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AHHOTauma. XapakTep TonnuBonogadu npefonpefernser rnokasaTenu, XxapakTepusyloLlMe KavyecTBO MpoTekaHus paboudero npouecca
B AM3enbHOM ABuraTene. B npouecce akcnnyaTaumn AM3erbHOMO ABUraTtensd UMeHT MeCTO CYLLIEeCTBEHHbIE PasnMuns MeXAy pearbHbIMU Xapak-
TEPUCTHKaMU TONMMBOMOZaun M onTUMarnbHbIiMK. Llenb nccrefoBaHsa — yCTaHOBMEHME ONTUMATIbHBIX NMapaMeTPOB, XapakTe pUsyoLnx Tonmu-
BoroJavy B MpoLecce aKcnnyaTauuy TOMMMBHONM annapaTypebl. [pouecc ontummUsauuy napamMeTpoB TOMMMBOMOAAYN U MokasaTternei paboyero
npouecca AM3EmNbHbIX ABUraTeneil ocyL|ecTBnaeTcA nyTemM MHOrohakToOpHOro MaTemMaTU4eckoro MoaennpoBaHns. MNpu onTuMUsaLMu Mcnonb-
30BaHa MeToAMKa MHOroaKTOpPHOro MaTeMaTU4eckoro MoJenMpoBaHusa Ha 6ase MeToda y3noBbIX ToueK. [MAPOAMHAMUYECKUIA pacdeT nogayn
TOMNUBa MO3BOSMUI BbIAENUTL DaKTopbl, ONpefenswLLMe XapakTepUcTKA NpoLecca BMpbICka M Ka4eCTBEHHbIE MoKa3aTenum, XxapakTepusyoLme
TeyeHune pabouero npolecca B AM3ernbHOM ABuUraTtene: Uuknosas nogaya tonnuea (LMT), gaBneHne Bnpbicka, yron sanasgbiBaHWs BrpbICKa,
ONWTENbHOCTE Brpbicka. [onyyYeHbl MHOrogakTopHble MaTemMaTUYeckMe MoAeny napamMeTpoB MoJayu TOMnuBa, peanusauusa KOTopbiX Mo3Bo-
nsaeT o6ocHoBaTb NapaMeTpbl CTEHAOBLIX (POPCYHOK WU TOMMMBOMNPOBOAALLEN CUCTEMBI, YCTAHOBUTL 3HAYEHUS SNEMEHTOB TOMMUBHOW CUCTEMbI
BbICOKOTO AaBrieHUs, KoTopble obecneyaT paBHOMEPHYIO LMKIOBYHO nodavy Tonnuea. 3HadeHWe 3KCTpeMyMa KpUTepUS onTuMmusaumm (UHAUKa-
TopHbI KIM) nMeeT MecTo npu yrne 3anasabiBaHus Bnpbicka 24,96...°, anutenbHocTu Bnipbicka 20...°, umkrosoli nogaye tornnusa 0,0507 r/umkn.
CnepoBarernbHo, yKasaHHble BeNUUYMHbLI MOXHO CYMTaTb ONTUMarbHbIMU NS AnsenbHoro asuratens 4411/12,5. B 3ToM criyyae MHAWKATOPHbLIMU
rnokasaTenamMu ykasaHHOro Ausens SBATCA: MHAMKaTopHas MowHocTb 17,41 kBT, MHAUKaTOPHLIA yaenbHBIN pacxos Tornuea 192,8 r/kBTy,
MakcumanbHoe gasrieHue rasos 0,8 MMMa. MapameTpbl ToNNMBOMNOAa4YN B OCHOBHOM OMPeAensArTCA TEXHUYECKUM COCTOSHUEM pacrbiinTens
hOPCYHKM U HarHeTaTeNbHOrO KnanaHa, a Takxe JaBreHueM BrpbICKUBaHWA U LMKITOBOW nodavei Tonnmea.
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Abstract. The nature of the fuel supply determines the indicators that characterize the quality of the diesel engine operation behaviour.
During diesel engine operation, there are significant differences between the actual fuel supply characteristics and the optimal ones. The purpose
of the study is to establish optimal parameters characterizing fuel supply during fuel equipment operation. The process of optimizing fuel supply
parameters and diesel engine operating parameters is carried out through multifactorial mathematical modeling. During optimization, the tech-
nigue of multifactorial mathematical modeling based on the nodal point method was used. The hydrodynamic calculation of the fuel supply made it
possible to identify the factors determining the characteristics of the injection process and the qualitative indicators characterizing the diesel engine
operation such as cyclic fuel supply (CFS), injection pressure, injection delay angle, injection duration. Multifactorial mathematical models of fuel
supply parameters have been obtained, the implementation of which makes it possible to justify the parameters of bench injectors and the fuel-line
system, to establish the values of the elements of the high-pressure fuel system, which will ensure uniform cyclic fuel supply. The extremum value
of the optimization criterion (indicated efficiency) occurs at an injection delay angle of 24.96...", an injection duration of 20...", and a cyclic fuel
supply of 0.0507 g/cycle. Therefore, these values can be considered optimal for a 4411/12.5 (four cylinder four-stroke cycle) diesel engine. In this
case, the indicator values of the specified diesel engine are as follows the indicator power is 17.41 kW, the indicator specific fuel consumption is
192.8 g/kWh, the maximum gas pressure is 0.8 MPa. The fuel supply parameters are mainly determined by the technical condition of the injector

atomizer and the fuel pump delivery valve, as well as the injection pressure and cyclic fuel supply.
Keywords: diesel engine, fuel equipment, fuel supply, optimization, fuel pump.
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BeegeHue. Xapaktep TONnMBONOAAYN NpPeao-
npeaenseT MOKa3aTenu, XapakTepusylolme Kade-
CTBO MpoTekaHus pabouero nmpouecca B LU3ENbHOM
asuraTene. Kak ussectHo, B npoLecce aKkcnnyaTaumm
JAW3ENbHOrO ABUraTens MMEKOT MECTO CYLLECTBEHHbIE
pasnuuus  Mexay peanbHbIMU XapakTepUCTUKaMM
TonnMBOMNoOAa4M u ontTumanbHbiMn [1; 2]. YkasaHHble
pa3nuuus BO3HMKAKOT BCNEACTBME TOrO, Hanpumep,
YTO W3MEHSAETCH TEXHUYECKOE COCTOSHUE 3neMeH-
TOB TOMJIMBHOW CUCTEMbI BbICOKOrO faBrneHus [3-5].
OTKNOHEHVE napaMeTpoB TOMMMBOMOZAYM OT yCTa-
HOBMEHHbIX ONTUMAanbHbIX 3HAYEHWIA, KOTOPOE UMEET
MECTO B 3KCMnyaTauuu, MOXET MPUBECTU K yXyhLue-
HUIO nokasatenen paboTbl gusens [6].

YBenuyeHne HeuaeHTUYHOCTU nojadn Tonnu-
Ba CeKUUsSIMWN TONNMBHOrO Hacoca YTH-5 6onee 8 %
OKa3bIBaET CyLUECTBEHHOE BMNUAHNE HA MOLLHOCTHbIE
N 3KOHOMWYECKME MokasaTenu paboTbl AuM3ens, Kak
Ha HOMMWHANbHOM peXume, Tak M Ha YaCTUYHbIX
Harpy3oudHbIX pexxumax [7-9].

YcTaHOBREHWe ONTMMAanbHbIX MapameTpoB, Xa-
pakTepusyoLWMX TONNMBOMNOAAYY B MPOLECCe 3KCMy-
aTaumm TONMUBHOW annapaTtypbl, — AOBOMbHO CHOX-
Has 3ajadya, 4YTO BbI3BAHO B3ANMOCBA3AHHOCTHIO
1 B3aMMOOOYCNOBNEHHOCTbIO YKa3aHHbIX napame-
TpoB. HEeMaAEeHTUYHOCTb Takux napameTpoB, Kak Lu-
KnoBad nojada, yron Hadana Brpbicka TOMMMBA,
XapaKkTEPUCTVKA BMpbICKA, — MPUYUHA Pa3fMYHOro
xapakTtepa npoTekaHusa pabo4yero npoyecca B HUX 1,
€CTECTBEHHO, pas3nuyus MHANKATOPHbIX NOKa3aTeneun
paboTbl An3enbHOro gsuratens. K npumepy, npu akc-
nnyatayumn gusenbHbIX ABUraTenemn, KoTopble op-
CMpPOBaHbl Mo KoathpuumeHTy n3bbiTka BO3ayXa, YKa-
3aHHOEe O0OCTOATENbCTBO ABMAETCA NPUUNHOWN YXYA-
LUEHUS TOMMUBHOW 3KOHOMUYHOCTU N MHTEHCUBHOIO
M3HOCa AeTanen YUNuUHAPO-NOPLUHEBON rpynnbl. Pa-
60Ta gBuratenen TPAKTOPOB Ha HEYCTaHOBUBLUMXCS
pexrmMax COMpOBOXAAETCH PALOM crneundudeckux
0CODEHHOCTEN, NPOSABRAIOWUXCA B CBOeobpasnm

Fiapshev A.G.,
supply parameters and operating process performance of diesel
DOI: 10.52463/2227-4227_2026_58_90_98. EDN: AHQPMU. (In Russ).

Shekikhacheva L.Z., Aphudov T.M. Optimization of fuel
engines // Vestnik Kurganskoj GSHA. 2026; (2-58): 90-98.
3aKOHOMepHOCTeI7I N3MEHEHUA OHepreTu4eCcKknx

n ap. napameTtpos. [py yCTaHOBUBLUMXCH pexuMax
HEPaBHOMEPHOCTb CpPeAHero WHAWKATOPHOro AaB-
MNeHusa No UanuHApam LBUTraTENS MOXET A0CTuraTtb
30 %, TOraa Kak B COOTBETCTBYIOLMX YCTAHOBUB-
wmnxes pexnmax oHa coctasnsaet 10 %. B peanbHbIx
YCNoBUSX 3KCAMyaTauuy neperpyska otaenbHbIX Ly-
NMHAPOB BEAET K CHUXEHUIO TONNUBHON 3KOHOMUWY-
HocTh Ha 19...15 %. OHa TaKkke Bbl3bIBAET BbICOKME
TEPMUYECKNE HArpy3ku U NPUBOAUT K YBEMUYEHUIO
AbIMHOCTU oTpaboTasLux ra3os gusens. [nga gsura-
Ternen co cBoBOAHBIM MYCKOM YMEHbLUEHNE BO3AYLL-
HOro 3apsja UMNUHAPOB B HEYCTAaHOBUBLLMXCH pe-
xumax coctaBnseT 8...12 %. [Npn 3TOM xapakTepHo
yBenuyeHne B 1,5...2 pasa HepaBHOMEPHOCTU pac-
npegeneHns sosayxa no yunuHapam [10-12].

Heobxogumo yunTbiBaTh, YTO, ONTUMUIMPYS
OJHV MapameTpbl TOMMMBOMOAAYM, 3a4acTylo yXya-
LIaoTCA gpyrue.

Haunbornbwee BnugHue Ha HecTabunbHOCTb
3 EKTUBHON MOLLUHOCTM AU3ENs OKasblBalOT TO-
NAYBHbIE HACOChl BbICOKOTO AasrieHus. OcobeHHo
HebnaronpusTHO CKa3blBAETCH MOBbILIEHHAA HEpaB-
HOMEPHOCTb LMKIMOBOW MOAaqn TOMNUBA MO CEKLUAM
TOMMMBHOIO Hacoca BbICOKOTO LABMEHUS HA MycKO-
BbIX Ka4ecTBax Au3ens. BennunHbl 4eNCTBUTENBHOTO
N TEeOMETPMYECKOr0 aKTUBHbBIX XOAOB MMyHXepa
B npouecce paboTbl TOMMMBHOIO HAacoca BbICOKOO
AaBrneHns oTnnyatoTea Apyr OT Apyra, Tak Kak re-
OMETPUYECKN AKTUBHBIN XOA ONPEAEnseTcs B Mpo-
Luecce nponuekMA Ha HepaboTtawowem Hacoce. Bax-
HO, YTO B pe3ynsTare ABWKEHUA MNyHXepa C Cy-
LLECTBEHHOW CKOPOCTbIO MpOLEecC CXaTus TOnnuBa
B HaAMMyH>XEPHOM MPOCTPAHCTBE HaYMHAETCH paHb-
e, YeM MIyHXEpP OCYLUECTBUT MEPEKPbITUE BMyCK-
HOro OTBEpPCTUSA BTYNKW. V3MEHeHue TexHW4ecKoro
COCTOSHUA 3MEMEHTOB JNUHWW HarHeTaHWs BeAET
K U3BMEHEHNIO KOMNMYeCTBa TONMMBA, KOTOpOe nojaeT-
cs popcyHkon. Takum o6pasom, ko3dpULNEHT No-
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Jaun No CeKUUsM XapakTepusyeT WAEHTUYHOCTb UX
paboTbl.

B peanbHbIX yCNOBUSX 3KCNnyaTauum neperpys-
Ka OTAEenbHbIX LMMUHAPOB BEAET K CHWKEHUIO TO-
NANBHON SKOHOMUMHOCTU Ha 19...15 %, yBenu4eHunto
AbIMHOCTM OTpaboTaBLunX rasoB. B momeHT poctu-
XEHNSA Nnka faBneHns cropaHus HabnogaeTcs CHU-
XeHne NpoM3BOAUTENbHOCTM MAacCMSHOr0 Hacoca Ha
23 %, HapyliaeTcs npouecc OTYMCTKM Macna LeH-
TpUYron 1 NOBLILLAETCH €ro 3arpA3HeHHOCTb Mpo-
JyKTamu n3Hoca.

Mpu  cobniogeHnn  yCnoBus  HEU3MEHHO-
CTM KOMMMEKTYIOLWMUX 3SMEMEHTOB BenuMYMHa Lu-
KNOBOW nojayn TOMMMBA SBMAETCH ONpPeaensio-
Wen Ans BCEX OCTanbHbIX NapaMmeTpoB npouec-
ca BNpbiCKa, SBMNSAIOWNXCA €€ NPOU3BOAHbIMU.
[ns GonblMHCTBA AM3enen UMKnoBas nogada To-
nnMBa Ha pexumax XOrnoAHOro nycka COCTaBnAET
100...150 mr/uukn Ha nutp pabodvero obvema Uu-
nuHapa. B HeycTaHOBUBLUMXCA pexumax ABuUraTens
M3MEHAIOTCA A03MPOBKa U asbl TONNMUBOOTAAYN:
B HEKOTOPbIX U3 HUX YMEHbLUEHNE LUKNOBOW NOAAYM
Tonnuea coctaenset 20...40 %.

Ha nokasatenu paboTbl Au3ens B HEYCTaHOBUB-
LNXCA pPexXMMax CYLLEeCTBEHHO BIuMsIeT BbICTPOLEN-
CTBUE perynsTopa, yBenm4eHmne KOToporo yny4dlaet
AVHaMUKy ABuratens. YBenn4eHmem LMKNOBOW Mo-
Jaun Tonnuea MoxHo obecneunTb cokpalleHne Bpe-
ms nycka [13; 14].

Takum obpasom, ans Toro 4ytobbl obecneunTb
KaueCTBEHHbIN MpoLEeCcC CropaHvus TOMNMBa, Nepea
TOMMMBHOW CUCTEMOW AW3ENbHOr0 ABUraTens CTOUT
3agada obecneyeHns rapaHTUPOBAHHOMO BMPbICKW-
BaHUS [L03MPOBAHHOM LWKMNOBOW Mojayn TOMNnmBea
C y4eTOM 33ajaHHbIX ha3 1 XapakTePUCTUK BNPbICKA,
yTo ByneT GnaronpusaTHO CKasbiBaTbCA Ha mnpouecce
CropaHns Tonnuea Ha nobbIX peXxumax 3Kkchnyarta-
LN AM3EnbHOro ABuraTens.

Kak yBennyeHue, Tak U yMeHbLUeHne yrna one-
PEXEHNS BMNPbICKABAHUSA TOMNNMBA OT ONTUMAMbHOIO
€ro 3Ha4YeHuNs yBenMUMBAET MPOAOIKATENBHOCTb Ny-
cka ansend. OfgHaKo yMeHbLUEHNE yrra onepexeHns
BNPbICKMBAHWSA, MO CPABHEHUIO C ONTUMArbHbIM, YBe-
NMYUBAET BpeMmsi nycka 6oree pesko, UTo 00bACHSAET-
€A BOCMMaMeHeHNeM TOMMMBA HA TaKTe pacLUMpPEHMS.

OTKNOHEHWS NapameTpoB TOMMMBONOAAYM OT UX
ONTUMAanbHbIX 3HAYEHWUIA B CBA3W C U3HOCOM NpeLu-
3UOHHbIX 3MEMEHTOB TOMMMUBHOMO HAacoCa BbICOKO-
ro AaBneHNs OKa3blBAlOT CyLLECTBEHHOE BhUAHWE
Ha MOLLUHOCTHbIE W 3KOHOMWYECKWE MOKa3aTenm
Aunsens.

YuutblBag M3NOXEHHOE, ONTMMU3auMsa XapakTe-
PUCTMK TOMMMBONOAAYM AU3ENbHBIX ABUraTtenen sie-
NSIETCS akTyanbHON NpoBnemoi.

Llenb uccneaoBaHua —  yCTaHOBMEHUE OMNTU-
ManbHbIX NAPaMeTPOB, XapakTepPuUsyoLux TONMMBo-
nogady B npouecce akcnnyaTaymy TONMMBHOM anna-
paTypbl.

MaTepuanbl u metoabl. [pouecc onTumusayum
napameTpoB TONMMBONOLAYN U NoKasaTenen padode-
ro npouecca Au3enbHbIX gBUraTenein ocyLecTBnaeT-
CA MyTEM MHOrOaKTOPHOro MaTeMaTU4ECKOro Mo-
aenuposanua [15-17]. MNpu onTuMmnsaymm NCnonb3o-
BaHa METOAMKA MHOrOPaKTOPHOr0 MaTemMaTnyeCcKoro
MOAenupoBaHns Ha Oase MeToAa Y3rOBbIX TOYEK.
MonvHOMMHAanNbHBIE MOAENW MO3BOMSIOT UMUTUPO-
BaTb npouecc paboTbl TONMMBHOMO HACOCA BbICOKOTO
JaBneHus.

Pe3ynbraTtbl MccnegoBaHMM M ux obeyxae-
Hue. MHOrohakTopHyl0 MaTemaTU4ecKyld MOAENb
C YY4ETOM METOAA Y3MOBbIX TOYEK MOXHO 3anucaTb
cneayowum obpasom:

1 n
Y=— xTTf(X)
(Yo" 1_1[ )

roe Y — napameTp nogaqv Tonnvea;

Y ,— napameTp noAauu TONnMBa B y3noBON TOUKE;

N — KONU4YecTBO HaKTOPOB;

f(X.) — oaHobakTOpHas 3aBMCMMOCT.

MMAPOAMHAMWUYECKUIA pPacYeT Mojauu Tonnvea
MO3BONUM BbIAENWUTL (DAKTOPbI, ONPEAEnsioWNe Xa-
PaKTEPUCTUKM MpOLIECCa BMPbICKA UM KaYECTBEHHbIE

nokasaTenu, xapakTepusylLwme TeueHue paGouero
npouecca B AW3ENbHOM ABUraTene: LMKnosas no-

Aaya Tonnuea (g ), AaBneHue Brpbicka (PB), yron
3anasgbiBaHusa Brpbicka (Pz), ANUTENBHOCTL BMNPbI-

cka ((Pp). Takxe yCTaHOBMEHO, YTO UAEHTUYHOCTb
IMAPaBMUYMECKNX  XApPaKTEPUCTVMK  OMpeaenseTcs

B OCHOBHOM 3a30pamMu B MIYHXEpPHOW nape (5p)
M No pasrpyxaloLlemy NosiCKy HarHeTaTenbHoro Kna-

naHa (5K), 3P PEKTUBHBIM MPOXOAHbIM CEYEHNEM
TONNMBOMPOBOAA BblCOKOro AasneHus ( W.f; ), ad-
hEKTNBHBIM MPOXOAHBIM CEYEHUEM pacChbINUTENS

dopeyHkm (Hpfp).
M3BecTHO, 4TO xapakTepucTuka snpbicka (XB)
1 Ka4eCTBO pacnbifa TONNMBA ONPefensAlTCS LMKIO-

BOM Nojaqen, AaBNEHNEM U ANUTENBbHOCTBIO BMPbICKA
Tonnuea [18-20].

Ha pucyHke npuBeseHa cxema OPUEHTUPOBAH-
HOro rpacha, KOTOPbIA XapakTepusyeT paspaboTaH-
Hble MHOrobakTOpHble MaTeMaTU4ecKme MOAEN!,
YUUTbIBAIOLWME BrUSHUE BbigENEHHbIX (PaKTOPOB.
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PucyHok — Cxema opueHTUpoBaHHoro rpada
Figure — Diagram of a directed graph

Ha ocHoBaHuu BbipaxkeHUa (1) 1 NPUHATOro opu-
E€HTMPOBAHHOIO rpadpa Nony4nm:

9 =@(esp)gc<5K>gc<quT)gC<upfp>gC; @

Pp = ((i?(SP)(pP(SK)(pP(MTfT)(pP(MPfP)(pP; )

Pg = (éf (6P )PB (6K )PB (MTfT )PB (prp )PB; )

1

¢z = ((P—zof (6P )(Pz (6K )(Pz (HTfT )(Pz (HPfP )(Pz: (5)

e 9c,»Pp,,Ps,, Pz, — napametpbl nogaumn To-

NnnBa B Y310BOW TOYKE;

(8P )gc’ (8K )gc’ (HTfT )gc’ (HPfP )gc’
(6P )(PP: (6K )(PP ; (“TfT )(PP: (MPfP )(Pp,
(6P )PB’ (6K )PB’ (“TfT )PB’ (“pr )PB:

(SP)(pZ’(SK)(pZ’(MTfT)(pZ’(MPfP)(pZ — chyHKUMM hak-
TOPOB, OKa3blBalOWMX BANSHWE Ha BenuuuHbl LT,
NPOAOIKUTENBHOCTW, AABNEHWSA W yrna 3anasjbliBa-
HWS BNpbICKa TONMMBA.

Annpokcumauns oaHOMaKTOPHbIX 3aBUCMMOCTEN
napameTpoB Mojaqun TOMMNMBa OT Nokasarenen, onpe-
JensALWwmnx TeEXHNYECKOe COCTOSHWE TOMMUBHOW Cu-
CTEMbl BbICOKOrO JaBMneHus, NpousBeeHa ¢ Ncnosb-
30BaHVEM CreayoLnX YpaBHEHNI:

0p = 8514 +0,0865,
0, =10,223 +0,0000345 7% |

9c = 77,405 —0,5315, ! 6)
P, =24,979 - 05355,

0p = 11882 — 0,2845,
0, = 10,284 +10,56€°%%x |
9. = 770,607 +0,3075,
P, =19,205 + 02585,

(7)

op =12,582 — 3,786 f;
¢, = const

gc = 71,959 + 2607 pu.f;
Py =33,293 —-122,143,f;

Pp = 12,098 — 6,964 1,1,
(¢, = 10,139 +692 552¢ 22702

9o = —10582,544 +1065(1— g) 26447k |
P, = 29,629 — 17,4291,

©)

B pesynbTaTe COBMECTHOrO peLLEHNs ypaBHEHUN
(6-9) n (2-5) nony4yeHbl HWKECNeAYyOWNE MaTemaTu-
yeckue mogenu (ana YTH-5):

ds = L(77,4o5 ~0,5315, )(70,607 +0,3755, ) x

(75)

—26,447u0f; (1 )
% (71959 + 2607 ., )(- 10582 544 + 10651 — e 20447% )

0 = i(8,514 +0,08695,, )(11,862 — 0,2845, )

(9

(1
x (12,582 — 3,786, f, (12,098 — 6,964 11,f. )

Py = L(24,979 ~0,5353,)(19,205 +0,2583, )

(22) (12)

x (33,293582 — 122,143 1. f; J(29,629 — 17,4291, ),

1
®2 " o5y

«(10510,139 +692,552¢ 227°2++ )

(10,223 +0,000034 6°¢7" {10,284 +10,566%°% )
(13)

PacueTbl nokasbiBalOT, 4YTO C yBENUYEHNEM

upfp ¢ 0,33 go 0,6 mm? ynknoBsas nogadya Tonnmea
Bo3pacTaeT Ha 2,0 mm¥/uyukn (Ha 2,7 %). Lmknoeas
nojgaya TOMfMBa BO3PACTAET 4O KPUTUMECKOrO 3Ha-

f,

uetms MP'P 1 B panbHeiwem pocT cyliecTBeH-
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HO HE€ CKa3blBae€TCA Ha €€ 3HavYeHWW. KpI/ITVNeCKOG

f

P onpeaenseTcd COOTHOLUEHUEM g,

fo CTEHA0BON hOpPCYH-

sHauerne Mp
n Mefe  yuuteisas sto, Me
Kn ans mnecnegosaHHon TA paBHa 0,4510,02 mm?,
a pf; =095+005 mm2 Cneayer oTmeTuTb, uTO
Npv 3TOM U3MEHEHUE XapaKTEPUCTUK TONMNMBONOa4m

gCO’(pPO’PBO’(pZOC N3MEHEHNEM Hpfp n Hrfr 6yaeT
HaVMEHbLLM.

C yBenuueHWem 3asopa Mo  pasrpyxaro-
LemMy MOACKY HarHeTatenoHoro knanaHa ¢ 4,0
Ao 10 MKM umknoBas nojada TOMNnMBa YyBENUYW-
BaeTcs Ha 3,0 mm® uukn (Ha 4%). OgHako yBenu4eHme

LMKNOBOW Mogauyn TonnuMBa OT YBENUYEHUS SK He
PaBHOLIEHHO YBEMMYEHUIO LMKMOBOI NoAaqun TonnmBea

f

oT yeennuenus He'e BBuay yeenuuenus paenenus

Brpbicka Ha 11,1 % (B nepBOM crny4vae) N yMeHbLUEHWSA
Ha 8,18% (Bo BTOpOM criydae). COOTBETCTBEHHO, MME-

€T MECTO YMEHbLUEHWNE NPOAOIDKNTENBbHOCTI BNPbICKA

Pp Ha 1,8..° (Ha 20 %) n Ha 1...° (Ha 9 %).

Mpu nogbope ¢OPCYHOK U TOMMMBOMPOBOAOB
Mo TakoMy KPUTEPUIO, Kak NPOnyckHas CnocoBHOCTb,
yKka3aHHble 06CTOATENLCTBA OOLIMHO HE YYMTLIBAIOT-
CA, CreiCTBUEM YEro SBNAETCH HEPaBHOMEPHOCTb
no Pp n PB NPV MAEHTUYHOCTY 3HAYEHNIA LUKINOBOW
noAaqu TONMMBa No CEKUUAM TOMMMBHOMO HAacoCa Bbl-
COKOro JaBMneHUs W KOMMMeKTam TONMMBHOW annapa-
Typbl. B KOHEYHOM UTOre paboumnin Npouece B pasnuy-
HbIX LUUNUHAPAaxX AU3ENbHOro ABuUratens npoTekaeT
HE MAEHTUYHO.

Micnonb3ysa nony4YeHHble MHOroakTopHble ma-
TemaTunyeckne MOoAenv napameTpoB MOAaqn Tonnu-
Ba (10)—(13), BO3MOXHO 000OCHOBaHME MapamMeTpoB
CTEHA,0BbIX (POPCYHOK 1 TOMMMBONPOBOASLLEN CUCTE-
Mbl, YCTAHOBMEHWNE 3HAYEHMWIA SMEMEHTOB TOMMNBHOMN
CMCTEMbl BbICOKOTO AaBMEHWUs, koTopble obecnedar
%aBHOM(ngyro LUMKMOBYIO nojadvy TOMnuMea C ydeTom

p: B Wz

B pesynbrate onTumusauum uenesble yHKUMN
Nony4YeHbl B BUAE YPABHEHWSA perpeccum:

Y =B, +B,X, +B,X, +B,X,, oiy

rae Y — nccneayemblin nokasaTens;
XXy Xg = hakTopbl;

B,.B,,B,,B; —koadduumnenTsl perpeccum.

[nsa pasnuuHbix nokasarenein paboTbl AN3ENbHO-
ro apuratens ypasHeHue (14) sanuwyTcs B BUAE:
- UHAMKaTOpHbIA KI4:
n; = 0,593 + 0,000438 ¢, —0,00263 ¢, —2,2269.; (15)
- UIHAWKaTOPHbIN YAEnbHBIN pacxos Tonnmea:
g, =114,89-0,223¢, +134¢p +1116,76g,; (16)
- MIHAVKATOPHasA MOLLHOCTb:
N, =8,33+0,019¢, —0,12¢p +216,92g,; A7)
- MakcMmanbHoe AaBreHne ra3os:
P, =3,078 + 0,116¢p, — 0,0428 ¢, + 37,9889c; (18)

- XXeCTKOCTb paGOTbI AN3ENbHOro gpuratens:

i—P =0,227 + 0,0198 ¢, — 0,000285 ¢, + 8,032g.; (19)
(04

- CpedHee WHAMKATOPHOE naBrneHue pabouero
uukna:

P, = 0,386 + 0,00813 ¢, — 0,00556 g, +9,939¢c; (20)
- MakcumarnbHasl Temneparypa rasos:

T, = 31413,208 + 65319, — 22,8440, +111417 683g,. (21)

MHpukaTopHbii KMNO M; an3ens — 3To MHTerpanb-
HbIl KPUTEPUIA SMEKTUBHOCTM TEMNMNOBLIAENEHNS,
KOTOPbIN 3aBWCWT OT MapamMeTpoB TOMMMBOMOAAYN.
YunTbiBasi 3TO, AAHHbIA NOKa3aTenb MPUHAT B Kade-
CTBE KPUTEPUS ONTUMU3ALINN.

C ncnonb3oBaHneM ypaBHeHuiA (15-21) paccum-
TaHbl MHAMKATOPHbIE nokasatenu amsena 4411/12,5.
Pacuetbl nokasanu, 4to Ha 3HadeHue T, oOKasbl-
BAOT 3aMETHOE BINUSIHNE BENUYMHA W  ANUTENb-
HOCTb MOAaun TOMMMBA, OMPEeLENsIOWNX BMECTe
CO 3Ha4YeHMeM YyIma Hadana BhpbiCka TOMNMBA Ka-

YECTBEHHbIE rMokasaTenu TennosbigeneHus. [pu
YBENUYEHUN UMKNOBOW nogadym Tonnmea ot 0,05

po 0,065
0,438 500,400, T.€.Ha 0,038 (Ha 8,68 %). Mpwn yBenu-
yeHnn Pp ¢20 40 28...° umeeT MeCTo yMmeHbLueHne 1
¢ 0,400 po 0,382, 7. e. Ha 0,018 (Ha 4,5 %). MNpun oT-

knoHeHnn (Pp OT nepsoHavanbHOro 3HayeHus 26...°

r/UMKN  NpoOMCXOAUT YMeHbLueHne T

Ha + 4,0..° yCTaHOBNEHO YMEHbLUEHUE BIUSHWS

Ha M. Mpu 9c =005 riymkn n QPp = 20..° Be-
OTKMNOHEHUs M paBHOM
0,001...0,002 (0,25...0,50 %), a npn q_=0,068 r/yukn
n Pp=20..°-0,001 (0,25 %) [21]. B cnyuae, koraa

OAHOBPEMEHHO YBENMUYMBAIOTCA NPO4OIMKUTENBbHOCTD

nMynHa oKasanacb
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Bnpbicka 1 Pp , yCTAHOBNEHO HE3HAYUTEMbHOE W3-
meHeHne N; (Ha 0,002 unu Ha 0,5 %).

OTtnnumne 3HadeHns M;, yCTaHOBMEHHbIX C WC-
Nnonb30BaHNEM NpegnaraemMblX MOAENEN M pacyeT-
HbiM nNyTem, Ana amsenbHoro asuratens 4411/12,5
coctasuno 0,5%, 4yTo noaTBEpXAAET aLeKBaTHOCTb
pa3paboTaHHbIX MO Eenen.

Mouck  akcTpemyma LeneBoun

DyHKLMM
" :f((pp’(pz’gC) rnokasan, uYTto 3HayeHue 9KCTpe-

myma (1; = 0,440) nmeet mecto npn Pz = 24,96..°,

Pp =20.°, g, = 0,0507 r/ymkn. CneposatenbHo,
YKa3aHHble BEMUYNHBI MOXKHO CUYWUTaTb OMTMMAarbHbI-
MU ansa amsenbHoro asuratens 4411/12,5. B atom
crny4yae VHAMKATOPHbIMW MOKa3aTeNsiMn yKasaHHOro
Ansens senatorcs: N, = 17,41 kBT, .= 192,8 r/kBT-y,
PZ = 0,8 MMNa.

3akntoueHue. C nCnonb3oBaHWEM MOMYYEHHbIX
MHOTOaKTOPHBIX MaTeEMaTUYECKMX MOAENen napa-
METPOB TOMMMBOMOAAYM BO3MOXHO 0OOCHOBaHME
napamMmeTpoB CTEHAOBbLIX (DOPCYHOK U TOMNMBOMNPOBO-
[OB, YCTAHOBIEHNE 3HAYEHWUI 3NEMEHTOB TOMNMBHOWN
CUCTEMbl BbICOKOrO LaBneHusi, KoTopble obecnevar
paBHOMEPHYIO LMKMOBYIO Mojady TOMNUBA C YYETOM
(pP’PB’(pZ_

YCTaHOBNEHO, YTO 3HaJeHMEe 3KCTpemyma Kpu-
Tepus ontumusauun (uHaunkatopHbin Krmn) ans aw-
3enbHoro apuratena 4411/12,5 umeer mecto npwu
yrne 3anasabiBaHust Brpbicka 24,96...° pnutens-
HocTu Bnpbicka 20...° UMKNOBOW MNojadye TOMNMBA
0,0507 r/umkn. MNpu 3TOM WMHAMKATOPHAA MOLLHOCTb
yKkasaHHoro asuratens 17,41 kBT, WHAWKATOPHbLIN
yaenbHbld pacxod TonnueBa 192,8 r/kBtu, makcu-
mManbHoe aasneHune rasoe 0,8 Mla.

PesyneTaThl MccnenoBaHns NOKa3sbIBaIoT, YTO Ma-
pameTpbl TONNMBOMNOAAYN B OCHOBHOM OMpPeAEnsioT-
CSl TEXHUYECKUM COCTOSTHUEM pacnbinuTens popcyH-
KM N HarHeTaTenbHOro KrnanaHa, a TakKke AaBreHnem
BMPbICKMBAHWSA U LUKIOBOW Nojaqven Tonnmea.
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