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Abstract

To describe the kinetic curves of thermo-oxidation failure, the differential equations of fractional order with
the right-hand side, depending on the order of oxidation reaction, are proposed. It is shown that thermal oxidation
destruction is possible only in the case of the fractal structure of the polymer. For the kinetic curves such as auto-
slow as well as auto-accelerated type, the order of derivate in equation is coincide with the fraction of conserved part
of the macromolecular polymer coil.
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Xiilasa
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AHHOTAIUSA

s onmMcaHMsT KHHETHYECKAX KPUBBIX TEPMOOKHCIUTEIBHON NECTPYKINH MpeIokeHs! nuddepennansHbe
ypaBHCHHS JAPOOHOTO MOPsIKA C MPAaBOM YaCThIO, 3aBUCAIICH OT MOPSIKA OKUCIUTENbHON peakimu. [loka3aHo, 9TO
TEPMOOKHCIIUTENBHAS JCCTPYKIUSI BO3MOXHA TOJBKO B Ciiydae (hpaKkTaabHOM CTPYKTYpHI monumepa. [l kuHeTnde-
CKHMX KPUBBIX KaK aBT03aMEJIEHHOT0, TaK M aBTOYCKOPEHHOTO THUIA MOPSA0K MPOU3BOJAHON B YpaBHEHUU COBMAAAET
C JIoJIel COXPaHSIOUICHCS YaCTH MaKPOMOJICKYJIIPHOTO KITyOKa ToIuMepa.

KaioueBble cioBa:  (hpakrasibHasi pa3MEpHOCTH IOJIMMEPA, TEPMOOKUCIIMTENbHAS JIECTPYKIHS MOJIUMepa, 00beM
PEaKIMOHHOM CHCTEMBI, CIIOCO0 MOIMKOH/ICHCAINH, TTOPSIIOK OKHCIUTENBHOM PEaKIuy, aBTo-
3aMeUICHHBIH M aBTOYCKOPCHHBIH THIT PEaKIMH, KPUTHUECKOE 3HaYCHUE (paKTaIbHOU pas-
MEpPHOCTH ITOJIUMEPA.
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BBenenue

B paGorax [1, 2] ans onucaHusi KHHETH-
KM TEPMOOKHUCIUTENLHON NEeCTPYKLHMH TOJH-
MEpOB B aBTO3aMEIJICHHOM DPEKHMME HCIIOJNb-
3yercsa  mpocrteimee  auddepeHnraibHoe
ypaBHEHHE JPOOHOTO MOpSIKA, SBISIOIIEECs
aHaJIOTOM OIHUCAHUS Mpollecca aHHUTHISLUU
MO3UTPOHOB [2], UTO MO3BOJIMIIO BBECTU MPUH-
[UITUATBHO HOBBIM TOCTYNIAT: OKHCICHUIO
MOABEPraeTcs TOJIBKO 4YacTh MOJHUMEPHOTO
KIyOKa, OmpenenseMoro ero (paxraabHOU

CTPYKTYPOH.

Hear padoTbl — onucarh anmapar
npoOHOTO HMHTErpo-TudPepeHpoBaHnsl B
IIPUMEHEHUHU K IPOLECCY TEPMOOKHUCIUTEIb-
HOU ACCTPYKIHU MMOJIUMCPOB U IMOJTYYUTHb YUC-
JIEHHOE pEIICHUE YpaBHEHUS (PpaKTaIbHOMI
KHHETUKH MPOIecca TEPMOOKUCIICHUS aBTO3a-
MEJIEHHOTO THUIIA.

1. IlIpocreiimmue g depeHnuaIbHbIE
YPaBHeHHs1 JPOOHOr0 MOPSIAKA AJs ONuca-
HUSlT TEPMOOKHUCJIUTEIBHON JeCTPyKIUH
NMOJIMMEPOB

Cy1iecTByeT HECKOJIbKO OCHOBHBIX TH-
IMOB KMHCTUYCCKUX KPUBBIX «KOJIHUYCCTBO IIO-

TJIOMICHHOTO KHCJIOPOaa — BPEMs» NO2 (t) B

nporecce TEPMOOKHCIUTEIbHON JeCTPYKIHUU
IIOJINMEPOB.

PaccmoTpuM KpuBBIE C aBTO3aMEIJIEHU-
€M, UCIIOJIb3Ysl TEOPETUUECKYIO TPAKTOBKY KH-

HETHYECKUX KPUBBIX N, (f), OCHOBaHHYIO Ha

KoHIenuu (pakrana. KpuBbie yka3aHHOTO
TUIla, rac Ha6JHOI[aeTC$I CHHXXCHUC CKOpOCTPI
mpolecca Co BpeMEHEM €ro MPOTeKaHUs, IIH-
POKO pacrpoCTpaHEHHI B (U3HKE U XUMUU TI0-
J'II/IMepOB 1 HC TOJIBKO HOHI/IMepOB. K TAaKOBBIM
CJIEIyeT OTHECTH KPHBBIC COPOIIMH, aHHUTH-
JSIUU  TIO3UTPOHOB, KPHUBBIC «HAIMPSIKCHHUC-
nedopmarus» u T.4. [3]. Cam daxT 3aBUCHMO-

CTH CKOPOCTH TpoIecca OT BPEMEHH MPEAro-
naraet (paKkTaTbHOCTh CPEJbI, B KOTOPOU 3TOT
npouecc mnporekaer [4]. DTO AaeT BO3MOXK-
HOCTh CYHMTaTh, YTO NPUYMHOW 3aMeJICHUS
MOTJIONICHHST KUCJIOpOAa CO BpPEMEHEM IS

KUHETHYECKUX KpuBbiX N, (f) aBrosamern-
JICHHOTO THIA SBJISETCS (PaKTaIbHOCTh Cpe-
IIbI, B KOTOPOM MPOTEKAET TEPMOOKHCIUTEIb-

Hasl 1ECTPYKIIHSL.
VYpaBHeHne (PppakTaIbHOW KMHETHKHU JJIS

onucanust KpuBoi N, (¢) 11 TepMOOKHCIH-

TEIbHOMN ACCTPYKIIMU ITOJIMMECpa HUMCCT BH/,

rIe Ng’z - KOJIMYECTBO KHCIIOPOJa, HEOOXO0IU-

MO€ ISl OKUCIIEHHsSI BCeX anu(aTudeckux u
apOMAaTHYECKUX I'PYIII TOJIMMEPOB:

= ka[N&, — No, 0], (1)

MOPSIIOK peakiuu 7 CBsi3aH ¢ 3¢ (HEKTUBHON
CIIEKTPATLHON Pa3MEpPHOCTHIO d'y ypaBHEHHEM

n=1+= )

S

dNo, (t)
dt

U BBIpaXKaeTcs depe3 (pakTalbHYIO pa3Mep-

HOCTb MaKpOMOJIEKYJIAPHOTO KiyOKa A, ¢ 1mo-

MOIIIBXO COOTHOLICHUS

a+2

n=1+2Af_d

)

rae d — eBKIHJ0BA Pa3MEPHOCTh MPOCTPaH-
CTBa, B KOTOPOM HaXOAHUTCS OOBEKT.
VYpaBuenue (1) nocie 3aMeHbI

]\702 ()= (Ng; -N,, (t))in 1781171
Ny =N, (1)= (NOZ (t))_l/n IPUBOIUTCS K He-

nuHerHOMY nuddepeHITnaTbHOMY YPaBHEHHIO

—dN;;(” SARAGI )

riue l€d=n-kd, n=1/n.
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VYpasHenne (4) mocie BBeAEHUS APOO-
HOTO mokazarens vy (0<v,<1), onpenenseMoro
hopmyroit
Vg = Af - (d-1) (5)
OpUBOAUTCS K Au(QepeHInaIbHOMy ypaBHe-
HUIO TPOOHOTO MOPSIKA

()DI‘V(,NOQ (t) = igd I:N()z (t)]ﬁ

(6)

rne oD’ — npoOHas mpomsBojHas Pumana-
JInyBumnns [4]:
1 d N, (8)ds
r(1-v,)de?o (t=&)v,
rae ['(-) — ramma-dyHnkius Ditnepa.
[Ipexme uYem wuccieoBaTh ypaBHEHHE
(6), oTMeTHM, YTO JUIsI TEOPETUUYECKOTO OIH-

0D“d]\702 (1)=

CaHMs KHHETUKH OKUCIICHUS aBTO3aMeIJICHHO-
ro TUMNa B paMKax Teopuu ApodHoro nudde-
PEHIIMPOBAHUS, IO AHAJOTUU C MPOIECCOM
AHHUTUJISIUN TIO3UTPOHOB BO (PpakTambHBIX
cpenax [5], B padote [2] ObUTO MCIOIB30BAHO
clieyrollee ypaBHEHHUE:

— nNO 1%
No,(t) = No, - [1 = E, ,(=t"4)], (7
rae Ngz— HCXOJHOE COJIepiKaHue KUCIOPOJa,

U,

E, (—t"")— knaccuyeckas QpyHkuus Murrar-

Jleddnepa, koTopas UMeeT ciemyroliee pas-

JIO)KEHUE B CTEIIEHHOM Pl
[ee]

Fa@i=) ®)

rae C — MHOXXECTBO KOMIUIEKCHBIX uncen; ['(z)

Zn

—, a>0, z€(
-0 I'(an+1)

— ramma-QyHKIus Disepa; vy — ApoOHBIN TO-
Kazaresb, onpeaensiemMbiid popmynoit (5).

JlanuM KpaTKoe TMOsICHEHHE K JI0Ka3a-
TeNnbCTBY GopMyIsl (7).

JIJ1sl IIIOTHOCTH TIO3UTPOHOB 71(¢), Ompe-
JIeTICHHON Ha KAaHTOPOBOM MHOXECTBE, MOKHO
3anucath JuQQepeHIraIbHoe ypaBHEHUE C
nokaszaresieM JpoOHOM MPOu3BOAHOM Vv, O0<v<I.

0Dfn(t)+n(l)=0 ©)

10

IIpu v=1 (motHas cpena) moiydaercs
M3BECTHOE ypaBHEHHE pacmnaaa. Bce Benuuu-

HbI B ypaBHeHuH (9) 6e3paszmepusle, D, — 310
npoOHas mpousBoaHast Pumana-JInyBus [3]:
d J-t n(&)dé
arh (1=

JpobHasi Tpou3BOJHAS OTpa)kaeT TOT

, 1
oDin(1)= r(i-v)

dakT, 9T0 M3-3a (PpaKTAITBHOCTU CPEIbI TPO-
[[ECC AHHUTWISLIMU UIET MeIJIEHHee MepBOi
MIPOU3BOJHOM. DKCIIEPUMEHTAIBHO HaOJI0/1a-
€MOI B JIaHHOM Ccllydae SIBJIIETCS BeJIMYMHA
N(t), KoTopasi cBsi3aHa MPOCTHIM COOTHOIIIECHU-
€M C IJIOTHOCThIO (KOHUEHTpAaIMeil) To3UuTpo-
HOB n(t):

N(t)=, D"'n(¢) (10)

B kakom-To cMmbIcie 3TO ycCpeaHeHHas
IUIOTHOCTD MTO3UTPOHOB.

[Tpu v=1 06e IOTHOCTH COBIMAAAIOT.

VpaBuenue (9) siBis€TCS YaCTHBIM CITY-
qaem (y(¢)=n(t), I=1, A=-1, a=v) npoOGHOTO OA-
HOPOJHOTO IU(DPepeHIMATBHOTO ypaBHEHHS

(6):

(oD £¥)() —Ay(t) =0 (t>0;
l-1<a<l; LEN; 1€R) (11)
KOTOpO€ IPpU HAYAJIbHBIX YCIIOBUIX
(oD &*y)(0+)=bER (12)
AMEET pEILICHNE
!
y(t)zzbjtaian,aH—j (ﬂ’ta) (13)
j=1

3aeck N — MHOKECTBO HAaTypaJIbHBIX YHCEIT,

R — €BKJIMJIOBO IPOCTPAHCTBO pa3MepHOCTH 1
(-oo<t<o0); E,p(z) — dynkumus Murrar-Jled-
duepa ¢ 1Byms mapameTpamu a, f:

o0

Eer®= ot p

13 (10) cexyer, ato  n(t)=,D, " N(t)
U, CJICIOBATEIIBHO,
thW1 (oDz‘HN(t)) o= N(O) =N,

(@>0,3>0) (14)
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Torna ypaBHenue (9), kak 4acTHbII ciny-
yaii ypaBHenus (11) ¢ A=-1, /=1 u a=v npu
HayalbHOM YCIIOBHH
thv_ln(t)|z:o+:N0 (15)

(No — ycpenHeHHasi HayajibHasl IUIOTHOCTb I10-

3UTPOHOB BO (PpakTaJbHOM cpene) HUMeeT

€IMHCTBEHHOE peIlIeHHE

n(t) = Not"~ " Eyy(—t") (16)
[Tpumenum Gopmyiy A TPOU3BOIHBIX

¢ynkuun Murrar-Jlepdaepa [3].

oD/ (tak+ﬁ—1E((zlf)ﬁ (At” )): (ok+B=y-1 g (k)

a,ﬁ—}/ (/’i’ta )9

(17)

rae £, ) (y)
S=0, a=v, y=ﬂ-1, npuxoauM K popmyie
oD (7 E, ()= B, (22,
Tak Kak E, j(V)=E, ().
N3 (18) mpu A=-1 ¢ yuetom (11) u (16)
crenyet popmyna
N(t) = NoEy(—t") (19)
B [5] 3a ynucno npoaHHUTHIMPOBABIINX
MTO3UTPOHOB, HAKOIIJIEHHBIX K MOMEHTY ¢ (000-

o8 (y). Ilonaras, uro k=0,

(18)

sHaunM  N'(¢)), TpUHUMAaeTCs BEIUYMHA
N (t) = oD "N(t) = (D¢ 'n(t):
N™E(t) = No[1 — Ey (=t")], (20)

T.€. ()aKTUYECKU UHTETPal OT IIOTHOCTH 71(1).
Jst £>>1 (BpemeH, ropas3io OOJBIITNX
XapaKTepHBIX BPEMEH AaHHUTHIIALWN) aCHMII-
TOTHYECKOE TOBeJIcHUE BhIpakeHus (19) omm-
ChIBaeTCs CTeneHHoﬁ bynkmei [5]:
N(©)= 7+ 0(It ). (1)
HGBKCHOHGHHI/IaﬂbHaﬂ 3aBHCHMOCTH OT
BPEMEHH PElIaKCAIIMOHHBIX IPOIIECCOB AHHHM-
THWIALMNA — XapakTepHas d4epTa HEeIUHEHHBIX
JMCCUITATUBHBIX MPOIIECCOB, TECHO CBSI3aHHBIX
C KOHIIeMuen (pakrana.
B [2] mpaBas ugacte paBeHcTtBa (20) He
COBCEM KOPPEKTHO MPUHUMAETCS 32 YHCIIO Ya-

crunl kucnopona N, (f), NONOUIEHHBIX B

MOMEHT BpPEMEHH ¢ B TIpoIecce TEPMO-

11

OKHUCJIUTENBHOM JIECTPYKIMH MOJUMEPOB, U
HCIIOJIB3YETCSl yPABHEHHUE

— 0
No,(t) = No,[1 — E, ,(—t"9)], (22)
rae N, — ucxomHoe (mpu 1=0) conepikanue

kucrnopoga B momumepe, E, () — dynxmus
Murttar-Jledduepa c mapameTpom v,.
VpaBuenue (7), ucronp3dyemoe B pado-
Tax [1, 2] m1s TEOPETUUECKOrOo ONMHUCAHUSA KH-
HETHKH OKHCIICHHS aBTO3aMEICHHOTO THUIA B
paMKax TEOpUH JAPOOHBIX TPOHM3BOJHBIX, KaK
OBLIIO YKa3aHO BBIIIE, TOCTPOSHO IO aHAJIOTUH
¢ ypasHeHuem (20). Mcxomubm nnst (20) siB-
nsI0ch ypaBHenue (9), mpemioxeHHoe B [5]
JUTSL TIpOIlecca aHHUTHIISIUU TO3UTPOHOB BO
dbpakTanpHO# cpefe, T.e. PaKTUUeCKH ypaBHe-
Hue (11) ¢ /=-1. OmHako Takoi BBIOOpP MCXOI-
HOTO A depeHInaIbHOr0 YpaBHEHUS JPO0-
HOTO TOpSIKa Ui (PaKTATbHOW KWHETHKH,
ONKCBIBAIOLICH KPHUBbIC Ny,(f) aBTO3aME/ICH-

HOTO TUIIa, HE I0CTaTOYHO 00ocHOBaH. K Tomy
e MOPSI0OK peakuu n=1 B mporecce TepMo-
OKUCJIUTEIBbHOW  JIECTPYKIHMHU  TOJIUMEPOB
BCTpeYaeTcsi KpaitHe penko. B 3Toi cBs3u 60-
Jee MPEeANOYTUTEIbHBIM SIBISIETCS HCIOIb30-
BaHue JudepeHuanIbHOro ypaBHeHHs (6)
JUTSL OTIMCAHUSI KUHETHYECKUX KPUBBIX TEPMO-
OKHCITUTEIbHON JECTPYKIHH MOJUMEPOB U
BBIOOp TIOpsiZiKa peakiuu mo ¢opmye (3).

2.
BBIX

MozaeaupoBaHne KHHETHYECKMX KpH-
TePMOOKUCIHUTEIbHOH /1eCTPYKIUHU
MOJIMMEPOB ¢ NMpHUMeHeHUueM Aud@epeHnu-
aJIbHBIX YPaBHEHMIi IPOOHOI0 MOpsIKa
BBenennoe B mpedblaylieM pasjene
muddepeHraIbHOe ypaBHEHHE IPOOHOTO T10-
panka (6) sBISIETCS TPH MaJbIX 0y OOIIUM
YPaBHEHMEM aBTO3aMEIJICHHOTO pEeXHMa KH-
HETUKM TEPMOOKHUCIUTEIbHOW JI€CTPYKIIUU
HOJIMMEPOB C IOPSAKOM 7 JAHHOM peakluu.
IIpu n=1 ypaBHeHue (6) ABNSETCA YACTHBIM
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cllydaeM OJHOPOJHOTO U depeHnaTbHOTO
ypaBHeHHsT JpoOHoro mopsaka (11) (mpwu

y(l):NOZ (t),/l :]gd’a :Vd’0<a <1).
Torza npu HAYATBHOM YCIOBUH
-1~ —
(oD {%7 Np,)(0+) = Ng, (23)

ypaBHeHUE (6) UMEET EIMHCTBEHHOE PEIICHUE

N, (t)=Ny -t“E, , (kpt"), (24)
rae ]\N] 37 ONPEACIIACTCS paBEHCTBOM
Ny =1/Ng (25)

E, ;(z) onpenensercs popmynoii (14).
Brmonnenue ¢yakuuent (24) HavanbHO-
ro ycioBus (23) BeITekaeT u3 paBeHctna (17),
B KoTopoM k=0, f=v, o=v, y=6-1 u t—0+.
Paccmotpum Tenepr ypaBHenme (25) ¢
MOPSAJIKOM peakiuu n#l, gBisiolieecss 4act-

HBIM cirydaeM (pu y(f) = ]\702 @), =0, a=vy,
m=i, A=k ,) caenymomero aupdepeHInab-
HOTO ypaBHEHHUs APOOHOTO Hopsiika u3 [6]:
(oDEy ko) = 21", >0 m>0,m#1),  (26)
KOTOPOE TIPU YCIOBUHU

1—-m

(27)

HUMCECT PCIICHUC!

Bra,

m-1

1/(m-1)
l t(B+a/(-m) (78)

rae /(-) — ramma-gyHKIus Didepa.
IMpu ycnosuu (27) y(t) €

Cy—a [0,00), T.e. [tV y(8)]|cro,20) < 0.

ITpu »toM ¢yHKUMS Y(f) TpencTasisie-
Masi popmyiioif (28), ABISIETCS TOYHBIM pelle-
HUeM B3BenieHHoM 3amaun Komm ([6], §3.3.7),
B KOTOpOH ypaBHeHHe (26)-(27) paccmaTpuBa-
€Tcsl B 3aBUCHUMOCTH OT o IPHU HadaJIbHOM
yCIIOBUU
tlir(g[ll_ay(t)] =0

(0< a < 1) (29)

" IprU Ha4YaJIbHOM YCJIIOBUH

12

(sDe v ka) =0,
(@>0,k=1,..n=—-a]).

HavansHoe ycnosue (29) nns ypaBHEHUS

(30)

(6) OynmeT yIoBIETBOPSITHCS, TaK KaK
N, (0) (N(:) u 0< Vd—l’l’il <1

02
B uwactaoctu, nns nonumepos [TAACO-1

(HM3KOTEeMIIEpaTypHBIA CIOCOO TOJUKOHICH-
calii) TIPH  TEMIepaType  CTEKIOBaHUS
T—=472K umeem A =2,60 u ks=0,19-10* ¢, a
st [TAACO-2 (BeICOKOTEMITEpaTypHBIN CII0-
co0 TONWKOHACHCALIMK) TPU TeMIepaType
creknoBanust 1.~474K wumeem AF=2,64 n
kg=0,24-10" ¢
Hcnons3ys popmyisl (2)

g =2CA =D 31)
° d+2

HaxoauMm, 4to d';=0,88, n=3,272 B mepBoM
ciyqae u d's=0,912, n=3,193 — BO BTOpOM

ciryuae.
Boruncnsis V4 1o dbopmyre
v, =A, —(d —1), HAaXOJUM COOTBETCTBEHHO
vs=0,60 1 v4=0,64. Torxa BenuuMHA o), "
n—1

Oyner coorBercTBeHHO paBHa 0,864 u 0,932.
Tak 49TO0 B O0O0OMX Ciydasx MPHUBEICHHOTO
IIpUMepa BBINOJIHSETCS yciIoBHe (29).

Pemenue ypaBuenus (6) mpu Ha4aJIbHOM
ycioBuH (29) 3anummeTcs Tak:

1/(i-1)
F(f)“ +1J
N (0= —/ =1 e (32)
kdl“(uf i lj
n—1
Hns Beruucnenus [(z) B (32) MOXHO
UCIIONIb30BAaTh MPHU  JIOCTaTOYHO OOJBIINX

HaTypaJbHBIX 1 PEKyppeHTHYIO hopmymy [3]:

r'Gz)= I'(z+n) ’ (33)
(z+n—-D(z+n—-2)..(z+ 1z
KOTOpasa oJIy4acTCs IOCJIICAOBATCIIbHBIM

IMPUMCEHCHUEM U3BCCTHOI'O COOTHOIICHU A
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(34)

I(z) = F(ZT”)

st pacuera uncnurens [ (z+n) B dop-
Myse (33) BOCIOIB3YeMCsl aCHUMIITOTHYECKON
¢dopmynoit CTupauHra npu z—oo, |arg|<m

[(z)=~ 27[6_222_1/2{1 +L + + } (35)
%14
n-1

12z 2882

JIisi BBIYMCIICHUST BETUYHH 1“(

n F[Ufl .n+1j, BXOAAIUX B (32), MOKHO BOC-
n_
MOJIb30BATbCA  CIEAYIOIIMM  MpeleIbHbIM
npencraBiacHueM [3]:
. n”-n
I'(z)= lim (36)

n—>oz(z+1)..(z+n)’
KOTOPOE€ CHpPABEJIMBO JJIsI BCEX Z, 32 UCKIIIO-
yeHueM z=0, -1, -2, ..., Ipu ycnoBuu
—k<Re(z)<-k+1. k=12,.. (@37

Kunetnueckas kpusas Ny, (t) crpoutes

Ha OCHOBaHMM paBeHcTBa Ny, () = N —
(Noz (t)) UM Tlopsimok peakuun n B ypaBHe-

Huu (6) onpenensercst mo Gopmyie (3), a mo-
PSJIOK peakiuu, OOYCIIOBICHHBIH IMPOCTpaH-
CTBCHHBIM OECITOpSIIKOM, CBSI3aH C ITOKa3aTe-
JICM n YpaBHCHHUECM

2—-h
Tlnp = E (38)
rae
_2(d+1-4p)
h = d+2 (39)

IIpoBenenHsblil B [7] CTPYKTypHBIN aHa-
JU3 JaHHBIX TepMorpaBuMerpuueckoro (TI'A)
u auddepeHnnanbHOro TEPMUYECKOrO aHAJH-
3a (ITA) muenok IIK (momukapOoHaTa Ha oOc-
HOBe OucdeHona 4), MOTy4YEHHBIX U3 PaCcTBO-
POB B pa3HBIX PACTBOPUTENAX, MOKa3aj, 4YTO
Ul aBTO3aMEUIEHHOrO  (BBICOKOTEMIIEepa-
TYpPHOTO) pexuma OKHUCJICHUS
Tyr =638+754K MOJIy4aroTCs

AF2,74-2,45 u n=3,02+3,63.

npu
3HAYEHU
VYka3zaHHBIM

13

3HaUEHUsAM Ay cornacHo ypaBHeHHIO (32) co-
OoTBETCTBYIOT 0,=0,74+0,45.

O4eBUAHO, YTO TMPHU MOJYyYEHHBIX 3HA-
YEHHUSIX TMapaMeTpoB 7 U Vg BBINOIHSIETCS
ycioBue (27), mpu KOTOPOM pENIeHHE APOOHO-
ro muddepeHnrantbHOro ypaBHeHus (26) nme-
€T aHATUTHYECKOoe mpeacTaBicHue (28).

B paGore [8] mis BbISICHEHUS! CTPYKTYp-
HBIX (DaKTOPOB, OMPEICISAIONIUX XOJ TEePMO-
OKHUCJIUTETFHOU NECTPYKIMU B CIydae MOJIU-
MEpPHBIX PACIUIABOB, HMCCIEIOBAHBI TOIUAPHU-
natel (ITAp) Ha OCHOBE AMXJOpaHTHUIAPUIA
1,1-muxnop—2,2-nu (n-xapOoKkcupEeHna) ITH-
JeHa W JWaHa, a Takke OJIOK+COIMoJINMEphI
nosmmapunatapmwieHcynbhoHokcun (ITAACO),
CHHTE3UPOBAHHBIE U3 JUAHA, CMECU (1:1‘) Jv-
XJIOPAHTUAPUIIOB Tepe- U H30(TaIeBOM KHC-
JOT, JTUTHIPOKCHIICOMEPKAIIETO OJIUTOAPH-
JeHCYTh(OHOKCH/IA Ha OCHOBE AuaHa u 4, 4' —
nuxyopaudeHuncyabhona
macchol 4600.

Hapsinmy ¢ oObIuHON KOHCTaHTOM CKOpPO-
CTH OKHuCIeHHS ky, B [9] mpenokeHo HCTOIb-

MOJIEKYJIIPHOM

30BaTh JJIsl CPABHUTEIIbHOW OIEHKH TepMOCTa-
OMIIBHOCTH TOJMMEPHBIX MaTepuanoB 3¢ dek-
THBHYIO KOHCTAaHTY CKOPOCTH OKHCICHHS K .
OTOT mapamerp Ui BBICOKOTEMIIEPATypHOTO
OKHCJICHUS 3aa€TCs ypaBHEHUEM [9]
dNg,
dt
rae N, — KOJIMYECTBO MOIJIOMEHHOIO KHUCIIO-

(40)

= k*P()z >

pona; ¢ — Bpems; £, — jaBieHHe KHUCIOpoza

Ha/I TOJIUMEPOM.

Kak nmokazano B [2]
k™ -mR =1, (41)
rzie m — Macca nojiumepa, R — yHuBepcaibHas
ra3oBasi HOCTOSIHHASI.

Mexay napamerpamu k u kg CymecTBy-
€T ClIelyIolIasl B3auMOCBs3b [9]:

K=y, -k, (42)
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rae y, — Ko3uIueHT pacTBOPUMOCTU KHUC-
JIOpoJia B OJIUMeEpE.
N3 (41)—(42) naxoaum
1

k,=——.
d Vo - mR

(43)

B HekoTophIX ciydasx mnapamerp k"
yIOOHO OMpEeNeNaTh IMyTeM MNPSIMOIo CpaBHe-
HUsI HAYaJbHOM CKOPOCTH IMOIJIOLICHUS KHC-
Jopoja (WO2 )0 U €ro JIaBJICHUs HaJl OJIUMEPOM

(P, ) [91:
kK= (W02 )0 /(POZ )0.

[TockonbKy 1Ji MOTMMEPHBIX PacilyiaBOB

OCHOBHBIM CTPYKTYPHBIM JJIEMEHTOM SIBIISIET-
csl MaKpOMOJIEKYJISIpHBIA KIIyOOK, TO B Kaue-

(44)

CTBE 00bEMa pPEaKIMOHHOW CHCTEMBI Ipejia-
raercs [10] nmpunsaTh 00BeM KiyOKa Vi, DTa
BEJIMYMHA PACCUUTHIBACTCS CIEAYIOIINUM 00pa-
3om [10]:

3-A,

VK,’Z = R§/ -n ba (45)

rae Ry — paguyc uHepuuu Kiyoka; n — JIMHEH-
HBI MacTad U3MEpEeHHS.

OpHako HENOCPENCTBEHHOE HCIOJIb30-
BaHue V,, B ypaBHeHUU (45), Kak oTMedaeTcs
B [4], HE acT KOPPEKTHBIX PE3yJbTaTOB, MO-
TOMY YTO B paccMaTpHUBAaEMOM cCllyyae HcClie-
IYIOTCS TPOLIECCHl TEPMOOKHUCIUTEIHHON Jie-
CTPYKIIMHU (DpaKTAIbHBIX O0BEKTOB (MaKpPOMO-
JIEKYJISPHBIX KIYyOKOB). YKa3aHHBIC MPOIIECCHI
MPOTEKAIOT HE B €BKJIMIOBOM, a BO ()paKTallb-
HOM IIPOCTPAHCTBE. DTO 03HAYAET, YTO KUCJIO-
PO TOTJIOMIAETCSl B YaCTH MAaKPOMOJEKYIISIp-
HOTO KJIyOKa, MojBepraromnieiics IecTpyKIHH.

V> no-

Kn 2

Torna a3 dexTruBHBIN 00bEM KITyOKa
TJIOIIAIOIINN KUCIOPO/I, ONIPEIEITUTCS KaK:

VK?V(i) = ﬁd : Vm = Vm € Af) (46)

Takass 3aBHCHMOCTH BO3MOKHA TOJIBKO
Uil PpaKkTaIbHBIX OOBEKTOB, a ISl €BKJIUIO-
BBIX O0OBEKTOB O0BEM PEAKIIMOHHON CHCTEMBI

14

paBeH Hymo. MHade roBopsi, TEPMOOKHUCIH-
TeJIbHAas ACCTPYKLHS MOJIHUMEPOB BO3MOXKHA
TOJIbKO B Cilydae ()pakTalbHOCTH HX CTPYKTY-
PpBL.

IIpu  onpeneneHHoM  3HaYeHHH A
(A=2,54+2,69 nna IIK n 2,72+2,84 s I1A-
ACO) npoucxXoIuT W3MEHEHUE TUTA KUHETH-
YECKOM KPUBOW M, CIIEIOBATEIIbHO, XUMHYE-
CKOr'0 MEXaHM3Ma OKUCIeHUs nonumepos [11].
Hcxond W3 CKEWJIMHIOBOIO AaHaIM3a TEPMO-
[2],
IPEANOI0XKHUTh, YTO U3MEHEHUE THUIA KUHETHU-
YECKOW KPUBOW MPOUCXOAUT B Ciydae, Korjaa
YHUCIIO PEAKIIMOHHOCIIOCOOHBIX MECT MakKpo-
MOJIEKYJIbI Ha MOBEPXHOCTU KIYyOKa N U B

OKUCIIUTEIBHON  JECTPYKLIMU MOXHO

ero ooreme N,; CTaHOBHUTCS paBHBIM [12]:
Nnoe = No6 (47)
Jlo1st MakpOMOJIEKYJIIPHOTO KIIyOKa fg,

pacnajarpomerocss B IpoLecce AECTPYKIHH,
3aBUCHT OT AU ONpENENAeTCsl ypaBHEHHEM

Ba =3 -4, (48)
peaNbHyI0 BEIUUYMHY YHUCIa Ny; MOKHO 3amu-
cath Tak [13,14]:

Ny =NyB-A;)-N

0

(49)

raoe n,, — 49uCio peaKL[I/IOHHOCHOCO6HBIX MCECT

nos?

Ha MaKpOMOJIEKYJly IIPU YCIIOBUM HX IIOJIHOH
JIOCTYITHOCTH,  OINpPEIEIAEMOE
CTPOEHHEM MOJIUMEPA.

CBa3p napaMeTpoB N,; U N,,s KOHTPO-
JMpYyeTCcsi CoOoOTHOMIEHueM [15]:
qup Af

XHUMHUYCCKUM

(50)

rae V,, u S;, — 00beM U MOBEPXHOCTH (paK-

TaJBHOTO O0BEKTa, B TAHHOM CIIy4ae, MaKpo-
MOJIEKYJISIPHOTO KiTyOKa, R,— panuyc unepunn
MaKpOMOJIEKYJISIPHOTO KITyOKa.

Coueranue ypaBHeHui (49) u (50) nmos-

BOJISIET MOJYYUTh CTPYKTYPHBIM KPUTEPUU Tie-
pexoja KUHETUYECKUX KPHUBBIX OKHUCIICHHS OT
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aBTO3aMEIJICHHOTO pEeXHMa K aBTOYCKOpPEH-
HOoMYy [16]:

Kp
A /

a-;

R

g

T2

: (1)

rae A7 — KpUTHYECKOe 3HaYeHue A, mpu yka-

3aHHOM TIepexojie; d — pa3MEepHOCTh €BKIIUIO-
Ba MPOCTPAHCTBA, B KOTOPOM paccMaTpUBAET-
cs (pakral, a R, 1aeTcs B HM.

st TTAACO B xmmopodopme [17]

<R;>=021x10"° - My" (52)
u s [1K B xsmopodopme [9]
<R;>=0,988x107" - M. (53)

rne My w M, — cpenmeBecoBas u cpen-

HCBA3KOCTHAA MOJICKYJIAPHBIC MACChbI, COOT-

BETCTBCHHO, BEJIMYNHBI Rg IMOJIYYCHEI B HM.

YucjieHHasi peaJin3amus U 00CyKIeHHne pe-
3yJbTATOB

Ha pucynke mnpuBeneHbl pe3ysbTaTsbl
pacyeToB KMHETHYECKUX KPHUBBIX aBTO3aMe/I-
neHHoro tuna s noiaumepoB [TAACO-1 B
JIBYX BapHaHTaX:
1) T,,=623 K; k~0,3396-10" mun"';
04=0,6; =3,27; N, (t,)=0; d; =0,88.
DKcIepUMEHTAIbHBIC TaHHBIC:
t, vum; N, (¢), momb/ocH.MOTTB
t=0; t=15; t,=31,8; 1;=46,7;
ts=75; t90; t~103,4; ts~120;
No, (t0)=0; No, (t1)=1,2; No, (2)=2,5;
No, (t)=3,8; No, (t4)=5; No, (ts)=5,8;
No, (t6)=6,5; No, (t7)=3,8; No, (ts)=5.

t~61,6;

2)  T.,=673 K; k;~0,42-10Mun"", v4=0,2;
n=4,57; d; =0,56.
BKCHepI/IMeHTaJ'II)HI)IC JaHHBIC:
t=0; t;=15; t,=33,7; t;=48.,6;
15=75,7; t91,6; t~105;

17~63,6;

15

No, (t0)=0; No, (t1)=3,7; No, (t:)=7,8;
N()2 (t4):8, 7; ]\7()2 (l5):9,0,‘ N()2 (l6)29,4,‘
N()2 (t7)=9,8.

No.. mon/ocu.pon

12,5

’/
10,0 T
~ ]
| — L — 2
-~ —
75 = = 1
Ve -
// /’ /,__./
30 / //
2
/s ~ /
a5 7/ / /
B 7,
Vv
75 225 375 525 675 725 975 1125 1275 foaum
Pucynok — MogenupoBanue KHHETHYECKHX KPHUBBIX

Noz(t) st [TAACO-1 mpu T.,=623 K (Bapumant 1) n

T.n=723 K (Bapuanr 2)
Figure — Simulation of kinetic curves Noz(t) for

PAASO-1 at T.,, = 623 K (variant 1) and T, = 723 K
(variant 2).

B o00oux BapmaHTax 3KCIEpUMEHTAIlb-
HBIC JTaHHBIC B3ATHI U3 paboTel [11]. Pacuyersr
KMHETUYECKUX KpUBBIX | U 2 Ha pUCYHKE, CO-
OTBETCTBYIOUIMX BapuaHTaMm | U 2, MOIy4eHbI
nyteM peuieHus auddepeHInanIbHOro ypaB-
HEHUs IpoOHOTO Topsiaka (6):

(t))—l/n

N, (¢) TIpeAcTaBisiercs Gopmynoi (32).

N, (t)=N; —(Noz (54)

rIe

YucneHHble 3HAYEHUST BEIMYNH r( Vs +1j 51
n-1

p("d'ﬁHj MOJy4eHbl € TOMOIIBIO (OpPMYI
n-1

(33),(35). KonmnuecTBo

obxoaumMoe sl OKUCIICHHS BceX anmudaruue-
ckux u apomatuyeckux rpynn [TAACO, paBHO
~ 24,1 momb O,/ocH.monb ITAACO [2].

st cpaBHEeHUS ¢ pemienneM nuddepen-

KHUCJI0poJia Ngz , He-

[IUATBHOTO ypaBHEHUS 1IEJIOTO MOPSAKA, HC-
noJib3yemoro B [2]:
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dN, (1)
— %\
d
dt
KOTOpOE JIETKO MHTErPUPYETCS, SABJISISICH YpaB-
HCHUCM C pas3ACIIAIOIMMNMUACA IIEPEMEHHBIMU, U

(Ng =N, (1), n>1 (55)

npy HavaneHOM ycnoBuu N, (¢)]_,=0 nwme-

€T pelIcHHe

ln l(lfn)
Ny (0= (=0 e+(30) 7] 60

Ha pucyHke npuBeneHsl Takke KpUBbBIE
3 u 4, COOTBETCTBYIOIIHE PEIIeHUIO (56) st
BapuaHTOB 1 U 2, cooTBeTCTBeHHO.Bapuanry 1
COOTBETCTBYIOT IKCIIEPHUMEHTAJIbHbIE JaHHbBIE
«Oy, KpuBble 1 U 3, a BapuaHTy 2 — dKCIEpHU-
MEHTAJIbHBIE TOUKH «A», KpUBbIE 2 U 4, Tpu
3TOM KpuBbIe 1 U 2 paccuurtansl 1o hopmyse
(54), a kpussie 3 u 4 — o popmyie (56).

N3 pucynka 1 BumHO, 4TO KpuBbIE | U
2 XOPpOIIIO COTJIACYIOTCS C COOTBETCTBYIOIIUMU
IKCIIEPUMEHHTAIBHBIMU JTAHHBIMH, Y€TO HEllb-
351 cKa3aTh O KpuBbIX 3 U 4. TeM cambIM IOx-
TBEP)KAAETCS HEOOXOJUMOCTh IPHUMEHEHHS
apoOHoro audQepeHIUpoBaHUS U METOIOB
(bpakTaibHOrO aHanu3a ISl ONMUCAHUS KHHE-
TUKH TPOLIECCOB TEPMOOKUCIUTENBHOU Je-
CTPYKLMHU OJUMEPHBIX PACILJIaBOB.

Hecmotpst Ha TO, 4TO MareMaTUYECKUI
npoOHoro  uHTErpo-auddepen-
UPOBaHUs (IpOOHBIE MPOU3BOJHBIE U HHTE-

ammapar

rpaisl B cMmbicie Pumana-JInyBumnsa u Kamy-
TO) XOpOILO pa3paboTaH, IHUPOKOE MPHUMEHE-
HUE ApPOOHBIX NPOM3BOJHBIX W HWHTETPAJOB
CIIEP’KUBAJIOCHh U3-3a OTCYTCTBHS SICHOM (PU3H-
YEeCKOW MHTEpHpeTalud. YK€ MPOU30IIe
OIpEJICJIEHHBIN CIBUT' B MOHUMaHUM (pu3nde-
CKOM CYyTH MW TOJKOBaHHUS OIpPEIACICHHON
IpoOHOM TPOU3BOJHONW U APOOHOTO MHTErpa-
na. IlokazaHo, 4TO ypaBHEHHUS B JPOOHBIX
IIPOU3BOJHBIX ONMCHIBAIOT 3BOJIOLUI0 HEKO-
TOpPOH (PU3UUECKON CUCTEMBI C TOTEPSIMHU, MIPH
3TOM JIpOOHAs 4acTh MOKA3aTelIs IPOU3BOIHON

16

YKa3bIBAET JIOJTIO COCTOSIHMM CHCTEMBI, COXpa-
HSIIOIUXCS 32 BCE BpeMs ABOMIONMH. MIMEHHO
Takol sBIsieTCs (pakTalbHas CTPYKTypa IO-
JMMEPOB, 4acTh KOTOPOIl TepseTcs B mpoliecce
TEPMOOKHUCIUTEILHOU NECTPYKIUU.

B otnuune oT TpaaWLMOHHBIX CTIOCOOOB
OMMCAHUSA CHUCTEMbl Ha OCHOBE PA3IUYHBIX
IPOLEAYP YCPEIHEHUS, MPU KOTOPHIX MPOUC-
XOIUT  «CTUPAHHWE»  MHUKPOCKOIMUYECKOTO
YPOBHS, B KOHIIETIIUU ()paKTalia yIUTHIBACTCS
camoapuHHasg (C pa3nMyHBIMU K03 dunumen-
TaMH CaMOTIOJIOOWsI B pa3HbIX HAIPABICHUSIX )
CTpYKTypa cpensl. Tem caMbiM B paMKax KOH-
nenuuu gpaxraiga 00beIUHIIOTCS MUKPO-, Me-
30- U MaKpOypOBHU omnucaHus cuctemsl. [Ipu
9TOM (PpaKTaIBHBIA MOIXOJ C HUCIOJIb30BAHU-
€M MaTeMaTHYeCKOro ammapara ApOoOHOTO
muddepeHIMpOBaHUS JaeT aleKBaTHOE OIH-
CaHWe KUHETHUYECKHX KPHUBBIX TEPMOOKHUCIIH-
TEJIBHOIO Mpoliecca MOJUMEPOB C SICHOU (Pu-
3MYECKOM MHTEpIpeTanueld I1poOHOro mokas3a-
TeJs KaK YaCTH MaKpOMOJIEKYJISIPHOTO KITyOKa,
MOJIBEPTaloIEeiCcsl OKUCICHUIO B JAHHOM IIPO-

oecce.

3aKJa4eHue
HanbGonee moaxomsium JUIsl OIMCAHUS

KUHETHYECKUX KpuBbiX N, (f) aBroszamern-

JICHHOTO THUNA SIBISIETCS ypaBHEHHE B ApPOO-
HBIX TPOU3BOJHBIX, PELICHHE KOTOPOIro Mpe-
CTaBJISIETCS CTETMICHHON (PyHKIHMEW OT BpeMe-
Hu. [lomyyeHHble pe3yabTaThl JAlOT BO3MOXK-
HOCTb C Y4ETOM XHMHYECKOI'O0 CTPOCHHUS IO-
auMepa U (PU3MYecKOr CTPYKTYpHI paciiiaBa B
paMKax (QpakTalibHOro aHaiau3a u nuddepeH-
UANbHBIX ypaBHEHUH JpOOHOrO moOpsIKa
KOPPEKTHO TIPOTHO3UPOBATh KHHETUYECKUE
KpHUBBIE JJIs TOJMMEPHBIX paciuiaBoB. Hc-
nois3yeMoe auddepeHnraIbHOe ypaBHEHHE
KHHETUYECKMX KPUBBIX N, (f) HE CONEPKUT

OMIIMPHUYCCKUX IMOATOHOYHBIX IMapaMETPOB.
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Abstract

The paper focuses on the thermal balance of internal combustion engine systems, thermal energy loading and
ways to reduce it. Factors influencing the energy loading of critical engine parts are highlighted: the ratio of areas of
matte and polished surfaces taking part in heat exchange processes, the metal content of the parts and the heat
conductivity factors of their materials. The influence of heat transfer coefficient in multi-layered resistance system is
established: heat capacity, thermal heat conductivity and heat transfer. The choice of the engine energy mode is
dictated by the conditions of optimum performance of the working process of the thermal strength of the parts, and it
is therefore necessary to avoid both overheating and supercooling of engine.
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Xiilasa

Magqaladas asas diqqgst daxili yanma miiharriklari sisteminin istilik balansina, istilik enerjisinin yiiklonmasi va
onu azaldilmasi tsullarina yonsldilib. Mitharrikin masul detallarinin enerji yiiklonmasine tosir gdstoran amillar:
istilik miibadilosi proseslorindo istirak edon donuq vo cilalanmig sothlorin saholorinin nisbati, detallarda metalin
torkibi vo onlarin materiallarinin istilik kegiriciliyi omsallarina diqqet yetirilib. Cox qatli miiqavimoat sistemindo
istilik 6tiirmo omsalinin tosiri, bagqa sozlo: istilik tutumu, istilik kegiriciliyi vo istilik 6tiirilmesi miioyyon edilib.
Miiharrikin enerji rejiminin se¢imi detallarin istilik méhkomliyi prosesinin optimal yerino yetirilmosi sortlori ilo
miioyyon olunub vo buna goéros do miihorrikin hom qizmasi, hom do hoddinden artiq soyumasi digqet merkozindo
olmalidir.
Acar sozlor: daxili yanma miihorriki, mithorriklor sistemi, miiqavimati, istilik tutumu, istilik ke¢iriciliyi, istilik

otiirtilmasi.
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AHHOTALIAA

OCHOBHOE BHUMAaHHE B CTaThe YJENSCTCS TEIUIOBOMY OajaHCy CHUCTEM JIBUTATENICH BHYTPEHHErO CTOpaHUs,
3arpy3ke TEIUIOBOW HEPTrUU U CIOCO0AM €€ CHIDKCHHS. BhIneleHbl (aKTOpbI, BIMSIONINEC HAa JHEPTECTHUCCKYIO
Harpy3Ky OTBETCTBEHHBIX JieTallell IBUraTells: COOTHOUICHHE TUIOMIA/Ie MAaTOBBIX U MOJUPOBAHHBIX MOBEPXHOCTEH,
MPUHUMAKIIUX Yy4acTHE B IPOIECCaxX TEIUIOOOMEHA, COJCpKAHWE MeTalyla B JeTalsaX Hu KO3(QHUIIUEHTHI
TCIUIONPOBOIHOCTA MX MAaTEPHAJOB. YCTAHABIMBACTCS BIHMSIHHC KOA(PDHUIMEHTA TEIUIONepeayd B MHOTOCIOWHON
CHCTEME COIPOTHBIICHUS: TEIIOEMKOCTh, TEIUIONPOBOJHOCTD M TEILIONepenadya. BriOop sHEpreTHUeckoro pexxnma
JIBUTATEIS JUKTYETCS YCIOBHSAMH ONTUMAIFHOTO BBIITOJHEHHUS pabodero mporecca TEIIOBOH MPOYHOCTH IeTallel, 1
MTO3TOMY HE0OX0ANMO N30eraTh KaK IeperpeBa, Tak 1 MepeoXIIaKICHAS ABUTATEIIS.
KiroueBble cjioBa:  [BUTATENb BHYTPEHHETO CTOpaHHS, CHCTEMBI IBHUTATelNe, CONPOTUBIICHHE, TEIIOEMKOCTb,

TEIUIONPOBOAHOCTD, TEIIONEepeaaya.
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Introduction

The problems of modern piston engine
construction depend on: increased engine
power and speed; quality of combustible
and multilayering, taking into
account toxicity and harmful emissions; start-
up (diesel) and fuel injection systems;
mechanical and thermal stress reduction.

Work is under way to improve the
performance of internal combustion engines
and their systems: fuel feed, combustion,
lubrication, air supply and cooling.

mixtures

Analysis of literary sources and the state of

the problem
The processes, phenomena and effects
observed in internal combustion engine

systems are interrelated and occur in a strict
sequence.

It follows from the analysis of the
operating principle of internal combustion
engines [ 1-5] that the mechanical movement of
its components is to a large extent determined
by the kinematics of the crank mechanism, the
mechanics of the fluid movement in the
channels, and also by the more complex forms
of motion: chemical and thermal motion, i.e.,
processes of heat extraction and transmission
to the working body in the engine cylinder.
Thermodynamic and heat transfer [6-8] is an
important system in the engine

The nature of the processes in this
system has a decisive influence on the
processes in the mechanical and hydraulic
circuits, and thus on the operation of the
engine as a whole.

Thermodynamics determine the amount
of heat (Q), the parameters of the gas
(temperature, pressure and specific volume)
and the specific heat flux (q). Heat transfer

20

includes free and forced convective heat
exchange, as well as conductive and radiation
heat exchange. The main methods used are
heat  conductivity and heat transfer
coefficients, leaving aside the heat transfer
coefficient. Moreover, researchers [8-12] do
not pay attention to the thermal resistance of
heat exchange types and gas-liquid boundary
layers.

Problem Statement

The mechanical and thermal perfor-
mance of the engine should be addressed. The
main issues of the article are: thermal balance
and energy load of engine parts, ways to
reduce the energy load of engine systems.

The objective of the work
Improvement of mechanical and thermal
loading of main engine parts.

Engine heat balance

According to the ideal heat message
cycle at V' = const and its equivalent Carnot
cycle, a formula for thermal efficiency is
obtained:

T -T,

— 1 2 _
Ny ===

T (1)

where 7; and T, - the equivalent average tem-
peratures at which the ideal gas is conducted
and separated from it heat Q; and Q..

Since temperatures 7; and 75 are almost
always limited, thermal efficiency cannot be
equal to one, that is, only a fraction of the heat
input Q; can be used for mechanical work.

This provision is one of the
manifestations of the second law of
thermodynamics.
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Figure 1 — Schemes: partial (a) and complete (b)
thermal balance of the engine: Q;, Q, — heat supplied
and removed from the ideal gas; L= Q; - Q, -
mechanical work;

Qo(I) — heat obtained from the combustion of the fuel

injected into the engine cylinder; Q(II) is the heat
equivalent to the engine’s tracer performance; Q.(III) is
the heat equivalent to the efficient operation of the
engine; Qcr(IV) is the heat transferred to the walls
limiting the internal volume; Qux;(V) is the heat given
to the cooling medium; Qs(VI) is the total heat
contained in the exhaust gases; Qu(VIl) is the heat
equivalent to the friction work and the drive of the
auxiliary mechanisms; Qrp(VIII) is the heat transmitted
to the cooling medium by the friction of the piston and
the rings; Onc(1X) is the part of the heat of the fuel lost
due to the chemical incompleteness of the combustion;
QOocr(X) - residual heat; Q,(XI) - corresponding to the
kinetic energy of the exhaust gases; Q;(XII) - the heat
lost due to radiation by polished and matte surfaces;
Opn(XII) is the heat released by the exhaust gases into
the cooled system in the exhaust pipe; Qr(XIV) - the
heat transferred from the exhaust engine.
