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BbIbOP OCHOBHbIX APAMETPOB A PA3MEPOB [IBUIATE/A

NCXOLHBIE JARHBIE

3adaHueM kypcobozo npoekma abnsemcs pacdem abmoModunbHO20 Cu3ensHozo dbuzamens
MOWHocmelo A:=220 W, npu 7:=3800 rpm. (lBuzamens muna D&D ycmaHabnubaemcs Ha

abmomoBune: Land Cruser Prado)
Ha ocHobaHuu ucxodHbix danHeix onpedenuM 0CHOBHLIE NApaMempsl NPOEKMUpYeMoz0 Cbuzamens:
« Tun obuzamensi: duse/Hsit
« TakmHocmb Gbuzamens: yemepexmarmHsil
- Bud oxnaxderus: xudkocmHoe (C npuKyaumebHou YUpKYASULeL XUdkocmu)
« Yucno yunuHdpob b dbuzamene: =8
« Pacnonoxerue wunuHopob: V-odpasHsiu

« [poekmupyemsil dbuzamens npednonazaemcs ucnonb3obams b Ha3eMHbIX ycnobusx u
npu Hedonbwux Beicomax, no3moMy GabneHue u meMnepamypy NPUHUMOEM:
Pp:=01013 MPa u 7,=290 K

« CmeneHb cxamus: £:=168
« Koagguuuenm u3dbimka Bosdyxa: a:=16

« Nlabnenue Haddyba (abconomHoe): A,:=2 bar=02 MPa
« KoadgguuueHm nonesHozo mennobuidenenus: £,:=08, £,:=09

explicit, ALL
- Nabnenue b Hosane cxamus: A= (F,-093) —02-MP2-093=0186 MPa

- NlabneHue ocmamoyHblx 2a30b (do mypSoHaddybal.
explicit, ALL c
P.i= (P,—002 MPa) = 0186+ MPa—002 MPa=(166-10°) Pa
- Temnepamypa ocmamoyHbx 2a306: 7.:=800 A

- MNodozpeb 3apsda om cmeHok: A7:=12 K

- MexaHuyeckud KNO: 7,,,:=08
« KoapguuueHm do3apsaoku: A,:=102
« KoagguuueHm oyucmku odbeMa cxamus: A,:=1

« Koagguuuerm HeoduHakobocmu mennoemkocmeu chexezo 3apsda: ¢':=11
« KoagguuueHm nonHomsl duazpamMe: ¢@:=095

« max dabnexue czopanus b uukne P:=16 MPa
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TETI/I0BON PACYET

A) Pacyem npouecca HanonHeHus
TeMnepamypa bo3dyxa neped BnyckHLIMU Op2aHaMu
T,:=288 K

Toi=T,=288 K

Ko3gduuueHm HanonHeHus -

300420718

ed €| . Pg_[1_ w‘-b-Pf]_ Te explici, ALL 168 ., 06-MP1 (  11.166000.-P7 ) = 288-K _ .o
e-1 P, Ao g P, T+ 4T 1681 02-MPa 102.168.0186-MPa) 288-K+12K
7,=0913
Ko3adduuueHm ocmamoyHelix 203ab -
M BT 1 ewlat AL 1 166000-P7 288K 1 _ oo,
= e P, T 1y 68—1 02.MPz 800K 0913
J-:=0021
TeMnepamypa padoyezo mena b Ha4ane cxamus:
LA+ AT+ sy T explicit, ALl . 3 :
K Yol 1, XD - 288+ K+12 K+11.0.021.800 /(:311929 P
1+, 1+0.021
7,:=311929K
b) Pacyem npouecca cxamus
a:=2026
£:=00025
CpedHul nokasamens NOAUMPONLI CXamus:
K = 8,314
! "~ 19,26+ 0,0025 * T, (ek1=1 + 1)
Haudem 4, MemodoM nocnedobamensHex NpudnuxeHul :
B nepbom npudnuxeHuu 3a0doeMcs k=136, mozoa
explicit, ALL
K= 8'3“*k o AR 8.5 ey H1=1358
g+ b T (7" 41) 2026+00025-311929. (168"~ "+ 1)
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Bmopoe npudnuxeHue 4’:=1358, mozda

831 explicit, ALl 831
k"= — +1 — = +1=1359
a+be T (€777 49) 2026 +00025-311929. (168"~ ')
Tpembe npudnuxeHue k“:=1359: mozda
explicit, ALL
/\’/”7:: 831l+ 1 +1 g — 8314 1359 —1 +1:1359
g+ b T (677 +9) 2026 +00025-311929- (168"~ "4+ 1)
k" =1359

np=k";=1359

/(7:: /77: 1359
llabneHue B koHue cxamus:

. explicit, ALL -
Pi=P.c’ — 0186 - MPa-168 7 =860k MPa

P.:=860k MPa

TeMnepamypa b koHUE CXamus:
explicit, ALl
Ti= T A 11929 168"~ '= 858898 K

7,:=858.898K

CpedHas mennoeMKoCMb NpU CXamuu:
explicit, Al _ KK
ucV =a+ b T, — 2026+400025.858.898 =22407 MoJb * K
K/Ix

pcV:=22407kmoub * K

300420718
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B) Pacyem npouecca czopaHus

Konuvecmbo bo3dyxa,meopumuyecku HeodxoduMoe Onsl C20paHus:

KMOJIb
o (087, 0126 000k 000T) g o0
021 \ 12 L 32
KMOJIb
My=0495  xr
Cocmab monnuba
C H 0 S
beH3uH 0,855 0,145 0 0
[luzens 087 0,126 0,004 0,001
Konuvecmbo cbexezo 3apsada:
exalicit, All oTb
M= a- 1, —16-0495=0792 KT
KMOJIb
M:=0792 Kr

KonusecmbBo npodykmob czopaHus:

explicit, ALl
pe= 08T L0126 o oy, PP 7L 08T 0126 | 6 _021). 049520824
2" 2 1
KMOJIb
My=0826 kr

Teopemuyeckul Ko3QQUUUEHM MONEKYNSAPHOZ20 U3MEHEHUS:

M, explicit, ALL (821
"M 0792

3

104

fiy=10k

[leGcmBumensHbIl KO3IGAUUUEHM MOAEKYASPHOZ0 U3MEHEHUS:

f,—1 explicit, ALL 1 104 —1
— I+
147, 14+0.021

f:=1039

fi=14 =1039

KMOJIb

KI'

300420718
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llona monnuba, czopebwezo b moyke z:

explicit, ALL
Xyi= iz —>ﬂ — —>—>U—8 =0.889
& 09

x,:=0889

Ko3gduuueHm MonekynsipHozo u3MeHeHust b moyke z:

explicit, ALL
fi=fx,— — —>1039.0889=0924

f,=0924

n[ll'ﬂE[]FI 0m HENONHOMbI CZ0paHUA:

explicit, ALL L
A8,=120000+ (g—1)« M, — — —120000-(16—1)-0495=356L.10

A,:=356L 10"

MokcuMansHas meMnepamypa czopaHus 7, K:

§,(Qy — 4QH)

M3*(1+yr) +uCye ¥ Te = B % uCyy x T,

Mpumem 7,:=2600K, nodcmabum b Beipaxenue dng ucl,

licit, AlL
= (2014 8971 4 1554 138 ) g 7 P AL 0004 892 [h55 4 138 ) 102 2600 = 26908
a a 16
ucV,:=26948

MNonyqubwueca wcV, nodcmabum b mepmoduHaMudeckoe ypabHeHue u Bipasum 7,

z

,=14000

A::ﬁz gﬂ//’[/l, ALl 16 MPa L
P. 860k MPa
1:=186
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£+ 4y explicit, ALl 08 . 44000
L s (ucvas3 ). TEE R =
(uc; ) aHd 0792 (140021)

- + (22407 48314 186) - 858.898 = 7.606 10
M.?' ( + 7r>

20y 08 44000
+(ucVo+ 831 A) . T, v + (22407 + 8314 186) - 858.898
My (14 1) (et )Tt explicit, ALL 0792+ (1+-0021) ( )

B, (;1[!/2-1- 831l+> 0924 « (26948125 + 8314)

7,:=2334K

=233k.10° K

MemodoM npudnuxenul beyucnseM 7,

1) Nodcmabum 7,=2334-10° K, nonydum

licit, ALL
ucV,= (201+ 0921)+ (1,55+ 1‘38).1[]‘3. T, EXUCIT, ALL 0.921

201+ + 155+ 13§ <107 2334 = 26306
a a 16 16

ucV,:=26.306

20ty 08 44000
+(ucV+ 831 4) - T, + (22407 + 8314 186) - 858.898
(MJ-(H],) (ke )Tt explict, AL 0792+ (1+-0021) ( )

)/ (;IEVZ+831A) 092 - (26306 + 8314)

7:=2378K

=2378.10° K

7=

2) Nodcmabum 7,=2378-10° K, nonyqum

licit, ALL
pcly = (20.1+ 0921)+(1.55+ 138)-10-3. 7, R 2014 0'19621 +(1.55+ 1135)-10‘3-2378:26.413

a a
ucV,:=26413
723 )
L +(ucV +831 A)- 7, . 0.8 444000 + (22407 + 831 186) - 858,898
T= M- (14 1) expliit, ALL 0792 (1+0021) oy K
1 B, (ucV,+831) 0924 - (26473 + 8314) |
T,:=2370K

3) Nodcmabum 7,=237-10° K, nonyyum

licit, ALL
eV, = (20.1+ 0‘921)+(1,55+ 1‘38).103. 7, AL 014 0'19621 +(1.55+ 1f:).m3-2370:26.393
o a . .

pcV,=26393



Myka3ob AT 30042018
33225/5 Pacyem 8buzamens.mcdx

(528 .
T +(ucV +830 A)- 7, | 18- 4000 + (22407 + 8314 186) - 858,898
A\ M () explicit, ALL 07792+ (1+0021) om0’ K
Z P+ (pcV,+831k) 0924 - (26393 + 8314)
T,:=2372K

4) NoBcmabum 7,=2372-10° K, nonyyum

lictt, Al
V= (20_1+ 0921)+(155+ 1'38).10—3. 7, AL 01 0'19621 +(155+ 1f:).10—3.2372=26.398

a a
ucV,:=26.398
§z'g .
" (pcV 4830 ) T, | 08- 44000~ (924074831 186) - 858898
A\ M (1) explicit, ALL 0792+ (1+0.021) bt K
Py (pcV,+831) 0924 - (26398 + 8314) '
T,:=23T1K
B umoze:
K/Ix

pcl,=26398 xkMoub * K

7,=2371.10° K

[) Pacyem npouecca pacwupeHus:
CmeneHb npedbopumensHozo pacwupeHus :

- B+ T, explicit, AZ_Z) 09242371
TAT 186.858898

p:=13T1

3N

(meneHb nocnedyowezo pacwupeHus:

explicit, ALL
g £ OPHEILAL 168 4 ocs
D oA

0:=12.254
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[okasamenb nonumponsl pacwupenrus:

2,:=209%
5,:=000287
a,:=0,=20916
b,:=b,=0003
1) 7,:=1700
8.3%-(% T rb]
Q,— 48, - (&,—
(8= 483+ (& §Z>+ﬂz-(az+bz- I« To=(ay+ by T) - Ty
Me(+1)-f B
. 831 « ( 0324 <2371 — 1700)

T EXﬂ//E//,A£ 1039

+1
(44000 — 3564 - 10" ) - (09— 08)

+ 032k - {20916 + 0.00287 - 2371) - 2371— {20916 + 0.00287 - 1700} - 1700
0792- (1+ 0,021) -1039 1039
7,=1218
1,:=1218

T, explicit, ALl 2371
g I 19 75,1718~
7,:=1373.10°

2) Ty= =1373.10°

8.314.(ﬂ “eT,- rb)
A

Y @ t0)-mt) il
”MJ.(L n)zj-ﬂ 7+ ﬁz-(u,+bz- T T—(ay+ b2 1)) T,

831A.(092“.2371_1373.103J
explicit , ALL 1039
n, — A) - +1
(14000 - 3564 - 10°) - (05— 08) + 992 20916 + 000287 2371) - 2371 - (20976 + 000287+ 1373+ 10°) - 1373 - 10°
0792 - (1+0021) - 1039 1039
ny:=1242
7, explicit, ALL 2371
W= 7 — iy =1293410°
07 1225477

7,:=1293.10°
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8.314-(ﬂ oT,— rb)
" 0 0) et b !
oy A g b T T (@t by T
3'( +7r>‘ﬂ i
am.[ogﬂ‘ .2371_1293.103)
, Pl AL 1039 o
(14000 - 356¢ - 10°) - (09— 08) + 9924 20916 4+ 000287 2371) - 2371 — (20916 + 000287 - 1293 . 10°) - 1293 - 10°
0792+ (1+0021) - 1039 1039
n,=1246
n,:=1246
T, explicit, ALL
L) e z D it 23T _128.10°
[5/72_1 1225[,.1%}6_1
7,:=128.10°
8.314-(ﬂz- 7,— 7[7]
" o a0)et) b ik
e g b ) T (gt by Ty
3'(1+7r>’ﬂ ﬁ
, 8314.(0%.2371_128.103]
7 E)(p//[/f,AZZ_> 39 1

(14000 — 3564 -10") - (09—08) 0924

+ - (20916 + 000287 - 2371) - 2371 — (20916 + 000287 - 128 - 10> ) - 128 + 10°
0792- (1+0021) - 1039 1039

1,=1246
1y=1246

[lanee duino cdenaHo mpu umepauuu, pesynsmamsl cbedens b madnuuy:

[pudnuxeHus
1 2 3 l
Tb 1700 1373 1293 1280
n2 1218 1242 1246 1246

llabneHue b koHue pacwuperus:
. P, explicit,ALL 16 MPg
p= g
g 1225474
Py:=0.105 MPa

=07105 MPa

10
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TeMnepamypa ocmamoyHeiX 2a3ob:
T, explicit, ALl 128.10°

/= —
A s [ 0705 MPa
p 166000 - Pa

r

=790405 K

/,:="190.t05

WMHINKA TOPHBIE [TOKASATE/MN

CpedHee uHdukamopHoe dabneHue MEOPEMUYECKO20 UUKAQ:

P .
P N T [ M [
e—1 n,—1 J% n—1 "

pr U AL B0 /"//D[Z.(T%. (1371_1) 4 1861371 .(1_ 1 )_ 1 .(1_ 1 ])
168—1 1246 -1 122541261 1359 —1 168771

P:=2007 MPa

P1:=2007 MPa
Cpedree undukamopHoe dabneHue uukna:

PP PP 0952007 MPE=1907 P

P+=1907T MPa

WHdukamopHsit KM:
7,:=288

M.« T,.P. explicit, ALL . .
3 el EXP " 831 0.792.288.1907 M/C’a_o45

7=831h : )
091302 MPa- 44000

Ny P 8y
7:=0L45

YdensHuil uHdukamopHsid pacxod monnuba:

KT
explicit, ALL
= 3600 Exp tH 3600 _0182 KBT*1
e 8y 0.45. 44000
KT

g:=0182KBT * 4

1



Myka3ob AT 30042018
33225/5 Pacyem 8buzamens.mcdx

IPEK TUBHBIE TIOKASATE/MN

CpedHee 3¢pdexmubHoe dabneHue:

explicit, ALl
Poi= P oy — 1907 MPa-08=1526 MPa

P,:=1526 MPa

JppekmubHbiu KI1:

explicit, ALl
D= Tlj* My —045.08=036

7,=036

YdensHuiu 3¢ pekmubHbil pacxod monnuba:

3600 explicit, ALL 3600
A, 44000-036

KI'

,:=0227KBT * 4

KI'
=0227 kBT x4

PASMEPH LIN/IMHLIPA
Yucno uunuHopob Bepem makoe xe, KOK U Yy npomomuna /:=8
Pado4ul odbeM odHo20 yunuHdpa:
M=2

n:=3800

n=1397935 1
s

60.m- N, explicit, ALL 60.2.220 kW
S Ppeeie 10 1526 MPa-3800 rpm-8-10

V== 0543

=0543 /

[nga dbuzamens D4D BossMeM:
S0:=115

3 V. explicit, ALl
[luaMemp uyunuxdpa J:= N g _)3\[ U363 =08LL ™M
0785. S0 0785175

[:=08L4L nm

12
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Xod nopwHa S:= /.

Mpobepka: V=

Pacyem dbuzamens.mcdx

explicit, ALL
S)———— 0844+115=0971 nm

$:=00971m

7o [F . S explicit, ALl 77.08L4% .0.0971

OnpedenuM CpedHio CKOPOCMb NOPWHS:

mt

_ S.n explicit, AL 0.0971.3800

=0054

30

=12299 m/c

[I0CTPOEHNE MHIWKA TOPHON [NATPAMME

300420718

@ nkb

Sc

Sx

Scx

Sa

Ex

Ex n1

Pcx

Ex n2

Pbx

Vi

31400

180,0000

00614

09700

1031k

1031k

1,0000

1,0000

01860

10000

0,7050

05767

21911

160,0000

00614

09461

10075

10314

10238

10324

01920

10298

0.7260

05634

24422

140,0000

0,061k

08756

09370

10314

11007

11393

0.2119

11274

0,7948

05240

2,0933

120,0000

00614

0,762k

08238

10314

12520

13573

02524

132414

09337

04606

174L4

100,0000

00614

06144

0.6758

1031k

15261

17762

03304

16962

11958

03779

13956

80,0000

00614

04461

05074

1031k

2,0325

2,6219

048717

24268

17109

0,2838

10467

60,0000

0,061k

0.2775

03389

1,031k

30431

45375

08440

£,0192

2,8335

01895

06978

40,0000

00614

01328

01942

1031k

53117

96738

177993

8,0639

56851

0,1086

03489

20,0000

00614

00347

0.0961

1031k

10,7314

25,1571

L6792

19,4231

13,6933

0,0537

0,0000

0,0000

00614

0,0000

0,061k

1031k

16,8000

46,2589

8.6042

34,0123

239787

0.0343

-0,3489

-20,0000

00614

00347

0.0961

10314

10,7314

251571

L6792

19,4231

13,6933

0,0537

-0,6978

-40,0000

00614

01328

0.1942

10314

53117

96738

177993

8,0639

56851

0,1086

-10467

-60,0000

00614

0.2775

03389

1031k

30437

L5375

08440

40192

28335

0,1895

-13956

-80,0000

00614

04461

05074

10314

2,0325

26219

048717

24268

17109

0,2838

17kLL

-100,0000

0,061k

0.614L4

06758

1,031k

15261

17762

03304

16962

11958

03779

-2,0933

-120,0000

00674

07624

0.8238

1031k

12520

13573

0.2524

132414

09337

0.4606

-24422

-140,0000

00614

08756

09370

10314

11007

11393

02119

11274

0,7948

05240

-2.719M

-160,0000

00614

09461

1.0075

1031k

10238

10324

01920

10298

0.7260

05634

-3,1400

-180,0000

0,061k

09700

1031k

1031k

1,0000

1,0000

0,1860

10000

0,7050

05767

MpuMep pacyema dns yzna @qe:=180 °

$=097
e=168
71,=1359

1= 1246
P.=0186 MPa
P,=0.105 MPa
[=08Lk

S expliot, ALl g97

T (e=)

=0.061

$:=097

/Q::
2

)

=0.485

13
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explicit, ALl 0.194

— 0485.|1—cos (180 9 + «(1—cos(2-180 9) |=097

A
Sy=R-[1—cos (g + i (1—cos (2- 99))

explicit, ALL
Sp=5+S, — 0.061392405063291133+097="1031

explicit, ALL
S=54+S — 0.061392405063291133+ 097 =1031

o So o ALL 10313926050632912 _

dl S 10313924050632912

£ =1
. explicit, ALL 9

/nggg:: /Dg. £’ — 0186+ MPa-1""=0186 MPa

i explicit, ALl 126 _q

X — =

explicit, ALL
Poeteo:="Pye & F — 0705 MP2.1"**=07105 MPa
. explicit, ALL . 2
V==(” 402 )-S PR A, 708 9970543

MHmepnonsuus DauHHLIX:
g:=cspline (rotate180 (V) ,rotatet80 (£,,))
wi=cspline (rotate’80 () , rofate180 (£,))
Py(v) :=interp (g, rotate’80 (V) , rotate80 (A,,) , v)

P[X(

v:=0,001..065

/

v) :=interp (w, rotate180 (V) , A, 1)

c:=cspline (rotate80 (¢ ,rotate80 (P,))
d:=cspline (rotate180 (¢2) ,rotate180 (£,,))
Pyer(®) :=interp (c, rotate180 (¢7) , rotate180 (Ay,) , ¢)

Pr(@ ) :=interp (d, rotate180 (¢2) , rotate180 (£, , ¢ )

¢:=0.1..180
¢7:=0,-1..—180

1
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Py, <’Uz>

Nlabnexue, Mo P, <Uz>

A
16
15
14
13
12
11
10
9
8
7
6
4
3
2
1 Ui
0.065 0.13 0.195 0.26 0.325 0.39 0.455 0.52 0.585 0.65
0dkeM k.C,
M 3

WHdukamopHas duazpamma 3abucumocmu dabnequs om odbema

15
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wal (d))
chl (¢1)
flobnenue, Mna | ——————————
16+
15.5
15+
14.5+
14+
13.5
13+
12.5
12+
11.5
11
10.5+
10
9.5
91
) >
—180 —160 —140 —120 —100 —80 —60 —40 —20 20 40 60 80 100 120 140 160 180
o
Yzon nk b,

WHdukamopHos duazpamMma 3abucumocmu dabneHus om nonoxeHus Koneryamozo bana

16



