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30 bar55 bar 
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אCO2 
6,5 - 8 7 - 11  12 - 13  3,5 5,5 7 

אH2O7 - 109 - 11 10 - 11 3,5 5 5 

O2 1 – 1,5 0,5 - 2 0,1 – 0,4 16 12 10 


אCO 

4,5 4 1 - 3 0,05 0,1 0,3 

H2 0,5 - 4 0,2 - 1 0,1 – 0,2  0,1  
N2 71 74 76 77 77 77 
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א 

א
א 

2 kg\kw - 6 kg\kw 
 
 

22 kw\1 - 55 kw\1 

5 kg\kw – 9,5 kg\kw  
 
 

7 kw\1 - 30 kw\1 
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אאאאאTDCאאאBDCא

אFאאEVcyF٩٢EאאW 
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.

S.AVcy d2 Π
==

 

 
F٩٢E 

 
VcyZאאFcm2KE 

dZאאFcmKE 
AZאאFcm2KE 
SZאFאאEFcmKE 
ΠZ١٤}٣K 

 
Wאd = 84 mm ; s = 80 mm א،אVcyK 
אW 

cmcm

sAVcy

8
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.
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×
×Π
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אאאאאW 

Z.S.
4
.dZ.S.AVs

2 Π
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Z.VcyVs = 
W 

VsZאFcm3KE 
ZZאאK 

W 
אWZ = 6K 

Vcy = 443.4 cm3K 
אFcm3KE 

אW 
Vs = Vcy . Z 

6cm4.443 3×= 
cm4.2660 2= 
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،אFEאאאאא
אאאאאאאא

אאא،אאאאא،FVcn minE
אFVcEF٩٣KE 
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Vc
VcVcy +

=ε 
)1.(VcVcy −ε= 

1−
=
ε
VcyVc 

VcVcymaxVcn += 
אTDC 

VcminVcn = 
אBDC 

W 
εZאK 

VcZאFcm3KE 
VcnZאאFcm3KE 

Vcn maxZאאאאFcm3KE 
FאאBDCKE 

Vcn minZאאאאFcm3KE 
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W 
WVcy = 366 cm3 ; Vc = 47.5 cm3KאFεEאא 

אW 
7.8

5.47
5.47366

Vc
VcVcy

=
+

=
+

=ε
 

W 
W= 6.5εVcy = 49 cm3 m ;  KאFVcEFcm3Eאא 

אW 
cmVcyVc 39.8

15.6
49

1
=

−
=

−
=
ε
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א אFεE 
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6 ... 11K 
14 

14 ... 22K 
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אאאאK 

 
 

sd א k < 1 
d = sא k = 1 

sdא k > 1 

 
אאW 

d
sk = 
d.ks = 

k
sd = 

W 
kZאאFאאאKE 
sZאFcmKE 
dZאאFcmKE 
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א 

k = 0.6 ... 1,5K 
k = 0.9 ... 1,5K 
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٢אאאK 
٣אאאאK 
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1
s

1
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−

−
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εε 
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v
vv
2c

2ccy
2

+
=ε

 
W 
v 1c

ZאFcm3EאK 
v 2c

ZאFcm3EאK 
ε1

ZאאK 
ε2

ZאאK 
vc′ZאאFcm3KE 

s′ZאאאFcmKE 
sZאFcmKE 

AZאאFcm2KE 
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אאאאאאאא،

אאאא،א
אא،אאאאאא

אאאאאKאF٩٤E 
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אאאאאאאא
אאאאK 

אאאאאאאא 
FאEאאאאא،

،KK،אא،אא
אאאאאא

אK 
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אא

1200

.. npvp is

i
= 

4000

.. zvFp mi

i
= 

אא 

600

.. npvp is

i
= 

2000

.. zvFp mi

i
= 

60
n.s.2vm

= 
p.AF ii = 

)( cm\Np 2

i
 

 
W 

אPeffאאPiאPeffFiאFeffK 
 
PiZאאFkwKE 
dZאFcmKE 
AZאFcm2KE 
sZאFmKE 
zZאאK 

PiZאאFbarKE 
nZאאFr.p.mKE 

VsZאאFlKE 
PeffZאאFkwKE 

PZאאFbarKE 
FiZאאFNKE 

VmZאאFm\sKE 
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W 
אאאא،d = 69,5 mm،אs = 72 mm،

אאz = 4אא،n = 6000 r.p.mאא، 
Pi = 7,7 barK 

אאאFVsEFlEאא، 
FPiEFkwKE 

אW 

cmcm

cm95,6dv
32

222

cy

17,273cm2.7.94,37

cm2,7.
4

.
s.

4
.

=

=
Π

=
Π

=

 
Lz cmcmvv cys

093,110934.17,273. 33 =≈== 

kw42
1200

6000.7,7.093,1
1200

n..pvp is

i
===

 
 

W 
אאW 

Fi = 1800 N ; Vm = 12,5 m\s ; z = 2K 
FPiEFkwKEאאא 

אW 
kw5,22

2000
2.5,12.1800

2000
z..vFp mi

i
===
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אאW 
אאאאאאאא،א

א١٠٠٠א،א
א،אF٩٥E،אאא

אאאאאאא 
FaEאאא،אא،אא
Fr1EאFmEאFeKE 
אאFbEFEא،א

אאאFאEאאאאא،א
،Fe1Eאא،Fr1EK 

אאא،אFbEאא،
אא،אאאFr1Eאאא

،אאאאאא،אFe2E
e1e2،Wאאאאאאאא 

אאאg (N)CFee 12 _EF = K 
W 

FZאאאFNKE 
e2ZאאאאאאאFgKE 
e1ZאאאאאאאאFgKE 
gZאא( 9,81) m\s2K 

 
F٩٥E 

 



א א אאא 
אאא ١٧٢ אא

  
  

- ١٥٩ - 

אאאאאאא
אא،אאאFrEא

אאא،אאW 
אאאאZאCאK 

SFW ×= 
r..2S Π= 

אאאאאW 
אאW 

nr2Fpb
××Π×= 

nw×= 
W 

WZאFJEK 
FZאFNEK 
SZאFאאrad–אmKE 
ΠZאאאF3.14KE 

rZאK 
PbZאאFkwEאK 
nZאאFrpm - rpsKE 

Wאאא(n) = 300 rpm،אאא
אאF = 65 kNK 

d = 1,8 mKאאאאאאא 
אW 

 1000 = 65000 NCF = 65  
m9,0

2
8,1

2
dr === 

rps5
60

300n == 
nr2Fpb

××Π×= 
59,014,3265000 ××××= 

w1836900= 
kw9,1836Z 
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אאW 
אא،אאאאא

אאאאאאא،א
אאאאא،א

،אאאאFאEאאK 
אאאאאאאאאא

אK 
אאWM = F . LK 

W 
FZאאFNKE 
LZאאFmKE 

MZאאFNmKE 
W 

אאFFEא1200א KNאא،FLE
0,50 mאאאK 

אW 
M = F . L 
= 1200(KN) . 0,50 (m) = 600 KJ 

אאאFPbEאFWWE 

60
2).( nLFPb

Π
×= 

W 

60
2 nMPb

Π
×= 
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W 
אFnE240 rpmא،6400 KWK 

אW 

60
2 nMPb

Π
×= 

n
M Pb

Π
=

2
60. 

kj48,254
2402

606400
=

Π
×

= 
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60
n.s.2vm
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n.2
.60

s vm= 

s.2
.60

n vm=
 

vv mmax
.6,1≈ 

W 
VmZאאFm\sKE 

VmaxZאאFm\sKE 
sZאFmKE 
nZאאFr.p.mKE 

60ZF60 s = 1 minKE 
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W 
אs = 80 mm ; n = 5000 r.p.m K 

אאאFVmEFm\sKE 

אW
s\m3,13

min\s60
5000.m0800,0.2

60
n.s.2vm ===
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א אאFVmE
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 8 m\s ... 16 m\sK 
9 m\s ... 14 m\sK 
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אאאאW 
אאאאאאאאאאא

אאאא،אW 
אאאאFzZ٪אאEDFאאאאxEC١٠٠K 

אאאאאאאאאאK 
W 

אאאn( 126 r.p.m )אאא، 
S ( 1,600 m )،אאd ( 0,800 m )،H ( 2900 kg\hr )אאHu ( 

44 MJ\kg )אאאא،Peff ( 12 bar )،אאZ ( 6 )K 
W 

nZאF126 r.p.mKE 
sZאאF1,600 mKE 
dZאאF0,800 mKE 
HZאאF2900 kg\hrKE 

HuZאאאF44 MJ\kgKE 
PeffZאאF12 barKE 

zZאאF6KE 
Wא 
١אאFPiKE 
٢אאאאFthiηE 
٣אאFbeffKE 
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אW 
١אאW 

znsPeff dpi 604

2Π
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6
60

1266,1
41000

12
)8,0(10
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××
Π
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kw12096
61,26,150,010012

=
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٢אאאאW 

%1,34
341,0

10442900
360012096
HuB

3600
thi

3
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=
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××

×
=

×

×
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٣אאW 

hr\kw\kg239,0
12096
2900

Bbeff
pi
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=
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אאW 
אאאFאEאאאאאא،

אאאK 
אאאאאא

אאאאא،אאאא،
אאאאאKKK 

אאאאאאא
W 

אאzZ٪אאFאEDאאFאxEC١٠٠K 
אאאאW 

אאFPfZEאאFPiE–אאFPbKE 
אאאאאאאא

אאאאK 
אאא،אא

אאאא،אא
אאאאא،א

אאא،אW 
Pi = Pf + PbK 

W 
FPbEKW570אאאאא

 190 KWאאK 
אW 

א760 א KW = 190 + 570 =K 

אא=
p
p

i

fC100=
760
570100%75 ×=K 
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אאאא،אאאאאKK

אאאא،אאא
אאאא،אא

אאא،אאFEאא
אאאא90% , 70% K 

W 
אאאW 

nZאא300 r.p.mK 
zZא6אK 

DZא460א mmK 
sZאא640 mmK 

אאאאאK 
hZאאא11 mmK 

ksZא120 kN\m2\mmK 
FZאאא57,6א  KNK 
dZאא1,98א mK 
Wא 
١אאPiK ٢אאPbK  ٣אאmηK 

אW 
١אאW 

kw

znsKsh Dpi

96,2105

6
2
1

60
30064,0

4
1211

2
1
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)46,0( 2

2

=

××××
Π

××=

××××
Π

××=
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٢אאW 
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Fdnpb
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2
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3002

260
2
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×××Π×=
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p
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אK 
אאא٨٠٪٩٠٪אאK 

אFא،אא
אאא،אא،אאאאא

KKKאאאאאא 
א،אאאאאא

אאא،אאאאא
אK 
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١E אLWאLאWאL
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٣E אאאאLWW
K 

٤E אLאWLאאLאא 
אLK 

٥E אאאאLאאאאLW
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٨E אאאLWK 



א א א 
אאא ١٧٢  

  
  

 

א 
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١K  
٢אאאK ٦ 
٣אאאאK ٨ 
٤אאאאאאK ٩ 
٥אאאK ١٢ 
٦אאאאאK ١٥ 
٧אK ١٦ 
٨אאאK ٢١ 
٩אאK ٢٢ 

١٠אאK ٢٣ 
١١אK ٢٦ 
١٢אK ٣١ 
١٣אאאאK ٣٣ 
١٤אאK ٣٦ 
אאWאאא  
١٥אאאK ٤٠ 
١٦אאK ٤١ 
١٧אאאאאK ٤٢ 
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١٩אK ٦٩ 
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אK 

٩٠ 

٢٥אFאEאK ٩٣ 
٢٦אאאK ٩٥ 
٢٧אאK ٩٨ 
٢٨אFאKE ١٠٩ 
٢٩אאK ١١٠ 
٣٠אאאK ١١١ 
٣١אאK ١١٢ 
٣٢אאK ١١٣ 
٣٣אK ١١٤ 
٣٤אK ١١٧ 
٣٥אK ١٢٠ 
٣٦אK ١٢٢ 
٣٧אK ١٢٦ 
٣٨אFאKE ١٢٧ 
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٤٠אאK ١٣٢ 
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אאאWאא  
٤٢אאאK ١٤٢ 
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