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[lpumep 1. Hzob6pasums rKoopdunammuoie auruu u =70, u=—1,
u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-

rT=1u—"0,

MOU KOOPOUHAMHOLX DYHKYULL { y = u? — o2

Pemenue.



[lpumep 1. Hzob6pasums rKoopdunammuoie auruu u =70, u=—1,
u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-
T =u-—"uv,

MOU KOOPOUHAMHOLX DYHKYULL { y = u? — o2

Pewenue. Ecan nosoxutb w =0, TO MOJyuydM MapameTpUuecKoe

YpaBHEHHE COOTBGTCTBy}OLU,ef/’I KOOpﬂ,HHaTHOﬁ JIMHUU:



[lpumep 1. Hzob6pasums rKoopdunammuoie auruu u =70, u=—1,
u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-
T =u-—"uv,

MOU KOOPOUHAMHOLX DYHKYULL { Y = W2 — 02

Pewenue. Ecan nosoxutb w =0, TO MOJyuydM MapameTpUuecKoe

o o X
YpaBHEHHE COOTBETCTBYIOLIEH KOOPAUHATHOHW JIMHHUH: { 9



[lpumep 1. Hzob6pasums rKoopdunammuoie auruu u =70, u=—1,
u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-

. | r=u—w,
MOU KOOPOUHAMHOLX DYHKYULL .
y=u’—v°.

Pewenue. Ecan nosoxutb w =0, TO MOJyuydM MapameTpUuecKoe

o o r = —v
YpaBHEHHE COOTBETCTBYIOLIEW KOOPJAUHATHON JIMHUH: , yILO@—

y = —v2.
Hee, KOHEUHO, ObLI0 Obl MOJYYHTb «OObIYHOE» YpaBHEHHE, TO €CTh ypaB-
Henue Buaa f(z,y) = 0. Has sToro
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y=u’—v°.
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o o r = —v
YpaBHEHHE COOTBETCTBYIOLIEW KOOPJAUHATHON JIMHUH: , yILO@—

y = —v>
Hee, KOHEUYHO, ObLI0 Obl MOJYUUTb «OObIUHOE» YpaBHEHHE, TO €CTh YpaB-
Henue Buaa f(x,y) = 0. 1ast 3TOTO BHIpA3UM U, v UEPES T, ¥).



[lpumep 1. Hzob6pasums rKoopdunammuoie auruu u =70, u=—1,
u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-

. | r=u—w,
MOU KOOPOUHAMHOLX DYHKYULL .
y=u’—v°.

Pewenue. YMHOXKUM EPBOE YPABHEHUE CUCTEMbI U3 YCJOBHUS 3a7aUn
Ha % + ¥ U BbIUTEM M3 MOJYYEHHOTO ypaBHEHUS BTOpoe ypaBHeHue. [1o-
JIYUUM
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u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-

. | r=u—w,
MOU KOOPOUHAMHOLX DYHKYULL .
y=u’—v°.

PeweHue. YMHOKUM NepBO€ YypaBHEHHE CUCTEMbI U3 YCJIOBUS 3aJaUM

Ha % + v W BbIUTEM M3 MOJIyUEHHOTO YpaBHEHHUsI BTOpoe ypaBHeHHe. [1o-

ayuuM x(u + v) — y = 0. I3 aToro ypaBHeHus nosyuaem v = % — u.



[lpumep 1. Hzob6pasums rKoopdunammuoie auruu u =70, u=—1,
u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-

. | r=u—w,
MOU KOOPOUHAMHOLX DYHKYULL .
y=u’—v°.

PeweHue. YMHOKUM NepBO€ YypaBHEHHE CUCTEMbI U3 YCJIOBUS 3aJaUM
Ha u + v U BbIUTEM M3 IOJIYYEHHOTO ypaBHeHUs] BTOpoe ypaBHeHHe. [1o-
ayuuM x(u + v) — y = 0. I3 aToro ypaBHeHus nosyuaem v = % — U.

Kpowme Toro, U3 ypaBHeHUs] £ = © — ¥ MOJYUUM U =
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PeweHue. YMHOKUM NepBO€ YypaBHEHHE CUCTEMbI U3 YCJIOBUS 3aJaUM
Ha u + v U BbIUTEM M3 IOJIYYEHHOTO ypaBHeHUs] BTOpoe ypaBHeHHe. [1o-
= _ ¥ _
JyunM z(u +v) — y = 0. FI3 31010 ypaBHeHus noayuaeM v = £ — .
Kpome Toro, u3 ypaBHeHUs T = © — v TIOJIYUUM u = T + v, OTKYy1a
u:x+%—u

2
x
CJ1e10BaTeJbHO, U = #
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y v’ +y
Pewenue. Mrak, v = £ —2u, U= "5
_ Tty
U= "o
B urore nosyunm
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y R
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. | r=u—v,
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[lpumep 1. Hzob6pasums rKoopdunammuoie auruu u =70, u=—1,
u=1, v=1 0aa kpusoaureiinoi cucmemv. Koopouram P(u,v)

nepsotl koopourammnot wemsepmu x > 0,y > 0, s3adanHoOlU cucme-
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2
T+
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_Yy—-x
V="
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5 | x=u—w,
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2
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p= Y=z y = 2vx + 2.
- 2z

3HAuUUT, KOOPJMHATHbIE JIMHUU UMEIOT BUJL (yuuTbIBasi & > 0):

JUHUS u = —1;
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) | r=u—w,
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z? + Y 2
u = 5 — 2?,[/./1; — X 9
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vzygx Yy = 2vx + T°.
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3HAYUT, KOOpPJMHATHbIE JIMHUK UMeIOT BUJL (yuuThbiBas © > 0):
U:—ly:—(aﬁ—i—l)z—'—l, v=1 y

u=1 y=—(z—1)>2+1,

v=1y=(x+1)?2-1

Ky

BepHyTbcs K ieKUMU?



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
H

7 .
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume r0KaabHbLl Oasuc, 8 uacmnocmu, 8 mouke ®(2; —1).

Pewienue.



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
7 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
— —
KOOPJMHAT UMEET BU/L { r,, I U}, rie

H
S
|



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
7 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
— —
KOOPJMHAT UMEET BU/L { r,, I U}, rie

H
N or
r, =

=5-=



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
d(u,v) = (u — U)T + (u? —v?) T

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
KOOpJMHAT UMEET BU/I {?u, ?U}, rae

— —
Y 5 8((u—v)i+(u2—v2)j>

rU: p— —_—

ou ou




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
— —
KOOPJMHAT UMEET BU/L { r,, I U}, rie

— or 8((u—v)_i>+(u2—v2)7> — —
ru:@u: B =1i4+2uj,




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
7 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
— —
KOOPJMHAT UMEET BU/L { r,, I U}, rie

o 3((u—v)?+<u2—v2)7) S
ou ou -




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
— —
KOOPJMHAT UMEET BU/L { r,, I U}, rie

o O ((u—v)_i>+ (u? —v2)7> N N

ﬁ L] L]
r — — = 1 +2 5
Y o ou “J

_, 0T
r,=— =



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
— —
KOOPJMHAT UMEET BU/L { r,, I U}, rie

o O ((u—v)_i>+ (u? —v2)7> N N

ru:f?u: B =14+2uj,
T 0(<u—v>7+(u2—v2)7)
T, = = _

ov ov



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

PeweHue. B npumepe 1 jjokanbHbI 6a3UC CUCTEMbI KPUBOJIMHEHHbIX
— —
KOOPJMHAT UMEET BU/L { r,, I U}, rie

o O ((u—v)_i>+ (u? —v2)7> N N

% . .
—_— —_— — 2
o ou ou bl
- 9 NI
r, = = =—1—2v].

ov ov



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-

Junamnot wemsepmu x > 0,y > 0
- 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).
— —

=—1i—-2v].

— 7 Y —
Pewenne. r', = 1 +2uj, 71,

Y1 B 4acTHOCTH, TOUKE C KPHUBOJMHEHHBIMH KOOP-

nauHataMu (u,v) = (2; —1) COOTBETCTBYeT TOuKa
ﬁ

MJIOCKOCTH T~ =

+ \ZL’
u =2



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
7 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).
— —

=—1i—-2v].

— 7 Y —
Pewenne. r', = 1 +2uj, 71,

B uacTHOCTH, TOouKe ¢ KPHUBOJIMHEHHBIMH KOOP-

nauHataMu (u,v) = (2; —1) COOTBETCTBYeT TOuKa
—> ~ 7

MJIOCKOCTH T =31 + 3]




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

— — — —

Pewenne. T, = i +2uj, T,=—1 —].
b — —
Yl Pacemotpum  Bektopel T (2 —1) =31 +37j,
T (2+ Au; —1) (Ha puc. npejcTaB/eH cJyyail

v=1] A?(2—1) Au < 0),
| r:‘(z + Au, —1)
w=2




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

Pewenune. T, = T + QuT, T, = - Q’UT.
I PaccmoTpuM  BekTophl T (2; —1) = 31+ BT,
T (2+ Au; —1) (Ha puc. npejcTaB/eH cJyyail
vot] 7 fry Du<0), AT =T 2+ Au; —1)—T(2; —1),
rrz‘(z + Au, —1)

w=2



[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

Pewenune. T, = T + QuT, T, = - Q’UT.
Yl A= Paccmotpum  BEKTODbI T(2, 1) = 31 +3T,
Au T (24 Au; —1) (Ha puc. npejcTaBjeH cJyyail
- = 1\ (0.
=1l T fre Au < OZ?A r =71 2+Au —1)— 1 (2; —1),
AT @ Au, 1) A
w=2




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 9 o\ o

O(u,v) = (u—v) i + (u*—2v?) j

Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

— — —
Pewenne. T, = i +2uj, T,=—1 — Q’UT.
I A= Paccmotpum  BEKTODbI T(2, 1) = 3+ BT,
Au T (24 Au; —1) (Ha puc. npejcTaBjeH cJyyail
- = _ — .
v=1 /7 fFe Au < OX?A r =71 2+Au —1)— 1 (2; —1),
" r""r(g + Au,—1) ——. [Ilepeitnem k npeneny Au — 0,
— e oT
¥ nostyuuM BeKTOp T, = —
u=2 ou




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 7
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume r0KaabHbLl Oasuc, 8 uacmnocmu, 8 mouke ®(2; —1).

Pewenne. r', = 1 +2uj, r,=—1 —20].

Y1 B 4acTHOCTH, TOUKE C KPHUBOJMHEHHBIMH KOOP-
17 nauHataMu (u,v) = (2; —1) COOTBETCTBYeT TOuKa
t v — —

— . . o

T, TWockoetH r =31 +3] M JoKaJbHbIH 6asnc
9TOW KPUBOJUHEUHOU CHUCTEMbI KOOPJUHAT B 3TOU
TOUKE UMEET BUJL




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0

7 7
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume r0KaabHbLl Oasuc, 8 uacmnocmu, 8 mouke ®(2; —1).

Pewenne. r', = 1 +2uj, r,=—1 —20].

Y1 B 4acTHOCTH, TOUKE C KPHUBOJMHEHHBIMH KOOP-
17 nauHataMu (u,v) = (2; —1) COOTBETCTBYeT TOuKa
t v — —

— . . o

T, TWockoetH r =31 +3] M JoKaJbHbIH 6asnc
9TOW KPUBOJUHEUHOU CHUCTEMbI KOOPJUHAT B 3TOU
TOUKE UMEET BUJL

\ T {1 +43],—1 +2J}.

u =2




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
7 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

Pewenne. r', = 1 +2uj, r,=—1 —20].

B uyacTHoCTH, TOUKe C KPUBOJMHEHHBIMH KOOP-

nauHataMu (u,v) = (2; —1) COOTBETCTBYeT TOuKa
— 7 7 o

MJIOCKOCTH r =31 +3j U JIoKaJbHbIA Oasuc

9TOW KPUBOJHUHEUHON CHCTEMbl KOOPJUHAT B 3TOM

TOUKE UMECT BU]JL
- - —.>}




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
7 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

Pewenne. r', = 1 +2uj, r,=—1 —20].

B uyacTHoCTH, TOUKEe C KPUBOJMHEHHBIMH KOOP-

nauHataMu (u,v) = (2; —1) COOTBETCTBYeT TOuKa
— 7 7 o

MJIOCKOCTH r =31 +3j U JIOKaJbHbIA Oasuc

9TOW KPUBOJUHEUHON CHUCTEMbI KOOPJUHAT B 3TOM

TOUKE UMECT BU]JL
- =3 —.>}




[pumep 2. /laa npumepa 1, c cucmemoi KoopouHam nepsoti Koop-
Junamnot wemsepmu x > 0,y > 0
7 9 o\ o
O(u,v) = (u—v) i + (u*—2v?) j
Hatidume A0KaAbHbLIL basuc, 8 uacmrocmu, 8 mouxke ®(2; —1).

Pewenne. r', = 1 +2uj, r,=—1 —20].
B yacTHOCTH, TOUKe C KPHUBOJHMHEHHBIMH KOOP-

JUHATAMHU (U, V) = 2;—1 COOTBETCTBYET TOUKA
y
— -

— . . o
MJIOCKOCTH r =31 +3j U JIOKaJbHbIA Oasuc
9TOW KPUBOJUHEUHOU CUCTEMbI KOOPJIUHAT B 3TOM

TOUKE UMECT BUJL
- == —.>}

BepHyTbcs K JIeKUMY UK paCCMOTPETD ellle OJMH npumep?



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-
Ham.

Peuwenue. Mul npuBesieM iBa crnocoba BbIUUCJEHHS STUX BEKTOPOB:
o o o —
YHCTO T€OMETPUUCCKHH M aHAJMTHUCCKUH. Hangem BeKTOp T'(p 3THMH
JBYMS CIIOCOOAMM.



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-
Ham.

[eomerpuueckuid cnoco6. Kak nsBectHo,

1

— I e
rgo—AlggoAsp(r(p,sHAw) r(p, ¢)) -



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-
Ham.

Hweem T'p = lim A%p (T'(p, 0+ Ap) = T'(p, ).

M3 puc. 1 nousitHo, uto npu Ap — 0

_ BEKTOP
r
. g AT (p, ) =T (p, o+ Ap) = T (p,9)
r(p, ¢+ Ap) Ay B Ipejesie <«INpUHUMaeT OPTOroHaJibHOe

: MOJIOXKEHHE» [0 OTHOILEHHUIO K pajinycy-
T (p, o) BEKTOPY, TO €CTb CTPEMMTCA K BEKTOPY,
Y
KacaTeJbHOMY K OKPY2KHOCTH p = const.

Puc. 1.



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-
Ham.

Hweem T'p = lim A%p (T'(p, 0+ Ap) = T'(p, ).

M3 puc. | MOHATHO, UTO JJIMHA BEKTO-

— pa AT (p,) ¢ TOUHOCTBIO JI0 GecKo-
v HEUHO MaJiblX nopsjaka, OoJibliero A,

%
r'(p, ¢+ Ap) Ap paBHA JUIMHE JIyTH KOOPJAMHATHOW JIMHWUU

2 p = const, OTBeUAIOUIEH W3MEHEHHIO Ta-
T (p, o) Pamerpa A, TO €CTb JIyTH OKPYKHOCTH
paauyca p = const ¢ yriiom Ap.

Puc. 1.



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-
Ham.

Hweem T'p = lim A%p (T'(p, 0+ Ap) = T'(p, ).

Kak HM3BeCTHO M3 LIKOJbHOIO Kyp-

_ ca, JUIMHA JIyTH OKPYXKHOCTH pajiu-
. Fe yca p, COOTBeTcTByMollass yray Ay,
r(p, ¢+ Ap) Ay paBHa p-Ayw. ITlostomy mjiMHa Bek-

’ Topa A%p (T (p, 0+ Ap) = T (p, )
T (p,) C TOUHOCTBIO JI0 OECKOHEUHO MaJbiX
nopsiika, oGoJbliero, ueM Ay, paBHa

. AL(p-p-Agpzp.

Puc. 1.



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-
Ham.

Mmeem ?¢ = lim ALgp (?(,0, 0+ Ap) — T (p, ).
CaenoBaTesibHO, ?_%; B TOUKE c_;zazmycona—
BEKTOPOM pcos@ i + psing i J10JKeH
ObITb ~ BEKTOPOM, OPTOTOHAJbHBIM K
paJyCy-BEKTOPY, U UMEIOLLIUM JJIUHY P.

Puc. 1.



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-

Ham.

— —
L3 ﬁ L] . L]
Ananautnyeckuid cnoco6. Mmeem 1" = pcosp i + psing j , NosTo-

My
H
r

SO:



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-

Ham.

— —
L3 ﬁ L] . L]
Ananautnyeckuid cnoco6. Mmeem 1" = pcosp i + psing j , NosTo-

My



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-

Ham.

— —
L3 ﬁ L] . L]
Ananautnyeckuid cnoco6. Mmeem 1" = pcosp i + psing j , NosTo-

My
oT — —
j.

—— = —psinp i + pcosy



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-

Ham.
o — - : Y
Ananautnyeckuid cnoco6. Mmeem 1" = pcosp i + psing j , NosTo-

My
., 0T o —
'y == —pSMp1l +pcosy ] .
Oy
DTOT BEKTOP, B COOTBETCTBHH C pe3ysbTaTaMHU «TeOMETPHUECKOTO METO-
Jla» UMeeT JJIMHY p U EPIIEHIUKYJISIPEH K PAIMYCY-BEKTOPY TOUKH, B KO-

TOpOIU/I BbIUMCJISIETCS STOT JIOKAJbHbIA Oa3HUC.



[Mpumep 3. Haiimu sokasvroelll 6Q3UC NOASAPHOLL cUCMEMbl KOOPOU-
Ham.

— —
AHaauTnueckuit cnoco6. Mmeem T = pcosp i + psing j , mosto-
My _
— _Or e -
rgO:%:—psmgpl +pcose J.

ITOT BEKTOP, B COOTBETCTBUHU C PE3YyJIbTATAMU «T€OMETPUUECKOTO METO-
J1a» UMeeT JIJIMHY p U NIePIEeHIUKYJIAPEH K PaJInyCy-BEKTOPY TOUKH, B KO-
TOPOW BBIUUCJISCTCH ITOT JIOKAJbHBIA OAa3UC.

HeTpyaHo BLIUHCIUTD (M FeOMETPUUECKH, U aHAJIMTHUECKH ), UTO BEKTOP

— — 1] — 1—
I’ p SIBJISIETCST OPTOM PajIMyCa-BeKTOPa, TO €CTh I p = ] =51

BepHyTbcs K JJeKUMHU?



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Pemenue.



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Peuwenue. Kax y>ke oTMeuasioch Bbillle, Jist 3aaHust PyHKUHUU P(u, v)
JIOCTaTOUHO HAUTH KOOpOuHammuole pyHkyuu x(u,v), y(u,v), TO eCTh
Takue PyHKIIMH, YTO



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Peuwenue. Kax y>ke oTMeuasioch Bbillle, Jist 3aaHust PyHKUHUU P(u, v)
JIOCTaTOUHO HAUTH KOOpOuHammuole pyHkyuu x(u,v), y(u,v), TO eCTh
Takue PyHKIIMH, YTO

T (u,v) = ®(u,v) =



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Peuwenue. Kax y>ke oTMeuasioch Bbillle, Jist 3aaHust PyHKUHUU P(u, v)
JIOCTaTOUHO HAUTH KOOpOuHammuole pyHkyuu x(u,v), y(u,v), TO eCTh

Takue QyHKLMUH, UTO
— —

T (u,v) = ®(u,v) = z(u,v) i +ylu,v)j.



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Peuwenue. Kax y>ke oTMeuasioch Bbillle, Jist 3aaHust PyHKUHUU P(u, v)
JIOCTaTOUHO HAUTH KOOpOuHammuole pyHkyuu x(u,v), y(u,v), TO eCTh
Takue PyHKIIMH, YTO

— ~ Y

r(u,v) = P(u,v) = x(u,v) i +y(u,v)j .
J171st HAXOXKAEHHUST ITUX KOOPAHHATHBIX (DYHKIIMH MbI TOJyYUM I dhepeH-
LIMaJIbHbIE YpaBHEHHsI, CBSI3bIBAIOILME T H U WM Y U U NTPH PUKCUPOBAH-
HOM .



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Peuwenue. Kax y>ke oTMeuasioch Bbillle, Jist 3aaHust PyHKUHUU P(u, v)
JIOCTaTOUHO HAUTH KOOpOuHammuole pyHkyuu x(u,v), y(u,v), TO eCTh
Takue PyHKIIMH, YTO

— 7 7

r(u,v) = P(u,v) = x(u,v) i +y(u,v)j .
J1151 HaXOXKIEHUST TUX KOOPJMHATHBIX PYHKIIME Mbl TOJTyurM U depeH-
LIMaJIbHble yPABHEHHsI, CBSI3bIBAIOLIME = U u WK y U u TIPH (PUKCHPOBaH-
HoM v. Ob1iee peuienue x(u, C') nan y(u, C')) TaKOro ypaBHeHUs] 3aBUCHT
OT MPOU3BOJIbHOW KOHCTAHTHI C.



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Peuwenue. Kax y>ke oTMeuasioch Bbillle, Jist 3aaHust PyHKUHUU P(u, v)
JIOCTaTOUHO HAUTH KOOpOuHammuole pyHkyuu x(u,v), y(u,v), TO eCTh
Takue PyHKIIMH, YTO

— 7 7

r(u,v) = P(u,v) = x(u,v) i +y(u,v)j .
J1/1s1 HAXOXKIEHHUST 3THX KOOPJAMHATHBIX (DYHKIHMH MbI ITOJTyduM T deper-
LIMaJIbHble yPABHEHHsI, CBSI3bIBAIOLIME = U u WK y U u TIPH (PUKCHPOBaH-
HoM v. Ob1iee peuienue x(u, C') nan y(u, C')) TaKOro ypaBHeHUs] 3aBUCHT
OT MPOU3BOJILHON KOHCTaHTbI C'. DTa KoHcTaHTa C ompejiesisieTcsi 3Haue-
HUEM MepeMeHHOH v, TO eCTb SIBJISIeTCS] (PYHKIIHEN OT v.



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Peuwenue. Kax y>ke oTMeuasioch Bbillle, Jist 3aaHust PyHKUHUU P(u, v)
JIOCTaTOUHO HAUTH KOOpOuHammuole pyHkyuu x(u,v), y(u,v), TO eCTh
Takue PyHKIIMH, YTO

— 7 7

r(u,v) = P(u,v) = x(u,v) i +y(u,v)j .
J1151 HaXOXKIEHUST TUX KOOPJMHATHBIX PYHKIIME Mbl TOJTyurM U depeH-
LIMaJIbHble YPaBHEHHS], CBS3bIBAIOIIME X U U WK Y U U TIPH PUKCUPOBAH-
HoM v. Ob1iee peuienue x(u, C') nan y(u, C')) TaKOro ypaBHeHUs] 3aBUCHT
OT POU3BOJILHOU KOHCTaHThI C'. DTa KoHcTaHTa C' OTpe/iesisieTcst 3Haue-
HUEM TepeMeHHOH v, TO eCThb sIBJsieTCs PyHKIMEH OT .
[Tonarass C' = f(v) nas Kakoil-1u60 PyHKUMM f, MOJydaeM, YUHUTbIBAs
YCJIOBHE § = ux?, HCKOMbIE KOOpAHHATHBIE PYHKUMK Z(u, v), y(u, v).



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto

0=\ 5 = Z(leul T Yul),Tv 1 +Z/vJ>=



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto

0P 0P —- - —
0= =—, =— Z(leul T Yu J Ty 1 +Z/vJ>=$u9€U+yuyv=



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto

— - = —

od 0P - - - :
0= =—, =— Z(leul T Yu J Ty 1 +Z/vJ>=$u9€U+yuyv=




[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto
O=\{5-57)= (leu 1 +yul),Zvl +Yv) ) = TuTy + YulYv =
ou’ Ov
0 (uxz) 0 (uacQ)
ou ov

= ryuToy + = TyuTy + (5132 + QU$IU> QUZL’ZUU =



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto
O=\{5-57)= (fu 1 +yul),Zvl +Yv) ) = TuTy + YulYv =
ou’ Ov
0 (uxz) 0 (u:vQ)
ou ov
= (:Uu + (962 + 2u:€xu) 2u:c) Ty.

= ryuToy + = TyuTy + (5132 + QU$IU> 2”LL£L’CUU =



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblii cnoco6. Mel HilleM Takyto (yHKIHIO
— —
O(u,v) = x(u,v) i +y(u,v)j,uto
0= 0 o0 ) (fu 1 +yul),Zvl +Yv) ) = TuTy + YulYv =
u’' v
0 (uxz) 0 (u:vQ)
ou ov

— (g;u € (xQ + 2u:€$u> 2u:c) Ty.

= ryuToy + = TyuTy + (5132 + QU$IU> 2”LL£L’CUU =

bynewm nckatb takyio dyHkuuio ¢, utodwl xq # 0. Torna nosyuaem

0=xq + (x2 + 2uxxu) Quxr = 2uz’ + xy (1 + 4u2:r:2) .



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[MepBbIK c0OCOO.
0=xq + (a:'2 + quxu> Quxr = 2uzr’ + Ty (1 + 4u2x2) .

IT1o Tpebyemoe nuddepeniianbHoe ypaBHenue. Tenepb Hajllo HAUTH 00-

liee peuieHue. [lepenuinem nocnentee nuddepeHimaibHOe ypaBHeHHE B
2U 1

BUIE Uy + 5 = ——.
X Qux’



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[MepBbIK c0OCOO.
0=xq + (a:'2 + quxu> Quxr = 2uzr’ + Ty (1 + 4u2x2) .

IT1o Tpebyemoe nuddepeniianbHoe ypaBHenue. Tenepb Hajllo HAUTH 00-

liee pelenue. [lepenuuiem nocsentee nupdepenimanbHoe ypaBHeHHE B

BUJIE Ug + 27“ - —%. Tenepb BHIHO, 4TO 3TO —

2ux



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[MepBbIK c0OCOO.
0=xq + (a:'2 + quxu> Quxr = 2uzr’ + Ty (1 + 4u2x2) .

IT1o Tpebyemoe nuddepeniianbHoe ypaBHenue. Tenepb Hajllo HAUTH 00-
iee pewenue. [lepenuiem nocnentee nuddepeHiManbHoe ypaBHeHHE B

BUJE Uy + 27“ = —ﬁ. Tenepb BUAHO, UTO 3TO — ypaBHeHHe bepHyJi-
ux
Jii. PelllaeM ero craHgapTHbIM CIIOCOOOM.



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblit cnocob. ugy + 27“ =5 L <. [Tonoxxum u = f(x)g(x), noay-
YUM 2u:c |
/ / 9
+ +=) =— ,
fa+f (g . ) 2 or?

DOyHKIMIO g BbIGEPEM U3 YCJIOBHUS



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblit cnocob. ugy + 27“ =5 L <. [Tonoxxum u = f(x)g(x), noay-
YUM 2u:c |
/ / 9
+ +=) =— ,
fa+f (g . ) 2 or?

DyHKIMIO g BIOEPEM U3 YCJI0BUS ¢ + 279 = 0, oTKyza



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblit cnocob. ugy + 27“ =5 L <. [Tonoxxum u = f(x)g(x), noay-
YUM 2u:c |
/ / 9
+ +=) =— ,
fa+f (g . ) 2 or?

DyHKIMIO g BbIOEpeM U3 ycsioBUs ¢ + 279 = 0, otkyna g(x) = # Torna



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

2u _ 1
X UL

29 1
/ !/

+ +2 ) =- ,
Fovd (g z ) 2fga’

DyHKLMIO g BhIOEpeM U3 ycJIoBHsT ¢ + %g =0, otkyna g(z) = # Torna

[lepBblit cnocob. ugy + <. [Tonoxxum u = f(x)g(x), noay-

UYUM

f/(;(j)# = _2f(1:zc)x’ OTKyJa



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblit cnocob. ugy + 27“ =5 L <. [Tonoxxum u = f(x)g(x), noay-
UHUM 2ux X
/ / 9

+ +=) =— ,

fag+f (g . ) 2 or?
dyHKLMIO g BbIOGepeM M3 ycgoBus ¢ + 279 =0, otkyna g(z) = # To-
ria f’(x)L S— otkyna 2f f' = —x, To ecTb f? = C—a Mrak
5132 2f(:l:)x’ ) 2 . )

flx) =



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblit cnocob. ugy + 27“ =5 L <. [Tonoxxum u = f(x)g(x), noay-
UHUM 2ux X
/ / 9
+ +=) =— ,
fag+f (g x) 2 or?
dyHKLMIO g BbIOGepeM M3 ycgoBus ¢ + 279 =0, otkyna g(z) = # To-
ria f’(x)L S— otkyna 2f f' = —x, To ecTb f? = C—a Mrak
5132 2f(:l:)x’ ’ 2 . ’
vV C —2?
T) =FF+—F7—.
f(x) 7



[Mpumep 4. Haiidume xkaxkyro-iub60 0pmoeoOHANbHYK KPUBOMLHEL-

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

[lepBblit cnocoo. uy + 27“ = L <. [Tosio:xuM u = f(x)g(x), noay-
UMM qu X
/ / 9

- +=2 ) =— ,

fo+1f (g . ) 2 For?
dyHKIMIO g BbIGepeM M3 ycgoBus ¢ + 279 =0, otkyna g(z) = # To-
rna f’(x)L = i otkyna 2f f' = —z,To ectb f? = C—a° Hrak
5132 Qf(il,‘)x’ ) 2 . )

flx) = i—VC:[;xQ. CJieoBaTesbHO,



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

:I:\/C—LUQ
Vor?

YyuTbiBast JaHHOE B YCJIOBUH TOZKAECTBO Y = ’LL.CU2, [10JIy4aem

[epsblit cnocob. u(zr) = f(z)g(x) =



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

_ VO -2

MepBbiit cnocob. u(z) = f(x)g(x) = NG 2

YyuTbiBast JaHHO€ B YCJIOBHHU TOXKIAECTBO Yy = uxr~, I10JydaceM

i\/C’—x2

= =—Y————, TO €CTh
Y V2



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

:I:\/C—LUQ
Vor? )

YyuTbiBast JaHHO€ B YCJIOBHHU TOXKIAECTBO Yy = uxr~, I10JydaceM

i\/C’—x2

2 2
= , TO €CTb T +2y° = C.

[epsblit cnocob. u(zr) = f(z)g(x) =

Kak Mbl y>ke oTMeyaJ/ii Bblllle, 3HaueHUe KOHCTaHTbl C onpeaensier-
Cs 3HaueHHeM rnepeMeHHol v. Hanpumep, B kauectse C' MOKHO B34ITh 0.
Mrak, nosyuusu cuctemy



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

:I:\/C—LUQ
Vor? )

YyuTbiBast JaHHO€ B YCJIOBHHU TOXKIAECTBO Yy = uxr~, I10JydaceM

i\/C’—x2

2 2
= , TO €CTb T +2y° = C.

[epsblit cnocob. u(zr) = f(z)g(x) =

Kak Mbl y>ke oTMeyaJ/ii Bblllle, 3HaueHUe KOHCTaHTbl C onpeaensier-
Cs 3HaueHHeM rnepeMeHHol v. Hanpumep, B kauectse C' MOKHO B34ITh 0.

MTak, nosyuu/im cuctemy
y = ux?,
2?4+ 2y° = v,



[Mpumep 4. Haiidume Kakyro-aub0 OpmMoOoOHANHYIO KPUBOAUHELL-

Hyto cucmemy koopouram ®(u,v) naockocmu R?, ecau y = uz?.

Vor?
YuuTbiBasi JaHHOE B YCJOBHM TOXKIECTBO Y = ux’, TM0JydyaeMm
NI
Y = i%, 10 ecth 22 + 2y = C.

Kak Mbl y>ke oTMeyaJii Bblllle, 3HaueHUue KOHCTaHTbl C onpeaensier-
csl 3HaueHueM rnepeMmenHoi v. Hanpumep, B KauectBe C' MOXKHO B3SITh 0.

MTak, noJyuu/in cuctemy
y = ua?,
2?4+ 2y° = v,

3aJ1a1011Ly10 KOOPJIMHATHbIE JIMHUU 3TOH CUCTEMbI KOOPIUHAT. MO0XKHO BbI-
pasuTh U3 Hee x(u, v) u y(u, v).

Mepebiit cnocob. u(z) = f(z)g(x) =



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -
Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

_ 2
y—’UJZ’,

22+ 2y° = v,
[IpuBeneHHble Ha puc.2 rpauku HEKOTOPLIX KOOPJAMHATHBIX JIMHHM
MOATBEPKAAIOT «PA3YMHOCTb>» IMOJIYUEHHOTO OTBETA:

[MepBbIK c0OCOO. {




[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6. BosbmeM NMPoU3BOJILHYIO TOUKY C KPUBOJUHEHHbI-
MH KOOpPJMHATaMH (ug, vg). Toria KacaTesbHast K KOOPJAMHATHOH JIMHUH
U = g, TO €CTh, 110 YCJIOBHIO, K KPUBOH = 1y, OYET HOPMAJILIO K KO-
OPJMHATHON JIMHUU U = ).



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6. BosbmeM NMPoU3BOJILHYIO TOUKY C KPUBOJUHEHHbI-
MH KOOpPJMHATaMH (ug, vg). Toria KacaTesbHast K KOOPJAMHATHOH JIMHUH
U = g, TO €CTh, 110 YCJIOBHIO, K KPUBOH = 1y, OYET HOPMAJILIO K KO-
OPJIMHATHON JIMHUK U = vy. TakUM 00pa3om, U3 COOTHOLLIEHHUST MEXK]Ly Y-
JIOBBIMH KO3(P(HULIMEHTAMH OPTOrOHAJbHbBIX JUHUH, M0OJyYaeM, YTO yroJl
HAKJIOHA KacaTeJIbHOH K KOOPJAMHATHOU KPUBOH ¥ = vy PaBeH —

22U



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropoi# cnoco6. MTak, eciiu KoopMHaTHAS JIMHUSL U = V) B IEKAPTO-
BOU CHCTeMe KOOPJMHAT UMeeT ypaBHeHUe y = 1)(x, vg), TO YIJIOBOH KO-

3¢ dUIMEHT KacaTelbHOH K Hel, ¢ OJIHOH CTOPOHbBI, paBeH ¢ (x, vy), a ¢

JAPYrod CTOPOHbI —ﬁ. CuyienoBaTe IbHO, MOJYUHJIH YPABHEHHE

Y = (2, 09) = ———— (1)

2UpT



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6.

1
2UpT

y =z, v) = — (1)

ITO NpeKpacHOe ypaBHEHHE, HO Y HETO €CTh OJIMH HEAOCTATOK — «JIMILLI-
Hsist OyKBa» ug. J1eJ10 B TOM, UTO UMEHHO u OTNpeJiesieT MoJI0KEHHE TOUKH
Ha KOOPJMHATHOU JIMHUU U = vy, TO €CTb T,y 3aBUCAT OT u. Ho Bce He
TaK y»K [JIOXO0, TAK KAK y HAC B 3arace «Hen3pacxoJ0BaHHOE» PAaBEHCTBO
y = ux?. C ero noMouIbio MOXKHO BbIIOJIOTL» U U3 ypaBHeHus (1).



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6.
1
2UpT

(1)

st TOUKH ¢ KPUBOJIMHEHHBIMH KOOpPJIMHATaAMH (ug,vg) TMOJydaeMm
uy = . TlogcraBum 510 Bbipaxene B ( 1):
2

Yy = W(ﬂf,vo) = -



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6.
1
2UpT

(1)

st TOUKH ¢ KPUBOJIMHEHHBIMH KOOpPJIMHATaAMH (ug,vg) TMOJydaeMm
uy = . TlogcraBum 510 Bbipaxene B ( 1):
2

Yy = W(ﬂf,vo) = -

332

y/<x700) — =4

2y



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6.
1
2UpT

(1)

st TOUKH ¢ KPUBOJIMHEHHBIMH KOOpPJIMHATaAMH (ug,vg) TMOJydaeMm
uy = . TlogcraBum 510 Bbipaxene B ( 1):
2

Yy = W(ﬂf,vo) = -

2

T x
= y(z,v) = ——.

/ —
y(ZU,U()) — 2y

2y



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6.

1
/ /
— - — , |
(2, o) i = y(z, ) -
Tr. vy = —— r, Vg = ———.
Yy y V0 ny Yy y V0 2y

DTO YpaBHEHHE C PA3ACJTAIOIIMMUCA TIEPEMEHHBIMH, U3 HEI'O HAXOJIUM

2uy’ = —x,



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6.

1
/ /
— - — , |
(2, o) i = y(z, ) -
Tr. vy = —— r, Vg = ———.
Yy y V0 ny Yy y V0 2y

DTO YpaBHEHHE C PA3ACJTAIOIIMMUCA TIEPEMEHHBIMH, U3 HEI'O HAXOJIUM

oyy’ = —x, 2% + 2% = .



[Mpumep 4. Haiidume xkaxkyro-aub60 0pmoeoHANbHYK KPUBOMLHEL -

Hyto cucmemy koopournam ®(u,v) naockocmu R?, ecau y = uz?.

Bropo# cnoco6.

1
/ /
— - — , |
(2, o) i = y(z, ) -
Tr. vy = —— Tr. vy = ——.
Yy y V0 2y33 Yy y V0 2y

DTO ypaBHeHHeE C paseIIiolMMUCS NepeMeHHbIMU, U3 HEMO0 HAXO0IUM
/ 2 2
20y = —x, 2y°+x° = 1.

[ToslyueHHBIN pe3yJibTaT COBMAJIAET C PE3yJIbTATOM MEPBOrO Cnocooa.
BepHyTbcs K ieKuuun?



[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Pemenue.



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pemenue. Umeewm:

pcospi +psinpj +z2k =rcospsinf i +rsinpsinf j +rcosfk,



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pemenue. Umeewm:
H

pcospi +psinpj +z2k =rcospsinf i +rsinpsinf j +rcosfk,

OTKY/a
p=aq'(d"q*d% =q (7“, 0,0) = rsind
O = q2(q’1,q’2, q/3) —q (7“, 0, 9) (2)
Rz = qg(q/37 Ql27 QIB) =dq (7“, Y, 9) = TCOS(9



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pemenue. Umeewm:
H

— — — — —
pcospi +psinpj +z2k =rcospsinf i +rsinpsinf j +rcosfk,
OTKyJ1a
p=3q'(q",q",q°) = ¢'(r,p,0) = rsin
o =q'(¢",4%¢°) = ¢(r,p,0) = ¢ (2)

2= q(¢",4%.¢") = ¢*(r,p,0) = rcos 0
Hanpumep, Haiinem MaTpHuily mepexoja OT UHJIMHAPHUECKONH CHCTEMbI KO-
OpPAMHAT K cpepruecKoi.



[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJIHOM CMCTEeMbl KOOPJAMUHAT B APYTrYIO CJEOYET, UTO
Jp  O(rsinf)

= = sin 6,

or or

(aij)

I
N\
@)
)Qs.
N
I

dq"



[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJIHOM CMCTEeMbl KOOPJAMUHAT B APYTrYIO CJEOYET, UTO
Jp  O(rsinf)

= = sin 6,

or or

(aij)

8ql Siﬂ 0
(&]/j ) -



[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJIHOM CMCTEeMbl KOOPJAMUHAT B APYTrYIO CJEOYET, UTO
Jp  O(rsinf)

= = sin 6,

or or

Oy
ar =

' 8ql sin 60



[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJIHOM CMCTEeMbl KOOPJAMUHAT B APYTrYIO CJEOYET, UTO
Jp  O(rsinf)

= = sin 6,

or or

Oy
ar =

7; 8(]@ S11l
(a"j) - (8(]/]) - 0



[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO
Jp  O(rsinf) dp 0z  O(rcosb)

= = sin 6, 3 0, — = cos 0,

or or or or




[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO
Jp  O(rsinf) dp 0z  O(rcosb)

= = sin 6, 3 0, — = cos 0,

or or or or




[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)

or or = sin 0, 5—07 o P = cos 0,
5’p_8(rsin8)_0

op  dp




[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)

or or = sin 0, 5—07 o P = cos 0,
5’p_8(rsin8)_0

op  dp




[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)
or or = sin 0, 5—07 o P = cos 0,
5’p_6?(rsin9)_0 8_@_1

op  dp T Op




[lpumep 5. Haiimu mampuuyy nepexoda om uurundpu4deckoi K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)
or or = sin 0, 5—07 o P = cos 0,
5’p_6?(rsin9)_0 8_@_1

op  dp T Op

| o sinf 0
(az'j) - (8q'j) - 0 1

cos 0



[lpumep 5. Haiimu mampuyy nepexoda om uununopu4eckoll K
chepuueckoii cucmeme Koopounam.

Pewenue. 13 ¢popmyabl (2) 1 onpepeseHus maTpulbl nepexoaa
M3 OJIHOW CMCTE€Mbl KOOPJAMUHAT B APYTYIO CJEOYET, UTO

Op O(rsinf) dp 0z 0O(rcosf)

or  or sin 6, or 0, or  or cosd,
0p_8('rsin8)_0 8_g0_1 0z _8(7“(3089)_0
op O T Op T 0p  Op

| ¢ sinf 0
(CLZ‘]') - <6q'j> - 0 1

cos b



[lpumep 5. Haiimu mampuyy nepexoda om uununopu4eckoll K
chepuueckoii cucmeme Koopounam.

Pewenue. 13 ¢popmyabl (2) 1 onpepeseHus maTpulbl nepexoaa
M3 OJIHOW CMCTE€Mbl KOOPJAMUHAT B APYTYIO CJEOYET, UTO

Op O(rsinf) dp 0z 0O(rcosf)

or  or sin 6, or 0, or  or cosd,
Op O(rsinf) 8_g0_1 0z _8(7“(3089)_0
op O T Op T 0p  Op

sind 0

i 8qi

cosf 0




[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)
or or = sin 0, ar 0, o or = cos 0,
8p_6(rsin@)_0 8_@_1 0z _6(7“(3089)_0
op  dp T Op T Op  Op
Op O(rsinf)
20 50 = rcos#,

: ind 0
| 94 sin
(a’z-j) - (aq/j) = 0 1

q cosf 0



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)
or or = sin 0, ar 0, o or = cos 0,
8p_6(rsin@)_0 8_@_1 0z _6(7“(3089)_0
op  dp T Op T Op  Op
Op O(rsinf)
20 50 = rcos#,

| 94 sinff 0 rcos6
(a’z-j) - (aq/j) - 0 1
q cosf 0



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)
or or = sin 0, ar 0, o P = cos 0,
8p_6(rsin@)_0 8_@_1 0z _6(7“(3089)_0
op  dp T Op T Op  Op
Op O(rsinf) dp
0= 90 =1 cos b, 89_0’

| 94 sinff 0 rcos6
(a’z-j) - (aq/j) - 0 1
q cosf 0



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJJHOW CMCTEeMbl KOOPAUHAT B APYIYIO CJAEAYET, UTO

Op O(rsinf) | dp 0z 0O(rcosf)
or or = sin 0, ar 0, o P = cos 0,
8p_6(rsin@)_0 8_@_1 0z _6(7“(3089)_0
op  dp T Op T Op  Op
Op O(rsinf) dp
0= 90 =1 cos b, 89_0’

94 sinff 0 rcos6
(aij) - (aq/j) - 0 1 0
q cosf 0



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJIHOM CMCTEeMbl KOOPJAMUHAT B APYTrYIO CJEOYET, UTO

Jp  O(rsinf) dp 0z  O(rcosb)

o or b, Jr 0 o or b,
Op  O(rsinf) 8_@_1 ('3,2_6(7“(3089)_0
Op O T Op T 0p  Op

Op O(rsinf) dp 0z  O(rcostl) _
20— 20 = rcos#, 89_0’ 50 50 = —rsinf.
| o sinf 0 rcosf

(aij) - (8q/j) = 0 1 0

cosf 0



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. 13 ¢popmyabl (2) v onpeneseHus matpulbl nepexoaa
M3 OJIHOM CMCTEeMbl KOOPJAMUHAT B APYTrYIO CJEOYET, UTO

Jp  O(rsinf) dp 0z  O(rcosb)

o or b, Jr 0 o or b,
Op  O(rsinf) 8_@_1 ('3,2_6(7“(3089)_0
Op O T Op T 0p  Op

Op O(rsinf) dp 0z  O(rcostl) _
20— 20 = rcos#, 89_0’ 50 50 = —rsinf.
| o sinf 0 rcosf

(aij) - (8q/j) = 0 1 0

cosd 0 —rsind



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

pw sinf 0 rcost
W)—(q)— 01 0 | (3)

Y] 15
dq cosd 0 —rsind

Haiinem matpuiy o6patHoro nepexonaa. Ha nepBbiil B3rJisi1 10CTaTOYHO

[IPOCTO BbIYUCJIUTDb 06paTHy}o MaTpuLy:



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

i aqi
(CL'j) - (aq/g

Haiinem matpuiy o6paTtHoro nepexoaa. Ha nepBblid B3rJIsi JOCTAaTOYHO
sinf 0 cosf@

0 1 0 . (3)

) sind 0 rcos6
cosd 0 —rsind

IIPOCTO BLIYUCJIUTL OOPATHYIO MATPHULLY: (bﬁj) = 0O 1 0

cos 6 sin 0
— 0 =77




[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuueckoil cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

pw sinf 0 rcost
(alﬂ)—(q)— 01 0 | (3)

Y] 15
dq cosd 0 —rsind

Haiinem matpuiy o6patHoro nepexonaa. Ha nepBbiil B3rJisi1 10CTaTOYHO
MPOCTO BBIUUCJUTH 0OpaTHyt0 MaTpuily. OHaKO 3TOT KUUCTO ajnrebOpau-
UeCKUH» MOAXO0J B JAHHOM CJlyuae HY»KJAeTCsl B CYLIECTBEHHOM yTOUHEe-
HHUU: LIS OCYLLLECTBJICHUS MTePEX0/ia K UHJIMHAPUIECKOU CUCTEME KOOPIU-
HaT HEOOXOAUMO €lIe BbLPA3UMb KOIPDUYUEHMbL NOAYUEHHOU MAN-
puusl uepes yuauopuueckue KoopouHamel.



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

| ¢ sinf 0 rcost
(a@,j)—<aq,j)— 01 0 : (3)

cosf 0 —rsinf
Haiinem matpuiy o6paTHoro nepexoJa.
Hcnonbayst popmyabl (2), nojayuaem r =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

| ¢ sinf 0 rcost
(a@,j)—<aq,j)— 01 0 : (3)

cosf 0 —rsinf
Haiinem matpuiy o6paTHoro nepexoJa.
Mcnonbays dhopmydbl (2), nonydaem r = v/ p? + 22,



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

| ¢ sinf 0 rcost
(a@,j)—<aq,j)— 01 0 : (3)

cosf 0 —rsinf
Haiinem matpuiy o6paTHoro nepexoJa.
Mcnonbays dhopmydbl (2), nonydaem r = v/ p? + 22,

sin @ =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

i aqi
(CL'j) - (aq/g

Haiinem matpuiy o6paTHoro nepexoJa.
Mcnonbays dhopmydbl (2), nonydaem r = v/ p? + 22,

sinez#,
‘/p2_|_22

0 1 0 . (3)

) sind 0 rcos6
cosd 0 —rsind



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

i aqi
(CL'j) - (aq/g

Haiinem matpuiy o6paTHoro nepexoJa.
Mcnonbays dhopmydbl (2), nonydaem r = v/ p? + 22,

sinf = #, cosf =
‘/p2_|_22

0 1 0 . (3)

) sind 0 rcos6
cosd 0 —rsind



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewmenune. Takum o6pa3omM, MaTpvua nepexojaa OT LUJUHApPUYE-
CKOM K chepHUueCcKoi cucTemMe KOOpAMHAT UMeeT BUJL

i aqi
(CL'j) - (aq/g

Haiinem matpuiy o6paTHoro nepexoJa.
Mcnonbays dhopmydbl (2), nonydaem r = v/ p? + 22,

sinf = #, cosf = ——=—.
\ p? + 22 \/ P2+ 22

0 1 0 . (3)

) sind 0 rcos6
cosd 0 —rsind



sind 0 rcos6

(aij)(gqq;) 0 1 0 | (3)

cosf@ 0 —rsinf

r=+/p*+ 2% sinf = #, cost) = ——=——. [losTomMy Mmar-
) /2 1 .2
p°+z p°+z
pHUILy Nepexojia oT chepruuecKor K LUJIHHAPUUECKOH CUCTEME KOOPAUHAT
CJIeJlyeT 3alnncaTh TaK:



sind 0 rcos6

(aij)(gqq;) 0 1 0 | (3)

cosf@ 0 —rsinf

r=+/p*+ 2% sinf = #, cost) = ——=——. [losTomMy Mmar-
) /2 1 .2
p°+z p°+z
pHUILy Nepexojia oT chepruuecKor K LUJIHHAPUUECKOH CUCTEME KOOPAUHAT
CJIeJlyeT 3alnncaTh TaK:

P __Z
sind 0 cos6f /p2+22 0 /p2+z2
0 1 0

O)={ o 1 0 = (4)
cos®  _sinb 2z 0 —_P
r T P o



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Pewenue.
S R ¢ W
sinff 0 7rcosf «/p2+z2 /p2+z2
(aZ'j) — 0 1 0 ; (bz.j) = 0 1 0
cos@ 0 —rsinf 22 0 ——P
p2 + 22 p2 + P

?
HpOBepHM [PaBHJIbHOCTb BbIUUCJICHUST MATPULbI (aj) .



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (a;)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

z
| sinf/ 0 rcosé | ,/p2p+z2 0 /p2+z2
(aloj) = 0 1 0 ; (bloj) = 0 1 0
cosf) 0 —rsinf 2 | ——
Ptz p-+z
sinfr, + 071, +coslT, =




[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (a;)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

z
| sinf/ 0 rcosé | ,/p2p+z2 0 /p2+z2
(aloj) = 0 1 0 ; (bloj) = 0 1 0
cosf) 0 —rsinf 2 | ——
Ptz p-+z
sinfr, + 071, +coslT, =

= sinf (cos gp? + sin ng) + 07, + cosOT, =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

z
| sinf 0 rcos6 | ,/p2p+z2 0 /p2+z2
(aloj) = 0 1 0 ; (bl.j) = 0 1 0
cosf) 0 —rsinf 2 | ——
p-+z p-+z
sinfr, + 071, +coslT, =

= sinf (Cos @i +sin ng) + 0 (—,0 Sing i+ pcos ng) + cos 0T, =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

z
| sinf 0 rcos6 | ,/p2p+z2 0 /p2+z2
(aloj) = 0 1 0 ; (bl.j) = 0 1 0
cosf) 0 —rsinf 2 | ——
p-+z p-+z
sinfr, + 071, +coslT, =

= sinf (cos ©1i +sin ng) +0 (—p Sin@ i+ pcos ng) +cos K =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

z
| sinff 0 rcoséb | ,/p2p+z2 U /02 + 22
(aloj) = 0 1 0 ; (bl.j) = 0 1 0
cost) 0 —rsinf 2 | ——
p-+z p-+z
sinfr, + 071, +coslT, =

= sin 6 (cos ©1i +sin ng) +0 (—p Sin@ i+ pcos ng) + cos K =

— cospsinfi +singsindj + cosfk =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

z
| sinff 0 rcoséb | ,/p2p+z2 U /02 + 22
(aloj) = 0 1 0 ; (bl.j) = 0 1 0
cost) 0 —rsinf 2 | ——
p-+z p-+z
sinfr, + 071, +coslT, =

= sin 6 (cos ©1i +sin ng) +0 (—p Sin@ i+ pcos ng) + cos K =
=cospsinfi +sinesinfj + cosfk _Jr

or



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

P Z
| sinf 0 rcos6 | V 2+ 22 0 /p2+z2
()= 0 1 0 (b)) = 0 10

cosf) 0 —rsinf z 0 —_ P
P P

sinfr, + 071, +coslT, =

= sin 6 (cos ©1i +sin ng) +0 (—p Sin@ i+ pcos ng) + cos K =
ot

=cospsinf i +sinpsinfj +cosbk = — =

or

—
r,.



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

P g _2
| sinf 0 rcos6 | V 2+ 22 0 /p2+z2
()= 0 1 0 (b)) = 0 10
cosf 0 —rsinf z 0 —_ P

0, + 17, +07, =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

P g _2
| sinf 0 rcos6 | V 2+ 22 0 /p2+z2
()= 0 1 0 (b)) = 0 10
cosf 0 —rsinf z 0 —_ P

0, + 17, +07, =
=0 (cos @1 +sin ng) +17,+07, =



[lpumep 5. Haiimu mampuyy nepexoda om uunundpu4deckol K
chepuyeckoii cucmeme Koopounam.

Peuwenue. [IpoBepyuM NpaBUIbLHOCTbL BbIUMCJIEHUS] MATPHULLbI (aé)

T =rcospsinfi+rsingsingj +rcosfk = pcospi+psingj +zk,

P Z
| sinf 0 rcos6 | V 2+ 22 0 /p2+z2
(at)=1 0 1 0 o (05) = 0 1 0

oj
cosf 0 —rsinf 2 | ——
Ptz

07, + 17, +0T, =
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[pumep 6. Haiimu cumeonrsr Kpucmodgens e npumepe 1.

B nocaenytouiem npumepe 8 (cm. ctp. 192) mbl cumpoabsl Kpucrod-
(hens OyaeM HaxoJUTb C TOMOUIbIO Ofepaluil MaTpuuHoi anreod-
pbl, 3J1eCb K€ Mbl 3TO CJleJIaeM C TMOMOIIbIO HHAUBUIYAJbHOTO MO/~
6opa, Tak Kak 3HaueHust cumposaos Kpucroddens B paccmarpuae-
MOU KPUBOJIMHEHHOHW CUCTEME KOOPAMHAT noa0upatTcs ycTtHo. Mimeewm:
{ T=u—uv, - - — T

b

, otkyra T =zi +yj =@u—v)i + (v¥—0?)

y =u" — v’
T, = ? + QUT, T, = —T} — QUT,
P =] e P T S TL T, AT T,
u—7v u —7v
Tuw=Tw=0=0LT,+01%7,=T571,+057T,,
Toe—2] = P, - P LT AT T,



Takum o6pasom, maccuB cumBosoB Kpuctoddenn B cucteme Koopau-
HaT npumepa | umeeT BUJL

() \.

BepHyTbcs K JieKLMKU?
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Boruncmum 7,75, ¢ NOMOLIBLIO TEOPEMbI O KOBAPUAHTHOM NPOU3BO/1-
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Briuucaum va’ C MOMOIbIO TEOPEMbI 0 KOBAPUAHTHON NPOU3BO/I-
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Hoi. [Moyunm </ T} = %T1+F TP =TT = uzv

Hawm Hano BbinosHuth elile 7 nogoOHbIX BbluMcaeHHd. OiHaKo 3Ty pa-
OOTY MOKHO HECKOJIbKO OOJIErYUTh, €CJIM TPUMEHHUTh Olepald MaTpUu-
HOU anre6pbl. [1paBaa, a/1s1 3TOro NpUAETCsl «peopraHu30BaTh» MaCCUB
cuMBoJIoB Kpuctoddess, Tak Kak ceiluac Mnopsiilok UHJIEKCOB B 3TOM



MaccuBe (& x x) OTIHUAETCS OT HEOOXOAMMOro HaM ( g ). Juist 310-

ro BbIMIOJIHUM TPAHCIIOHUPOBAHUE MAacCHUBA (HAalIOMHUM, YTO 3TOT MaCCHB
TEH30pOM He siBJisieTcs1) o 1 -2 uHjekcam, (¢-Tasi CTpoKa j-TOH MaTpHLbl
CTAHOBUTCS J-TOH CTPOKOH 2-TOH MaTPHLLbl):
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(o, )
’U,U4 2
. voT o T
(viTdy) = ,
? O
b -3,

——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.
3HAUUT, TEH30PHOE M0JI€ MOXKHO 32/1aTh CJIEIYIOLIUM BbIPAXKEHUEM:

——

VT(U,U) =



(o, )
’U,U4 2
. voT o T
(viTdy) = ,
? O
b -3,

——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.

3Ha‘H/IT, TEH30PHOE I10JIE MO2KHO 3a1dThb CJACAYIOUIUM BbIPpAa2KE€EHHEM!

—k

—— ; :
v T (u,v) :ViTZ]{?Z@?j@ =
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’U,U4 2
. voT o T
(viTdy) = ,
? O
b -3,

——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.

3Ha‘H/IT, TEH30PHOE I10JIE MO2KHO 3a1dThb CJACAYIOUIUM BbIPpAa2KE€EHHEM!
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—— ; :
v T (u,v) :ViTZ]{?Z@?j@ =
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’U,U4 2
. voT o T
(viTdy) = ,
? O
b -3,

——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.

3Ha‘H/IT, TEH30PHOE I10JIE MO2KHO 3a1dThb CJACAYIOUIUM BbIPpAa2KE€EHHEM!

—k

—— ; :
v T (u,v) :ViTZ]{?Z@?j@ =
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——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.

3HaqHT, TeH30pHO€ I1oJie MO>KHO 3a14Thb C.Hel[y}OHH/IM Bblpa}KeHHeM:
—k

—— ; :
v T (u,v) :ViTZ]{?Z@?j@ =

= —T'QT T "+ TU'QT v T "+



(o, )
’U,U4 2
. voT o T
(viTdy) = ,
? O
b -3,

——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.

3Ha‘H/IT, TEH30PHOE I10JIE MO2KHO 3a1dThb CJACAYIOUIUM BbIPpAa2KE€EHHEM!
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—— ; :
v T (u,v) :ViTZ]{?Z@?j@ =
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- 2T TuaT (v ) TUO T Tl
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——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.

3HaqHT, TeH30pHO€ I1oJie MO>KHO 3a14Thb C.Hel[y}OHH/IM Bblpa}KeHHeM:
—k

—— ; :
v 7T (u,v) = ViTZk?Z@)?j@ r

2 4
= 2 e T e T (U - _2) FUgTeaTi+ TUaTyoT '+
Uu
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’U,U4 2
. voT o T
(viTdy) = ,
? O
b -3,

——
Mbl HaulIM MacCHUB KOOPJMHATHBIX (PYHKUMHA TeH3opHOTro noJs v/ T.

3Ha‘H/IT, TEH30PHOE I10JIE MO2KHO 3a1dThb CJACAYIOUIUM BbIPpAa2KE€EHHEM!
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——
MBI HalM MaccuB KOOPAHWHATHbBIX d)YHKLH/IH TEH30PHOI'O T10JIs VT

3HaqHT, TEH30pPHOE 110JI€ MOXKHO 3a1daTb CJACAYIOIIUM BbIPpa>K€HHEM!

=1 ) = o= o=k
VT(u,fU)—VZT.kr T =
2 4 2
_ 2 pug e T+ (U - _2> U T o T 4Tl T o T+
uv U uv
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——
MBI HalM MaccuB KOOPAHWHATHbBIX d)YHKLH/IH TEH30PHOI'O T10JIs VT

3HaqHT, TEH30pPHOE 110JI€ MOXKHO 3a1daTb CJACAYIOIIUM BbIPpa>K€HHEM!

—— ) y
v 7T (u,v) = ViTZk?Z@)?j@?k =
2 4 2
_ 2 pug e T+ (U - _2> U T o T 4Tl T o T+
uv U uv
2
+5T'@ Ty T —
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——
MBI HalM MaccuB KOOPAHWHATHbBIX d)YHKLH/IH TEH30PHOI'O T10JIs VT

3HaqHT, TEH30pPHOE 110JI€ MOXKHO 3a1daTb CJACAYIOIIUM BbIPpa>K€HHEM!

- ) = o= o=k
VT(u,0)=vT,rer;er" =
2 4 2
_ 2 pug e T+ (U - _2> U T o T 4Tl T o T+
uv U uv
2
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——
MBI HalM MaccuB KOOPAHWHATHbBIX d)YHKLH/IH TEH30PHOI'O T10JIs VT

3HaqHT, TEH30pPHOE 110JI€ MOXKHO 3a1daTb CJACAYIOIIUM BbIPpa>K€HHEM!

gt ) = o= o=k
VT(u,0)=vT,rer;er" =
2 4 2
_ 2 pug e T+ (U - _2> U T o T 4Tl T o T+
uv U uv
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——
MBI HalM MaccuB KOOPAHWHATHbBIX d)YHKLH/IH TEH30PHOI'O T10JIs VT

3HaqHT, TEH30pPHOE 110JI€ MOXKHO 3a1daTb CJACAYIOIIUM BbIPpa>K€HHEM!

g ) = o= o=k
VT(u,0)=vT,rer;er" =
2 4 2
_ 2 pug e T+ (U - _2> U T o T 4Tl T o T+
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MBI HalM MaccuB KOOPAHWHATHbBIX d)YHKLH/IH TEH30PHOI'O T10JIs VT

3HaqHT, TEH30pPHOE 110JI€ MOXKHO 3a1daTb CJACAYIOIIUM BbIPpa>K€HHEM!

g ) = o= o=k
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B touke ®(1; 2) nosyuaem, COOTBETCTBEHHO, MACCUB

B 0
(u0)=(1;2) 2 —0.5

(Vi)




Bblunc/ium KoBapuaHTHYIO TIPOU3BOJIHYIO B MPSIMOYTOJIbHOK JIEKapTOBOK
cucreMe KoopauHaT. CHauaJsia rnepeBeeM TeH30p T s 3Ty CHUCTEMY KO-
opauHat. Hamo cHauana HalTH SIBHblE BbIpaXKEHHsl JIJIsi KOOPAMHATHBIX
PyHKuMl u(x, y) v v(z, y). DTO HETPYAHO CAEATH!

2z
. oyet =2 e’ €
ulz,y) =y —2¢ " =——  v(r,y) = = :
(z,y) =y - (z,y) 2 g =2
T ye' — 2
B maccuBe koopauHat Tenszopa T mnpoBeieM 3ameHy u = —,
62&7
UV = W, [TOJIYUHUM.

(L0)-(21)

H
Haiinem BekTopa BSaHMHOFO Gazuca r Y u T V. ITO MOXKHO ClIeJIaTh KaK

¢ nomotibio hopmyibl ¢ = gt T j» TAK 1 HEMOCPEACTBEHHO, 110 Ompe-



— =
JIeJIEHUIO, U3 CUCTEMbl PaBeHCTB (1 ', T j) = 0. Mmeem

1— 2\ — e!  — el —4—
Ty=—i+|1-— J:x—1—|—yx—J7
U u‘v ye ' — 2 ye' — 2
— 11— 2 - ye'—2— _ye' —2-—
ry=—1-——5] ="5—1—-27—5—],
v uv e e
T u

— —
3ameTtum, uto TeH3op T uMeeT BUL uv r'oy ® r ', TO €CTb HAaM Hy»KeH
H O
TOJIbKO BeKTOp T . Ero npoliie HalTH HEMOCPEACTBEHHO, UM BLIUMCJISTE
JIBAXKJIbl KOBAPUAHTHBIA METPUUECKHUH TEH30P, U 0OpaTHBINA K Hemy. Ecin
_>

— o .
r“=qai + ], TonMeeM:
—u = r e’ —
1=(1r", ru):,q?;_a—f_yl’—

0=(T"7T,) = yee — 2., _qye —24

13 BTOpOro ypaBHEHHUs MOJIyUaeM o = 2%, MOJICTABUB B IIEPBOC ypaBHE-

HUe uMeeM =1, a = e%'
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3HauuT, Tak Kak CUMBOJIbI KpucToddesss cucteMbl KoopauHar .,y —
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B touke ®(1; 2) =In21i +2 j nosyuaem TeH30p-BEKTOP
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——
3HAUUT, MacCHB KOOPJHMHAT (Pl:jk) TeH3opa YT B TOuke

— —
d(1; 2) =In21i +2j paseH
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B touke ®(1; 2) =In21i +2 j nosyuaem TeH30p-BEKTOP
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I ®IRQJF+IX]RI+)RIRQI+
s drsa e A e e s A e e
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——
3HAUUT, MacCHB KOOPJHMHAT (P;Jk) TeH3opa YT B TOuke

— —
d(1; 2) =In21i +2j paseH

(i) = ( 11 )



C pyroi CTOpOHbI, TaK Kak
ye' — 2 et
u(z,y) = T v(z,y) = ye' — 2’
TO MaTpMla Nepexoja oT JokajabHoro 6asuca b = {1, T',} K JoKa/Ib-
HoMy Gasucy B’ = {?, T} HMeeT BU/L;



C pyroi CTOpOHbI, TaK Kak
ye' — 2 et
u(z,y) = T v(z,y) = ye' — 2’
TO MaTpMla Nepexoja oT JokajabHoro 6asuca b = {1, T',} K JoKa/Ib-
HoMy Gasucy B’ = {?, T} HMeeT BU/L;

(aij) =



C pyroi CTOpOHbI, TaK Kak

2z
ye' — 2 e
(z,y) = v,y P
— =
TO MaTpuua rnepexoja ot jsokaJjbHoro 6asuca b = {r’,, r',} K joKab-
— —
Homy Gasucy B’ = { i, j } umeer Bu:
iy r oy _
(@) =1 qv gv | =

or Oy



C pyroi CTOpOHbI, TaK Kak

2z
ye' — 2 e
(z,y) = v,y P
— =
TO MaTpuua rnepexoja ot jsokaJjbHoro 6asuca b = {r’,, r',} K joKab-
— —
Homy Gasucy B’ = { i, j } umeer Bu:
i T e
(a.j) = 81} a% — o yex _ 4 B 631’

Q]

or 0Oy (ye* —2)°  (ye* —2)°



C pyroi CTOpOHbI, TaK Kak

_yet =2 B et
’Uj(.f,y)— ex 9 U(x7y)_y€x_27
— =
TO MaTpuua rnepexoja ot jsokaJjbHoro 6asuca b = {r’,, r',} K joKab-
— —
Homy Gasucy B’ = { i, j } umeer Bu:
i T e
(ae;) = v 8_% = | o2 ye! —4 ¥
dr Oy (ye* —2)°  (ye* —2)°

Martpuua oOpaTHOro nepexoaa paBHa:



C pyroi CTOpOHbI, TaK Kak

r 2
) = L= ey =,
TO MaTpMla Nepexoja oT JokajabHoro 6asuca b = {1, T',} K JoKa/Ib-
HoMy Gasucy B’ = {?, T} HMeeT BU/L;
u Ou 2 1
(aij) = gﬁ’j g% | e ?ng -4 "
oy e =27 (e’ — 27
Martpuua oOpaTHOro nepexoaa paBHa:
e” ye' — 2
ye' — 2 2"

ye' — 4 _2yex — 2
ye' — 2 e



e ye' — 2

2
. T 1 ) yex — 2 62.%‘
(azoj) = (6255 yg“" —4 e’ . ) ; (bloj) =
)

T _ o T (uet — 9 ye' =4 jye’ =2
(ye" —2)"  (ye 5 2w

Kcraru, npaBU/IbHOCTb BBIUHCJICHUS MATPHULIbI (bij) JIETKO TIPOBEPUTD,
—  —
MOCKOJIbKY Mbl y>Ke HalllJId KOOPJAUHATHbIE PYHKIIMH BEKTOPOB Ty, T !

1— 2\ — e!  — el —4—
Tu=-1+(1-—5]J=— i+
(7 uv ye' — 2 ye' — 2
_ 1—- 2 - ye'—2—  _ye' —2-—
rU:_l_—QJ_ 2z 1 = 3z J
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Eciu Pl'e ¢ — Maccus KoopauHat Tenzopa v T B cHcTeMe KOOp/H-

Hat ®(u,v), To B IPIMOYTOJLHON JIEKAPTOBON CHCTEME KOOPJIMHAT Mac-
——

CUB KOOpPJMHAT TeH3opa S/ T MO0>KHO BBIUHCJIMTb, HCIOJb3Ysl TEH30P-

HbIM 3aKOH:



——
Eciu Pl'e ¢ — Maccus KoopauHat Tenzopa v T B cHcTeMe KOOp/H-

Hat ®(u,v), To B IPIMOYTOJLHON JIEKAPTOBON CHCTEME KOOPJIMHAT Mac-
——

CUB KOOpPJMHAT TeH3opa S/ T MO0>KHO BBIUHCJIMTb, HCIOJb3Ysl TEH30P-

HbIM 3aKOH:

( b, - af - Pm.s):



——
Eciu Pl'e ¢ — Maccus KoopauHat Tenzopa v T B cHcTeMe KOOp/H-

Hat ®(u,v), To B IPIMOYTOJLHON JIEKAPTOBON CHCTEME KOOPJIMHAT Mac-
——

CUB KOOpPJMHAT TeH3opa S/ T MO0>KHO BBIUHCJIMTb, HCIOJb3Ysl TEH30P-

HbIM 3aKOH:

(am . b% _ az . pen ) _ (am)t (bzn) (Plls) ( .k) B

(vh) (PRs) (a3,) )



——
Eciu Pl'e ¢ — Maccus KoopauHat Tenzopa v T B cHcTeMe KOOp/H-

Hat ®(u,v), To B IPIMOYTOJLHON JIEKAPTOBON CHCTEME KOOPJIMHAT Mac-
——

CHUB KOOPJIMHAT TeH30pa \/ T MOXKHO BBIUMCJIUTH, UCMOJb3YS TEH30P-
HbIW 3aKOH:

J e P ) = (o) (bzn)(PﬁS>( ) _
(ot Pife) = (02 (PLs

Z U\ () PR (a3) )
(). (0 205) (= 1) (o 2)
G ) (B s) ()
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[TosryueHHBIH 3THM cIOCOOOM MaCcCHB COBMAJAET C MOJYY€HHbIM Bbl-
le <MO0-YeCTHOMYY.



oy
)|

[TosryueHHBIH 3THM cIOCOOOM MaCcCHB COBMAJAET C MOJYY€HHbIM Bbl-

e «N0-4eCTHOMY». DTO MOATBEPXKIAET TEOPEMY O TEH30p€e KOBapu-
AHTHOM MPOU3BOJHOM.



oy
o (12

[TosryueHHBIH 3THM cIOCOOOM MaCcCHB COBMAJAET C MOJYY€HHbIM Bbl-

e «N0-4eCTHOMY». DTO MOATBEPXKIAET TEOPEMY O TEH30p€e KOBapu-
AHTHOMW NMPOU3BOAHON. BepHyTbcs K JeKumn?



3a)1aqa I.1. (OtBer mnpuBenen Ha ctp.307.) Haﬁmme B 0asuce

b= L0 b b0 KOOpPJMHATHbIE (YHKIMH KpPH-
o1/ \11) Lo -1 b YHIIHH KD

BOJIMHEHHOH CHCTEMbl KOOPAMHAT (u,v,w), 3aJaHHOH QopMmyJoi

u 0
0
o(u, v, w) = <g ; Z) 0 v |, roe u,v,w > 0. Haligure BekTOp
w w

C KPHUBOJIMHEHHBIMM KoopauHatamu (1,1,2), To ectb BekTop P(1,1,2).

. . 4 0
Haiinure 6a3uc, COOTBETCTBYIOLIMI BEKTOPY 09 )



3a)1aqa I1.2. (OTBet npuBesieH Ha cTp.310.) Hai’mme MaTpuLy Iepexona U3
HOJIHpHOﬁ CUCTEMbI KOOPAHUHAT B CHCTEMY KOOPAHUHAT CD(U,U), rae Ko-
OPpAUHATHbLIE JIMHUHW CUCTEMbI KOOPAHWHAT CD(u, U) UMEIOT BUI T + Y = U,
Yy = vx.



3a)1aqa I11.3. (OtBer mnpuBeneH Ha ctp.312.) Hafmme B 0Oa3au-
ce B'={1-2,1+2,1—2*} «koopauHaTHble (yHKLHH KPHBO-
JUHEHHOH cucTeMbl KoopauHaT P(u,v,w), 3agaHHON opmyJioi
(D(u, v, w)) (z) = (u+ vx)(v — Wwx).



3anaua IV.4. (Owser npuseren wa crp.314.)  Hallaure KoopauHaTHbIe JIMHUU
v = const KaKOU-JIMOO OPTOrOHAJIbHOU KPUBOJIMHEHHON CUCTEMbI KOOP-
auHat ®(u, v), 1151 KOTOPOH KOOPJIMHATHbIE JIMHUU U = const UMEIOT BUJL

y = uz”.



3anaua IV.5. (Owser npuseren wa crp.318.)  Hallaure KoopauHaTHbIe JIMHUU
v = const KaKOU-JIMOO OPTOrOHAJIbHOU KPUBOJIMHEHHON CUCTEMbI KOOP-
auHat ®(u, v), 1151 KOTOPOH KOOPJIMHATHbIE JIMHUU U = const UMEIOT BUJL
Yy = ue”.



3anaua IV.6. (Orser npuseren wa c1p.320.)  Hallaure KoopauHaTHbIe JTUHUU
v = const KaKOU-JIMOO OPTOrOHAJIbHOU KPUBOJIMHEHHON CUCTEMbI KOOP-
auHat ®(u, v), 1151 KOTOPOH KOOPJIMHATHbIE JIMHUU U = const UMEIOT BUJL
y — eu:z:



3a)1aqa V.7. (OtBet npuBeneH Ha cTp.322.) HYCTb B HOJIHpHOfI CHUCTEME KO-
i — — —
opauHaT ®(p, p) BekTOpHOE MnoJie 3aaHo opmysoll T =pr’, + 1.
SHI[aﬁTe 9TO I10JI€ TE€OMETPHUUECKH, HaIU/I,U,HTe Pa3IozKEHUE STOTO I0JIsd
— —
110 JIOKA/IbHOMY Gasucy cucTeMbl koopauHat W(u,v) = uwv i + 2 j, rae

D ={(u,v) | u>0,v>0}.



3anaua V.8. (Omser npusenen na crp.326.)  BblUMC/UTE B UHMJIMHAPHUYECKHX
KOOpJIMHATaX KOMITOHEHTHI 10Ji1s1 OUJIMHEHHBIX POPM, CTaBSLLETO KaxKJ10H
— o
TOUKE C pajIiyC-BeKTOPOM I B COOTBETCTBHE OUJIMHENHHYIO (hopMy

(F(T) (W, ¥) =[] (d, V).



3apaua V.9. (Orser npusenen nacrp.329.) BbluncuTe B chepruuecKux Koop-
JIMHATaX KOMITOHEHTbI MOJIs1 JIMHEHHBIX (POPM, CTaBSILErO KaxKJI0H TOUKe
H
C paJMyC-BEKTOPOM I B COOTBETCTBHE (DYHKIIHIO

(F(T)) (W) = mp ().



3anaua V.10. (Owser npusenen na crp.331.)  BbluHCJUTE B MOJSIPHBIX KO-
OpJIMHATaX KOMIIOHEHTbl TEH30PHOIO M0JIsl, CTaBSIIEr0 KaxKJ10H TOUKe ¢
ﬁ
paauyCc-BEKTOPOM I~ B COOTBETCTBHE BEKTOP

F(T)=|7|1.



3a)1aqa V.11. (OTBet npuBeieH Ha cTp.334.) Haﬁmme KOOPJAHHATBI TEH30PHO-
ﬁ

ronoasts T (T') = (wvr, —T,) ® T, B cicreme Koopaunat ¥(a, §),

cCJIn
— —

— —
Ou,v)=ui+uwwj, VY(io,B)=ai+hij.



3a)1aqa V.12. (OTBer npuBeneH Ha cTp.337.) H}’CTb V' — JuHeHHOe [Ipo-
CTPAHCTBO MHOTOUJIEHOB CTerneHu He GoJibiie | Han nosem R nedcTBH-
TeJIbHbIX UMces. 3ajanTe TEH30P-MacCUBOM TeH30pHOoe noJie F OuJu-
HeHHbIX (POPM, 3aJaHHBIX HA JIMHEHHOM MIPOCTPpaHCTBe V, KOTOpOe KaxK-
JIOMY MHOTOUJIEHY f CTaBUT B COOTBETCTBHE OMJIMHEHHYIO popmy F, 3a-
JaHHY10 (DOPMYJIOH

FIf] ((u(@), v(z)) = f(0)u(0)v(0) + f(1)u(l)u(1).



3a11aqa V.13. (OTBer npuBeneH Ha cTp.339.) H}’CTb V' — JuHeHHOe [Ipo-
CTPAHCTBO MHOTOUWJIEHOB cTeneHu He OoJgblue | Ham nosem R geiicTBU-
TeJIbHbIX Unces. 3aJalTe TeH30P-MacCUBOM TEH30PHOE ToJie OUJIUHEH-
HbIX (DOpM, 3a/laHHbIX HA JIMHEHHOM MpoCTpaHCcTBe V', KOTOPOe KaxK10My
MHOTOUJIEHY f CTaBUT B COOTBETCTBHE OMJIMHEHHYIO (hopmy Fr, 3aAaHHYIO

dhopmyJion



3a)1aqa V.14. (OTtBer npuBeneH Ha cTp.341.) B [TPOCTPAHCTBE CHMMET-
PHUYECKHUX MATPHL Pa3MEPHOCTH 2 X 2 KpI/IBOJIHHGI/UIHaH CHUCTEMA KOOpP-

U UV .
. 3ajnan-
UV UVW

Te B cucTeMe KoopauHaT ®(u, v, w) moJje JMHEHHBIX OMepaTopoB, KaK-
JIOM MaTpulle Y CcTaBdilee B COOTBETCTBHUE JIMHEHHBIM OMepaTop BHJIA
PlY](X)=XY +YX.

auHaT P(u, v, w) 3apana dopmysnoi d(u, v, w) = (



3a)1aqa V.15. (OtBet npuBeneH Ha cTP.352.) B [IPOCTPAHCTBE MHOI'OUJICHOB C
BellleCTBEHHBIMH KO3 HULIMEHTAMH CTEMNEHH, He Bhille |, KpUBOJIMHEHHAS
cucrema koopauHat ®(u,v) 3apana gopmynoi (®(u,v)) (x) = uv + uw.
3anaite B cucteMe KoopauHat $(u, v) TeH30pHOE TT0J1e IHHEHHBIX OTlepa-
TOPOB, KaXKJI0My MHOTOUJIeHy f(x) cTaBsilliee B COOTBETCTBHE JIMHEHHBIN

orneparop P/(?) 3ajlaBaeMblil HOPMYJIOH (P/(?)) (g9) = d (f(x)g(x))

dx



3a)1aqa V.16. (OTBeTr npuBeaeH Ha cTP.354.) C [NOMOLIbLIO MATPHLLI ITIEPEXO-
Ja HaﬁﬂHTe B CUCTEME KOOPpAHUHAT CD(U, U) HepBOﬁ KOOpﬂHHaTHOﬁ yeTBep-

TH KOOPAHWHATbLI TEH3O0PHOI'O I10JI51, 3aJdHHOI'O B HOJIHpHOﬁ CHUCTEME KO-
H

— —>
OPAHUHAT BblIPpd2KE€HHEM T = pr,— I, €CJIM KOOPAHUHATHbLIE JIMHHUHU CHU-

cTeMbl KoopauHat ® uMeroT BUIL vy = u?, x = v%y. 3aecbu, v, x,y > 0,

i
O<g0<7.



3a)1aqa VI.17. (OtBet mpuBeneH Ha CTP.357.) B snuneiiHom [TPOCTPAHCTBE
Py (CC) MHOI'OUJIEHOB CTeleHU He Bbille | KpI/IBOJH/IHeﬁHaH CHUCTEMA KOOpP-
muHat (u, v) sagana dopmyaoit (P(u,v)) (z) = uv + (u+ v)x. Hainu-
T€ KOBAPHAHTHYIO IPOU3BOJIHYIO OIlepaTopa I[I/I(b(bepeHU,HpOBaHI/IH B JIO-
KaJIbHOM Oa3uce CUCTEMbI KOOpJAHWHAT CD(U, U).



3a)1aqa VI.18. (OtBet npuBeneH Ha cTp.361.) Haﬁmme B HOJIHpHOﬁ CHUCTE-

M€ KOOPAHHAT KOBAPHAHTHYIO ITPOU3BOAHYIO TEH30OPHOI'O I10JId, Ka2KAOMY
— o

paanuyC-BEKTOPY I IIJIOCKOCTHU CTaBSILIEIro B COOTBETCTBHE 6HJH/IH€I/IHy}O

bopmy [ [T] (X,Y) = (mp+X) - (mp+Y).



3agaua VI.19. (Omser npusenen na crp.372.) BbluMc/IUTe B UMJHUHIPH-
UeCKHX KOOpJIMHATaX KOBAPHWAHTHYIO MPOU3BOJHYIO MOJS OUJIMHEHHbBIX
dbopM, CTABSAILLEro Kax/10i TOUKe ¢ pagHyC-BeKTOPOM I B COOTBETCTBHE
OGuJIMHeR Y10 popmy

(F(7) (%.9) = [7]- (€. 7).



3a)1aqa VI1.20. (OtBet npuBesieH Ha cTp.379.) Haﬁmme KOBAPHUAHTHYIO ITPO-

o —
W3BOJAHYIO ITOJIS1 IMHEUHBIX OINEPAaTOPOB, KAXKA0OMY BEKTOPY I COINOCTAB-
(2] O O - ﬁ O (2]
JIAIOIIWH JIMHEHUHBIW OITEepaTop L [ r } [TJIOCKOCTH H, 3aldHHbIN CbOpMy.]IOH

L [?] (7) = W [?, 7} , e ? — €JIMHUYHbIA BEKTOP, MEPIEHIUKY -

JIAPHBIH 11J10CKOCTH 1.



OTtBeTbl M pelleHUs



Pewmenue 3anaum 1.

. - 10 11 1 0
3anaua 1. Hailgute B 6asuce b= {( 01 ) ) ( 11 ) , ( 0 —1 )} KOOpJIH-

HaTHble  (DYHKLUUH  KPUBOJMHEHHOH CHUCTeMbl KoopauHaT o(u,v,w), 3agaHHOH  (OpPMYJIOH
u 0

u 0 w . .
o(u,v,w) = ( 0 v w ) 0 v |, e wu,v,w>0. Haiinute BeKTOp C KPUBOJUHEHHBIMU
wow

koopauHatamu (1,1,2), To ectb Bekrop P(1,1,2). Haiinure 6aszuc, COOTBETCTBYIOUIMI BEKTOPY

(03)



01

1 1 0 B
1 0 1 KOOPJIH
v

3apaua 1. Hanure B Oasuce b= {( e ) ( 1
o(

HaTHble  (PYHKUMH  KPHUBOJMHEHHOHW CHCTEMbl  KOOpJAMHAT U, v, ) 3ajlaHHoi  (hopmyJioi
u 0
u 0 w . .
o(u,v,w) = ( 0 v w> 0 v |, me w,v,w > 0. Haiinure BekTOp C KPHUBOJHHEHHBIMH KO-

w w

opanHatamu (1,1, 2), To ectb Bektop (1, 1,2). Haiinure 6a3uc, cooTBETCTBYIOUIME BEKTOPY < i)l 8 )

2

OrtBer. Nmeem o(u,v,w) = ( Y ;_Qw UQZiU)Q ) [Tostomy B 6asuce

B 10 01 0 0
= 00 10 01 KOOpJMHATHble (DYHKUMH CHCTEMbl KOOPJAMHAT ¢ HWMEIOT

h (v + w? ( ) (?é)+(v2+w2)(8(1)).

Matpuua nepexosa B = Tg/_ 5 HAXOAUTCS HEMOCPEACTBEHHO C MOMOLLBIO (hOPMY.I bi!

1
10 10 0 1 0 0
(o8)=Los)ro(io)(ah)-(0)

1YyTHTE, YTO MBI JOTOBOPUJIKMCH MATPHUILy Nepexoaa o6o3Hayath OykBamu A u B.




11 1
roees B={ 01 0 |, A=3|0 2 0 |.Tlostomy
11 1

et =it (g ] ) Fotene) (| ) et (),

rie
Gilwmvw)\ (1 -2 1\ [wur) [t
Yo(u,v,w) | = 5 0 2 0 w? =5 2w?
7?3(% v, w) 1 0 —1 ’(}2 + w2 U2 _ U2
[IpoBepkKa.
w40t (10 4 ow? 11 +u2—v2 1 0\ [ u?+0? w? _ o )
2 01 w 1 1 2 0 —1 - ’U)2 U2+w2 =pu,v,w),

4TOo U TPeOOBAJIOCh.



Pewmenue 3anaum 2.

3anaua 2. Haiiqure mMaTpuily rnepexoja U3 MOJISIPHOH CHCTEMbl KOOPJIMHAT B CHCTEMY KOOpIMHAT
O (u,v), rie KOOpAMHATHBIE JIMHUK CUCTeMbI KoopauHaT P(u, v) UMEIT BUL T + Y = u, y = vZ.



3apnaua 2. Haliqure martpuiy nepexojna M3 MOJSIPHOH CHCTEMbl KOOPJAMHAT B CHCTEMY KOOPAMHAT
®(u, v), r1e KOOpMHATHBIE JIMHHHM CHCTeMbl KOOpIUHAT P (u, v) UMEIOT BUL T + Yy = u, y = V.

OtBer. Kak usBecTHO, a. . [TosTomy Hamo BbIpasuTh p, o uepesd u,v. I1as 3TOro Bbipasum

i aqu
T,y uepes u,v, U MonpodyeM MoJyuuTh TpeGyeMble BbIpaXKeHHsl, CpaBHHBAsT BbIpAXKeNHs] A T, . [To
T = cos
ycsioBHio umeeM (1 + v) = u, OTKyla & = 4,y = 201 [losTomy v + T =% veem
v+ v+ Y= —1— = psingp

2 2 2
2 u u?v
= +
P w+1)2  w+1)
0 < ¢ < %, nonyuaem

5, OTKyJla p = “VUUJFT . Nanee, tgp = 4 = v. TTostomy, yunTbiBas yesosne

P="0F1
p = arctgv

{ uvoz+1

[Tostomy
v +1 u(v —1)

1 9p G v+l 2yl 1)2

L) = u [ — -+ +

(a.j> gﬁ gﬁ v 1(“ )
8u 81} 0 ’U2 +1

CHRICHRE ( Vgﬂ}}l _u?gll) )

v +1



Pewmienue 3anaum 3.

3anaua 3. Haiinute B 6a3uce b’ = {1—-2,1+z,1- xQ} KOOp/IMHATHble (DYHKIIMH KPUBOJUHEHHOH
cucreMbl koopanHat @ (u, v, w), 3ananHoit popmyaoit (P (u, v, w)) (z) = (u + vz)(v — wa).



3anaua 3. Haiijure B 6asuce B’ = {1—2,1+xz,1— xQ} KOOpPJIMHATHbIE (PYHKIIMK KPUBOJHHEHHOH
cucteMbl koopanHat @ (u, v, w), 3ananHoit popmyaoit (P (u, v, w)) (z) = (u + vz)(v — wa).
Oreer. ®(u,v,w) =uv + (vV? —uw) r — vwz?* =

= 1 (u, v, w)(1 — 2) + o (u, v,0) (1 + ) + P3(u, v, w) (1 — 2?),

rie
1 (u, v, w) | [ W+ uw —vw —v?
Uo(u,v,w) | == | wo—uw —vw + v?
s (u, v, w) 20w



Pewmenue 3anaum 4.

3apaua 4. Hafiiure KoopaHHaTHBIE JIHHUU v = const KaKOH-JIMO0 OPTOrOHaJNbHON KPUBOJIMHEHHON

cucTeMbl Koopannat @ (u, v), /st KOTOPOi KOOPAHHATHBIE JIMHUK U = const UMEIOT BUA Y = uxk.



3anaua 4. Hailnure KoopiMHATHBIE JIMHUK v = const KaKOH-JIHO0 OPTOrOHaJbHOM KPHUBOJIMHEHHON

chcTeMbl KooparHaT ®(u, v), WIst KOTOPOI KOOPAMHATHbIE JINHUK 1 = const UMEIOT BUILY = ux”.

Orser. OtBer. Pelas ananoruuno npumepy 4, ctp.67, noayuaem 22 + ky? = v.



Sanaua 4.
PeweHue (B o6uiem Buae).

Cayuait y = u - f(z). [lyetb y = w - f(x) — ypaBHeHHs] KOOPJAMHATHBIX JIUHUH © = const OPTOTOHAJb-
HOM KPUBOJIMHENHON cucTeMbl KoopauHaT @ (u,v). Hano naittu munuun v = const. Ilycts y = y(z)
— KoopauHaTHas GpyHKUUs v = const. meewm:

OTKyJla
/()
ydy = — dx,
f(x)
2 f(z)
y =C(v —/—dw.
Cayuait y = u+ f(z). I[lyetb y = u + f(x) — ypaBHeHUs] KOOPAMHATHBLIX JIMHUE u = conslt OPTOro-

HaJIbHOW KPUBOJIMHEHHOH cucTeMbl KoopauHaT P(u,v). Hamo wHaiith svHuu v = const. [lyctb
y = y(z) — KoopauHaTtHas GyHKIUS v = const. Fimeem:

OTKyJ1a




Cayuaii u = f(z,y). [lyetb u = f(x,y) — ypaBHeHHs] KOOPAMHATHBIX JIMHUH © = const OPTOTOHAJIbHOH
KPUBOJIMHEHHON cucTeMbl KoopauHat ®(u, v). Hamo Haiti junun v = const. Ilycets y = y(x) —
KOoOp/iHaTHast YHKIMSI v = const. FIMeeM, uTo TaHreHC HaKJIOHa KPUBOH u = const paBeH

/ ! faﬁ
0= folz,y) + fy(lz,n)y, v =-—F.
Ty
CJIGLIOBaTeJIbHO, B TOUKE Hepecequm erJI HaKJIOHa KOOpﬂHHaTHOﬁ JIMHUU v = const JLOJI2ZKEH 6bITb
paBeH
, Ly
Yy ==
fa

Ato nuddepeHtHasbHOE ypaBHEHHE U HA0 pelliaTh.

Cayuaii z = f(u,v),y = f(v,u). Utak, x = f(u,v), y = f(v,u) — KoopauHaTHble (PYHKLHH OPTOrO-
HaAJIbHOH KPUBOJIMHEHHON chcTeMbl KoopauHaT ®(u,v). Haiitu dyukumio f. Bynem cuntathb, uto
«CTaH/APTHbIE HA3BAHUS» TTePeMEHHbIX PyHKIMK f — 3T0 v, 3, To ecThb f(u,v), f(v,u) — pesyJib-
TaT MOJCTAHOBKH COOTBETCTBYIOILMX MEPEMEHHbIX B Bbipaxenue F(q, 3), 3anatoiiee QyHKIHIO f.
3/1eCh YMECTHO 3aMETUTh, UTO CJIEyeT Pa3JHuaTh (PYHKYLIO U BbLpadceHue, 3ajatoliee 3Ty (yHK-
1Mo, B yacTHOCTH, oiHa 1 Ta XKe QYHKLHST MOXKeT ObITh 3aaHa Pas/JHUHbIMH BbIpAXKEeHHSIMH, Ha-
npumep, sin?z u 1 — cos® z 3a1a10T 0JHy U Ty Ke DYHKLHMIO, a Bhlpaxenue AX MoKeT 3a1aBaThb
pasJinuHble PYHKLKH Jaxke MPH PUKCHPOBAHHOH MaTpHiie A: 1e/0 B TOM, 4TO 1Mo X MOXKHO TTOHH-
MaTb KaK MaTpPHILy-CTOJIOEI, TaK K MaTPHILy H3 HECKOJIbKUX CTOJIOLOB, H MOXKHO JIa’Ke CUHTATh, UTO
X — 370 ckaJjsip!

0= (?w ?v) = fa(u, ’U)fg(?},u) + fg(u,v)fa(v,u).



Pewienue 3anaum 5.

3apnaua 5. Hafiure KoopaMHaTHBIE JIHHUU v = const KaKOH-JIMO0 OPTOrOHaJIbHON KPUBOJIMHEHHON
cucreMbl KoopauHat ®(u, v), UIst KOTOPOH KOOPAMHATHBIE JIMHUK © = const UMEIOT BULLY = ue”.



3anaua 5. Hailiure KoopiMHATHbIE JIMHUK v = const KaKOH-J1HO0 OPTOrOHaJbHOM KPHUBOJIMHEHHON

cuctembl KoopauHat P (u, v), Ui KOTOPOH KOOPJIMHATHBIE JIMHUK U = const UMEIOT BUL Y = ue”.

OrBer. 27 = v — y°.



Pewmienue 3anaum 6.

3apnaua 6. Hafiure KoopaMHaTHBIE JIHHUU v = const KaKOH-JIMO0 OPTOrOHaJNbHON KPUBOJIMHEHHON
cucreMbl KoopauHat ®(u, v), VIt KOTOPOH KOOPAMHATHBIE JIMHUM © = const UMEIOT BUA Y = e'*.



3anaua 6. Hailnure KoopiMHATHbBIE JIMHUK v = const KaKOH-JIHO0 OPTOrOHaJbHOM KPHUBOJIMHEHHON
cuctembl KoopauHat P (u, v), s KOTOPOH KOOPIMHATHBIE JIMHUU U = const UMEIOT BUIL Y = e**.
2

OrBer. 2 =v — %— (2lny —1).



Pewmienue 3anaum 7.

3anaua 7. Ilyerb B mosisipHo# cucteme kKoopauHaT ®(p, @) BeKTOpHOe MoJie 3aaaHo (hopMyJioi
N

— — o o
T =pr,+ T, 3anaiiTe 5T0 10J1€ reOMETPUUECKH, HANUTE PA3JIOKEHHE STOTO TOJISI 110 JIOKAJIbHOMY
— —
Gasncy cuctembl Koopaunat ¥ (u,v) =uv i + % j,rae D = {(u,v) | u >0, v > 0}.



3anaua 7. Ilycth B mnosisipHoil cucteme KoopauHat ®(p, ) BeKTOpHOE ToJie 3alaHo (opMyJIoH
ﬁ

—> — o o
T = pr, + r o 3ajlame 9TO I10J1e FGOMeTpHHQCKI/I HauJaUTe pas3J/iozKEHUe 3TOro 1oJisl 1o JiokKaJlbHOMY

—_
6asncy cuctembl Koopannat U(u,v) = uv i + & J rne D = {(u v) | u>0,v>0}
Oteer. M3 pelienusi npuMepa 3, ¢Tp.56 ceyer, uto pr » paBeH paanycy BEKTOpY, a BEKTOp T ’
NepreHIMKyJIsipeH paanyCcy-BEeKTOpY U paBeH emy 1o jJiuHe. [Tostomy u3 puc 1, cTp.58 BeKTOpHOE noJe
MOBOpPAUMBAET KazK/blil BEKTOP Ha yroJ {r MPOTHB YACOBOI CTPEJKH H PACTATHBAET €ro B v/2 pas.

Tenepb Haiijiem ero pasJsoxeHue 1o JiokajbHoMy 6asucy cucteMmbl koopauHat W. BosbMeMm B KauecTBe
- -
«OCHOBBI» 6a3uC { i, } HMmeem

r =pcospl +psingj,

— ~ A s Iy
r,=cospl +simyj], r,=—psinpl +pcosy],
Ty
r =uvl1l +—7],
— - 1= - u-—p
ro=v1 +-73, ry=ul ——517].
v
. pCOS Y = Uv
M3 cpaBHeHUs1 BblpaxKeHWH IS paadyca-BeKTOpa IOJyyaem, 4To psin = w , OTKyla

2
p? = u?v? + %z YuuTBIBASI MOJNOKHTENBHOCTb U H v, MojyuaeM p = wv/v? + 1. Tak Kak u,v mosio-

2KHUTEJIbHbI, TO KOHEL paalyca-BeKTOpa \I/(u, U) HaXOJHUTCs B nepBoﬁ YETBEPTHU, TO €CTb MO2KHO CUUTATD,

uTo p € (O W) [Tosromy U3 tg ¢ = 5 .“uv = # CJIEJIy€T, uTo (p = arctg % CoryiacHo hopmy.ie nosy-

YaeM MaTpuly A rnepexoja us HOJIHpHOﬁ CHUCTEMbI KOODAHWHAT B CUCTEMY v H, HaXoIsd 06paTHy}o MaTpHulLy,



Hanpumep, ¢ MOMOUIbIO ﬂpMCOCﬂMHeHHOﬁ MaTpullbl, moJydyaeM MaTpuiy B O6paTHOFO nepexoaia

vi41 vt —1 v vt —1

A= v vVt 41 B=| Vvvt+1 20
—2v ’ 0 U4+1

Tl Y

—
[Tostomy crosibew koopauHat Bektopa T paBen

4

v vt —1 u (0% + o' — 1)
U
Vot +1 24212 ( pVui+1 ) — 20
0 v 41 1 vt 41
2v 20

—_
CuaienoBaTtesibHO, passoxkenue Bektopa T 1o jsiokajabHOMY 6a3ucy CHCTeMbl KOOpAMHAT W UMeeT BU]L

u (20 +0* =1 |
A Gl ) B S
2v 2v
[IpoBepka.
= - - - = — o
T=pr,+r,=2i+yj+(-yi+taj=@-—yi+@tyj=

C npyro# CTOPOHbBI

u(2v2—|—v4—1)_> 1}4—|—1H u(2v2+v4—1) - 11— vi 1 —- u —-
. ?, = TiT) - (T o kT
v



H
= — 1 :T

2v 203
UTO MOJATBEP2KAAET NPABUJILHOCTb Pe3yJibTaTa.

Quv? — 2u— Quv? + 2uv4—,>

)



Pewmenue 3anaum 8.

3anaqa 8. Brbiuucsure B HUJIUHAPHUYECKHUX KOOpAUHAaTaX KOMITIOHEHTHI I10JIs OUJIMHEHHBIX (1)OpM, CTa-
o — o
BSALIEro KaxKJ10u TOUKE C paalyC-BEKTOPOM I' B COOTBETCTBUE 6I/I.HI/IH€I/IHYIO qZ)OpMy

(F(T) (W, V) =[] (W, V),



3anaqa 8. Briuncsinre B HUJIUHAPUYECKHUX KOOPpAHUHATAX KOMITOHEHTBI IOJIs OUJIMHEHHBIX q:)OpM, CTa-
o — o
BSALIEro KaxKJ10u TOUKE C paalyC-BEKTOPOM I' B COOTBETCTBUE 61/IJTI/IH€I/IHy}O (bOpMy

(F(T)) (T, ¥) = 7| (7. 7).

OtBet. EcTecTBeHHO, MPUMEHUM CcTpaTernio coctapienus ypasueunit. Ymo nado naimu? Kom-
MOHEHTb TEH30PHOTO TOJIs1 B LIMJIMHAPUUECKUX KoopauHaTax Kak sanuuwem omsem? ®opmynamu. Bae-

— —
dem nepemernoLe. [1yctb (yuutbiBasi, uto r, = k)
— — — —
T=zi+yj +zk :p?p—l—zk
u=U'T,+U*T,+U’T,
vV =VT,+ VT, + V3T,

o — — —
Cocmasum ypasrerue. C 0IHOM CTOPOHDI, 3HAUEHHE M0JI51 Mbl 0G03HaunIH Yepe3 (F(T)) (W, V), ¢

ﬂpyroﬁ CTOPOHDBI, €0 MO2KHO BBIYUCJIUTL C ITIOMOILbIO KOOpAWHAT:
7| (U, V) =2+ 2 (UV + UV + UPV?).

Mbi 3anucan MHOTOUJIEH, COOTBETCTBYIOIIMH 3TOH OUJIMHEHHON (PopMe, HO HAC MHTEpecyIOT it Kommo-
HEHTbl COOTBETCTBYIOLILErO TEH30PHOIO M0Jsl. B COOTBETCTBUM € paBeHCTBAMY UMEEM

- . 17,1 2172 2 31,3
E’J‘(Pa%z):‘r}'(ru I‘j) Z\/p2+22(U Vi+UVp 4+ U V),
— — — — — —
rje, Kak 0ObIUHO, I'|{ = T pp To= T, I3= T, TOECTb /5 BbIUNCJAEHHS KOMITOHEHTbI Ej(p7 go,z)

1 npu =1 v — 1 npu t=j
O npu t#i’ "7 10 npu t#j
BETCTBYET JIBaXK/Ibl KOBAPHAHTHbIH T€H30p BTOPOrO paHra, Kaxkaomy 6asucy (JoKajJbHOMY Ga3ucy 3To

Ha0 MOJOXKNTL Uy = { . Urak, 6ununerinoit opme cooT-



CHCTEeMbI KOOPMHAT) CTAaBSLLIMI B COOTBETCTBHE MATPHLLy TOH GHIMHEeHHON GopMbl B 3TOM Gasuce. JIo-
= - =
KaJibHOMY Oasncy { T',, T, T .} COOTBETCTBYeT MaTpHLla

VP2 + 22 0 0
(Fii (0,0, 2)) = 0 PP+ 0 . (5)

0 0 VP2t 22

[Ipu 9TOM TeH30pHOE MoJIe UMEeT BUJL

F (p,0,2) = F T @1 = /P2 + 2T TP+ p*\/ P2+ 22T° QTP+ /2 + 22T° R T~



Pewmenue 3anaum 9.

3anaqa 9. Brbluncsaure B C(bepnqecxnx KoopAHHaTaxX KOMIIOHEHTLI I10JIs1 JIMHEHHBIX q)OpM, CTaBduiero
o —
KaxJa0u TOUKE C paauyC-BEKTOPOM I B COOTBETCTBHE @yHKU.H}O

(F(F)) (W) = np ().



3auaqa 9. Boluncaure B C(,pepI/II{eCKI/IX KOoOpAHuHaTaX KOMIIOHEHTDI MMOJIsd JIMHEeHHbIX CbOpM, CTaBdaUlero
o —
KaxKJa0u TOUKE C paauyC-BEKTOPOM I B COOTBETCTBHE q)YHKU,I/IPO

(F(F)) (W) = np (W),

OTBer. Kak caenyer w3 npumepa, QyHKIMs, KaxjaoMmy 6asucy (JoKajbHOMY ©Oasu-
o - = =
Cy KPHUBOJHHEHHOH CHCTeMbI KoOpaMHAT) { Ty, To, T3} CTaBsiliasi B COOTBETCTBHE CTOJIGEL]
q
npy (I
H
(Ei(ryp,0)) = | npw (r'2) |, sBAseTcsl KOBapHaHTHBIM TEH30pPOM TepBoro pasra. Kak HeTpyaHo
—)
mpy (I3

BbBIUHUCJ/IUTL C HCIIOJIb3OBAHUEM (bOpMYﬂ, CBA3bIBAlO X C(beplfllleCKle N JE€KAPTOBY CUCTEMDI
o — —
KOOpJAUuHaT, OJs C(1)€pI/I‘{€CKOI/I CHUCTEMBI KOOpAHMHAT ¥ =T I ,, [IO3TOMY, YUUTbIBasg OPTOrOHAJbHOCTb

7"2

cepuueckoi cucTeMbl KOOPAUHAT, nosyuaeM (Fi(r, ¢, 0)) = 0 |. TensopHoe noJie UMeeT B
0

—r

f) (r,p,0) = Fy(r, cp,@)?i =T



Pewmenue 3anaum 10.

3&,[{21‘{& 10 BquHCJ'[I/ITe B I'[OJTF[prIX KOOpILI/IHaTaX KOMITOHEHTDI TeHSOpHOFO [10J1d, CTaBALLEIo Kaxx-
o —
JOU TOUKE C paauyC-BEKTOPOM I B COOTBETCTBHE BEKTOP

F(T)=|7|1.



3aaaqa 10. BoiyucJaure B MOJIIPHBIX KOOpAUHAaTaX KOMIIOHEHTbI TEH30PHOTO MOJIs, CTaBALLETO Ka)KlIOIU/I
—
TOUKE C paauyC-BEKTOPOM I B COOTBETCTBHE BEKTOP

- —
OtBetr. B cuny dopmya matpuna nepexoga A us 6asuca { i, ] } B JIOKAJIbHBIA 0A3UC MOJSIPHON

( cosp —psingp

cucreMbl koopannat @(p, p) umeer Bun A = (a;;(p, ) = sing  peosy

> . HerpynHo BblunC/IMTBL

006paTHyt0 MaTpHULLy, HalPUMep, C MOMOLbIO hopMYy.ibi:

B—l pcosy psing
~ p\ —sing cosp )’

[TosTOMy MaTpHLLa KOOPAMHAT MOJIS B OJSAPHOH CUCTEMe KOOPJMHAT paBHA

F! _1 pcosy psing p\ [ pcosp
F? ] 7 p\ —sing cosyp 0 ) \ —sinp /-

= (= — . —
Wnbivn cioBamu, F (T') = pcosp T, —sinp T .



Sanaua 10.
[IpoBepka.

— = ry s . e vy
pcosgorp—smgor(p:pcos<p<cosgo1 +s1ngoj>—s1ng0<—ps1ng01 +pcosg0J>:

B [TOJIHOM COOTBETCTBHUH C HALLIUMHU O2KUJAHUAMHU.



PelueHnue sagaum 11.

3anaua 11.  Haiiire KOOpMHATH TeH30PHOTO Hoast T (T) = (wT, —
opauHat ¥(«, [3), ecau

— —
r,) ® T, BCHCTEME KO-

— —

— —
S(u,v)=ui+uwj, VY(io,f)=ai+Ingj.



. w = — — —
3anaua 11. Haliqure koopauHaThl TeH3opHoro noJjst T ( r ) = (uv r,—r U) ® r’, B CHCTEME KO-

opanHat V(a, [3), ecau

— —

— —
O(u,v)=ui+uwj, VY(o,f)=ai+mngj.

ﬁ
Oteer. B JjiokaibHOM 6asuce CUCTEMBI KOoOpAWHAaT P TEH30PHOMY I10JI1O0 T COOTBETCTBYET TEH30p-

MacCcCHUB " 19
i T 0 wv
(Tj) = < T21 T22 ) = ( O -1 ) .

Tenepb Haiiiem maTpully nepexona. B cooTBeTcTBUU ¢ (hopMy10ii HEOOXOAMMO CHAvasa u, v BbIPA3HTh

uepes «, [3:
U=« N u
uv =1Ing v

' 1 0
N
o (6]

(6%
n
(0]

[Tostomy, cornacHo opmy.e

N———

CoryacHo hopmysie umeem

B:A_lzaﬁ 1

Qo
QQ|H
o
I
/N
Iy
[u—
o
~_—

ng af

Q



(nepexoJ1 K mepeMeHHbIM u, v He TpebyeTest). CiieoBaTe/bHO,




Pewmenue 3anaum 12.

3anaua 12. Ilyctb V' — JiMHeliHOe MPOCTPAHCTBO MHOTOUJIEHOB CTereHu He GoJiblile 1 Haj moJiem
R neficTBUTE/BbHBIX YHCes. 3alaiiTe TeH30P-MacCUBOM TeH30pHOe 1oJie F OUIMHEeRHbIX (POPM, 3a1aHHbIX
Ha JIMHEHHOM npocTpaHcTBe V), KOTOpoe KaxKa0My MHOrouJieHy f CTaBUT B COOTBETCTBHE OWJIMHEHHYIO
dopmy F, 3anannyto hopmysioi

FLf ((w(z),v(x)) = f(0)u(0)v(0) + f(1)u(L)v(1).



3anaua 12. [lyete V' — JiMHeliHOE MPOCTPAHCTBO MHOTOUJIEHOB cTeneHu He Oodiblie | Hanx nosem R
JIeHCTBUTENIbHBIX UHMCe/. 3aailTe TEH30p-MacCHBOM TeH30pHOe noJie F OUIHHERHbIX (POpM, 3a1aHHBIX
Ha JIMHEHHOM NpoCTpaHcTBe V, KOTOpOe KaxK/10My MHOTOUJIeHy f CTaBHT B COOTBETCTBHE OMJIMHEHHYIO
dopmy F, 3anannyto hopmysioi

FLf ((w(z),v(x)) = f(0)u(0)v(0) + f(L)u(L)v(1).

OTBer. buauneitnoi dopme COOTBETCTBYET  JIBAXK/bl KOBAPDUAHTHBIK  TeH-
30p,  Kaxaomy  6asucy  (JiokasbHOMy — 6asucy  KPUBOJMHEHHOH  CHCTEMbl  KOOpPIH-
HaT) CTaBsUIMH B  COOTBETCTBHE MaTpuily 3Toi  OuaumHenHoi  ¢opvel. Bpemem 6a-
3uc” = {ei1(),es(x)} = {2°, 2} [TycThb flx) =a+ Bz, ulx)=U"'+U%r =Ulex),

v(z) =V + Vi = Vie(n). Torna  E;(f) = f(0)e;(0)e;(0) + f(1)e;(1)e;(1). Hanpumep®,
Fiula+pz)=(a+5-0)-1-14+(a+-1)-1-1=2a+ (. Ilpono/mkas B TOM xKe Jyxe, MOJy-

yaem
2a0 + 3 oz+ﬁ>

B 6asuce b = {1°, 2} Fla+ B2] (B) = (Fjj(a + fz)) = ( a+8 a+p

2COOTBETCTBYIOLHH, TAK CKA3aTh, IPSMOJMUHEHHON» CHCTEME KOOPIMHAT.
sHarnoMHHM, 4TO B TeOPHHM MHOTOUJIEHOB MoJiaraiot no onpejesenuto 00 = 0, XoTst B MaTeMaTHYeCKOM
anaJsnse sHauenue 0° He onpesesieHo.



Pewmenue 3anaum 13.

3anaua 13. Ilyctb V' — JiMHeliHOe MPOCTPAHCTBO MHOTOUJIEHOB CTereHd He GoJiblile 1 Haj moJiem
R neficTBUTEIbHBIX YHCes. 3ajlaiiTe TeH30P-MAaCCUBOM TE€H30pHOE MoJie GUIHHEHHbIX (POpPM, 3alaHHBIX
Ha JIMHEHHOM npocTpaHcTBe V, KOTOpoe KaxKa0My MHOrouJieHy f CTaBUT B COOTBETCTBHE OWJIMHEHHYIO
dopmy F, 3anannyto hopmysioi



3anaua 13. [lyete V' — JiMHeliHOe MPOCTPAHCTBO MHOTOWJIEHOB cTeneHu He Oodibiie | Hanx nosem R
JIEHCTBUTENIbHBIX Unces. 3aaaniTe TeH30p-MacCHBOM TE€H30pHOE MoJie OUIMHEHHBIX (DOPM, 3a/laHHbIX Ha
JIMHEHHOM MpOCTpaHCTBe V, KOTOpOe KaxKJ0MYy MHOTOUJIEHY f CTABUT B COOTBETCTBHE OUJIMHENHYIO (hop-

My F, 3aianHyto (opMy.10il

OTtBer.
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Pewmenue 3anauu 14.

3anaua 14. B npocTpaHcTBe CHMMETPHUECKHX MATPHILL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAS] CUCTe-
u o uv
uv  uvw
®(u, v, w) noJie JIMHEHHBIX OTIEPATOPOB, KAXKI0H MaTpulle Y cTaBsiliee B COOTBETCTBHE JIMHEHHBIN Ore-
patop Buaa P[Y](X) = XY + Y X.

ma koopauHat ®(u, v, w) 3anana dpopmysaon e (u, v, w) = . 3ajaiite B cucTeMe KOOpAHHAT



3anauva 14. B npocTpaHcTBe CHMMETPUUECKMX MaTPHILL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAS] CHUCTe-
u o uv
uv  uvw
O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-
patop Buaa P[Y](X) = XY + Y X.

OtBer. JluneilHomy onepartopy COOTBETCTBYeT KOHTpa-KOBAapUAHTHBIH TE€H30p BTOPOrO PaHra,
Kaxk1oMy 6asucy (JokaabHOMYy 6a3uCy KPUBOJMHEHHOH CHCTEMbI KOOPJMHAT) CTABSIIIUH B COOTBETCTBHE
MaTpHLy onepaTtopa B 3ToM 6asuce. [ IpuBenem 1Ba peLieHus 9TOH 3a1a4n.

Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = . 3ajnaiite B cucTeMe KOOPJUHAT

[lepsoe  pewerue. bynem  neiictBOoBaTh no orpeie/IeHHIO. Bosbmem MaTpUILy
U uw .

Y = ®(u,v,w) = W uvw ) JlokanbHblil 6a3uc B TOUKE C 3TOM «PajMyCOM-BEKTOPOM» HMeeT

BHL

A@_<1 U),AL—(O u)jA@_(O 0)
VoW U UW 0 wv

[ToaTomy B cusly onpeneJieHUs MaTpULLbl JUHEHHOTO oneparopa,

P[Y](Mu)zMuY—YMu:(“ UU)(l v)+(1 v><u uv)z
uv  uvw v vw v w uv  uvw

o 2u(1+90?) 2wlw+1) ) Lo, 0wy, 0 0
“\ 2wlow+1) 2uw?(14w?) ) TP v oww Pag s\ o w )

CpaBHHBaH KO3(b(i)I/IIlHeHTbI MaTpHL B JIEBbIX W MPaBbIX YACTsAX MMOCJEJHET0 paBEHCTBA, MMoJydaeM CUCTE-



My YpaBHEHHH
p11 = 2u (1+v?)
VP11t U par = 2uv(vw + 1) ,
VW - Pry + W - Pag + uv - p3; = 2uv? (1 + w?)

KOTOPYIO MOKHO MPEACTABUThL B BUJIE MATPUUHOTO YPABHEHUS

1 0 0 P11 2u (1 + v?)
v ou 0 par | = 2ww(vw+1)
VW oUW uw P31 2uv? (1 + w?)

PasencrtBa

p[Y](Mu)ZMvY—YMU:<“ uv)(o U)+(0 U)(u uv):
uv  uvw u uw u uw Uy uvw

B 2uv wlow+1) \ Lo, 0wy, (0 0
w4+ 1) 2w (14w?) ) P2 v oww P22 { P2\ o0 w )

CBOAATCA K MATPUUHOMY YPABHEHHIO

1 00 P12 2u?v
v u 0 P | = u?(vw + 1)
00 1 P32 2uv? (1 4+ w?)

P[Y](Mw):MwY—YMw: woouv 0 0 + 0 0 uoouv )
uv  UVW 0 wv 0 wv UV UVW



B 0 u?? O\ Lo, 0w 0 0
T\ w? 202w ) T P8y ow P23\ 4w Pss\ o ww )

UTO MPUBOJUT K MATPUUHOMY YPaBHEHHIO

1 0 0 s 0
v u 0 pas | = w?v?
VW ww v P33 2u?v?w

ITH TPU MATPUUHBIX yPABHEHHS CBOAATCS C MIOMOLLBLIO «YMHOKEeHUsI HA MAKPOYPOBHE» K OJJHOMY MaT-
PUUHOMY YPaBHEHHIO

L 0o0 P11 P12 D13 2u (1 +v?) 2uv 0
vou 0 pa1 P2 pas | = 2w(w+1) WPlow+1)  uw??
0 01 P31 D32 P33 2uv? (1 +w?) 2uv? (1+w?) 2u*0*w

Peluast 570 MaTpuuHOe ypaBHeHHe MeTo10M [aycca Wi ¢ MOMOLLbI0 00paTHOl MaTpHLLbL!, oJTydaem

2u (1 + v?) 2uv 0
Po(Y) = (P(u,v,w)) = | 20°(w—v) u (2vw(—3v22 J)r 1) vu
2(w —v) —w uow

4KOTOpaﬂ, KCTaTH, paBHa —



3anauva 14. B npocTpaHcTBe CHMMETPUUECKMX MaTPHILL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAS] CHUCTe-
u o uv
uv  uvw
O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-
patop Buaa P[Y](X) = XY + Y X.

OtBet. Bmopoe pewerue. Haiinem maTpulily ornepatopa p[Y] B 6asuce

(o) (1) (01}
(o 0) =) (o o) (o) (o) = (o 0) -
() e (90 ) o099 20

Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = . 3ajnaiite B cucTeMe KOOPJUHAT



3anaua 14. B npoctpaHcTBe CUMMETPHUECKHUX MATPHLL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHASA CHCTe-

. u o uv .
Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = w ww | 3anaiite B cUCTeMe KOOPJUHAT

O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-

patop Buaa P[Y](X) = XY + Y X.
OtBert. Bmopoe pewenue. Haiiem matpuity onepatopa P[Y'| B 6a3uce

o) (Vo) (a0))



3anauva 14. B npocTpaHcTBe CHMMETPUUECKMX MaTPHILL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAS] CHUCTe-
u o uv
uv  uvw
O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-
patop Buaa P[Y](X) = XY + Y X.

OtBet. Bmopoe pewerue. Haiinem maTpulily ornepatopa p[Y] B 6asuce

o) (Vo) (a0))

Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = . 3ajnaiite B cucTeMe KOOPJUHAT

0
2uv
10 01 0 0
0 0)—|—u(1—|—vw)(1 0)+2u1}(0 1>|—> u(l—l—gz)g



3anaua 14. B npoctpaHcTBe CUMMETPHUECKHUX MATPHLL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHASA CHCTe-

. u o uv .
Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = w ww | 3anaiite B cUCTeMe KOOPJUHAT
O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-

patop Buaa P[Y](X) = XY + Y X.
OtBert. Bmopoe pewenue. Haiiem matpuity onepatopa P[Y'| B 6a3uce

o) (Vo) (a0))

2u
S 1 0 1 0 0 1 0 0
P[Y](Oo>z2u(00>+uv(1O)—i—()(o1)»—> ug
. 0 1 10 01 00 Zuv
P[Y](l O>:2uv(0 O)—I—u(1+vw)(1 O)+2uv(0 1)»—> u(l—l—gw)
uv
S 0 0 1 0 01 0 0 0
P[Y](O1)=0<00)+uv(10)+2uvw(01>r—> QU:;;

1 0 0 1 00 . . .
Marpuua nepexona u3 6asuca , , B HaWJIEHHLIH BLILIE JIOKAJLHBINA
0 0 10 01
2u 2uv 0

6asuc { M, M,, M,,} cucrembl KoopauHat ®(u, v, w) paBHa | wv u(l+ovw) wv
0 2uv 2uvw



3anauva 14. B npocTpaHcTBe CHMMETPUUECKMX MaTPHILL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAS] CHUCTe-
u o uv
uv  uvw
O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-
patop Buaa P[Y](X) = XY + Y X.

OtBet. Bmopoe pewerue. Haiinem maTpulily ornepatopa p[Y] B 6asuce

o) (Vo) (a1))

10 01 0 0 . . .
Marpuua nepexona u3 6asuca , , B HAUJIEHHBIM BbILlI€ JIOKAJIbHBIN

Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = . 3ajnaiite B cucTeMe KOOPJUHAT

00 10 01
2u 2uv 0
6asuc {M,, M,, M,,} cucrembl KoopauHaT ®(u,v,w) paBHa | wv u(l+ow) ww . [Toatomy wmc-
0 2uv 2uvw

KoMasi MmaTpuia oneparopa B JJIOKaJIlbHOM 0asuce CUCTEMbI KOOpAUHAaT CD(U, v, ’LU), paBHa



3anauva 14. B npocTpaHcTBe CHMMETPUUECKMX MaTPHILL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAS] CHUCTe-
u o uv
uv  uvw
O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-
patop Buaa P[Y](X) = XY + Y X.

OtBet. Bmopoe pewerue. Haiinem maTpulily ornepatopa p[Y] B 6asuce

o) (Vo) (a1))

10 01 0 0 . . .
Marpuua nepexona u3 6asuca , , B HAUJIEHHBIM BbILlI€ JIOKAJIbHBIN

Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = . 3ajnaiite B cucTeMe KOOPJUHAT

00 10 01
2u 2uv 0
6asuc {M,, M,, M,,} cucrembl KoopauHaT ®(u,v,w) paBHa | wv u(l+ow) ww . [Toatomy wmc-
0 2uv 2uvw

KoMasi MmaTpuia oneparopa B JJIOKaJIlbHOM 0asuce CUCTEMbI KOOpAUHAaT CD(U, v, ’LU), paBHa

10 0\ (2« 2w 0 1 0 0
v u 0 w u(l+ow) wv v ou 0 | =

VW UW UV 0 2uv 2uvw VW UW UV



3anauva 14. B npocTpaHcTBe CHMMETPUUECKMX MaTPHILL PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAS] CHUCTe-
u o uv
uv  uvw
O (u, v, w) noJie JIMHEHHBIX OMEPATOPOB, KAXKA0H MaTpulle Y cTapsilee B COOTBETCTBUE JIMHEHHBIN Ore-
patop Buaa P[Y](X) = XY + Y X.

OtBet. Bmopoe pewerue. Haiinem maTpulily ornepatopa p[Y] B 6asuce

o) (Vo) (a1))

10 01 0 0 . . .
Marpuua nepexona u3 6asuca , , B HAUJIEHHBIM BbILlI€ JIOKAJIbHBIN

Ma KoopauHat ®(u, v, w) 3anana gopmysoi P (u, v, w) = . 3ajnaiite B cucTeMe KOOPJUHAT

00 10 01
2u 2uv 0
6asuc {M,, M,, M,,} cucrembl KoopauHaT ®(u,v,w) paBHa | wv u(l+ow) ww . [Toatomy wmc-
0 2uv 2uvw

KoMasi MmaTpuia oneparopa B JJIOKaJIlbHOM 0asuce CUCTEMbI KOOpAUHAaT CD(U, v, ’LU), paBHa

-1

1 0 O 2u 2uv 0 10 0
v u 0 w u(l+ow) wv v ou 0 | =
VW UW  Uv 0 2uv 2uvw VW UW  UY
2u (1 + v?) 2uv 0
— | 20*(w—v) u(l+2vw—20") w? |
u(w — 20)
2(v — w) ——— uow

4TO COBMagaeT C pe3dyJibTaTaMH paCcueToB, NPUBEACHHLIX B ITIEPBOM PELICHHH.



Pewmenue 3anaum 15.

3anaua 15. B npocTpaHcTBe MHOrOUJIEHOB C BEllleCTBEHHBIMU KOS PHULIMEHTAMH CTENEHH, HE BbIlle
1, kpuBoJIMHeliHasi cucTeMa KoopauHaT P(u, v) 3amana gopmydoi (P(u,v)) (z) = wv 4+ ux. 3anaite B
cucteme KoopauHat $(u,v) TeH30pHOE MoJie JIMHEHHBIX 0MepaTOPOB, KaXKJ0My MHOrousieHy f(x) cTaBsi-
d (f(z)g(z))

l11ee B COOTBETCTBHE JIMHEHHBIN oriepaTtop P/(f\), 3ajlaBaeMblii (hOpMyJI0H (P/(f\)) (9) = qr



3anaua 15. B npocTpaHCTBe MHOTOUJIEHOB € BellleCTBEHHbIMU KO3(hULIHEHTaMH CTeNeHH, He Bbille |,
KpUBOJIMHEHAs cucTeMa KoopauHaT (u, v) 3anana dopmyaoit (P(u,v)) (z) = uwv + ux. 3anaite B cu-
creMe KoopauHat ®(u, v) TeH30pHOE NOJIE JIMHEHHBIX OTIEPAaTOPOB, KaKI0MYy MHOTroUJIeHy f(x) cTaBsiilee
d (f(z)g(x))

B COOTBETCTBHE JIMHEHHDIH oneparop P/(f\), 3ajaBaeMblil hopmyJI0i (P/(f\)> (9) = dr

Orser. (Pij(u,v)) = ( “ 2)



Pewmenue 3anauu 16.

3anaua 16. C nomolipio MaTpUIbI epexoia HalauTe B cucTeMe KoopauHat P (u, v) nepBoit KOOpu-
HATHOH YeTBEPTH KOOPJAMHATHI TEH30PHOTO 10J151, 33IaHHOTO B MOJISIPHOH CUCTEMe KOOPJMHAT BblpaKeHH -

=4 — —
eM T = pT ,— T, €C/IH KOOPAMHATHbBIE JINHHK CHCTEMBI KOOpAHHAT ® HmetoT BHL xy = u?, = = v?y.
3necb u,v,x,y >0, 0<p< ZZT—



3anaua 16. C nomolibio MaTPHLBI Mepexo/ia HailiuTe B cucteMe KoopauHat $(u, v) nepBoit Koopau-
HaTHOH UeTBEPTH KOOPAMHATbHI TEH30PHOTO 10151, 33laHHOTO B MOJISIPHOH CHCTEME KOOPIMHAT BbIpaXKeHH -

=t — —
em T = pT, — T, €cM KOOPAUHATHbIE JTUHHU CUCTEMbI KOOPAMHAT ® umetoT BuL: 7y = u?, 1z = v?y.
3nech u,v, 7,y >0, 0<p<F.

— —

T u — U
OrBet. Jlerko HaxoaUTCs BbIpaXKeHHE T, Y Uepes u, v: Jlostomy ¥ =wvi + 3,
’ ’ y=u/v v

— —
— . 1=
ry=v1 +5)
— '3 u
ro=ul ——=5]
v

B npotiecce petienns npumepa 3, ¢Tp.H0, Mbl HALIJIN JIOKAJbHBIH 6A3UC MOJISIPHON CUCTEMbI KOOPIMHAT:
R - . >
r,=cosp1l +singyj
r,=—psing1l +pcosy ]

MoxkHO HallTH MaTpULy repexoja U3 JOKaJbHOro 6a3uca MoJsipHON CUCTEMbl KOOPJMHAT B JIOKAJbHbIN

6asuc cucteMbl ¢ ¢ MOMOLIBLIO ITUX PaA3JI0KEHUH, HO MPOLLE BOCMNO/Nb30BaThes hopmysoi. Boipasum
p, @ uepes u, v, yuuTbiBasi 0 < ¢ < %:

4 p:% U4+1
{pcosgp—uv @zarctg#
= 2
inp=4 7 cosp=—L—
pELE =2 i v‘i+1
sin p = ————
[ Y vi41




Vil u(vt=1)

(i) — U 2
CunenoBaresibio,  matpuia rnepexoga pasna A = (al;) = . 2y . Mar-
vi+1

pully oOpaTHOro Iepexoja MOXKHO HalTH, Hanpumep, ¢ MoMoulblo GopmyJbl, MnoJjaydaem

v v = 1
B = (bij) = Vvvt+1 24U . TeH30p-BeKTOp U3 yCJAOBHS 3a/1laul UMEET BUJL

v 41
0 2v
—w —

e d - 1— 2
T=pr,—r, =T 1,+T°1,,
MO3TOMY MacCHB €ro KOOPJMHAT B JIOKAJbHOM Oasuce cucTeMbl KoopauHat @ (u, v) paBeH

v vt —1 u(2v2—|—1—v4)
) = (b, 77) = [ Vor+1 27 P = 0
*J 0 _v4 +1 —1 v +1
20 2v




Pewmenue 3anaum 17.

3apnaua 17. B siHefiHoM mpocTpaHcTBe P;(x) MHOTOUIEHOB CTeNeHH He Bbillle | KpUBOJIMHEHHAS
cucrema KoopanHat ®(u, v) 3anana dopmyaoi (P(u,v)) (z) = wv + (u + v)z. Haiiaure KoBapHaHTHYO
TPOU3BOJIHYI0 OTlepaTopa A hepeHIIPOBaHUS B JIOKATIbHOM 6a3uce cucteMbl KoopauHat $(u, v).



3anaua 17. B smneitnom npoctpancTse Py (x) MHOTOUIEHOB CTENEHH He Bblllle | KpUBOJMHEHHAST CH-
crema KoopauHat ®(u,v) sanana dopmynoit (®(u,v)) (z) = uv + (u+ v)z. Hailnure KoBapuaHTHyO
TPOU3BOJIHYIO OTlepaTopa A hepeHIIPOBaHUS B JIOKalIbHOM 6a3uce cucteMbl KoopauHat $(u, v).

OTBetr. Jta 3ajaua aHaJorMYHa pacCMOTPEHHOMY Bbillie mpumepy 8, ctp.192. Hatinem BeKTOpbI J10-
KasibHoro 6aszuca cucteMbl KoopauHat ®(u, v):

(®(u,v)) (z) =wv + (u+v)z, Pu(z) =P1(z) =v+a, Py(z)=Do(z) =0+

[Tosromy siokasbHbli 6a3uc umeet Bua B = {v + =, u + x}. Haiinem matpuily onepatopa anddepeHiimn-
pPOBaHUS B 3TOM JIOKAJbHOM Oa3uce:

(@) + d2,®o(2) = (vdgy + udZy) + (dey + d2y) @
1(w) + do2q)2($) = (Udb + Ud%2) + (d12 + d22) T

1P
,®
; 1 -1 -1
otkyna D(B) = (DZ ) = — . DTOMY MacCUBY COOTBETCTBYET T€H30P-BEKTOP

1

Uu—v

o, @ P! —

1 1 1
b, @ P+ b, @ O + by, @ O
— U — v — v

Haiinem cumBosibl KpHCTO(p(peJm cuctembl KoopauHat ®(u, v) ¢ nomolpio hopmyibi:
7@ - g =1=TL&, + 2,0, = T}, &, + 2,3,
il

%(I)Q = 0 = F22q)1 —|— 1—%2(1)2



OTKy/1a

VR
= =
=N
—_ =
= =
=N =
NN
= =
DN DO —
NN
~~
Il
VR
— <
—_
~~
VR
o O
O =
o O
S~
I
VR
o O
o |
IS
| {—=
| =
@G

to ectb (Th,) =

1
u—v 0

thopmyJie (MaccuB (D{’q) Mbl HAIJIK BbILLIE ):

, o . . .
(wma=ngQ+@apw—@mmJ:
1. —1s !
o ) < 0o L
- - 1
u— ) u—v)? 1 = 0
T L e
G—oF o ( . e
1 1 T 0




OTBer:

[ )
1 (-1 -1 0
_u—v( 1 1) 0 1
1 1 . 1 . 1
( (u—lv)2 (u—lv)2 ) (ul—v)2 (ulv)Q)
(u—lv)2 _(u—lv)2 n (u—lv)2 (u—lv)2
_(ul—v)2 (ulv)z) (u—lv)2 (u—lv)2 )
(u=2v)*  (u—v)? C(w—v)?  (u—v)?
00
1 \oo
0 0
0 0

KOBapHaHTHasi IPOU3BOAHASA STOIO TEH3OPHOTO I10JIs1 HYJIEBAs.

o O OO

o O OO



Pewmenue 3anaum 18.

3apnaua 18. Hafiaute B nosisipHON cvcTeMe KOOPAMHAT KOBAPUAHTHYIO MPOU3BOJIHYIO TEH30PHO-
- o
ro noJisi, KaxJoMy pajuyC-BEKTOpPYy I [JIOCKOCTH CTaBSLLEro B COOTBETCTBHE OWJIMHEHHYIO (DopMy

FIF]EY) = (mpeX) - (p+Y).



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
g o
ro MoJisi, KaxJI0My pajlyCc-BEeKTOpPYy I TJIOCKOCTH CTaBsIlLEro B COOTBETCTBHE OMJHHElHHYI0 (popmy
—1 = =\ — —
FIT](XY) = (npeX) - (npeY).
Oter. CHauasa, yuuTblBast noJyueHHbie paHee pe3yibTaTbl, HAalJeM MacCHB KOOPAHMHATHBIX
(yHKLHMH TEH30PHOTO 110J151 B JIOKAJbHOM 6a3uce MoJIsIPHOI CHCTEMbl KOOPMHAT:
— i e r,=cosp1l +snyj,
I =pcospl +psine ], N L = —
r,=—psing1l +pcosey ],

H, COIVIaCHO CBOﬁCTBy CKaJIIpHOIro npou3BeaeHus

F11 = (Hp??p) (Hp??p) = g % =1

Fiy = (npT,) (npsT,) = % % =0

Fa = (102 %) (192 ¥,) = gy & =0

Fpp = (npe ) (Mp Ty) = Lp ' Lp =0
3uaunt, F(B) = (F};) = ( (1) 8 > CornacHo hopmysie umMeeM



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
g o
ro MoJisl, KaxJIoMy pajMyC-BeKTOpy I [MJOCKOCTH CTaBSILLEro B COOTBETCTBHE OWJIMHEHHYIO (opmy
—7 = = — —
FIT](X.Y) = (npeX) - (mp+Y)-
OTtBeTt. CHauasa, yuuThbiBast NoJy4eHHbie paHee pesyabTaTbl, Hal1eM MacCUB KOOPJAHHATHBIX (DyHK-
LMK TEH30PHOTO MOJISl B JIOKAJIbHOM 0a3uce MOJNAPHON CHCTEMbl KOOPAUHAT:
— i e r,=cosp1l +snyj,
I =pcospl +psing ], N L = —
r,=—psing1l +pcosy ],

H, COIVIaCHO CBOﬁCTBy CKaJIpHOIro npou3BeaeHus

Fy = (nppT,) (mppT,) = g % =1

Fio = (npe ©,) (s Ty) = 5 % =0
Fy = (np¥) (npe T,) = 5055 =0
Fp = (np ) (npsTp) = 525 505 =0

3uaunt, F(B) = (F};) = ( (1) 8 . CorsacHo hopmyisie umMeem

0

ViFj = o7

m m
ij - Fiijk - Ik Jjm:-



3anauva 18. Haiinure B nosisipHOH cUCTeMe KOOpAMHAT KOBAPHAHTHYIO MPOM3BOJHYIO TE€H30PHO-
— o
ro MoJisl, KaXJIOMy pajinyC-BEKTOPY I TJOCKOCTH CTaBSIIEr0 B COOTBETCTBHE OHJIMHEHHYIO (opmy
—7 = = — —
FIT](X,Y) = (npsX) - (mp+Y).
OTtBeTt. CHauasa, yuuThbiBast NoJy4eHHbie paHee pesyabTaTbl, Hal1eM MacCUB KOOPJAHHATHBIX (DyHK-
UMK TEH30PHOTO MOJISA B JIOKAJbHOM 6a3Uce MOJIsIPHOA CUCTEMbl KOOPJMHAT:

T =pcospi +psingj, LP_COS?‘ +_.>Sln¢']’ =
r,=—psing1l +pcosy ],
F(B) = (F};) = 00 ) CoryacHo hopmyiie umeeM V, Fjj, = 6_qZF]k — I Fog — T Fjm.

MaccuB 3Hauenuii cumBoJioB Kpuctoddens aas moasipHOH CUCTEMbl KOOPAMHAT HETPYAHO <HU3BJIEUb»
13 hopmyJibl, HO €ro cjetyeT npeo6pasoBaTh’ Aj1si BTOPOTO H, COOTBETCTBEHHO, TPETHETO CJAraeMoro
nocJeHer hopMyJibl CIeLYyOLIUM 00pa3oM:

() = GOE

5To eCTb TpaHCIIOHUPOBATb MaCCHBbI. [OBOPUTH O TPAHCIIOHUPOBAHUM MEH30POB B STOM CJlyuae Hellb-
351, BO-TI€PBbIX, MTOCKOJIbKY IPOBOJIUTCS MePECTaHOBKA PA3HOBLICOKMX HHJEKCOB H, caMoe IJlaBHOE, Mac-
cuB cumBoJioB Kpucroddesst TeH30poM He siBJIsieTCst (MTOCKOJIbKY STOT MACCHB XapaKTepU3YeT «IeoMeT-
PHIO TAHHOW KPUBOJIMHEHHOH CUCTEMbI KOOPIMHAT», U MPU MEPeX0JIe K APYrod CUCTEeMe KOOPJAMHAT MEHs -
eTCsl MOUTH HEIpeJICKa3yeMo ).



3anauva 18. Haiinure B nosisipHOH cUCTeMe KOOpAMHAT KOBAPHAHTHYIO MPOM3BOJHYIO TE€H30PHO-
— o
ro MoJisl, KaXJIOMy pajinyC-BEKTOPY I TJOCKOCTH CTaBSIIEr0 B COOTBETCTBHE OHJIMHEHHYIO (opmy
—7 = = — —
FIT](X,Y) = (npsX) - (mp+Y).
OTtBeTt. CHauasa, yuuThbiBast NoJy4eHHbie paHee pesyabTaTbl, Hal1eM MacCUB KOOPJAHHATHBIX (DyHK-
UMK TEH30PHOTO MOJISA B JIOKAJbHOM 6a3Uce MOJIsIPHOA CUCTEMbl KOOPJMHAT:
r,=cosp1l +snyj,

— . -

r =pcosp 1l +psmgpJ, . Y
r,=—psinp1 +pcosy J,

1

F() = (F};) = ( 0 8 ) Corsacuo dhopmyiie umeeM V,; Fj, = ik — Ui Ee — Ui Fjm.

O F,
dq

MaCCHB 3HaquHI/UI CHUMBOJIOB KpI/ICTO(bq;)eJIH JJ1A HOJIHpHOﬁ CUCTEMDbI KOOp}lI/IHaT Hepr&HO KU3BJICUb>» U3
(])OpMlebl, HO ero CJlellyeT HpeO6p33OBaTb JJ1A BTOpOTO H, COOTBETCTBEHHO, TpeTbeFO cJiaraemMoro 11o-

cJe/iHer (hopMyJibl CJIeAyOLIMM 00pa3oM:

0 0 0 0
1 1
0 = 0 =
ook _ 1% ok __ 1%
(Fij ) - 0 1 ’ (Fi'j) - 0 —p
p 1 0
—p 0 5



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
- o
ro MoJisl, KaxJIoMy pajMyC-BeKTOpy I [MJOCKOCTH CTaBSILLEro B COOTBETCTBHE OWJIMHEHHYIO (opmy

FIF](EY) = (mpeX) - (mpY).
Otser. V;Fyy, = Ly — T F, — T Fp.

¢’
0 0 0 0
1 1
(1) = <<§p p%> )= (<£ i))

CJle10BaTe/IbHO,



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
- o
ro MoJisl, KaxJIoMy pajMyC-BeKTOpy I [MJOCKOCTH CTaBSILLEro B COOTBETCTBHE OWJIMHEHHYIO (opmy

FITFIEY) = (mpeX) - (mpry).
Otser. V;Fyy, = Ly — T F, — T Fp.
1
0 =
(Fok) — p

B
0 0
() - <<2 1>> ,

—p
a L X Jagh oM
&]iFj ) — (T3 Foux) — (Ciah Fjm) =

oblr—‘bl

CJle10BaTe/IbHO,

(ViFj) = (



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
- o
ro MoJisl, KaxJIoMy pajMyC-BeKTOpy I [MJOCKOCTH CTaBSILLEro B COOTBETCTBHE OWJIMHEHHYIO (opmy

FIY](X,¥) = (Hp~?) - (mp£ ).
OtBer. V, [}, = 8 — I Fok — T Fim.

87,
(0 0) 0
1
0 = 0
P ok
") =
o 1 - (1) 0 —p
P 1 0
—p 0 7

(F;j.k) -

CJle10BaTe/IbHO,

T O OO
o O O



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
- o
ro MoJisi, KaxJI0My pajlyCc-BEeKTOpPYy I TJIOCKOCTH CTaBsIlLEro B COOTBETCTBHE OMJHHElHHYI0 (popmy
a l

fT](X,y) = (npa?) - (mprY).
OtBer. V, [}, = 8 — I Fok — T Fim.
< 00 > < 0 0 )

1 1
0 = 0 =
ook __ P ok\ __ 1%
(Fij ) - 0 l ) (Fi'j) - 0 —p

p 1
—p 0 7 0

CJle10BaTe/IbHO,

(9 oo om
(viij):<a_qiE’f) (L5 ) = (T3 Ejm) =

T O OO
o O O

[TosToMmy, corsiacHo hopmyJie, noaydaem



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
- o
ro MoJisi, KaxJI0My pajlyCc-BEeKTOpPYy I TJIOCKOCTH CTaBsIlLEro B COOTBETCTBHE OMJHHElHHYI0 (popmy

FIF](EY) = (mpeX) - (mpY).
Otser. V;Fyy, = Ly — T F, — T Fp.

¢’
0 0 0 0
1 1
(1) = <<§p p%> )= (<£ i))

CJle10BaTe/IbHO,

0 eom om

T O OO
o O O

[TosToMmy, corsiacHo hopmyJie, noaydaem

VT =VIuT 0T o=



3apnaua 18. Hadiqure B noJisipHOl cUCTeMe KOOPAMHAT KOBAPHUAHTHYIO MPOHU3BOAHYIO TEH30PHO-
- o
ro MoJisi, KaxJI0My pajlyCc-BEeKTOpPYy I TJIOCKOCTH CTaBsIlLEro B COOTBETCTBHE OMJHHElHHYI0 (popmy

FIF](EY) = (mpeX) - (mpY).
Otser. V;Fyy, = Ly — T F, — T Fp.

¢’
0 0 0 0
1 1
(1) = <<§p p%> )= (<£ i))

CJle10BaTe/IbHO,

0 eom om

T O OO
o O O

[TosToMmy, corsiacHo hopmyJie, noaydaem

VT =V T o T @ T = pTP @ T @ T +pT 2 T¢® T7.



Pewmenue 3anaum 19.

3anaqa 19. Brolyucure B HUJUHAPUYECKHUX KOOPAHHATaX KOBaAPUAHTHYIO TPOU3BOHYIO I10JI51 OUJIN-
. . — .
HEHHbIX q)OpM, CTaBsULEr0 KaKJ10H TOUKE C pallyC-BEKTOPOM I B COOTBETCTBUE 6I/IJII/IH€I/IHy}O CpOpMy

(F(T)) (€.9) = [F] - (€, 7).



38.[{21‘-[3. 19. Briuucsure B HUJIUHAPUYECKHUX KOOpAHHATax KOBAPHUAHTHYIO MTPOU3BOAHYIO T10JIs OUJIn-
. . — .
HEHWHbIX (bOpM, CTaBAULLEro KaxJa0u TOUKE C paauyC-BEKTOPOM I B COOTBETCTBHE 6I/IJH/IH€I/IHy}O (bOpMy

(F(7)) (6. 9) = [ F]- (3. 7).

OtBer. CorsnacHo hopmyiie,

0
J— m m
(szﬂc) - (8tij - (Foz’ijk) - ( .iijm)- (6)
Maccu cumBosioB Kpucroddens uuiamHapuueckKkomn cucTeMbl KOOPAUHAT Mbl BRIYMCJIHIIN BhILIE, HO
ero yﬂ06Hee «peopraHu3oBaTbh» JAJsI BTOPOro U, COOTBETCTBEHHO, TPETLErO CJlaraeMblX (bopMyJIbI (7) cJe-

JYIOLLKM 00pa3oMm:

(I3") = (Tiey) =



3anaqa 19. Briuucsure B HUJIUHAPUYECKHUX KOOpAHHATax KOBAPHUAHTHYIO MTPOU3BOAHYIO T10JIs OUJIn-
. . — .
HEHWHbIX (bOpM, CTaBAULLEro KaxJa0u TOUKE C paauyC-BEKTOPOM I B COOTBETCTBHE 6I/IJII/IH€I/IHy}O q)OpMy

(F(F) (0, ¥) =7 (d, V).

OtBeT. CorsiacHo hopmyie,
(ViFp) = (=i ) = (T2, Fo) — (T3 F) (7)
k) — (9qi jk oijt'mk eikt'gm) -
MaccuB cumBog0B Kpucroddenss unamHapruueckoi cucTeMbl KOOPANHAT Mbl BBIYHCJIUIIH BHIILIE, HO
ero yo6Hee «peopraHu3oBaTh» JJisi BTOPOro H, COOTBETCTBEHHO, TPETbEro cjaraeMblix hopmMyJibl (7) cie-

JyIOUUM 00pa3oM:

0 00 0 00
1 1
0 50 0 50
0 00 0 00
1 0 —p 0
0 = 0 p
YA ok
(Teeh) = iy A , (o)) = L0
0 00 0 00
000 000
000 000
000 000



MaccuB KOOpAMHAT JAHHOTO BEKTOPHOTO 10Jis1 y»Ke moayueH. Ilostomy, cuutas ¢ =p, ¢ = ¢,
¢® = z, noJyyaem

(ViFj) = ( 0 Fy ) = (5" Foni) = (T3 Fjm) =

aq'
P 0 0
‘/p2+22
2 2
0 p (3p” + 22%) 0
p2+22
0 0 P
B ‘/,02+22
- P+ 22 0 0 _
0 20
p2+22
0 0 ___z
,/p2+22
0 0O
0 00
0 0 0



oI o

o oI

/p2 + 22 0
O p2 p2 + 22
0 0
/pQ + 22 0
0 pQ p2 + 22
0 0
/p2 + 22 0
0 p2 p2 + 22
0 0
0 0
p2 p2 + 22 0
0 /p2 + Z2
0 0
pQ p2 + Z2 0
0 /p2 + 22
0 0
p2 p2 + 22 0
0 /p2 + 22

oI~ o

o O O
o O O
o O O




0 0 0
0 pyv/p?+22 0
0 0 0
0 —pV/ PP +22 0
p*+ 22 0 0
0 0 0
000
000
0 00



p2+22
0 Lk
p2_|_z2
0 0 P
B p2+z2
— VpEt 22 ’
2
zp
0 e 0
0 0 .z
/p2+22
0 00
0 00
0 00

CJ'[@ILOBaTe.HbHO, COIJIaCHO (I)OpMy.ﬂe, KOBapHaHTHasi IpOU3BOAHAasi paBHa
—— ; :
VF=VFr' T/ o=
1
= ﬁ(p?”@?"@?P+p3?f’®?@®?“’+p?ﬁ®?z®?z+
P+ z

+2TPRT R T +2p° TP QTR T +2T QT ®T7).



Pewmenue 3anauu 20.

3anaua 20. Hailinute KoBapHaHTHYIO TPOM3BOJHYIO [0Jis1 JIKHEHHBIX OMEpPaToOpoB, KaxKI0My
— o o o F = o o
BEKTOPY T COMOCTABJISIOLIMA JHHEAHbIH omepatop L [T'| muockoctn II, 3amanubrii opmyiiof

- 1 11— —
—7 (= — . o
L [r] (v) = m [k; V], rae k — elMHUUHBIA BEKTOP, NepHeHIMKYJISPHbIA M10CcKoCTH I1.



3anaua 20. Hailgute KoBapuaHTHYIO TPOU3BOJHYIO T0JS1 JIMHEHHBIX OMEpPaTOpPOB, KaxKI0My
— o o o F = o o
BEKTOPY T COMOCTABJSIOLIMII JIHHEHAHbI onepatop L [T] mmockocrn II, samanmbiii dopmysioit

L[F](¥) = =

T = ¥ o .

= ﬁ [k; Vv |, rie k — enMHUUHbIN BeKTOP, MepreHanKyspHbli naockocTH I1.
r
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-1 X
0 _— 0 e
2 N EERRE

N N T _ (22 +y2)*?
(VsLj) = 1 = y
g /22 + Y2 (22 + y2)3/2
) 1 -y
Y T 3 a3 0 3/2 0
Va2 + 2 (22 +y?)

ITO COBMAMAET C MOJyYeHHbIM paHee Pe3yJ/bTaToM, MpeICTaBJeHHbIM hopmyaoi (8).




3anaua 20. Hailgute KoBapuaHTHYIO TPOU3BOJHYIO T0JS1 JIMHEHHBIX OMEpPaTOpPOB, KaxKI0My
— o o o F — o o
BEKTOPY T COIMOCTABJSIOLMA JiMHelAHbIA omepatop L [T'| muockoctu II, 3anaublii popmyiioi
A 1
—7 (=
L[T] (Vv

7 = 5 . .
) = ﬁ [k; v], rie k — eauHUUHBIN BEKTOP, NepreHAnKYAsIpHblH ockocTH 1.
r
OTtBer.
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e-mail: melnikov@k66.ru, melnikov@r66.ru
cauthbl: http://melnikov.k66.ru, http://melnikov.web.ur.ru

BepHyTbcCsl K CIUCKY Npe3eHTauun?
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