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IIpumep 1. HUzobpazums  koopdunwammve aunuu u =0, u=—1,
u=1, v=1 daa kpusosuneinot cucmemo, xoopdunam P(u,v) nep-
601 Koopduramnoti wemsepmu x > 0,y > 0, 3adannoti cucmemoti xKoop-

r=1u-—"u,

y = u® — v

duHamHLLL GYHKUUL

Pemenne.
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duHamHLLL GYHKUUL

Pemenne. Eciu nonoxkunrs w =0, To moaydmMm mapamMeTpuiecKoe

ypaBHEeHNE COOTBETCTBYIOIIEN KOOPAUHATHON JIMHUN:
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N i _Ué Y1100-
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Hee, KOHEYHO, ObL/IO Obl MOJIYYUThL «00bIUHOEe» YpaBHEHUE, TO €CTh ypaB-

ypaBHEHNE COOTBETCTBYIOIIE KOOPJAMHATHON JIMHUN:

werue Buyia f(x,y) = 0. st sT0r0
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91 Ha % + ¥ W BBIYTEM U3 MOJYYEHHOIO ypaBHEHUS BTOPOE ypaBHEHNE.
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JUHNUA U = — 1
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IIpumep 1. Hzobpasumsv  xoopdurnamuvie auruu u =0, u=—1,
u=1, v=1 0daa xpusosuneiinoti cucmemuv. xKoopdunam P(u,v) nep-
601 Koopduramnoti wemsepmu x > 0,y > 0, 3adannoti cucmemoti xKoop-

QUHAMHBLT PyHKUUL e= e
Yy y = u® — v
33'2 +y 2
— : = uz — 22,
Pemtenne. Ntax, 2r J wr ;1:2
v:ygx Yy = 2vx + x“.
€T Y

BHAUNT, KOOPJAUHATHBIE JTUHUNA UMEIOT BUJL (yIuThiBast & > 0):
u=-1y=—(r+1)?2+1, 4

u=1 y=—(z—1)2+1,

v=1 y=(r+1)*-1.

BepnryTbcs K gekmun?
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Hamrot wvemeepmu x > 0,y > 0 _
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natoume A0KaAHG 6a3uc, 6 wacmuocmu, 6 mouke P(2; —1).
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yCJIoB1e i = ux’, HCKOMble KoopauHaTHble hynkuun z(u, v), y(u, v).
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IlepBorii cnocg6. Mur MILEM TAKYIO b yHKINIO
P(u,v) = z(u,v) i +y(u,v)j, aro

0P 0P — - —
0= —,— :(xul +yu ), Ty 1 +va):$u$v+yuyv:
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P(u,v) = z(u,v) i +y(u,v)j, aro

0P 0P — - —
0= —,— :(xul +yu ), Ty 1 +va):$u$v+yuyv:

2 2
:xuxv+6(ua:).8(uaz) _

ou Ov
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IlepBorii cnocg6. Mur MILEM TAKYIO b yHKINIO
P(u,v) = z(u,v) i +y(u,v)j, aro
od 9P - - -
O=\(5-5-)= (xu 1 tYul),Tvl +Yv) ) = TuTy + YulYv =
ou’ Ov

6(ua:2) 0(ua:2)
ou  Ov

= xuTy + (332 + Zux:vu) 2urTy =

= Tuly +
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IlepBorii cnocg6. Mur MILEM TAKYIO b yHKINIO
P(u,v) = z(u,v) i +y(u,v)j, aro
0P 0P - s -
O=\|5-5| = (xu 1 +Yul),Zvl +Yv ) ) = TyTy + YuYv =
ou’ Ov
0 (ua:2) 0 (ua:Z)
ou ov
= (xu + (x2 + 2ua:'a:u) 2u.cL') Ty.

= TuTy + = Tyxy + (332 + Zux:vu) 2uxrTy =
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IlepBorii cnocg6. Mur MILEM TAKYIO b yHKINIO
P(u,v) = z(u,v) i +y(u,v)j, aro

0d 0P — - —
0= =—, = :(xul +yu Ty 1 +va):$u$v+yqu:
ou’ Ov
O (ux?) 0 (ux?
= ruTy + (8u ) : ((% ) = TyuTy + (332 + Zux:vu) 2urxy =

— (l‘u + (a:2 + 2ua:'a:u) 2u.cL') Ty,

Bynem nckarh takyio ¢yukimo O, arodsl xq # 0. Torma nosydaem

0=xqy + (xz + Zu:cxu) Qux = 2uzr’ + Ty (1 + 4u2x2) .
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IlepBoIii croco.
0=xqy + (a:'2 + 2uacxu> 2ur = 2ux’ + xy (1 + 4u2x2) :

910 TpedyeMoe nuddepennnaibioe ypaBHenue. Tenepb Ha o HallTH 00-

mee pemenue. Ilepennmmem nocieanee nudpdepeHInaabHoe YpaBHEHNE B
2U 1

BUJIE Uy + 55 = ——=.
X 21’
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910 TpedyeMoe nuddepennnaibioe ypaBHenue. Tenepb Ha o HallTH 00-

mee pemtenne. [lepenumem nocieanee guddepennnaibHoe ypaBHeHHE B
BUJIE Uy + 27“ = —%. Tenepb BUAHO, 9TO 3TO —
2ux
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910 TpedyeMoe nuddepennnaibioe ypaBHenue. Tenepb Ha o HallTH 00-

mee pemtenne. [lepenumem nociesanee guddepennnaibHoe ypaBHeHHIE B

BUJIE Uy + 2% = —%. Tenepb BUAHO, 9TO 3TO — ypaBHeHne bepnyiim.

2ux
Pertaem ero cranjapTHBIM CIIOCODOM.
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UM Zua: |
/ !/ g
+ +=2 ) =~ ,
Ford (g T ) 2f gz’

DOYHKINIO g BIOEPEM U3 YCJIOBUS
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[TepBbrii crmocob. uy + 27“ =—3 1 =. [onoxum u = f(x)g(x), mosy-
qUM 2%6 X
/ !/ g
+ +=) = ,
fog+rf (g . ) 2 For
DOyukiuio g Buibepem u3 yciaosus g + 279 = 0, otkyza g(x) = % Torma
x

f’(:c)# = _2f(1:10)a:’ OTKY/Ia
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Ilepsbrii crrocob. uy + 27“ =—3 L =. [onoxum u = f(x)g(x), mosy-
qUM ;m |
/ !/ g

+ +=2 ) =~ ,

Fovd (g z ) 2fga?
Dynknuio ¢ BuibepeM u3 ycaosus g + 279 =0, otkyga g(x) = # To-
PIF:) f’(:z:)L — orkyna 2f f' = —x, To ectb f2 = 0;332 Nrak
$2 2]((:5,)337 ) 2 )

flx) =
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Ilepsbrii crrocob. uy + 27“ =—3 L =. [onoxum u = f(x)g(x), mosy-
qUM ;m |
/ !/ g
+ +=2 ) =~ ,
fog+rf (g . ) 2 or?
Dynknuio ¢ BuibepeM u3 ycaosus g + 279 =0, otkyga g(x) = # To-
PIF:) f’(:z:)L — orkyna 2f f' = —x, To ectb f2 = C—a Nrak
2 2f (x)x’ ’ 2 ’
vV C —2?
r)=Ffr—F"7—.
f(x) 7
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2u 1
Qux

29 1

/ /

+ + ) = — :
I'g f(g x) 2 For?

Dynknuio ¢ BuibepeM u3 ycaosust g + 279 =0, otryga g(x) = # To-

[TepBriii ciocob. uy + < <. [onoxkum u = f(x)g(x), nosy-

1M

2

ria f’(az)# = —W, orkyna 2f f' = —x, To ecth f? = ¢ > L Urak,
SO 2

flx) = i%. C1e/10BaTeIHHO,
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j:\/C—l‘Q
Vor?

YUUTLIBa JaHHO€E€ B YCJIOBUM TOXKIECTBO Y = U$2, [IoJIy9aeM

ITepsbiii crrocod. u(x) = f(x)g(z) =
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_ VO —a*

ITepsBbriii criocob. u(x) = f(x)g(x) = T 2

YUUTLIBa JaHHOE B yCJIOBHUU TOXKAECCTBO Y = uxr~, I0JYHaeM

SO — 2
y:i%,TOGCTb
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j:\/C'—al:2
Vor? ,
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i\/C—aﬁ

2 2
= , TO ecTb x° + 2y~ = C,
Y \/é Y

ITepsbiii crrocod. u(x) = f(x)g(z) =

Kak Mbl yzke oTMeuasn BbIlle, 3HadeHne KoHcTaHThl C olpejiensdercs
3HaueHneM liepemenHoit v. Hampumep, B kadectBe C' MOXKHO B3SIThH V.
VTak, moayumian cucremy
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j:\/C'—al:2
Vor? ,

YUUTLIBa JaHHOE B yCJIOBHUU TOXKAECCTBO Y = uxr~, I0JYHaeM

i\/C—aﬁ

2 2
= , TO ecTb x° + 2y~ = C,
Y \/é Y

ITepsbiii crrocod. u(x) = f(x)g(z) =

Kak Mbl yzke oTMeuasn BbIlle, 3HadeHne KoHcTaHThl C olpejiensdercs
3HaueHneM liepemenHoit v. Hampumep, B kadectBe C' MOXKHO B3SIThH V.
VTak, moayumian cucremy

_ 2
’y—UQU,

x? + 2% = v,
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cmemy koopdunam ®(u,v) naockocmu R?, ecau y = ux?.

O — 2?2
Vor? ,

YUnTLIBas JdaHHOE€ B  YCJIOBHMN TOXKAECTBO Y = uxr~, I1OJIY9IacM

y:i—\/C—xQ

2 2
, TO ecTb =~ + 2y~ = C.
\/é Y

[lepssorii criocob. u(z) = f(x)g(x) = £

Kak Mbl y:ke oTMeuasin BbIlIe, 3HaueHre KoHcTaHThl C' olpejiesisercs
3HavueHueM 1epementHoit v. Hampumep, B kadectBe C' MOXKHO B34Tb 0.
Tak, moayanan cucreMy

_ 2
y—Uﬂf,

22 + 2% = v,
38/TIATOITYT0 KOOPIMHATHBIC JTMHIN 9TOI CHCTeMBI KOOpauHAT. MoKHO BbI-
pasuTh u3 vee r(u,v) u y(u,v).
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_ 2
y—UQZ',

2?4+ 2y° = v,
[TpuBejiennble Ha puc.2 rpadukn HEKOTOPBIX KOOPJAMHATHBIX JIMHUI

IlepBoIii cmocoo.

[IOATBEPZK Ia0T «Pa3yMHOCTL» IIOJIYHECHHOI'O OTBETA:
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cmemy koopdunam ®(u,v) naockocmu R?, ecau y = ux’.

BTopoii crmocob. BozbmeM mpon3BoIbHYI0 TOUKY ¢ KPUBOJIMHEHHBI-
MU KoopjmHaTaMu (ug, vg). Torjga Kacare/ibHas K KOOPJAXHATHON JIMHUK
U = Uy, TO €CTh, 10 YCIOBUIO, K KPUBOil Y = ugx?, OyieT HOPMAaJIbIo K
KOOPJAUHATHON JINHUU U = V.
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BTopoii crmocob. BozbmeM mpon3BoIbHYI0 TOUKY ¢ KPUBOJIMHEHHBI-
MU KoopjmHaTaMu (ug, vg). Torjga Kacare/ibHas K KOOPJAXHATHON JIMHUK
U = U, TO €CTh, 110 YCJIOBUIO, K KPUBOil Y = ugx?, OyIeT HOpMaJIbo K KO-
OpJIMHATHO JIuHUM v = vgy. Takum 00pa3soM, U3 COOTHOIIECHUS MEXK/LY yI-
JIOBBIMH KO3 DUIeHTaM OPTOrOHAJIBLHBIX JIMHUI, ITOIydaeM, 9YTO YIoJl

HaKJIOHa KacaTeJIbHON K KOOPJIMHATHON KPUBOU ¥ = vy paBeH Tz



ITpumep 4. Hatidume xaxyro-aub0 opmo2oHasvHy0 KPUBOAUHETHYIO ClU-

cmemy koopdunam ®(u,v) naockocmu R?, ecau y = ux’.

BTopoit cnocob. rak, ecnu KoopJuHaTHAS JIMHUS U = ¥y B JeKap-
TOBOI CHCTeMe KOOpJMHAT UMeeT ypaBHeHue y = 1(x,vy), TO YIJIOBOI

KO(DDUIHEHT KacaTebHON K Hell, ¢ 0JIHON cTOpOHBI, paBeH ' (x,vy), a

C JIDYTOil CTOPOHBI —ﬁ. CrenoBaTeIbHO, MOJTYUININ ypaBHEHNE

1

y’ = ¢/(x77}0) = —m- (1)
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BTopoii cnocob.

1
2UpT

y =z, v) = (1)

DT0 IPEKPACHOE yPABHEHHUE, HO Y HEI'O €CTh OJIMH HEJOCTATOK — <JIMIITHSAST
oykBay» ug. Jdeso B TOM, 4TO UMEHHO 1 ONpeje/sieT MOJI0KEeHne TOUKU
Ha KOOPJMHATHOI JIMHUU U = g, TO €CThb T,y 3aBucaT or u. Ho Bce He
TaK YK IJIOXO, TaK KaK y HAC B 3allace «HEeU3PACXOJI0BAHHOE» PABEHCTBO
y = uz?. C ero noMoIIbIO0 MOXKHO <BBIIOJIOThHY U U3 ypaHeHus (1).
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2UpT

y =z, v) = (1)

JIist TOUKM ¢ KPUBOJUHEHHBIMEU KOODAMHATAME (Ug, Vo) TOJIyIaeM
wy = L. Toxcrasum 510 Boipazenue B (1):
2
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2
, xT
3 =" =

Y (x vO) 2yx
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/ x2 /
, = —— = , = —
= = Ynw

T
2y
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BTopoii cnocob.

1
/ /
— S , 1
(2, v0) - = y(2,v) .
T,0)) = ——— T,v) = ——.
Yy y V0 ny Y » V0 2y

9T0 ypaBHEHHE C pa3Je/IsioNUMUCA [TePEeMEHHBIMY, 13 HEr0 HaXOIUM

2yy’ = —u,
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BTopoii cnocob.

1
/ /
— S , 1
(2, v0) - = y(2,v) .
T,0)) = ——— T,v) = ——.
Yy y V0 ny Y » V0 2y

9T0 ypaBHEHHE C pa3Je/IsioNUMUCA [TePEeMEHHBIMY, 13 HEr0 HaXOIUM

20y’ = —x, 2% + 2% = .
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cmemy koopdunam ®(u,v) naockocmu R?, ecau y = ux’.

BTopoii cnocob.

1
/ /
— S , 1
(2, v0) - = y(2,v) .
T,0)) = ——— T,v) = ——.
Yy y V0 ny Y » V0 2y

DTO ypaBHEHHUE C PA3JIe/AIoNUMICH TTepeMeHHbIMI, U3 Hero Haxo M
/ 2 2
20y = —x, 2y +x° = .

[Torygennblit pe3ybTaT coBIaIacT ¢ PE3yIbTATOM MIEPBOTO cIIocoba.
BepnryTbcs K gekmun?



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Perrenne.



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Pertenne. veen:

pcospi +psinpj +z2zk =rcospsinf i +rsinpsinf j +rcosfk,



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemenne. Nmveewm:

pcospi +psinpj +z2zk =rcospsinf i +rsinpsinf j +rcosfk,

OTKYJIa,
P = q1(q/17 q”, ng) = ql(T‘, ©,0) =rsind
0 =a(¢"q%q%) =¢(r,e,0) =9 (2)
2= qg(q/?’a q’2, q/3> = q?’(r, ©,0) =1rcosb



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemenne. Nmveewm:
—

— — — — —
pcospi +psinpj +z2zk =rcospsinf i +rsinpsinf j +rcosfk,
OTKY/Ia
p=4a'(q",q%q"°) = q'(r,p,0) = rsind
o =q(q".q%q°) = ¢(r,p,0) = ¢ (2)
2 =q(¢",4".¢°) = ¢’(r,,0) = rcosf
Hampumep, HajizeMm MaTpuily mepexoja OT HUINHIPIIECKOH CucTeMbl KO-
OpJMHAT K cepuiecKoil.



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O(rsinf) g

or or

(aij)

¢’ B
o4’ )



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O(rsinf) g

or or

| dq sin 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O (rsinb) —ang dp
— — 5T

or or

0,

| ¢ sin 60



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O (rsinb) —ang dp
— — 5T

or or

0,

Z_ 9q sin
(a0)) = (3q’j ) !



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

8p:8(rsin(9)zsin9 8_@20 8z:8(r6089):CO89
Y 8T Y J

or or or or

Z_ 9q sin
(a0)) = (3q’j ) !



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

(9,0:8(7“sin(9):sm9 8_@20 8228(7“0089):CO89
Y 87“ Y J

or or or or

Z_ 9q sin
(a0)) = (8q’j ) !

cos



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O(rsinf) | dp 0z O(rcostl)
or  Or = sinb, 0T_O’ or  Or = cosd,
(9,0_0(7"8111(9)_0

op  dp

Z_ 9q sin
(a0)) = (8q’j ) !

cos



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O(rsinf) | dp 0z O(rcostl)
or  Or = sind, 0T_O’ or  Or = cosd,
(9,0_0(7"8111(9)_0
op  dp
sin@ 0




IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O(rsinf) | dp 0z O(rcostl)
or  Or = sinb, 0T_O’ or  Or = cosd,
(9,0_(9(7"Sin(9)_0 (9_@0_1

op  dp T Op




IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
113 OJHOM CHUCTE€MbI KOOPAMHAT B JIPYILYIO CJIEAYeT, YTO

dp O(rsinf) | dp 0z O(rcostl)
or  Or = sinb, 0T_O’ or  Or = cosd,
(9,0_(9(7"Sin(9)_0 (9_@0_1

op  dp T Op




IIpumep 5. Hatimu mampuuy nepexoda om vusuHopudeckots K
cipepuuecxoti cucmeme KoopouHam.

Pertterine. 13 dopmyiibl (2) u onpejiesieHust MATPUIIBI TTIEPEX0/ia
13 OJIHOI CUCTEeMBbI KOOPAMHAT B JIPYIL'YIO CJIEIYeT, 9TO

dp O(rsind) | dp Oz O(rcosf)

or  or sin, or 0, or  or c0sd,
Op  O(rsinb) 0 8_g0_1 0z _8(7“0089)_0
Op 0o 7 dp T 0p  Op

(aij) - (8(]/‘7) - 0 1

cos b



IIpumep 5. Hatimu mampuuy nepexoda om vusuHopudeckots K
cipepuuecxoti cucmeme KoopouHam.

Pertterine. 13 dopmyiibl (2) u onpejiesieHust MATPUIIBI TTIEPEX0/ia
13 OJIHOI CUCTEeMBbI KOOPAMHAT B JIPYIL'YIO CJIEIYeT, 9TO

dp O(rsind) | dp Oz O(rcosf)

or  or sin, or 0, or  or c0sd,
Op  O(rsinb) 0 8_g0_1 0z _8(7“0089)_0
Op 0o 7 dp T 0p  Op

: inég 0
| 94 sin
(CLZ.]') — (861,3) — 0 1

q cosf 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
13 OJIHOIl CUCTEeMBbI KOOPAMHAT B JIPYLYIO CJIEIYeT, 4TO

dp O(rsinf) | dp 0z O(rcostl)
or  or sin o, or 0, or  or c0sd,
dp  O(rsind) _0 ({9_@_1 0z _8(7“(:089)_0
op  dp T Op T O0p  Op
Op O(rsinf)
0" o0 = 1 cos 0,
sin@ 0

i dq'
(a°j) — (aq/j> - 0 1

cosf 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cipepuuecxoti cucmeme KoopouHam.

Permienue. V13 dopmyinbl (2) u onpejesierns MaATPUIIbI IEPEX0/1a
13 OJIHOIl CUCTEeMBbI KOOPAMHAT B JIPYLYIO CJIEIYeT, 4TO

dp O(rsinf) | dp 0z O(rcostl)
or  or sin b, or 0, or  or cosd,
dp  O(rsind) _0 ({9_@_1 0z _8(7“(:089)_0
op  dp T Op T O0p  Op
Op O(rsinf)
0" o0 = 1 cos 0,

; sinf 0 rcost

i dq

(a/.j) = (a /j> = 0 1
q cosf 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemtenne. V13 dopmysbl (2) u onpejesierins MaTPUITbI IEPEX0/1a
13 OJIHOIl CUCTEeMBbI KOOPAMHAT B JIPYLYIO CJIEIYeT, 4TO

dp O(rsinf) | dp 0z O(rcostl)
or  or sin b, or 0, or  or cosd,
dp  O(rsind) _0 ({9_@_1 0z _6(7“0089)_0
op  dp T Op T O0p  Op
Op O(rsinf) dp
0= o0 = 7 cos 0, 89_0’

; sinf 0 rcost
i dq
(a/.j) = (a /j> = 0 1
q cosf 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemtenne. V13 dopmysbl (2) u onpejesierins MaTPUITbI IEPEX0/1a
13 OJIHOIl CUCTEeMBbI KOOPAMHAT B JIPYLYIO CJIEIYeT, 4TO

dp O(rsinf) | dp 0z O(rcostl)
or  or sin b, or 0, or  or cosd,
dp  O(rsind) _0 ({9_@_1 0z _6(7“0089)_0
op  dp T Op T O0p  Op
Op O(rsinf) dp
0= o0 = 7 cos 0, 89_0’

| Pw sinf 0 rcost
(aij) — (aq/]) = 0 1 0
q cos 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemtenne. V13 dopmysbl (2) u onpejesierins MaTPUITbI IEPEX0/1a
13 OJIHOIl CUCTEeMBbI KOOPAMHAT B JIPYLYIO CJIEIYeT, 4TO

dp O(rsinf) | dp 0z O(rcostl)

or  or sinf, or 0, or  or cosd,
(9,0_8(7“81119)_0 ({9_@_1 0z  O(rcost)
op 0o T dp T 0p  Op

Op O(rsinf) op 0z O(rcost) .

0= 90 =1 cos 0, %—O, %" a8 rsin 6.

| Pw sinf 0 rcost
(aij) — (aq/j> = 0 1 0
q cos 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemtenne. V13 dopmysbl (2) u onpejesierins MaTPUITbI IEPEX0/1a
13 OJIHOIl CUCTEeMBbI KOOPAMHAT B JIPYLYIO CJIEIYeT, 4TO

dp O(rsinf) | dp 0z O(rcostl)

or  or sinf, or 0, or  or cosd,
(9,0_8(7“81119)_0 (9_g0_1 0z  O(rcost)
op 0o T dp T 0p  Op

Op O(rsinf) op 0z O(rcost) .

0= 90 =1 cos 0, %—O, %" a8 rsin 6.

| ¢ sinf 0 rcost
(aZ'j) — (a /j) = 0 1 0
q

cosf@ 0 —rsinf



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

sind 0 rcos6

(aij)—@j;)— 01 0 | (3)

cosd 0 —rsind

Haitnem marpuiy obparnoro nepexoja. Ha mepblit BT/t 0CTaATOYHO

IIPOCTO BHIYUCINTH 0OPATHYIO MaTPHUILY:



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

sind 0 rcos6

(aij)—@j;)— 01 0 | (3)

cosd 0 —rsind

Haiilem MaTpuity obpatnoro nepexojia. Ha mepBbiii B3I JOCTATOUHO
sinf 0 cosf
ITPOCTO BBIYUCJIUTEL OOPATHYIO MATPUILY: (bij) = 0O 1 0

cos 0 sin 0



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

Pw sinf 0 rcosf
(ai;) = aq’j - o1 o | (3)
q cos) 0 —rsinf

Haitnem marpuiy obparnoro nepexoja. Ha mepblit BT/t 0CTaATOYHO
IIPOCTO BHIYUCINTH 0OpaTHyo Marpuily. OHaKO 9TOT «9UCTO ajredpan-
YeCKUit» IMOJIXOJ, B JAHHOM CJIy4ae HYZKJIaeTCd B CYIIECTBEHHOM YTOYHe-
HUW: JIJIS OCYIIECTBJIEHUS TepexXo/ia K IUJINHJIPUYECKOI cucTeMe KOOP/u-
HAT HEOOXOJIUMO €Ille 6uipadumsd KoIPPHuuuenmo, nosyvenHot Mampuol
Yepes UUAUIPUYECKUE KOOPOUHAMbL.



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

i aq’
(a’j) — <aq/]

Haitjem MaTpuily odpaTHOro mepexoa.

0 1 0 . (3)
cosd 0 —rsind

) sind 0 rcos6

Ucnosbsyst hopmydsibl (2), noaydaem r =



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

i aq’
(a’j) — <aq/]

Haitjem MaTpuily odpaTHOro mepexoa.
Ucnionbsyst hopmyiisl (2), mosydaem 1 = 1/ p? + 22,

0 1 0 . (3)
cosd 0 —rsind

) sind 0 rcos6



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

. Od"

(ay) = < q/'

0q”’

Haitjem MaTpuily odpaTHOro mepexoa.

Ucnionbsyst hopmyiisl (2), mosydaem 1 = 1/ p? + 22,
sinf =

0 1 0 . (3)
cosd 0 —rsind

) sind 0 rcos6



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

i dq’
(a’j) - <aq/]

Haitjem MaTpuily odpaTHOro mepexoa.
Ucnionbsyst hopmyiisl (2), mosydaem 1 = 1/ p? + 22,
p

Sinez—,
,/p2_|_22

0 1 0 . (3)

) sind 0 rcos6
cosd 0 —rsind



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

. Od"

(a;) = < q/'

0q”’

Haitjem MaTpuily odpaTHOro mepexoa.

Ucnionbsyst hopmyiisl (2), mosydaem 1 = 1/ p? + 22,
sinf = cosf =

0 1 0 . (3)

) sind 0 rcos6
cosd 0 —rsind

p2_|_22



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pentenne. Takum obpasom, MaTpuiia Iepexoga OT MUJINHIPpUIe-
ckoii K chepuvecKoii cucreMe KOOPAMHAT MMeeT BU/T

i dq’
(a’j) - <aq/]

Haitjem MaTpuily odpaTHOro mepexoa.
Ucnionbsyst hopmyiisl (2), mosydaem 1 = 1/ p? + 22,

Sinez#, cos ) = —2—,
,/p2_|_22 ‘/02—|‘22

0 1 0 . (3)

) sind 0 rcos6
cosd 0 —rsind



0 1 0 . (3)

) sind 0 rcos6
cosf@ 0 —rsinf

i aqi
(CLoj) — (aq/j

r=+/p*+ 2% sinf= #, cosf = #2 [TosTomy maTpu-
V PP+ 22 VPRt z

Iy 1epexoja oT cdepuyueckoil K HUJIMHIPUYIECKOR cucTeMe KOOpIUHAT

cJIe/lyeT 3alicaTh TaK:



94 sinff 0 rcos6
(aij)( q.) o1 0o |, (3)

cosf@ 0 —rsinf

r=+/p*+ 2% sinf= #, cos ) = ——=2——. Tlosromy MaTpu-
,/p2_|_22 ‘/)02+22

Iy mepexoja oT cheprudecKoil K MUIMHIPUIECKON cHucTeMe KOOpPJIMHAT

cJIeIyeT 3alncaTh Tak:

P __Z
sind 0 cosé /,02+z2 0 /p2+z2
(b,)= 0 1 0 - 0 1 0
cos 6 0 _sinf z 1%
r

0 —
T P P

(4)




IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemenne.

p z
| sinf 0 rcost | V2 + 22 X V2 + 22
(an)=1 0 1 0 ;o (be;) = 0 10
cosf 0 —rsinf z 0 p

P B

[TpoBepuM MpaBMILHOCTH BBIYUC/IEHUST MaTPHUIIHI (a;).




IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.
Pemmenne. [IpoBepuM npaBuIbHOCTEH BHIMUCICHUS MATPUITHI (az)

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

p z
| sinf/ 0 rcosé | ‘/,02+22 0 v/,02—|—z2
()= 0 1 0 ;o (be;) = 0 10
cost) 0 —rsinf Z

2 20—2 2

sinfr, + 071, +coslT, =



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.
Pemmenne. [IpoBepuM npaBuIbHOCTEH BHIMUCICHUS MATPUITHI (az)

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

p z
| sinf/ 0 rcosé | ‘/,02+22 0 v/,02—|—z2
()= 0 1 0 ;o (be;) = 0 10
cost) 0 —rsinf Z

= 0 ——=——
sinfr, + 071, +coslT, =

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



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.
Pemmenne. [IpoBepuM npaBuIbHOCTEH BHIMUCICHUS MATPUITHI (az)

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

p z
| sinf/ 0 rcosé | ‘/,02+22 0 v/,02—|—z2
()= 0 1 0 ;o (be;) = 0 10
cost) 0 —rsinf Z

= 0 ——=——
sinfr, + 071, +coslT, =

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



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.
Pemmenne. [IpoBepuM npaBuIbHOCTEH BHIMUCICHUS MATPUITHI (az)

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

p z
| sinf/ 0 rcosé | ‘/,02+22 0 v/,02—|—z2
()= 0 1 0 ;o (be;) = 0 10
cost) 0 —rsinf Z

= 0 ——=——
sinfr, + 071, +coslT, =

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



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.
Pemmenne. [IpoBepuM npaBuIbHOCTEH BHIMUCICHUS MATPUITHI (az)

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

p z
| sinf/ 0 rcosé | ‘/,02+22 0 v/,02—|—z2
()= 0 1 0 ;o (be;) = 0 10
cost) 0 —rsinf Z

=2 U ——="—>
sinfr, + 071, +coslT, =
= sin 6 (cos @i +sin ng) +0 (—p Sin@ i+ pcos ng) + cos K =

— cospsinfi +singsindj + cosfk =



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.
Pemmenne. [IpoBepuM npaBuIbHOCTEH BHIMUCICHUS MATPUITHI (az)

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

p z
| sinf/ 0 rcosé | ‘/,02+22 0 v/,02—|—z2
()= 0 1 0 ;o (be;) = 0 10
cost) 0 —rsiné 2

=2 U ——="—>
sinfr, + 071, +coslT, =

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

or

=cospsinf i +sinpsinfj +cosfk = —

or



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.
Pemmenne. [IpoBepuM npaBuIbHOCTEH BHIMUCICHUS MATPUITHI (az)

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

p z
| sinf/ 0 rcosé | ‘/,02+22 0 v/,02—|—z2
()= 0 1 0 ;o (be;) = 0 10
cost) 0 —rsiné 2

2 20_2/)2
p-+z p-+z

sinfr, + 071, +coslT, =
= sin 6 (cos @i +sin ng) +0 (—p Sin@ i+ pcos ng) + cos K =
=cospsinfi +sinpsinfj +cosfk = — =T71,.

or




IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemenne. [IpoBepum npaBujibHOCTb BbIYUC/IEHUST MATPHIIbI (az-).
— T : g - - o
r =rcospsinf i +rsinpsing j+rcosfk =pcospi+psinpj+zk,

p z

| sinf) 0 7rcost | V 2+ 22 U V2 + 22

()= 0 1 0 ;o (be;) = 0 10
cos 0 —rsinf z 0 p

0F, + 1T, +0F, =



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemenne. [IpoBepum npaBujibHOCTb BbIYUC/IEHUST MATPHIIbI (az-).
— T : g - - o
r =rcospsinf i +rsinpsing j+rcosfk =pcospi+psinpj+zk,

p z

| sinf) 0 7rcost | V 2+ 22 U V2 + 22

()= 0 1 0 ;o (be;) = 0 10
cos 0 —rsinf z 0 p

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



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemenne. [IpoBepum npaBujibHOCTb BbIYUC/IEHUST MATPHIIbI (az-).
— T : g - - o
r =rcospsinf i +rsinpsing j+rcosfk =pcospi+psinpj+zk,

p z

| sinf) 0 7rcost | V 2+ 22 U V2 + 22

()= 0 1 0 ;o (be;) = 0 10
cos 0 —rsinf z 0 p

,02+z2 p-+z

0, +17,+07, =
=0 (cos 01 +sin QOT) + 1 (—psin @i + pcos @T) + 07, =



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
cihepuueckoti cucmeme KoopouHam.

Pemenne. [IpoBepum npaBujibHOCTb BbIYUC/IEHUST MATPHIIbI (az-).
— T : g - - o
r =rcospsinf i +rsinpsing j+rcosfk =pcospi+psinpj+zk,

p z

| sinf) 0 7rcost | V 2+ 22 U V2 + 22

()= 0 1 0 ;o (be;) = 0 10
cos 0 —rsinf z 0 p

,02+z2 p-+z

0, +17,+07, =
=0 (Cos go—i> + sin goT) + 1 (—psin gp_i> -+ pcos QOT) +0K =



IIpumep 5. Hatimu wmampuuy nepexoda om UuAUHOPUYECKOT K
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IIpumep 6. Haiimu cumesoav, Kpucmoddpens 6 npumepe 1.

B nocieaytomniem mpumepe 8 (em. crp. 192) mMbl cuviBosibl Kpucrod-
besis OyIeM HAXOIUTh C IMOMOIIBI0 Ollepanmnii MaTpuaHoil ajred-
PBI, 3/IeCh YK€ Mbl 3TO CJieJlaeM C IIOMOIIbIO0 WHAUBUAYAJIBHOIO I10100-
pa, TakK KakK 3Hadenus cuMBoJioB Kpucroddesiss B paccMarpuBae-

MOIl KPWBOJIMHEHHON cucTeMe KOOpAWHAT IOJ0MpaloTcs yCTHO. Vimeem:
r=u-—uv, — ~ Y - 9 N =
Y= — 0 otkyta T =z i +yj =@w—0v)i+ (v* =% j,

- )

— — — —
H . Ld H L3 Ld
rqo=14+2u), r,=—1-—-20v],
. 1 — 2 —>
U —uv u—7v
— — g 1 — 2 — 1 — 2 —
- 1 1
— . — — 1 — 2 —
rUU:_QJ —_— — rru/_ rU:F22ru+F22rfv,



Taxkum obpasoM, mMaccup cuMBOJIOB Kpucroddess B cucreme Koop-
JIMHAT [IpUMepa | uMeeT BUJI:

() \

(Teyy) =

Bepuyrbcsa K jgeKmum?
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L(x) =
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COFH&CHO HpI/IMepy 3alaHNA FeOMeTpI/ILIeCKI/IX Ol—Ie];)aTO];)OB7
— —
r o ( a, X )—>
(&, &)
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z(?p) (prﬁ—i—zrz,rp)

ry+=zr =
\,OI'erZ?z\Q (P P Z)
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KaotcAol Movke 68 COOMBEMCMBUE ONEPAMOP OPMO20HANLHO20 NPOCUUPO-
BAMUA HA OCH PAOUYCA-BEKMOPA IMOT MOYKU.

Pemmenne.
. (pT p+2T2,7T)) 0
L(7p) = ‘pﬁ +Zi ‘gp (PPP+ZTZ):p2+zz(P?p+Z?Z)>
A (pT p+2T 2, Ty) —
L(Ty) = \pierzrz\;O (pPTp+272) =0,
~— (P?,OJFZ?%?Z) — — < — —
L(rz): !p?p—i—z?,ﬂz (prp—kzrz):m(prp—l—zrz).

CheoBarebHO, MATPUIA STOTO OMIepaTopa B JIOKAJILHOM Oa3uce
e
r'p, T p, Tz}, IMeeT BUJ
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ITIpumep 7. 3adamv 6 yusurdpuveckur xoopdunamax p,p,z Koopou-
HAMHbIE PYHKUUL MEH30PHO20 NOAA NMUHETHIT ONEPAMOPOS, CMAGAULE20
KaotcAotl MovKke 6 COOMBEMCMBUE ONEPAMOP OPMO20HAADHO20 NPOCUUPO-
BAHUA HA OCH PAOUYCA-BEKMOPA IMOT MOYKU.

L 0
2
. ,0 +z p +z
Pemrenne. (Ll.j(p, ©, z)) = 0 0 0
2
_EP

,0 + z p + 22
TaxuMm 00pa3oM, COOTBETCTBYIOIINI TEH30P (Tquee, 3Ha4YCHUE TEeH30D-

H
HOTO TIOJIST B TOUKE T (p, p, 2)) paBen

. ) 2
f:L;-?Z-Q@?]— P FoeTl+ L FoeT

p+z p2+z
< <
[ p+z



Bepuyrbca K geknun?
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ITpumep 8. Ilycmo T(?) — men3opHoe noae pamea 2, 3adanroe hop-

MYA0TU _ ' .
T(T) = T;?i T =Ty T =

6 KpUBOAUHETHOT cucmeme Koopdunam P(u,v), Koopdurnammvie AuHUU
Komopoti umerm 6ud

T

(%

ﬁ
o —
Hatdimu xosapuanmmijio npoussodnyio menaophozo noas T (1) 6 cucme-
me koopdunam P(u,v). Hatmu T (") 6 npamoyzorvnot dexapmosol
cucmeme rKoopdurnam. Yoedumuvca 6 cnpasediusocmu MEOPEMbBL  «O
meH30pe Ko8aAPUAHMHOT NPOoU3BOOHOT» cpasHenuem natiden-

HOIT KOBAPUAHMHLLL NPoussodnuxr 6 mouke P(1; 2).
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X

Yy =2e " +u, y:2e‘$+e—, D—{(u,v)u>0,v>0}.
v

[Ipexxie Becero Haiijgem KoopauHaTHble PyHKIUN. Ecin u3 nepporo ypas-
HEHUS BbIYECTb BTOPOE ypaBHEHUE, TO MOJIYYNM
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y=2¢"+u, y=2¢"+—, D=<(u,v)|u>0,v>0
v

[Ipexxie Becero Haiijgem KoopauHaTHble PyHKIUN. Ecin u3 nepporo ypas-
Xz

HEHUS BbIYECTh BTOPOE ypaBHEHUE, TO MOJIYYUM U — % = 0, TO ecTb
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[Ipexxie Becero Haiijgem KoopauHaTHble PyHKIUN. Ecin u3 nepporo ypas-
xZ

HEHUS BbIYECTh BTOPOE YPaBHEHUE, TO MOJYUYUM U — % =0, TO ecTb

Tr =



Pernienne.

i

e
y=2¢"+u, y=2¢"+—, D=<(u,v)|u>0,v>0
v

[Ipexxie Becero Haiijgem KoopauHaTHble PyHKIUN. Ecin u3 nepporo ypas-
xZ

HEHUS BbIYECTh BTOPOE YPaBHEHUE, TO MOJYUYUM U — % =0, TO ecTb

x = Inuv. [losTomy y =



Pernienne.

i

e
y=2¢"+u, y=2¢"+—, D=<(u,v)|u>0,v>0
v

[Ipexxie Becero Haiijgem KoopauHaTHble PyHKIUN. Ecin u3 nepporo ypas-
xZ

HECHHSI BBIUCCTH BTOPOE ypaBHEHHE, TO IOIydNM U — & = (0, To ecThb

v
2

r = Inww. losromy y = 77 + u. Urak nomyunmu, 1ro



Pernienne.
X

Yy =2e " +u, y:2e‘$+e—, D—{(u,v)u>0,v>0}.
v

[Ipexxie Becero Haiijgem KoopauHaTHble PyHKIUN. Ecin u3 nepporo ypas-
xZ

HEHNsl BbIYECTHh BTOpPOE ypaBHEHHUE, TO IOJYYUM U — % =0, TO ecTb
_ _ 2
r = Inww. losromy y = 77 + u. Urak nomyunmu, 1ro

2
®(u,v) = T (u,v) =In w i + (— + u> T
U



Pernienne.
X

Yy =2e " +u, y:2e‘$+e—, D—{(u,v)u>0,v>0}.
v

2
®(u,v) = T (u,v) =In wi + (— + u) T
U

Ciie10BaTeIbHO,



Pernienne.
X

Yy =2e " +u, y:2e‘$+e—, D—{(u,v)u>0,v>0}.
v

2
®(u,v) = T (u,v) =In wi + (— + u) T
Ciie10BaTeIbHO,

1 2 1 2
Ty = T+(1——)T> ?'U:__i)_—277



Pernienne.

Haitnem cumposibl Kpucroddeiis.

_> o
' yu =



Penienne.
1— 2\ —
?u_—l‘l—(l—T)J, ??}
U U
Haitnem cumposibl Kpucroddeiis.

1 — 4 —
?uu: u21‘|—3J_



Pernienne.

— 1= 2\ 7 = -
ro=—1+(l——1]J, rp=-1
U U v
Haitnem cumposibl Kpucroddeiis.
1 — 4 —
—> i 1 —
ruu:——21 +TJ_F11ri—F11ru



Pernienne.

— - 2\72 = l— 2 —
ry=—1+(1——1J, re=-1-—7],
U u“v
Haitnem cumposibl Kpucroddeiis.

1 — 4 —
?uu: u21‘|— 3 J—F Flru+F11rU—

1— 2\ — 1— 2 —
—Fh<—1 +<1——> J)+Ffl(—1 ——23>.
U uv v uv
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N 11— 2\ = 11— 2 -
ry=—1+(1——1J, re=-1-—7],
U u-v v wuv?

Haitnem cumposibl Kpucroddeiis.
_ 1 — 4

1 — 2 —
’U,2 U

1— 2 — 1— 2 —
=T (=i 1—— j r2 - =
11<u1+< u2v>‘])+ 11(@1 o J)

Taxum obpasoM, cpaBHUBasg KOI(MOUIMEHTHI Iepe]l BEKTOPaMU
[oJiydyaeM MaTpUYHOE YPaBHEHUE

-
17J7

1 1 _ 1

q T ( I ) 2
9 p I A

2 2 —3-
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Borancimmm ocrajibHbIE I[IPOU3BOJAHDLIE:

H o
' yv =

— l—

rqyo=—-—1
(%

1 —



Pernienne.

— 2\ =+
ry = 1 — s ]
— I — 7
ruu———21 EJ

— l—

rqyo=—-—1
(%

1 —



Pernienne.

2\ —»

1 — 2 ]

1 — -
_1 [

2 u3v‘]



Pernienne.

—
'y =

Ml\D



Pernienne.

—
'y =

2\ >
2 J
—
—J
u v



Pernienne.

— 2 Y — - 2
Iy = 1 — s ], rvzgl_—z
uv
1 — —
— 1 — 2 —>
ruu———21 EJ =I'yra+1 10

2 —

H

Fruw=—5351 :F ru+F12rva
u v
2 —

— .

oy =—55J = =TT, +157T,,



Pernienne.

— 2 Y — - 2
Iy = 1 — s ], rvzgl_—z
uv
1 — —
— 1 — 2 —>
ruu———21 EJ =I'yra+1 10

2 —

H
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Pernienne.
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Pernienne.

Ty = (1
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2 —
— . 1 — 2 —
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2 —
— . 1 — 2 —
rou =533 =Ly rut+15 1,
u“v
1 — 4
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[Tpu sTOM TIOTyUnM eIie Tpu MaTPUIHBIX YPaBHEHHSI.



Pernienne.

- 1= | 2\ - 1= 2=
rg=—1+\{(l=——51J), Tv=—-1-——3],
U v v uv
l—- 4 —
— . . 1 — 2 —>
ryu=——51+—5"J] =I'yry+I710
u uv
2 —
— . 1 = 2 —
Fyv=—55J =111, +11%,
u“v
2 —
— 1 — 2 —
rou=—535J =l ru+15 1,
uv
l—» 4 —
— . . 1 — 2 —
rop=——51+—7F] =lypr,+I%r,
v uv

V Beex gerbipex HoJyYeHHBIX ypaBHeHnit Marpuia Kosp uimeHTos ojiHa
1 Ta »Ke, 9TO MO3BOJIAeT CBECTH UX K OJIHOMY MATPUYHOMY YPABHEHUIO
(YMHOMKeHIe MaTpHI[ «Ha MaKpPOYPOBHE ):



Pernienne.

1 2 1
(1) T To=T -
U u-v v
1 1
U v (Fh F%z F%1 F%Q
2 2 F% F%z F%l F%z
w?v uv*
1 1
—L 0 ——=
— u? v
4 2 2 4
wo uvt utvt w’

)_



Pernienne.

u w?v v uv
1 1
U v (Fh M Ty F%z) _
2 2 F% F%z F%l F%z
w?v uv*
1 1
——= 0 0 —=

U v
4 2 2 4
wo uvt utvt w’

Pemast sTo ypaBnenune KakuM-aub0 cTaHIapTHBIM METOJIOM: ¢ TTOMOIIHIO
oOpaTHOIl MaTpUIlbl WX MeTojJoM [aycca, mojsrydaeM MacCUB CHUMBOJIOB

Kpucroddesns cucremsr koopunar P(u, v):
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u-v v
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u2v? uv’
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R uv
2 2 1
_u3v u2v2 0
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Perttenne. 3amernm, 4To /10 9TOro MoMeHTa TeH30pHOoe mojie T (17) erme
HEe MCII0JIb30BaJIOCh. MBI paboTa m TOIbKO ¢ KPUBOJMHEHHON cucTeMoil
KOOP/IMHAT.



Perttenne. 3amernm, 4To /10 9TOI0 MOMEHTA TEH30PHOE TOJTE ?(?) erre
HEe HCII0JIb30BaJIOCh. Mbl paboTaan TOJbKO ¢ KPUBOJMHENRHON cHUCTeMOIl
KOOP/INHAT.

Haitiennble cumBosibl Kpucroddeiist xapakTepusyoT TOJIbKO caMy CHU-
cremy KoopuHAT P(u, v), 1 UX MOYKHO HCIIOJIB30BATH JIJIsl BEIUUC/ICHMUIT
JUIs1 1100020 TEH30PHOI'O TOJIS.

HaromHuM, 9T0, B COOTBETCTBUN ¢ 0003HAYEHUSIMU TEOPEMBI O KOBAa-

. . ——
puaHTHOII nnpou3dBoaHoi, VT =



Perttenne. 3amernm, 4To /10 9TOI0 MOMEHTA TEH30PHOE TOJTE ?(?) erre
HEe HCII0JIb30BaJIOCh. Mbl paboTaan TOJbKO ¢ KPUBOJMHENRHON cHUCTeMOIl
KOOPIMHAT.

Haitiennble cumBosibl Kpucroddeiist xapakTepusyoT TOJIbKO caMy CHU-
cremy KoopuHAT P(u, v), 1 UX MOYKHO HCIIOJIB30BATH JIJIsl BEIUUC/ICHMUIT
JUIs1 1100020 TEH30PHOI'O TOJIS.

HamomuumMm, 910, B COOTBETCTBUN ¢ 0003HAYEHUSIMU TEOPEMBI O KOBa-
PUAHTHOI ITPOU3BOJIHOIA, ?? = V;@Tfj?g ® ?3 ® ??,



Perttenne. 3amernm, 4To /10 9TOI0 MOMEHTA TEH30PHOE TOJTE ?(?) erre
HEe HCII0JIb30BaJIOCh. Mbl paboTaan TOJbKO ¢ KPUBOJMHENRHON cHUCTeMOIl
KOOPIMHAT.

Haitiennble cumBosibl Kpucroddeiist xapakTepusyoT TOJIbKO caMy CHU-
cremy KoopuHAT P(u, v), 1 UX MOYKHO HCIIOJIB30BATH JIJIsl BEIUUC/ICHMUIT
JUIs1 1100020 TEH30PHOI'O TOJIS.

Hamomuum, 9aTo, B COOTBETCTBUN € O6OSH8H€HI/IHMI/I TeOpeMbI 0 KOBa-
PUAHTHOI ITPOU3BOJIHOIA, V T V;CTZ P T r; 'R T g,.



Perttenne. 3amernm, 4To /10 9TOI0 MOMEHTA TEH30PHOE TOJTE ?(?) erre
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KOOPIMHAT.
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cremy KoopuHAT P(u, v), 1 UX MOYKHO HCIIOJIB30BATH JIJIsl BEIUUC/ICHMUIT
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Hamomuum, 9aTo, B COOTBETCTBUN € O6OSH8H€HI/IHMI/I TeOpeMbI 0 KOBa-
PUAHTHOII ITPON3BOHOIA, V T VkT ' ThFR T, 7T



Perttenne. 3amernm, 4To /10 9TOI0 MOMEHTA TEH30PHOE TOJTE ?(?) erre
HEe HCII0JIb30BaJIOCh. Mbl paboTaan TOJbKO ¢ KPUBOJMHENRHON cHUCTeMOIl
KOOP/INHAT.

Haitiennble cumBosibl Kpucroddeiist xapakTepusyoT TOJIbKO caMy CHU-
cremy KoopuHAT P(u, v), 1 UX MOYKHO HCIIOJIB30BATH JIJIsl BEIUUC/ICHMUIT
JUIs1 1100020 TEH30PHOI'O TOJIS.

Hamomuum, 9aTo, B COOTBETCTBUN € O6OSH8H€HI/IHMI/I TeOpeMbI 0 KOBa-
PUAHTHOII MPOU3BOAHOMN, VT VkT ‘TFR T, @ T/



Perttenne. 3amernm, 4To /10 9TOI0 MOMEHTA TEH30PHOE TOJTE ?(?) erre
HEe HCII0JIb30BaJIOCh. Mbl paboTaan TOJbKO ¢ KPUBOJMHENRHON cHUCTeMOIl
KOOP/INHAT.

Haitiennble cumBosibl Kpucroddeiist xapakTepusyoT TOJIbKO caMy CHU-
cremy KoopuHAT P(u, v), 1 UX MOYKHO HCIIOJIB30BATH JIJIsl BEIUUC/ICHMUIT
JUIs1 1100020 TEH30PHOI'O TOJIS.

Hamomuum, 9aTo, B COOTBETCTBUN € O6OSH8H€HI/IHMI/I TeOpeMbI 0 KOBa-
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3aMeTuM, 9TO MacCUB KOOPAMHATHBIX PYHKIUN TeH30pHOro 1mojis T,

3a/1aHHOI'O BbIPazKEHNEM



Perttenne. 3amernm, 4To /10 9TOI0 MOMEHTA TEH30PHOE TOJTE ?(?) erre
HEe MCII0JIb30BaJIOCh. MBI paboTa m TOIbKO ¢ KPUBOJMHEHHON cucTeMoil
KOOP/INHAT.
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cremy KoopuHAT P(u, v), 1 UX MOYKHO HCIIOJIB30BATH JIJIsl BEIUUC/ICHMUIT
JUIs1 1100020 TEH30PHOI'O TOJIS.

Hamomuum, 9aTo, B COOTBETCTBUN € O6OSH8HGHI/IHMI/I TeOpeMbI 0 KOBa-
PUAHTHOII MPOU3BOAHOMN, VT VkT ‘TFR T, @ T/

—
3aMeTuM, 9TO MacCUB QOpAHHaTHbD( dbyuxmuit reazoproro nossa T,

sagannoro suipazkennem T (u,v) =uv Ty @ T ¢ =

uMeeT BUJL (Tfj) =



U v U
k o = 00
(r-ij) - , ) ’ ( 'j) w0
_ 4z _ U 4
ut U’ wv
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wv w® Y

Berancnnm 751, ; ¢ TOMOIIBIO TEOPEMBI O KOBAPUAHTHOI IIPON3BO/I-
noit. ITomyunm



U v U
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_ 4z _ U 4
ut U’ wv
K _ 2 2 1 )
wv w® Y
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Boraucianm vaOj C IIOMOIIbIO TeopeMbI O KOBAPUaHTHOM IIPOMU3BO/I-

noii. Honyunm /1T =
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Boraucianm vaOj C IIOMOIIbIO TeopeMbI O KOBAPUaHTHOM IIPOMU3BO/I-
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Berancmm V7T, ¢ IOMOIIBIO TEOPEMBI O KOBAPUAHTHOI HPOU3BO/I-
noit. Homyunw v, T = %lul +TLTS — TS T = 2

Ham HaJ10 BBIIOJHUTS e11ie 7 110100HbIX Bhraucaennii. O iHako 3Ty pado-
TY MOYKHO HECKOJIbKO 00JIEMIUTh, €CJIU NPUMEHNUTD Ollepaliui MaTPUIHON
asreopsnl. IIpaBia, Juist 3TOro NpujIeTcss «peopraHn30BaThy MacCUB CUM-
B0JI0B Kpucrodderns, Tak Kak cefidac mopsag0K MHIEKCOB B 9TOM MaCCUBE

(&« %) ormuaercs or HeobxoguMoro HaM (g e x). ISt STOrO BBIIOJI-



HUM TPAHCIIOHUPOBaHNE MACcCUBa (HAIIOMHUM, YTO 9TOT MACCUB TEH30POM
He SIBJIsIeTCs ) 110 1-2 uHjieKcaM, (i-Tast CTPOKa, j-TO# MaTPUIIBI CTAHOBUTCST
J-TOfl CTPOKOIt 4-TOW MATPUIIHI):



(r

o
1ok

[Tostyuaem:

(v,

)




£
<

v o)

uv 0




(

0 0
uv 0

0 0
uv 0

) .

£
i~



U— g — U



( 9 o))

J4 2
j U2 uv
77, -
(VZ J 2 0
1}2
2

\ 4
) )
uv v
——
Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .
SHHHI/IT7 TGHSOpHOe 110J1€ MO2KHO SaﬂaTb CHGﬂyIOLHHM Bblpa}KGHI/IGMI

——
v T (u,v) =



( 9 o))

J4 2
j U2 uv
(VZ'To/f) - 2 0
2
(¥
2

\ 4 _
) )
uv v
——
Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .

SHHHI/IT7 TEH30PHOE 110JIE MOZKHO 3aJdaThb CJICAYIOIIMM BbIPDazxKE€EHWEM:

—k

V() =il T o0



(ViTdy) =

[

\

2
2

)

/

——

Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .
SHAYUT, TEH30PHOE I10JIe MOYKHO 3aJaTh CJIeAYIONINM BbIPasKeHHEeM:

——
v T (u,v) =

]—>Z

VzT.k

QT

—k

®r



(ViTdy) =

[

\

2
2

)

/

——

Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .
SHAYUT, TEH30PHOE I10JIe MOYKHO 3aJaTh CJIeAYIONINM BbIPasKeHHEeM:

——
v T (u,v) =

]—>Z

VzT.k

QT

—k

®r



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .

BHAYUT, TEH30PHOE T10JIe MOXKHO 3aJIaTh CJIEIYIONNM BHIPAZKEHUEM:
—— ; -
—7 L — —k
VT(U/U):ViTZkT RT; QT =

2
T'QT @1 "+ T'QT v T '+



(v

J
Tok

)

[

\

2
= 0
J4 2
U2 uv
2z 0
(¥
42
uv U2

)

/

——

Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .
SHAYUT, TEH30PHOE I10JIe MOYKHO 3aJaTh CJIeAYIONINM BbIPasKeHHEeM:

——
V7T (u,v)=v;

) =i
T.kr

®?}®

Th =

)?W®?%®?m+



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .

SHHHI/IT7 TEH30PHOE 110JIE MOZKHO 3aJdaThb CJICAYIOIIMM BbIPDazxKE€EHWEM:

g R ] —1 — o =k
VT(uv)=vT, Ter;er” =
2 4
_ %?“@)?u@?‘% (v — —2> TUQT T4+ TUYRT T
u



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpr HamIm MaccuB KOOPJMHATHBIX (PyHKINIT Tenzopuoro mosd Y/ T .

SHHHI/IT7 TEH30PHOE 110JIE MOZKHO 3aJdaThb CJICAYIOIIMM BbIPDazxKE€EHWEM:

—— ) ;
v T (u,v) = V?LTZk?Z ®?j o Tk =

2 4 2
T (U _ _> Tl T oo Tl TUa T o T4

U2 uv



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpbr HaIIM MaccuB KOOPJIMHATHBIX (PyHKINI TenzopHoro mosd §/ T .

BHBHI/IT, TEH30PHOE 110JIE MOZKHO 3a/aThb CJICAYIOIINM BbIPDazxKEHUCM:

o7 ¥ ok _
VT(u0) =TT oT;0T

2 4 2
:a;?u®?w®?m+(v_%)?U®?w®?W+a;?u®?@®?W+
u



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpbr HaIIM MaccuB KOOPJIMHATHBIX (PyHKINI TenzopHoro mosd §/ T .

BHBHI/IT, TEH30PHOE 110JIE MOZKHO 3a/aThb CJICAYIOIINM BbIPDazxKEHUCM:

o7 ¥ ok _
VT(u0) =TT oT;0T

2 4 2
:a;?u®?w®?m+(v_%)?U®?w®?W+a;?u®?@®?W+
u



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpbr HaIIM MaccuB KOOPJIMHATHBIX (PyHKINI TenzopHoro mosd §/ T .

BHBHI/IT, TEH30PHOE I10JIE MOZKHO BaﬂaTb CJIEAYIOIINM BbIPazKCHUEM:

VT(wv) =T, T'eT ;0T
2 4 2
_ 2 ug T e Tl <U _ _2) UG T T4+ TUa Ty T+
uv U uv
2
+5T'RTueT" - T'eTeT! -



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpbr HaIIM MaccuB KOOPJIMHATHBIX (PyHKINI TenzopHoro mosd §/ T .

BHBHI/IT, TEH30PHOE 110JIE MOZKHO 3a/aThb CJICAYIOIINM BbIPDazxKEHUCM:

o7 ¥ ok _
VT(u0) =TT oT;0T

2 4 2
:a;?u®?w®?m+(v_%)?U®?w®?W+a;?u®?@®?W+
u

2
+=5T'Tue T ——T'0Ty®T
(% uv



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpbr HaIIM MaccuB KOOPJIMHATHBIX (PyHKINI TenzopHoro mosd §/ T .

BHBHI/IT, TEH30PHOE I10JIE MOZKHO B&ﬂaTb CJIEAYIOIINM BbIPazKCHUEM:

VT =T, T eT,; 07T
2 4 2
_ 2 ug T e Tl (v _ _2) UG T T4+ TUa Ty T+
uv u uv
2 4
+=5T'Tue T ——T'0Ty®T T'@Ty T

() uv



( 9 o))

J4 2
j U2 uv
2
(¥
4 2
b -3

——
Mpbr HaIIM MaccuB KOOPJIMHATHBIX (PyHKINI TenzopHoro mosd §/ T .

BHBHI/IT, TEH30PHOE I10JIE MOZKHO B&ﬂaTb CJIEAYIOIINM BbIPazKCHUEM:

VT =T, T eT,; 07T
2 4 2
_ 2 ug T e Tl (v _ _2) UG T T4+ TUa Ty T+
uv u uv
2 — —> —U 4 2 U o — —
TSI Qryu®r - —7T ®rv® — =TI " Qryp®r- .

(% uv (%



( ) )

J4 2
j u2 uv
(ViT.k) ~ 9 .
2
v
K _4 _2
uv U2

B touke ®(1; 2) nosydaeM, COOTBETCTBEHHO, MACCHB

()

e
(VZT-IJ | 705 o
(u;v):(l;Q) _2 _05




Bblunc/iiyM KOBAPUAHTHYIO IPOU3BOJHYIO B LIPHMOYIO/ILHOM JIeKAPTOBO!
cucreme koopaunar. Cuavasa mepeseieM Tensop T B 3Ty cucTeMy Ko-
opannar. Hajio cnadasia HaliTu gaBHbIC BbIparKeHUd JJIsd KOOP/MHATHBIX
dbyuxiwit u(x,y) n v(x,y). DTO HETPYIHO CJIEIATD!

2x
. ye't =2 e” e
ulx,y) =y —2e " ="——— vir,y) = = :
(z,y) =y = V@Y g2 g2
=1 ye' —2
B wmaccuBe KoopamnaT Tensopa T TpoBedeM 3aMeny U = .
2x
_ € .
v = Y TIOJTY UM
00y (00
w 0/ e 0

U

HU
Haiizem BekTOpa BSaI/IMHOI‘O 6a31/1(3a r u r°. 970 MOXKHO CJelaTh

KAK C [OMOIIBI0 (hOPMYJIBI T ¢ = gZ] I'j, TaK U HEHOCPEJICTBEHHO, I10



— —
OTIPEJIeJICHIIO, 13 cucTeMbl paBeHeTB (') 1 ;) = 0. Vmeem

o
1— 2\ — e!  — el —4—
Ty=—1i+(1-— J:x—1+y:v—
u uv ye' — 2 ye' — 2
- _1? 2—,>_y6x—27 2y6x—2—,>
L quJ e e 1
H

— —U
SameruM, 4To TeH30p T mMmeeT BUJ uv r ¢y @ T ', TO €CTh HaM HY KeH

H -
TOJILKO BekTop T . Ero npoiie HailTH HellocpeIcTBEHHO, YeM BhIUUC/IATE
JIBazKIbI KOBapUaHTHBII METPUICCKUI TeH30p, 1 00paTHBI K HeMy. Ecin
— —

TU=0ai +03j, 10 nMeem:
(T T _e ye' —
=(r%, ry) = ye — 2 +ye 25
= (T, 7T,) = yeezx P —29‘36 ye — 253

g

13 BTOPOI'O YpaBHEHN A 1IOJIYy9a€EM (X = 2= 3;, IIOJICTaBUB B 1IEPBOE YpaBHE-

Hue umeeM 3 =1, a = 5.



[TosTomy

—2 T—2 2
T) =TT ¢ = ¢’ (ye 5 ?—de a3 T>®<(?) 7—1—7) =
€ €

yer — 22—  — e—2—>—> e—2—>—> e—2—>—>

1®J—4 ®1—2 J®J.

SHAUYUT, TAK KaK CUMBOJIbI KpMCTocbd)eﬂﬂ CUCTEMbBI KOOPJIMHAT T,y —
HYJIEBbBIE, TO

- ye' —4—
1




—— ye — 4 = = 2= — —

VT:—Q 62 i ® 1 ®i‘|—€—l®i®J+

ye' =34 & _ e e
81 R J®1+2=—F—1Q ] ®J+
(&
e e S S e I S e S A SR s
+Z]J]R®1I®1I+J]RI®)]-—5]R]J®1I —=]Q® )]
(&

g

H
B rouke ®(1; 2) =In2i + 2 j mosydaem T€H30p-BEKTOP



ye'! —4— - - 2= -5

62x

ye! —3—  — - ¢! —4—
i

i@ @i+l
e

1®i®i—|—€—$i®i®j+

-
® ] & ]+
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B touke ®(1; 2) =In21i + 2 j mnosydaem TeH30P-BEKTOD
1 1 ®J]+1R®JRK1+JXK1 Q1+
+] ®1X®] —]1R]IR1 — ] K] K]
o ——
SHAYUT, MAaCCUB  KOODPJIMHAT (P,l..j Temzopa VT B Touke

— —
O(1; 2)=In21i +2j pasen



B touke ®(1; 2) =1In2 IOJTy4aeM TEeH30P-BEKTOP

- e

1 ®]J]X®1+]J]KXK1R1+
- =
] ®1 -1 & ] ]

] ®
o ——
SHAYUT, MAaCCUB  KOODPJIMHAT P Temzopa VT B Touke

— — *
O(1; 2)=In21i +2j pasen

(i) = ( 11 )



C Apyroil cTOPOHBI, TaK KaK

x 2z
yew — 2 e
u(z,y) = Tt v(z,y) = ma

— =
TO MaTpHUIa epexojia or JokaabHoro basuca B = {r’y, r',} « sokaib-
—

ﬁ
nomy 6asucy B' = {1, j } umeer Bux;



C Apyroil cTOPOHBI, TaK KaK
ye' — 2 et

u(z,y) = Tt v(z,y) = ma

— =
TO MaTpHUIa epexojia or JokaabHoro basuca B = {r’y, r',} « sokaib-
—

ﬁ
nomy 6asucy B' = {1, j } umeer Bux;

(aij) =



C Apyroil cTOPOHBI, TaK KaK

2x
ye' — 2 e
u(z,y) = . v(z,y) = ,
(2, y) . (2, y) p—
— =
TO MaTpHUIa epexojia or JokaabHoro basuca B = {r’y, r',} « sokaib-
— —
nomy 6asucy B' = {1, j } umeer Bux;
i\ X Yy _
<a°j) — | Ov Ov | —



C Apyroil cTOPOHBI, TaK KaK

x 2
uwy) = L= ey =,
TO MATPHUIA [Epexo/a OT JOKaIbHoro Gasuca B = {1, T ,} K JoKaib-
oMy basucy B’ = {T, T} MMEeT BIJL:
u Ou 2 1
(aij) = % % P ygx —4 ¥

Jx Oy (ye® —2)°  (ye* —2)°



C Apyroil cTOPOHBI, TaK KaK

T 2x
yew — 2 e
ulz,y) = v(x,y) =
( 7y) 63; ) ( 7y) yex_27
— =
TO MaTpHUIa epexojia or JokaabHoro basuca B = {r’y, r',} « sokaib-
— —
nomy 6asucy B' = {1, j } umeer Bux;
(aloj) = o 8_% = 0w ye' —4 e
Jx Oy (ye" —2) (ye® — 2)°

Marpuna obparHOro mepexoja paBHa;



C Apyroil cTOPOHBI, TaK KaK

T 2x
yew — 2 e
ulz,y) = v(x,y) =
( 7y) 63; ) ( 7y) ex_27
TO MATPHIIA NIEPEXO/IA OT JIOKATBLHOIO 6asuca B = {1, T,} K J0KaIb-
ﬁ
oMy basucy B’ = { i, j } wmeer Bu;
gu % 2 1
(CLZO]) — Ov 8_% - 62x ye 42 . egm 5
dxr Oy (ye" —2) (ye" — 2)
Matrpuiia 06paTHOro repexo/ia paBHa:
e’ ye' — 2
ye' — 2 2"

(bij):
ye — 4 _2ye —2
6 — 2 e




z ye' —2

9 e
= 1 T _9 2x
. . ye e
(azoj) = <62x yg“" —4 e’ . ) ; (bloj) =
)

ye’ — 4 _2yex — 2
ye' — 2 et

Kcraru, mpaBUIbHOCTD BBIYNC/IEHUS MATPUILHI (bﬁj) JIETKO IMPOBEPUTD,
— =
IIOCKOJIKY MBI YK€ Halll/Ii KOOPJUHATHBIE PYHKIUN BEKTOPOB T, I ,:

N 1—- (1 2)—,>_ e’ - ye' —4—-

rqg=—1 + i+ :

YT uv ye' — 2 yex—Z‘]
- _1? 2—>_yex—27> ye' —2—
v= ) 27 JETR

(o) = (o 2) 04)= (0 3):



——
Ecin Pyl ¢ — Maccup koopauHaT Tenzopa S/ T B cucreMe KoopauHaT

O(u,v), TO B NPAMOYTOJBHO JIEKAPTOBON CHUCTEME KOOPJMHAT MaCCHB
——
KOOpJInHAT TeH30pa Y/ T MOKHO BbIYUC/IUTb, UCIOJIb3Ys TEH30PHbIN

3aKOH:



——
Ecin Pyl ¢ — Maccup koopauHaT Tenzopa S/ T B cucreMe KoopauHaT

O(u,v), TO B NPAMOYTOJBHO JIEKAPTOBON CHUCTEME KOOPJMHAT MaCCHB
——
KOOpJInHAT TeH30pa Y/ T MOKHO BbIYUC/IUTb, UCIOJIb3Ys TEH30PHbIN

3aKOH:

( bn ak P s) =



——
Ecin Pyl ¢ — Maccup koopauHaT Tenzopa S/ T B cucreMe KoopauHaT

O(u,v), TO B NPAMOYTOJBHO JIEKAPTOBON CHUCTEME KOOPJMHAT MaCCHB
——
KOOpJInHAT TeH30pa Y/ T MOKHO BbIYUC/IUTb, UCIOJIb3Ys TEH30PHbIN

3aKOH:

pen ):(am)t (b )(P108>(.k) B

( e al. - Ple i (b )(Pg.s)< k) :



——
Ecin Pyl ¢ — Maccup koopauHaT Tenzopa S/ T B cucreMe KoopauHaT

d(u,v), T0 B HpﬂMO}gongof/’I JIEKaApTOBOIl cucTeMe KOOpAWHAT MaCCUB

KOOpJAnHaT TEeH30pPa VT MOzKHO BbIYHCJ/INTDH, HCIIOJIb3Y TeHBOprIﬁ
3aKOH:

(a%n'b%'as “Po'e s) - <a.7j) (bzn) Pies) ( ) =

' () (P9 (e5) )
(). (o03) (= ) (=)
LG ) (5 s) ()
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HOﬂyquHblﬁ 9TUM CIIOCOOOM MacCCHUB COoBlIaJJa€T C IIOJIy9Y€HHbIM BbI-
me <«I10-9€CTHOMY » .



HOﬂyquHblﬁ 9TUM CIIOCOOOM MacCCHUB COoBlIaJJa€T C IIOJIy9Y€HHbIM BbI-

II1e «II0-9eCTHOMY». JTO IIOATBEPXKIAeT TeOPEMY O TeH30pe KOBa-
PUAHTHOM IIPOU3BOIHOMN.



HOﬂy‘{eHHblﬁ 9TUM CIIOCOOOM MacCCHUB COoBlIaJJa€T C IIOJIy9Y€HHbIM BbI-

II1e «II0-9eCTHOMY». JTO IIOATBEPXKIAeT TeOPEMY O TeH30pe KOBa-
puaHTHOII Mponu3BoAHOI. BepHYyThcd K JIeKITUN !



Sagaua I.1. (OrBer mnpusenern Ha cTp.307.) Haitiure B 0Oasuce

b = L0 b LU K MHaTHbIEe (DYHKIUN KpU

BOJIMHEITHON — cucTeMbl  KOODJUHAT @(u, v, w), 3ajaHHoli  GopmyJIoii

plu, v, w) = ( -

u 0 w
) 0 v |, rmew,v,w > 0. Haiinure BekTOp C

0 v w
w W

KpuBOJIMHEeHHBIMI KoopuHaTamu (1, 1,2), To ectb BekTop P(1, 1, 2). Haii-

4 0
JuTe 0a3mc, COOTBETCTBYIONINN BEKTOPY ( 09 )



Ba,uaqa I1.2. (Orser npusenen na crp.310.) Haiture MaTpHUIly Hepexo/ia
113 TOJISTPHOI CHCTeMBI KOOP/IMHAT B cricTeMy KoopauHat P(u, v), e Ko-
Op/IMHATHDBIE JIMHUU CHCTeMbI KoopHaT P(u, v) umeor Buj - + y = u,
Y = V.



Bagada II1.3.  (Omser npusesen na crp.312.) Haiimure B 0asu-
ce B = {1 —z,l+x,1— :1:2} KOOpAMHATHbIE  (PYHKINN — KPUBO-
JauHeliHoi  cuctembl  KoopjpuHar  P(u,v,w), saganboit  dopmyioi
(P(u, v, w)) (z) = (u+ vz)(v — W)



Sa,uaqa IV.4. (Orser upusenen na crp.314.) Haiture KOOp/JMHATHBIC JIN-
HUU ¥ = const Kakoii-1nb0 OPpTOroHAJILHON KPUBOJIMHENHON CUCTEMbI KO-
opauaaT P(U, v), 1T KOTOPO KOOpJAMHATHBIE JIMHUNA U = CONSt UMEIOT

BUJL Y = uz”.



Sa,uaqa IV.5. (Orser upusenen na crp.318.) Haiture KOOp/JMHATHBIC JIN-
HUU ¥ = const Kakoii-1nb0 OPpTOroHAJILHON KPUBOJIMHENHON CUCTEMbI KO-
opauaaT P(U, v), 1T KOTOPO KOOpJAMHATHBIE JIMHUNA U = CONSt UMEIOT
BUJ Y = ue’.



Sa,uaqa IV.6. (Orser upusenen na crp.320.) Haiture KOOp/JMHATHBIC JIN-
HUU ¥ = const Kakoii-1nb0 OPpTOroHAJILHON KPUBOJIMHENHON CUCTEMbI KO-
opauaaT P(U, v), 1T KOTOPO KOOpJAMHATHBIE JIMHUNA U = CONSt UMEIOT
B Y = e,



Sa,uaqa V.7. (Orser npusecsen na crp.322.) HyCTb B [OJISIPHOI cucTeMe
—
. — —
KoopauHat ®(p, p) BekTopHOe HOJE 3ajtan0 Gopmytoit T = pr’, 4+ 1.
3ajiaiiTe 3TO 110JI€é NeOMETPUYECKHU, HailuTe pasjioyKeHHe STOro I10Jis

— —
110 JIoKasIbHOMY Gasucy cucreMbl koopaunar W(u,v) =uwv i + & j , rae

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



3agada V.8. (Orser upusesen nacrp.326.) BBIUMCIUTE B IIUIMHIPTISCKIX
KOOP/IMHATAX KOMIIOHEHTDI 110JI1sI OMJINHEHHBIX (DOPM, CTABSIIIEr0 KarK 10l
H o
TOUKE C PaJuyc-BEeKTOPOM I B COOTBETCTBHE OMINHEIHYI0 hopMy

(F(T)) (W, %) = [T]- (&.7).



3agada V.9. (Orser upusenen na crp.329.) Brrauciure B cdeprdecknx
KOOpAMHATAX KOMIIOHEHTBI I10JIs1 JIMHEHHBIX (DOPM, CTABAIIEr0 KayKoi
—
TOYKE C PaJUyC-BEKTOPOM I B COOTBETCTBHE (PYHKIIIIO

(F(T)) (W) = mp (W),



3agada V.10. (Orser npusesen na crp.331.) Brraucanre B IOJSIPHBIX
KOOpJIMHATAX KOMIIOHEHTHI TEH30PHOT'O IOJIsI, CTABSAIIET0 KayKJI0i TOUKe
—
C PaJyC-BEKTOPOM I B COOTBETCTBHUE BEKTOP

F(T)=|T|1.




Sa,uaqa V.11. (Orser upusesen ma crp.334.) Haitnre KOOpAMHATHI
gy — — —
Ter3opHoro moJsg T ( r ) = (uv r,—r U) ® 1, B cucTeMe KOOPJMHAT
U(a, B), ecrm

— — — —
1

Ou,v)=ui +uwj, VY(a,0)=ai +Ingj.



Ba,uaqa V.12, (Otser upusenen na crp.337.) HyCTb V' — smneiinoe IIpo-
CTPAHCTBO MHOI'OYJIEHOB cTelleHd He OoJibiie 1 Haji rojiem R jeiticTBu-
TeJIbHBIX YHCes. 3ajaiiTe TeH30P-MacCuBOM TeH30pHoe 1oJie F OuinHeii-
HBIX (HOPM, 3a/JaHHBIX Ha JUHEHHOM IIPOCTPAHCTBE V| KOTOPOE KarKJIOMY
MHOrowleHy f craBuT B cooTBercTBue Ousnneitnyio dopmy Fy, 3ajiai-
HYI0 POpPMYJIOi

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



Ba,uaqa V.13. (Otser upusenen na crp.339.) HyCTb V' — smneiinoe IIpo-
CTPaHCTBO MHOT'OYJIEHOB cTereHun He OoJjibie 1 Haj mosiem R jeiicrBu-
TeJIbHBIX YKce/l. 3alaifiTe TeH30P-MacCuBOM TEH30PHOE 110J1e OMIMHEHbIX
dopM, 3a/1aHHBIX Ha JIMHETHOM IIpocTpaHcTBe V| KOTOPOe KarKJ0My MHO-
roujeny f craBur B coorsercTBUe Ousnneiinyio dopmy Fr, 3a/laHHylo

dopmyiioit



Sa,uaqa V.14. (Otser npusenen na crp.341.) B IIPOCTPaHCTBE CUMMET-

PUYECKUX MaTPHIL Pa3MEpPHOCTH 2 X 2 KPUBOJIMHEHAs crcTeMa KOop-

) U U .

aunat (u, v, w) 3amana dopmysoit P(u, v, w) = . Bajiaii-
uv UVW

Te B cucteMe KoopauHat P(u, v, w) mosie JMHEHHBIX OMepPaTOPOB, KaK-

Joii MaTpuile Y cTaBdilee B COOTBETCTBUE JIMHEHHBLIN olepaTop BHJA

PlY](X)=XY +YX.



Sa,uaqa V.15. (Orser npusesen ma crp.352.) B IIPOCTPAHCTBE MHO-
POYJICHOB C BEIECTBEHHLIMU KO3 UIMEHTAMI CTEIeHN, He BbIIIe
1, kpuBo/mHeiliHas cucreMa koopauHarT P(u,v) 3samana  bopMmysioit
(®(u,v)) () = wv + ux. Bagaiire B cucreme KoopauHat P(u, v) TeHzop-
HOE TOJIC JIMHEHHBIX ONEPATOPOB, KaZKIOMy MHOTOUJICHY f(x) crass-

1ee B COOTBeTCTBHE JinHeitublii orepatop P(f), samaBaembiit dhopmyiioit

P(7) ) (o) = UG




Sa,uaqa V.16. (Orser npusesen na crp.354.) C 11oMoIIbIO MaTpUIbl 1I1epe-
X0Jla HAWJIUTe B CUCTEeMe KOOPJIAUHAT CID(u v) [IepBOU KOOPJIMHATHON YeT-
BePTU KOOP/IMHATDI TGHS_PHOFO 10JI4, SaﬂaHHOFO B IIOJIAPHON cUCTeMEe KO-
opAMHAT BhIpaykenueM T = p T p— T o, €CJIH KOOpﬂHHaTHbIe JIMHUU CH-
cTeMbl Koopaunar ¢ UMeroT BUI: Ty = u2,

T

r = v*y. 3necv u, v, T,y > 0,



Ba,uaqa VI1.17. (Orser upusesen na crp.357.) B nuneiinoM IIPOCTPaHCTBE
P1(x) MHOrOU/ICHOB CTeleHr He Bbille | KPUBOJIMHEHHAs CHCTeMa KO-
opaunar O(u, v) sazana dopmynoit (P(u,v)) (x) = uv + (u + v)z. Hail-
JIUTE KOBAPUAHTHYIO TPOU3BOJHYIO oreparopa AudepeHinnpoBatus B
JIOKAJIbHOM Oasuce cucteMbl KoopauHat P (u, v).



Sa,uaqa VI1.18. (Orser npusenen na crp.361.)  Haifiure B [MOJIAPHOU cuUCTe-

M€ KOOpAnHaT KOBAapUaHTHYIO IIPOU3BOJHYIO TEH30PHOI'O 110JIA, KaZAKIAOMY
H -

PAJINYC-BEKTOPY I ILIOCKOCTH CTABSIIIErO B COOTBETCTBHE OMJIMHEHYIO

dopmy f[T](X,y) = (upX) - (mpry).



Sagada VI.19. (Orser upusesen na crp.372.) Boraucamnre B NMINHIPH-
JeCcKUX KOOpJIMHATaX KOBaApUAHTHYIO IIPOU3BOJHYIO IOJIsI OMIMHEHHBIX
bOPM, CTABSIIEro KayK/I0H TOUKE ¢ PAINYC-BEKTOPOM T B COOTBETCTBIE
onmmHelinyo dpopmy

(F(7) (%.9) = [F]- (7. 7).



Sa,uaqa V1.20. (Orser npusesen na crp.379.) Haiture KOBapUaHTHYIO
o —
I[IPOU3BOAHYIO II0JIA JIMHEMHBIX OIIEPATOPOB, KazxKJIAOMY BEKTOPY I COIIO-

LX)} LX) LX)} T H (5]
CTaBJIAIONNI JIMHEHHbIN ortepaTop L [ r ] rockocTn 11, 3amannbiit dpop-
N P =1 (= I 17— - N .
Mysoir L [r] (V) = }j k: V|, rtne k — elmHUYHBII BEKTOD, Iep-
r|

HMeHINKYJIAPHDbIN 11ockocTH 11



OTBeThbl U penieHns



Pemtenne 3amaanm 1.

. B 10 11 1 0
Bamada 1. Haitqure B 6asuce B = {( 01 ) , < 11 ) , ( 0 -1 )} KOOD/IMHAT-

Hble  (DYHKIMH  KPUBOJMHEHHOW  cucTeMbl  KoopaumHar — @(u,v,w), 3agaHHONl  dopMysion

u 0

u 0 w . .

o(u,v,w) = ( 0 v w> 0 v |, rme w,v,w>0. Haiizure BexkTOp ¢ KPUBOJMHEHHBIMU
w w

koopauaaramu (1,1,2), To ecrb Bektop P(1,1,2). Haiinure 6asuc, cOOTBETCTBYIOIIUN BEKTOPY

(03)



. - 10 11 1 0
Bamaga 1. Haiiqure B  0Oasuce B = {( 0 1 ) , ( 11 ) , ( 0 —1 )} KOOD/IMHAT-

Hble  (QYHKIMA  KPUBOJMHEHHONH  cucreMbl KoopamHaT  @(u,v,w), 3agaHHOl  (DOPMYJIOil

u 0

u 0 w . .

go(u,v,w): ( 0 v w> 0 v |, rme wu,v,w>0. Haiigure BeKTOp ¢ KPUBOJUHEHHBIMUI
W w

koopiuuaTamu (1,1,2), To ectb BekTop ®(1,1,2). Haiimure 6asmc, coorBeTcTByMOMUil BEKTOPY

4 0
0 9 /)
u2+w2 w?

OTBer. Nnmeem U, V, W) = . ITosToMm B bazuce
‘P( » U,y ) w? V2 + w2 Yy

/ 10 0 1 0 0
b = 0o/ \10)' Vo1 KOODJIMHATHBIE (PYHKIIUU CHCTEMBI KOODJIUHAT © WMe-

0T BUJ],
(u2—|—w2)((1) 8>+w2((1) (1))+(v2+w2)(8 (1))

Marpuna nepexona B = TB'—>B HaXOAUTCS HEIIOCPEJICTBEHHO C IIOMOIILIO (hopMYyJIbI

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

1Y4TuTe, YTO Mbl JOTOBOPUWJINCH MATPHUILY Ilepexo/ia 00o3HavaTh OykBamu A u B.

1




11 1 1 -2 1
roecrs B=[ 01 0], A=1[0 2 0 |. Iosromy
1 1 -1 1 0 —1
1 0 11 1 0
o(u, v, w) = Y1 (u, v, w) ( 01 ) + o (u, v, w) < 11 ) + 3(u, v, w) ( 0 1 ) ,
e
1 (u, v, w) (1 -2 1 u? + w? 1 u? + v?
¢2(U7U,UJ) = = O 2 O w2 = — 2’u)2
s (u, v, w) 1 0 -1 v? + w? 2\ w22
IIpoBepka.
2, 2 2 _ 2 2 4 .2 2
u” +v 10 of 11 ut—v I 0\ [u+v w .
9 (0 1>+w <1 1)+ 9 (0 _1>_( U)2 U2+w2)_gp(uvvaw)a

YTO U TPeDOBAJIOCH.



Pemtenne 3agaanm 2.

Saza4a 2. Haiinnre MmaTpuity nepexo/ia n3 HOJISPHON CUCTEMBI KOOPJAMHAT B CUCTEMY KOODIHHAT
O (u,v), rae KoOpAUHATHBIE JIMHAU CUCTEMBI KoopauHatr P (u, v) UMeoT Buj & + y = u, y = V.



Bajaua 2. Haiiaure MaTpuily nepexoia U3 MOJISPHONR CUCTEMbl KOOPJMHAT B CUCTEMY KOODIMHAT
O (u,v), Tae KOOpMHATHBIE JIMHUU CUCTeMbl KOOpaHAT P (u, v) UMEIOT BUJ T + § = u, Yy = V.

: ?
OtBet. Kak n3BectHO, az.j = g_qu [TosToMy HaI0 BBIPA3UTD p, @ Yepe3 u, v. g 9Toro Beipasum
q
Z,y Yepe3 u,v, U MOImpoOyeM IOJYYUTh TpeOyeMble BbIPDAXKEHUS, CpaBHUBAs BbIPAXKEHUS I T, 1.
u
T = = pcosp
[To ycnosuo mmeem (1 + v) = u, oTKyna x T YT oo T [Tosromy Y = Ulfl _ psing
2 2,2 2
Nnmeem p? = W :ﬁ 1)’ + (UU+U1)2, OTKYyJa p = % Haitee, tgp = % = v. [losTomy, yunTsiBas
yeaoBue () < p < %, oJIy 4aeM
_ w41
P="0vF1
p = arctgv
[TosTomy
| ap dp i1 _ulv— 1)
(az ) = gu gv — vtl 2 1w+ 1)
®J gy op 0 1
ou Ov V1

() = ()= (i ).

v? 41



Pemmenne 3anaun 3.

Banaua 3. Haiigure B 6asuce B’ = {1 — 2,1+ z,1 — 2%} koopmunaTHble DYHKIUN KPUBOJIH-
HeltHol cucrembl koopauaar P (u, v, w), samannoit popmymoit (P(u, v, w)) (z) = (u+ vz)(v — wz).



Banaua 3. Haiigure B 6asuce B’ = {1 — 2,1 + x,1 — 2%} xooppunarubie byHKIME KpUBOJIUHET-
HOft cncreMbl Koopauaar P (u, v, w), sasanuoii popmymoit (P(u, v, w)) (z) = (u + vz)(v — wa).
OtBer. @ (u,v,w) =uv + (v — uw) z — vwa? =

= 1 (u, v, w)(1 = 2) + o (u, v,0) (1 + ) + P3(u, v, w) (1 — 2?),
Y1 (u, v, w) 1 uv + uw — vw — v?

Uo(u,v,w) | == | wo—uw —vw + v?
V3 (u, v, w) 20w



Pemtenne 3amga4an 4.

Bama4da 4. Haitaure KoopanHATHBIE JJUHIT U = const KaKoi-Iu00 OPTOrOHAIbHON KPUBOJIMHEI-

HOII cCTeMbI KOOp/JuHaT CI)(U, U), JJIA KOTOpOIL/'I KOOp/JMHAaTHbIE JIMHUW U = const UMeroT BUIA Yy = U,J,’k.



Sanada 4. Haitaure KoopuHATHBIE JIMHUN ¥ = cONSt KaKoW-JIMOO OPTOrOHAJIbHON KPUBOJIMHEI-

Hoit cucrembl KoopauHat ®(u, v), g KOTOPOit KOOPMHATHBIC IMHIN U = cONSt UMeIoT BU Y = ux”.

Otrser. OtBet. Pemasa anamorndmno npumepy 4, crp.67, momydaem 2 + ky? = v.



3agada 4.
Pemenne (B oGiem Bujae).

Cayyait y = u - f(x). [lycts y = u - f(x) — ypaBHeHUs] KOODJIMHATHBIX JIMHUN © = const OpPTOTO-
HAJIBHOW KpUBOJIMHEHON cucreMbl KoopauHar P(u,v). Hajgo waiitu nuanum v = const. Ilycrs
y = y(r) — xoopauHaTHas yHKIUs v = const. meem:

/ 1 f(z)

T Ty Ty

OTKY/Ia f(a)
y@z—f@ym
y* =C(v) —/%dm.

Cayyait y = u + f(x). [lycts y = v+ f(x) — ypaBHeHHs KOODAWHATHBIX JIUHUI U = const opro-
TOHAJILHON KPHUBOJIMHEHOI cucteMbl KoopauHat P (u, v). Hamo naiitu mmuann v = const. Ilycrs
y = y(x) — xoopaunaTHas dyHKIW v = const. Umeem:

OTKY/Ia




Cayyait v = f(x,y). llycrs u = f(x,y) — ypaBHEHUS KOODIAUHATHBIX JIMHUN U = CONSt OPTONOHAJIb-
HOIT KpUBOJIMHEHOH cucTeMbl KoopauHatr @ (u, v). Hamo naiitu iuaun v = const. Ilycrs y = y(z)
— KoopJmHaTHas QyHKINA v = const. Imeem, 9T0 TaHTeHC HAKJIOHA KPUBOI © = const paBeH

e
fy
CreioBaTeIbHO, B TOUKe TepecevdeHnsl YroJl HAK/JIOHa KOOPJAWHATHON JIMHUU U = cONSt TOJKEH
OBITH paBeH
o Ty
y —

fe

910 nuddepeHimaibHOe YpaBHEHUE U HAJIO PEIaTh.

0= falz,y)+ fy(z, )y, ¥ =

Cayyait © = f(u,v), y = f(v,u). Urak, x = f(u,v), y = f(v,u) — KoopauHATHBIE (DYHKIMNA OPTO-
TOHAJILHOW KpuBOJIMHETHON cucrembl KoopauHar P (u,v). Haiitn dyukmuo f. Bymem canrars,
YTO «CTaHJApTHBIE HA3BaHWs» HepeMeHHbIX (yHKImu [ — 310 a, 3, 10 ectb f(u,v), f(v,u)
— DE3yJIbTAT TOJCTAHOBKU COOTBETCTBYIOIINX MMEPEMEHHbIX B Bhipaxkenue F'(q,(3), 3aaomiee
dyuknuio f. 371ech YMECTHO 3aMETUTh, YTO CJEAYeT Pa3JndaTh GyHKUUIO U 6bipastcerue, 3a/ia-
foriee 9Ty GyHKIMIO. B yacTHOCTH, O/iHA U Ta Ke (DYHKIUS MOXKET ObITh 3a/aHa Pa3TUIHBIMU
BBIDAYKEHIAME, HarpumMep, sin?z u 1 — cos? & 33J1a10T OJHYy U Ty Ke (DYHKIUIO, a BBIPArKEHHe
AX moxer 3ajiaBaTh pasjiniHble (DYHKINN J1azke Tpu (pUKCHpoBaHHON MaTpure A: j1eyio B ToMm,
910 110, X MOXKHO IMOHUMATH KaK MATPHUILY-CTOJIOEI, TAK U MATPUILY U3 HECKOJIHKUX CTOJIOIOB,
U MOYKHO JIa2Ke CUUTaTh, 9T0 X — 3TO cKaJjsp!

0= (?m ?v) = fa(uv 'U)fﬁ(vvu) + fﬁ(uvv)fOJ(U’u)'



Pemmenune 3agaun 5.

Bamada 5. Haitaure KoopanHATHBIE JIUHIT U = const KaKoi-Iu00 OPpTOrOHAIbHON KPUBOJIMHEI-
HOiT cucreMbr KoopauHatT P(u, v), J1yist KOTOPOit KOOPANHATHBIE JINHUA U = cONSt UMEIOT BUJL i = ue”.



Samada 5. Haiture KoopuHATHBIE JIUHUN ¥ = cONSt KaKoW-JIMO0 OPTOrOHaJIbHON KPUBOJIMHEN-
HOIT crcTeMbl KoopuHAT P(u, v), 171 KOTOPOil KOOPJIMHATHBIE JINHUU U = CONSt MMEIOT BUJL i = ue”.

OtBer. 27 = v — 9.



Pemmenne 3anaun 6.

Bamada 6. Haitaure KoopanHATHBIE JIUHIT U = const KaKo-Iu00 OPTOrOHAIbHON KPUBOJIMHEI-
HOiT cucTembl KoopauHat P (u, v), 11 KOTOPORl KOOPJNHATHBIE JINHUA U = const UMeIOT Buj y = €"*.



Samada 6. Haiture KoopuHATHBIE JIUHUN ¥ = cONSt KaKOW-JIMO0 OPTOrOHAJIbHON KPUBOJIMHEN-
HOIT crcTeMbl KoopauHar $(u, v), /it KOTOpOil KOOPIMHATHBIE JIMHUA U = consl UMeroT Buj y = e,

2
Otser. 2% =v — %— (2lny —1).



Pemmenune 3agaun 7.

Bamada 7. Ilycrs B nossiproit cucreme koopauuat ®(p, ) BekTopHOE moJe 3aaH0 hOpMYJIOit
H

— e o o
T = pPr, +r - Ba,H‘aI/ITe 9TO II0JIE I'eOMETPUYICCKU, Hau/JIUTE Pa3J/IO2KEeHHE 3TOIrO I10JId 110 JIOKaJIbHO-

My Gasmcy cucrembl Koopaunar U(u,v) =uv i + % j, rae D = {(u,v) | u >0, v> 0}.



Bamaqa 7. Ilycte B mossipHoii cucreme koopaumuat P(p, ) BekTOpHOE MHOJE 3aaH0 (BHOPMYJION
ﬁ

T =pT,+ T, BajaiiTe 5T0 MO/ TEOMETPHIECKH, HAfIATE PA3JIOAKEHIE STOTO MOJIS MO JTOKATHHO-
My Gasucy cucrembl KoopauHatT W(u,v) = wo i + %T, rie D = {(u,v) | u>0, v>0}.

Orset. 13 pemenus npuMepa 3, cTp.56 ciieiyer, 9To p T, paBeH PaJImycy-BeKTODY, & BEKTOD T
HepHeHIUKYISpeH pauycy-BeKTOPY U paBeH eMmy o jymHe. Ilosromy m3 puc 1, ¢Tp.58 BekTopHOe
HOJIe TOBOPAYMBAET KazKIblil BEKTOD Ha yIoJI {r IIPOTHB YACOBOIl CTPEJIKI I PACTATHBAET €ro B v/2 pas.
Tenepn HaiijieM ero pasJozKeHue 1o JoKaJILHOMY 6asucy cucreMbl Koopaunar V. BosbMeM B KadecTse

-
«OCHOBBI» Dazuc { 1, ] } Nmeem

I =pcospl +psingj,

pCOsS Y = UV
. u OTKY/JIa

psing =’

2

2
p? = utv® + % YUuUTBIBas MOJOKUTETBHOCTD U U U, TIOJIYHIaeM ) = %\/ v? 4+ 1. Tak Kax u, v TOJOKU-

N3 cpaBuenusi BbIpakKeHUNl JjId pajinyca-BeKTOpa IOJIydaeM, YTO

TeJIbHBI, TO KOHell pajuyca-Bektopa V(u, v) HAXOMUTCS B IEPBOil Y€TBEPTH, TO €CTh MOKHO CUATATH,

qTo Y € (O; %) [osromy u3 tgp = 3 -uuv = # CJIEJTyeT, 9TO ¢ = arctg # Cornacao chopmyiie

nojtyaaem MaTpuity A nepexojia u3 moJsipHO CucTeMbl KOOpAUHAT B cucteMy W u, Haxo/ist 0OpaTHYIO




MaTPHUILy, HAIIPUMED, C MOMOIIBIO TTPUCOCINHEHHON MATPUIILI, oJydaeM MaTpuily B odpaTHoro
repexo/ia

vt 1 vt —1 v vt —1

A= v viVot + 1 B = Vot—+1 20?
ou J 0 ol

oI 1 2T

ﬁ
[TosTomy crosber; koopjunaT BekTopa T paBeH

4 2 4
v vt —1 u (20® +v* — 1)
(e
Vel 20 (6 “4+1>: 2
0 _v +1 1 _vt+1
2v 2v

—
CneroBaresnibio, paszioxkenne Bekropa T 1o jokaiabnoMmy 6asucy cucreMbl Koopaunar WU nmeeT BUJL

u(2v2—|—v4—1)_) P 1,

ﬁ
T = 5 r, — r,.
2v 2v
IIpoBepka.
= o - - - -
T=pr,+To=xi+yj+(-yitej=@-yit+@tyj=

C Apyroit cTOPOHBI

u(2v2—|—v4—1)_> i1, u(202+v4—1)(7> 1—,>) vl - u—
r,= vi —
21}2 ( >



2uv2—2u—,> 2uv2+2uv4—,> —
=—i+——-—7F—j) =T

2v 203
YTO TIOJITBEPZK/IAET MPABUILHOCTD PE3YIbTaTA.

)



Pemmenne 3agaun 8.

Sagada 8. Brramcanre B MIIMHAPUIECKIX KOOPIUHATAX KOMIIOHEHTHI 110151 OMIMHEHHBIX hOpPM,
o e o
CTaBSIIIETO KaxKJIO TOYKE C PaJlyCc-BEKTOPOM I B COOTBETCTBHE OMIMHEHHYIO hopMy

(F(F)) (W.9) = [F]- (7).



Sajsava 8. Boraucmre B MUIMHAPUIECKUX KOOPJMHATAX KOMIIOHEHTBI I10JIsi OMIMHEHHBIX (hOpM,
o o o
CTaBAIIEr0 KaxKJ0i TOYKE C PaJInyC-BEKTOPOM I B COOTBETCTBUE OMIMHENHNYIO (hOPMY

(F(T) (W0, V) =[] (W, V),

OrBer. EcrecTBeHHO, IPUMEHHM CTPATEIMIO COCTABJIEHUS ypaBHeHuil. Ymo nado natimu?
KoMIloHeHTBI TEH30PHOIO 10JIA B NMJIMHIPUYECKUX KoopauHarax Kax sanuwem omeem? Dopmyiia-

mu. Beedem nepemenmvie. Ilyers (yaursiBasi, 9ro ?Z = ?)

s — -
=zi+4+yj +zk=pr,+2k
U'r,+UT,+ UT
=VIT,+ VT, + V3T,

<l el=|

" — — —
Cocmasum ypasrerue. C 0IHON CTOPOHBI, 3HAYEHHUE I10JIsI Mbl 0DO3HAUMINA Yepe3 (F( r )) (U, V), c
JIPYTOil CTOPOHBI, €r0 MOXKHO BBLIYHC/IATDL C IOMOIILIO KOODIMHAT:

7| (U, V) =+ 2 (UV + UV + UPV?).

Mp1 3amucam MHOTOYJIEH, COOTBETCTBYIONIMI 3TOM OMIMHEHHON popMe, HO HAC MHTEPECYIOT it KOM-
MMOHEHTHI COOTBETCTBYIOIIETO TEH30PHOIO IM0JIsd. B cOOTBETCTBUHN ¢ paBeHCTBAMN UMEEM

Fy(p.p,2) = |T|- (Vi T5) = Vo2 + 22 (UV + UV + UVP)

— —
r

— — —
rjge, Kak OOBIYHO, I’y = T ,, Ir's=Tr,, TO €CThb JJId BBIYUCJIEHUA KOMIIOHEH-

2
{(1] upu  t =1 V= 1 mpm t=

mpu t#£ 0 0 mpu tj . Urak, ounnneii-

o1 Fi;(p, ¢, 2) namo monoxurs U =



HOIT (hbopMe COOTBETCTBYET JIBayK/Ibl KOBAPDUAHTHBIN TEH30p BTOPOrO PaHra, Kaxkjomy Oasucy (s1o-

KaJIbHOMY 0a3WCy 9TOW CHCTEeMbI KOODWHAT) CTABAIINI B COOTBETCTBHE MATPUILY TOH OUIMHERHON
- = =

dopwmbl B 3ToM Oasuce. JIokaabHoMy 6a3ucy { r, r,,r Z} COOTBETCTBYET MaTPHIIA

P+ 22 0 0
(Fij(p, 0, 2)) = 0 P2/ p? + 22 0 . (5)

0 0 VP2 2P

[Ipu sTOM TEH30pPHOE TI0JIE UMEET BU/I

F(pp,2)=FT@T = V2 + 2T T + o2/ 1 2T @ TP + VP2 + 2T @ 77



Pemmenne 3agaun 9.

Bama4da 9. Berumcianre B cdepuuecKux KOopAuHATaX KOMIIOHEHTHI II0JIA JIMHERHBIX (DOPM, CTa-
o —
BAIIEr0 KazKJI0i TOYKe C PaJuyCc-BEKTOPOM I B COOTBETCTBUE (DYHKIUIO

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



Samavua 9. Boeruuciiure B chepudeckux KOOpMHATAX KOMIIOHEHTBI I10JIsd JTUHEHHBIX (POopM, cTa-
o —
BSAIIEr0 KaKJI0i TOYKE ¢ PAJIMYC-BEKTOPOM I B COOTBETCTBHE (DYHKITUIO

(F(T)) () = upp ().

OtBer. Kak cieayer u3 npumepa, GyHKIHUA, Kaxkaomy 0Oasucy (JoKagbHOMYy 06a3u-
“ . - = =
Cy KPHUBOJIMHEHHON CHCTEMBI KOODJIUHAT) {r 1, To, I 3} CTaBdIlas B COOTBETCTBHE CTOJIOEI]
é
Ipw (T
(Fi(r,p,0)) = T K
i(r,p,0)) =1 mpy (e , ABJIsIeTCS KOBAPMAHTHBIM TEH30POM IEPBOTO paHra. Kak HeTpyaHO
—)
Ipw ('3

BBIYHCJIATE C UCIIOJIL30BaHIEeM POPMYJI, CBA3BLIBAIOIINX cheprudecKylo U JeKaPTOBY CUCTEMbI

KOOp/MHAT, i cepudecKoil CHCTEMbI KOOPAMHAT T = I T ,, IIOSTOMY, VHHTBIBAS OPTOrOHAIb-
2

HOCTBb cepudeckoii cucreMbl KoopauHar, nouydaem (Fi(r, ¢, 0)) = 0 |. Tensopuoe mosie umeer
0

BUJT _ N b
F (r,p,0)=Fi(r,p,0)T" =r"1".



Pemmenne 3aaagn 10.

Bajmavua 10. Beruuciure B HOJSPHBIX KOOPIUHATAX KOMIIOHEHTHI TEH30PHOTO TI0JIS, CTABSIIETO
o —
KaKJI0i TOYKe C PajInyCc-BEKTOPOM I’ B COOTBETCTBUE BEKTOD

F(T)=|T|1.



Ba,uaqa 10. Boraucanre B IIOJIAPDHBIX KOOpAMHAaTaX KOMIIOHEHTbI TE€H30PHOI'O IIOJIdA, CTaBAIIEIO
o e
KaK/JI01u TOYKE C PaJlnyC-BEKTOPOM I B COOTBETCTBHE BEKTOD

F(T)=|7|i.

— —
OrtBet. B cuny dhopmyst marpura nepexoga A u3 bazuca { i,] } B JIOK&JIbHBIN OA3UC TTOJIAPHOIMN
cosp —psin
cucremsl Koopaunat @ (p, ¢) umeer Bun A = (a;;(p, ¢)) = ( sinz ppcosg ) . HerpyiHo BeIuc/mmTh

0OpaTHYI0 MaTPUILy, HAIIPUMED, C IOMOIILIO (DOPMYJITBI:

B—l pcosy psing
p\ —sing  cosp )

[TosToMy MaTpuiia KOOPJAMHAT TOJIA B MOJISIPHOIN CHCTEMe KOOPJIUHAT PAaBHA

F'\ _ 1/ pcosp psing p\ [ pcosy
F? ] 7 p\ —sing cosgp 0 ) \ —singp /-~

n F —\ — . —
mbiME ciaoBamut, F (T') = pcosp T, —singpT .



Sagaua 10.
ITpoBepka.

pPCospT ,—sinp T, = pcosyp (Cosgo i +siny j ) —sin (—psmgp i +pcospj ) =

—pi =F (T),

B IIOJIHOM COOTBETCTBHU C HalllMMM OXKUJaHWNAMMU.



Pemienne 3agagnm 11.

. w = — — —
Bamada 11. Haiinnre KoopauHATEL TEH30PHOrO 1oy T ( r ) = (m) r,—r U) ® T, B cucreme
koopunar V(a, 3), ecim

— —

— —
S(u,v)=uifuwj, ¥ (el =ai+ngj.



ﬁ
. — — — —
Bajaua 11. Haitanre KoopamHaThl TeH30pHOrO mojst T (r) = (uv r,—r U) ® r’, B cucreme

koopauuat ¥ (a, 3), ecan

— —

— —
O(u,v)=ui+uwj, ¥ (f)=ai+ngj.

ﬁ
OtBert. B jiokasibHOM 6asuce cucreMbl KoopaunaT ® rersopuomy oo T cooTBeTCTBYET TEH30D-

MaCCHB " o
i T 0 wv
(Tj)—<T21 T22>—(O _1)-

Tenepp naitiem Marpuily mnepexojia. B coorBerctBuu ¢ hopmysioit HeoOX0MMO CHaYaJIa, U, U BbIpa-

3UThH Yepe3 «, [3:
U=« N u
uv =In v

, 1 0
A=(azj)=<_@ $>-
(07

o)
In
o

[TosTomy, cornacuo chopmysie

o
I
=
I
o
>
Eo
QQ|'_'
o
I
IS
—_
o
N——

n g of

e



(mepexoJ| K IepeMeHHbIM U, v He Tpebyercs ). CiieoBaTesibHO,

(Tij)_ 10 (0 W) 10 t_
(om0 ) (0 5) (ams o) -
B 1 0 (omﬁ) 15135 (0 ; Inj3 1ﬂlorélﬁ B
B %aﬁ 0 -1 0 af | OW—@B 0 af )

(0 afln
_(O ﬁ2(1n25—042) ’




Pemtenne 3agagan 12.

Bamaua 12. Ilycrs V — jmHeiiHoe TPOCTPAHCTBO MHOTOYJIEHOB CTEleHu He OoJibie 1 Hal 1o-
jgeM R JeficTBUTE/IBHBIX YHCcel. 3a/iaiiTe TeH30p-MacCUBOM TEH30pHOE 1oJie F OUInHeHbIX (hopM,
3a/IaHHBIX Ha JIMHEHHOM IIpocTpaHcTBe V', KOTOpoe KayKJI0My MHOIOYIeHY f CTaBUT B COOTBETCTBUE
oumneiinyio dopmy F, 3a1aHHYI0 GPOPMYIIOit

FUf1 ((u(@), v(x)) = £(0)u(0)v(0) + f(L)u(1)v(1).



Samaua 12. [lycts V' — jmmHeitnoe npocTpancTBO MHOINOYJIEHOB cTenenu He dosbie 1 najr mojem R
JIEHCTBUTEIBHBIX THCe]T. 3a/aliTe TEeH30P-MaCcCUBOM TEH30pHOE 11oJ1e F OnInHeHbIX POpPM, 38 1aHHBIX
Ha JIMHEHHOM MTPOCTPAHCTBe V| KOTOPOE KayKJIOMy MHOTOUJICHY f CTABUT B COOTBETCTBHUE OUIUHEHHYIO
dopmy Fr, zagannyio dhopmyJoil

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

Otser. Bunuseitnoit  dbopme  cOOTBETCTBYyeT — JBayKJbl — KOBAPDUAHTHBIH — TEH-
30p, Kaxiaomy Oasucy  (okasbHOMY — 6asucy — KPHUBOJMHEHOIl — CHCTEMbl  KOODJMHAT)
CTaBAINUIA B COOTBETCTBHE  MATPUILy  3Toi  Oujmueiinoin  c¢opmbl.  BBemem  6a-
3uc’ = {ei1(x),ex(x)} = {2°, x}. [Tycrhb flx) =a+ Bz, ulx)=U'+U%r =Ule(x),
v(r) =V + V2 =Vie(x). Torma  Fy(f) = f(0)e;(0)e;(0) + f(1)ei(1)e;(1).  Hampmmep?,
Fiila+pz)=(a+p-0)-1-1+(a+3-1)-1-1=2a+ (. Tlpomomkas B TOM Ke JyXe, IO~
JTydaem

B 6asuce B = {2°,2} Fla + fz] (B) = (Fij(a + fx)) = ( 231? Zig > :

2COOTBETCTBYIONINIA, TaK CKA3aTh, «IIPAMOJIMHEIHOI» CHCTEMe KOODIMHAT.
sHammoMHIM, 9TO B TEOPUM MHOTOYJIEHOB IHojiaraioT no ompesenenuio 0° = 0, XoTa B MaTeMaTHtIe-
ckoM anajmse 3Hadenue 0° He olpeie/eHo.



Pemnienne 3agaun 13.

Bagaua 13. Ilycrs V — juHelHOE TPOCTPAHCTBO MHOTOUICHOB CTEIIEHN He 60JIbIte 1 HaJT oJIeM
R seficTBUTEIBHBIX dncel. 3a/aiiTe TEH30P-MACCHBOM TEH30PHOE TT0JIe OUINHEHHBIX (hDOPM, 33 TaHHBIX
Ha JIMHEHHOM MTPOCTPAHCTBE V| KOTOPOe KayKJIOMy MHOTOUJIEHY f CTABUT B COOTBETCTBHE OUINHEHHY O
dopmy F, 3amannyio hbopMyJIoil

.ﬂ«wmw@»:/j@m@w@mx



Bamaua 13. Ilycts V' — jmHeiiHoe MpOCTPAHCTBO MHOTOY/IEHOB cTellenu He OoJbine 1 Hai mojiem
R meiicTBUTEIBHBIX YnCes. 3a/1afiTe TEH30P-MACCHBOM TEH30PHOE IT0J1e OMIMHEHHBIX (DOPM, 33 TaHHBIX
Ha JIMHEHHOM MPOCTPAHCTBe 1V, KOTOPOE KayKJIOMy MHOTOUJICHY f CTABUT B COOTBETCTBUE OUINHEHHYIO

dopmy Fr, zagannyio dhopmyJioil

OTser.

B 6asuce B = {2°, 2} Fla+ pz] (B) = (Fij(a+ fz)) =

ISSES
W W



Pemtenne 3anagn 14.

Bamada 14. B npocrpaHCTBE CUMMETPUYECKAX MATPHUIL PA3MEPHOCTH 2 X 2 KPUBOJIUHEHHAS CHU-

. u o uv .
crema koopauHar P (u, v, w) 3amana dopmymoit P(u, v, w) = w uow | BajaiiTe B cucreMe Ko-
opauaar P (u, v, w) MoJIe TMHEHHBIX OEPATOPOB, KaxKI0il MaTpurle Y crapsiinee B COOTBETCTBHE JIVi-

HejiHbIil omepaTop Buga P Y](X)=XY +YX.



Samava 14. B npocrpancrse cUMMETPUYECKUX MaTPHI] PA3MEPHOCTU 2 X 2 KPUBOJIMHENHHAs CHU-
U uv
UV UVW
opauaar O (u, v, w) MOJIE TMHEHHBIX OIIEPATOPOB, KaxK/I0ii MaTpuIle Y cTaBsiinee B COOTBETCTBHE JIV-
ettt oneparop suga P[Y](X) = XY + Y X.

OtrBer. Jluneiiriomy oriepaTropy COOTBETCTBYET KOHTPA-KOBAPUAHTHBIN TEH30D BTOPOTO
paHra, KaxkjioMy Oazucy (.HOKaJIbHOMy Oa3ncy KpUBOJUHEHHON CHCTEeMBbI KOOp,ZLI/IHaT) CTABAIIAN B
COOTBETCTBHE MaTPUILy onepaTopa B 3ToM Oaszuce. [IpuBeiem jiBa perenust 3Toit 3a1a49m.

creMma koopauaaTr ®(u, v, w) 3amana dopmymoin P(u, v, w) = . BajiaiiTe B cucreMe Ko-
9 ? ? 9

Ilepsoe  pewenue. Bynem JIeiCTBOBATH 1o OTIPEJIETIEHUIO. Bozbmem MaTPHILY
U uv .
Y = ®(u,v,w) = w ww ) Jlokanmbuplii  6asuc B TOYKE € STOM  «PaJHdyCOM-BEKTOPOM»

nuMeeT BU]L

Mu:(l v)’ MU:(O u> Mw:(o 0)'
v vw U uw 0 wv

IlosToMy B cuy onpe/iejieHusi MAaTPUIbI JIMHEITHOTO OliepaTopa,

p[Y](Mu)ZMuY—YMu:<“ u)<1 v)+(1 ><u uv>:
uv  uvw v vw v vw uv  uvw

o 2u(1+90?) 2w(lvw+1) ) Low) 0wy, 0 0
“\ 2wlw+1) 2uw?(14w?) ) TP v oww P2y uw P\ o ww )

CpaBuuBasi KO3(pHUITMEHTHI MaTPUIL B JIEBBIX U IIPABBIX YaCTAX IOCIETHEIO PABEHCTBA, IOJIyYaeM



CUCTEMY ypaBHCHU
pu = 2u (1 +v?)
VP11 4w par = 2uv(vw + 1) :
vw - pr1 + uw - Py + v - psy = 2uv® (1 + w?)

KOTOPYIO MOZKHO IIPpE€ACTaBUTL B BUJ/I€ MaTPUYIHOI'O YPpaBHEHUA

L0 0 P11 2u (14 v?)
v ou 0 par | = | 2wv(vw+1)
VW uw  uv P31 2uv? (1 + w?)

Pasencrsa

p[Y](Mu):M@Y—YMU:< u uv><0 U)+(0 U)( u uv)z
U UVW U uw U uw w uvw

B 2u?v u?(vw + 1) B 1 v n 0 wu n 0 O
T\ Pow+1) 2uv? (14 w?) —P\ oy P2\ P2\ o

CBOJATCA K MaTPUYIHOMY YPaBHEHUIO

100 P12 2u2v
v ou 0 P | = u?(vw + 1)
001 P32 2uv? (1 + w?)

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



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

YTO IIPUBOJIUT K MATPUUYHOMY YPaBHEHUIO

1 0 0 D13 0
v u 0 pas | = u?v?
VW uw  uv P33 2u?vw

OTH TPpU MATPUIHBIX YPABHEHMS CBOIATCS C MTOMOIIBIO « Y MHOYKEHNS HA MAKPOYPOBHE» K OJTHOMY
MaTPUIHOMY yPaBHCHUIO

1 00 P11 P2 P13 2u (1 + v?) 2u?v 0
v ou 0 pa1 P2 P23 | = | 2uww(vw+1) wPlow+1)  wPe?
0 01 P31 P32 P33 2uv? (1 +w?) 2uv® (1+w?) 2u*v*w

Pemast 5To MaTpudIHOE ypaBHEHHE METOIOM laycca nim ¢ IOMOIBI0 06PATHO MaTPHITBI T, TTOTYIaeM

2u (14 v?) 2uv 0
2(w —v) —w uow
1 0 0
4KoTOpasd, KCTaTH, paBHa —% % 0
0 - 1
uv  uv



Bajaua 14. B nmpocTpancTBe CHMMETPUIECKIX MATPUIL PA3MEPHOCTH 2 X 2 KPUBOJMHEHHAS CH-
. u o uv .
crema koopauaar P(u, v, w) 3amana dopmysnoit Y (u, v, w) = w ww ) Basaiite B cucreme Ko-
opaunar P (u, v, w) mose JMHERHBIX OIEPATOPOB, KaxK/10ii Marpuile Y craBgiiee B COOTBETCTBHE JIM-
HeitubIit oneparop Buga P[Y](X) = XY + Y X.

OtBet. Bmopoe pewenue. Haitnem marpuiry oneparopa p[Y] B bazuce
10 0 1 0 0 .
0O 0/J’\V1 0)/)’\0 1 '
S 1 0 1 v 1 0 10 1 v 20 uv
P[Y](O O):<v vw)(() O><O 0)(1} vw)z(uv O)Z



Samava 14. B npocrpancrse cUMMETPUYECKUX MaTPHI] PA3MEPHOCTU 2 X 2 KPUBOJIMHENHHAs CHU-

. u o uv .
crema koopauaar P(u, v, w) 3amana dopmysnoit Y (u, v, w) = w ww ) Basaiite B cucreme Ko-
opauaar O (u, v, w) MOJIE TMHEHHBIX OIIEPATOPOB, KaxK/I0ii MaTpuIle Y cTaBsiinee B COOTBETCTBHE JIV-

eitnelit oneparop suma P[Y](X) = XY + Y X.
OrBer. Bmopoe pewenue. Haiinem marpuity oneparopa P[Y| B 6asuce

ton)(Vo)(o0)}



Bajaua 14. B nmpocTpancTBe CHMMETPUIECKIX MATPUIL PA3MEPHOCTH 2 X 2 KPUBOJMHEHHAS CH-
. u o uv .
crema koopauaar P(u, v, w) 3amana dopmysnoit Y (u, v, w) = w ww ) Basaiite B cucreme Ko-
opaunar P (u, v, w) mose JMHERHBIX OIEPATOPOB, KaxK/10ii Marpuile Y craBgiiee B COOTBETCTBHE JIM-
HeitHbIil oneparop Buja P[Y](X) = XY + Y X.

OtBet. Bmopoe pewenue. Haitnem marpuiry oneparopa P Y] B 6azuce

ton)(Vo)(o0)}

A 0 0 1 v 00 00 1 v 0 uv
P[Y]<O 1)_ vvw)(o 1)(0 1)(1} vw)_(uv 2uvw)
ol PO (O Y 00Y ug
““loo Y1 o YU 1 o



Samava 14. B npocrpancrse cUMMETPUYECKUX MaTPHI] PA3MEPHOCTU 2 X 2 KPUBOJIMHENHHAs CHU-
U U

. BajiaiiTe B cucreMe Ko-
Uy uvw

crema koopauaar P(u, v, w) 3amana dopmysnoit Y (u, v, w) =

opauaar O (u, v, w) MOJIE TMHEHHBIX OIIEPATOPOB, KaxK/I0ii MaTpuIle Y cTaBsiinee B COOTBETCTBHE JIV-
HeitubIit oneparop Buga P[Y](X) = XY + Y X.
OrBer. Bmopoe pewenue. Haiinem marpuity oneparopa P[Y| B 6asuce

10 0 1 00\
0O 0/>\V1 0/)’\0 1 '
2u
S 1 1 1
P[Y](Og):2u(0g>+uv((1)o)+0(8(1))s—> wUv
0
2uv
10 01 00
0 0)+u(1+vw)(1 O)—i—QuU(O 1)»—> u(l + vw)
2uv
A 0 0 1 0 01 0 0 0
P[Y](O1):0<00)+uv(10)+2uvw<01>r—> wUv
2uvw

10 0 1 0 0 . . .
Matpurna nepexo/ia u3 6a3uca oo0o):L10): o1 B Hall/IeHHBIII BBIIIIE JIOKAJIbHBIIT

2u 2uv 0

6asuc {M,, M,, M,,} cucremsbr koopaunar ®(u,v, w) pasaa | wv w(l+ovw) wv
0 2uv 2uvw



Bamaga 14. B nmpocrpaHcTBe CHMMETPUYIECKUX MATPUI] PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAs CH-
U uv
uw uvw
opauaar O (u, v, w) MOJIE TMHEHHBIX OIIEPATOPOB, KaxK/I0ii MaTpuIle Y cTaBsiinee B COOTBETCTBHE JIV-
ettt oneparop suga P[Y](X) = XY + Y X.

OtBer. Bmopoe pewenue. Haiinem marpuiy oneparopa P[Y] B 6asuce

o) (Vo) (o 7)}

10 01 0 0 . . .
Marpuna niepexoia u3 6a3uca, oo):L10): o1 B HalJIEHHBII BBIIIIE JIOKATbHBII

crema koopauaar P(u, v, w) 3amana dopmysnoit Y (u, v, w) = . 3ajaiite B cucreme Ko-

2u 2uv 0
6asuc {M,, M,, M,,} cucrembr koopaunar ®(u,v,w) pasua | wo u(l+ovw) wv . ITosromy
0 2uv 2uvw

MCKOMAsi MATPUIA OMepaTopa B JOKAILHOM Oa3uce cucteMbl KoopauHat ®(u, v, w), paBHa



Bamaga 14. B nmpocrpaHcTBe CHMMETPUYIECKUX MATPUI] PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAs CH-
U uv
uw uvw
opauaar O (u, v, w) MOJIE TMHEHHBIX OIIEPATOPOB, KaxK/I0ii MaTpuIle Y cTaBsiinee B COOTBETCTBHE JIV-
ettt oneparop suga P[Y](X) = XY + Y X.

OtBer. Bmopoe pewenue. Haiinem marpuiy oneparopa P[Y] B 6asuce

o) (Vo) (o 7)}

10 01 0 0 . . .
Marpuna niepexoia u3 6a3uca, oo):L10): o1 B HalJIEHHBII BBIIIIE JIOKATbHBII

crema koopauaar P(u, v, w) 3amana dopmysnoit Y (u, v, w) = . 3ajaiite B cucreme Ko-

2u 2uv 0
6asuc {M,, M,, M,,} cucrembr koopaunar ®(u,v,w) pasua | wo u(l+ovw) wv . ITosromy
0 2uv 2uvw

MCKOMAsi MATPUIA OMepaTopa B JOKAILHOM Oa3uce cucteMbl KoopauHat ®(u, v, w), paBHa

1 0 o\ "/2u 2w 0 1 0 0

v o u 0 w u(l+ovw)  wv v ou 0 | =
VW UW UV 0 2uv 2uvw VW UW UV



Bamaga 14. B nmpocrpaHcTBe CHMMETPUYIECKUX MATPUI] PA3MEPHOCTH 2 X 2 KPUBOJIMHEHHAs CH-
U uv
uw uvw
opauaar O (u, v, w) MOJIE TMHEHHBIX OIIEPATOPOB, KaxK/I0ii MaTpuIle Y cTaBsiinee B COOTBETCTBHE JIV-
ettt oneparop suga P[Y](X) = XY + Y X.

OtBer. Bmopoe pewenue. Haiinem marpuiy oneparopa P[Y] B 6asuce

o) (Vo) (o 7)}

10 01 0 0 . . .
Marpuna niepexoia u3 6a3uca, oo):L10): o1 B HalJIEHHBII BBIIIIE JIOKATbHBII

crema koopauaar P(u, v, w) 3amana dopmysnoit Y (u, v, w) = . 3ajaiite B cucreme Ko-

2u 2uv 0
6asuc {M,, M,, M,,} cucrembr koopaunar ®(u,v,w) pasua | wo u(l+ovw) wv . ITosromy
0 2uv 2uvw

MCKOMAsi MATPUIA OMepaTopa B JOKAILHOM Oa3uce cucteMbl KoopauHat ®(u, v, w), paBHa

1

1 0 0\ 2u 2uv 0 1 0 0
v o u 0 w u(l+ovw)  wv v ou 0 | =
VW UW  UY 0 2uv 2uvw VW UW  Uv
2u (1 4 v?) 2uv 0
— | 2v*(w—v) u(l+2vw—20") w?® |
2(v — w) —M uow

9TO COBHIIAET C Pe3yJIbTaTaMU PacueTOB, PUBEIEHHBIX B IIEPBOM PEIIEeHNN.



Pemmenne 3aaaan 15.

Bagada 15. B npocTpaHcTBE MHOIOYIEHOB C BEIECTBEHHBIME KObDQUIMEHTaMI CTEleHN, He
Bollle 1, KpuBosmHeitHas cucreMa koopaumuat P(u,v) samana dopmymnoit (P(u,v)) () = uv + uz.
Bagaiite B cucreme koopiuHar P(u,v) TEH30pHOE I0J€ JIMHEHHBIX ONEpaTOPOB, KarxKJIOMY MHO-

—_—

rowreny f(z) craBsiiee B coorBercTBHE JmMHElHBIH omepatop P(f), 3amaBaembriii dbopmyiioii

(F(7) () = LUatD)



Samada 15. B npocTtpaHCcTBE MHOI'OYJIEHOB C BEIIECTBEHHBIMU KO3(MUImeHTaMu CTEIleHd, He
Boiie 1, KpuBosmHeiHas cucteMa kKoopauuat P(u,v) samana dopmymnoit (P(u,v)) () = uv + uz.
Bamaiire B cucreme koopauuaT P$(u,v) TEH30pHOE TOJE JMHEHHBIX OIEPATOPOB, KAXKJIOMY MHO-

—_—

rouneny f(z) craBsmee B cooTBercTBHe JimHElHBI omneparop P(f), 3amaBaembrii dhopmysioi

(F(7)) (5) = LG

Orser. (Pi(u,v)) = ( 23 2 )



Pemmenne 3aaagn 16.

Bagaua 16. C nomompio MaTpHUIBI lepexoja Haiijure B cucreme KoopauHar ®(u,v) meppoii
KOODJIMHATHON YeTBEPTH KOOPIMHATHI TEH30PHOTO MOJIs, 33JaHHOT0 B MOJAPHOIl CHCTEMe KOODP/IH-
=t — —
HaT BbIpaKCHHUEM T = p r p r s €CJIM KOOpAWHATHbBIEC JIMHUWU CHUCTEMblI KOOP/JAMWMHaT @ NMEIOT BHJ:
xy =u?, x=0v%. 3aech u,v,7,y >0, 0<p< %



Bamaga 16. C nmoMompio MaTpuUIls! mepexoia Haimure B cucreme Koopauaar P (u, v) nepoit Koop-
JMHATHON YeTBEPTU KOOP/IMHATHI TEH30PHOI'O 110JIs1, 33/I[AHHOT'O B IIOJISIPHOI cHCTeMe KOOP/IMHAT BbI-
—_—

— —
paxenneM T = pT , — T, €CJI1 KOOPJMHATHBIE JIMHUK CHCTEMBI KoopuHAT ® umeror Bu;: vy = u?
x = v%y. 3nech w,v, 2,y >0, 0<p< %

?

T = uv — -, uY
OtBet. Jlerko HaxouTCA BhIpayKeHUe &,y depes u, v: . [lostomy " =uvi + 3 j,
Yy = u/v (%
— —
— . o
ro=v1 + %
— I u
ro=ul1 ——=
v

B mporiecce perennst mpumepa 3, ¢Tp.56, MbI HAIILIK JOKAJbHBIN 0A3WC MOJISIPHON CHCTEMbBI KOOPIH-
HAT:

r,=cosp1l +singyj
r,=—psing1 + pcosy ]
MorkHO HaiiTh MaTpUILy Iepexoja U3 JOKAJIBHOrO Oa3nca MOJIAPHOI CHCTEMBI KOODJAMHAT B JIOKAJIb-

Hblll 6a3uc cucreMbl ® ¢ MOMOIIBIO TUX PABJIOKEHUIT, HO IPOIIE BOCIOJIb30BATHCA (hopMYyJIIOii.
Breipasum p, p vepes u, v, yantbiBasg 0 < ¢ < %:

{ P COS Y = UV arete 1)12
R 2

i =U cosp = ——2

p s v 2 1




Vil u(vt=1)

CreoBareibHo, MaTpuIla —Iepexoja paBHa A = (aij) = v 233} . Marpu-
0 U
vi+1
Iy OOpaTHOTrO IIepexojila MOXKHO HAWTH, HAIPUMED, C IOMOIIbI0 (OPMYyJIbI, OJIydaeM
v v? - 1
B = (bij) — [ Vvt+1 24U . Tenzop-BeKTOp U3 yCJI0BUS 3a/[a9U UMEET BU]L
_u +
0 2v
H

= = ol 2—
T=pr,—1v,=T"71,+1T"1,,
[O9TOMY MAaCCUB €ro KOODJMHAT B JIOKAJILHOM Oasmnce cucteMbl KoopauHat ®(u,v) paBen

v vt —1 u(2v2+1—v4)
< Z) (be, T7) = Vol +1 24U2 ( —pl ) v+2
vi 41 vi 41
0 2v 2v




Pemmenne 3agaan 17.

Bamaua 17. B smmeiinom npoctpancTse Pj () MHOTOWIEHOB CTEIIEHH HE BbIE 1 KPUBOJIMHE-
Hasi cucreMa Koopaunar P(u,v) samana dopmymnoit (®(u,v)) (z) = uv + (u+ v)z. Haiigure xoBa-
PHAHTHYIO IIPOU3BOJHYIO oreparopa uddepeHInpoBanus B JOKATHLHOM 0a3uce CHCTEMBI KOOD/TH-
uar O(u,v).



Bamaga 17. B smneitnom npoctpancTBe Pi(x) MHOIMOWIEHOB CTElleHN He BbIe 1 KPUBOJIMHET-
Hast cucreMa Koopaunar ®(u,v) samana dopmyinoit (®(u,v)) (z) = uwv + (u+ v)z. Haiiaure xoBa-
PUAHTHYIO ITPOU3BOJIHYIO omeparopa JuddepeHImpoBaHus B JIOKAJILHOM 0a3uce CUCTEMbl KOOP/IH-
Hat O(u,v).

OtBeT. Dra 3a/a9a aHAJIOIUYIHA PACCMOTPEHHOMY BbIIIe puMepy 8, c¢Tp.192. Haitiem BeKTOPBI
JIOKaJIbHOTO Gazuca cucteMbl Koopauaatr P(u, v):

(®(u,v)) (z) =wv + (u+v)z, Py (z)=01(z) =v+az, P (z)=Ps(z)=u+uz.

[Tosromy JnokabHbI 6asuc umeer Bujg b = {v + x, u + 2 }. Haitnem marpuity oneparopa auddepen-
[IUPOBAHUS B 9TOM JIOKAJIHLHOM Oa3mce:

I(I) + d21®2($) = (Udh + Ud%1) + (dh + d%l) x
2 ®1(z) + d32®2(5’3) = (Udzz + Ud%z) + (diz + d%z) z

H
D=- o, @ ' — O, @ P+ b, @ O +

u—v u—v u—v u—v

b, @ 2.

Haiizem cuvBosier Kpucroddens cucremsr koopaunat $(u,v) ¢ nomomnipo hopmMysis:
=0=T1®, + 1% 0,

D0y =1 =T1,0, + 3,0, = Th @, + 3,0,

0 - F%Qq)l —|— 1—%2(1)2

9
aud
9 ¢
@ 1
02



OTKY/1

<r}1 rL r;2)_<v u)(010)_<0—ulv 0)
rz, or2 rz )11 OOU_OUEUO’
(o %)
u—v
(b5
u—v O

no hopmyse (MaccuB (D{’q) MBI HAIILTA BBIIIE):

TO €CTh (I’ijk) = . Koop/imnaTsl KoBapuaHTHOI ITPOU3BOIHON Haiigem

9.0 = (2504 ) + (i) ~ (%) =

aq'
1 1
e R I (1)
B I T L (R e 1 e Lot
= ( 1 T 1 ; v 0 - <—1 —1) B
u—v u—7v
1 1 a0 11




[ )
1 (-1 -1 —ais 0
_u—v( 1 1) 0 1
1 1 . 1 . 1
( (u—lv)2 (u—lv)2 ) (ul—v)2 (u =)
_ (u—lv)2 _(u—lv)2 n (u—lv)2 (u—lv)2
_(ul—v)2 (ulv)z) (u—1v2 (u—lv)2 )
(u=2v)*  (u—v)? C(w—v)?  (u—v)?
00
B 00
o 0 0
0 0

OTBer: KOBapHaHTHasd IIPOU3BOAHAA 3TOI'O TEH30PHOI'O IIOJIA HYJIEBadd.

o O OO
o O OO




Pemmenne 3agaan 18.

Banaga 18. Haiijure B mOJISpPHOI crcTeMe KOOPJINHAT KOBAPUAHTHYIO ITPOU3BOIHYIO TEH30PHO-
— o
ro TOJIsd, KaXKJIOMy PaJInyC-BEKTOPY I IJIOCKOCTU CTaBSINEro B COOTBETCTBUE OWIMHEHHYIO (hopMmy

fIT](X,Y) = (psX) - (pry).



Baga4a 18. Haiijure B mOJIApHOIl cucTeMe KOOPJAMHAT KOBAPUAHTHYIO IIPOU3BOIHYIO TEH30PHO-
— o
ro IoJIsA, KayKJIOMY PaJnyC-BEKTOPY I ILJIOCKOCTH CTABAIIEr0 B COOTBETCTBHE OMJIMHENHYIO (DOpMy
—1 = = — —
F[T](X,yY)=(mpsX) - (mp+y).
Oter. CHauaja, y9UTBIBas 1OJIY YeHHBIC pAaHee Pe3y/IbTAThl, HaileM MacCHB KOOPIMHATHBIX
yHKIUI TEH30PHOrO O/ B JIOKAJILHOM 6a3uce IMOJIAPHOI CHCTEMbI KOOPINHAT:

— - e r,=cospl +smy]j,
r =pcospl +psime J, N = —
r,=—psinpl +pcosy ],

7, COTJIACHO CBOMCTBY CKAaJIIPHOI'O IIPOU3BeJIeHUSd

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

Fi, = (Hp??p) (np??w) = g . Lp =0
P = (7 ¥) (wpe ¥,) = 505§ =0
F22: (Hp?l‘w) (Hp?rw) :—p —p:()

Buauur, F(B) = (F;) = ( (1) 8 ) Corutacuo hopmysie nmeem



Baga4a 18. Haiijure B mOJIApHOIl cucTeMe KOOPJAMHAT KOBAPUAHTHYIO IIPOU3BOIHYIO TEH30PHO-
— o
ro IoJIsA, KayKJIOMY PaJnyC-BEKTOPY I ILJIOCKOCTH CTABAIIEr0 B COOTBETCTBHE OMJIMHENHYIO (DOpMy
—1 = = — —
F[T](X,yY)=(mpsX) - (mp+y).
Otger. CHauaja, y9uTbIBas 1101y UeHHLIC paHee Pe3y/IbTaThl, HallIleM MacCUB KOOPIMHATHBIX
yHKIUI TEH30PHOrO O/ B JIOKAJILHOM 6a3uce IMOJIAPHOI CHCTEMbI KOOPINHAT:

— - e r,=cospl +smy]j,
r =pcospl +psime J, N . = —
r,=—psinpl +pcosy ],

7, COTJIACHO CBOMCTBY CKAaJIIPHOI'O IIPOU3BeJIeHUSd

B = (= Ty) (1w Ty) = =
Fio = (mpzT,) (mpsTy) = 5 - 5705 =0
Fy = (Hp7i<p) (Hp?z)p) = plop %0: 0
Fay = (Hp?rw) (np?rw) :7.7:0
Bnaunt, F(B) = (Fj;) = ( (1) 8 ) Cornacno hopmyisie umeem
0
ViFji = 5 iFik = T Fonk = T Fijm



Baga4a 18. Haiijure B mOJIApHOIl cucTeMe KOOPJAMHAT KOBAPUAHTHYIO IIPOU3BOIHYIO TEH30PHO-
— o
ro IoJIsA, KayKJIOMY PaJnyC-BEKTOPY I ILJIOCKOCTH CTABAIIEr0 B COOTBETCTBHE OMJIMHENHYIO (DOpMy
—1 = = — —
F[T](X,yY)=(mpsX) - (mp+y).
Otger. CHauaja, y9uTbIBas 1101y UeHHLIC paHee Pe3y/IbTaThl, HallIleM MacCUB KOOPIMHATHBIX
yHKIUI TEH30PHOrO O/ B JIOKAJILHOM 6a3uce IMOJIAPHOI CHCTEMbI KOOPINHAT:

— i . r,=cospl +snyj,
r =pcosp1l +psing J, N = —
r,=—psing1l +pcosy ],

10

F(B) = (F;) = ( 00 ) Coruacao hopmyiie umeem V, Fjy it — U5 Fonge — Ui Fjm.

_9dp
- 8 qi J
Maccus 3aadenuii cuMpoJioB Kpucroddests 11s MOISIpHOi CHCTEMbI KOOPAXHAT HETPYIHO «H3BJICUYbY
13 hopMyJIbI, HO ero cieyeT mpeobpa3oBaTh’ i BTOPOTo M, COOTBETCTBEHHO, TPETHEro CJIAraeMoro
nocseHeil (hopMyIIbI C/IeLYIOMNIM 00Pa30M:

(") = (Tisy) =

5To ecTh TPaHCIIOHMPOBATH MacCHBBI. ['OBOPUTH O TPAHCIOHUPOBAHUU MEH30PO6 B ITOM CIIydae
HeJIb3¢, BO-IIEPBBIX, IIOCKOJIbKY IIPOBOJIUTCH I€PECTaHOBKA PA3HOBBICOKMX MHJCKCOB U, CAMOE IJIaB-
Hoe, MaccuB cuMBoJIoB Kpucroddesst Tenzopom He sBiisercs (OCKOJIBKY ITOT MACCHB XapaKTepu-
3yeT «leOMeTPUIO JaHHOM KPUBOJIMHENRHON cuCcTeMbl KOOP/IMHATY, U IIPU IIepexojie K JAPYToil cucreMe
KOOD/IMHAT MEHSIETCS IIOYTU HEIPEJICKA3YEMO).



Baga4a 18. Haiijure B mOJIApHOIl cucTeMe KOOPJAMHAT KOBAPUAHTHYIO IIPOU3BOIHYIO TEH30PHO-
— o
ro IoJIsA, KayKJIOMY PaJnyC-BEKTOPY I ILJIOCKOCTH CTABAIIEr0 B COOTBETCTBHE OMJIMHENHYIO (DOpMy
—1 = = — —
F[T](X,yY)=(mpsX) - (mp+y).
Otger. CHauaja, y9uTbIBas 1101y UeHHLIC paHee Pe3y/IbTaThl, HallIleM MacCUB KOOPIMHATHBIX

dyHKIINIT TEH30PHOTO TOJIS B JIOKAJILHOM 0a3uce MOJIAPHON CUCTEMBI KOOD/INHAT:
— - . r,=cospl +sinyj,
r =pcospl +psime J, N = —
r,=—psinpl +pcosy ],

F(B) = (F;) = < (1) 8 ) Cormnacuo dhopmyse umeem V,;Fj, = %F]k — I For — Ui Fjm.

Maccus 3uavennii cuMBoJsioB Kpucrodderis 111 oIgpHoil cucTeMbl KOOP/IMHAT HETPY/IHO «U3BJIEYb >
n3 (bopPMYyJIbI, HO €ro cieyeT MpeoOpa3oBaTh /I BTOPOI'O U, COOTBETCTBEHHO, TPETHETO CIAraeMoro

nocjie et (popMyJIBI CJIEIYIONUM 00Pa30M:

0 0 0 0
1 1
0 = 0 =
ook _ P ok \ __ P
(Fij ) - 0 l ’ (Pi'j) - 0 —p
p 1 0
—p 0 5



Samada 18. Haiijnre B moyigpHOil crucTeMe KOOPAMHAT KOBAPUAHTHYIO IPOU3BOIHYIO TEH30PHO-
— o
ro T0JIsA, KaXKJIOMY PaJIMyC-BEKTOPY I IIOCKOCTH CTaBAIIEr0 B COOTBETCTBUE OMJIMHEHHYIO (hOPMY

f[T](X,¥) = (mpsX) - (mpry).

Otser. V,Fj, = aiqujk — I Foe — Ui Fjm.

0 0 0 0
(I5") = (Zp ’1)%) () = <<£ i))

CiiefoBaTe bHO,



Samada 18. Haiijnre B moyigpHOil crucTeMe KOOPAMHAT KOBAPUAHTHYIO IPOU3BOIHYIO TEH30PHO-
— o
ro T0JIsA, KaXKJIOMY PaJIMyC-BEKTOPY I IIOCKOCTH CTaBAIIEr0 B COOTBETCTBUE OMJIMHEHHYIO (hOPMY

FIT](x.Y) = (Hpﬂ?) - (mp+Y)-
Otser. V,Fy, = L Fy — T F,, — T F,,.

a z
0 0
o 1

(1) = ( .

(@)
o= o
\_/
—
K

CiiefoBaTe bHO,




Samada 18. Haiijnre B moyigpHOil crucTeMe KOOPAMHAT KOBAPUAHTHYIO IPOU3BOIHYIO TEH30PHO-
— o
ro T0JIsA, KaXKJIOMY PaJIMyC-BEKTOPY I IIOCKOCTH CTaBAIIEr0 B COOTBETCTBUE OMJIMHEHHYIO (hOPMY

FIT](x.Y) = (Hpﬂ?) - (mp+Y)-
Otser. V,Fy, = L Fy — T F,, — T F,,.

L,
0 0
(3 - (<8p f?) () = (E —Op>

CiiefoBaTe bHO,

T O OO
o O O



Samada 18. Haiijnre B moyigpHOil crucTeMe KOOPAMHAT KOBAPUAHTHYIO IPOU3BOIHYIO TEH30PHO-
— o
ro T0JIsA, KaXKJIOMY PaJIMyC-BEKTOPY I IIOCKOCTH CTaBAIIEr0 B COOTBETCTBUE OMJIMHEHHYIO (hOPMY

f[T](X,¥) = (mpsX) - (mpry).

Orser. V,Fj;, = aal — I Fok — T3 Fym.
( 0 0 ) ( 0 0 )
1 1
0 - 0 5
Iy = A | ) = ’
P 1
CiiefoBaTe bHO,

(ViF) = (5 ) = (O™ Eu) = (C2Es) =

T O OO
o O O

[TosTomy, corytacHo chopmysie, moydaeM



Samada 18. Haiijnre B moyigpHOil crucTeMe KOOPAMHAT KOBAPUAHTHYIO IPOU3BOIHYIO TEH30PHO-
— o
ro T0JIsA, KaXKJIOMY PaJIMyC-BEKTOPY I IIOCKOCTH CTaBAIIEr0 B COOTBETCTBUE OMJIMHEHHYIO (hOPMY

f[T](X,¥) = (mpsX) - (mpry).

Orser. V,Fj;, = aal — I Fok — T3 Fym.
( 0 0 ) ( 0 0 )
1 1
0 - 0 5
Iy = A | ) = ’
P 1
CiiefoBaTe bHO,

a oo om
(ViF) = (5 ) = (O™ Eu) = (C2Es) =

T O OO
o O O

[TosTomy, corytacHo chopmysie, moydaeM

5? = VzT]k?z ® ?j ® ?k =



Samada 18. Haiijnre B moyigpHOil crucTeMe KOOPAMHAT KOBAPUAHTHYIO IPOU3BOIHYIO TEH30PHO-
— o
ro T0JIsA, KaXKJIOMY PaJIMyC-BEKTOPY I IIOCKOCTH CTaBAIIEr0 B COOTBETCTBUE OMJIMHEHHYIO (hOPMY
aq"
_ . _ L1 YoeA _ om 3 _
(szyk) - (_ij) (Fij ka) ( iok Jm) =

FIT](X,Y) = (mp+X) - (mp2y).
(o)) (o))
ey =| NP 0
¢

N~ O

CiiefoBaTe bHO,

Otser. V,Fj, = iij — I Foe — Ui Fjm.
ok
l ) (Fz’oj) = 0 —p
1% 1
—p 0 p
0

T O OO
o O O

[TosTomy, corytacHo chopmysie, moydaeM

g?:ViT'k?i@)?j@?k:p?“’@ rI’"QTrf+preareQ e,
j



Pemmenne 3aaagn 19.

Bamaua 19. Berumcsure B IUIMHIPUYIECKEX KOODJNHATAX KOBAPHAHTHYIO IIPOM3BOIHYIO IOJIS
o o d o
OrmHeHBIX (HOPM, CTABAIIETO KayK/I0H TOUKE C PAJIMyC-BEKTOPOM I B COOTBETCTBHE OHJIMHEHHYIO
(bOpMy — —_ = — — =
(F(T)) (d,v)=|T] (u,V).



Samada 19. Berauciure B NUJIMHAPUIECKUX KOOP/IUMHATAX KOBAPUAHTHYIO IPOU3BOHYIO IIOJISI
OuMHERHbIX (GOPM, CTABSIIETO KAXKJI0 TOYKE C PaJInyC-BEKTOPOM T B COOTBETCTBUE OUIMHENHY 10
opmy

(P(¥)) (8.9) = [¥] - (7).

OrBet. Cortacuo chopmyie,

(iFn) = (b ) = (T2 Fos) = (THiF) (6)

MaccuB cumBoJsioB Kpucroddens nmuamHapudeckoii cCucTeMbl KOOPJAWHAT Mbl BBITUCIUIN
BBIIIIE, HO €ro yj00Hee «PeopraHu30BaTby» JIJisi BTOPOrO M, COOTBETCTBEHHO, TPETHErO CllaraeMbIX
dopmyibt (7) ciemyrornmmM 06pa3oM:

(") = (T%)) =



Samada 19. Berauciure B NUJIMHAPUIECKUX KOOP/IUMHATAX KOBAPUAHTHYIO IPOU3BOHYIO IIOJISI
o o e o
OuMHERHbIX (GOPM, CTABAIIETO KaXKJ0W TOYKE C PaJINyC-BEKTOPOM I B COOTBETCTBUE OMJIUHEHHYIO

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

OtBert. Cornacno dhopmyiie,
) = 0 F " F, reFr
(ViFji) = prall — (T8 Fmi) — (T3 Fm) - (7)
Maccus cumBoJioB Kpucroddesis MuImHAPUIECKON CUCTEMBI KOOPAWHAT MBI BbIYHCJIAIN

BBIIIIE, HO €ro yJA00Hee «PeopraHu30BaTby» [IJisi BTOPOrO M, COOTBETCTBEHHO, TPETHErO CllaracMbIX
dopmyibt (7) ciemyrornmmM o6pa3oM:

0 00 0 0 0
1 1

0 17 0 0 5 0

0 00 0 00
1 0 —p 0

20 p
ook P ok\

(Fz‘j ) = —p 00 ’ (FM)_ % 00
0 0 0 0 00

0 00 000

0 00 000

0 00 000



MaccuB KOOpIMHAT JAHHOTO BEKTOPHOTO HOJg y»Ke mojyden. Ilostomy, canrtas ¢b = p,

¢ = 2z, mosmyaaem

0
(Vilj) = (8_quj ) - (F;j.mka) — (T30 Fm)
P 0 0
/p2 +22
o PG
/p2 + 22 )
0 0 N
. 102 +Z2
& 0
/p2 +22
0 2
/p2 +Z2 ;
0 _
/)02 +22
0 00
000
0 00

q

2

=



P+ 22 0
0 PN p* A+ 2
0 0
P+ 22 0
0 PN p? A+ 2
0 0
P+ 22 0
0 P/ P+ 22
0 0
0 0
p? + 22 0
0 /p2+22
0 0
P>+ 22 0
0 p2+Z2
0 0
p? + 22 0
0 P+ 22

ovIFo o o o

o O O

o O

o O O

o O O

o o O




o o O

0 0
pP+22 0
0 0
—p\/ PP+ 22 0
0 0
0 0
00
00
0 0



p2+22
0 Lk
p2_|_z2
0 0 P
- p? + 22
0 20
p2_|_22
0 0 pQZ—I—ZQ
000
000
000

Cire10BaTeIbHO, COMIACHO (hOpPMYyJie, KOBAPHAHTHAS [IPOU3BOIHAS DABHA
H
V F =V, FpT'eT’ e

1 -z

=———— (pr’R TR T+ TR TY R T +pT’®T°®T

/p2_|_z2

+2T?RT R T +2p° TP QTR T +2T QT ®T°).

+



Pemmenne 3aaaan 20.

3a,z;aqa 20. Haiijiure KOBapHAHTHYIO NPOU3BOJHYIO II0JIdA JIMHEHHBIX OLEPATOPOB, KazKIOMY

BEKTOPY I' COHOCT&BJIHIOHII/II/I JIMHENHBIHI orepaTop L[ } IIJIOCKOCTHA H Ba,ZLaHHbII/I (bOpMyJIOI/I

< 1
L [?] (7) = m [k; V], rJe g €JIMHUYHBIIT BEKTOD, MEPIIEeHINKY/IsPHbIA 1iockocTu 1.



Ba;(aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY

—
BEKTOPY I CONOCTABIISIONIHIl JIMHEHbIH OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

- 1 —
L [?] (7) = ﬁ [k ; 7], rae k — eJuHuYIHBII BEKTOD, HePHeHINKYISpHbIi 11ockocTr 11.
r

OTser.



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

LTV (V K K i i i
[ r ] (V) ‘_> V s riae — €JMHUYIHBbIN BeKTOp7 HepHeH,ZLI/IKYJIHpHI)IH IIJIOCKOCTHU .

OrtBer. /lj1s1 Toro, 9To0bI OBLIIO TPOIIE 38JIaTh KOOPAUHATHDBIE (DYHKIMH TOTO T0JISA, BOCIIOIb3YyeM-
¢ TIOJIAPHOI CUCTEMOI KOOP/IMHAT TIJTOCKOCTH 11, cBI3aHHYIO ¢ TPAMOYTOJIBHON JIEKAPTOBOI CHCTEMOIT

KOOpJuHaT.



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTOPY I CONOCTABIISIONIHIl JIMHEHbIH OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit
2= — 1 — E . "
L [r] (v) = ‘j k; V|, tme k — equHUYHBII BEKTOD, NEPHEHUKY/IAPHBII miockocTn 11.
|
— —
— . o
OtBer. ¥ =21 +yj =



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTOPY I CONOCTABIISIONIHIl JIMHEHbIH OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit
2= (= 1 — E . .
L [r] (v) = ‘j k; V|, tme k — equHUYHBII BEKTOD, NEPHEHUKY/IAPHBII miockocTn 11.
|
— —

— —
OtrBer. T =i +yj =pcospi +psingj,



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTOPY I CONOCTABIISIONIHIl JIMHEHbIH OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit
2= (= 1 — E . .
L [r] (v) = ‘j k; V|, tme k — equHUYHBII BEKTOD, NEPHEHUKY/IAPHBII miockocTn 11.
|
— —

— —
OtrBer. T =i +yj =pcospi +psingj,



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTOPY I CONOCTABIISIONIHIl JIMHEHbIH OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

- 1 —
L [?] (7) = ﬁ [k ; 7], rae k — eJuHuYIHBII BEKTOD, HePHeHINKYISpHbIi 11ockocTr 11.
r
OtBer. ¥ =21 +yj =pcospi +psinpj,

P dp



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

& r—1 (= e . "
L [ r ] (v) = ﬁ [k v], riae K — euHUYIHBI BeKTOD, MepIeH UKy IIpHbIi miockocTn 1.
r
OrBer. ' =21 +yj =pcospi +psingj,
N dT — —

r,=—— p =cospi +sinpj,



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v], rJie k — eJIMHUYHBIN BEKTOP, NMEPHEHIUKYIAPHBIN 11ockocTn 11.
r

— — — —
OrBer. T =71i +yj :pcosgpi +psing j,
— dr —

p— - p—
rp_dp Cos 1 +51ng0J, r,=



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v], rJie k — eJIMHUYHBIN BEKTOP, NMEPHEHIUKYIAPHBIN 11ockocTn 11.
r

— — — —
OtrBer. T =i +yj =pcospi +psingj,
N dr — - dr

rp—dp—cosgo +sing j, r‘p:d_p:



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v], rJie k — eJIMHUYHBIN BEKTOP, NMEPHEHIUKYIAPHBIN 11ockocTn 11.
r

— — — —
OtrBer. T =i +yj =pcospi +psingj,
N dr — - dr

. e
rp_dp—cosgo +singy j, rw:d—pz—psms@l +pcosp .



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit

2= — E .
L [r] (v) = ﬁ [k v] rie k — eMHWYHBIN BEKTOD, IePHEHIUKYJISPHBIH 1ockocTu 11
r
- -
OTBer. T =7 i +yJ —pcosgo 1 —I—psmgOJ ,
N dr N dr — —
r,= dp = COs 1 +smg0J y Ty = d_p = —psingp 1 + pcosy j . Haitnem maTpuiry oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit

A 37 . .
L [r] (v) = ﬁ [k v] rie k — eMHWYHBIN BEKTOD, IePHEHIUKYJISPHBIH 1ockocTu 11
r
- -
OtrBer. T =xi +yj =pcosy T —I—psmgoj ,
— dr e O s N dr — —
r',=——=cospi +sinpj, T,=——=—psinpi + pcosy j.Haiigem maTpuiy oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =



Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit

2= — E .
L [ r ] (v) = ﬁ [k v] rae K — equHMYHBIN BeKTOP, HepIeHInKyISpHbIii mwiockocTu I1.
r
— —
OtrBer. T =xi +yj =pcosy i —I—psmgoj :
— dr e O s N dr — —
=—=cospi +sinpj, T,=——=—psingi +pcosy j.Haiigem maTpuiry oneparo-

dp

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =



Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
BEKTODY I COHOCT&BJISHOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k V] rje K eJIMHIYIHBIA BEKTOD, ePIEHIUKY/IIpHbIi miockocTn 1.
r
— —
OtBer. T =i +yj =pcosy i —|—pSlng0J ,
— dr e O s N dr — —
p = d_p =cospi +sinpj, r,= d_p = —psingp i + pcosy j . Haitnem maTpuiry oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =

Hcnonp3yeM reomerpuydecKue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.




Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
BEKTODY I COHOCT&BJISHOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k V] rje K eJIMHIYIHBIA BEKTOD, ePIEHIUKY/IIpHbIi miockocTn 1.
r
— —
OtBer. T =i +yj =pcosy i —|—pSlng0J ,
— dr e O s N dr — —
p = d_p =cospi +sinpj, r,= d_p = —psingp i + pcosy j . Haitnem maTpuiry oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =

Hcnonp3yeM reomerpuyiecKue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.




Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY I COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v], rje g €JIMHUYHBII BEKTOP, MEPIIEeHINKY/ISPHbINA 11ockocTu 1.
r
OtBer. ¥ =21 +yj =pcospi +p_s>,1ngoj,
dr — — dr — —
?p = d_p =cospi +sinpj, ?‘p = d_p = —psing 1 + pcos j . Haiinem maTpuily oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =

Hcnonp3yeM reomerpuyiecKue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.

K| =[7,=1= |[K 7))

— —
¢ xonna sekTopa | k, 1',| Bpamenue or k x 1, no

ad PN T
:‘k“rp‘sm—:l,
2

KpaTJdaiiiieil ayre JIOXKHO HAOJII0JAThCA, KaK Bpalle-
HUe IIPOTUB YaCOBOU CTPEJIKU.




Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY I COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v], rje g €JIMHUYHBII BEKTOP, MEPIIEeHINKY/ISPHbINA 11ockocTu 1.
r
OtBer. ¥ =21 +yj =pcospi +p_s>,1ngoj,
dr — — dr — —
?p = d_p =cospi +sinpj, ?‘p = d_p = —psing 1 + pcos j . Haiinem maTpuily oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =

Hcnonp3yeM reomerpuydecKkue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.

K| =[7,=1= |[K 7))

— —
¢ xonna sekTopa | k, 1',| Bpamenue or k x 1, no

ad PN T
:‘k“rp‘sm—:l,
2

KpaTJdaiiiieil ayre JIOXKHO HAOJII0JAThCA, KaK Bpalle-
HUe IIPOTUB YaCOBOU CTPEJIKU.




Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v], rje g €JIMHUYHBII BEKTOP, MEPIIEeHINKY/ISPHbINA 11ockocTu 1.
r
OtBer. ¥ =21 +yj =pcospi +p_s>1ngoj,
dr — — dr — —
?p = d_p =cospi +sinpj, ?‘p = d_p = —psing 1 + pcos j . Haiinem maTpuily oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =

Hcnonp3yeM reomerpuyiecKue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.

K| =[v,=1= |[K 7))

— —
¢ xonna sekTopa | k, 1',| Bpamenue or k x 1, no

= T
:‘k“rp‘sm—:l,
2

KpaTJdaiiiieil ayre JIOXKHO HAOJII0JAThCA, KaK Bpalle-
HUe IIPOTUB YaCOBOU CTPEJIKU.




Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
—
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L [r} mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v], rje g €JIMHUYHBII BEKTOP, MEPIIEeHINKY/ISPHbINA 11ockocTu 1.
r
OtBer. ¥ =21 +yj =pcospi +p_s>1ngoj,
dr — — dr — —
?p = d_p =cospi +sinpj, ?‘p = d_p = —psing 1 + pcos j . Haiinem maTpuily oneparo-

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =

Hcnonp3yeM reomerpuyiecKue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.

K| =[v,=1= |[K 7))

— —
¢ xonna sekTopa | k, 1',| Bpamenue or k x 1, no

= T
:‘k“rp‘sm—:l,
2

KpaTJdaiiiieil ayre JIOXKHO HAOJII0JAThCA, KaK Bpalle-
HUe IIPOTUB YaCOBOU CTPEJIKU.




Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k V] rje K eJIMHIYIHBIA BEKTOD, ePIEHIUKY/IIpHbIi miockocTn 1.
r
— —
OtBer. T =i +yj =pcosy i —|—pSlng0J ,
— dr e O s N dr — —
ry,=—_—-=cosgi +singpj, 1,= d_p = —psingp i + pcosy j . Haitnem maTpuiry oneparo-
D

~

pa L [T'] B noxansrom Gasnce:  (Li(p, ¢)) =

A 1 - 1/1 1
—7 (= — — —> —
L[r] (rp) :;[rp; k] :;(—r@) :()rp+?r¢,.
Hcnonp3yeM reomerpuydecKue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.

K| =[7,=1= |[K 7))

— —
¢ xonna sekTopa | k, 1',| Bpamenue or k x 1, no

= T
:‘k“rp‘sm—:l,
2

KpaTJdaiiiieil ayre JIOXKHO HAOJII0JAThCA, KaK Bpalle-
HUe IIPOTUB YaCOBOU CTPEJIKU.




Ba,u;aqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY
BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit

L [?] (7) = ﬁ [k v] rue k — €JINHUYHBIN BEKTOP, IepIIeH INKYIApHbIi 11ockocTn 1.
r
- -
OrBer. T =71i +yj = pcosyp 1 +psmg0J ,
— dr e O s N dr — —
r,= d_p =cospl +sinpj, Tr,= d_p = —psingp 1 + pcosy j . Haitnem maTpuiry oneparo-
. _ 0
pa L [T'] B noxansrom Gasnce:  (Li(p, ) = | 1
p?
- 1 - 1/1 1
L[F] (T :_[?;k]:_(_?):o? i 1iv,
[ ] ( p) D P o \p ® P pg ¥

Hcnonp3yeM reomerpuydecKue OCOOEHHOCTH BeK-
TOPHOT'O MPOU3BEJIEHUS.

K| =[7,=1= |[K 7))

— —
¢ xonna sekTopa | k, 1',| Bpamenue or k x 1, no

= T
:‘k“rp‘sm—:l,
2

KpaTJdaiiiieil ayre JIOXKHO HAOJII0JAThCA, KaK Bpalle-
HUe IIPOTUB YaCOBOU CTPEJIKU.




Ba,uaqa 20. Haiinure KOBapMaHTHYIO NDPOM3BOJHYIO IIOJIS JIMHEHHBIX OIEPATOPOB, KazKIOMY

BEKTODY T COHOCT&BHHIOHH/II/I JIMHEWHBII OIepaTop L[ } mwiockoctu I, 3amanmbiii dhopmysioit
2 r—1 = N . .
L [r] (v) = ‘j k V|, rae k — euHIUHBIA BEKTOD, IIEPIEHINKYISPHEIT 10ckocTn 11,

|

— —
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