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The basic elements of CAD implementation strategies in the educational process in National Technical University 
"Kharkiv Polytechnical Institute" are presented. New approaches of activity in this area are described. The specific 
activities are reported which were and will be conducted in this direction in the University. 
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3)  ,  
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1)  Pro/ENGINEER, LS-DYNA, SolidWorks, 

Siemens PLM, Inventor, , DelCAM . 
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16  4  = 64 ;  – 128 ; -
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SolidWorks Russia .  
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Siemens PLM Software  „ ” 

  
Parametric Technology Corporation  „ ” 
PTC Russia  
Pro/Technologies  

  
Livermore Software Technology Corporation .  
ANSYS Inc  „ ”, .  EMT  
Autodesk  

 
 ( ).  „ -

”   ,  
,  .   „ -500”   

 2011 . (http://www.top500.org)  
 “K Computer”  RIKEN – Advanced Institute for Computational 

Science (AICS), ,   SPARC64 VIIIfx (2.0GHz), 705024 ,  
 – 10-11 PFLOAPS -  (1 « » – 1015 

).  –   
50-100 flops (1 « » – 1012 ).  

.  « -50»  
 (http://top50.supercomputers.ru)  " " ( -
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),  – 674 flops – 1,4 PFLOAPS,  
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, , ,  
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.   Pro/ENGINEER Wildfire  
Wind hill. :  ( , 
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; ,  
Pro/ENGINEER Wildfire  Windchill. 

-
. ,  
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The problem of gearbox optimization is considered. Problem performance and variable gearings for 
optimization are described. An objective functions and limits on the variable planning are written. The 
method and algorithm for solving this problem are developed. The test calculations are executed. 
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-

. 9. 
 

 ( -
-130). -

-
 

-
130, -

,  
, . 

 

 
            

: m  (7); 

min_,kz = 13, max_,kz = 60; min_ =12, max_ = 25; min_1 = min_2 = 1,6  

max_1 = max_2 = 2,2 – -
 

. 
, : 

T  –  ,  ,  
 [8]  

 
 T =200  (  402 ); 

n =1600  – ; 5_i =7,44, 4_i =4,1, 3_i =2,288, 

2_i =1,47, 1_i =1 –  ( ); 

. 9.  

 
 

. 8.  
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1t =50 ., 2t =150 ., 3t =600 ., 4t =1200 . –  
 2000 .; HB  = 580, cHR = 58, 

vH = 655 – -
, . 

 – 8; F =20  –  
; pbf =20  – ; 

= =0,0000078 3 –   
; =0,0000027 3 – -

; ][ =250  – ; 

lim_F =950  – ; ][y =0,2  –  

; 1L = 1,1, 6L  = 70,5  –  
; 2L = 61,48, 3L =4,6, 4L =55,95, 5L =8,16  – -

 (  iL ); 
h = 100  – ,  

; s = 350  – -
; l . = 250  l . = 

400  – ; 41,...,ee = 6  –  

; 
u

p
M

1
= const,  –  ( -

), u – ; 

M
1

= const,  – ,  – -

; =5% – . 
. 1. -

,  
, . 2. -

. 3-5. 
 

 1  
-130 

 1,1z  2,1z  1,2z  2,2z  1,3z  2,3z  1,4z  2,4z  1,5z  2,5z  
 20 43 38 26 31 33 22 42 13 45 
 1m  2m  3m  4m  5m  1  2  3  4  5  
 3,5 3,5 3,5 3,5 4,25 24,67 24,67 24,67 24,67 0 
 1wb  2wb  3wb  4wb  5wb       

 26 26 28 29 30      

 24

 2 
-130 

 
. 

H  HP  1,F  1,FP  2,F  2,FP  

1 902,273 924,955 222,765 630,263 169,623 585,764 
2 914,039 933,852 249,517 625,014 208,504 590,422 
3 933,452 946,435 255,038 589,052 223,888 588,504 
4 1100,764 1109,934 296,458 591,517 280,24 586,038 
5 1338,148 1246,486 275,267 584,904 264,24 575,371 

 

 3  
 

 

  aF  lF  mF  

1 minaF  601,626 499,605 43,979 
2 minlF  812,976 407,576 38,11 
3 minmF  719,652 427,986 37,063 

 

 4  
 

 
 

 
1m  2m  3m  4m  5m  1  2  3  4  5  

1 minaF  3 3 4,5 3 4,5 18,61 9,711 10,274 10,029 17,167 

2 minlF  4,5 4 3,5 3 4 18,256 10,1365 19,786 14,076 8,011 

3 minmF  4,5 4 5 3,5 4,5 9,336 16,193 11,74 20,286 10,318 
 

 5  
 

 
 

 
 

1,1z  2,1z  1,2z  2,2z  1,3z  2,3z  1,4z  2,4z  1,5z  2,5z  

1 minaF  20 58 50 25 28 22 34 48 15 38 

2 minlF  22 43 46 35 40 47 35 73 17 65 

3 minmF  20 40 41 30 27 31 26 53 13 48 
 

.  10 ,  -
. -

. -
. 6.  

 
-

 a =120 . 
 

-
 

 6 
  

 

1wa  2wa  3wa  4wa  5wa  
123,456 114,143 114,34 124,911 129,816 
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 1,1z  2,1z  1,2z  2,2z  1,3z  2,3z  1,4z  2,4z  1,5z  2,5z  
 20 58 50 25 28 22 34 48 15 38 
 1m  2m  3m  4m  5m  1  2  3  4  5  
 3 3 4,5 2,75 4,5 12,838 20,364 20,364 20,0183 6,409 

 

 10 
 

 
. 

Hn  HPn  1,Fn  1,FPn  2,Fn  2,FPn  

1 904,4 907,97 229,382 638,792 156,612 591,663 
2 897,311 917,633 220,352 631,25 198,443 598,749 
3 913,864 931,633 152,885 576,817 157,083 578,827 
4 1074,939 1074,242 321,777 601,228 313,805 59,26 
5 1244,443 1208,628 194,152 581,455 195,115 574,187 

 

,  ,            

10/aF , 

10/lF , 

mF  

. 10.   
 

 7 
   
 

1wa  
2wa  

3wa  
4wa  

5wa  

, % 2,88 4,88 4,71 4,09 4,01 
 

 8  
 

 1  2  3  4  5  
 12,838 20,364 20,364 20,0183 6,409 

:  4  

4m =2,75,  4m =3cos( 4 )>1. 

 26

 11  
 

  
 

 wa =120  
- 

 wa = 123,25. 

 1wb  2wb  3wb  4wb  5wb   
 29,902 28,22 26,601 27,5631 33,962  
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This paper describes a new approach to the justification of the parameters of machines designed for a 
long period of operation under the influence of multi-component loads. Asked to consider the combined 
effect of different types of loads to determine the resource elements of machines. Examples of the use of 
the proposed approach to the analysis of frames of locomotives, cranes, fuel tankers are given. 
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, , -
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. 
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. , -
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.  
:  2 10 .  

 2 10 .  
: 

 P1 – , -
; 

 P2 – -
, 

 ( . 2). 
. 3 -

-
 P1  P2, 

. 4 – -
-

 P1 ( 1)  P2 ( 2): ij  = 1 ij
1

2 ij
2, 1  100 ,  

2 – 300 . 
 

 
       

. 3.   
 P1 ( )  P2 ( ) 

 
. 5 -

 (  ±20%  ±30% -
) . -

, -

1  

2 

 
 

 2.   
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The article describes the general approach and mathematical model of the stress-strain state of the piston from 
the cylinder walls of internal combustion engines. Mathematical model of contact interaction is constructed 
without simplifying the conditions of contact interaction. Also include consideration of the contact stiffness of 
the layer formed during galvano-plasma processing lateral surface of the piston. 
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, , -
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 ( . . 1): 
 

cos
..

FQxM ;   (2)    sin54 FRR ;      (3)     05544 XRXR .  (4) 
 

 Q –   S1 -
 ~ ,  S1 ( . S6, 

. . 1); R4 –  S4, -
 ~  ~

4S  (  
 4); R5 –  

 ( -
5);   –  ( ). 

 q, , ,  ( -
 – 4),  (2)-(4) ,  

 F, R4, R5, X5 (  –  4). 
, -

 
. , -
, -

, , -
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.  
, -

, ,  [11]: 

ij,j + 
..
x  = 0;     (5)            ij = (ui,j + uj,i)/2;     (6)          ij = Cijkl · kl.        (7) 

 

ij,j, kl –  (i, j, k, l = 1, 2, 
3); Cijkl –  (i, j, k, l = 1, 2, 3); ui – -

 (i = 1, 2, 3);  –  . 
 S2: 



 35

qS1
|11 ;          (8)         234

|~
4

| ppkSru
Sru ;             (9) 

4
|

2
| SruSru ,                 (10)                       0|

nSu .                         (11) 

 – -
 S3 . 

, , -
 ( ),  (9), (10)  

. -
 

 ~ , -
: 

~| ~ ijklCijklC .                (12) 
 

-
 ( . 2).  

 [10], -
 ~  

 m~,  
 ( .  .  2),  -

 .  
-
 

. 
 

-
 

~  ( . 3). -
 

. , -
 (5)-

(12),  
 (u, , ), -

 q4, q5 (  R4, R5). 
. -

 [4]. -
,  (5)-(12)  

: 
a(u, v-u)  L(v-u),                      (13) 

 

 a  L – ,  
-

p m ~~

~

 
 

. 2. -
 
  

~

 
 

. 3.  
 

 
 

 

 36

,  L – ,  
 u  v  [12].  

 (13) -
 K , 
 (9)-(11): 

 

J =1/2a(u, u) – L(u)  min, u  K.                    (14) 
 

,  
. 

.  (14) 
 [12]. -

-
 

,  [5]. -
 (14), : 

J~ =
2
1

(u, u) – (f, u)  min,         (15) 
 

  – ,  f – . 
 (15)  ,  -

, , , -
. 

.  
. 

: 1-
, , 2-

-
, 3- -

 2- , -
. 

.  
 ( . 4)  

:  )(~~ X  ( ~  

 ~
max = 10 ). 

, .  
~ = 15 ,  ~ = 

= 0,5· ,   – . . 5 
. 

-
. . 6 -

, .  
,  

~

X

 
. 4 -

-
 

 



 37

 
, ). 

-
, -

-
. . 6  

. 
-
 

-
. 7. 

 

 

. 1 -
, .  

-
-
-
 

-
 

, -
. -

 
-

,  ,   
, -

,  
 ( -

)   1.5  ,   

 
 

 
 

 
 

. 5.  
 

: 
 – ,  – -

,  –  
 

 

. 6  
 

 
 
 

 
 

 

 38

 
.  

) (  
)  

, -
 –  ,  ,   

-
,  

-
 

. -
 

-
 

. 
.  

-
-
 
 

,  
.  

-
 

.  
. . 

,  
,  

, -
. , -

,  
, ,  

. -
,  

, -
, -

. 
-
-

. 
 

 

:  1. .  
 / -

  
                              
. 7.  

 
 ( . . 1) 

  
 1 

 
 

 
   

  
, kN 12 10 9.3 

 



 39

. – 05.05.03. / . – 2011. – 492 . 
2. .  

-
-

 / . . // -
. – 2010. – 3. – . 27-

40. 3. . : -
-

: / . , . , 
. , . . / . . 
. .  – .:  ,  1992.  –  272 .  

4. .  
 / . , . , . 

, . . / . . . 
. – :  « »  
, 1992. – 352 . 5. . -

 
 / . 

. – :  
», 2001. – 332 . 6. -

 / . , . 
, . , . ; 

.  .  .  .  .  –  .:  -
. – 2008. – 496 . 7. .  

-
. . . 

. : 05.05.03 /  « ». – 
, 2009. – 39 . 8. -

: -
 / . , 

, . . / . . 
. . – .: . -
. , 1990. – 328 . 9. -

:  
 

 / . , . , . 
. . . , . -

. – .: , 1984. – 384 . 
10. .  

 
 / .  

. . – 05.05.03. – , 2010. – 425 . 
11. .  

 / . . – .: 
, 1987. – 542 . 12.  . -

: 
.  /  

., ., . – .: . 
, 1983. – 349 . 

 
 21.02.12 

 

 
 

 
 

 
 

. 8.  
 

. . 5 . 1)) 
 

 

 40

 621.01 
 

. , . . , . .- .   
„  ”, ; 

. , .- .  „ ”, 
 

 
  

 
 

 
,  

, -
. , ,  

. 
 

 
,  

, -
. , , 

 
. 

 
A general approach to strength checking of elements which fasten flying vehicle fueler's tank to automobile 
chassis on which the tank is mounted is described. The approach is based on the experience of designing 
and exploitation of fuelers of such purpose. The article is timely because neither state nor branch normative 
documents concerning the stress analysis of fuelers bearing elements have been developed yet. 
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The article discusses ways to improve the graphical user interface for CAD engineering: the use of new 
metaphors of dialogue, use of support constraints and algorithms to interpret user actions depending on 
the visual context. The feasibility of using of the pure functional programming is shown. 
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The anal s is the efficiency of hydraulic units with oscillation is held in the hydraulic unit of technology machines. 
The principle of the hydraulic unit of the machine are described. The efficiency of their use is defined. 
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1. ,  0,2 0,1 0,1 0,5 1,0 0,09 0,045 0,09 
2.  

 
 

, % 

10 8 8 0,8 1,0 0,04 0,032 0,04 

3. , % 7,44 5,67 4,64 0,624 0,818 0,07 0,044 0,057 
4.  0,099 0,075 0,071 0,717 0,947 0,08 0,057 0,076 
5.  

, % 7,93 3,7 3,5 0,441 0,946 0,05 0,022 0,047 

6.  0,85 0,77 0,85 1,0 0,906 0,04 0,04 0,036 
7.  

, % 84 93 97 0,866 0,959 0,1 0,087 0,096 

8.  
 

(1/ ) 
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Methodology of experimental researches of armoured troop-carriers hulls reaction on local impulsive 
influence is worked out. Its aim is determination of vibrations eigenfrequencies of armoured hulls sepa-
rate panels. These data make basis for the computational and experimental ground of numerical models 
parameters of armoured troop-carriers hulls. 
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In the paper it is suggested to conduct the extended computational and experimental identification of 
numerical models parameters of special setting transport vehicles hulls. From traditional approach this 
identification differs as both larger experimental tests base and expansion of tested objects amount. It is 
suggested to unite the research of armoured hulls sample, their prototypes and also their separate ele-
ments in single extended loop. The methodology and researches results of vibrations frequencies and 
own forms of BTR-80 hull fragment prototype are presented as illustration. 
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In the paper the multi-objective minimization problem on a maximum, which simulates a situation of 
arrangement point objects in digraph structures. We establish conditions for existence of a unique solu-
tion of the problem; equivalence of the problem and minimization problem on a maximum is proved for 
a simple undirected graph. The presentation of material in the paper is formulated using the terminolo-
gy and notations introduced by the author in monographs.  
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i 1 2 n iX (X ,X ,...,X ) H , ,  
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:  
 

i/j 1X  2X   jX  j 1X   mX  

1X  0 12a   1ja  1, j 1a   1,ma  

2X  21a  0  2 ja  2, j 1a   2,ma  

   0     
iX  i1a  i2a   i, ja  i, j 1a   i,ma  

i 1X  i 1,1a  i 1,2a   i 1, ja  0  i 1,ma  

      0  
mX  m,1a  m,2a   m, ja  m, j 1a   0 

 
 i jX ,X   1 i mG X , ,X , X    

.  i, ja -

 ij i ja X X  ( )d(a ij – ,  

 R ),  

i jX ,X  i, j 1,m . 

 n
iX R i  1 i mG X , ,X , X ,  

,  

i ij i jP X max a X X j 1, m .  ,   iP X -

,  iH ,  i 1,m .  
     

nm m
1 i mq X P X , ,P X , ,P X : R R   

: 

 0 1 m

max

X B H Hq X min .  (1)  

 

 iP X   2.1.1, 2.1.2  1 ,  

 q X -

 80

  0
min 0 max

B Arg min{q(X);X B ; } .  

.  G X ,  

 G X ,  

 i jX ,X ,  *G X .  

 i jX ,X  
*G X   

 

n n
ij i j ij i j ji j ib X , X a X X a X X : R i R j R .  

 

,  ij i j ji j ib X ,X b X ,X . 

 *G X  
:  

 

i/j 1X  2X   jX  j 1X   mX  

1X  0 12b   1jb  1, j 1b   1,mb  

2X  21b  0  2 jb  2, j 1b   2,mb  

   0     
iX  i1b  i2b   

ij i jb X ,X  i, j 1b   i,mb  

r 1X  i 1,1b  i 1,2b   i 1, jb  0  i 1,mb  

      0  
mX  m,1b  m,2b   m, jb  m, j 1b   0 

 

 n
iX R i  *

1 i mG X , ,X , X ,  
,   

 

*
i ij i jP X max b X X j 1, m . 

 

,  *
iP X ,  

  iH ,  i 1,m .  
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* * * * nm m
1 i mq X P X , ,P X , ,P X : R R  

:  

 0 1 m

max

X B H H*q X min .  (2) 

 

 (2)  2.5.1  2  0 *
minB X .  

 
*q X i q X :    

 

i

def
* *

ij i j ji j i
i 1,m j 1,m

def

ij i j ij i j i
i 1,m j 1,m j 1,m

X max P X i 1,m a X X a X X

a X X a X X max P X i 1,m X

V V

V V V
  

 

.  
 

 1.  :  
 

 0 1 m

max

X B H Hq X min    (3)  
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Basic descriptions of slag-forming mixtures (SFM), their dependence on element and phase composi-
tions are investigated. Control methods for SFM properties are shown. Kinetics and thermodynamics of 
different chemical elements transition from a metallic phase in an oxide and back are studied. It is 
shown that these processes are adequately described by second-order kinetic equations. 
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In this paper computational and experimental researches of armoured troop-carriers and tractors hulls reac-
tion on the action of shock-impulse loading are described. The physical prototypes of upper parts of BTR-80 
and MT-LB type vehicles armoured hulls are created for this purpose, which are placed  on specially devel-
oped test benches. By means of vibromoving portable measuring device dynamic processes in armoured hulls 
prototypes are fixed. In parallel a numerical modeling is carried out on the basis of finite element method. 
Comparison of got results gave an opportunity to ground the adequacy of built finite-element models for the 
analysis of dynamic processes not only in prototypes but also in real armoured hulls. 
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A review of oxygen converters constructions is presented in the paper. Problem moments in the calculation 
schemes forming are determined on the base of design solutions analysis. 
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.  
Reduce size of gears is an actual task of the modern machine-building. The equations of working profile and 
the fillet curve of evolute gear teeth in parametric form are obtained. The method of determining there is rela-
tive radius of curvature and contact stress in evolute gearing is shown. It is shown that in approach zone is 
double-convex teeth contact, as indicated by the theory of gearing. A technique for determining the contact 
ratio for all types of spur evolute gears, including the modification of the basic rack is presented. A compara-
tive analysis of the contact ratio for the original and modified profiles with the same involute is shown . 
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A methodology of experimental researches is worked out for determination of contact zones and contact pres-
sure distribution at interaction of flexible bodies with application of sensible to pressure tapes for the case of 
contact of prismatic body with thin-sheet material. The contact imprints are presented, which are fixed at 
different conditions of contact interaction. 
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The methods of stressed-deformed state analysis of geometrically complex bodies being in a contact are 
described in the paper. The Hertz model, finite element method and boundary element method are used 
in unified connection. The approach at the basis of boundary element method is developed for solution 
of geometrical synthesis task. 
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In the paper researches of nominal profile change of discretely strengthened details surface are de-
scribed. A study of surface initial profile change is conducted n example of combustion engine crank-
shaft fragment. It is detected that profile becomes hump-shaped. This effect is named " - effect. " 
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