensHoe (MY) (matumk perynupyeMoi BeIHYHHBI),
3anaromiee (3Y), cpaHuBatoree (CY) u ycHIUTENbHOE
(YY). B cBow  ouepenb,  HCIOIHUTEIHHO-
perynupyromniee yCTpOHCTBO CONEPKHT JIBE COEIIHMHEH-
HBIE TOCJIEAOBATENbHO (PYHKIMOHAIBHBIE YacTH: HC-
nonHUTENbHBIH MexanumsM (VMIM) u  perynupyrommi
opras (PO).

B aBTOMaTHUeCKOW cuCTEME 3KCTPEMAIBLHOTO pe-
rynmupoBanust (ACOP) OP nmomxen obiagare craTude-
CKUMH XapaKTEepUCTUKaMH, HMEIOIIMMH JKCTPEMYM,
KOTOpBII MOXET MEHAThCsS B mpomnecce padborst OP B
3aBHCHMOCTH OT M3MEHEHHS BO3MYIIAIONIIMX BO3JIEH-
crBuii. ACOP olecrieunBaroT aBTOMaTHUECKOE ITOY-
YeHHUE 3aJaHHBIX 3HAYCHUH PeryJrpyeMbIX BEJMUYHH B
COOTBETCTBHH C MUHAMYMOM HMJIM MaKCUMYMOM HEKO-
Topoii pynkrum OP [2-4]. ABTroMaTH4ecKas KOMOWHI-
pOBaHHAsI MHKPOIPOIECCOPHAsI CHCTEMa IKCTPEMalIb-
HOTO pEryJIMpOBaHMs TEMIEpaTypsl HaJIyBOYHOTO
Bo3ayxa (AKMCOPTHB) musens momkHa 00eCIeunuTh
aBTOMAaTHYECKOE IIONYyYeHHWE 3aJaHHOTO 3HAueHHUs
TEMITepaTyphl HaJTyBOYHOT'O BO3/yXa B COOTBETCTBHU
C MHHUMYMOM pacxoa TOILUINBA, TO €CTb B COOTBETCT-
BUM C MUHUMyMOM OyHKumu g~ fiN,T;), rne g
yrenbHbIN 3¢ ¢GexTHBHBIN pacxon TommmBa, N, - 3¢-
(eKTUBHAST MOIIHOCTH Ou3eis, 7, - TeMneparypa Haj-
JTYBOYHOTO BO3JIyXa.

Ha xaxxgom pesxume paboThl An3elist MeeTcs OIl-
TUMaJIbHasl TEMIIEpaTypa HaJIyBOYHOIO Bo3nyxa T,
IIPY KOTOPOH M3ENIb NMEET HAMMEHBIINI pacxoj TOoIl-
nnBa. OTKIIOHEHHS TeMIlepaTypsl 1; B CTOPOHY YBEIIH-
YeHUs WIK yMeHbIIeHust oT Ty, IPUBOASAT K yBelIHde-
HHUIO pacxoja TormBa. TakuM oOpa3oM, Ha Bcex pe-
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XKHUMax paOOoThl JH3eisl 3aBUCUMOCTH g, OT I, MMEIOT
skcTpemymsl (puc. 1) [1, 5-6].
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Puc. 1. 3agucumocmu onmumanbHbix memnepanyp
HA00ysouHo2o 8030yxa om mowHocmu (iunuu 6-10),
MUHUMATBHO20 PACX00d MONIUBA OM MEMREPAMYpbl
Haodysouroeo 8o30yxa (nunuu 11-15) u pacxooa mon-
JIUBA HA 3A0AHHOM pedicume pabomul OU3essi Om mem-

nepamypul Ha00y8ouHo2o 6030yxa (nunuu 16-20)

Hawnbomnpmree pacnpocTpaHeHHe MONYYWIN CHC-
TEMBI KCTPEMaJIbHOTO PETYIIMPOBAHMS JIBYX THIIOB:

a) 9KCTPEMYM OIpeJeNsieTcsl M0 YyBCTBUTEIBHO-
CTH; B 9TOM ClIy4a€ YHpaBISIOMMN curHan s UM
(dopMupyeTcs 1Mo pe3ynbTaraM H3MEPEHUs] KPYTH3HEI
(mpou3BosHOI) craTHyeckoil xapakrepuctiuku OP (B
JaHHOM cirydae g.~f(N,, T5);

0) SKCTpEeMyM HAXOMWUTCS 1O PAa3HOCTH MEKIY
TEKYIIUM M JKCTPEMaJbHbIM 3HAUCHUSMH, IOTy4YEH-
HBIMHM Ha MPEIbIIYIIEM Ilare U XpaHsALUMUCS B 3aM0-
MUHAIOIIEM YCTPOWCTBE OJIOKa IOWCKa SKCTpeMyMa
(BIID).

AKMCOPTHB muzens (tuna a wim 0) (puc. 2)
COJIEPXKUT Ju3eib 1 ¢ HAAAYyBOM, HarpyKaembli arpe-
raToM Harpy3ku 2, CUCTEMY OXJIQXKJIEHUS HATyBOYHO-
rO BO3/YyXa, COCTOSIIYI0 W3 YKHIKOCTHOr'O (WJIH BO3-
JYIIHOTO) OXJIQJWUTENS HAITYyBOYHOT'O BO3MyXa 3, pa-
quaropa 4, Hacoca 5, COSMHEHHBIX MEXTy COOOH 1 ¢
museneM 1 TpyOorpoBomamMu 6, BEHTIIISTOP OXJIaXKIe-
HUS 7 ¢ IPUBOJOM 8, BO3JIYILIHO->KUJKOCTHYIO CUCTEMY
oxJiakaeHus: ausens 1, cocrosulyro U3 panuaropa 9,
Hacoca 10, TpexxomoBoil mepemyckHoW kimamad 11 ¢
IpUBOAOM 12, coeMHEHHBIX MEXIy co00il U ¢ au3e-
meMm | TpyOomnpoBogamu 13, BEHTHISTOP OXJIAXKICHHS
14 ¢ npuBonoM 15, naTyuku: TeMepaTypbl HaJAyBOU-
HOro Bo3ayxa 16, TemmepaTypbl HapyXHOTO BO31yXa
17, TemnepaTypbl OXJIaXkKAAIOIIEN KUAKOCTH HAa BBIXO-
ne u3 ausens 18, ckopocTH BpalleHus Baja JU3ems o,
19, Bpamaroniero MoMeHTa Ha Baiy auzenst M, 20 u
pacxozna TomiuBa G; 21, BBIXOABI KOTOPBIX MOJKIIIOYE-
HBI K BXO/aM MHUKPOIIPOLECCOPHOr0 KOHTpoIiepa 22,
K BBIXOZaM KOTOPOrO IMOAKIIIOYEHBI MPUBOJ 8 BEHTH-
aaTopa 7, mpuBox 15 BentwisaTopa 14 u mpusop 12
TPEXXOMOBOro kianana 11, GJIOK yrpaBIIeHUS TU3EIEM
23 (ny - TIONOXKECHUE PYKOATKA KOHTPOJUIEpA MAIIAH-
CTa), COCOUHCHHBIA ITOCPEICTBOM aBTOMATHYCCKOTO
peryisaTopa CKopocTH BpallleHus Baja 24 ¢ quzenem 1.

12
13 (;3 G4
T T 6 11 ﬂ
>
18 4
7 14
X2
o ) y
3 GI TB3 2
i 8 15
2 1 6 5
w; M, ¢ /
16 _G \ 4 9
\\' . . /

(P;/o\/ N~ N Ts 1 X3 10
19120 L (a/__j
Xy | Xs 21 Xg 22

C 16 23
LS
Puc. 2. HpunuunuaﬂbHaﬂ*6/z01’<‘—cxeMa AKMCOPTHB/]
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Puc.3. @ynkyuonanvnuas cxema AKMCOPTHB/]

Pazpaborannas AKMCOPTHB(puc. 3) csizana c
JBYMsI aBTOMAaTHYECKMMH CHCTEMaMHU PETYIHPOBAHUSA
(ACP): ¢ ACP ckopoctu BpameHus Basia ((pyHKIHO-
HanbHble 37eMeHTe:OP ckopocTH BpalueHus Bana 25
(OPC), aBTOMaTHYECKHI PEryasTOp CKOPOCTH Bparie-
Hus Bana 24 (APC), Omok ympaBieHus ausenem 23
(BYM)) u ¢ ACP TemriepaTypsl OXJIQXKIAIOMICH KUI-
koctd T, nusenst (GyHKIMOHAJIbHBIE 31eMeHTH: OP
temriepatypsl 26 (OPT2), Y2 (103.18), 3Y2 (1103.27),
C¥Y2 (no3.28), UM2 (n103.15), PO2 (m103.14)). Cucrema
oxnaxaenus (CO) HaIIyBOUHOTO BO3AyXa SIBISETCS
OP Temneparypsl HajyBouHoro Bo3ayxa 29 (OPT1),
Ha KOTOPBIH JCHCTBYIOT TPH OCHOBHBIX BHEUIHHUX BO3-
MYIIAIOMMX BO3JEHCTBHSA (M3MEHEHHE pacxoja TOIl-
quBa g, Au3ens 1, U3MEHeHHe CKOPOCTH BPALIECHHS
Baja JW3eIs ,, N3MEHEHHE TEeMITEpaTyphl HAPYKHOTO
Bo3nyxa 1) M J1Ba PEryJUpYIONINX BO3AEHCTBHSA (W3-
MEHEHHE MOJa4M OXJIAXKJAIoIero Bo3ayxa (G| BEHTU-
JIATOPOM 7 M U3MEHEHHE PACXOAA OXTAKAAIOIIEH KUA-
kocTH (4, 4epe3 TPEXXOAOBOM IMEPENyCKHON KiamlaH
11). Perymmpyemoit Benmmumnoid CO HamyBOYHOTO
BO3/yXa SIBJSIETCSl TEMIIEpaTypa HaJqyBOYHOIO BO31Y-
xa T,. JlaTumk TemmepaTypbl HaJyBOYHOTO BO3ayXa
16 Bemonnser ¢pynkuyn UY1, pyaxunn UY?2 Beimon-
HSIET JIATYUK TEeMIIEpaTyphl OXJIaXIAIOIIeH >KUAKOCTH
Ha BBIXOJE M3 au3ens 18, maTymk Temmeparypbl Ha-
pyxHoro Bo3ayxa 17 Bemonnsier pyHkimn MY3, nat-
YUK CKOPOCTH BpalleHMs Bajia aAu3ens 19 BHINOIHsET
¢y MY ]l, natynk Bpaliaronero MoMeHTa Jan3e-

s 20 BemonHser ¢yakuumn MYS, nmarumk pacxona
torumBa 21 nuszens 1Bemonaser Gynkmmu UY6. Boi-
xonubie curHansl UY1 u Y3, cooTBeTCTBEHHO, X| U
X3 MOJAIOTC B cymmupymouee ycrpoiicteo 30 CVY1,
BeIxogHoM curHain MVY?2 x, momaerca B CY2. Brxon-
svele curHasbl UY4 u Y5, COOTBETCTBEHHO, X4 U Xs
mofaroTcst B 0yiok ymHOkeHUst 31 BY, rme onm mepe-
MHOXXaloTcs. TakuMm o0pa3om BEIXOmHOW curHain BY
V1=X4'Xs DKBHUBaJICHTeH N,, OH mojaercsi B OJIOK fee-
nus 32 B/, 8 CY1, B CY2 u B BIID (m03.33) omnu-
MajJabHOM TeMIeEpaTypbl HAaJAyBOYHOIO BO3JyXa, MpHU
KOTOpOH HaOIoaeTcsi SKCTpeMyM (MHHUMYM) pacxo-
na ToruBa auzens. B B/l kpoMe BBIXOAHOTO CUrHaia
0J10Ka yMHOXKEHHS T0J[aeTcsl BRIXOAHOM curHan NV,
SKBMBAJICHTHBII PACXOAY TOILIMBA Au3els. BeixogHon
curHan bJl, S5KBUBaJICHTHBIA YAEIbHOMY PacXoay TOI-
JIMBa Au3eNeM g, nogaercs B BIID, BbIXOAHON cUrHan
KOTOPOr'0, SKBHBAJIEHTHBI pacXo[y TOIUIMBA NP 3a-
JIAHHOH MOIIHOCTH MamuHbl, momaerca B 3Y1 (mmos.
34). Bexoguo#t curHanm 3Y1 - X; , SKBUBaJICHTHBIN
ONTUMAIIBHOMY 3HAYEHUIO TEMIIEPATYPhl HaJyBOUHO-
ro Bo3ayxa 7Ty, Al JAaHHOTO peXnma paboThl AN3EIs,
nogaercs B CY1. B CV2, kpoMme TOro, nonaercs BbI-
xoaHo# curHan 3Y?2 - Xy, COOTBETCTBYIOIINI CUTHATY
3a/laHusl, SKBUBAJICHTHOMY 3aJJaHHOMY 3HA4EHHIO TEM-
IepaTypsl OXJaXKIAIOIIEH KHUIKOCTU Ha BBIXOAE W3
JIU3EIIL.

Oynknun PO1  Beimonssier BeHTHWIATOP 7, a
¢ynxum M1 - ero npuson 8, pynkuun PO2 BeImon-
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HsieT BeHTwsiTop 14, a dynkunn M2 ero npusox 15.
Oynkiuy PO3 BEINOMHAET TPEXXOAOBOH MEPETYCKHON
knamad 11, a gynknun VM3 BBITONHSET €ro MpHUBOL
12 (cm. puc.2 u 3). B UMI1 nonaercst BEIXOAHOW CHT-
Hal CY1 Axcy11=ki Axy1-koax 1 His Ay +ka Ay, (3neck ky -k
- K03 UIMEHTHI TIepefadyd 1O KaHaJIaM JISHCTBUSL
COOTBETCTBYIOIINX CHTHAOB,; Ax, - IpHpalieHue
BbIxoAHOro curHana 3VY1, Ax; u Ax, - npupauieHus
BbIXOAHBIX curHasioB Y1 u UY2, Ay, - npupaiieHue
BbIXOAHOrO curHana BY). Drtor curHanm momaercs B
HUMI Tonpko B mpolecce OXJIaxACHUS HATyBOYHOI'O
BO3/1yXa, TO €CTh PU U3MEHEHUH MO/1a4X BEHTHIIATOPA
7 B quana3one 0T G1=G1yaee 10 G1=0. B IM3 mopgaer-
ca  BbIXomHOH curHan  CVY1  Axeyio=ksAxs-keA
X+ AXy+ksAy, (3mech ks -kg - KO OUIIMEHTHI mepe-
JIA4{ 110 KaHallaM JICHCTBUS COOTBETCTBYIOIIUX CHTHA-
JIOB, YMHOXXEHHBIE Ha TIPHPALICHUS CUTHAJIOB). DTOT
curHan noxaaercs B UM3 Tonbpko B mporecce nojaorpe-
Ba HaJJIyBOYHOI'O BO3/yXa, TO €CTh IPU HU3MEHEHHH
pacxosa OXJaKIAaouleld >KUAKOCTH Ha TIIEPemycK B
nuana3zone oT G4=0 10 G4=G 4yae. B UM2 miOmaercs
BEIXOTHOU CHUTHAJI CVy2 Axeyr=koAx--
k1oAxotk Axstki Ay, (3aech ko -kip - K0dhGUIIEESHTH
nepefadyd Mo KaHajlaM JICHCTBHS COOTBETCTBYIOIIMX
curaaioB). Ha puc.3 m;, - curnan 3aganns 3Y2, ya(ge.) -
BeIxogHou curHan B/, G ; - BeixogHoi curaan PO, u
G 3 - KOJIMYECTBO OXJIAXKJAIONIEH J)KUAKOCTH Ha BBIXOJIE
U3 JU3ENs.

MukpornporeccopHsiii kouTpoiuiep (MIIK) BbI-
monasier yHkum 3nementoB bY, BII, BIID, 3VI,
CV1, 3¥2 u CY2. BIID copepkuT mporpammy aBTO-
MaTHYECKOro MOUCKa TeMneparypsl Ty,, TP KOTOPOH
U3eNIb UMEET MUHUMABHBIA PAacXoi TOIUTHBA JUIS
JTAaHHOTO pekuMa padorel. OH Tak M3MEHSET CUTHAal
3alaHusl 1|, a 3HAYWT, ¥ 3HAYCHUS TeMIepaTyphl Tso,
YTOOB! yIeNbHBIA 3(QEKTUBHBIN pacxo TOIUINBA IH-
3e1eM g, ObuT ObI HauMeHbIIMM. 111 YCKOpEeHHs Ipo-
Lecca rnoucka ¢ noMmouibio BIID onTuManeHbIX 3HaYe-
HUM TeMmIeparypbl HajgayBouHoro Bosnyxa 7Ty, ACP
TEMIIEpaTyphl OXJIAKIAIONICH >KHIKOCTH M DKCTpe-
MaJBFHOTO PETYTHUPOBAHUS TEMIIEPATYPHl HAJITyBOYHO-
T'0 BO3IIyXa JAMU3EIS BHIIOTHEHBI KOMOWHUPOBAHHBIMHA C
WCIONB30BAaHUEM JIOTIONTHUTEIFHBIX CHUTHAIOB YIIPaB-
JICHWSI TI0 MOIIHOCTH am3ens N, W IO TemIepaTrype
HapyxHoro Boznyxa 7. Otu ACP temmnepaTypsl Ha-
CTpaWBaIOTCS TaK, YTOOBI OHU WMEIH CTaTUICCKYIO
HEPaBHOMEPHOCTH 110 TEMIIEPATYPE HAPYKHOT'O BO31Y-
xa Ty, paBHYIO HYIIO, U OTPHUIIATSIIFHBIC CTATUICCKUE
HEpaBHOMEPHOCTH 10 MomHocTH amsenst N, [7]. To
€CTh 3TH CHUCTEMBI SIBJISIOTCS CHCTEMaMH KOMOWHHPO-
BAaHHOTO PETYIHUPOBAHHA W JOJDKHBI MMETh CTaTHYC-
CKHE XapaKTEePUCTUKH IO MOLTHOCTH Au3enst N,, cOOT-
BETCTBYIOIIHNE 3aBUCHMOCTSIM ONTHMAaTHHBIX 3HAUCHUHA
TEMIEePaTyphl OXIAKIAFOIICH KUIKOCTH Tyo M TEMIIC-

paTypsl HaAIyBOYHOrO Bo3ayxa Iy, OT MOIIHOCTH OH-
3eaa N ..

Ucnons3oBanne B ACP Temmeparypsl OxJax-
Jaromen KUAKOCTU T, U 3KCTPEMAIBHOTO PETYIHPO-
BaHUS TEMIIEPATyphl HAJAYBOYHOro Bo3ayxa I, no-
MIOJTHUTENBHBIX CUTHAIOB YIPAaBIECHUS MO MOIIHOCTU
nu3ens N, 1 o TeEMIIEpaType HapyKHOro Bo3ayxa Ty, C
LIeNbl0 KoMIeHcauuu ux Aeiicteust Ha OP mo3Bossier
o0ecreunTh He TOJNBKO TpeOyeMmble CTaTHYECKHE Xa-
PaKTEpPUCTUKU CHCTEM, HO ¥ 3HAYUTEIILHO TTOBBICHUTH (B
HECKOJIBKO pa3 - 0 6) Takue ITOKa3aTelld KauecTBa MxX
paboThI, KaK OTHOCHTENIBHOE IepeperyiIupoBaHNue pe-
TYIAPYEMBIX BEJIUYUH U AJUTEIBHOCTH IEPEXOJHOIO
rpoiecca - BpeMs peryiaupoBanus [8-10].

AKMCOPTHB pabotaer crnemyrommM 00pa3om
(cM. puc.l, 2 u 3).JIlpu ycraHoBuBIIEMCS peXHUME pa-
0OTHI JM3eNsl 3HAUYEHHWE TEeMIIepaTyphl HayBOYHOTO
Bo3ayxa T, HampuMmep, Takoe, IpU KOTOPOM 3HAYECHUE
pacxoja ToruMBa g, MuHuManbHoe. [locne, Harmpumep,
YBEIMYEHUSI TMO3UUUU KOHTPOJUIEpa MAlIMHUCTA N,
CKOpPOCTH BpallleHUs Bala o, WM MOIMHOCTU N, Au3ens
U YMEHBLIEHUS TEeMIIEpaTypbl HaJyBOYHOIO BO3JyXa
T, 3HaUeHHE ITOI TeMIepaTypsl MOXKET OBITh TaKuM,
IIPU KOTOPOM g; > @y yyy AJI1 HOBBIX 3HAUEHUN MO3ULUU
KOHTpOJLJIEpa MAIIMHUCTA 1, CKOPOCTH BPALIECHHS Ba-
n1a op 1 MomHoctH N, amsens. Ilpu atom BIID cpas-
HUBAET HOBOE 3HAYEHHE g, C MPEAbIAYIIIUM 3HAYCHUEM
gy, XpaHsamumcs B namsata BIID, U B cOOTBETCTBHH C
Pa3HOCTBIO MEXY HUMU U3MEHSET CUTHAN 3aJaHus 1))
HAaCTOJIBKO, YTOOBI TEMIIEpaTypa HaJIyBOYHOI'O BO3-
nyxa T, yMeHpIIMIach Obl M pacxof TOIUIMBA g, CTall
661 MeHbe. 3atem BIID cHoBa m3Mmepsier HOBOE 3Ha-
YEHUE g, U CPAaBHUBAET €r0 C MPEAbIIYIINM 3HAUYCHU-
eMm, xpansmuMces B namsatu BII3. Ecnu onsate HOBOE
3Ha4YeHHE g, OyIeT MCEHbIIE MpPEABIIYIIEro 3HaueHHUs,
TO IIPOIIECC MONCKA PKCTpeMyMa (MHHHMYMA) g, IPO-
JIOJDKAeTCd M Tak A0 TeX MOp, OKa HOBOE 3HAUYEHUE g,
Oyner Oompire npeapiaymiero 3HaueHus. ITocne gero
BIID pmemaer B mowcke mar Haszajn (OCYIIECTBISET pe-
BEpC) U TOHCK TeMIIepaTypsl HaJIyBOUYHOTO BO3ayXa
Ty, TP KOTOpOW HaOIIOmaeTcsi IKCTpeMyM (MHHH-
MYM) g, IpEKpaIaercs.

ITocne, Hanpumep, YMEHBUICHHS MO3MLUU KOH-
TpoJIepa MaIlIMHKICTA N, CKOPOCTHU BPAIIECHUS Bala Mg
U MOIIHOCTH N, AW3€Ns U yBEIHUECHHS TeMIEpaTypbl
HaJyBOYHOIO BO3AyXa Iy 3Ha4EHUE dTOU TEMIIEpaTy-
PBI MOXKET OBITH TaKUM, MPH KOTOPOM p > gy yyy JUIA
HOBBIX 3HAUEHUM IMO3ULUU KOHTPOJIEpa MAaIIUHHUCTA
Ny, CKOPOCTH BPAILEHUS Baja g U MOUIHOCTH N,. Ilpn
stoM BII3, B cCOOTBETCTBUU C 3aJI0’)KEHHOW B HETO MPO-
rpaMMOH, CpaBHUBAET HOBOE 3HAYEHUE g; C MPEAbITY-
UM 3HaY€HHEeM g, XpaHsammmcsa B namstu BIID, u B
COOTBETCTBUM C PA3HOCTBIO MEXIYy HUMH H3MEHSET
CHTHAJ 3aJaHus 1), HACTOIBKO, YTOOBI TeMIleparypa
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Ha/TyBOYHOTO Bo3ayXa 7, yBeIH4MiIach Obl, M Pacxon
TOILUIMBA g, cTajk Okl MeHbIIe. 3ateM BIID cHoBa m3Mme-
psieT HOBOE 3HAYEHHUE g, U CPABHMBAET €r0o C Mpebl-
IyUIM 3HaueHueM, Xpassmumcda B namsata BIID. Ec-
JIM OISATh HOBOE 3HAUCHHE g, OYAET MEHbIIE ITPEebl-
JIYUIEr0 3HAY€HHs, TO MPOLECC MOHCKA JKCTpEMyMa
(MPHMMYMa) g; IPOAOIDKACTCS U TakK JO0 TeX I10p, MoKa
HOBOE 3HaueHue g, Oyner Oomblle MPeabLIyIIero 3Ha-
yenus. ITocie yero BIID aemaeT B mmoncke mar Hasaj U
IIOUCK TEMIEpPaTypsl HAAIyBOYHOro Bo3ayxa Ty,, MpH
KoTOpoi HaOmofmaercs SKCTpeMyM (MHHHMYM) g,
IIpeKpaIaeTcs.

Taxkmm o6pazom, AKMCOPTHB muzenst mocie
M3MEHEHHSI MO3MLHU KOHTPOJJIEpAa MAIIMHUCTA N,
CKOpPOCTH BpallleHHs Bajla (g ¥ MOIIHOCTH N, aBTOMa-
THUYECKH BBIOMpaeT (HaXOIMT) TaKOe 3HAUCHHE TeMIIe-
paTypsl HaA yBOYHOro Bo3ayxa 7j,, IpHU KOTOPOM Ha-
OJroaeTcsi MUHUMAJIBHBINA pacxoy TOIUIMBA gy, MUHH-
MaJNbHBIH H3HOC JHM3EISIMMHUHAMAJIBHBIE BBIOPOCHI
BPEIHBIX BELIECTB C BHITYCKHBIMU ra3aMU.

TexHnko-sKOHOMHYECKasIPPEKTUBHOCTL  TIPH-
meneHnss AKMCOPTHB 3akirouaercs B obecrieueHuN
MHUHAMAJIFHOTO pacxojia TOIUIMBA, ITOBBIIICHUH Ha-
JISKHOCTH JIM3ENsl U YyMEHBUICHUH BBIOpOCa BPEIHBIX
BEIIECTB C BBIMYCKHBIMHU ra3aMH 3a CUET YJIy4IIEHUsS
KadgecTBa pabodero mporecca IyTeM MOAAepKaHnsI
TAaKMX ONTUMAJBHBIX 3HAYCHWI TeMIlepaTypsl HaJty-
BOYHOTO BO31yXa, IPU KOTOPHIX O0ECIIEUMUBAETCSI MH-
HUMaJbHBIH PacxoJ] TOIUIMBA, IOBBIIIACTCS HA/IEK-
HOCTh JM3€JIsl U YMEHBIIAETCS BBHIOPOC BPEAHBIX Be-
LIECTB C BBITYCKHBIMU ra3aMHU.
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ABTOMATHUYHA KOMBIHYBAHHS MIKPOITPOLIECOPHA
CUCTEMA EKCTPEMAJIBHOTI'O PETYJIIOBAHHSI TEMIIEPATYPU
HAZLYBHOI'O TOBITPSA JU3EJISA

H.M. Jlyxie, O.H. Pomawrxosa, A. C. Kocmooamiancoka, I'.@. Kawnikos

Bigomi aBTOMaTH4HI CHCTEMH PETYIIOBAHHS TEMIIEPAaTYPH HATYBOYHOIO IOBITPS OH3ENS HE 3a0€3MedyloTh IMiATPUMKY
TeMIIepaTypy HaJ{yBOYHOTO ITOBITPS Ha ONTHMAIbHUX PIBHSX IIPU 3MiHI B IIMPOKHX Aiala30HAX MOTYXHOCTI AW3€Ns 1 TeMIepa-
TypH 30BHIIIHBOTO MOBITps. Po3pobieHo koMOiHOBaHA MIKPOIPOIECOpPHA EKCTpEeMaIbHa aBTOMATHYHA CHCTEMa PETYIIOBAHHSI
TeMIIepaTypy HaUyBOYHOTO IMOBITPS AW3EIS, ITOB'I3aHA 3 JBOMA aBTOMATHYHUMH CHCTEMaMH PETYIIOBAHHS: 3 CHCTEMOIO PEry-
JIIOBAHHS [IBHAKOCTI 0OEPTaHHS Bala AMU3EIIS 1 3 CHCTEMOIO PETYIIIOBAHHS TEMIIEPaTypH OXOJIOKYI04oi pinuHu ansens. Mikpo-
MIPOLIECOPHUI KOHTPOJIEP CHCTEMH MICTHTB ITPOrpaMy aBTOMATHYHOTIO MOIIYKY TeMIIepaTypy HaJUTyBOYHOTO MOBITPS, IPH SIKiH
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IU3eNIb Ma€ MiHIMAlbHY BUTpaTa MajuBa UL JAHOTO PEXUMY poOOTH. sl MpUIIBHIIIEHHS MPOIECY MOIIYKY ONTHMAaTbHUX
3HAa4YCHb TEMIIEPATypH HAITYBOYHOTO MOBITPSI CUCTEMH PETYIIOBAHHS TEMIIEPAaTYPH OXOJODKYIOUOI PITUHM 1 eKCTPEMaIbHOTO
PETYIIOBaHHS TEMIIEPATypH HAJUTYBOYHOTO TOBITPS TU3EIs BUKOHAHI KOMOIHOBAHUMHY 3 BUKOPUCTAHHIM JOJATKOBUX CHUTHAJIB
YIPABIIHHS 33 HOTYXKHBICTIO AM3EJIS 1 32 TEMIEPaTypolo 30BHINIHBEOTO MOBITPsl. Po3pobiena cucrema 3abe3nedye MiHIMAJIBHY
BUTpATY MMAJIHBA, MiIBUIICHHS HAIHHOCTI TU3ENS 1 3SMEHIICHHS BUKUTY IITKiJIMBUX PEYOBHH 3 BUITYCKHIMH Ta3aMHU.

AUTOMATIC COMBINED MICROPROCESSOR SYSTEM OF PEAK-HOLDING REGULATION OF THE AIR
ENTERING DIESEL ENGINE WITH SUPERCHARGING

N.M. Lukov, O.N. Romashkova, A.S. Kosmodamianskiy, G.F. Kashnikov

Known automatic systems for regulation of boost air temperature in a diesel engine don’t ensure maintenance of boost air
temperature at optimum levels if diesel engine output and outdoor temperature change in wide ranges. Automatic combined mi-
croprocessor system of peak-holding regulation of the air entering diesel engine with supercharging is developed; it is connected
with two automatic regulation systems: system of diesel engine shaft rotation speed regulation and system of diesel engine cool-
ant temperature regulation. Microprocessor controller of the system contains a program of boost air temperature automatic
search, so that diesel engine has minimum fuel consumption for a given mode of operation. For acceleration of search process of
boost air optimum temperature values the systems of coolant temperature regulation and of peak-holding regulation of diesel
engine boost air temperature are made combined with using of additional control signals according to diesel engine output and
outdoor temperature. The developed system ensures minimum fuel consumption, diesel engine reliability improvement and ex-
haust emission reduction.

AUTOMATIC COMBINED MICROPROCESSOR SYSTEM OF PEAK-HOLDING REGULATION OF THE AIR
ENTERING DIESEL ENGINE WITH SUPERCHARGING

N.M. Lukov, O.N. Romashkova, A.S. Kosmodamianskiy, G.F. Kashnikov

Known automatic systems for regulation of boost air temperature in a diesel engine don’t ensure maintenance of boost air
temperature at optimum levels if diesel engine output and outdoor temperature which are changed in wide ranges. Automatic
combined microprocessor system of peak-holding regulation of the air entering diesel engine with supercharging is developed; it
is connected with two automatic regulation systems: system of diesel engine shaft rotation speed regulation and system of diesel
engine coolant temperature regulation. Microprocessor controller of the system contains a program of boost air temperature
automatic search, so that diesel engine has minimum fuel consumption for a given mode of operation. For acceleration of search
process of boost air optimum temperature values the systems of coolant temperature regulation and of peak-holding regulation of
diesel engine boost air temperature are made combined with using of additional control signals according to diesel engine output
and outdoor temperature. The developed system ensures minimum fuel consumption, diesel engine reliability improvement and
exhaust emission reduction.
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