CAHOAT POBOT/IAPU KNHEMATUKACH
TECKAPWU MACAJTACU. KUHEMATUK
TAXJIN1 BYUMYA MUCOJIJIAP.

Pe)xa:

1. CaHoaT poboTNnapuHuU KMHEMaTUKACKUAA
yMyMJlallraH KoopAMHaTa1apHN aHUKJ1aLl.

2. YU 6YFUHIM MAHUMYNATOPHU KUHEMATUK
TaxJnnn.

3. Ky3FranyB4yaH/IMK Aapa)acu 6 ra TeHr
MaHUNYNATOPHUHI KMHEMATUK TaxXJINNWN.

4. MyamMonum Macananap.
5. Xynoca.



1. AManunm ToMOHAAH Kyn Ba3sundtnapaa
PpO60T Ba MaHUMyISATOpPJSIApHU
nonmnxanawga KMHeMaTUKaHUHE
TeCKapu MacaJZlaCUHM eyunllra TyfFpu
Kenaan. byHaa MmaHUnynaTop
KUCKUYNHUHI XapakKaT KOHYHU, AbHU
KoopAuHaTanapu onanHaaH 6epunratH
6ynnb, KkonraH 6yFnMHNapHu xapakaT
KOHYHJ1apuX, yMyMJialiuraH
KoopAuHaTanapu aHuKaHaau.



YMyMaH o/iraHaa KMHeMaTUKaHUHE
TecKkapu Macasiacu y4y Xua BapuaHTAa
KYUNAULN MYMKWH ;

1) MaHnnynatop KUCKNYUHUHT 6epuniraH
6up xonaTtura Kapab MaHunynaTop
OYFMHNapUHU XO0NaTu aHUKaHaau;

2) KUCKNYHUHI 6epunraH 6mup Heuya
XapakaTtnapura Kkapab MaHUNynaToOpHUHE
6bup Hevya xonaTtnapu aHUKNAHAAM;

3) MaHunNynaTtop KUCKUUYUHUHI XapakaT
KOHYHW BakTra 6ofnunk pasuwiaa 6epunnmnb
Py=Px(T), YMyMnawlraH
KoopAuHaTanapHW y3rapuil KOHYHMapu
aHukKnaHaaun o=o¢(1), C=C(T1).



Tyrpu 6ypyaknum KoopanHaTtanap
cucreMacuaa xapakaT/iaHyBuu
MaHUNYNATOP YYYH

X=C,; VY=C,; 3=C, (1088
byHOoaH s - 9. 5 i
dt dt?
Y. s _d
dt dt?

. g o2 (10.2)
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XyAau WYHUHIAEK UUIUHAPUK
KoopAuHaTanap CUCTEMACUAS
XapaKaT/1IaHYBYMN MAaHUMYAATOP YUYH.

XC=3S,c08¢; Vc=3S;sinp; Zc=S,

Ve

eKn Xx’+v?=S2; tgp=— nOaH
Xc
\Ys
2 2 _ . A
53:\/xc+yc go_arctgyc, S, —AE

(10.3)



YMyMnawraH KoopanHaTanapHUHE
Te3NnKIapu

ds, i dZc _ ok

dt dt

ds, (Vex +Vey)—(cos g —sin glpy X2 + Y2
it COS @ + Sin @

. XeYeV-Vclex

e XZ+Y?

(10.4)



MaHUNyNAaTop XapakaTn cepuk
KoopAuHaTanap cmcremacmaa 6ynraH
yMyMnallraH KoopanHaTanap Ba YNapHUHE

TE3JTUKI/1apW KYVI naarninapagaH aHUKJ/J1aHa4gu.
Ve

XZ4V=Sicost i 1gg, = s
Xc (10.5)

(Zc-1,) = SZsin?p

OyHAaH, s, = X2+V’+(Zc-LY
(10.6)

S;singp, =Z2c—1,
KN S cosgpzz\/XZercz (10.7)




OnuHrax (10.5), (10.6), (10.7)napHwu
Taxaun Knnamms. Xc, ¥Yc, 3c KoopauHaTtanap
Kynunaarum WwapTHW KaHOoaT/IaHTUPULLN Kepak

1

(S,)min < X2 + V2 +(zc— 1, f <(S,)max

6y epaa, (C3) muH Ba (C;3) Max -
MaHUMNYNATOP KYJIMHU MUHUMa Ba
MaKCcMMass YnKuL Macocbacm arctang
KMMMaTJ'IapVI—— Ba - opanmrmaa 6ynnwmnHm
Xncobra oncaK —71:<(p1<Tc, y Xonaa



-

T
(01:<i§

\

Xynnu

P, =1

arctg (Ej Xc >0

XC

: Xc=0

arctg (ch +7 Xc <0

XC

LHYHUWUHTAEK

-

arctg ) -,
(X2 + )

(10.8)

(10.9)



Tesnunknapun Kynngarm ndoaanapaatH
aHUKMaHaaWn.

S (VCX COS @, + V,, Sin gol)cos @, +V_Sing,,
.V, COS; —V, Sing,
¢1 y

S COS @,

'S

. 1 . i
Q, = S—[VCX COS @, — (ch COS @, + ch Sin (Dl)Sln (02]
3 J

(10.10)



Xyaoau WyHWMHraek AHrynsap KoopanHartanap
cucreMacm bymmnya xapakaTtiaHyBYM
MaHUMYSATOP YYYH, YMyMNalluraH

KoopAnHaTanap.

= arctg(ycj
P10 ok

- 2 12 5 5 A s
R 2rcto - — £ arccos ;15 + X+ Ve +(Zc |i) I
(Eev2F aufxeevieze- 1)
2 2 . 2 . > d p 5
P3, = *| £ —arccos I; +17 - X -V¢ —(Zc—1,)
21,1,

(10.11)



Te3NIMKIapPHMHI ndoaanapu

. . ch COS @5 — Vi sin P10 |
Pro = :
|, cos p,, +1, COS((”zl i3 ¢32)
o (ch COS @y + Vg, sin (Plo)cos((pzl + (032)"' Ver Sin(¢21 i (032)
& ,sing,, ’ >
, 1 l. + 1, cos : : .
Pz, = I_{_ ( : | - (p32) [(ch COS @,y + 1V S|n10)3m(§021 + ¢32)+ Vex Sm(@zl T (032)]_
3 2 SIN @3,
N (ch COS @y + Vg sin (plo). Siﬂ(gpu + (P32)+ Vex COS(§021 il (psz)}

(10.12)



2. MaHUNYNSATOPHUHI TaHMAAHraH TY3UJNLL
cxXxemMacuaa KypcaTtuiraH v goupacu 6ynmya
OYVFUHNAPHUHI YNYaMAapUHU aHUKJIaLW YYYyH
loKkopuaa 6a€H eTunraH KoopanHaTanapHu
Y3rapTUPULLIHWHI MaTpuua YCYINHN TaTOUK eTunraH.
Y xosi4a YHUHI XonaT QYHKUUSCUHN TaAKUK eTULL
no3nM. MacanaH, 10.1-pacMaa TacBUpaHraH,
EPKNHITUK ﬂapamanapm yyTa 6ynraH MaHuUNynsaTop
yaHranu 1 HyKTaCMHUHIC XoNaT PYHKUNSACU YHUHT
pPaAnyCc-BeKTOPM HWUHI yMyMnallaraH
KoopAnHaTanapra xamaa Jigc Ba Ny 6yFUMHNAPHUHE
y3yHAurmra 60oFnnKInrm 6ynaum %ll-IMK KUHEMaTuK
3aHXMpAK ywby MexaHn3M 3ypukTupMaciaH
UNFUNTaHNNIrM cababnun ctaTtnkK aHUK, Xamaa
opTuK4a bornamanapcus 6ynaan (k=0).
MexaHn3sMaa yuta bup KysfasyByYaHAMKAAru
XydpTnnk 6ynmb, ynapHuHr nkkmntacu (A,C)
avmaHMa Ba bUTTaCH (B) nnrapunanmaaup.



2120 7 (2

10.1-pacwm.

YMyMalwiraH koopamHaTanap COHU ydTa: ¢q9-0yFUH
1 HUHF TagH4Y 4 ra HucbaTtaH 6ypunuw 6ypyaru; 3,4-
OVFUH 2 HUHT 6%7FV|H 1 ra HUcbaTtaH YnU3nKIU
CUDKULWN; @35,-OYFUH 3 HUHT 6YFUH 2 ra HucbaTaH

6ypunuw bypuaru.



DPKUHNNK Aapaxkanapu coHn W=3 eKaHIuru
ManuweB popmysiacm 6unaH xam
TacaAuKiaHaau:

M

W :6n—{ (6—i)p —q}=6-3—5-3:3

=1

O,xMy1)3() koopanHaTanap cucremacu 31
VK aTpodunaa annaHysym 6yruH 1 6munan
6ornanraH; O,x(2)y(2)3(2) koopanHaTanap
cucrtemacu 6yfFumH 1 ra HucbataH TyFpu YU3UK
bynmnuya xapakatinaHyByu 6yruH 2 6munaH
6ornaHraH; O,x()y(3)3(3) koopanHaTanap
cucremacu x3) yk atpopuaa annaHyBum 6yFuH
3 6unaH 6ornanran. 3(0) 3(1) 3(2) yknap ycrma-
yCT Xxomnawaaun, x(1) x(2) x(3) yknap y3apo
napannengup



Po (0)=Pp O (19, 351, ©33) XONAT PHKUMACHK
MaTpuua Wakinaa Kymmaarm KypuHULLHK

o1aaun.

by epaa
Pp =
T21 =
py =

Po O=T,0T51 T3, 'ED(B),

[ cosg,, —sing,, 0 0 |

sing;,

cos¢,, 0 0 |
0 0 10|

0 0 01

(1 0 0

0 sin,,
0 0 0

R
0 cosg,, —sing, lgc |

1

cosg,, 0 |

(10,158



T19, T51, T3> MaTpuuanapgarn TYpTUHYMN KaTop
(0001) Ba ycTyHnM maTpuuanapaarm 1 pakamnau
anHmnaTnn ysrapuuwra (1=1) onnb kenagun. Ynap
MaTpuuanap Kesaapat Tap3aa éynmwmn, xamaa
MaTpuuanapHu Kynantmpumiwl MyMKMH 6ynuwin y4yyH
KUputunraH. Matpuuanap Mab/lyM Konaa KaTOpPHU
YCTYHIra Kynantupuil Kkongacumra MyBo@uk
Kynantupunaaun. (10.13) dopmynagaru
MaTpuuanapHun KeTMa-kKeT Taptnbaa Kynantupuil
HaTWXXacnga Kynuaarm TeHrnmK xocun éynagu:

_xg))_ —lge SNy, —lepsing, COS%Z_
Y(O) . lec COS @y + I COS @14 COS @,
Z([:J) Zy1+lep SN, |

——— 1




YMyMnalwaraH KoopanHaTtanapHuWHr 6up KaH4a
oaann knnMmatnapumaa (6.14) dopmynanapHuUHr Ba
MEeXaHMU3M KMHeMaTukK cxeMacuHuHr (10.1-pacm)
y3apo MOC/IMIUHN TeKWnpunb Kypuw pomnagagaH Xoau
6ynmanaun. MacanaH, ¢,,=93,=0 6ynraHga: =0;
=NgcHcp; =31 O6Ynaan; o,0=03,=270° 6ynraHaa
eca +ngc; =0; =3,;-Ncy 6ynaan. [1 HyKTa
KOOpAMHATaJIApPUHUHT y3rapuw Yyerapajapu Mabaym
6ynca, (10.14) myHocabaTtnap épaamMmunaa 6yruHnap
Ngcr Nep Y3YHNTUHUHT KEPAKAW KUAMATIapUHW
Xamaa ¢y, 351 Ba @3, YMyMawiraH
KOOpAMHATalapHUHI Y3rapuw yerapajapuHu
TaHs1ab onnw MyMKUH.



MaHUNyNAaTOp YaHraJIMHUHI XaMaa anoxuaa
6YFUHIApPMHUHI XapaKaT Te3/IMrm Kabm TexHuk
KypcaTKn4y KaTTa axaMuatra era. byHaa eHr roKkopu
XapakaT Te3/IMrm MmaHunyndaropgarun mu
YXXQPaeHUHWHI Tap3y Ba OPUTMAHUHI KYBBaTU
bunaHrnHa emac, 6ankm xmM3MaT KypcaTyBUK
XOAUMJTAPHUHI XaBPCU3NUK WaponTn bunaH xam
6enrnnaHaau.

Arap ymymnalwiraH KoopanHaTtanapHWUHI BakKTra
6oFnnknapu Mabaiym 6ynca, y xonaa te3siuk xonat
MOYHKUNACUHN BaKT bynnda ampdpepeHumnanniall
opKaan aHukKnaHaan. MacanaH, epKUHINK
Aapa)kacu yuta éynraH kypmb 4ynkuaraH
MaHUNYNATOp YYYH YaHran [l HyKTacu Te3nuru
BEKTOPHUHI KOOpAUHaTanap ykKura
NpoeKUNANAPUHUNHT B6epunraH ¢,4(T) 351(T) Ba ¢35(T)
MyHocabaTnapuga (10.14) TeHrnaMaHu BakKT bynunua
andpdepmnerumnannab ywbyHmn xocmn Knnamms;



e (0) _ i i :
Vpx = X5~ = —@; COS (”10(IBC +1cp COS §032) + Wyl ep SIN @14 SIN @
= (0 _ . . )
Vpy = Yo' = —@;SIN ¢10(IBC +lep COS %2) — W;ylcp COS @, SIN 3,

(0)

Vy, =25 =V, + @l COS@

DZ D 21 32°CD 32 (1 15)
d HYKTa Te3NUrm BEeKTOPUHUHI KaTTaaurum Ba

€bHaIMWNHN Kynuaarm opmynanapiaH TonaMmuns:

u 2 2 2 i
Vg = \/VDX +Vp, +Vp,,  COSa =V, [V,

Cos,B:VDy/VD, COSy = Vp, /Vp (10.16)

6y epaa o, B, y-TE€3/IMK BEKTOPUHUHI EbHANTUPYBYNA
Oypuaknapu.

(10.15), (10.16) dwopmynanapra acocaH MyausiH COH
KUMMaTnapuHn aHuKaWw HaTuxacmaa vYaHran 4
HYKTAQCUHWUHI eHrr KaTTa Te3/IUrM Ba Te3JIMKHUHI Y3rapuLl
Tap3nHu 6baxonawra UMKOH TyFuiagn.



3. Ky3fanyB4aHAuK gapa)xacu 6 ra TeHr 6ynraH caHoaTt
POOOTUHUHI KNHEMATUK TaxXIMANHN KYpub ynkamunsa. Ywby
MaHUMNYNATOPHUHI KMHEMaTUK cxemacu 10.2-pacMmaa
KenTupunraH.

212,

10.2-pacm.
KypunaétraH MaHunynsaTop MKKUTa uiarapuiaHmMma-KkamTtMma Ba 4
Ta auslaHMa B-CMH® KMHeMaTuK XXydTtnapaaH, 6 Ta
Ky3fanyByaH 6yrnHnapaaH néopatamp.

W=6H'5I'I5-4I'I4'3I'I3-2I'I2-I'I1=6'6'5'6=6



MaHuUNynaTop KNCKNYM aHA03aHU yLlaraH
neé é6up 6ytyH 6yfuH neb xnucobnannuk.
MaHunynatop tasHuymnaaH OXY3 Ky3fFanmac
KoopAMHaTa CUMCTEMACUHU YTKa3auuk.
KoJiraH KoopaMHaTa cucrtemManapu
Ky3fanyBdaH 6ynaan. TYpTUHYM NOFOHaNU
MaTpuua yCcyamHu Kynnab, koopanHaTanap
cucremanapura KentupulHn esamuns.

cos@, —sing, 0 O 1000
_|sing, cosg, 0 0 10100
o= 0 10 A12_001|2
0 0 01 0001




1 0 0 0
1008, :

e A, 0 Cf)S(/)4 —sing, 0

000 1 0 sing, cosg,0

0 O 0 1
cosep, —sing, 0 O 1 0 0 |
sinp, cosep, 0 O 0 cosp, —sing, O
10 0 10 A=l sing,  cosg, 0
0 0 01 0 0 0 1

(10.17)




MaHuUNynaTop KNCKNYM aHA03aHU yLlaraH
neé é6up 6ytyH 6yfuH neb xnucobnannuk.
MaHunynatop tasHuymnaaH OXY3 Ky3fFanmac
KoopAMHaTa CUMCTEMACUHU YTKa3auuk.
KoJiraH KoopaMHaTa cucrtemManapu
Ky3fanyBdaH 6ynaan. TYpTUHYM NOFOHaNU
MaTpuua yCcyamHu Kynnab, koopanHaTanap
cucremanapura KentupulHn esamuns.

cos@, —sing, 0 O 1000
_|sing, cosg, 0 0 10100
o= 0 10 A12_001|2
0 0 01 0001




ByHaa Ay MaTpumuacu O XY 3,
KoopAaMHaTa cucreMmacmaaH OXY3
cucreMacumra yTumn opasimk MmaTpuuaiapHu
KynamTMacu acocmaa Tonmnaan, SbHu

Aogs =Ao1'A12A23°A34A45Asg -« -

(10.18)

KMCKWYHUHI XonaTtun 6epunraH Aeb6 Kkapab
Q10,0 39
O %)053a,

3 Q3103503383 (10 19)
000 1




By OcXcY3¢ CUCTEMACUHU Ky3FanMac
OXY3 koopanHaTanap cumcreMacura
HUcbaTaH xonaTtnHun 6enrmnanan. (10.18) HK
Kynmaarnya Kanta ésauniunk.

Ao1A12A23 A3 As=AgsAse ™ . ..
(10.20)
by epaa, Al — MmaBxya A, MaTpuuara
Teckapu, Kynmaarumra TeHr.
1 0 0 -l
0 cose, sing, O

0 —sing, cosg, O (10.21)
0 O 0 1

A =




(10.20) ndpoaaHn 4an KMcMmuaaru
MaTpuuanapHu Kynantmpmb, KymmnaarmHu
X0CUNn Knnamms,

Por Ay Pog- Ay Ay =
COS @, - COS @, —SiN @, COS @, -SIN@, —COS¢, -SiN@, —SiN @, COSe, -COS@. SiN@,SiN@, COS@, S,
COS @, - COS @, + COS @, - COS @, - SIN @, —SiN @, - SiN @, + COS @, - COS @, - COS @ — COS @, SiN @, SIN @, S,
sing, -Sing; sin @, - COS @, Cos @, S,
0 0 0 1

(6.22)



OHAM (10.20) HM YHTr KMCMmMaaru
MaTpuLUanapuHn y3apo Kynantmpamms.

a0, COS @y — a5 SIN Psa,, SIN @ + 0,3 COS s — Lo + @

&, A5, COS @, — &, SINP,,SIN P, + A,,COS P, — ., + 8,

Qy503, COS Qg — 35 SIN P, SIN @ + 33 COS @ — |, + a4
0 0 0 1

(6.23)



OnuHraH (10.22) Ba (10.23) napHu y3apo
TeHrnawTnpmb 12 Ta TPUroHOMETPUK TeHrsiamasap
cuctemMacum xocun kmnamms. Ynapga 6 ta ¢4, C,, C;,

©4, Ps, Pg NAP HOMABNYMNApAMP. KNHEMATUKAHMU
TecKapu MacasacuHM eynlura acocaH ywoey

yMyMAallraH KoopanHaTaJlapHM TONUL Kepak
bynaaw.

Xocun knmnuHrad (10.22) sa (10.23)
MaTpuuanapHu yYmMHUYM yCTYHNAPUHN Y3apo
TEeHrnawTnpub KynunaarmnapHu onaMmms.

COS @, - S; = —lgay; + al\
sing, - S, =-l.a,, +a,;
S, =—lga;, +a; | (10.24)




by (10.24) cucrema yu4mHum teHrnamacupaH C,
aHUKNaHraH. bupnHum 2 Ta TeHrnaMmaaaH

2
S, _+\/ 60511 d, |6a21)

Xyaan wyHuHraek (10.24)Hn 6upuHyun Ba
MKKMHYUN TEHINTaManapuHun ysapo 6ynmb

a1_|6
a, —lsay,
tOkopuaaru (10.22) Ba (10.23) MmaTpuuanapHu
OUPUHYUYN YCTYH 3/IEMEHTIAPUHN TeHrnawTmnpmnb
COC(@p, COC45-CNH@P; COCP, CUHP==0L1 1
CUH@p; COCPs-COCP; COCP, CUHP, =015
CUHQ, CUHOPs=013

9o, =

(10.25)



(10.25) HUHI BUPUHYUYN NKKM TeHrNnaMacunaaH
COC(P5=(X]_1 COC(pl (112 CMH(P]_
OXUPru TeHrnamacuaaH, aca

U3
Sin @,

Xyaan wyHuHraek (10.22) sa (10.23)
MaTpuualapHU MKKUHYM Ba YYMHUN YCTYH
S/1EMEHTIapu TeHrnaw Tnpmb

0l35COCQPg-0l33CUHP=CUHP,COCP:
Ol35CNHQPg T 033COCH,=COCYP4
HWU oslaMKn3. HaTuXXaga Ternwnm ysraptupuLl
Ba KY/I1allHW amanra owmnpunb o4, ¢, @g HU
aHUK1anMn3. MacanaHu eynMmniapu wy eau.

Sing, =



