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DEVELOPMENT OF METHODS FOR EVALUATION OF TECHNICAL CONDITION OF ENGINES ACCORDING
TO THE RESULTS OF INDICATION OF WORKING PROCESS ON MODES DIFFERENT FROM NOMINAL

Ie.V. Bilousov, A.P. Marchenko, M.Ie. Rybalchenko, V.P. Savchuk, H.Ya. Tuluchenko

Technical condition assessment of marine internal combustion engines by the parameters and nature of the workflow is a
common practice in their operation. Taking and analysis of indicator diagrams is a mandatory procedure provided by the rules of
technical operation for the main range of large and medium-sized marine engines. There is a whole arsenal of indication means
for such evaluation: from classical mechanical systems to electronic means of periodic or continuous action. The rapid develop-
ment of electronic control systems and changes in approaches to logistics operations in maritime transport have imposed a num-
ber of limitations, somewhat narrowing the possibilities of using these methods. Most of the vessels that form the basis of the
world merchant fleet were built 10...15 years ago. Information about the results of the indication of the engines of such vessels
during bench tests is presented in the form of raster images. This complicates the process of using them as the reference needed
to compare them with the actual diagrams obtained in operation by means of electronic control systems, which have replaced
mechanical indicators over the past few years. In addition, tendencies to reduce the speed of vessels complicate, and often make
it impossible to indicate the engines in the specified operating modes. As a result, the efficiency of using indicator diagrams to
assess the current technical condition is sharply reduced. In this regard, there is an objective need to compare different methods
of obtaining and storing information about the results of indication and in a unified method of presenting this information, con-
venient for processing and analysis. In addition, there is a need to develop methods for obtaining reference diagrams for nonspe-
cific modes on the basis of processing the results of acceptance and commissioning bench tests of a particular engine to assess its
technical condition by the results of indication on the partial load modes. This study is devoted to the comparison of different
methods of presenting information and obtaining reference indicator diagrams for non-specific operating modes of engines.
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®OPMYBAHHS MATEMATHYHOT O IVIAHY EKCHEPUMEHTY ITPA
JOCJIIPKEHHI ITYCKOBUX AKOCTEU ABTOMOBIJIBHOT'O IU3EJIA

Y cmammi 3a3naueno winax supiuienus npodiemu nioguUeHHs NYCKOBUX AKOCMeN | SHUNCEHHST OUMHOCMI 810Npaybo-
BAHUX 2A3I8 BIMYUBHAHO2O0 A8MOMOObITbHO20 Ouzenss 4/[THAI 3 be3nocepeOHim 6nOPCKY8AHHAM NAAUBA NPU HUSLKUX
memMnepamypax HasKOMUUHb020 CEPeO0SUYA UUTAXOM ONMUMIZAYIT napamempis i eleMeHmié cucmemu nycKy ma po-
6omu Ha X0N0CMOMYy X00i 3a payioHanbHuMu areopummamu. /s eupiuienns yiei npobiemu 00IpyHmMosana Heobxio-
HICMb 8 NPOBEOEHHI eKCNEePUMEHMATbHO20 00CTIOICEHHS! NYCKOBUX SIKOCMEU A8MOMOOIIbHO20 Ou3ens ma 6 opmy-
BAHHI MAMEMAMUYHO20 NAAHY eKCNEPUMEHMY 05l NPOBEOEHH S HACMYRHO20 PO3PAXYHKOB020 00CTiodcenHs. Bucaim-
JIEHO OCHOBHI NONOJICEHHs w000 Opeanizayii 6a2amopaxkmoprHozo eKCnepumMeHmanbHo20 O0CHIONCEHHSI NYCKOGUX
AKocmell agmomooinbHo20 ousens. 3pobieno onuc ma 0aui XapaKxmepucmuKu nonepeoHbo CMeopeHoi 0Jia excnepu-
MEHMANbHO20 O0CNiOMNHCeHHA (i3uuHOl MoOeni Ha 6a3i GIMUUSHAHO2O ABMOMOOIILHO20 BUXPEKAMEPHO20 Ou3sens
4JITHA. Haseoeno ocobnusocmi i nepesacu cmeopenoi Qizuunoi modeni wjo0o mpaouyiiHux piuieHv 011 00Ci-
OJiCEHHSL NYCKOBUX AKOCMEl a8MOMOOLIbHUX 0BUSYHIB, 30KpeMd Y GUKOPUCTNAHHI 308HIUHbO20 HABAHMAICEHHS OIS
8IOMBOPEHHS 6NAUEY HA MOMOPHE MACIO HU3LKOI meMnepamypu 8 yMogax 6axicKo2o 00CMyny 00 KliMamuyHux Ka-
mep. Obrpynmosanuii 6ubip came 8UXPEKAMEPHO20 3pa3Ka QizutHoi Mooeni 0sl npoeeder s O0CIIONCEHb NYCKY Ye-
pe3 nepcnekmueHy, 3nudiceny Ha 1-1,5 oounuyi, cmyninbs CmucHentss ma MOJNCAUBICIb AKICHO20 O0CTIONCEHHSl GNIUBY
nepeonycKo6020 nidiepigy 00ca2y Kamepu 320pAnHA C8IUKOI0 po3sdcaprosanns. 1losnaueni OiticHi 3HAUEHHS SeIUYUH
obpanux 6-mu, HAUOIIbW GNIUBOBUX HA NPOYEC NYCKY, NIHIHO HE3ANEHCHUX Pakmopie niod yac nposedenHs eKxcnepu-
MEHMANLHO20 O0CHIONCEHHS 32I0HO 3 NPUUHAMUM NIAHOM 3 77 3aMiKO8UMU XOIOOHUMU nyckamu. Biosuaueno, wjo
Gaxkmuunull pe3yibmam 6CMAHOGIEHHS NeGHUX KEPOBAHUX (AKMOPIE HOCUMb SUNAOKOBUL XapaKkmep 3 Ne6HOW NO-
XUOKOI HA SPAHUYAX MOUHO2O 3HAYEHHS BIONOBIOHO 00 OPMOSOHANLHO20 NaaHy excnepumenmy. Taxe eapiroeanHs
OTICHUX BEUYUH BUMARAE 3ACMOCYS8ANHA CNEYIATbHO20 MAMEMAMUYHO20 anapamy, peanizoeanoco aemopamiu 6 npo-
epammomy npooykmi Approximation_LSM, npu npoeedenni ananizy peszynomamis 6-mu (paxmopnozo excnepumen-
ManbHO20 00CTIONHCEHHS.

Knrouosi cnosa: nyck ouszens, 6azamopaxmopme 00CHONCeHHsL; eKCNePUMeHm, Qi3uuHa Mooeilb, nIaH eKCnepumeH-

my.
Beryn Be 3a0e3neyeHHs peasizalii qep>kaBHOTro iHHOBALIHHO-
OcTaHHEe NeCATUIIITTSA HOCTaTHBO BigoMi B YKpai- iHBecTuIitHOrO TpoekTy "Cro00KaHCHKUI aw3elp"
Hi opranizauii JBUryHOOYAIBHOI raxy3i BeIyTh HayKO- [1]. O0’exkTamMy LBOTO MPOEKTY € CIMEHCTBO BITUM3HSI-
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HUX aBTOMOOUTbHUX mu3eniB cepii AT. HaiOinpmmii
MONUT Ta IIKaBIiCTh IPEACTABIAE ABOJITPOBUN YOTH-
PHLIMITIHAPOBUH JIM3€71b HOMIHAJIBHOIO TOTYXXHICTIO 73
kBr. 3a  paxyHOK  NEpCIEeKTHBHUX  TEXHIKO-
€KOHOMIYHUX Ta MAacOBO-Ta0apWUTHHUX IOKA3HUKIB, JH-
3€J1b IPU3BAHUI CTaTH KOHKYPEHTHOIO aJIbTEPHATHBOIO
B CBOEMY CErMEHTI JJIs BITYM3HSHOTO PHHKY B SIKOCTI
CHJIOBO{ YCTaHOBKM JUIS JIETKOBOTO aBTOTPAHCIIOPTY,
MaJloradapuTHUX BaHTAXXKHUX AaBTOMOOLIIB 1 MIKpOaB-
TOOYCIB.

I[Ipr mpoXOomKeHHI MOBrOTPUBAIUX TOPOXKHIX
BUIIPOOYBaHb y CKJIaJl IEPLIOro AOCIIIHOIO Majora-
0apUTHOrO0 BaHTa)XHOTrO aBTOMOOLIT MA33 Ha Xap-
KiBCBKOMY aBTOMOOUTEHOMY 3aBomi (puc.l) MOBCSK-
JIeHHa eKCIUTyaTallis B 3MMOBHH Nepioj BHUSBUIIA CYT-
TEBI 3ayBaKCHHS 1O SIKOCTI HHU3bKOTEMIICPATYypPHOTO
xonoxHoro mycky amsenst 41THAIL, a came He3am0Bi-
JIbHY HaJIHHICTh IYCKY B 3UMOBHI IEpioJl eKCIuTyaTa-
il Ta MiABUIICHY TUMHICTh BiIIpaIlbOBAHUX ra3iB IiJ
9ac Oro MiIrOTOBKH A0 CIIPUHHATTS HABAHTAXXCHHS.

Lo npoGyiemMy 3aIlulaHOBaHO BUPIIINTH 32 paxy-
HOK ONTHUMI3alii apamMeTpiB CKJIaJOBUX CUCTEMHU ITyC-
Ky Ta aBTOMaTH3alil SK MpoLecy IycKy, TaK i X0Joc-
Toro xoay. IIpy 1[bOMy OCHOBHOIO BHMOTIOKO ILOJIO
HasiBHOI CHCTEMH MYCKy € 3a0e3nedeHHs HaaiiHOTro
IIyCKy BiJ €leKTpocTapTepy IpU TeMIlepaTypi HaBKO-
JHMIIHBOTO cepenosuma a0 Minyc 10 °C 6e3 3actocy-
BaHHS JOMOMIDKHHUX 3aC00IB MEepPEeAyCKOBOI MiIrOTOB-
ku. Came Taki BIMOTH TPOINHCAHI y TEXHIYHOMY 3a-
BIaHHI Ha po3poOky amsens 4/ITHA1 Tta came Taka
3ajia4a cTajla CKJIaJOBOI0 HAyKOBOIo 3a0e3nedyeHHs
BHpIIICHHS 3a3HaueHO1 pobiaeMu Kadeaporo TBUTYHIB
BHYTpilIHbOro 3ropsinast XHAJLY.

Puc. 1. Momopruii 6i0cik 0ocniono2o agmomodins
MA33 3 ousenem 47J]THA 1

Mertoio po6oTn € GopMyBaHHS MaTEeMaTHYHOTO
IJIaHy €KCIIEPUMEHTY Tpu OaraTopakTOpHOMY IOCHi-
JUKEHHI ITyCKOBHX SKOCTEH aBTOMOOLTBHOTO IH3EIs
JUTS HACTYITHOTO 3a0C3ICUCHHS IMPOBEJCHHSA 33 [UM
[UIAHOM EKCIIEPUMEHTAIbHO-PO3PAXYHKOBOTO MOIIYKY

palioOHAILHOTO TMOEIHAHHS IUIKOM KOHKPETHHUX 3Ha-
YeHbp BEIWYMH KOHCTPYKTUBHHX Ta PETYIIOBAIBHIX
rapameTpiB eJIEMEHTIB CHUCTEM 3a0e3MeueHHs 1 ToJer-
LIEHHS IIyCKy, sIKe 3JaTHE MNPUBECTH IO HaAiiHOTO
IMyCKy MpPH HHU3BKUX TEeMIIepaTypax HaBKOJIHUITHHOTO
cepelloBUINA 3 JIOTPHUMAHHSM BHUMOT MHIOAO JUMHOCTI
BiJINIPaLbOBAaHHX I'a3iB.

3agayero po0OTH € MPEICTABICHHS Ta 3aIpOBa-
JDKEHHS. OTPHMAaHOTO KOHKPETHOTO pallioOHAIbHOTO
IUIaHY MIECTU(AKTOPHOTO EKCIIEPUMEHTY JUIsl MpOBe-
JIEHHS TOMANBIIOTO0 PO3PaXyHKOBOTO IOCHIMHKEHHS 3
MIOKa30M MOXKJIMBOCTI peaizalii HayKOBO-TEXHIYHOTO
IiIXO/Y 10 CTBOPEHHS CUCTEMH IyCKY aBTOMOOLIBHO-
TO JW3eNs Ha MiACTaBi MPOBEICHHS CTEHIOBUX BHIIPO-
OyBaHb (Pi3MYHOT MOZENI ABHUIYHA 3TiHO IUIAHY €KC-
MIEPUMEHTAIBHOTO JIOCHIPKEHHSI.

AHaJi3 ny6aikauii 3 HANPSIMKY A0CJiZKeHb

BuBYCHHS CBITOBOTO JOCBINY 3 JHOCIIKECHHS ITy-
CKOBHX SIKOCTEH aBTOMOOITBHOTO JU3EIs MOKa3y€e TCH-
JCHIIII0 10 eKCIepHMEeHTanbHOoro migxomy [2-10], B
TOW Yac sSIK TEOPETHYHE NPEICTABICHHS NPOLECy ITyC-
Ky 4epe3 CKJIagHICTh MaTeMaTH4HOTO OIHMCAaHHS He-
CTalllOHApHHUX TIPOIIECIB Ta 3HAYHOI YYTIMBOCTI Mare-
MAaTHYHOI MOJEJI J0 3MIHU BUXIJHHX TaHUX BBaXka-
€THCS HE HA/IIHHUM 1 BUMarae 3Ha4HO OULTBIIMX BUTPAT
yacy Ha peanizamito gocmimpkersas [11, 12].

[Mepi cnpoOM HAyKOBO-TEXHIYHOTO MIJXOIY 10
BUPIIIEHHS 3a/la4i MPUCKOPEHOr0 MYCKY aBTOMOOLIb-
HOTO W3NS TPU 3MEHIICHHI AUMHOCTI BiIIparsoBa-
HUX ra3iB 3po0IieHi oHUM i3 aBTOpiB wLi€l crarTi mie 10
pokie Tomy [2]. B po0GOTi mpencTaBiICHUN MepIHii
JOCBiJl BUKOPHCTAHHS arapary MaTeMaTHJHOTO ILIa-
HYBaHHSI €KCIIEPUMEHTY IpU JIOCII/PKEHHI ITyCKOBHX
SIKOCTEH aBTOMOOIIBHOTO JM3€JIs, 1110 BUSBHIINCH JYXKe
e(peKTHBHIM IpPH TPOBEICHHI EKCIIEPUMEHTAIHHOTO
nocipkenss. KoHIeniis 30BHIIHFOT0 HAaBAHTAXCHHS
JIM3eJIs TMiJ] 9ac MYCKy TAKOXK MiJHATA MPOTArOM IoIIe-
PEemHIX AOCHIIKEHb 32 HAIPSIMKOM, a TaKOXX BHCBITIIe-
Ha B pobori [6].

HaykoBo-TexHiunuii  miaxin
3a/1a4i X0J10/IHOT0 IyCKY

OCHOBHI pe3yJbTaTH y MPOTpeci HAMPSIMKY JOC-
JIJOKEHHS ITCKOBHUX SIKOCTEH MaJoJIITPaskHOTO aBTO-
MOOLIBHOTO JM3eNsl, 3a104YaTKOBaHi y poboti [2], mo-
carHyTi octaHHIM yacom [3, 4]. Hacammepen Oyio
CTBOpeHO (Di3M4Hy MOAENb AL EKCIEPUMEHTAIBHHUX
JOCHTIJKeHb TyCKOBHX sKkoctedl musens 4/ITHAL 3
3aKJIQICHOI0 B HEl MOXJIMBICTIO (OPCYBAHHS IIHOTO
neuryHa 10 90 kBrt. BoaHodac yMOBOIO CTBOPEHHS
TaKoi MoJieni OyJia MOXIIMBICT BUBUCHHSI MEXaHI3MY
BIIMBY Yacy MpPOTPiBY MOBITPsI KAMEPH 3TOPSHHS CBi-
YKOIO PO3KapIOBaHHS IEpe] IIyCKOM Ha poOounii npo-
Lec y IWIHAPI IBUTYHA. Bcei momepeaHi OCIiHpKeHHS
[2, 5] 3BomMIIHCS 1O BU3HAYEHHST MiHIMaJIbHO HEOOXIT-

A0 BHPpilLIEeHHA
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HOi TeMIlepaTypu HarpiBaHHS HAKOHEYHHKa CBIYKH
PO3KaprOBaHHS SIK JDKepena KaTali3aTOpHOTO 3aiMaH-
Hs MTaJINBa.

Puc. 2. Kamepa 3eopsanns ousens 4/[THA 3 suxpogoio
Kameporo

i xBa haxTOpH MO3BOIIIN OOpaTH y AKOCTI Oa3u
Uit (isuyHOT Mojelti Ha moyaTkoBuid auzens 4JITHA 3
BUXPOKaMEPHUM CyMilIOyTBOpeHHsM. Came HasiBHICTb
BUXpPOBOi KamepH (puc. 2) naja 3MOT'Y 3MEHIIUTH CTY-
miHb cTucHeHHs 3 18,5 mo mepcmektuBHux 17-17,5
OJIMHUII, SIKI 00TpyHTOBaHI pobdoTtamu [8, 9], Ta cTBO-
PUTH i1eanbHi YMOBH Ul MaKCUMaJIbHOTO 3POCTaHHS
TEMIIEpaTypy MOBITPSHOTO 3apsily HaBKOJO HAaKOHEY-
HUKa CBIYKH poO3KaproBaHHSA. HeoOximHO BimMiTHTH,
1110 CTBOPUTH PO3PAXYHKOBY MOJIETIb 3aiiMaHHSI ITaJINBa
O1sl CBIYKHM PO3XKApIOBAHHS 3 ypaxyBaHHSIM TemIiepa-
TYpH HarpiBaHHS HAKOHEYHHKA Ta 4acy MONEPEHBOTO
BMHKaHHS CBIYKHM Ha el 4ac HeMOoxnuBo. OKpiM TOTo
MOXIIMBO TUIBKH TPUITYCTHTH SIK B KiHI[l TAKTy CTHC-
HEHHA TPH 3MiHI 9acTOTH OOepTaHHS KOJIHYACTOTO
BaJIa y mporeci crpoOH X0JI0AHOTO IIyCKy HoBeze cede
TeMIiepaTypa B Kamepi 3rOpsiHHS 3 ypaxyBaHHSM I10O-
MePEAHBOTO MIAIrpiBY BiJ CBIYKH PO3KapIOBaHHS. Xa-

Tuek y BnycknoMy konektopi, klla

PaKTEpUCTHKA TAKOTO MiAIrpiBy Mepes Cpodoro MycKy
et 41THA npencrasiena Ha puc. 3.
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Puc. 3. 3uina memnepamypu y suxposii kamepi 320-
DAHHS CBIUKOI0 PO3HCAPIOBAHHS 8 3ATIeHCHOCTI 8i0 Ua-
¢y (noputenv 6 BMT)

[le omHiero mepeBaror CTBOPEHOI (Hi3HMIHOT MO-
JeTIl € BUKOPHUCTAHHS CHENiaIbHOTO €KCIIEPUMEHTAb-
HOTO MEXaHi3My, IO MOJKE 3MIHIOBAaTH KyT BHIIEpe-
JDKCHHS YNOPCKYBaHHS TNajdMBa B MeXax 25 rpan.
IL.K.B.

Bu3HauanpHOIO CKIIAOBOI0 HAYKOBO-TEXHIYHOTO
MiZXOMy 7O BHUPIIICHHS 3a7a4i XOJOTHOIO IYCKYy aB-
TOMOOUIBHOTO IN3elIsl € OCOONIUBICTD MOJIAHHS MOMEH-
Ty OIOPY JIBUTYHA Y SIKOCTI €KBiBaJIGHTHOTO HaBaHTa-
JKEHHsI Bijl BIUIUBY Ha OyIb-sK€ MOTOPHE Macjo HHU3b-
KOT TeMIepaTypH HaBKOJHMIIHBOTO cepepoBuiia. Ckia-
JHICTh BHUPIIICHHS Takoi 3aJadyi B YMOBax BaXKOTO
JOCTYITY JI0 CHCIaJbHUX KIIMAaTHYHUX KaMep MUITXOM
3MiHM HaBaHTakeHHs Ha KB 3a paXxyHOK KiHEMaTH4YHO
3'eqaanoro 3 KB Bama poropa 6amaHcupHOi MammHU
Yyepe3 KOpoOKy 3MiHM Tepenad BKe 3HAHIIIA CBOE Bi-
JIoOpakeHHs y TomiepeHii crarti aBTopi [3]. Cxema
MotopHoro creHay XHAJIY anms myckoBuX BHIIPOOY-
BaHb (izmyHOi Momenm "Crao0oXkaHCBKOTO au3ens”
HajJiaHa Ha puc. 4.
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Puc. 4. Bumipiosanvha cxema @izuunoi mooeni 00Caiodcents nycko8ux aKocmetl GimyusHIH020
asmomobinvhoco ouzens 4/JTHA

[igroryBaHHs HITMX MIECTH 3MiHHUX KOHTPOIBO-
BaHMX IAPaMETPiB BIUIMBY HA XOJIOJHHUN IYCK IW3EIs

Ta HEOOXiTHICTh MPOBEICHHS JIOCHUTH CKJIAIHOTO €KC-
MIEPUMEHTATBHO-PO3PAXYHKOBOTO IOCHTIKEHHS TPU3-
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BEJIM JIO 3MIHCHEHHS HACTYITHOTO KPOKY IOJO 3aCTO- 19 28 28 9,2 |224,1|1375,6 | 24,5
CyBaHHSI METOAY MaTEeMaTHUYHOrO IJIaHYBAHHS €KCIIe- 20 36 28 9,9 |233,8|1364,7| 25,5
pumenty y mochimxkenni /IB3, a came Bubopy Ta 00- 21 28 12 9,6 [228,1]|1358,9| 25,3
IPYHTYBaHHS MaTeMaTHYHOTO IUIaHy 6-TH (haKTOPHOTO 22 36 28 | 8,2 [231,5/1367,5| 24,3
EKCIIEPHMEHTY II0 JOCIHiMKEHHIO ITYCKOBHX SKOCTEH 23 28 12 | 9,2 [224,8[1374,4 24,4
BITYU3HAHOTO aBTOMOOiTBEHOrO ausens [4] i po3poO- 24 36 28 | 85 [231,4]1368,5] 24,7
JIEHHIO Ta NIPaKTUYHOMY BMKOPHCTAaHHIO Cllelliali3oBa- 25 28 28 | -0,7 [274,3]1371,1| 24,9
HOT'O NIPOrPaMHOI0 KOMILIEKCY "Appro- 26 35 28 | 0,2 [257.1|1344,4 25,0
ximation_LSM". 27 | 28 | 12 | 0.8 |277,4] 13631 24,9
IMixroroBka Ta 3anuc pauioHAJBLHOI0 MaTeMa- 28 35 12 | 00 |257.0]13460] 251
THYHOIO IJIAHY eKCIIePHMEHTY 29 28 28 | 94 |279.6|1384.7| 251
Ha BiaMiHy BiJ iCHYIOUMX, HOBHH NPOTrpaMHHIA 30 36 12 | 82 270813761 253
komrieke "Approximation LSM" mo3Boisie He TiTBKU 31 8 12 | 99 [2720]13874 253
0.6p06I/ITI/I. IUIAaHU EKCIIEPUMEHTIB Olnbine 4-x (l)aKTOj 0 36 12 | 93 [2700| 13546 24.8
piB, aie .1 JIO3BOJISIE 3aHOCI/I.TI/I y.nnaH. 00poOKH Taki 33 28 28 | 05 |2237(1176.2 | 445
(bakTH4HI 3Ha4YeHHS (aKTOPIB, SIK% HAaBiTh TEOPETUYHO 3 36 28 109 |23L8] 11753 451
HEMOXJIMBO BHUTPHMATH 3 TOYHICTIO MOMEPEIHHOTO 35 28 12 | 01 |224,7(1208.7] 451
HOPMYBAHHA. . 36 | 36 | 12 | -0,5 [229,1]1183,0| 44,8
ABTOpaM" HGBI[[?)MO.")KOI[HOFO NPUKIAAY 3amucy 37 28 28 | 81 |227.2| 11763 44.4
Ta MOJAJBLIOT peam3au'11 l'IJ'IaI'{y H.IeCTI/‘I(baKTopHOFO 38 36 28 | 8.1 [2255|1186,0 | 44.6
elfcnepnMeHTy l'.[pI/I BapuoBaH@ (1.).a1.<Top1B Ha TPHOX 39 o8 28 103 |2268]11672] 449
piBHAX vy ramysi MaH.II/IHO6y,Z[lB‘HOI imkenepil. Tomy 0 36 28 | 99 (231812033 443
HAOYHHIT anK.na):[ 3aIHCY BI/TMlpSIHI/IX Ta po3paxoBa- m >3 28 | 9.8 (282011908 44.9
HUX mapameTpiB (tabm.l), sxi O6e3mocepenHBO BH3HA-
Yal0Th SKICTh XOJIOJHOTO MYCKY aBTOMOOUILHOTO M- 42 36 28 86 |2745|1172,7] 44,5
3eJ1s, MIOBUHEH MaTh HeaOWsIKMI IPaKTUYHUI iHTepec. 43 28 12 | 82 |269,7] 11608 | 44,5
44 36 12 | 8,1 |269,2|1186,9 | 44,5
Tabmuus 1. [lnan-maTtpuns AiMCHUX MapamMeTpiB 45 28 28 86 |280,3)12053 | 448
XOJIOZHOTO MYCKY 46 36 28 | 9,0 |273,7|1192,3 | 45,0
Qu  |Oxsyn 47 28 28 | 9,5 |276,0|1198,1 | 44,7
N | rpan| e | My | T | T 48 | 36 | 28 | 95 |273.3] 11928 44,9
ILIL. C | xB K c ' ' ' '
[T | KB, 49 [ 28 | 28 | 91 [228,2|1352,4] 44,1
! 28 28 | 96 |2234)11846| 255 50 36 28 | 0,9 |232,0|1347,2| 44,1
2 | % |28 |88 |2324]11947) 247 51 | 28 | 28 | 05 |221,0|1349,1| 450
3 | 28 | 12 | 91 |2328]119%6] 24.9 52 | 36 | 12 | 0.2 221613563 | 453
4 | 36 | 12 | 84 |2203]12048) 24,8 53 | 28 | 12 | 04 [2305|1388,0 | 449
> 28 28 | 06 |222,4)1202,6| 24,9 54 36 28 | 9,8 |229,1|1373,7 | 44,6
6 36 28 | 09 232511711 | 24,6 55 28 28 | 9,1 |232,8|1375,1| 45,1
! 28 12 | 01 |226.1) 11837 254 56 36 28 | 9,7 |224,8|1351,7 | 44,2
8 36 12 | 06 |2314] 11968 252 57 34 12 | 8,3 |270,9|1262,9 | 45,4
9 | 28 | 28 | 87 |2722]11968] 243 58 | 28 | 12 | 88 |2703|1383,1| 448
10 36 28 | 85 |277,9|1171,9] 25,0 59 36 28 | 0.8 [2602|1348.7 | 453
11 28 12 | 9,9 |269,8|1167,6 | 25,1 50 58 28 | 02 [2740(1357.7 | 441
12 36 12 | 9,8 |276,1|1178,5| 25,2 6l 36 12 | 06 276913689 | 445
13 28 28 | 0,3 |275,8|1186,1| 25,2 2 58 12 | 01 |2695| 13408 | 44.7
14 ] 36 | 28 |00 278512028 24,2 63 | 36 | 28 | 10,0 [2715|1358,7 | 449
15 28 28 | 81 12795|1196.2| 247 64 28 28 | 8,6 |271,8|1343,0| 44,9
16 | 36 | 12 ] 05 |257,1) 11945 27,9 65 | 36 | 28 | 94 |2783|1386,8 450
17 28 12 | 0.9 |222,6|1348,8 | 26,5 66 T 12 [ 99 (263712773 | 35.1
18 36 28 | 8,6 |225,1|1350,0| 24,6
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3akinueHHs Tabmuui 1
67 36 28 8,6 |244,6|12829 | 34,8

68 36 28 | 8,4 |257,4|1155/4 | 35,3
69 32 12 | 8,4 |252,5|1282,1| 34,5
70 32 28 | -1,0 |257,4|12779| 34,9
71 32 28 | -0,8 |246,1|1254,7| 35,0
72 32 12 | 0,0 |223,8]1293,3 | 34,9
73 32 12 | -0,1 |272,4|1265,9 | 35,0
74 32 28 | 9,1 |2453|1190,8 | 35,1
75 32 12 | 8.9 |251,2|1389,2| 34,6
76 32 28 | 8,5 (252,8|1291,2| 24,7
7 32 28 | 9,3 (273,6|1184,6| 454

[lpn upoMy BHXIiIHI MOKa3HHKH SIKOCTI Tpouecy
MyCKy BJKe 3alpOIIOHOBaHI aBTOpaMHu y Jkepeni [4], a
3aMOpPYKOI0 3iHCHEHHsI HACTYIHOI YCHIIIHOI ONTUMI-
3anii € BUIIe3a3HaYeHUH PO3paxyHKOBHH anapar.

BucHoBknu

1. ChopMoBaHO LIJIKOM KOHKPETHHU pallioHa-
JBHUNA MaTeMaTHYHHU IUIAH MECTH(AKTOPHOTO eKCIie-
PUMEHTY JUIsl JOCIIJKEHHs MMyCKOBHX SIKOCTEH aBTO-
MOOLIBHOTO AU3ETI.

2. 3amporoHOBaHHN MaTEeMAaTHYHUH IUIAH Binpi-
3HSETHCS BiJl THX, IO BXKE 3aCTOCOBYIOTHCS y Tajy3i
MaIIMHOOYIIBHOI iH)KEHepii, CBO€0 OaratodakTopHic-
TIO Ta OJHOIUIAHOBUM 3allMCOM BHMIpPIOBAHHX 1 po3pa-
XYHKOBHX TIapaMeTpiB HACTYITHOI ONITUMI3aIlii.
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FORMATION OF THE MATHEMATICAL PLAN OF EXPERIMENT IN AUTOMOBILE DIESEL STARTING
QUALITIES RESEARCH

O.V. Grytsyuk, D.V. Levchenko

The article indicates a way to solve the problem of improving the starting qualities and reducing the smoke of domestic
gases of domestic diesel 4ADTNAL with direct fuel injection at low ambient temperatures by optimizing the parameters and ele-
ments of the starting system and idling by rational algorithms. To solve this problem, the need to conduct an experimental study
of the starting qualities of an automobile diesel engine and to form a mathematical plan of the experiment for the next calculation
study is substantiated. The basic provisions concerning the organization of multifactor experimental research of starting qualities
of the automobile diesel are covered. The description and data of the characteristic of the physical model previously created for
experimental research on the basis of the domestic automobile vortex chamber diesel ADTNA are made. The peculiarities and
advantages of the created physical model in relation to traditional solutions for research of starting qualities of automobile en-
gines, in particular in use of external loading for reproduction of influence on motor oil of low temperature in the conditions of
difficult access to climatic chambers are resulted. The choice of the vortex chamber sample of the physical model for conducting
research of start-up due to perspective, reduced by 1-1.5 units, degree of compression and possibility of qualitative research of
influence of pre-start heating of volume of the combustion chamber by a glow plug is substantiated. The actual values of the
values of the selected 6, the most influential on the start-up process, linearly independent factors during the experimental study in
accordance with the adopted plan with 77 test cold starts. It is noted that the actual result of the establishment of certain con-
trolled factors is random with a certain error at the boundaries of the exact value in accordance with the orthogonal plan of the
experiment. This variation of real values requires the use of a special mathematical apparatus implemented by the authors in the
software product Approximation_LSM, when analyzing the results of a 6-factor experimental study.

Key words: diesel engine start; multifactorial study; experiment, physical model; design of experiment.
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