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Merogom  sudelinol  TEODHRA  POpPYTOCTE  NePACTIURHEMLIN  ClepMiieR HCCARAYETTR
MHEEMATHRS TROCTIHHCTRAHHOTO ABMKEHHA MHOPDIBSITHON MaHHAL Ao CINpoatasto Baltaius
YOPYRGCTH NOCACANSID THEHA 1a KHIemaTHRy ARHAEH A

HUC.&&-‘L}'{*T\”}I EHMOMATHES TIRGCTRAHCTBCTTNONG ARWARSHIEA MHOMD S B HOD
MaHMUIYAATORA, [MOCASAHEE SHEHO KOTOPOTD MOABAMPVETCH  Kak  VOpPyrui
HEPACTHMHMEA CTepenn [(wr 1), B KoHUe ympyrorg aBéHa paciosnied
C¥Bar ¢ rpyacd.  He orpaEMuBan  oBmpocTh,  NPeANOAATASTCH, MO
.MEHHTIY.&H‘IT_:F:I HaxXoAWTCHd HA fIfJn,&,HH?KHDM OUHOHAITHHA W BCe COpAMHWTEARHBIS
WADHUPEL  HASaALHO-UMARIADHECCKHE,  Cucrema  koopawnay O, A Y7,

apAReTcH  wHepnuwansion, O Y 2
B EANS r SCHOBAHHGM i
Un.Jf"}iZ“ . IRMCARNHAM  YIPRVTHM
apeHoM,  OCh {}"Y“ CORITEAROT
HEACPUPMHPOBANHEIM  COCTOAHBEM
VIDYIOTO 3BeHa.

KHBOMATIRE  AUMAGTIE MAHTTY
arropa ¢ abDCOAIOTHO  TBEPABIMI
SEEHEAME M HABAALHEIMN  UMAMIE-
APLIHHCKHMM [II-'-IJ'}HH'F):EH\-TP! ADCTHTOWHO
noApobHe HocaexoBanall ). CunTas.
uTo B llpUC’I'}}:!.H'E'I'HE HBBECTIHG ARK
MEeUHe OCHOBAINHE HOCASAHETO YVIIPHY-
roro  3BEHA  MAaHHIVARTORA, A
o ONPEABABHHOCTH  HOCABAYETCH HAHA-

ar.] HHE YHPYTON NOAGTAMBOCTH TI0CASA-
HETD 3PEeHA Ha KMHEMATHEY ABHME-

HHIL MaHHTIYAHTOpE.
_ 1. Tloaomenue TOYEK Yupyrore iseia. Papyc-ReKTop OpOM3IBOALHOM
M‘IKH YOPYITOTO 3BEHA MaHHOYARTODA B MHERUHAABHOW CHMOTEME KOODAHHAQT

:.E?L,Xﬂﬂk?ﬂ MOMHD IPeACTAEHTL CASAVIOIIHAM b,
R(1.2)=R, (1) + R 1)+ R,(1.5) (1.1)
TG



rae Ry {!} = [xn {I), Mu (I}, 2y {! DT —paaHyc-gesrop  ToukE O |ocHoBanws)

OTHOCHTEABHO  HAaYasd  KOOPDAMHAT HHCPLIMaAsHOH cucremuw O X ) 72

R (J’ ( I},y,( ,z,(r)}T ~ PAAUYC-BEKTOD OCHOBANHA VIIPYTOIO 3BOHd (TOUKM
() orvocutessno rourn O, cucremsl koopauHar O X i RJ{!.E_}

PHAMYC-BERTOR TOUKH O HelrpassHol AMHHH VIIPYTOTO 3BEHS B AMOMEHT
RPEMEHH [F;F.[ﬂ,f]} OTHOCHTeABHO toukn (0 B crcteMe Koopawsar

i
QX Y2 | —pavma ynpyroro ssena.

CposHavas  depes u[r,i} BERTOD YOPYIoH AcqOpMaliiy HeRTpasbH0l
AMITHH 3BEHE  MaHUlyAsTopa B cicTeme xoopaunar O X Y 7 R_.{L..“;}
MOMHO TPEACTABHTEL B BHAE

Rz{:.q'_}z{ul{t,ﬁ'],f;-l- w, (1,2),,(1,2)) |1.2)

¥rAOBHE HEPaCTSKUMOCTH YOPYTOTO 3BeHa MaHAIYAITOpa ORHBOANT K
HEKOTOPROMY  COOTHOIMEHHID  MemAy  (hyHE MMM It,l::'.Ej}.u_,{.!,-?;;l.u_!.{f?fﬂ.
NPEACTABASIOIIMME  3A8CH yPasHeHHe CEA3H [3]. 3TV CPAZE MEL [LOAYMHMN,
UPEATOAAraf, MTO AAMHa dl IAEMEHTA YVOPYTOTG 3BeHA OCTASTCA HEWSMEHHOR
NOCAS AeRopDMallif.
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OrpanMuyupanch paccMOTPEHHEM  TOABKO MAALIN OTEAOHSHAT yIpyroro

SBEHA 0T HEASQOPMHPOEANHOID COCTOMHMUA, GYASM CHHTATL, 110 KOMIOHEHTH
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BeKTOpa  YOpyrod  acdhopmaiii ll(f.ﬁ)—-(u,{!.,;,}Jx:{f__@}.ull{f,::}] SR
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OPOHABOAHRES TIC © M OO0 § — MaALIE BEAMIHMHLL
Cluprrasn H.I[I,E),H_..{F.E_},H;[f,i],i'fl(f,.’éli{;{r,é},ii,[f,i_} MEAARIME BeAHYHILH-
MH TEPBOTY NORHEARG OTHOCHTEABHG AAMHEL YIIPVTOIG 3BeHE
wltE)~e, u(L&)~s; w(t,2)~e (e<<1) (i=13) [1.5)
caeayer na ocnosammi (14) npumsits, 9o (62l (6,8) w o (62), waeon
BTOPOT HOPAAOK MaABeTi
- z (o o) .
w,(t,8)~€, ul(t&)~e’, w,(8)~¢ L6
CACACBATEALHG, NDEHaDpEran BeanyMHoi {u:.['_,f:}};, KaK YCTREQRTORD

b 1 S
NMOEAARKE MAasOorTH {f-' J. MOMOTIO YOAORKA HeDACTAMHMGCTH [L4)] 2andcath B
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(HpousBOAHEE DO £ ofozHAYeHE! IITPHXOM, a Mo | - TO9KoH)

- OcTaBAss B mripadenwsx {1.1), (1.2] seawyniin, DOPAAOK KOTOPBIX HE
smmaer £, pextop R,{6E) B cucreme woopammar OX,Y.7, wmomuo
\CTABHTE B BHAS

R, (68)= (0 (.8), 50, (1,2))" 18]
BOTL  BEKTOR  yOpyrodl  acthopmaiinu n(t,r:j,] HERIEHANKYAADSET R
OPMHPOBAHHOMY COCTOAHMIO NOCABAHETO 3BeHa [4].

~ Hanpasasonide HOCHHYCH  YTAOH Me®#AY OCAMH  CHCTEM  KOODAMHAT
jX YZ w OXYZ sapapans upn noMoms tada, 1,

TaGanua 1

| l A || ¥ % B
x) ol ! n:f’ J L al
v. | o ol {IJ_
(o [ o | o [ ol

‘Bhech vepes f.IE::' [1,:!'_:] 2.3) oBosnascubl
af) = cos(0,X,,0.X,)= i, -iw)
i) =coslCL¥_ 0¥ )= 1]
“’—cos{mx 0.2,) =k, i } (1.9
ol =cos(0,2,.07,)=(k,-k,)
e :(i.,--j“kl} % -(i",]ﬂ.;k") — BAMHMYHEIE BEKTODHL ocell CHOTeMDBl KOOPAHEAT
WZ, w OX, Y27, coorsercrento.

B cooteeTcTEMH ¢ (L1} ® (1,8), mOACKeHMe TOMER YUPYIGIo iseHa
TYAATORE GIHOCHTEARHG CEASAHHOR © OCHOBaHHEM CHOTEMBl HOORAHHAT

¢ : l}le (R {.t‘ Q}"Rl {!]+R [I E:.l MOMXHO TREACTABMTE B BUAC

R, (1.2)=T[R.(6,8)+ R, (1) (1.10)
ay e ol

7=l ol alf (1.11)
) o) ol

B opHopoAHKY KoopAMHaTax npecfpasomanue (1.10) umeer sup |5)
R,(r;.E_,)sz, ]Rz{f:‘-t:} (1.12)

[AR MATPHIA T“ ) Pasmepa (4xd] nueer CABAYIOIIYIO CTRYETYRY:
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::] Rl[" :II‘
Ta=| = =% oo (1.13)

0 : 1 )
AASL onpeAerenus  IOAOKeHHS TOYEX  YHPYFOrD  3BEHA  OTHOCHTEALHO
HHEpUHAALHON  cuctemi  koopawsar O XN V.Z . cocrasum  Talamiy

HATPABASIGIIMX  KOCHHYCOB  YTAOR MewaAy ocasi koopamnar O X Y Z, w
()Ilﬁ'ﬂyﬂzﬁ
Tatauua 4

! in. p o

O
— . utl; I el uc:.ln
z, ol : ey @y

AL
alll =cos(0,X,,0,%,)=1i, i)

) = cos(0,X,,0,%,) =i -j,)
m—cus[(}){',,ﬂ.{] {1 k) (1.14)

) -cos[GE,,GZ] k,-k,)
(iy:Ju. K, ) —eamnnainme BerTopi oceft  cHcTeMA koopautar  O,X Y&,
CODTRETTTEEHHO.
Bertop R, (4,E) (1.10) 8 cucreme Q, X, ¥,Z, umeer sup

R(1.8)=T R, (r2)+ R, () (1.15)

[a'ii"‘ @l ay
(2} 171

rac
r{vf—\ Ca “E‘r i1.16)
iz ,: B3] iz}
Gy Gy oy
NoacTasaas {1.12) 3 [L15), goayuum

R(I»F:'}= r{r.‘.}r{,;,'ln:[:'g}'i_rl;lnf&]-}' R, () (1-17)
HAH B DAHOPOAHWX KOODAMHATAX
R(r.2)=T, -T,R,(.2) {1.18)
daecth
lq : Rﬂ{f.] r|I_|!| : R.{IH
)
Tyy=| -+ o ek Ty =
0 I 1] I
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R(8)=(x{r,2). 5. él-Z(f ey
R, (6.8)= (0 (t.E) 20 (0, EM)

B AWHENHON TeopMH YIPYrocTH Rz{f E} OMPEACASETH

. B] To BHpaxenss (1.17) man (1.18), mo3B0AAIOT HOACIKEHE TOYeK
| 3BEHA MaHHIOYASTOPE B MHEPUMAARHON  CHOTEME  EOORAMIAT

0 w, (1,8)
—I‘L}‘I"{,] 1+ LI} Ry(n+R +r{2] rm 0 {1.19)
0 a5 (1,2)
A\ F{Tzll Rﬂ(f‘] r|I{rl] RJ:I) 0 {8 .]
]= s e e RLE[410O b (1.20)
0 1 o ¢+ 1 Jllo) lwes)l

.
VIOAMAHDOBEIHHE ,&BH}KBHHH ABYX3BeHHOTO YOPYTOTD MallMiuyARTOE Ha

RHOM OCHOBAHHM, MeXaHMUYECKan MOARAL MaHHIYAATOPA COCTONT M3
NOABMMHON maaThopMul 1
MEXAHHMSCKOH  DYEM co
CXBATOM (i 2) Pyxa
COCTORT B3 ABYX 3IBEHBER,
CODAMHEHHEN  MMapHUpom
O, [Mepuoe speHo CoSpH-
HEHO [IAPHEPOM ¢ [LAaT-
popmoit © seagercs obco-
AIPTHO  TREPALIM  PEAGH,
Vo gropoe 3ReB0 MAHETYAT T
P& MBAAETCR YIIDVTHM Helia-
CTHRHAMBIM  CTEDHEEM, 1
¥, EOHLE KOTopore pacnoas:
e cxBaT ¢ orpysosm, Coe-
AMHHTEARHLE  IOaPHHPL —
HACAALHO UUAHHADUMECRHAE,
OCHOBAHHA  MEXaHuIerRod
PYKH MOMET DePeMEnatson
B TFOPHIOHTAARHOW [IAOCKO-
e GG X Yy

AHHIYASTOP UMEeT NATh CTeneHen’ cROOOAL, ABMMEHHE N0 ROTORBIM

Maf onHcadHs  AMOKeHHA  MaHHOYARTORa  DBeASM WHEPLHAARHYIO
WX VoZy v oneunepumaneune QX Y Z, . OLX, V72, chcremnl KOOPAHHAT.

[ oh03HAYEHMS! fl —AAHHE TEPBOTD 3BeHa; fa — AAMHA BTOPGIG SBEHA;

='(x,j;(.!‘)?1_}-'n{_i_‘],ﬂ}T — PAAMYC-BERTO)  OCHOBAHHA OTHOCHTEARHD CHCTEMA
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Kaopausar O X,V 7 - Wy —yroa memay ooy OX, u QX [ 65, —yToA
IOBRODOTE  MAHMOYASTOPA OTHOCHTEARHO AacH Q) t, —¥rosa nobapoTd
HEPBOLG  3BEHA  OTHOCHTEABHO TAATIRODME O, —yTOA TOBOpOTA  BTOpOLG

YOPYIOrG 2BeHa OTHOCHTEALHO OCH (), ¥, (0, —¥roA Memay sacatennHol

(LA k yopyromy aseny OLP & touxe O, w oewn 0, ¥, f,;]'-r-:em-up
VHPYTOH aediopMaliny BTOPOTO 3ReHA B CHOTAME BLX, }’/ R,{I,Eﬂl =

PAAFYC-BEKTOD TOTKH HEATPAALHON AMHUM BTOPOTO 3Mesa © KOOPAMHATOH
£ (0SESL) 5 Momens BPEMENH [ OTHOCHTEALEO Toukn () & cierene

QX K205 RitE)— PAARYC-BEKTOD TOH e TOYKH GTHOCHTRALND Touk (),
® HHEPUMAALHON cicTese Koopaunar (X, Y, 7. |
H{I.§]=R(|{I)+R] {'r:‘E.} 2.1]
Hpeanoadraercs, ato sertop yopyrix esmemen BTOROTD 3BEHA MAA 1o
CPABHEHHI) © erd AAHHOW I:I](f,{’__'_)llﬂ_. =G{E}, E<<l n HEPTEHMARKY AH[HD K
HeAedopMEPOBAITHOMY COCTOSHHI,
Paamyc-aerrop Toukm O IR,-{LE_JP B cucreme Koopasnar O.X, Y2,
HMEeT BHA
R, (.E)=T}R,(12) (2.2)
rae Rz(!_.i): l:ul{’!,é},%;.ug{f,f;}}r, 8 MATPHUA nepexoaa [, oT cwcres
0. XYZ & cucteme O.X V7, swasmercs

|f.l I T
!'[‘”I =10 cosae, -sina, {233
0 sing, cosa,
(1 0 0 (e
R, (r,i}z coso, -sing, | & (24

L(J ST ot cmsa:JLu:‘{f.ib

(R.(1,€)), =u(e.2)

le-{faf_}},l =Ecosa, —u, (1, € )sina, (258

(R (.2)),, =Zsina, +u,(r.8)cos e,

Hockonery ocu cucrem xoopannar QX2 w QX V7. napasseasss
T PAAMYC-BERTOD ':'olxmaé: UTHOCHTEALHO TOURH () WMeeT mHa,
' \
[ u(.€) ;.

R,(1,£)=| { coswr, +Zcose, —u, (1,8 )sinc, (2.6)

\hsina, +Esina, +u, (1.8 )cos o, |

ad



Tlpoekiing paslyCc-BeKTODA R(I,f;} roukn € B MEEPIHAALHOR CHOTOME

spasiar O, X Y, 2, onpeacasiores supaskenes

R(1,2)=T1,R,(1.2)+ R, (¢) (2.7)
R, (I,_Ej,) onpeAsAReTCH U3 (2.5), a MATPHIA NOBOpUTA F:—I j MMeeT BMA
cosu, -—sina, 0
I =| sine,  cose, 0
%N feosw, -—sinca, 0 u,(1,€)
R(t.E)=| 3,(e) |+ sinee, coser, 0 cose, +Ecosa, —u,sina,

0 (0 0 1)\ { sine, +Esine, +u, cosa,
X(1,8)=x,(6)+w, (L, )cos o, I cosa, +Ecosa, —u, (.8 )sine, |sina,
F(e.8)= yo )+ {2 )sine, + [1 coser, +Eecos e, —u, (.2 )sinat, |eoser, (28
Z{t.E) =1 sino, + Esina, +u,(r,2)cosa,

El CAHODOAHTIX EOODAHHATAX [POAQHGEEIME TOMER . VIIRYTOTO IBLHA

MAHHIYARTOPAE B MHEPURAALHOR  CHOTEME  KOOPAHHAT  ONPRASAHCTCH
CASAVIONIHM O6pAa30n:

T ¢ RANTL, @ R (
R{r_. E_(} |:'-l:| ( ] {2 i, [ ) Ra} {f.} E}}
sflona  wes s [2.9)
I ; . l
i : 1 0 : Vo

I;} — PAAMYC-BERTOD OCHOBAHKS YIIPYIORG 3BeHa OTHoCHTeALHO Touky ()
H_._.“*; HPHBECACHITEE Bhipaxesaud (28] (2.9} CABAYET, UTO BCE CAATAEMEIE,

CHIIUE OT YOPYIMX CMENeHUR, HMEBIOT DODAACK £ ($ £ 1}_

3. CROPOCTE M YOKOPEHES ABMKEHUR YIIDYIOro MaHUmyArTapa. Apusenns
K YODRYIOLO LOCASAHEID 3BeHd MAHWITYAATORA # cxsava (dur.l) mueer
koAsBaTeALHMI  XAPAKTCD OTHOCHTEARHO ABWKEHHE abCOMOTHO  AECTEOH
fﬁmem (1.19), (120}, Buuncasd Ilpqi«xaam;aﬂﬂe MO BPEMOHE PAARYCA-BER T
IrLR( vﬁ} [1.19), cnpepeasies CKOPOCTh W YCEOPEHMS ABMMEHHMA HPOMIBOARHORA
4;13?:&11 YUPYToTo 3BCHA MATHOYASTORAa N cxeata. AAE YAOSCTEA 2amucn s (1.19)
u[‘lﬂﬁ&} BEEGAEM 0DO3HAYEHHH

lf‘*Jr{H = Ii*l]* Ty =Ty (211
i:ﬁ';pw‘}rﬂunemp R{!,?’;} NPCACTARHM B BUAES
R(,2)=T],g+TLR + R, + T u(e.g) 13.2)



R(L,E__)= Tf!l]@"".r[z]}u(frﬁ,l (53]
TAE &= {ﬂ,g,[}}? .

Bexrop CKOPOCTH M YCROPEHHS NPOHABOARHON TOUKM YNPYTOro 38eHa
GUPEABARIOTCH BLIDAaMKeHHEM

wiz, &)= ;—i vit, &)= % R(:, 2 (3.4)

ras
T R{rf‘:’) rmjﬁ +I£‘{z}R| (f} + FELZ]RJ{;}"' Ru{l}'*' FL'};:“(!,EJJF rllznﬁ{.fvi}

AN

fj’“(ﬁi] = Tipy o+ Tyl )+ T i 1.2)
!

M3 onpepesenss OPOM3BOAHLIX CAGAYCT, WTO BeKTOpD CKOPOCTH ABHMEHMA
MOFHO NPCACTABHTE B BHAS CVYMMEL ABVX CASTacMBIX, MEepans HL. KOTORREEX
GHPEABAACT CROPOCTh ABMMEHHNH alcoAIOTHO JMECTKoN MOACAH, A BTiface
SABMOCHT OT YIPVTOCTH HOCACAHETD 3BEHa

V= v (t)+ v, (e, uln ) ule.2)) (3.5)

HABCH

VI{I) - IT::]EJI rflzﬁﬂ-:(r)'i'l"s:]ﬁ]{:}'* R" {f)

LA e oo g = [3.6)
v!{r,u{r,g},u(r.g})=l[mu( }+ I Iju{*b)
HAH B CAHOPOANRIX KOOPAHHATAxR
)= T,8
"I( ) (213 37

VE{I:“(“E;}‘“(I'g}):T{zl}u{f*‘g)'t T[1|‘,|ﬂ{'r!5:}

Brgeasuuwe B (1.5), (1.5) nOpAAKH BEAMYHH [OSHOAHRT OUEHWTE TAK M
BEKIOR CROPOCTH Vr{r,u'{!,i}l‘ﬂ{r,ﬁr}}. MockoAbKy u,{f,ﬁ), ee_.{r,li , rl!{.',u:’:__} "
zi'.\[f?@] HMERKIT HOPAADK £, TO, Rak cASAYeT Ha (18] u [(37), AoncAHHTeARHE
BEKTOP CKOPOCTH V., 3ABHCHINHI OT YODYTOCTH BTOPOTO SBEHA, TAKMEe HMEE
nopspok €. B {37) nponssoaHme no BpemenH or T, oupeseasiorea

CABAVHOILMM 0OpRazon,

H E s - £ M . . 2
Ir['ir:-J : Rn I-EJ : R] :I/rl'lzh : Rl; FIITI H‘l
L I I - S (3.8)
0 : ¢Jlo : 1 { 0 - 1 0 0]
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ANAACTHIHD  ONQBEAEARS BTOpBIE TPOHIBEOAHEIE N0 BPeMEeHH pPajgEyc-
BEHTORA R{I,i}, CIPCACAASM VOROPEHME AHMMEHNS NPOWIROARHDA TOHEH

VIOPYTOID 3BEHA MaHMIYAHTODA W CXBata., Berlop YoHOpeHHS W TakiEo
MPEACTABAACTCA B BHAE CYMMEI ABYX BEKTODOR VOKODEHHY

w=w () w,(Lul et 2)i(e) . me wi~e (pe<l)
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