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A review of long-term research of dump cars strength is given in the article. 
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UE-L-('P &+(.'*Q&833 7QL)&2*2, &*+L- 
2L+*'3N3*QTM-C )*+.E+C&3, )*-7.'2BEFT' .+-

G+C E3(-C(+-Q)*QD3- '-E2, )+B-7-(3- &+'+*PI 

)*3 Q72*- L+J(+ +)3.2'K . )+L+MKT .3.'-LP 

E3(-C(PI 73,,-*-(832EK(PI Q*2B(-(3C, 3.-
)+EKNQF )*+8-7Q*Q =4U. #L+*'3N3*QTMQT 

)*+.E+C&Q, )-*-72TMQT (2D*QN&Q +' G*+(-B+D+ 

E3.'2 (2 B-*I(TT *2LQ 3 3L-TMQT (-E3(-C-

(QT J-.'&+.'(QT I2*2&'-*3.'3&Q (2 *2.'FJ--
(3--.J2'3-, L+7-E3*+B2'K 7-,+*L3*Q-LPL '--
E+L B *2L&2I )*+8-7Q*P =4U 7+.'2'+H(+ 

.E+J(+, '2& &2& B I+7- *-R-(3F 73(2L3H-.&+C 

N272H3 GQ7-' 3NL-(F'K.F L2'*382 J-.'&+.'3 

B.-C &+(.'*Q&833. 

 

$3.. 3. %'*Q&'Q*(2F .I-L2 B2D+(2-.2L+.B2E2: 
1 – .E+3 L-'2EE2, E-J2M3- BPR- 2L+*'3N3*QTM-C )*+-

.E+C&3; 2 – 2L+*'3N3*QTM2F )*+.E+C&2; 3 – B-*I(FF *2L2 
. G+*'2L3 3 E+G+B+C .'-(&+C; 4 – (3J(FF *2L2 . +G*-..+-

*-((+C H2.'KT '-E-J&3; 5 – &+L)E-&' *-..+*(+D+ )+7B--
R3B2(3F '-E-J&3 

$2G+'2 2L+*'3N3*QTM-C )*+.E+C&3 3 .B+-

G+7(+- +)3*2(3- (+7(+.'+*+((3- .BFN3) B-*I-

(-C *2LP (2 (3J(TT B )*-7E2D2-L+C L-'+73&- 
L+7-E3*QT'.F )+.*-7.'B+L (-E3(-C(PI .BFN-C. 

:-E3(-C(2F .BFNK – )2*2 *2B(PI )+ B-E3H3(- 
.3E, 7-C.'BQTM3I (2 .BFNPB2-LP- -T OE-L-(-

'P B7+EK )*FL+C . )*+'3B+)+E+J-((PL3 N(2-
&2L3. 9-E3H3(2 O'3I .3E F, &+'+*P- GQ7-L 72-
E-- (2NPB2'K .3E2L3 BN23L+7-C.'B3F, +)*-7--
EF-'.F )*3 *-R-(33 73(2L3H-.&+C N272H3 3N 
Q*2B(-(3C .BFN3 B372: 

)(BC" fkF ,                          (8) 

D7- f(B) – (-E3(-C(2F 3E3 &Q.+H(+-E3(-C(2F 
,Q(&83F, &2H-.'B-((+ I2*2&'-*3NQTM2F Q)*Q-

D3- .B+C.'B2 2L+*'3N3*QTM-C )*+.E+C&3; B – 

7-,+*L283F 2L+*'3N3*QTM-C )*+.E+C&3; k – 

&+O,,383-(', N2B3.FM3C +' &+(.'*Q&833 B-*I-

(-C *2LP 3 -- *2NG3B&3 (2 &+(-H(P- OE-L-('P. 

:-'*Q7(+ N2L-'3'K, H'+ & (-E3(-C(PL .BF-
NFL +'(+.3'.F 3 .BFNK L-J7Q L-'2EE3H-.&3L 

R2*+L 3 G*+(-BPL E3.'+L, B+N(3&2TM2F . L+-

L-('2 3I &+('2&'2 3 N272B2-L2F Q72*(+C .3E+C 

F'(, &+'+*QT GQ7-L +)*-7-EF'K B )*+8-..- *--

R-(3F N272H3 +G Q72*- )*3 3.)+EKN+B2(33 .+-

+'(+R-(3F (2) – (8). 

V+7P'+J3B BPR- .&2N2((+-, GQ7-L )+E2-
D2'K, H'+ *2.H-'(2F .I-L2 B2D+(2-.2L+.B2E2, 
*2..H3'PB2-L+D+ (2 Q72* )272TM3L .+.*-7+-

'+H-((PL D*QN+L, L+J-' GP'K )*-7.'2BE-(2 B 
B37- .3.'-LP E3(-C(+-Q)*QD3I '-E (&2& O'+ 

3N+G*2J-(+ (2 *3.. 4), .BFN2((PI L-J7Q .+G+C 

.3E2L3 BN23L+7-C.'B3F. 

 

$3.. 4. $2.H-'(2F .I-L2 B2D+(2-.2L+.B2E2 

/B3J-(3- 3..E-7Q-L+C &+(.'*Q&833 3 )2-
72TM-D+ '-E2 )*3 Q72*- +)3.PB2-'.F .3.'-L+C 

73,,-*-(832EK(PI Q*2B(-(3C: 

& ' & '

& ' & '

:
:
:

;

:
:
:

<

=

!#"C

C"C!C

C#C"C!C

6

6

"

"

;

,

,

..
1

22

..

2

1

11

..

1

MgFM

FDYKM

FDFBXKM

'(

n

i

ii

n

i

ii'(

z

Y

X
   (9) 

. (2H2EK(PL3 Q.E+B3FL3: 

;
<
=

"""

"""

"""

"""

,,0,0

,0,0,0

0000

000

vZYX

ZYX

ttt

ttt

   
   (10) 

>7-.K [51], [61] – L2'*38P L2.. 3 J-.'&+.'3 

2(.2LGEF &+(-H(PI OE-L-('+B, )*-7.'2BEFT-

M3- G*+(-B+C E3.'; [52], [62] – 2(2E+D3H(P- 
L2'*38P B-*I(-C 3 (3J(-C *2L, QH3'PB2TM3- 
L2..Q +G*-c.+*-((+C H2.'3 '-E-J&3 3 J-.'-
&+.'K )*QJ3( *-..+*(+D+ &+L)E-&'2; 

CCCC

YYXX ,,,  – B-&'+*P )-*-L-M-(3C 3 Q.&+-

*-(3C .++'B-'.'B-((+ G*+(-B+D+ E3.'2 3 *2L 

B2D+(2; M, V, Z   – L2..2, .&+*+.'K 3 Q.&+*-(3- 
8-('*2 'FJ-.'3 Q72*FTM-D+ '-E2; F'( – Q72*(2F 
.3E2, )*3&E27PB2-L2F B '+H&2I &+('2&'2 & G*+-

(-B+LQ E3.'Q 3 Q72*FTM-LQ '-EQ; Fi – i-F .3E2 
BN23L+7-C.'B3F L-J7Q G*+(-BPL E3.'+L 3 

B-*I(-C *2L+C, L+7-E3*QTM2F *2G+'Q 2L+*'3-

N3*QTM-C )*+.E+C&3; B – B-&'+*, N272TM3C 

L-.'+ )*3E+J-(3F .3EP F'(; D1i, D2i – B-&'+*P, 

+)*-7-EFTM3- L-.'2 )*3E+J-(3F .3EP Fi & 
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G*+(-B+LQ E3.'Q 3 B-*I(-C *2L- B2D+(2-
.2L+.B2E2 .++'B-'.'B-((+. 

9 +GM-L .EQH2- N2B3.3L+.'K Q72*(+C .3EP 

F'( 3 .3E BN23L+7-C.'B3- Fi +' B*-L-(3 (-3N-
B-.'(P, .E-7+B2'-EK(+, )*2BP- H2.'3 .3.'-LP 

73,,-*-(832EK(PI Q*2B(-(3C (9) (- +)*-7-E--
(P. /EF (2I+J7-(3F N(2H-(3C O'3I .3E B &+(-

&*-'(PC L+L-(' B*-L-(3 t GQ7-L 3.)+EKN+B2'K 
Q*2B(-(3F .BFN3, )+EQH-((P- (2 +.(+B2(33 .+-

+'(+R-(3C (2), (6) – (8). 

1*2B(-(3- .BFN3 7EF +)*-7-E-(3F Q72*(+C 

.3EP .+.'2BEF-'.F .+DE2.(+ '-+*33 Q72*2 !-*82 

. QH-'+L L-.'(PI )E2.'3H-.&3I 7-,+*L283C 3 

3L--' .E-7QTM3C B37: 

7!C"# 3/2

'(m Fkxz                  (11) 

D7- z – )-*-L-M-(3- 8-('*2 'FJ-.'3 )272TM--
D+ '-E2;  m – )-*-L-M-(3- G*+(-B+D+ E3.'2 B 
'+H&- &+('2&'2 . Q72*FTM3L '-E+L. 

%3EP BN23L+7-C.'B3F +'P.&3B2T'.F 3N 
Q*2B(-(3C .BFN3 (6) 3 (7), .+.'2BE-((PI (2 +.-
(+B2(33 Q)*QD3I .B+C.'B 2L+*'3N3*QTM-C 

)*+.E+C&3, &+(.'*Q&833 B-*I(-C *2LP 7QL)&2-
*2 3 -- *2NG3B&3 (2 &+(-H(P- OE-L-('P: 

.,1),,,( niyxfkF iiii "C" 7          (12) 

>7-.K xi 3 yi- )-*-L-M-(3F '+H-& G*+(-B+D+ 

E3.'2 3 B-*I(-C *2LP, +'(+.3'-EK(+- )-*-L--
M-(3- &+'+*PI +)*-7-EF-' .'-)-(K .J2'3F 
2L+*'3N3*QTM-C )*+.E+C&3 B N+(- )*3E+J-(3F 
i-+C .3EP BN23L+7-C.'B3F. 
%E-7+B2'-EK(+, *-R-(3- N272H3 +G Q72*- B2-

D+(2-.2L+.B2E2 )272TM3L D*QN+L . QH-'+L (--
E3(-C(PI .B+C.'B 2L+*'3N3*QTM-C )*+.E+C&3 

)+E2 3 L-.'(PI Q)*QD+)E2.'3H-.&3I 7-,+*L2-
83C, .B+73'.F & *-R-(3T D*Q))P L2'*3H(PI 

73,,-*-(832EK(PI Q*2B(-(3C (9) . (2H2EK(P-

L3 Q.E+B3FL3 (10) .+BL-.'(+ . Q*2B(-(3FL3 

.BFN3 (11) 3 (12). 

% 8-EKT )*+B-*&3 L-'+73&3 73(2L3H-.&+D+ 
*2.H-'2 (2 )*+H(+.'K B2D+(+B-.2L+.B2E+B )*3 

Q72*- )272TM3L D*QN+L B+ B*-LF )*3-L+H(PI 
3.)P'2(3C B2D+(2-.2L+.B2E2 L+7-E3 33-9035 GP-

E2 )*+B-7-(2 .-*3F +)P'+B )+ .G*+.Q D*QN2-G+C&2 
(2 (-N2M3M-((PC )+E B2D+(2. 
:2 *3.. 5 )*3B-7-(P L2D(3'+D*2LL2 Q72*(+C 

.3EP, N2)3.2((2F )*3 .G*+.- D*QN2-G+C&2 B 
R&B+*(-B+- .-H-(3- . BP.+'P 25 .L (2 (-N2M3-

M-((PC )+E &QN+B2, 3 *2.H-'(2F N2B3.3L+.'K 
Q72*(+C .3EP, )+EQH-((2F )*3 *-R-(33 2(2E+-
D3H(+C 73(2L3H-.&+C N272H3 . QH-'+L L-.'(PI 
)E2.'3H-.&3I 7-,+*L283C. 

:2 D*2,3&2I Q72*(+C .3EP (O&.)-*3L-('2EK-
(+C 3 *2.H-'(+C) B (2H2EK(+C ,2N- 2&'3B(+D+ 

Q72*(+D+ )*+8-..2 I+*+R+ B37(P BP.+&+H2.'+'-
(P- &+E-G2(3F. V+.E- '+D+ &2& Q72*(2F B+E(2 
7+.'3D2-' B-*I(-C *2LP, &+E-G2(3F N2'QI2T' 3 

Q72*(2F .3E2 *2.'-' )E2B(+.  9 )2..3B(+C ,2N- 
*2.H-'(2F Q72*(2F .3E2 QGPB2-', &+E-GEF.K . '2-
&+C J- H2.'+'+C, &2& 3 B(2H2E- Q72*2, (+ . D+*2N-
7+ L-(KR-C 2L)E3'Q7+C. V+.E-7(-- L+J(+ +GS-

F.(3'K 73.&*-'(+.'KT &+(-H(+-OE-L-('(+C *2.-
H-'(+C .I-LP B2D+(2-.2L+.B2E2. 

 

$3.. 5. =2D(3'+D*2LL2 3 *2.H-'(2F N2B3.3L+.'K 
Q72*(+C .3EP +' B*-L-(3 )*3 R&B+*(-B+L Q72*- D*Q-
N+L-G+C&+L (.'2EK(PL R2*+L) L2..+C 30 &: . BP.+'P 

25.L )+ (-N2M3M-((+LQ )+EQ &QN+B2 7QL)&2*2 

02GE382 1 

-56789:;:< =;>?5:; @ AB>C5=@D5E:;89E<5 

F;EE<5 7F;=EGHG E;H=7I5E@J C;F;KL@D H=76GD 

F7DCB;=; DGF58@ 33-9035 

6-('*2EK(PC Q72* U(-*D. 
172*2, 
&/J 

03) 

72(-

(PI
FQ7, 

&: 
D)+), 
=V2 

D)*, 
=V2 

DG+&, 
=V2 

DI*, 
=V2 

D&*, 
=V2

w)E, 

LL
$ 348 245 135 76 42 -40 6 

3,68 
U 360 245 105 75 35 -35 7 

$ 555 404 219 136 61 -62 15,4
7,35 

U 520 380 165 105 50 -65 17

$ 728 567 301 195 71 -86 26
11,03

U 640 '-&QH. 290 155 60 -85 26

[&B+*(-B+C Q72* 

$ 396 180 70 66  -20 7 
3,68 

U 400 145 60 50  -20 9 

$ 636 292 112 106  -32 18,2
7,35 

U 580 235 105 90  -35 20 

$ 728 392 153 143  -44 31 
11,03

U 680 375 140 135  -55 31 

9 '2GE. 1 )*3B-7-(P L2&.3L2EK(P- *2.H-'(P- 
3 O&.)-*3L-('2EK(P- N(2H-(3F Q72*(+C .3EP, 

(2)*FJ-(3C B +)2.(PI .-H-(3FI (-.QM3I OE--
L-('+B &+(.'*Q&833 7QL)&2*2 3 )E2.'3H-.&3I 
3ND3G(PI 7-,+*L283C (DEQG3(2 BLF'3() B N+(- 
Q72*2 7EF R&B+*(-B+D+ 3 8-('*2EK(+D+ Q72*+B 
)*3 )27-(33 D*QN2-G+C&2 . BP.+'P 12.5, 25 3 37.5 

.L. 

42& B37(+ 3N *-NQEK'2'+B, )*3B-7-((PI B 
'2GE. 1, *-NQEK'2'P 73(2L3H-.&+D+ )*+H(+.'(+D+ 
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*2.H-'2 Q7+BE-'B+*3'-EK(+ .+B)272T' . 72((PL3 

(2'Q*(PI 3.)P'2(3C. 

" "< 5!$#\ ?;%4 @ %V %54 

1. $2.H-' D*QN+BPI B2D+(+B (2 )*+H(+.'K )*3 Q72-
*2I [0-&.'] : QH-G(. )+.+G3- 7EF 91>+B J. 7. 

'*2(.). / ;. V. "E+I3( 3 7*. – =.: 0*2(.)+*', 
1989. – 230 .. 

2. 03L+R-(&+, %. V. V*+H(+.'K 3 &+E-G2(3F Q)*Q-

D3I OE-L-('+B &+(.'*Q&83C [0-&.'] / %. V. 03-

L+R-(&+. – !E2B(. *-7. ,3N.-L2'. E3'-*P 3N7-B2 
«:2Q&2», 1975. – 704 .. 

3. /3((3&, #. :. 172* 3 .J2'3- Q)*QD3I '-E 
[0-&.'] / #. :. /3((3& //  NG*2((P- '*Q7P. –  

'. 1. – 4.: 1: 1%%$, 1952. – %. 15-113. 

4. "2*G2.,  . !. U&.)-*3L-('2EK(+- 3..E-7+B2(3- 
(2)*FJ-((+D+ .+.'+F(3F B-*I(-C *2LP 7QL)&2-
*2 )*3 Q72*- )272TM3L D*QN+L [0-&.'] /  

 . !. "2*G2. 3 7*. // 0* 9:  B2D+(+.'*+-(3F. – 

1974. – 9P). 24. – %. 96-102. 

5. 4+.'*382, %. #. V*3L-(-(3- L-'+72 &+(-H(PI 

OE-L-('+B & 3..E-7+B2(3T )*+H(+.'3 &QN+B+B 
B2D+(+B-.2L+.B2E+B )*3 Q72*2I / %. #. 4+.'*3-

82 [0-&.'] // :2D*QJ-((+.'K 3 )*+H(+.'K )+-

7B3J(+D+ .+.'2B2. – /.: /  0, 1998. – 145 .. 
6. %QE'2(, #. 9. U&.)-*3L-('2EK(+-'-+*-'3H-.&+- 

3..E-7+B2(3- (2D*QJ-((+.'3 B2D+(2-.2L+.B2E2 
L+7-E3 33-9035 [0-&.'] / #. 9. %QE'2(. – /.: 

#*'-V*-.., 2000. – %. 126-129. 

 

V+.'Q)3E2 B *-7&+EE-D3T 21.08.2009 
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