v Examples

;YpaBHeHHe Jlammnaca, yacTo BcTpeyaeTcs B (hU3UKE
a2 a2 a2
G, =02 U(x,y,z) —1—& U(x,y,z) +¥ U(x,y,z) (1.1)
|_Tema: SIkoOuan npeoOpa3oBaHus U 3aMEHA KOOPAMHAT B ypaBHeHuH Jlarnaca.
|_[IprMepbl OPTOrOHaIBHBIX KOOPAMHAT
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x = rsin(9) cos(6)
y = rsin(¢) sin(0)
z=r cos(¢)

;HpI/IMepI)I peleHus 3a1a4
| [Tepexon K LMITMHAPUYECKMM KOOPIHHATAM

treyl = {x=rcos(0),y=rsin(0), U(x,y,z) =u(r,0,z)} (1.2)

| Bepem gacTHBIE TPOU3BOAHEIC

0 0
9 cos(9) (Eu(r,e,z)Jr—sin(G) [5 u(r,e,z)) 9
dxch := % U(x,y,z) = B ) @ U(x,y,2) 1.3)
0 0
s1n(9) [5 u(r,e,z))r—l-cos(e) [gu(ne,z)) 9 9
i - r > O U(xayaz)f & M(V,e,Z)
[ 0 0 0 9 d 9
> vars = [ E u(r8,z), g u(r8,z), E ul(r, 9,2)} soldvars == [ g U(x,y,z), E U(x,y,z), g Ul(x,
¥, 2)
;HHHeP”IHa;I cucTeMa ypaBHEHHH I Toncka SlkoOnana mpeoOpa3oBaHus B MATPUIHOH (hopme.
> A,b:= GenerateMatrix( map ( simplify, solve(dxch, vars) 1,'Symbolic‘) , ola’va/‘s)
0
[ utr00)
-cos(0) -sin(B) 0 5
A,b =1 rsin(6) -rcos(8) 0 |, ‘[g u(r,e,z)] (1.4)
0 0 -1 9
ey
;HaXOJII/IM Skobuan mpeodpa3oBaHuUs
> simpliﬁ/(Determinant(A ) ,'symbolic')
. (1.5)

_HepermcmBaeM BCC NPOU3BOAHBIC B HOBBIX HUWIMHAPHUYICCKUX KOOpAUHATAX



d 9
_ % o cos(6) (5 u(r,e,z)) r— sin(6) [5 u(r,e,z)] e
_ % e sin(6) [% u(r,e,z)j rj—cos(e) [% u(r,e,z)} .
i % Ulx,y,z)= % u(r, 0, z) (1.8)
% U(x,y,z) = % ( [ ;i,z u(r, 6,2)) cos(0)? 12 —2 [ aeazar u(r, 9,2)] cos(0) sin(0) r 1.9
_ (% u(r, e,z)j cos(0)? r— (% u(r, e,z)] cos(8)* +2 [% u(r, 9,2)] cos(8) sin(8)

N (% u(r,e,z)] r+% u(r,e,z))

[ @ 1 @ 2q, (0 ) ®
y U(x,y,z) =7(—{¥ u(r,e,z)) cos(8) + (g u(r,G,z)j cos(8)” r+2 [ % o

u(r,0, (1.10)

z)]cos(ﬁ)sin(ﬂ)r—i—(%u(r,@,z))cos(e)z—Z[ i u(r,@,z)]cos(@)sin(ﬂ)

®
+(%u(n6,2)]rz)

a2 2
2 Vw2 =5 ulrne,z) (1.11)
IloacraBnsem ux 3HaueHus B ypaBHeHue Jlamiaca B IeKapTOBBIX KOOpJMHATAX U MOJy4aeM 3alluch ypaBHeHus Jlamnaca
| B HUWJIMHAPUYCCKUX KOOpANHATaX!:

0 2
a2 o2 EU(V,G,Z) Q”(Vae’z)
32 u(r,0,z) + 2 u(r,8,z) + " + 2 (1.12)
;Hepexogl K cheprUuecKuM KOOpIHHATAM
trsph = {x=rsin(0) cos(0),y=rsin(¢) sin(0),z=rcos(d), U(x,y,z) =u(r,0,9)} (1.13)
0 0 0 9 3
> vars = [E u(r,6,0), o u(r,6,0), g u(r,0,0) ] s oldvars = [g U(x,y,z), > U(x, y,z),
0
i & Ulx,y,2) |:
|_JInneiinas cucrema ypaBHEHMH 1ist TIOMCKa SIkoOnana npeobpasoBanus:
0
-sin(¢) cos(0)  -sin(¢) sin(0) ~cos(9) 11 - ( - u(n 9,¢)j
. . _ . a
b= rsin(¢) sin(0) rsin(¢) cos(0) 0 2 ’ _[g u(r,e,q))) (1.14)
-rcos(¢) cos(8) -rcos() sin(6) - 4 (COS'((I)) — 1) 9
sin(0) | -[—u(r,e,q)))
00
;HKO6I/IaH npeoOpa3oBaHUsL
sin(¢) 72 (1.15)

_HepGHI/ICI)IBaCM IMPOU3BOAHBIC B HOBBIX cq)epnqecxnx KoopAuHaTax



0 1 , 0 i)

B Ulena) = s ((—rcos(¢) 1) cos(0) (5 u(r,e,q))) +cos(8) cos(0) [5 u(r0.  (1.16)
o) |sn(o) —sino) [ o utz.0) )

[ 0 1 2 . 9 ) 9

E Ulx,y,z) = sin(0) ((—rcos(q)) +r) sin(0) (g u(r, 9,(]))] +sin(0) cos(¢) (5 u(r,, 1.17)
o) | sn(e) +coso) [ = u(z0.0) )

: ; cot9) 5 u(0.0) | r=sin(o) [ - utr 0.0

] & Ulxnz) = - ; “ (L18)

S Uln) - o7 (207 Coslo) = 1) eosto) 17 R ET XS A TR (R D)

~eos(8)?) (% 1(0.6) |+ (-cos(o)* + cos(0)?) cos(o)’ [% 1(r0.)

2
+2 rcos(0) sin(0) (cos(q)) -1) (cos(q)) +1) [ o u(r,e,q)))
2
2 reos(6) sin(6) cos(6)? (cos(9) — 1) (cos(6) +1) ( - u(r,e,q)))

-2 cos(q)) sin(0) [ 6:26([) ulr, 6,(]))] cos(8) sin(0) — (cos(q)) -1) (1 + (cos((]))2
0 1
1) cos(6)7) r (cos0) +1) 5 ur0.0) | +2 [ 5 + [cos(o)?
3

. 7) cos(e)2] cos(0) sin(0) (% u(r e,q))j 2 (% u(r e,q))j cos(6) sm(e))

% Ulx2) = m (-,2 (cos(8) — 1) (cos(8) +1) (cos(6) — 1)? (cos(6) (1.20)
2 2
—l—l)2 (y u(r, e,q))] + ( (cos(6)2 — 1) cos(q))4 + (1 —cos(e)z) cos(¢)2) (g u(r, o,
a2
¢) +2rcos((])) sin(q)) (cos(8) —1) (cos(B) +1) (cos(q)) -1) (cos(q)) +1) ( or 3 u(r, 0,

2

| :
¢)] —2rcos(8) sin(0) (cos(¢) —1) (cos(0) +1) [ .
|

u(r,@,(b)) ; (g u(r,6,

@
% 9
G

- 1) cos(q))2 —cos(e)z) r (cos(q)) +1) (5 u(r, 9,(]))) -2 ((cos(e)2 - 1) cos(¢)2

dp) cos(G)2 +2 cos((b) sin(dp) ( u(r, 6,(1))] cos(0) sin(0) + (cos((b) —1) ((003(6)2

— 2 cos(0) + 1] cos(6) sin(0) [% u(r e,¢)j 2 [% u( e,¢)) cos(0) sin(e))
Ve = T (sos(0)? G ut0.6) | 2= 2eos(o) smlo) [
0 o2

~ cos(0)? (% u( e,q))) r 42 cos(6) sin(0) [5 u( e,q))] ~ cos(6)? (Q u( e,q))]

u(r, 9,(]))] r (1.21)




0 02
+ (g u(r,9,¢))r+¥ u(r,G,(I))j

_HOZ[CTaBHﬂeM HUX 3HAYCHUA B ypaBHeHI/Ie Hal‘[J‘Iaca B ,Z[eKapTOBLIX KOOpI[I/IHaTaX u HOJIy‘IaeM 3aIIUCh ypaBHeHI/IH Hanﬂaca
| B cheprruecKux KOopMHaTax

! ()2(&< 1) 2 =2 cos(0)? [ — u(6.6) S o) |2 a2
——— | -cos(0 —ur,e,q)) —2cos(0 [—u r,e,d)]r—l—[—u r,e,q)] .
sin((]))2 72 ( o2 or o2
0 2

eas(o)sine) 5 u(r0.0) | —eoslo)? o u(e0.0) | +2 (5 wln0) |

> ( ) - ( )
5 593 5 ’e’
+862ur (l)-l-aq)zur ¢)

|_Emre npumep: mepexos K "9K30THYECKMM" OUIIOIAPHBIM MIHHAPHIECKHM KoopauHaram: (Spiegel)

] a sinh(v) _ asin(u) _ _
| o {x cosh(v) —cos(u) cosh(v) —cos(u) 2=w Ulxy,2) = Ulw, V’W)} (1.23)
0
dxch = | == U(xy2) = (1.24)
0 0 0
sinh(v) sin(u) [E U(u, v,w)] - (E U(u,v,w)j + (E Zl(u,v,w)j cosh(v) cos(u)
- a
0
> Ulx,y,z)
0 0 0
) (E Uu, v,w)) cosh(v) cos(u) — sinh(v) sin(u) (E Uu, v,w)) - [E Uu, v,w)]
a a
0 0
i e Ulx,y,z) = . Ulu, v, w)
B 0 0 0
vars i= | - Ulu, v, w), " Ulu, v, w), o U(u, v,w)] (1.25)
B 9 9 G
oldvars = [a U(x,y,z), a U(x,y,z), " U(x,y, z)] (1.26)
sinh(v) sin(u) a a (-cosh(v) cos(u) +1) 0
cosh(v)2 — 2 cosh(v) cos(u) —l—cos(u)2 cosh(v)2 — 2 cosh(v) cos(u) —I—cos(u)2
A, b= a (cosh(v) cos(u) —1) sinh(v) sin(u) a o I (1.27)
cosh(v)2 — 2 cosh(v) cos(u) —l—cos(u)2 cosh(v)2 — 2 cosh(v) cos(u) —I—cos(u)2
0 0 -1

0

_[E Zl(u,v,w)]
0

_[E Zl(u,v,w))
0
ow

o

Ulu, v, w) j



|_AxoOman mpeoOpa3oBaHus

a2
- 1.28
| cosh(v)2—2cosh(v) cos(u) —l—cos(u)2 ( )
0
& Us2) (1.29)
0 0 0
-sinh(v) sin(u) (a Z((u,v,w)) - (g Zl(u,v,w)] cosh(v) cos(u) + s Ulu, v, w)
| N a
B 0 0
R (cosh(v) cos(u) —1) [E Uu, V,W)J — sinh(v) sin(u) (E Zl(u,v,w)j
E Ulx,y,z) = P (1.30)
I L Ulnyes) = u 131
i aZ (xayaz) - aW (uJ V,W) ( . )
_ﬁU _L ((1 %) cosh(v)? 2 1)[221 J 1.32
a2 (x,,z) = 2 ( —cos(u)”) cosh(v)” +cos(u)” — o (u, v, w) (1.32)
2
+ (cosh(v) cos(u) —1)* (W Uu, v,w)] + 2 sin(u) sinh(v) (cosh(v) cos(u)
-1) (i Ulu, v, w)j +2 (cos(u) cosh(v)2— i cos(u)
o du 2
1 0 , 1
—?cosh jsm (— Uu, vw))+2 (E Zl(u,v,w)j (cosh(v) cos(u) —?cos(u)
1
—?cosh jsmh
@ @
rel U(x, y,z) —%(((1 —cos(u)?) cosh(v)? +cos(u)? —1) [ﬁ Zl(u,v,w)) (1.33)
2
+ (cosh(v) cos(u) —1)? (ﬁ Ulu, v, w)) — 2 sin(u) sinh(v) (cosh(v) cos(u)
-1) (i Ulu, v w)] -2 (cos(u) cosh(v)2 - i cos(u)
v du o 2
1 . 9 9 , 1
-5 cosh(v)) sin(u) (a Zl(u,v,w)) -2 (E Zl(u,v,w)] (cosh(v) cos(u)” — 5 cos(u)
1
-5 cosh(v)) sinh(v))
i ® ®
e Ulx,y,z) = Y Ulu, v, w) (1.34)

HO,I[CTaBJ'ISIeM HX 3HAYCHUSA B YPABHCHUC Jlammmaca B JACKAPTOBBIX KOOPAWHATAX U IMOJTYyHacM 3allMCh YPABHCHUSA Jlammaca
| B 6I/IHOJISIpHBIX TUIIMHAPUYCCKUX KOOpAHATaXxX

2 2 a2
cos(u)2 (ﬁ Zl(u,v,w)] cos(u)2 [W Ulu, vw)) 2 cosh(v) cos(u) (ﬁ Zl(u,v,w)]
> + - = - (1.35)
® 2 ®
2 cosh(v) cos(u) ( y U(u, v, w) ] cosh(v) [ y U(u, v, w) ]

+

a? a?




5 0”2
cosh(v) [W U(u, vw)) ®
\‘\‘ 2 + o2 Ulu, v, w)
> NumTask == 69

NumTask := 69 a

_I/IHI[I/IBI/I,HyaHBHBIe 3aJ[aHusl C OTBETAMHU
0 0 0

> vars = | — Z(u,v,w), — Z(u,v,w), — Z(u,v,w)
Oou ov ow

[OTBET X PENEHVIO SAOAUN # 1
HoBBIE KOOPOMHATEL:

2 3 2 4 4 1 4 1 4
{x—?u+?v—?w,y——?u—?v—?w,z—?u+?v+?w
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAX:
6775 & 6425 2 4550 2 3125 @
W%U(u’v’w)_TWU(MVW)_TWUWVW)—FTVU(MVW)
4300 o 1625 &
+TWUWVW)+TWU(”VW)
AxobuaH:
18
125

OTBET K PEMNEHNMI0 3AIAUM # 2
HoBele KOOPIOMHATEH :

1 1 1 4 3 4 2 4
x=—?u—?v—?w,y=?u—?v—i-?w,z:?v-l-?w
YpapHeHMe Jlamjiaca B OEKAPTOBHX KOOPOMHATAX:
11325 @ 975 2 5125 2 425 @2
784 yU(u,v,w)+FﬁU(uvw)—WwU(uvw)+E¥U(uvw)
425 2 2925 @
_FWU(HVW)—FWWU(M’V’W)

AxobuaHn:

_ 28

125

OTBET K PEIEHMIO 3AIAUM # 3
HoBBlE KOOPOMHATEL:

3 2 4 1 1 1 4 3 3

x:-?u+?v—?w,y:—?u—?v+?w,zz—?u+?v+?w
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAX:
2275 @& 5525 2 175 a2 16875 @
mJU(uvw)—l-mWU(uvw)+me(uvw)+ 1936 VU(u,v,w)

425 2 1875 @
+%WU(MVW>+WWU(MVW)
AxobuaH:
_ 44
125

OTBET K PEMNEHNMI0 3AIAYM # 4
HoBele KOOPIOMHATEH :



1 2 2 1 2 4 4
x:?v—?w,y:—?u+?v,z:?u+?v—?w
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIAMHATAX:
25 @ 25 2 25 2 50 @
TmU(u,v,w)—l—TﬁU(u,v,w)—i-TWU(u,v,w)-l-TyU(u,v,w)
100 @ 75 @&
+TWU(M’V’W)+TWU(M’V’W)
AxobuaH:
12
125

OTBET K PEMNEHNMIO 3AIAYM # 5
HoBele KOOPIOMHATEH :

4 2 3 3 4 4 3
x=?u—?v—i-?w,y=—?v,z=—?u+?v+?w
YpapHeHMe Jlamjiaca B OEKAPTOBHX KOOPOMHATAX:
75 @2 25 02 275 & 25 a2
3—2¥U(u,v,w)—1—8wU(u,v,w)+EwU(u,v,w)+?mU(u,v,w)
25 @2 50 a2
+7¥U(u,v,w)—EmU(u,v,w)

Axobuman:

72

125

OTBET K PEUEHMIO 3AIAUM # 6
HoBBlE KOOPOMHATEL:

3 3 1 2 1 1 4 1 3
x:?u—?v—?w,y:—?u—?v+?w,z:?u—?v—?w
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAX:
50 @2 25 2 275 2 125 @
TmU(u,v,w)—l—TﬁU(u,v,w)—i-TaW—auU(u,v,w)—}-?VU(u,v,w)
175 o2 275 @&
+TWU(M’V’W)+TWU(M’V’W)
Axobuan:
_ 12
125
OTBET K PENEHMO 3AmAYM # 7
HOBEIE KOOPIOVHATH:
3 2 2 1 1 1 2 3
x=—?u—?v—?w,y=—?u—?v+?w,z=?u—?w
YpapHeHMe Jlamjiaca B IOEKAPTOBHX KOOPOMHATAX:
1525 @2 5050 @2 1300 2 4875 &2
WyU(u’v’w)_ﬁEU(M’V’W)_FWWU(M’V’W)—FWWU(%V’W)
2450 &2 525 @2
—WWU(M,V,W)—FEWU(M,V,W)
AxobuaHn:



OTBET K PEMNEHNMIO 3AIAYM # 8
HoBele KOOPIOMHATEH :

3 2 1 4 4 1 2
x=—?v—?w,y=?u+?w,z=—?u—?v—?w
YpapHeHMe Jlamnjiaca B OEKAPTOBHX KOOPOMHATAX:
25 & 25 2 75 @& 25 a2
T a2 Uu, v, w) SETH —awf)u U(u, v, w) +E Yl U(u, v, w) 11 PrS Ulu, v, w)
175 @
+ng(u,v,w)
AxobuaHn:
_ A4
125

OTBET K PEMNEHVIO 3AIAUM # 9
HoBrle KOOPIOMHATEL:

1 2 2 4 2 4 3 4 1
x=—?u+?v+?w,y=—?u+?v—?w,z=—?u—?v—?w
YpaBHeHMe Jlamnjgaca B OEeKaPTOBHX KOOPIMHATAaX:
350 @ 175 a2 1700 2 6425 @&
T@'az(ﬂmww%—aﬁ”aE:UwWw)—?a—5;&%ﬂmww%+aﬁfleﬂmum
425 a2 3875 a2
+EWU(M’V’W)+HWU(M’V’W)
AxobuaH:
78
125
OTBET K PENEHMIO 3AJAUM # 10
HoBEHE KOOPIMHATEH:
2 4 3 4 1 2 3 2 2
x=?u—l-?v—l-?w,y:?u—i-?v—l—?w,z:?u—?v—?w
YpaBHeHMe Jlanjaca B IOEKaAPTOBHEIX KOOpIOMHATAX:
275 & 700 2 1000 2 3575 @&
EE“&;UWJmO+EE'EE:UWWW)—za—5;&%ﬂmuw)+zﬁ—leﬂmum
7900 2 4775 *2
_WWU(M’V’W)_FWWU(M’V’W)
AxobuaHn:
_ 27
125
OTBET K PENEHMO 3AJAYM # 11
HoBrle KOOPIOMHATEL:
3 3 4 2 1 2 4 3
x=—?u—?v—?w,y=—?u—?w,z=—?u—?v+?w
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAaX:
8125 2 5525 2 625 2 4725 @
3@‘azUWmmﬁ—zg—5;gUWﬂmd—Tﬁ'E;;UWmmﬁ+3&—azUme)
425 2 425 &
+EmU(u,v,w)+me(u,v,w)

AxobuaH:



125
OTBET K PENEHMIO 3AJAUM # 12
HoBBEIE KOOPIMHATEH:
2 3 3 2 1 4
x——5u+5v+5w,y—5u+5w,z— u—sv
YpaBHeHMe Jlamnjaca B OEKaAPTOBHX KOOPIMHATAaX:
25 @ 100 a2 25 2 50 @&
i a2 U(u,v,w) + 3 o U(u,v,w) — 3 ovon Ulu,v,w) + 3 a2 Uu, v, w)
50 2 50 02
BT o Oy U(u,v,w) + 13 o2 U(u,v,w)
AxobuaHn:
26
125
OTBET K PENEHMIO 3AJAUM # 13
HoBEIE KOOPIOMHATEL:
1 1 1 1 4 4
x—5u+5v+5w,y—-5u+5w,z— u+5w
YpaBHeHMe Jlanjaca B OEeKapTOBHX KOOPIAMHATAX:
425 & 2 3 2 17 &
6 a2 Ulu,v,w) +2 a2 Ulu,v,w) | — 2 owon Ulu,v,w) + 16 o2 Ulu, v, w)
5 @ 5 @
- — U(u,v,w) —— —— U(u,v,w
2 oo ( )~ 3 o O ( )
AxobuaH:
_ 4
25
OTBET K PENEHMIO 3AJAUM # 14
HoBBEIE KOOPIMHATEH:
3 1 4 2 2 1
x——5W,y——5u+5v—5w,z—5u—5v—5w
YpaBHeHMe Jlamnjaca B OEKaAPTOBHX KOOPIMHATAaX:
a2 175 2 50 o2 875 &2
75 y U(u, v, w) +T W U(u, v, w) +T w Ulu, v, w) +7—2 V Uu, v, w)
125 2 25 @
+ T U(u,v,w) + 9 o2 U(u,v,w)
AxobuaHn:
12
125
OTBET K PENEHMIO 3AJAYUM # 15
HoBrIE KOOPOMHATEL:
4 4 2 4 1 3
x—5u+5w,y—5u+5v+5w,z—— u—sw
YpaBHeHMe Jlanjgaca B OEeKapTOBHX KOOPIAMHATAX:
625 @ 275 2 175 a2 225 @
T U(u,v,w) — 16 o U(u,v,w) — 2 oo Ulu,vyw) + 64 a2 U(u,v,w)



75 2 02
+TWU(M’V’W)+SO[W U(u,v,w)]
AxobuaH:
__16
125
OTBET K PENEHMO 3AJAYM # 16
HOBEIE KOOPIOMHATH:
4 2 2 4 4 3 3 2
x——su—sv—Sw,y—Su—i-Sv—Sw,z——Su—Sv

YpaBHeHMe Jlamnjaca B OEKaAPTOBHX KOOPIMHATAaX:

0”2 02 02 12925 @&
1550 E&; U(u,v,w) | —4475 2;5; U(u,v,w) | — 1800 2;;&: Ulu,vyw) | + n E;; Ulu, v,

02 02
w) + 2600 (— U(u,v,w)) + 525 [— U(u,v,w))
Ow Oy

m?
AxobuaH:
2
125
OTBET K PENEHMIO 3AJAYUM # 17
HoBrIE KOOPIOMHATEL:
2 3 3 2 4 2 1 1 3
x——S u+5 v—5 my—-s u—5 v+5 mz—s u+5 v+5 w
YpaBHeHMe Jlanjgaca B OEeKapTOBHX KOOPIAMHATAX:
2350 & 1700 2 2150 2 4325 &
529 a2 Ulu,v,w) — 529 oo Ulu,v,w) — 529 own Ulu,v,w) + 2116 o2 Uu, v, w)
3525 o 5625 @&
+ 1058 o o Ulu,v,w) + 2016 o2 Uu, v, w)
AxobuaH:
_ 46
125
OTBET K PENEHMIO 3AJAUM # 18
HoBBEIE KOOPIMHATEH:
1 2 3 4 1 3 4 2
x——5 u—s my—s u—5 v+5 mz—s u+5 v+5 w
YpaBHeHMe Jlamnjgaca B OEKaAPTOBHX KOOPIMHATAaX:
425 @ 275 a2 1100 2 625 @
81 a2 Ulu,v,w) + 162 o om Ulu,v,w) — 81 o on U(u,v,w) + 648 o2 Ulu, v, w)
475 2 950 @2
~ Te2 o U(u,v,w) + 81 on2 U(u,v,w)
AxobuaH:
36
125
OTBET K PENEHMIO 3AJAYUM # 19
HoBrIE KOOPIOMHATEL:
3 3 2 2 1 2 2 3
x—5 u—5 v—5 my—s u—s v+5 mz—s u—s w

YpaBHeHMe Jlanjaca B OEeKapTOBHX KOOPIAMHATAX:



154 @ 62 @ 72 2 a2
5 y U(u,v,w) +? W Ulu, v, w) +g w U(u,vyw) +9 [y U(u,v,w))
8 02 49 &2
+? m U(u, v, w) +g W U(u, v, w)
AxobuaHn:
1
5
OTBET K PENEHMO 3AJAYM # 20
HoBrle KOOPIOMHATEL:
1 1 4 2 4 1 2
[x=?v—?w,y=—?u+?v,z=—?u—?v+?w}
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAaX:
525 &2 275 2 375 a2 a2
? J U(u,v,w) +T W U(u,v,w) +T m U(u,v,w) + 150 (W U(u,v,w)]
a2 R
+ 400 (m U(u,v,w)) + 275 [y U(u,v,w)]
AxobuaH:
4
125
OTBET K PENEHMIO 3AJAYUM # 21
HOBEBIE KOOPIOVHATH:
3 3 3 2 4 4 1 4 1
x=?u—?v—?w,y=?u+?v+?w,z=?u—?v—?w
YpaBHeHMe Jlanjaca B IOEKapPTOBHEIX KOOpPIOMHATAX:
625 @ 100 o2 175 l§2 250 @
304 y Ulu, v, w) +8_1 W Ulu,v,w) — 162 W U(u, v, w) +8_l ﬁ Ulu, v, w)
550 2 1525 @
BT E;;;‘Lﬂu,mvﬂ +‘T§Z— E;E U(u, v, w)
AxobuaHn:
o4
125
OTBET K PENEHMO 3AOAYM # 22
HoBrle KOOPIOMHATEL:
3 3 1 4 3 2 1 2
x=?u+?v,y=?u—?v—?w,z=?u+?v+?w
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAaX:
3550 @ 3850 @2 400 2 4525 @
EafEzmemﬁ—Tir5;gUWmm0+7&‘ag;UWmmﬁ+T§TEzlﬂmum
1050 @& 875 @&
~ 769 m Ulu, v, w) +@ w Ulu, v, w)
AxobuaH:
39
125

OTBET K PELNEHVIO 3AIAUM # 23
HoBele KOOPHOMHATEHL:



1 1 1 1 2 2 1 1
x:——v+—w,y:-—u——v——w,z:?u+—v+—w

5 5 5 5 5 5
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIAMHATAX:
175 @ 125 @ 75 3 175 @
5 w Ulu,v,w) — 4 w Ulu,v,w) — Ve W U(u, v, w) +T W U(u, v, w)
25 @ 75 @
+T W Ulu, v, w) +? W U(u, v, w)
AxobuaH:
4
125

OTBET K PEMNEHNMI0 3AIAUM # 24
HoBele KOOPIOMHATEH :

2 3 4 3 2 1 2 3
x=?u—?v—?w,y=?v—l-?w,z:—?u—?v—?w
YpapHeHMe Jlamjiaca B OEKAPTOBHX KOOPOMHATAX:
775 &2 25 @ 175 2 375 @
EWU(M’V’W)_:%_ZWU(L{’V’W)+6_4MU(M’V’W)+3_2¥UW’V’W)
625 &2 1175 @&
_3_ZWU(H’V’W)+WWU(M’V’W)
AxobuaHn:
16
125

OTBET K PEINEHMIO 3AIAUM # 25
HoBBlE KOOPOMHATEL:

3 3 2 1 4 3 3 3 2
x:?u+?v—?w,y:-?u+?v—?w,z:-?u—?v—?w
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAX:
217 & 137 2 15 2 157 @
WWU(M,V,W)—?EU(M,V,W)—TWU(H,V,W)—F?VU(M,V,W)
15 2 25 @
+TWU(M,V,W)+?WU(M,V,W)
AxobuaH:
12
25
OTBET K PENEHMIO 3AJAYUM # 26
HoBEIE KOOPIOMHATEH:
3 4 4 4 2 3 4 4 3
x=—?u+?v—l—?w,y=—?u—?v—?w,z=?u—?v—?w
YpapHeHMe Jlamjiaca B IOEKAPTOBHX KOOPOMHATAX:
425 @2 3400 2 3100 2 15625 @2
8_1WU(M’V’W)_FTWU(M’V’W)_TWU(M’V’W)—Fl—ﬁzWU(u’V’W)
14425 o2 6725 @
Y WU(u,v,w)—i-S—le(u,v,w)
AxobuaHn:

18
125



OTBET K PEMNEHNMIO 3AIAYM # 27
HoBele KOOPIOMHATEH :

3 2 4 4 4 3 3 2
x=?u—l—?v—?w,y=—?u+?v—?w,z=—?u—?w
YpapHeHMe Jlamnjiaca B OEKAPTOBHX KOOPOMHATAX:
45 @ 85 2 40 a2 475 &
EﬁU(u,v,w)+EWU(u,v,w)-ﬁ-EwU(u,v,w)+W¥U(u,v,w)
310 02 145 @&
+FMU(M’V’W)+EWU(M’V’W)
Axobuan:
14
25

OTBET K PEINEHMIO 3AIAUM # 28
HoBBIE KOOPOMHATEL:

4 1 4 1 1 4 1 3
x:—?u—?v—?w,y:?u—?v+?w,zz-?u+?v
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAX:
50 & 125 2 25 @ 225 @
TEU(M,V,W)—EWU(%V,W)‘FTyU(u,v,W)—f‘ng(u,v,w)
AxobuaH:
_ 44
125

OTBET K PEINEHVIO 3AIAUM # 29
HoBele KOOPHOMHATEHL:

1 1 1 3 4 4 2 2
x=—?u—l-?v—?w,y:?u-l-?v—i-?w,z:?u—?v
YpaBHeHMe Jlanjaca B IOEKaAPTOBHEIX KOOpPIOMHATAX:
825 & 950 2 300 2 1725 @
EWU(u,v,w)+FWU(u,v,w)—TWU(u,v,w)+W¥U(u,v,w)
425 2 125 @&
_TWU(M’V’W)-FTWU(M’V’W)
AxobmaH:
__14
125

OTBET K PEMNEHNMIO 3AIAUM # 30
HoBrle KOOPIOMHATEL:

2 4 3 2 2 1 4 1 2
x=—?u+?v—?w,y=—?u—?v—?w,z=?u+?v+?w
YpaBHeHMe Jlamnjgaca B OEeKaPTOBHX KOOPIMHATAaX:
2875 &2 350 2 175 @ 400 2
T%U(u,v,w)—TWU(u,v,w)—l—TWU(M,V,W)—TGV—U(M,V,W)
125 @ 200 o
+TVU(M’V’W)+TGW—6\;U(M’V’W)
AxobuaH:
12

125



OTBET K PEMNEHNMIO 3AIAYM # 31
HoBele KOOPIOMHATEH :

1 4 2 1 3 3
x=?u—?v+?w,y=—? v,z=—?v—?w}
YpapHeHMe Jlamnjiaca B OEKAPTOBHX KOOPOMHATAX:
8425 & 02 2800 2 R
'Tr'a;lﬂmmw)+%0[g;;lﬂmmw) ——3—'E;;(ﬂmww)+25(az(ﬂ%wwi
a2 250 @&
—50 [m U(u,v,w)) +T W U(u, v, w)
AxobuaHn:
3
125

OTBET K PEINEHMIO 3AIAUM # 32
HoBBIE KOOPOMHATEL:

1

2 3 1 4 2 4 3
xfsu— w,y=- u— v—sw,zf u+5v— w

5 5 5 5 5
YpaBHeHMe Jlamnjgaca B OEeKapPTOBHX KOOPIMHATAX:
43 @ 37 & 83 & a2
TWU(M,V,W)—?ﬁU(u,v,w)+a¥U(u,v,w)+6 WU(u,v,w)
(3o vt ]2 (55 viam)
—| —— U(u,vyw) | +2 | —5 U(u,v,w
= Ulwvw) S Ul vw)
AxobuaH:
_8
25

OTBET K PEINEHVIO 3AIAUM # 33
HoBEle KOOPIOMHATEH:

4 4 2 4 2 4 3
x=?u—?w,y=?v+?w,z=?u—?v+?w
YpapHeHMe Jlamjiaca B IOEKAPTOBHX KOOPOMHATAX:
5025 @2 575 2 725 a2 1125 @2
Eﬁg'&;UWﬂmﬁ+§§'Eﬁglﬂmww)+g%'E;;(Hmww)+7ﬁ;Eﬁ'ﬂmuw)
125 2 525 @2
+—T€§ E;;;‘Lﬂu,wvﬂ +‘g7g 2;5 Ulu, v, w)
AxobuaHn:
_ 104
125
OTBET K PENEHMO 3AOAYM # 34
HoBBlE KOOPOMHATEL:
2 3 3 2 1 1 1 2 3
x:-?u+?v—?w,y:—?u+?v—?w,zz—?u—?v-l-?w
YpaBHeHMe Jlamnjgaca B OEeKapTOBHX KOOPIMHATAX:
125 @ 425 a2 325 a2 1825 @
j;”&;UWJm0+—I'EE:M%uW)+jr”&3:Wmmw)+—§—Eglﬂmum
1425 2 1125 &
+TWU(M’V’W)+TWU(M’V’W)

AxobmaH:



125
OTBET K PENEHMIO 3AJAUM # 35
HoBEIE KOOPIMHATH :
4 1 2 2 4 4 3 4
x——5 u—S v—5 my—s u+5 v—5 mz—s v+5 w
YpaBHeHMe Jlamnjaca B OEKaAPTOBHX KOOPIMHATAaX:
5825 @ 1350 2 75 2 1125 @
3364 a2 Ulu,v,w) — 841 oo Ulu,v,w) — 841 oo on Ulu,v,w) + 81 o2 Uu, v, w)
125 o2 1175 @
+ 841 o o U(u,v,w) + 1682 on2 U(u,v,w)
AxobuaHn:
116
125
OTBET K PENEHMIO 3AIAYUM # 36
HoBEIE KOOPIOMHATEL:
1 2 4 1 2 2 4 4 4
x—5 u—s v—5 my——s u—s v—5 mz—s u—s v—5 w
YpaBHeHMe Jlanjaca B OEeKapTOBHX KOOPIAMHATAX:
225 @ 75 @ 275 @ 125 @
6 a2 U(u,v,w) — 4 oo Ulu,v,w) + 36 o2 Ulu,v,w) + 36 a2 U(u,v,w)
25 2 U 25 a2 U
+ — — u,v,w) — —5 u,v,w
4 oo ( )~ 18 o o ( )
AxobuaH:
24
125
OTBET K PENEHMIO 3AJAUM # 37
HoBEIE KOOPIMHATH :
1 1 1 2 4 2 1
x—5 u— Swy——S u—s v+5 mz—S u— 5v

YpaBHeHMe Jlamnjaca B OEKaAPTOBHX KOOPIMHATAaX:

2 2 2 2
50 (— U(u,v,w)] + 150 [— U(u,v,w)] + 100 (— U(u,v,w)] + 125 [— U(u,v,w))
Ov Ou Oow Ou

ou? 2
325 @ 875 &
+TWU(M,V,W)+FWU(L{,V,W)
AxobuaHn:
4
125
OTBET K PENEHMIO 3AJAYUM # 38
HoBrIE KOOPOMHATEL:
4 2 3 3 2 4 1 2 2
{x=?u—?v—?w,y=—?u+?v+?w,z=?u+?v—?w
YpapHeHMe Jlamjlaca B IOEeKaApPTOBHIX KOOPAOMHATAX:
31 & a2 2 39 @
TWU(u,v,w)+ll(wU(u,v,w)]+24(WU(M,V,W)}+?yU(u,v,w)



13 ® 21 @
+7 W U(u,v,w) +7 W U(u, v, w)

Axobman:

OTBET K PEIEHVIO 3AIAUM # 39
HoBrle KOOPIOMHATEH:

1 3 2 2 1 3 4 1 4
x:?u—?v+?w,y:—?u—?v—l—?w,zz—?u—f-?v—?w
YpaBHeHMe Jlamnjaca B OEKaAPTOBHX KOOPIMHATAaX:
3750 @2 550 2 3350 2 11625 @&
myU(u,v,w)—mwU(u,v,w)—mwU(u,v,w)ﬁ-mﬁU(u,v,w)
10650 2 5150 @

+ 2401 mU(u,v,w)—i—m WU(M,V,W)

AxobuaHn:
_49
125

OTBET K PENEHNVI0O 3AIAUM # 40
HoBrIE KOOPIOMHATEL:

3 4 4 4 1 1 3 3 1
x=—?u+?v—?w,y=?u—?v+?w,z=-?u+?v+?w
YpaBHeHMe Jlanjgaca B OEeKapTOBHX KOOPIAMHATAX:
425 & 1675 2 75 2 11075 @
WWU(M’V’W)—FWWU(M’V’W)—FEWU(M’V’W)+W¥U(M’V’W)
3775 2 6475 @
+EWU(H,V,W)+WWU(M,V,W)
AxobuaH:
52
125




