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 ЬЊУЮϜЬмцϜ 
ϲвЮ̮т϶тϼϝϦ ϣ̮ϣ ϣтϸтϸϲЮϜ АмА϶ЮϜ дК 

The History of Railway 

 -1-1:ϸтлвϦ  

UIC

 

-1

-2

-2-1 ϣтϸтϸϲЮϜ ШЪЂЮϜ ϵтϼϝϦ ϣтϼмЂ сТм аЮϝЛЮϜ сТ : 



 

19 

1769 

1814

George Stephenson

5 

27/5/1825

Locomotiv 

3880

15/9/1830

Rocket

1832 

 

 

 

 1914

60



 

20 

 

 

1833Friedrich list

1835

Nuernberg - Fuerh61435

1838 

1839

 

 

 

 

  

 

1851

1854
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1896

B.B.B

1902

1-11-2

 

 1-1

1906



 

22 

21

 Bagdad-Bahnhof

1911

1944

1956 
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1-32010 

 

19361906 

1-3

19111914

 

1946
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1963

CFSDirection générale des Chemins de fer Syriens

1964CFH

1967

1977

1979 

1980

740 

1984210 

199090 

120100

20

1964210

1981270

TGV5151990 
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1983 

 -3-1  :ϣтϸтϸϲЮϜ АмА϶ЮϜ ϝтϜϾв 

-1-3-1  :ϣЦϝАЮϜ ϼтТмϦ 

32002400

50

48 

26300

92

 1-1

1-1

320092  30027600

488384300 92141288150

60090

92

4892

68
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3200/923005.11% 8.5

-2-3-1 вцϜ ϼтТмϦ :ϣвыЂЮϜм дϝ 

93

2

1994200343

1-2
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%57

 

1-2

1000
1000

199459 571.339.581.289.25

199562541.3910.061.218.76

199677571.7312.341.289.13

199756431.179.440.97.25

199852401.189.980.917.67

199952431.17990.978.18

200064471.2812.410.949.12

2001 43 36 0.92 7.49 0.77 6.27 

 

-3-3-1  :ϣϚтϠЯЮ ФтϸЊ ϣтϸтϸϲЮϜ АмА϶ЮϝϠ ЬЧжЮϜ 

20

0.4

CO2 - SO2
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-4-3-1   

-5-3-1   

-6-3-1   

-4-1  :ϣтϸтϸϲЮϜ АмА϶ЮϜ ϘмϝЂв 

-5-1  :ϣтϸтϸϲЮϜ АмА϶ЮϜ РтжЊϦ 

 

 

1-4
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143514357501000

1-4
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 -6-1мА϶ЮϜ :ϣтϼмЂ сТ ϣтϸтϸϲЮϜ А 

-1-6-1 ) ϣтϼмЂЮϜ ϣтϸтϸϲЮϜ АмА϶ЯЮ ϣвϝЛЮϜ ϣЂЂϔвЮϜCFS(:  

1963km2454

mm 1435

1-4

 

1-4

Km  K.m K.m 

1178-125105

5--594

81639100

403245

203524129630

6716149738

111251815422

4238119194 

4017413861322

5591335374599 

96132513414 

65   65 103 
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-2-6-1  рϾϝϮϲЮϜ рϸтϸϲЮϜ А϶ЯЮ ϣвϝЛЮϜ ϣЂЂϔвЮϜ(CFH):  

1964338 Km

Km120

mm1050

1-5

16124/8/1977

1-5

1-5

 

190 2005-2002

652010-2005 

2012008-2002

3082010-2002

28



 

32 

1-5
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-7-1  :ϣЪϼϲϦвЮϜм ϣЪϼϲвЮϜ ϤϜмϸцϜ 

1-6

1-6

CFSCFH

2454338

14351050

R50 - R4345

15414

2381595978

29

3625

26

2514
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CFSCFH

47935

192

19

44 

305

26

479 311 

11182659

 

-1-7-1  :ϤϜϼАϝЧЮϜ 

 -1

 -2 

 -3
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1-6

 

1-6 a

1-6 b2800



 

36 

1-6 c

-2-7-1  :ϞϝЪϼЮϜ ϤϝϠϼК 

1-7

    



 

37 

1-7

-3-7-1  :ϤϝжϲϝІЮϜ 

1-81-6

1-8-a
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1-8-b

-8-1  :ϣтϠϼЛЮϜ ϣтϸтϸϲЮϜ АмА϶ЮϜ ϣЪϠІ 

70

20012569016483

1435

22928

1-7
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1-7

 

25690 

16483 

22928 

2761 

1413 

1-8

1-8

1000

1050 

1055 

1067 

60250

12
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25

18853.3

360

600

5014

1100

5830780

65

2.51-9

1-9

1908

21.8*10 

95

314*10

67

14*10
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86

5493

94*10

56*10

20752*10
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сжϝϪЮϜ ЬЊУЮϜ 
 ϣЛЂмЮϜ 

Principles of track guidance 

-1-2 :ϣтϸтϸϲЮϜ ϣЪЂЯЮ ϣтвϝДжЮϜ ϣЛЂмЮϜ  

 -1-1-2 :ϤϝвтЧϦЂвЮϜ сТ 

mm1435S 0-14 mm

mm1500S 

4 mm

8 mmmm8mm4mm1435S 

mm1410Sm 

mm1426Sm 

0-14 mm

mSS

2-1

m514261431 

mm3314101443 
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2-1

S = 1435mm

 

1435 mm

1450 mm1458 mm

1524 mm 

1600 mm 
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1665 mm 

1674 mm 

1435 mm

600-1100 mm

1050 mm

-2-1-2 :ϤϝтжϲжвЮϜ сТ  

-A  :А϶ЮϜ аЂϮ ЌтϼЛϦ 



2-1

2-1

R[m] 3000-4000 1800-2500 700-1500 600

[cm] 10 20 40 50 
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-B  :А϶ЮϜ ϣЛЂм ЌтϼЛϦ 

35 mm

175 m

2-2

2-2

mm m 

1440 mm 150 m - 175 m 

1445 mm 125 m - 150 m 

1450 mm100 m - 125 m 

5 mm

2-2

-2-2  :(ϼмϝϲвЮϜ) ϞϝАЦцϜм ϤыϮЛЮϜ 
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 -1-2-2 ϞАЧЮϜ(Wheelset) : 

wheel seat250axle

 

-2-2-2  :ϞϝАЦцϜ аϝлвм РϚϝДм 
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 -3-2-2 :ϞϝАЦцϜ ϝлЮ ЌϼЛϦϦ сϦЮϜ ϤϜϸϝлϮшϜ 

static 

load

dynamic load

termic load

disk trake

-4-2-2 :ϞϝАЦцϜ атвϝЊϦ ИϜмжϒ  



 

48 

 

 

 

 

tyred wheel

solid wheel 

-1-4-2-2  ϞϝАЦцϜϺ) ϣЯϦЪЮϜ ϣтϚϝжϪ ϞтЮϜмϸЮϜ ϤϜtyred wheel :( 

Ϻ1879

 

300-280
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-2-4-2-2 ) ϣЯϦЪЮϜ ϣтϸϝϲϒ ϞтЮϜмϸЮϜ ϤϜϺ ϞϝАЦцϜsolid wheel :( 

Ϻ

1-2

1-4-2

disk brake

solid wheel
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 -3-2 :ϣтϸтϸϲЮϜ ШЪЂЮϜ ϤϝϠЪϼв ϞтЮϜмϸ пЯК ЬЪϑϦЮϜ ЬϝЪІϒ 

-1-3-2 ϣвϝК ЀЂϒ : 

 

wheel- tread wear

wheel- flange  wear 

-2-3-2  :ЬЪϑϦЮϜ ЬϝЪІϒ 

-1-2-3-2 ϞтЮϜмϸЮϜ дϜϼмϸ ϱАЂ ЬЪϑϦ: )wheel- tread wear ( 

 

-2-2-3-2 ) :ϞтЮϜмϸЮϜ ϞϮϜмϲ ЬЪϑϦwheel- flange  wear ( 
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 -3-3-2 :Јϝ϶ЮϜ ЙϠϝАЮϜ ϤϜϺ ϼϜϼЎцϜ 

 2-3 

wheel flat

over- braking

hot boxϺbloked brake

 

-4-3-2  :ϣтϚϝЦм ϤϜ̭ϜϼϮϖ 

-1
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-2

 

-3 

-4 

-5

 

-6

 

-7

 

-8
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1:20

-a

 - b2-2
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2-2
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1:40

2-3

2-3

-4-2  :ϞтЎЧЮϜ дК ϣЯϮЛЮϜ Ϭмϼ϶ аϸК дϝвЎ 

A2-4

FGFH

B2-5

FR

 HR FF

GR FF B
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2-4

2-5

-5-2  :̭ϝІжшϜ ϣЛЂм 

2-6
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UIC

250 m

2-62-7

2-6
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2-7
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ϨЮϝϪЮϜ ЬЊУЮϜ 
рϸтϸϲЮϜ А϶ЮϜ ϤϝжмЪв 

Components of railway tracks 

-1-3  :ϣтϸтϸϲЮϜ ϣЪЂЮϜ 

-1-1-3 рмЯЛЮϜ аЂЧЮϜ  :йϦϝвлвм 
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1-3

 



 

62 

 

 

 

 

 

 

 

 

-2-1-3 ЧЮϜ :сЯУЂЮϜ аЂ 

sub grade

Right of way



 

63 

 

 

1-32-3

1-3

-3-1-3  :аϼмУϦыϠЮϜ 

2 m



 

64 

-4-1-3  :ЬЪІϦЮϜ ϣЧϠА 

3-5%

30-60 cm

50



 

65 

2/31/21/3

5/110/1

2-31-32-3 

-a

-b
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-c

-d

2-3



 

67 

1-3

 

 

2-3

cm 
 cm

40 
40 

20 
 
30 

 
30 min

3020 min 30-70 

20-40 
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-2-3  :рϸтϸϲЮϜ А϶ЮϜ ϼЊϝжК 

-1-2-3  :ϣтϺъмУЮϜ дϝϠЎЧЮϜ 

-1-1-2-3  :ϣтϺъмУЮϜ дϝϠЎЧЯЮ с϶тϼϝϦЮϜ ϼмАϦЮϜ 

UL

1789

1825

Stockton ï Darlington 4.52 m

13.89 Kg/m 91 Cm
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3-3 

 
1825

 

-a1839

    -b1836 

    -c1838 
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3-3

15 KN

250 KN

-2-1-2-3  :ϣтϺъмУЮϜ дϝϠЎЧЮϜ ϤϝϠЯАϦв 
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XY

 

 

 

-3-1-2-3  :ϣтϺъмУЮϜ дϝϠЎЧЮϜ ϬϺϝвж 

900 N/mm2

1200N/mm2

60 m 30 m

120 m 180 m

4-3

 

1/20

1/40

 1/3
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  7060

 

 

 

4-3

-1-2-3-4-5

-6-7-8-9-10

-11-12-13-14

-15-16-17-18

-19
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15 mm

5-3

5-3



 

75 

3-3

3-3

S4949.43 Kg/m

 R 5050.50 Kg/m UIC 6060.34 Kg/m

3-3

 
        

 

Kg/m 
Iy

[cm
4
] 

Ix 
[cm

4
] 

Wy 
[cm

3
] 

Wx 
[cm3] mm

2 [cm] [cm] [mm] [mm] [mm]  

49.43 319 1797 51 248/240 6248 14 50.5 67 125 149 S49 

 359 2073 57 276/262 6948 16 55.0 67 125 154 S54 

60.34 513 3055 68.4 377/336 7690 16.551.0 72 150 172 UIC60 

50.5 416 2016 63 284/ 6450 14.542.0 72 132 152 R50 

64.64 569 3548 76 359/k.a 8256 18 45.0 72.9 150 180 R65

 -4-1-2-3:ϣтϺъмУЮϜ дϝϠЎЧЮϜ ϣКϝжЊ ФϼА 

carbon-manganese steel

6-3Alloys

7-3



 

76 

6-3 

7-3 



 

77 

1.3%

4-3

4-3

HBW 

R 200 200ï240 (C-Mn) 700 

R 220220ï260(C-Mn)- 800 

R 220260ï300(C-Mn)- 
900 

A

R 200 
Mn

260ï300(C-Mn)- 
800 

B 

R 320 Cr320ï360- 
1100 

R 350 
HT

350ï390
(C-Mn)

- 

900 

R 350 
LHT

350ï390- - 

685MPa

R 200

hardening
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aluminothermicflash-butt 

brittle

rolling marks

4 m8-39-3

 

 

 

-1-2

    -3-4 

    -5

8-3



 

79 

9-3

conductibility

traction current flows 

silicium

mm

m
SS = Sieme4.5

R 2603.5R 320 Cr

120 m

15 m 

18m or 30 m

Closure
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Transition

7.5 m

sense

180 m

Vignole150 m

moment of inertia

-5-1-2-3 :дϝ̮̮ϠЎЧЮϜ аϝ̮ϲЮ  

preconditions

5-3 
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5-3

welding process 

flash-butt 

welding

fusion welding

Aluminothermic 

welding
Gas welding Arc welding 

headway - 15 min5 min 10 min

1080 MPa 1080 MPa885 MPa885 MPa

(DIN EN 13674-1) 
R 320 CrR 320 CrR 260 MnR 260 Mn

thermite
(DIN 8554 

& DIN 8555) 

electrode

(DIN 1913  
& DIN 8555) 

> 885 MPa > 885 MPa> 685 MPa 

> 685 MPa

> 885 MPa 
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-6-1-2-3 ϣтϺъмУЮϜ дϝϠЎЧЮϜ ϞмтК : 

20-40 



 

83 

10-3

 

(mm) 

(æS)

(mm) 

(æH)

(mm) (mm)

124
* 

20
** 

14
* 

138 S41 

124
* 

20
** 

25
* 

149 
S49 

(R50) 

* in analogy with AzObri NE  

** if gauge is sufficient  

10-3
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 -7-1-2-3ϣтϺъмУЮϜ дϝϠЎЧЮϜ ϞϼϝϮϦ : 

11-3 

RA

2mmKg8070R 

%1410A 12-3

 

 

HB35.0R 

-RKg/ mm2

-HB
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11-3

12-3

-2-2-3 ЌϼϜмЛЮϜ : 

-1-2-2-3 ЌϼϜмЛЮϜ Ϥϝвлв : 

50 
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50

3 20 %

5%

20



 

87 

 

 

 

 

 

 

-2-2-2-3  :ЌϼϜмЛЮϜ ИϜмжϒ 

-1-2-2-2-3

-1

 

 

 

 

1:20



 

88 

-2

 

 

 

cm2602616 

cm2702402318 

13-3

25-45

160 Km/h

 

13-3

javascript:;


 

89 

-3

 

 

 

-4



 

90 

 350200

 

 

1-2

500 Kg /m3

10 

150 Kg/m3

1440

1600

1840600 m
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1400ï1720

1440ï1800

SU 

-2-2-2-2-3

Le Crenier

1858

4mm

14-3

1:20

65-75 Kg

13 mm
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3-14

-1

 

 

 

 



 

93 

-2

 

 

 Y70

 B 70 

 

 

 

-3

SW 915-3

15-3SW 9
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Y1984S

16-3

 
16-3 Y

60 cm1.0 m

-3-2-2-2-3
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220 Kg

240 cm

17-3

 
17-3



 

96 

30*70*25 cm

30-38 Kg/m

18-3

18-3

185 Kg 220 cm



 

97 

  

  

  

 



 

98 

 

 

19-320-3

            

19-3

javascript:;
javascript:;
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20-3

-1-3-2-2-2-3

1966



 

100 

3 mm

150-170 Kg/ mm221-3

21-3

48115 Kg/mm2
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242 cm

237 Kg 

20*20*20 cm

28

-1

-2 

-3
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-4

-5 3-4 cm

36 Ton

-6

-7

7-8 h

8580

800

-8

 

-9

 -10
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300 ton

-a

17.9-19.10 ton

ton9.65-11.50

-b

)11.14-12.8 ton(

18.75-19.8 ton

-c
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250

 

100 
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-2-3-2-2-2-3 ϣУЯϦ϶в ϬϺϝвжϜ дв ЌϼϜмЛЮ :ϣтжмϦтϠЮϜ 

Schubert 1972

35 Kg

20%

22-3

22-3

-a

    -b

    -c

    -f
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23-3

23-3

B 70

20 cm

60 cm24-3
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24-3

1926

6-12m

 

 

 

 

 



 

108 

196325-3

25-3

-3-2-3 ϜмϸϒϤтϠϪϦЮϜм ЬЊмЮϜ Ϥ : 

-1-3-2-3  :ϤтϠϪϦЮϜ ϤϜмϸϒ ϤϝУЊϜмвм ϤϝϠЯАϦв 



 

109 

-1

-2

-3

-4

-5

-6

-7

-8

-9

-10

-2-3-2-3  :(ϸϚϝЂмЮϜ) ϸϝжϦЂъϜ ϱϚϝУЊ 

1/20

26-3



 

110 

26-3

-3-3-2-3  :ϤтϠϪϦЮϜ ИϜмжϒ 

27-3

    

    

27-3



 

111 

28-3

 

3-28

29-3

   

  
KK

K-1-2-3-4-5-6

-7-8

29-3



 

112 

30-3 

30-3



 

113 



 

114 

-4-3-2-3  :ϤтϠϪϦЮϜ ϤϜмϸϒ РтжЊϦ 

K

K 

 -1K

K29-3

 653



 

115 

4

7

86 mm

9 mm  

9 mm

 

2

1

-1

-2

  K

 

15-20

31-3



 

116 

31-3

 

 

 

-2KB

32-3

90Ǔ 

 

 

  

  



 

117 

32-3KB

-3RN

600 m 

2.5 

 

 

15%0 



 

118 

33-3

   

33-3RN

-4

RN

300-350Km/h34-3

34-3



 

119 

-5

300Km/h

35-3

 
35-3

-6

36-3

   



 

120 

     

36-3

-7W

37-3

  

37-3W



 

121 

-5-3-2-3 ъмУЮϜ дϝϠЎЧЮϜ ЬЊмм АϠϼ ϤϜмϸϒ :ϣтϺ 

-1-5-3-2-3

38-3

 

38-3



 

122 

 

 

38-3 

-2-5-3-2-3



 

123 

39-3 

39-3

-a -b -c-dZ

-e-f

80 Kg/mm2

227-388

L 

U 

Z 

 

 



 

124 

600 mm

900 mm40-3

mm19emax 

   



 

125 

40-3



 

126 

41-3

41-3



 

127 

42-3

42-3



 

128 

60, 45, 30m

43-3

43-3



 

129 

-3-5-3-2-3

 Fe2OAlAl2OFe 3232

 26002400

44-3)

   

44-3



 

130 

45-3 

45-3



 

131 

-6-3-2-3  :ϣЊϝ϶ЮϜ ϤϝϦϠϪвЮϜ 

250 m

46-380 mm

10 m

400 mm50 mm 

47-3

46-3 



 

132 

47-3

190 mm

 

 3 m

 

 

10 m

5 m

 

 

 

 



 

133 

9.5mm



 

134 

200-400 mm

3-48

3-49

      



 

135 

   

48-3

   



 

136 

49-3

5050 m

50-3

  

50-3

 -7-3-2-3  :ϝлϦтжϠ ϞЂϲ ϣтϸтϸϲЮϜ АмА϶ЮϜ РтжЊϦ 

51-3



 

137 

ϣ тϸтϸϲЮϜ АмА϶ЮϜ РтжЊϦ

рмЯЛЮϜ аЂЧЮϜ Имж
ЌϼϜмЛЮϜ Имж
ЌϼϜмЛЮϜ ϸКϝϠϦ

 Ϣϸϝв ИмжϤЂыϠЮϜϣтϺъмУЮϜ дϝϠЎЧЮϜ АϠϼ Имж

   -ϣтϸϝК ϣтϸтϸϲ АмА϶  
-А϶ЯЮ ϣтϝвϲ дϝϠЎЦ  

       -ЌϼϜмК дмϸϠ рϸтϸϲ А϶  
           - ϣАыϠ пЯК рϸтϸϲ А϶  ϣтжмϦтϠ

ϤтϠϪϦЮϜ ϤϜмϸϒ Имж ϣтϺъмУЮϜ дϝϠЎЧЮϜ Имж ЌϼϜмЛЮϜ Имж

51-3

W 60 ï 1667 B 70 ï 60 Sch

-W

 -60UIC 60

 -16671 Km 

 -B 70

 -60

 -Sch

Sch70
60

54KSt85Br
K54



K

 54S 54

 8585

 St

 6060 m 

 7070 cm

 Sch
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-4-2-3  :ϤЂыϠЮϜ 

-1-4-2-3  ϤϝϠϮϜм ϤϝϠЯАϦвм :ϤЂыϠЮϜ ϣЧϠА 

 

 

 

 

 

 

 

 

 

 

-2-4-2-3  :ϤЂыϠЮϜ ϤϝУЊ 

 -A
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-B

52-3

-C

-D

-E

-F

-G

52-3
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-3-4-2-3  :ϤЂыϠЮϜ ИϜмжϒ 

-1

30-40%

16-20%

15%20%

19%



 

141 

-2

-3

25% 

 25 %7-25 mm

 75 %25-70 mm

 10ï15 cm

 25ï30 cm

-4



 

142 

-5

-6

-7

180N/mm2

3/1

22.4-60mm15-30mm

-4-4-2-3  :ϤЂыϠЮϜ ϼϝϠϦ϶Ϝ 

-1LA%
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M=10Kgm

 %100
M

m
LA 

m

 M

 LA%

16%

-215%

-3

-4AASHTO

5%

-550Ǔ

-625

-7



 

144 

-5-4-2-3  :ϤЂыϠЮϜ ϨмЯϦ 

 

 

 

 

 

 

4-5

22.4 mm

30 %

-6-4-2-3  :ϤЂыϠЮϜ ϨмЯϦ ϤϝϮϼϸ ϸтϸϲϦ 
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-7-4-2-3 А аϮϲм ИϝУϦϼϜ ϞϝЂϲ :ϤЂыϠЮϜ ϣЧϠ 

Ŭ

 42 39

 30

 20

 h53-3

 


tan2

a
h

53-3

6-3
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6-3

cm

4239300A [m]

33 37 52 0,6

36 39 55 0,63 

56 40 56 0,65 

40 cm

 3965 cm

40%50%

10% 

53-3

-8-4-2-3  :иϸтϸϮϦм ϤЂыϠЮϜ РтДжϦ 

 

300-700 m/h500-

1000 m3/h150 Km

70 Km/h



 

147 

3.6 m3

54-3

54-3
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-9-4-2-3  :ϤЂыϠЮϜ ϣЧϠАЮ сЎϼЛЮϜ ЙАЧвЮϜ 

 

 

 

=5%1:20

1:1.25-1:1.5

C = 0.40 mV<=160 Km/h

 C =0.50 m160<V<=200 Km/h

 C =0.45 mB752.8 m

55-3
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55-356-3

57-358-3

56-3

57-3

58-3



 

150 

-3-3  :ϣтϸтϸϲЮϜ ϣЪЂЮϜ ϤϑІжв 

-1-3-3  :ϤϝАϲвЮϜ 

-2-3-3  :ϢϼвϦЂв Ϣϼϲ АмА϶ 

-3-3-3  :ϣтϸтϸϲЮϜ АмА϶ЮϜ ϸКϝϠϦ 
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-1-3-3-3  :ϤϜϼϝЂвЮϜ АмА϶ дтϠ ϸКϝϠϦЮϜ 

3.5m 

59-31.575m

350mm

59-3mm 

250 m7-3

7-3m

m 

3,5 m 

4,0 m 

hKm120Ve 3,80 m 

3,80 m 

4,70 m 

hKm230Ve  4,0 m 
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hKm300Ve 

4,5 m 

4,5 m 

4,6 m 

250 m8-3

8-3

mmm m mm 
250 0 170 215 

225 55 150 305 

200 120 120 700 

180 180 100 1100 

-2-3-3-3  :ϤϝАϲвЮϜ сТ АмА϶ЮϜ ϸКϝϠϦ 

4.50m9-3

9-3

m 

4,00 m 

4,50 m 

4,75 m 

hKm160V 5,80 m 

4,75 m 
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-3-3-3-3  :ϣϦϠϝϪЮϜ ϤϑІжвЮϜ дК АмА϶ЮϜ ϸКϝϠϦ 

2.50 m160 Km/h3.0 m

hKm300V160 0.80ï2.20 m

LW

LH60-3

60-3

10-3a,c,LwV

10-3wla, c, 

a c wl 

hKm160v   3,30 0,8010,60

hKm200v160   3,80 0,80 11,60 

hKm500v200   4,30 0,80 12,50 
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LH

4.90 m200 Km/h5.10 m

11-3

11-3

Ve

Km/h

LH 

  

hKm160V   5,70 m 6,15 m 

hKm200V160  5,90 m 6,40 m 

hKm300V200  6,70 m 7,20 m 

hKm300hKmV200 7,40 m 7,90 m 

-4-3-3-3  :ϣтϸтϸϲЮϜ АмА϶ЮϜ РтжЊϦ 

UIC

12-3

12-3UIC

P 
 

DCB A 

22.5 t20 t 18 t 16 t 

B1 A 5 t/m 
D2 C2 B26.4 t/m 
D3C3 7.2 t/m 
D4 C4 8t/m 

P

Q
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ЙϠϜϼЮϜ ЬЊУЮϜ 
 АтА϶ϦрϸтϸϲЮϜ А϶ЮϜ 

Planning of Railway Track 

-1-4  :ϣвϸЧв 

-2-4  :ϼϝЂвЮϜ ϸтϸϲϦ 

1/250001/50000
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1000

1

5000

1

-1-2-4 Ϝ ЬвϜмЛЮϜм ЀЂцϜ :рϸтϸϲЮϜ А϶ЮϜ ϼмϲв ϼϝтϦ϶ъ ϣвϝЛЮ 

-1

 -2

 

 -3

 

 -4

-2-2-4  :рϸтϸϲЮϜ А϶ЮϜ ϼмϲв атвЊϦ ϸжК ϝлϦϝКϜϼв ϞϮт сϦЮϜ ϣтжУЮϜ АмϼІЮϜм ϸКϜмЧЮϜ 

0,5 m 
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300-250

6812

 

250005000

00
01

00
03
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- 3-2-4  :сТϜϼОмϠАЮϜ АА϶вЮϜ пЯК дтϦАЧж дтϠ ϼϝЂвЮϜ ̭ϝЧϦжϜ ϣтУтЪ 

A B

5

1-4L 
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1-4

 m
i

h1000
l




L

 
S

1
25000:1 

mm
i

200

25000i

105

Si

10h
L

max

6

max

6










maxi

i8122000
0

maxi
R

700
i r 

00
0

r 3.15.0i 1i r 

)mm(
)1i(

200
L

max 


2-4



 

160 

2-4



 

161 

LA

I

IL

22

Rmin

3-4

3-4



 

162 

600

2.5-1.5

75

-3-4  :сЮмАЮϜ ЙАЧвЮϜ атДжϦ 

4-4
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-1-3-4  :сЮмАЮϜ ЙАЧвЮϜ аЂϼм ϣЂϜϼϸ ЬϲϜϼв 

 

 

R 

 

 

 

 

 

 

 

 

 



 

164 

 

 

80 cm
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ЀϸϝЂЮϜ ЬЊУЮϜ 
рϸтϸϲЮϜ А϶ЮϜ сТ ϢϼϪϔвЮϜ омЧЮϜ 

Forces in Railway 

-1-6 ЊϦ :рϸтϸϲЮϜ А϶ЮϜ сТ ϢϼϪϔвЮϜ омЧЮϜ Ртж 
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X1 300 240 180 120 60 0 60 120 180 240 300 360 420 480 540 600 

Xi1 3.82 3.06 2.29 1.53 0.76 0.00 0.76 1.53 2.29 3.06 3.82 4.59 5.35 6.12 6.88 7.65 

Eta1 -0.031 -0.043 0.009 0.226 0.658 1.000 0.658 0.226 0.009 -0.043 -0.031 -0.011 -0.001 0.002 0.001 0.001 

meu1 -0.003 -0.051 -0.142 -0.208 0.014 1.000 0.014 -0.208 -0.142 -0.051 -0.003 0.009 0.007 0.003 0.000 0.000 

y1 -0.01 -0.01 0.00 0.05 0.14 0.21 0.14 0.05 0.00 -0.01 -0.01 0.00 0.00 0.00 0.00 0.00 

M1 -8 -132 -372 -541 36 2609 36 -541 -372 -132 -8 23 17 7 1 -1 

x2 1260 960 720 540 420 360 300 240 180 120 60 0 60 120 180 240 

xi2 16.06 12.23 9.17 6.88 5.35 4.59 3.82 3.06 2.29 1.53 0.76 0.00 0.76 1.53 2.29 3.06 

ete2 0.000 0.000 0.000 0.001 -0.001 -0.011 -0.031 -0.043 0.009 0.226 0.658 1.000 0.658 0.226 0.009 -0.043 

meu2 0.000 0.000 0.000 0.000 0.007 0.009 -0.003 -0.051 -0.142 -0.208 0.014 1.000 0.014 -0.208 -0.142 -0.051 

y2 0.00 0.00 0.00 0.00 0.00 0.00 -0.01 -0.01 0.00 0.05 0.14 0.21 0.14 0.05 0.00 -0.01 

m2 0 0 0 1 17 23 -8 -132 -372 -541 36 2609 36 -541 -372 -132 

y1+y2 -0.01 -0.01 0.00 0.05 0.14 0.21 0.13 0.04 0.00 0.04 0.13 0.21 0.14 0.05 0.00 -0.01 

M1+M2 -8 -132 -372 -541 53 2632 27 -674 -743 -674 27 2632 53 -535 -371 -133 
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L2b2 

p

27-6

%60-50
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28-6

x

y

L7-4

62-6p2.0x 

63-6p8.0y 

64-6p3.0Tmax 

p

65-6



b2

Q
p

L,bb18-16

L
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66-6
Eb2

rQ
5.1L




r

67-6
rb

EQ2
05.0Tmax 

68-6Bmax 29.0T 

B9002

Q

r

69-6
E

rb
18Q

2

B
max




70-6
2

B

min
b18

EQ
18r





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ЙϠϝЂЮϜ ЬЊУЮϜ 

тКϝжЊЮϜм ϣтϠϜϼϦЮϜ ЬϝвКцϜиϝтвЮϜ РтϼЊϦм ϣ 
The Design Work Earth, Industrial and Drainage  

-1-7 :сϠϜϼϦЮϜ аЂϮЮϜ РтϼЛϦ  

-2-7  :сϠϜϼϦЮϜ аЂϮЮϜ ЬЪІ ϸтϸϲϦ 

-1

-2

-3

-4

1-7



 

262 

1-7

1 7.00 6.10 

2 6.50 5.80 

3 6.105.20 

11.1010.10 

 50 cm10 m

2-7

2-7

3001 m0.10 m 

1510ï3000 m 0.2 m 

1500ï601 m 0.4 m 

600 m0.5 m 
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2%

3-7

3-7

0.6 m 
0.12 m 

0.6 m 

1 /1.50 1 / 1.50 1 / 1.50 

1 / 1.50 1 / 1.50 1 / 1.75 

1 / 2.00 1 / 2.00 1 / 2.00

6 m

4-7
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7-4

12 1 / 0.2 

121/0.5-1/1.0 

121/0.5-1/1.5

6 1/1.0

6 ~12 1/1.5

121/1.5

121/1.75

2%o
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-3-7  :ϣтϮϺмвжЮϜ ϣтЎϼЛЮϜ ЙАϝЧвЮϜ 

20 cm

7.5%

-4-7 :А϶ЮϜ ϼвв ϣвлв  

-1

 -2

 -3

 -4

23cm

50-60cm

100cm
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 -5-7 :ϣЊϝ϶ЮϜ ϣтЎϼЛЮϜ ЙАϝЧвЮϜ 

12 m 

 

 

1/5

1/5

 

 

7

-6-7  :ϣтКϝжЊЮϜ ЬϝвКцϜ 
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-1-6-7  :ϣтКϝжЊЮϜ ЬϝвКцϜ РтжЊϦ 

-A

-B

20 m

20-60m

60-500m

500 m

-C

10-15

-2-6-7  :ϣтжмϦттЮϜ ϼмЂϮЮϜ 
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-3-6-7  :ϣтжϸЛвЮϜ ϼмЂϮЮϜ 

-4-6-7  :ϣϲЯЂвЮϜ ϣтжмϦтϠЮϜ ϼмЂϮЮϜ 

m6, 9.3, 13.5, 16.5

 

-5-6-7  :ϤϜϼϝϠЛЮϜ 
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60m

0.75, 1.0, 1.5, 2.0m

 

 

 

-6-6-7  :ФϝУжцϜ 
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300m

5-7

5-7

m 

300-1000 m 90% 

1001-3000 m 85% 

3000 m75% 

3%o

 

3% 
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-7-6-7  :ϤϝжмУтЂЮϜ 

 -7-7ЂЧЮϜ) ϣЪЂЮϜ ЀϝЂϒ ̭ϝІжϖ ЬϲϜϼв :(сЯУЂЮϜ а 

-1

-230-15

-3

 

-4

-5

2%3%
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 -8-7 :(сЯУЂЮϜ аЂЧЮϜ) ϣЪЂЮϜ ЀϝЂϒ ̭ϝІжϖ сТ ϣвϸ϶ϦЂвЮϜ ϣϠϼϦЮϜ ЈϜм϶ 

-1

-2 

-3 

-4 

-5 

-6

 

 -9-7 :ϣЪЂЮϜ ЀϝЂϒ сТ ϨϸϲϦ ϸЦ сϦЮϜ ϞмтЛЮϜ акϒ 

Soft Spots

1-7
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2-7a

2-7b

2-7c2-7d

2-7

1-7
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7-2

 -10-7:ϣЪЂЮϜ ЀϝЂϒ ϬыК ЬϚϝЂм  

 -1-10-7 :ϣЪЂЮϜ дК ̯ϜϸтЛϠ иϝтвЮϜ РϼЊ 

3-7

4-7

102050-30

505-7

6-7
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3-7

4-7
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5-7

6-7

-2-10-7  :ϤжвЂцϜ ϣжмвϠ дЧϲЮϜ 

7-7a
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53-2

7-7b

7-7

-3-10-7  :ϢϸвКцϜ Фϸ 

130-1550-60%

8-7
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8-7

-4-10-7  :ЬвϼЮϝϠ ϝкϔЯвм ЀϝЂцϝϠ ϞмЧϪ ЬвК 

spuds

-5-10-7  :ЬвϼЮϝϠ ϝкϔЯвм ϞмтϮ ЬвК 

7-5

9-75

9-7

-6-10-7  ϼϚϝЊϲЮϜMats:  

25-15
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-7-10-7  ϣтϠжϝϮ дϜϼϸϮRetaining Walls:  

10-7

10-7

-8-10-7  :ϣтмϝвтЪ ϸϜмв 

1%

-9-10-7  :дтϼϠмтжЮϜ ФϚϝЦϼ 

5*41

15

-10-10-7  :дтвмϦтϠЮϝϠ ЄϼЮϜ 
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 ЬЊУЮϜдвϝϪЮϜ 
ϣвмϲЯвЮϜ ϣтϸтϸϲЮϜ АмА϶ЮϜ 

-1-8 ϣвϸЧв : 

91

4.71

9121518

1898

1930
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800

1000-500



 

283 

2700 K

10-25%

20%

-2-8 ϣвмϲЯвЮϜ АмА϶ЮϜ ϣтϼДж пЮϖ Ь϶ϸв : 

maxT

minT
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]T,T[ minmax



railn TTF0 

nT

1-8ZD TT 

DT

DF

ZT

ZF

nT

nT

maxT
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1-8

650

ST

-3-8 твамϲЯвЮϜ А϶ЮϜ ϣтЪтжϝЪ : 

2-8
2cr

L

IE4
F

2
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2-8

-1

yI23-8

yIy-y

 

3-8
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-2

4-8 

4-8 

-3

q

5-8 

5-8 



 

288 

-4

 

-5

6-8 

6-8 

-6
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-4-8  :АПЎЮϜ ϣЮϝϲ сТ ϣϮϼϲЮϜ ϢмЧЮϜ ϞϝЂϲ 

-1-4-8 ϙТϝЪвЮϜ ϣЮϝАЛЮϜ аϾК ϣЧтϼА : 

7-8
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3-8
yE48

LH
I

3




E, y, H 

8-8

ttanconsq 

4-8qEIF AAAE 

FAF 

EIA
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qA

 E

5-8
f9

545.0qL4

L

IE9
F

2

2
2

2cr



 


-2-4-8 ж) ϣтЯтЯϲϦЮϜ ϞϝЂϲЮϜ ϣЧтϼА(рϸЂвт : 

1959

-1

A, B, C, DC, A

CA 

-2q 

-3MEI
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9-8 

6-8FMqEI AAAAE 
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7-8dxy
2

EI
A

L

2

EI  

EIA

8-8dxyqA
L

2

q  

qA

 y

10-8

9-8f
a

M2
CA 0

0M 

ttanconsMM 0 

10-8
aL

r2f
cA

2

M





M
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11-8

01 C,C

 a

 f

 r

11-8LFAF 

f

12-80
fd

Ed

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 rM

ycqq 0 

13-8
f

ff

Rf

L
K1

a

r2
LcK

ff

L
qK

L

IE
K

F 0

2

5

2

3

0

2

0221

cr














  

ttanocnsMM 0 

ttanocnsq 

14-8
f

ff

Rf

L
K1

)ff(a

LM
K

ff

L
qK

L

IE
K

F 0

2

5

0

0

4

0

2

221

cr

















iK

1-8

1-8

D C B A 

284.000205.80094.50044.100K1 

0.00740.01580.02220.087K2 

0.00480.00910.01710.064K3 

0.22200.35800.34000.752K4 

0.000 0.0133 0.000 0.086K5 
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13-814-8

E
26 cm/N10.21E 

 IcmI2I y

 Lcm

 q0N/cm

 C

 fcm

0fcm

 acm

 Rcm

 rM

1

ttanocnsqcm1)ff( 0 

3105 



 

297 

A, C, D

15-8
h

ff
3 0



B

16-8
h

ff
5 0



h

-3-4-8  :ϣтжϝвЮцϜ ϞϝЂϲЮϜ ϣЧтϼА 

17-8)C(
fEA

qI7.8
T

2

2








E2

IyI2I 2
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18-8)C(
fEA

qI16

fRA

I8

fRA

I8
T

22

2

2






















19-8TAEFcr 

-4-4-8  :ϣтЂжϼУЮϜ ϞϝЂϲЮϜ ϣЧтϼА 

 

 

20-8
EI

Fcr



A-21-8 22LA

B-21-8 23LB

C-21-8 24LB

D-21-8 25LD

ABCD L,L,L,LD, C, B, A
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-5-4-8  :ϣϮϼϲЮϜ ϢмЧЮϜ ϞϝЂϲ пЯК ϣЯϪвϒ 

 

60 

B 

12 

0.4 

2.2 

S49

24

y cm5.62A;cm638I2I 

60

1000

-15-8

2.29

545.06012004

1200

63810219
F

2

2

2

62

cr








kN1790N1790296963840826456 

-2

ttanconsqcm1cm8.1ff 0 
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ttanconsM1051015
600

8.1
5 33  

14-8

34.0K,0222.0K,5.94K 421 

2.2

8.1

8.160

120010
34.0

8.1

1200
600222.0

1200

6381021
5.94F

52

2

6

cr 


















  kN1900
2.2

8.1
3777771065600879244 

40%

45%15%

-317-8

C118
2.2101.25.62)105.11(

66387.8
T

6226









kN17701185.62240Fcr 

-421-8

0111.0
1200

23





kN1650IEF 2

cr 
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2

800 

C 

15 

0.5 

2.4 

70

1000 

60 

S49

24

y cm5.62A,cm638I2I 

-15-8

4.29

545.07015004

1500

63810219
F

2

2

2

62

cr








kN2140N21395171610585528932 

-2

consantqcm1cm9.1ff 0 

consantM1051011
101.5

9.1
3 33

2



 
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14-81-8

4.2

9.1

800004.2

1500
0133.01

9,160

150010
358.0

9.1

1500
0158.0

1500

6381021
8.205

F
2

52

2

6

cr































kN2060N2059122322645897098839379 

4.2108005.62105.11

6388
T

26 






C132

4.2101.25.62)105.11(

763816

4.2108005.62105.11

6388
6226

2

226























kN19801325.62240Fcr 

-5-8  :ϸІЮϜ ϣЮϝϲ сТ амϲЯвЮϜ А϶ЮϜ ϼϜϼЧϦЂϜ 

122
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-6-8 ϣтЮмАЮϜ АмА϶ЮϜ аϝϲЮ : 

 

 

0.9-0.80.7-0.6
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-1-6-8  сϚϝϠϼлЪЮϜ аϝϲЯЮϜ(сЎтвмЮϜ) ϼϼІЮϝϠ : 

 

 

 

tRIMQ 2

Q

 I

 t

 R

 M
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-2-6-8  :(ϤтвϼϦЮϜ) рϼϜϼϲЮϜ сϠвмЮъϜ аϝϲЯЮϜ 

 

 

 

 

 

Q198.3

20-8QOAIFe2AI2OFe 3232 
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-7-8 ϣвмϲЯвЮϜ АмА϶ЮϜ сТ ϼϦжЮϜ : 

%20

50%15%

5%
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20

-1-7-8 мϸϲ ϞϝϠЂϒϼϦжЮϜ Ϩ : 

15
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-2-7-8 ϼϦжЮϜ Ϩмϸϲ ϸЛϠ ϤϜ̭ϜϼϮшϜ : 



 

309 

21-8tt LrAEF 

tF

fF

22-8ftcr FFF 

-8-8 ϣвмϲЯвЮϜ АмА϶ЮϜ сТ ϼмЂЪЮϜ:  



 

310 

40%

-9-8 ϼмЂЪЮϜ ϣЮϜϾϖ : 



 

311 

12-8

(1 

13-8 

(2 

14-8 



 

312 

(3 

15-8 

(4

16-8

30

10

 



 

313 

-18

 

-2

y, x 

L

23-8bvp ee2LL 

be

 ve

 pL

 

bv ee 

-3
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-4

8

-10-8 ϶ пЮϖ амϲЯв А϶ дв ЬϝЧϦжъϜ :рϸϝК А 

24-8
r

AT240
La






 

315 

25-8
r

AEe
L  
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317 

 
ЙЂϝϦЮϜ ЬЊУЮϜ 
ϲЮϜм ϼϝАЧЮϜ ϼтЂ ϤϝвмϝЧвϣтϼϮЮϜ ϤϝϠϝЂ

Train Resistances and Traction Calculation 

-1-9  :ϣвϸЧв 

 

 

 

Kg/ton

N/kN

-2-9  :ϼϮЮϜ ИϜмжϒ 

-1-2-9  :рϼϝ϶ϠЮϜ ϼϮЮϜ 

18-20 Kg/cm2
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22 COOC 

22 COKg666.3OKg666.2CKg12 

22 COKg666.3OKg666.2CKg1 

C2.666 KgO

23.5% O

1 Kg C

Kg3.11
235.0

Kg666.2


9 m3

220-300 Kg 

5 m2450-650 Kg C/h/m2

 1200-1600º

1000-1300º200-250º

 

10% 



 

319 

 

-2-2-9  :ЬϾтϸЮϝϠ ϼϮЮϜ 

1908

1914

1937

4000
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-A сЪтжϝЪтвЮϜ ЬЧжЮϜ  :(сжтϠϼмϦ) 

 -B :сЪтЮмϼϸтлЮϜ ЬЧжЮϜ 

-C  :сϚϝϠϼлЪЮϜ ЬЧжЮϜ 
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R

P1-9

1-9

 

 

 

35%25% 
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-3-2-9  :сϚϝϠϼлЪЮϜ ϼϮЮϜ 

1881

5000m

18951900

 

 

12-24% 
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-4-2-9  :ϼϮЮϜ ϢмЦ 

M

F1

F F12-9

2-9

F

FkF 

M

k

Pc

Kg
ckk P1000F

k

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k0.3-0.01

k

V Km/h












 116

V42

9000

1000

1
k

 

-3-9  :ϼϝАЧЮϜ аϸЧϦ ФтЛϦ сϦЮϜ ϤϝвмϝЧвЮϜ 
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PB, A

P/4

P/40

P/100

96%

P/4002.5 Kg/Ton99%
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-1-3-9  :ϣтЂϝЂцϜ ϣвмϝЧвЮϜ омЦ 

)t/kg(v
nq

fb
va

q

13
6.0W 2

0





-a0.0130.0085

-b0.0010.00450.0007

-fm28 m2 11

-q520 

-n

-vkm/h

80km/h

Tut-hill

)t/kg(vcvbaW 2

1110 
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a1, b1, c1a, b

a10,90.24

 b10.0110.0006

 c10.000880.0005 

Strahl

)t/kg(
k

)vv(
5.2W

2

0




 vkm/h 

v

20

 k4000

1000



 

328 

0W
0W 

)t/kg(v0003.0v01.09.1W 2

0 

v
q

25.0
2.04.1W0 










T6q 

2
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