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Summary. In  C hechoslovakia ca ses  are known when a t  c e r ta in  con
v ey in g  speeds the conveyance o f  an h o is t in g  equipm entvibrates 
e x c e s s iv e ly ,  which may w e ll  le a d  to  the d e s tr u c t io n  o f timber 
g u id e s , or a t  l e a s t  to  e x c e s s iv e  ab rasion  i f  th ere  i s  dynamic p res
su re between r ig id  gu id es o f a conveyance and s t e e l  g u id e s .

Conveyances are le d  on gu id es (two on each s id e ) .  From the dyna
mic p o in t  o f  v iew  t h is  m echanical equipment rep resen ts  ra th er  
a com plex system . The conveyance may v ib r a te  and the v ib r a t io n s  
may be o f  one or more typ es and shapest
a ) lo n g itu d in a l or tra n sv er se  v ib r a t io n s  -  as a mass a tta ch ed  to  

a s t e e l  rope lo n g it u d in a l ly / t r a n s v e r s a l ly  f l e x i b l e ,
b) tra n sv er se  or t o r s in a l  v ib r a t io n s  in  the gu ide p lane as an e la s 

t i c  body p la ced  on tim ber or s t e e l  gu id es (r e sp . gu id es made 
from another s p e c ia l  m a te r ia l)  a tta ch ed  to  bending e l a s t i c  beams 
-  s e t s .
When moving on g u id es the conveyance i s  param echanically  e x c ite d  

(due to  t h e ir  p e r io d ic a l ly  changing r i g id i t y )  and v ib r a te s .  In  de
pendence on th e speed the v ib r a t io n  may be tra n sv er se , to r s io n a l,  
or combined. The frequ en cy  o f  the param etric v ib r a t io n  i s  g iven  by 
the s e t  d iv id e r s  on which the qu id es are a tta ch ed , and by the h o is 
t in g  sp eed .

F arth er, the dynamic eq u iv a len t computing model i s  d escrib ed  in  
the p resen t paper s o lv in g  the problems mentioned above.

1. INTRODUCTION

Owing to  th e  p e r io d ic a l  v a r ia t io n  o f  s h a f t  l i n in g  s t r u c tu r e  r i g i d i t y ,  
the con veyan ce  -  s h a f t  l i n i n g  sy stem  may, under c a r ta in  c o n d it io n s ,  be
come im s t a b le .  T h is  i n s t a b i l i t y  may m a n ife s t  i t s e l f  e x c e s s iv e  o s c i l l a t i o n  
of s k ip  and th e  o s c i l l a t i o n  may w e l l  le a d  to  th e  d e s t r u c t io n  o f  sh a f t  
l i n in g  e le m e n ts . In  s u f f e r in g  from th e s e  u n fa v o u ra b le  phenomena, how ever, 
the s k ip s  and th e  sh a ft  l in in g  s t r u c tu r e s  com ply w ith  a l l  th e  requ irem ents  
of th e  Mine R egu la tion s BP 12 /82 .
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In C zechoslovak underground p r a c t ic e  s i t u a t io n s  are known, in  which  
<" s f e c t s  in  p la n ts  occurred  as e x c e s s iv e  fr a c tu r e s  o f  r o l l e r  qu id es on 
conveyances or as th e  d e s tr u c t io n  s h a ft  l in in g  (tim b er g u id e s ) .  Such 
phenomena have n ever been ex p la in ed  p r o p er ly , and th ey  have always been 
removed u s in g  some com pensatory m ining m echanioal methods w ith ou t b ein g  
s u f f i c i e n t l y  a n a ly sed  t h e o r e t ic a l ly .  The f i r s t  paper d e a lin g  w ith  para
m etric  v ib r a t io n  o f  cages was p u b lish ed  in  C zech oslovak ia  o n ly  in  
January, 1986 ^2^, G e ttin g  out o f  our own e x p er ie n c es  and c o n s id e r in g  
the quick  developm ent o f  com puting te c h n ic s  and d e v ic e s  i t  i s  p o s s ib le  
to a n a ly se  u n sta b le  r e g io n  a lrea d y  in  t h i s  way to p reven t dangerous even ts  
in  v e r t i c a l  tra n sp o r t.

2 . THEORETICAL ANALYSIS

Conveyance» (c a g e s , s k ip s ,  e t c . )  are  m o stly  p la ce d  gu id es supported  
by su sp en sion  gears w ith  d iv id e r s .  For conveyances o f  m iddle and g re a t  
o a p a c it is s  w heels are p laced  in  th e  low er p a r t . Thus, we have fo u r  compo
n en ts o f a wheel gu id e equipm ent. M oreover, th e conveyances are p laced  
on f ix e d  a u x il ia r y  gu id es which are a c t iv a te d  in  s p e c ia l  c a s e s  o n ly . The 
wheel quide equipment may be e i th e r  sp r in g -lo a d e d  or unsprung.

3. COMPUTING MODEL

To in v e s t ig a t e  u n sta b le  r e g io n s  th e p lan ar com puting model g iv e n  in  
f i g .  1 i s  u sed . T his model r e p r e se n ts  an o s c i l l a t i o n  system  w ith  two de
g rees o f  freedom .

The computing model h o ld s fo r  th e fo llo w in g  c o n d itio n s ;

-  the conveyance t r a v a i l s  on a b a c k la sh -fr e e  q u id s equipment
-  quides r e p r esen t a system  o f  supp orts n o t tr a n s fe r r in g  th e bending mo

ment from one f i e l d  in to  another
-  the conveyance t r a v e l l s  a t  co n sta n t r a te  v
-  owing to  the fa c t  th a t th ere  1 s  one type o f  conveyances o n ly  th ere  i s

a lso  one conveyance quide o n ly  a o t in g  in  one f i e l d
-  the conveyance behaves as an id e a l  s o l i d  body
-  the gu ides are id e a l ly  s t r a ig h t  and v e r t ic a l
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U. EXPRESSION FOR IKE ELACTICITY OF CONVEYANCE GUIDE EQUIPMENT

The o v e r a l l  r i g i d i t y  o f th e conveyance guide equipment depends on the 
r i g id i t y  o f  r o l l e r s ,  qu id es and s e t s .  I t  i s  the fu n c t io n  o f  conveyance 
p o s it io n  y and we c a lc u la t e  i t  so lv in g  the r e la t io n

k . = ft : M r )  , (1)
(y) V M y )  ’

where!
= sp r in g  co n sta n t o f  the r o l l e r  (Nm- 1 )

•tv(y) = sp r in g  co n sta n t o f  th e  l in in g  (gu id e  and s e t s  (Nm- 1 ))

For v e r t i c a l  d is ta n c e  o f s e t s  b e in g  c o n s ta n t , t h is  fu n c tio n  may be 
con sid ered  fo r  p e r io d ic  fu n c t io n , so  th a t th e fo llo w in g  h o ld s:

k(y) * k(r + V (2)
As i t  s a t i s f i e s  a ls o  o th er  n ece ssa r y  c o n d it io n s , the fu n ctio n  may be 

expanded in  th e fo llo w in g  F ou r ier  s e r ie s :

a y  y
k ( y ) = "TT * ai * 008 2TI’ * a2 * cos ^  Z~ * 

(3)
y

+ a .  co s  €%  -— + . . .
3 i a

For e l a s t i c  co n sta n ts  o f  low er and upper quide equipments the r e la t io n  
h o ld s:

kd (y ) = “h iy - h ) '  ^

where:
h -  th e  d is ta n c e  between r o l l e r s  axes (m ).

5 . EQUATION OF CONVEYANCE MOTION

For th e m otion o f  c e n tr e  o f  g r a v ity  in  the d ir e c t io n  o f z - a x is  and 
r o ta t io n  o f  th e conveyance about t h is  p o in t  the fo llo w in g  eq u ation  of  
m otion h o ld s:

a.s ♦ bp . * ♦ [■ ♦ (h - 1  ) .»»] + kd [» - 1 »»] = 0
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I . ÿ  ♦ br  . V ♦ kjj [*  ♦ (b  (h  -  I  ) -
(5)

— kd ĵz  ̂=

where:
ts -  conveyance mass (k g ) ,
I  -  moment o f  in e r t ia  o f  the conveyance w ith  r e sp e c t  to  i t s  cen tra  of

g r a v ity  ( k g .a 2) ,
b -  damping c o e f f i c i e n t  o f  advance m otion ,
b -  damping c o e f f i c i e n t  o f  r o ta r y  m otion , r
z -  co o r d in a te  fo r  the d isp lacem en t o f  the conveyance c e n tr e  o f  

g r a v ity ,
¥  -  d e f le c t io n  an gle o f  the con veyan ce,
i  -  d is ta n c e  between the conveyance c e n tr e  o f g r a v ity  and low er r o l 

l e r  a x le  (m).

S o lv in g  t h is  we o b ta in

b 1 1 r -,
* + ' * + m (kh * kd> * Z + m K  ’ h “ C S  * kd> * • V» ■ ®

¥ * - £ ■ . ¥ * %  [kh*h " (“h * kd ^ ]  ' z * ï *

• [ “h  (b  ‘  1 )2  * kd * ¿ 2 ]  * *  = o

Applying eq u ation s ( 3 ) and (4 ) and the b a s ic  tr ig o n o m etr ic  form ulae, 
we o b ta in :

1) k. * *d = ao + a i ^1 * cos ZVC — ) . co s  2 î t  JL
le  le

■¥ a _  ( l  + cos T C - ~ )  cos ♦  . . .  ♦

+ a  s in  2TC ~  s in  ZTCy- +
ie 'oe

+ a£ s in  4ft-—- . s in  4Jt + ... 
“e i©

^h ’ k + kd^  ̂ ~ ~7[~ ^  “ 2^  *

♦ a^ |\i -  t  (l ♦ cos z T t ~ ) j COS 2lCt  +
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+ a 2 ĵ h - t (l + c o s  UK A ) J  coa 4Tf JL  ♦ ...

— • s i n  2fC  s i n  2fC  —

-  & s i n  k f t  JL  , 8in  k f t  -  • • •
4 ¿e *©

Icjb . I  )2 + fcd.l2 = ^  [(h - 4)2 ♦ 42] +

c o s  2it* *7“ +

 ̂ ^  • c o s  4TI 008 ^  ^  + • • • ♦

+ a . 4^ . s i n  2 ft  s i n  SJ.Tti” ♦
-̂o

+ a 2 • s i n  4Tt.iL  * a in  4 T t^ - ♦ • • •

In trod u cin g  th e  f o l lo w in g  c o n s t a n t s :

A = ao o

A^ * ai (l ♦ 008

An  = an ( l  + c o s  2 n K ^  )

e

e

= a.  ̂ s i n  2TI

•

B = a  s i n  2nTt -r-
n n t0

C0 = “f  (h -

Cj  ̂ *  »J_ I  h  - 4 ( 1  ♦ C O S  2Tt

e 

•

C = a |ta - 4n o [ (l ♦ oos 2nTt ^L)J

♦ a 2 [ ( h  - 4)

J^(h — *1 )^ ♦ • cos 2%
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D̂ = —-a^ h s i n  Z T t ~

D = -  a h  s i n  2nTC
n n 4

[(fa - I  )2 ♦ £2]
a -  [(fa -  -t ) 2 + ■£ 2 , COS 2?t | ( 8 )

En = an J ^ ( h - i ) 2 + ¿ 2 . c o s  2 n 5 i

= ftj (  • s i n  25ti - j —

2
F = a . -t • s i n  2n5t —
“ n 4

3 A , E v
U) f  = —  CO2 = _ £  < 0 = 2 ___l a  2 1  ¿ e

b s b
~ £  s  2 ° l w l  = 2 <5 coto 1 ? 2

(9)

w herei
v  -  ru n n in g  sp eed  o f  th e  con veyan ce (m .s - ^)

r e l a t i v e  dam pings w ith  r e s p e c t  to  th e  e q u a tio n  y  = v  . t  
w i l l  s i m p l i f y  th e  e q u a tio n  o f  m otion  to  th e  f o l lo w in g  form :

* + 2 S j  . z  + i  ( a q + oos <o t  + Ag . c o s  2 cot +

+ . . .  + s in co  t  + B2 , s i n  2 cot + . . . )  z  +

+ ~  (Co + C1 . c o s c o t  + . c o s  2< ot + . . .  +

♦ ax  s i n  cot + D2 s i n  . 2 co t  + . . . }  .  y> = O

£  2 ¿ 2 . <0 2 y  + i  ( c o ♦ . c o s  co t  + C2 oo s 2co t  +

+ . . .  ♦ Da . s i n  cot ♦ Da s i n  2 cot + . . . )  ss *

(10)
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+ J  {Eo +• 008  w t  + . c o s  2 w t  + . . .  +

+ s i n  cot  + F2 . s i n  2co t  + a O

6 . DEFINING THE UNSTABLE REGIONS

E q u a tio n s  o f  m otion  y ie ld ,  a  sy stem  o f  hom ogeneous d i f f e r e n t i a l  equa
t io n s  w ith  p e r io d ic  c o e f f i c i e n t s .

Such e q u a tio n s  have s t a b l e ,  o r  u n s t a b le ,  b u t a ls o  p e r io d ic  s o lu t io n s  
( l ) .  I t  may be p roved  th a t  p e r io d ic  s o l u t io n s  se p a r a te  s t a b le  from u n sta b 
l e  r e g io n s .

To d e term in e  p aram eters o f  th e  sy stem  co r r e sp o n d in g  to  th e  p e r io d ic  
s o l u t io n ,  we s e t :

■■ S
i=1,3,5...

*■ z
i=i,3,5...

S u b s t i t u t in g  i n  to  ( 1 0 ) ,  we o b ta in

' y  ( &i s i n  ~  O) t  + b± . co s i  to t )  { — ■ +

i=l,3, 5...

+ A_1  
m

A2COS cat * -- COS 2Ce>t + ...11
B1+ —  sin cot f a

m
.2 „

sin 2 olt +■ ... - -g- CO ) -t- 2 ^  ooi cO .

• £ < a. cos i &>t - b sin ~ &> t) i 2 i 2 + {c s i n  i w t +

+ di
C c

COS — CO t)(-"£ + -- COS lo t +2 a* m
o ,
—— cos 2 co t + ... + m

( a j  s i n  i  ¡u t  + bĵ  .  c o s  j  to t )

(c ^  s i n  ^  to t  ♦ dj, .  c o s  <** t )  {11 )

+ —-  s i n  so t  + —~  s i n  2 c o t  + . . .  ) = 0 sa nt
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C
' ( a± sin i to t ♦ bA cos i to t)(,~ *

i=1,3,5...

C. c D,♦ —  cos w t + —  cos 2 to t ♦ ... + -j~ sin tot +

D2+ ~  sin 2 to t + • )  ♦ ( s i n  ^ t o t  + d ± . c o s  j to .

( 12 )
E E E

•  ( y  ♦  y  OOS U l  t  +  y  0 0 8  2  0 1  *  *  *

F1 F2 i2 | 2\♦ -s- s in  cj t  ♦ y*  sin Z oj t ♦ « • • — Tp w / +

o>2 = o(cA 008 i  »  t - dt . sin I tot) . 2 <S2 I <0

This system will be rearranged using the equations

oos J to t . sin j «  t s

S i £ sin (i + j) to t + sin (¿ - j) to tj

oos J to t . oos ~ <o t =

= \  [co.(| ♦ j)tot ♦ oes (± - j)“>tJ

sin j to t . sin I “  t s

= i  Jco s  ( ¿  -  j ) t o t  -  c o s  ♦ j ) t o t ]  

s i n  J to t  c o s  | « t  =

= i ^sin (| ♦ j)tot - sin (| - j)tot] 

and its coefficients will be represented as a matrix (1U).

(13)
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* b3 Bl bl °X di e e e

3cos —cot • • • • • • • e • . . . • • • . . .

1 s e e ¿ 1 <o • w 1
A A, 2

2m
c c . o + 1
m ¿m s e e

2 e e • D1
21

c „ + c 1 
T + 21 6 2 w • <o2

E E 2
t  ♦ d < 5 > s e e

1 • • •
2

Ao
m ~ 2m '2 ^ -  £ 1«o.to1

c cO _ 1 
m ~ 2m 2m • • e

2 • • •
C C0 1
1 ” 21

D
1

21
Eo E 1 ( » )
T  “ "ST~ ' 2 -  ¿ 2 u .  w2 s e e

s in  ^ h )t • • • • • e • e • . . . • • e

T h is  sy stem  has s o lu t io n  o n ly  i f  th e  d eterm in an t o f  m a tr ix  (1**) e q u a ls  
z ero . T h is  problem  has no s o l u t io n  f o r  a n o n - f i n i t e  sy stem , how ever, i t  
may be p roved  th a t  c e n t r a l  d e term in a n ts  p r o v id e  a v e r y  good a p p rox im ation .

For th e  p a r t i c u la r  problem  under s tu d y  o n ly  th e  d e f i n i t i o n  o f  u n s ta b le  
d eterm in an t 4 x 4  w i l l  do .
For e a s i e r  c a l c u l a t i o n ,  th e  s i m p l i f i c a t i o n  w i l l  be in tr o d u c e d .
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U sing t h is  d en o ta tio n , th e  c o n d itio n  fo r  s o lu t io n  has the form

.2

T - R ,^

E

= 0 (1 6)R,^ c -»2

C3 - 1 2 - R2t

D eveloping the d eterm in ant, ve o b ta in  a lg e b r a ic  eq u ation  o f  the fo u r th
2 * ■degres in  tj

-2\1* ..  ̂„ iv,2\2 j. H j. H. =0,
Ho (rl' > * Hi (T } + H2 (rl' > * H3 (*l } + H**

H s  1 o

H1 = " <Co ♦ c ,  + C2 + C3 " R1 ~ R2^

[Co • C 1 + C2 * ° 3  -  2X8 “ *1 ‘ k3 -  *2 * S  * 

(R2 - C, - Co) R2 - C2 - C3)]

-  [ C 2 ° 3 ( C o  +  + Co ° 1<C2 + ° 3 )  -  * *  ( °
+ c. * o 1

2 3c3 * RiR2 (k2k3 + ‘ ^

-  R* . C2 . C3 -  R ^ C ,  -  k ^  (C, ♦ C3) -  k2k4 (Co + C2)] 

H4 = V lC2C3 ♦ A2B2 - AB (CoC3 + ClC;J + 0 , 0 , )  -

- k2ku • coc2 - kik3cic3 - W 2 - ki V 2 + k1k2k3H

From the ro o ts  o f eq u ation  the l im it in g  v a lu e  o f  speeds in  sep aratin g  
s ta b le  and u n sta b le  re g io n s  may be determ ined from the r e la t io n

2 f s
v = it

To determ ine u n sta b le  re g io n s  o f the t r a v e l o f  conveyances the compu
t in g  program in  FORTRAN was v r i t t e n  fo r  autom atic computer EC 10-26.
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A cou n terp art o f t h is  program i s  a ls o  th e graphic output to  DXGIGRAF 
en a b lin g  th e u n s ta b le  re g io n s  to  be p lo t t e d  fo r  p la n ts  commonly seen  
in  p r a c t ic e .

U nstab le re g io n s  found out fo r  the p la n t  I n s ta l le d  in  Mine Darkov, the  
O strava-K arvina Coal D is t r ic t  are g iv en  in  f i g s .  2 and 3 . As seen  from 
the f ig u r e s ,  damping reduces u n sta b le  r e g io n s .

S * 0.00 
S= 0,05

9

F ig . 2 . U nstab le reg io n s  
Mine Darkov -  C en tra l f u l l  conveyance -  100 $  guide

20

15

10

0

S' o.oo 
S '  0,05

~ 2 3 5  f  7 3 9  £ / * /
Fig. 3. Unstable regions.

Mine Darkov — C en tral empty oouveyanee —100 > gu ide
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7 . CONCLUSION

In the h o le t in «  p la n ts  b e in g  in  o p era tio n  or p r o je c te d  a t  p r e s e n t ,  
e x c e s s iv e  v ib r a t io n  o f  conveyances may occu r a t  c e r ta in  s h a ft  l in in g  
param eters owing to  v a r ia b le  r i g i d i t y  o f  i t s  gu id an ce . Having an a lysed  
t h is  problem t h e o r e t ic a l ly ,  th e  g iv e n  mass and geom etric  c h a r a c t e r i s t i c s  
o f  conveyances and the type o f r o l l e r s  a t  c r i t i c a l  speeds a t  which the  
tr a v e l  i s  u n sta b le  may be determ ined in  dependence on v e r t i c a l  d is ta n c e  
o f s e t s  and chosen p r o f i l e s  o f  gu id es and s e t s .  T h is en ab les to  ev a lu a te  
the tendency towards param etric v ib r a t io n  o f  the p resen t p la n t and to  
p rop ose, i f  r e q u ir ed , n e c e ssa r y  a d a p ta tio n s  and to  avoid  in  a d m iss ib le  
changes o f working param eters a t r e c o n s tr u c t io n  and f i n a l l y ,  to  g iv e  
optimum d esig n  o f  sk ip  -  s h a ft  l in in g  system  f o r  th e req u ired  h o is t in g  
speed when p r o je c t in g  new in s t a l l a t i o n s .
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BADANIE OBSZARÓW NIEUSTALONYCH ¥  RUCHU WÓZKÓW 
WZDŁUŻ SZYBÓW KOPALNI PODZIEMNYCH

S t r e s z c z e n i e

W C z e c h o s ło w a c ji znane są  p r z y p a d k i, gdy p rzy  o k r e ś lo n y c h  p r ę d k o śc ia c h  
tr a n sp o r tu  op rzyrząd ow an ie  w yciągu  w ykazuje nadm ierne d r g a n ia . Mogą one 
doprow adzić do z n is z c z e n ia  drew n ianych  prow adnic lu b  do nadm iernego ś c i e 
r a n ia ,  j e ś l i  w y stęp u je  dynam iczne c i ś n i e n i e  m iędzy  sztyw nym i prow adnicam i 
wózka a prowadnicami sta low ym i.

Wózki są prowadzone p rzez prowadnice (dw ie z każdej s t r o n y ) .  Z matema
tycznego punktu w id zen ia , to m echaniczne oprzyrządowanie stanow i dość 
złoZony u k ład . Wózek moZe d rgać, a drgan ia  mogą być jednego lub w ięc e j  
rodzaju  i  k s z t a łt u .



Investigating the unstable regions in..

a) D rgan ia  w zd łu żn e lu b  p o p r z e c z n e , jak o  masa mocowana do ru ry  s ta lo w e j  
g i ę t k i e j  w z d łu ż n e j /p o p r z e c z n e j ,

b) D rgan ia  p o p rzeczn e  lu b  sk r ę tn e  w p ła s z c z y ź n ie  p row ad n icy , jako c i a ł a  
s p r ę ż y s te g o  u m ieszczo n eg o  na  drew nianych lu b  s ta lo w y c h  prow adnicach  
(od p ow ied n io  p row adn icach  wykonanych z in n eg o  s p e c ja ln e g o  m a t e r ia łu ) ,  
mocownaych do u k ład u  zg in a n y ch  s p r ę ż y s ty c h  b e le k .

P od czas ruchu  na  p row adn icach  w ózek J e s t  wzbudzany p aram ech an iczn ie  
(w e f e k c i e  je g o  p e r io d y c z n ie  zm ien n ej s z t y w n o ś c i ) .  W z a le ż n o ś c i  od pręd
k o ś c i  d r g a n ia  mogą być p o p r z e c z n e , s k r ę tn e  lu b  kombinowane. C z ę s to t l iw o ś ć  
param etrycznego  d rg a n ia  j e s t  zadana p r z e z  u k ła d  r o z d z ie lc z y ,  n a  k tórych  
mocowane są  prow ad n ice i  p r z e z  p ręd k ość  w yciągu .

D a le j  w a r ty k u le  z o s t a ł  p r z e d sta w io n y  dynam iczny równoważny model o b l i 
czen io w y , r o z w ią z u ją c y  w yżej w ym ienione p rob lem y.

HCCJIEmOBAHHE HEOUPBjiEJIEHHŁK 3 OH B JtBHSSHHH 
IEJIEHEK TyrnjfT' KPEUJIEHHi! nnnaTMBHT ejlee

f  e  3 b  k  «

£ 4CCP K3B6CTHH cxy<E9iH, Korx& cpa onpejęeJieHHHi o x o p o c T a x  TpaHcnopia 
ocHamesMe nojn>8MHHKOB oriiHąaeTca Hpe3wapanku KOJiefiaHHHMH, Koiopue noryx 
BH3HBaiŁ npoąy iepeajiHHHZ HŁgpaBijrmiugy, a  Kas w is m ty n , a x  ’:pe3uepnoe h c tz -  
pamta, acjia; auciynaeT  jptHaMHaecKoe flaBaemie ssesysy secTKawa HanpaBJtaąsntH 
teJiescKH h CTaibHuuH aanpasaaaąHaH.

leaekKH B efly ioa HanpaBJLaiOEjHMJ! (no £Be c aaaaoa ciopoH H ). C MaTeHaTHHee- 
noft to ik h  apeana -  s t o  uexaBHaecKoe ocsameHae npeflCTaBJiaeT coOoił aobojiłso  
onoznyio CHCieMy. Teaeaaca u o s e i K oaeóaiB ca, a KOJteóaHH/i nory: S h t ł  osnoro  
HJCH ĆCWŁfflHI BHflOB H COCTaBOB.

а) npo;;c;ibHHe hxh nonepenBue KoaeCaHHji khk iiacca  spHKpnenenHaa k raSKoa 
npofl OJiŁBOft/nonepe hho8 ct& sbhoS Tpyfie

б) n o n p e i s u e  K o a e C a H K a  a s a  c K p y t H B a j o ą a e  K o a e ć a H H H  b i m o c k o c t h  HanpaB J i a s m e S  

K a k  y n p j r a e  i a a a  noMeai e H K H e  a a  a e p e B « H H H x  k x h  0TaxŁjaix H a n p a a a a x > m K X  

( c o o i B e i c T B e H H O  n a  HanpaBJ!B3»issx cflexaHH!£x H 3  flpyroro c n e u H a x & H o r o  

Marapnajia) y K p e m t e H H H x  b cncxeiie c r H ć a e M Ł o c  ynpyrtnc SaJioK.

B o  B p e u a  n e p e A B H a c e H H H  n a  HanpaBJLHianHX Teaaauca B036yay;aeT a a p a u e x a H H ^ e o -  

k h  (b s $ $eKTe. e e  n e p n o s H ą e c K H  H 3 M e H a e u o i }  k s c t k o c t h ) . B  a a s H O H M o o i a  ¡cojiefiaHH.i 

u o r y T  OiiTb n o n e p e a H U M H ,  C K p y w H B a j a ą z ł a  b x b  K O M Ć H H K p o B a H H H M H .  H a c r o r a  n a p a -  

M e T p a ą e o K H x  Ko a e Ó a H H f t  sajtasica p a c n p e A s a a T e a s H O f l  c u c i e M o H  a a  aoiopoil 

H a n p a B a a m i H e .  y x p e n x a x > i c a  a  c a o p o c T B »  noflbeiia.

jlanbme b oiaibe oracuBaeiao. jtamumnacKH paBHOBecHaa pacaeTHaa woxeaŁ, 
penanąaa muteonxcaaaue npo&ieuu.


