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ANNOTATION

Vorontsov B.SComputerintegrated system for providing the formation of
gear wheels. Qualifying scientific work on the rights of manuscripts.

Thesis for the degree of Doctor of Technical Sciences in specialty 05:03.01
machining processes, machines and toel§ational Technical University of
Ukraine ¢lgor Sikorsky Kyiv Blytechnic Instituté, Ministry of Education and
Science of Ukraine, Kyiv, 2018.

In the dissertation work the scientific and technical problem is scientifically
substantiated and solved, namely, the quality assurance, first of all, of the
kinematic accuracand smoothness of gear wheels, as well as the reduction of the
terms of technological preparation of their production by creating a computer
integrated system, based on which is assigned the unified control parameters th
ensure the formation of gear egls having a different shape of the tooth profile,
with the possibility of automated design, interactive control and ualizatsiyi results.
The mathematical model of the system of forming the gears was developed, whicl
is based on the generalized repredemaof the functions of forming, which
allowed, in combination with the mathematical model of the machining surface of
the gear wheels, to unify the mathematical description and to interactively obtain
the output instrumental surface.

The further developent of the use of kinematic schemes of form formation
of the 3rd class in relation to partial cases, in particular rolling with a slip of
hyperboloid on a cylinder and rolling with a slip of hyperboloid in the creeper line,
for which the mathematical dep#snces of the form formation function were
obtained, became the basis for the improvement of the tools afotieecavity
hyperboloic type.

On the basis of the proposed theoretical and methodological provisions, a
computefintegrated system for ensurindnet formation of gear wheels was
developed. The results of the work were introduced into production, in particular,

using the developed compuietegrated system, the profiled and manufactured
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hyperboloid tools for the manufacture of gear wheels with adatalized teeth
profile.

In the first section, an analysis of the current state of the problem of quality
assurance, in the first place, the kinematic accuracy and smoothness of gear gea
the profile of teeth which outlined an arbitrary, not only an iateocurve, as well
as reduction of the terms of technological preparation of their production.

The basic concept in solving problems of forming is the ideal prociss
model of the real process. In developing the ideal formation process, the mair
factas that affect the shape of the surface to be treated are taken into account. It
believed that the part, the tool and the equipment do not deform and do not wea
out, the theoretically precisely fabricated and working elements of the
technological systa, precisely the adjustment of equipment is carried out, the
influence on the formation process of thermal phenomena is not taken into accoun

Particular attention is paid to the analysis of the causes of the errors of
theoretical shaping and the issudsobtaining geometrically accurate functional
surfaces of gear wheels and gear tools, which is practically important for the
creation of electronic standards of computer models of these predhetbasis of
modern computer systems design, analysis,ymioah and control.

It is shown that without solving the problem of accuracy in the theoretical
plan at the design stage of the product and the process of its formation, it is
impossible to obtain positive results in the process of processing.

Three groupsof requirements for a computattegrated system for
providing the formation of gear wheels are formulated and substantiated: to
mathematical support (invariance, unity of parameters, minimum sufficiency of
control parameters); to structure (modularitypypding interface with CAD /
CAM / CAE); to the results (interactive management, visualization of the results).
The analysis showed that none of the commercial automation design systems doe
not fully meet the requirements for compuitetiegrated system®r ensuring the
formation of gear wheels.

It is noted that a large variety of mathematical description of outgoing
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contours of creature surfaces for the formation of gear wheels is currently being
used. In spite of the fact that engraving gears occupgn#isant place in modern
mechanisms, for many technical tasks it is more appropriate to use gears with
profile of teeth different from the emulsion. These are gear wheels with Hook
Novikov, sinusoidal, cycloid and other gears. Each of these typesaofwgeels
requires a separate mathematical, methodical and software for the tasks of the
shaping and design of the output instrumental surfaces. Therefore, in order ftc
create a computentegrated forrforming system, mathematical support is
required wih unified parameters for any type of toothed wheaels.

The components that characterize the accuracy of gear wheels are analyze
This is the kinematic accuracy, smoothness and contact area of the teeth. The:
components are influenced by various factor®aased with all elements of the
formation system.

It is noted that the present state of analysis of geometric and kinematic
parameters of interacting surfaces allows to represent geometric and kinemati
parameters as functions of control parameters gbeshaurfaces. This makes it
possible to include these indicators in the fdamming system and in an
interactive mode to evaluate the effectiveness of the formation process.

In the second section methods of forming a mathematical model of
interactive cwe and surface management are developed, which would take into
account the possibility of crosectional parameterization of the elements of the
formation systems, geometric and kinematic indicators, and would facilitate
integration with automated systewisdesign, fabrication, analysis and control.

Interactive control of the formation of functional surface depending on the
tasks can be done in two ways: by transforming the space in which the initial curve
describing the profile, or the functional surfa@d by changing the internal
parameters that determine the geometry of the functional surface of the gea
wheels.

The mathematical description of the gears' profiles, brought to the universal

type on the basis of unified control parameters, providepprosimation of the
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point representation of these profiles by splines and provides the basis for the us
of unified methodological, algorithmic and software tools for automation of the
process of forming, which in aggregate provides both an increase at¢heacy
of the description and production of functional surfaces of toothed wheels and &
gear tool, and shortens the term of design and technological preparation yol
development.

In the third section new approaches to the general description of the
function of formulation are developed, its mathematical representation is unified
and the possibilities of its application are analyzed.

Of particular interest is the classical classification of kinematic schemes of
formulation, proposed by ProfessorRP.Rodin on its basis, it is possible to
develop a generalized mathematical description of the function of forming with the
use of control parameters, allowing to go online mode from one type and a class o
kinematic schemes to another.

The development of the thgo of shaping allows us to expand the
possibilities of the interaction of conjugate surfaces and consider new types of
formation schemes, on the basis of which you can create tools with improved
properties.

A new approach to the generalized descriptiotheffunction of forming the
gears, based on its matrix representation and unified control parameters of th
curve that describes the profile of the tooth, proposes a unified mathematica
description and implements the interactive control of the structutfeedorming
system and automates the design of the original instrumental surface.

In the fourth section, mathematical software for describing the geometric
and kinematic parameters of contacting the conjugated surfaces as a function of tf
unified contrd parameters of the formation system is developed, which allows to
realize an interactive analysis of the process of forming the gears.

The mathematical model for complex analysis of the geometric and
kinematic parameters of the interaction of the congdj@urfaces has been made

possible at the design stage to be analyzed as the conditions for the interaction ¢
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the machined and instrumental surfaces that ensure their production, as well as tt
conditions of contact of the conjugate teeth of the tootHeskis.

The fifth section proposes the concept of integration of the developed
computerintegrated system of providing forformation of gear wheels with CAD /
CAM / CAE-systems.

The interactive control of the automated shaping system should be done
using unfied control parameters that change the shape of the original surface anc
the kinematic shaping scheme. At the same time, all elements of the systerr
including the geometric and kinematic parameters of the forming process, are
changing at the same time. Anteractive analysis of these indicators in the
synthesis process serves as feedback and helps to further utilize the experience a
knowledge of the designer to quickly evaluate the applicability of the result.

The use of unified parameters allows foe timtegration of a system of
shaping, which includes a preliminary assessment of the geometry and kinematic
of the process, in automated systems of design, production, analysis and control.

The sixth sectionpresents the results of the implementationhaf work.

With the help of mathematical, methodical, algorithmic and software developed in
the work, chevron, screw and hyperboloid gears were designed and manufacture
as well as profiled and manufactured hyperboloid tools for machining cylindrical

gear weels.

In the dissertation, as a result of complex researches of the process o
formation of gear wheels in the part of interactive control of the shape of the
surface, parametrization of the function of shaping for various kinematic schemes
analysis of gometric and kinematic indicators as a process of forming, and
processes of interaction of the teeth of gear wheels, a conipiggrated system
providing forforming gear wheels, which is based on unified control parameters of
the system of forming, itslements, qualitative aznykiv, which enables the
development of automated systems to ensure formation of gears and thei
integration into computeaided design, manufacturing, analysis and control.

The use of the computartegrated system has led to a $boing of the
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development and improvement of togingle-cavity hyperboloié gyroscope tool

for the treatment of gear wheels.

Key words: machining, gear wheels, shaping, gear machining tools,

computer integration, automated design process, interactiwlcon
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LB yoOmlsdrs S M tetsL tesBCd J dzj d34 dzls
GJjBdj ste" s O ¢ oz GO &l yiff @ s yfjtdhplj 46 - & d
"z lstez 3] dzls Ozt dedm f so j R tsde  dzj ts § M im s
odzgzlstc’ hdgt G jtsd3jlstc’ 8 WEAS Y BdOd ddr
Cjtkze ydrn fOOdijlste" © MdMmilsj i3 Wsttd@skzIlse t

o == ==

2. 1. [ G Jotskzap® W stcditse Ctedodms LO HBY
J ozj d34 dzls ' o

litb®Rjlsted ydzets® YW isteditss to' L dedr  dz' dz 2,
WEdC Yy sdzOdzr dzd - 5o jteritsdy dBsydz® € jtb
s yYys S H desL dzOydets o dL dzOyOs Is! W stedsz dz' dz

sjtkze yd ®d BsksnyiSdEid dzOL d o Olsd kOGS G
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fsdztsy j dgdzv &3 WS dr o HJVE tskgOW Qe silsistets i jd
Hsf sSiise tisttclz € KEshigitf ' ¢ Isj cdesets BOdz §f 2 dzv Ists t
mMfsmMsB OB SCttsHddZOIsd ydr Lyt o 1§ J o
Cjtkze ydr byt LOdixdls: MlsOdz ' o d&zOMmIsc

sttstcHddzOIsd € j ezt fiis sy wdzy H Olsd v @
CJtekze 4y fOtcOdi3jIsted LOoHOdE MmMddasjLkz O
sdtlzs ydddd BlzHgeBER]RZOL do Olsd ¢ jsd3jls

SH dzts L dzO y dzts odL d&zOyOos Is W s te d3lz CJtelzs yc
tesL IsOM 2o Odzdzgy € jtolzts ydqr Issyss.
I weshls® Cjteks ydo d dz 2 3§ dz0

tesL edzw dzzlsd s o dM j CdrtedzddD. W isted3es dzv dig’ diis
hqtesCts LOMlstsmMtsolzo Odzdms Hdzw HdMmMEk  tcsh
LB O HI2& €' dz |

oW ' dz! M zOH O Is+ Mw L Ho tSn H ' dzw
LOf Bdzt Mdzets™ , WwWC' dIPeds!' { 5 @cP'dz! gy Hifsdz ] dzd

XA

7 2
\ =
FX:j;7
A
| |
Jr / yel Yl 7/9

OF
2
A 4
71
tdfm. 2.1. 1tws¥ ' d o dsttdkdOd dts

Jed2 i3 BBs e fj dz d2 2dz tetsL B tod el
m usH', SBSEsdEEOES &Sd BkHj Lld @Y o@Dl
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L Of tsdzo filHaty.
[ BLC Y dzj dipdai | @ ez, 10 Stdolk odsjte

rr sttteHddOld vyjdadste SCt5d&zO * t©OH" &
5B dsj o dadz” dsd  f j o ded d3d Isj B dg wded dsd o3 €z
o 2
r=Jxr2+%é’—- Yr O (2.1)
c4 =

I dL z0yd s CtssteH d dzOls d 15K s @z Bizs s dis
LOYd § tizj dedg®* € 5350 indg@z0 s

s Iz lslzarcsir% %
¢

|- OO

S StsteH dsdsUsdd 2 :
Xo =1, yp=rcos/s+y;, (2.2)

. al- X @
H j/ 2=arcsige T3
C r =

stssteH d dzOIs d HiEzcd CtsdzO o Hj SXOD¥Istso
Histc' o9 dz¥ 9. Olsd d3lz Is ¢

A/ )=rsin/ +x,
W/)=rcos +y,’ &3
rd®dn ' HSdEsEsd teOn S kasf OHO/. L Sklstsd
1 O f"  HflsOo ' tslstcd &30 dzd ~ L Odzj ) dets Ml
LOBjLY G QPR [ O tdhm. 2.2 ' tdfh. 2.
fsdztsy j dedz vy j dzlstelz € tsdz® sy dEO CLiips ad@ dy' @ls c
9 ' dzsjtcOCIsdodesdZzdz tejydd3 L O HftsBser:s



77

tdfm. 2.2. 16yOkStej ¢ tdsyj dda"

tdm. 2.3. 1d&@ 20 Wstedsd HEZGd LO ©OAL

t sSLedr deg dsf OH s 9 " tfdEZPtcr dzv o 2 C S0 56
Ctoketsobk d dz2 ¥ LEBO (tedfy. 2. 4) Ise teals
fsojtorndyd ©9jHj B IstgdN,Nj&|z8 yd = j dzj d3j dzk

Noil BOLdMdzO Issyc o0, o' wLOdzO S+ YHp1gQ
Yy syt sHd IsH Cted o O, wCO odL dzOy® i
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(fsuObtst MmdMis) dds pfisH ] O ' 19 tefydidse ' diatlsts
f s jton dz' .
v sYyMhi@j ydilst dz0 HBIlsdydz 2 Hts € tedplaO |
HiSL 8 sdzw Cdtlzo Olog y'S'z'ls 5 e3ts IsaDuNiiZizy d Ists y &
Cted® s SLEedZYHO' Is! v ISORS jtkz® t©WOH' Ef

[ dmy etsh j dadzy Sty mdzckquﬂ@gﬁ ZQ:E,HJ
bih dtcdspd t dzte ' tcr dz

Zn
T
)
Alge
| M R -

t df. 2 H®odmis Lizs Ofdat | ton dz

Vb Y' BBz odfOHSE ' odv dzdz S b9 ts'dzts
fso jteRidd o MJdHEKOBYHE steH d dzOls

(M =R,(costy - cosb) j+R,(sinb - sinbp)k . (2.4)

BB Cstcd dizBsdz

Xn(m =0;
Yn(m =R, (cosby - cosb); (2.5)
z,(m =R, (sinb - sintyp),
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o 2
yr2 co& bo +gegcosbo + Y, sin bo8
C -

HJR, =
R 2y, cosb

Sl =y +yo H jzals @S 6 ts HIE dp@eldz & ISyEERN Is B, € [z Is

bg = arctg by

4
10 ' HiMisOe' Glstedd3Odzdr tj L Ezdz IsOIs’ o
CCOSEH ,[ 't HoLicejddMiwsay dz' 5~ dz' dz' ‘& L L
yddz' dzH ted ydzd - fjtj HOY Liskz o0 tock dabo IS ixtfa] . ‘L
1 a3 dzt v yd fYtsdztsy J dedzy S stedzd & J oz & Gslfizsy d
y' '’ Stdets’. 10 tdfgp. 2.5 ¢ L jOatkdse Cdix
f sSL Hts8 gzizelzs Lz 8 .

2n

Al _

--ia
N
_______

t dfi. s Rloieez® § SL HESo Y dz/LidZ B Wb fiplls S céts  LCIASBAL
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2.2. JldHBLK d&O ¢jtdkjlste’’ Ctdodn
feshsselk

U teds’ dz cfdECz’ dsoifjordg dzo Xy d sts ¢ 9 ' Hidd d3
GJj tsd3j Istetsds, CdzBtdz tooL dzcf Cists d3 d3Ods | 3O Is d Yy dats h
A.sdzj 2 dzO | .17 dp@tfCtE §dgyn|[ ROEC " 9 mm Mmissdz Isksw

vitste' W ddzdia] s Pldm stcj dzf | telsa @lsdes'] s d@3ts
Cdtelzs ydna Is s debbsdifitsly’ dsdt OWss s to H  d2OBsT W tfsés d3t:
OBts o jateBlalgr o W GC Ml ftessBtcOL k2. ] to
ftsojtends L d3 dgs ¥ st mw,

t sLedzwdzgy i3t yJj dz0 f ted ¢ dzOH 'd dzigafdpldsi’ d3L
CsteHddzOIs. 1 td yYy!' sz He " M MmMdMmilsj d3d
syt ©On Ctcdots’ .

Il CwMmisCtcd o s’ o d6 gty dfBtc d i) Iz 2. 6), d
ftsf jtel Hdz BRE2GIFREOCtcOW * |

tdfm. 2.6. | kzcddzdsinds jods’ € dz Sl4ctH @ ddzO
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stststcH d dzOIsd * B tisustdctd d30 dz' ) ftsf jtcj Hdz
[JHiY B ¢ tted dd@dds]] ,Is fuyfed v U8&Idz" L y'
1" HEcOr8 B * fj ColsStdafldm, Is ts Rz Is

_lip _12-14
[1a="112 - . 2.6
1377, > (2.6)
1 1 to W CHisls disEC s ROL3LER0 R SECRds j IS
\1a—r@ga/2 /10 (2.7)
] SEedzV H Iz dzO slstcd 3O dz' L Odzj ) dzts

Histc' 9 dz¥ 9 Olsd gz Is*

\Hcos/l—rCDg 22 /1ocos/1

s 2.9
y3 =1- 13sin/; =1- rCDgaeTosm/l
skl
o=l +/pa=/ +l2. 11 T1tla (2.9)

2 2 2
l ow dstsdz’ dz' 2 datlzd qusdO e Bz L. o9 dqteOL " o (
[127):
bi(/)=ay(rsin/ +x ) +b(rcos/ +y,)+c =ayrsin/ +byrcos +

(2.10)
+(agx, +bpyy +cp);
HJ
rcos/o +y; - p p

= 4’ b_l. Cl:i;
12 \ 2 ik

\M:Jué‘ecos/z v P8

¢ 4+

¢ dz0 drsiasd L dzOhpdsdBs
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bo(l )=as(rsinl +x,)+by(rcod +y,)+cy =ayrsinl +byrcod +

2.11
+(agx; +bayr +c2) (@40
HJ
% lecslnllg (rcos/5 +y,)
23
1- r@gudos/l
b, = 2 .
23
gé@gg@,os/l-lgcﬁrﬁoslz+yr)
Cl:g 2 +
23
%- r@glzéll Gin/lg— (r &os/» +y;)
¢ - :
23
5 /2 /1 &0y o, l2-11 0 o3
23= > (Bog/q - 19 +(;g: rig—2—2 > @In/lg (r@:os/2+yr)
bs(/)=ag(rsin/ +x )+ bs(rcos/ +vy,)+cy=agrsin/ +barcos/ + ) 19
+(agx +bgyr +c3); 212

HJ

% r Qg 9’2 /1@|n/18

¢ 2 +
31

r@glzéllC'o‘,osll

31

.[;

az =
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% r@glzéll C’Eodlg&- r@in/lc'i)g/zé/lg
6 =6 o :
31
P % ragl2- /1 Cslnllaaécmosllaglz /18
4 C 2 <C 9
31
8 . lo-l1a & 3 s Lo ] &
31= = r (g (os/18 +E%1_ L+r 0g-2" "L Gin/18

Il S stedtisds o ¥ sted3dzdzd (5. 2)127, (8lst@dgBC
CotstcHdd&zOIsd odrn Hdzsets Ctsdzlskztolz

(2.13)

HJ
Dy (/)= Kyaaltn(/ ) g - b3(7) O] + Kol 62(/ ) g - 5(/ ) O
G(/)=Kygaltn(/ ) Org - b3(/) O]+ Kygol (/) Og - 3(/ ) O]

Dy (/) =Kyl &1/ ) @3 - b3(/ ) @By] + Kyaol 2(/ ) Bs - b3(/ ) @By);
Gy(/)=Kyailon(/) @3 - b5(/ ) @B+ Kyzo|b2(/ ) @B3 - b3(/ ) @By);

D(/)=Kyaal o1(/ ) Gug - b3(/ ) Q]+ Kyao bo(/ ) Qg - b3(/ ) Qo)
G(/)= y31[b1(/) b3(/ ) Qi+ Kygo| bo(/ ) g - b5(/ ) G5f:
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o - A
Lobs(1)ba(1) bR(1)
Koy = — 8 A
2 b3(1)ba(1) B3R(1)
« - By B
31 py(1)en(l)  b2(1)

B3 B,

V32" b1 )ea1)” B3(1)
CS odHdes L dOo jHjded- o9dteOL ' o, WBte
di, i,Jg A" CJW' Yy ‘dalsd tHdzsL dzOydzts L Odzj ¥
(3.10) [1WseIsd

Yi-Yi

A = ;

\/(Xj - Xi)2+(yj - yi)2
= 0 ; (2.14)
i Joxi - % P+ lyi - w P B
Ci =-(Biyi + Ax)

[ dzw i tsizleds € @ dztc j'Is o tsBtdz) ddis totsL tots B dzj dats
LOBJ LY Jyd dedzv 23 COP THtedRig2 . 7] fsCOL Odzad 2
" dels j 6 OC s d o dfwilE s 6 gl EOdetcj dzdz? Ctedo s .
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xR .07 %]
v [053 (%
DY2|0.02
DX3/0.19
DY3{0.00 |*%
e R
Cromn Jaos [2¢]
Macwraé (300 (%%
[~ Otofpakare npootipas
|v Otofpakare ocu
[v Otofpakare ceTky
IV Dtofpakars AUHWW
KoopauHare!:
XR=-0.07;YR=-0.59
X1=0.00;¥1=0.73

X2=1.00;Y2=0.30
X3=0.80;¥3=075

@ MocTpoute |

tdfm. 2. 7. wdzls jqtelZokjjiste[p oieizftptisdz’ Is ¢ O dz

2.3. JduHBL®E @O cijsdkike’ ’ Ctdodn
otzlst' "dz' T fOLOdj sk’ o

1 S sted Mls O dedpzid Sl tflOalastcj dz o' HS tod ¢
9C j tozadzg® ¢ jtsdijlste’ ‘5 MC ZOHAIL fsojten sd
OBt SCtedobk By dOS A eLc@B @dz@dz Isd ydzts fs
ftso jtorntsdz . 1 J HidOdz'B Vs &3 d s fisiCtei ds o tstcj dz
LOMssMsolz Is! MW Hdv OdOd' sdydets 5§ dMOdz
dzj SBS' Hdzs CttedcbkoOlsd Ol j Ol d ydzd 2
By d&zdo ' Mls! kdz W' $OY' °~ KROLj BOsdydesets C
1 94 Mde@™ oD s § BOIs d ydz sfdmd Ctdedn,
" fydzzs ydn Y dMOT CttsteHd dzOsddR o2t dz' 2 f
LO twOrnkdtsS odCtstedMmlsOdzdzy fpflzda@® 1dzs dew dzla ls
ZOMiszf desdsz f Ot Ot OW ' . § f) sdedz® o Jris ity
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LO2 BBOs Ist 1 jitcd B toj Is! s s fsteWwHC . st' o3
LOMistsmizeo Odzdz2? o B dz' h sMls” Cidzzs yd e M
CEdiRf ' v Isj tcdzsets s H j dz¥ 9 O dzdz™ .
1 0 tedMm. 2.8 (sEOL GjfR | tothtedtSW * dp ¢ €
HiSL 8 sdzw BsHYWEZEC 2o O g ts 1 jofis Cdzlsj 6t OCIsd €
Ctcdo ® -63pL f Bl HE 2

X o P
a o— > P>
b -
7 Yi P,
Po
Ve

t df. 2. 8o 'ltfedstd’] @k dz' :
Oi Mils O dzifB i Isizis H 'd © ez

10 tdmdz®jH.jaz0 1 tedE® { &t vsiSsikdls O
CJtelz® i3 dggdOary’ (307

Pr1 Kepyrwoua Touka
Kepytoua mHig
Kpuga bespe

OmnopHa ToYKa
/DUOnopHa TOUYKa
EpYHYa JI1H1A

P2 “Kepyroua Touka

tdm. 2.19.L3s'dfB®tvHCEZ L tstdddd '@ ¢ jt

" ovdetcd s FLICE f RIEO7H C
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e =(1- /) po+3L- /)% /py+3(1- 1)1%py +13ps, (2.15)
OB t§f Gdc O d3gisstise dfw

xe = f1(/,P) = (1- 1)3xq +3(1- 1 )%/ xq +31- 1)/ %%y +13x3,

(2.16)
ye = fo(/,Py) = (- /)yo +30- /)2 1yy +31- 1)1 %yp +13ys.

H JDX:(X()’ X1, X, )(3)’ Py:(yO, Y1, Yo, y3) i tGOE'fEJJ CdﬁQSthIStGH q‘dz’%t o,B'II s
s @ j et tyd BlbEs;/ =017 § &5 ts WRILO ddj s 69 d L dzO

ssySk @O Stedo

1 O ted fiiz0 o2). v Adafi2D 13" W[t &te d § &d 1 jiwi@ &3

¢ j oz slsushp

t dfm. s2 .0 Ctdotatiftsiksetss ¢ jtlkzy yd

) oW a2 dzd?2 Skl odL &zOYO' 'MW L odiO

—fli(/ ) (2.17)

tgay = — .
f2'(/’Py)
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v lzls

fi(/,P) =3(- Xg +3x - 3% +x3)/ % +6(x0 - 2xq + %)/ +3(x1 - Xp),
(2.18)

f2l(/,Py) =3(- yo +3y1- 3y +y3)/ 2 +6(yo - 2y1 + o)/ +3(y1- o)
T Jhictf sa "WHHE Y F1(/, ) d f2(/,Py) fd.
ltcd OdzOdz' L ° ¢ Jj S djslictedlz’dz ‘H dz¢ d e jH jdzal2dg

wWetsfls'® dzj sBr' Hdes L dzOIsd Hkze® f§B8a° Hd |,

f1l (F,P) =6(- xg +3x - 3x2 +x3)/ +6(xq - 2% +Xp),

o (2.19)
fol (F.R))=6(- yo+3y1- 3y2+Y3)/ +6(yo- 2y1+Y2).
[ dzw Ists@ ts, h sB odL dzOydlsd ©odzh H '
HBf SdRRse sk Hize d, Hislsd ydzats’ HES Ctedoe s’

LOo jtehdlsd fsBBisok Ctdlskztolz |

vO¢ wC ZgsB®dudzO HIBZ o Beyyt o022 Ist
fticsHtso Y I2° y¥ QudbBd sHstBduggdascts o " Hic' L
ftosHSo Y j dedzv  (tedfy. 2. 11) .

X}
X2

I
AR Tsorerts

T
4
J

A
Y

t dm. ) 2B* BAOe20 O dets & ° dzs
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t sLd3 tod ftotsW ' dzv fted?2 BO' BBs CmaOlsz®
ted®). 12 fsC0OLOd H' dvdCd, "t HBH tso dzgs ¥ &

7
<z
X
xo=1 2518145
Xo=7
Ao
I N 3
X3
/16 \ _l_/
O\ Vo )5 yz

t df. 124 Is>uds s dzv dz€ ozs §f tets W

[ bted BO" Bs to" 9 deW dzdz? yYydrm Stodoadms o L C
dz' dg3.” 2
skls dz@% dtddzr yts-3 dzted@)n. o @L d&z2Oyd dizts: L © W

Dx
g= arctg =723 X
Dy23

. DX23:X2- X3 =1- X3,
HJ
Dy23=Y2 - y3.

[ S0y ddz0 Wi Y

B N 2 _ =
|23— Dx23+Dy23—Dx23CO:tgg

[soyazH ' dzw dgs, " 5 GtotsHtso Y B3 afigjdes j51s d dzlz
ChtedL Sdzls Ofdre wiplsts L C ststoH ¢ dzOds25 o dL dzQuyd o
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o d¢ tsted mldftdsoniz ezis 6 &2 @mﬁ573 Is @263:

a Q
52 —'23%2%' 1@
H IDx53 = X5 - X3 =1.25- X3.
s zlslggo=1 ap=9, BElsY ¥ Ol! & ¥ oL O Bdets  j
f tow dsd d3q
] Htetei 1€ fyj CulsCaafliirgs, .
] tow QRtsIslslz G bzt CDfyys Is Mo o tzls 5B dgBY I8 bide tz

Mmistsdfsted] o jidgNlcdg , HBo Y E®MO o HE' L GO

|45 = |52, o6 IZ“S4t6 :%.

19" HMMd L dzZOr BHY®HREOtOH " M HEZGe(d

|4 .. g
Mo =—Sg =I52®th.

tg=
J 2
S StSteH c{y@z:ﬂié)lz’ By i3 B wztisEIS Gz & Dg73 Is @263:

Y5 =Y3- Wzsfgxﬂ =lgs.
23

[Yj, SCSttstcHddzOld yj dstecz: Hzed ¢ tsdzO

Xp =X5- I'p =1,25- o
Yp =V¥5-l45=Y5- 5.

Jed C /@B OM: Ctdofts’ GBBYS H' dwv dg
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sftstcdzd r Istsyts¢ wisy dzd o Istcf dzg DtcH O dzts dats § t
1. yp20;

2. yp<0 y5>0;

3. y5 ¢ 0.

L fjthtsBz odf OHSCEZ HBH®WISIOMWE HHEEZ ¢ OF
stteH d dzOts §=1P3ecast y=0.yp.

s ststeH d dzClists[diZ® Iz 'd 2V days'tc " 4o dz¥ 9 Olsd d3lz Is -

x(g) = xp +r p@osg
y(g)=yp +1 ,Bing’

HJj®¢gel g3

UV Htezesdik o dif OHSCE dzjtsBr' Hdzs ff totSH SO
2-3 Hts sycd 9 (tedfm. 2 tsiz@dy Qe ¢ shisteH dylg
ddz { m

X\
4 X589 5

X9 g

XV/ 2
P+ 3 *

X3 A
)4 J2 N0 N\
B0 p)

tdfm. 126Ky jdedey CJtelkzs ys’'™ SCtststeHd

[ B0 ¢ Uz® tel5gl= kg3 V5.
s sstcHsdsQE d 9 :
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Xg = X5 - 159 Bing=125- yssing
Yo = Y5 +I59 @05y
{ OH' k8 SO

g

S 55t HudpQiEs tc @ SHIOG

Xp* =Xg - rp* =1,25- rp*
Yp =0

S 5 15 to HRHAZGESE dzZ® ' 2w @y 'B 8 Ils! Hist' o dzf o Ols

X(g) = xpx +1 +@osg
y(g) =r »@ing

HJ®CgeT gan.
s St Hd] B@N B dzsH ' v @2 d B I HezdsL dzO Y © l©d )
" st dgdzO
x=Xg - (y- yo)CGgg
Y=Yo9..Y2

V btejls! sdBz o9 dfOHSCE ftosetcOBO o dHO'
' hj dz ‘ dzj sBR ' Hdets L d3 dedilsd ff sdztsy j dzde
14

[tczelz yOfmlsddze ftotsW ' dz¥ odL dzOyd dits o
CststeH d dzOls lssisq ) dz02 C 4 p 4 7
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X
Xn /1
Yn P yn* 1%
U
4
Xn* 7

tdfm. J12.L0z20yj dedzy L dzOyj dz2 S tststeH d dzOls

Xpx = - Xp

NS

Yn* = 'yn.

[ Isted &30 dz' tcjLEzdz SOIsd HBL o tsdzW I8 HAH SO
Hsf sd3' ydedms H' dzv desC¢ fJtesW ' dz¢ L k8 j©ihs @ Bz
oS BEFY - dzW 28 SE s S iFPOBEts Y HSE. )
e Ldzg o0t Odzsd i sBkzHtsod HBHY A Myddr €t

CChts HBEB®R d' H' d&vd®d jrdt s s usyHh
BOQdzets, NP tsB 9o Ityy'' HexffCtiwmy Crftatis dzs dzdd® |
HslsdydzO ' LB' cOdzdmy9lStedodL dad BBtsa € toc

1 5L 2O af® IsK tesch dzlz Ty J 9D dzji jrip. 2 dSktse O dedz'H |
® ' HB Izoo0O sE[tfiddsgz)f sn f SYOSSC B BT, =11s@ GfAstcdz
sk s dyisddfecd, =0.1  HY e  Hdzts, CtststcH d dz
ssysd fYtsoddedz BRI tc° 9 de

Xan = Xok; Y3n = Yok - (2.20)
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rdzv ssets, hitsB Ctdo ' 2MfMls fifjdseGdzdifyias ,

fsa' HdE GCttdedrs © y' 2 Istsyy' BRZdZd t' 9 dz
1 jteh ' 55" @R B @dP) (226)f G :

Xi(/,P) =3(- X +3x - 3xp +X3)/ % +6(xg - 2xq +X2)/ +3(xq - Xp),

yi(/,Py) =3(- yo+3y1- 3y2+y3)/* +6(yo - 2y1+y2) +3(y1- Yo)-

) jteh ' R HdZ (oYypPpdesssbdEeos’ i

Xni(l Pyn) = - 3Xon +3X3n,

Ynl( Pyn) =-3Y2n +3Y3n.

1 jteh ' SN Heyg tes 57, =Hasic ' o dg¥ ¢ Is ¢

%41 (0, Pe) = - 3ok +3¥qxc,

Yi (0, Pyk) = - 3yok +3Yak-

sOCdd yddesds, Hd&vw fisdC ko Odzez®ls § gL § Is
' odesmis’ fjtehdi §sn:ndedR o Issyy' Mmisdg

- Xon ¥ X3n = - Xok T X1k (2.21)

- Y2n *+ ¥Y3n =- Yok * Yik- (2.22)

 dzv Istsets, htsB LEdzOHdIsd fjtejrmn' " H 9" |
Ltc" 9dgvIsd L dz@§jodkdey ~C toed dsdsrydzg' "~ = B' ° Hdz
r g f dzsmC s’ Ctoedoets®™ CtdodL:dzO odL dzOyO©O
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y (L P) &I, P - X (PO G (/,Ry)

gxi(/ , PX))2 + (yi(/ , Py)) 7

K(/,Px,Py) = :
%]
0
u

[teke' 60 ) §dBatss o HS b HiSte' o dgs & Is!

Xt (1, P) = 6(- xg +3x - 3% +X3)/ +6(x0 - 24 +X3),

yl (1.P)) =6(- yo +3y1- 3y2 +y3)/ +6(yp- 2y1 +Y2).

[teke' (80 HdZ § BALCES U S8 dzCuels’'e 5~ to

Xn! (4 Pyn) = 6Xq, - 12%op, +6Xan,
Yol @ Pyn) =6Y1n - 12yon +6y3n.
ez’ o' Hde S/ dmypts’ o @edlos’ 1 tod

X! (0, Pye) = Bxgy - 12xqy + 6%y,

yic' (0, Pyk) = 6yox - 12y1 + 6y -

) " fMdzy ' HMlsOdseSd ¢ fittjlettjdy
MisdSsoCd: HStE' o dz¥

2C.[)Xln C.63/2n - YSn)"' X2on C.JQYBn - Y1n)+ X3n QYm = ¥Yon )]
C'[( 5 2]3/2 '
3dAx3n - X2n) * (Y3n - YZn)

Kn @ Pxns I:)yn) =

stcdodL d&zO ¢ ' dzyjots’ Cwdots’
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0 _ 28xok Byax - yax )+ Xk Qo - Yok) + Xok Qyok - Yax )]
Kk (0, Puk» Pyk) = _ ) NIF: '
3C[(XJJ< - Xok)© + (Yak - Yok) ]

vV kskkz odfOHSE, WwWChts BRHEI' odC

(2.21), (2.22) ' ©©Odjuku st ok tsiEyg|ps
Hste' o dzs o Olsd gz Is

Kn (@ Pxn, Pyn) = Kk (0, P, Pyk)

oH OfMiIs! Mw L edzOHdIsd § jtej n' HEzH ' dav dgCtdzd oot r,
ftotsWicazt fdgte ' tocn dz' Hs G teid el 2diloias C afj s f dizlz

2. 4. ¢fsshdBOyL I S o' BE b

1 " HodhM jdzdzw JWJjCIlsdodasmlis® mMdMmlsj &z O
odtesB " Hts BOE Is! ¢ dzOH dg' ftseo jten dzg' |, L
BOIsj BBOIsd ydzesets WHE©O, wWCi LOSCdOHjdts o
dzj sBn '  Hdz Mis! E odeBBt’ sOCdr L Odzj 3 dats iy
ZO2CtOhdds yYyddesds o dStstedmistso lzs Is! j todias > dz
Isjndes@®kc’ 2 |

1 © tsMis Odzdz tcsCd BfkzBdz' Ctso Odats o j dz
mMddasj Lz fjtejHOY L OYJ ( dzj dzdav 3. t dLiEd ks
Gjtsdj Istc’ tets B 5y o ~ols off Haifigists o sdz'dz’ L e 2B YO
LBt Ldzdr ‘' denttelzeok) Hzlstss tc Oz Bz d3j IsStsH ' o
BOIls j BOIsdydzesets Of OteOlskz, ¢ jtoso Odzdr f Otc
tc' L dzd n Htsfpdz' Hdzd €' o dz4 BOE s SH dzOC ts9

BjlssHdSE MddsjLk O sflsdd Loy ° fls st
1 Oy dzd o d BEZMd@o'H OtlEsL tosB C O HYf FhREED Bt )
ki’ MCkOHddr ftojtitdy odse' o

‘Hdes’ Wswkdkd &Olj EOdudses sfdhkz, L
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OolssBOIsSdL 59 Odzgsets MddelsjL 2 adtetsB’ 98 SO (

l1ted Mddalsj L’ odtetse' 9, hts BOrIs! MCd
f e j tor 5dz Bsyd BEId ftojHMisOo dzj O [
tesL G dzv dzig la Oz BYQ] t€jts dzj fy Ols o0 Bifsdetyf jotis % dz'dz; Ists fs
Bs iz Isd o ' HtElz] i) sdelsts df o W @@z ¢ ° dz, IQde"'S dzO o
sOCtsy dByJ BkISd ftejHMIsOo dzj dets o IsOB dzd
L OG Odz' dzts 3z o OH QLD dzpYdets M ls H dzw st d
ftcj HMsOadlsd &k odcedzwH OB stclz Istsyts¢
[HAZOC o HYOHsWz MYZOH M odCtStedmissolzo OIs
Qo lssdBOIsdL Oy sflsdd3 L Oy' 2 detse s md dals §
Wstcdiszls o tste j dadz™ . [ dzwv  yY!' et BOYOdes o(
CZzZOKCda'CHO " ' HWJ te'j gy s Is dsiywiz’ d30 dz! dal
Cj ok yda Jj dzj d3j dzls' o .

1wz Ctodoe iz, ftej HMIsOo dzj dzge W & Odz0
dBBs Yy dzO Of esC Md d3szo Ols d L HsMIsOIsdz d3 Mls
MY &zO2 dzO di3( . Il wesmis' dz'" o j tchMOdzt detse 5
1 jL!3GCts f stewHC Iz, w et s®aflacssl€itsiw o def s teh
OQolssBOIsdL so Odese s ftesj SIskzo Odadgy  ° z3O*E Is
Hdzv fBEZHBOd dBOI] BOIdyYydedr dsHj dzj 2 € |
odtesB 9 ' 0O0dzOdz' Lk ftesyjmMk Wstciskzlso tste ]

it BLedzwdz] 3 Ho O M sMmtse d Off tddd & ) FaB@ '
stsyts¢ L O HGY @RIy {CdafvoHdtnlz .

1 dYuj dOo jH,jdes ftsteW HESEtc@W 2ydfafglz S
Kji2 Odzetstedlsds dzsy J B RSY' 2w O dfifdygGhHzd2 A B

1. 14 R0O2 L OHOdz0 Stdgddsy e s
CostcHEEOEOtedm. 2. 15) .
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° an(Xn, Yn)

" ax.y)

o

°  ai(x1,y1)

tdm. 2.15. sttdoO LOXOO IsOB dd:

2. 1dBdtO’ dglstsq’%@ﬁ@ﬁcjﬂdij ef sBkzHtsad ¢
Yy!' sets 9COLE &3t ez sMmils Odzdzt IssY$ «
Cted o L' 't2d@).

3anmaHa KpuBa

Kpusa besre

tdf. 2.16. 1sBlHESs0 SCtdots’
1 OlsdMSE O dists & ELEsTIE'r wBO j § Bdzj & MY j
Cjtko Odzda” .

<@ 1[102.830 125 934

[#]
'chumam ofibekT (ChrH-Enter |

Pestilira .{’j {.fj' CTunke

3. [ dzv OftesCmMddzOy" ° Cticdots’ dzj sB R
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fslste’ Bdats S zOydazfsh b o' € talyf o0'ts® € dztsff € s
fHiedly L jdjddd S(td stsd, * L' W dwvlis!
ftsdztsy j dedzy WS dn sy dzO L B dzf 9 Olsd Cteqdol

3agaHa KpuBa
Kepyrour Toukn
KpuBoi besbe

tdf. s2ci#z® CtwdamsO® HSftsBsetE Cjtlzs

) @37 dzf v yd  f sdEmpsk @dets s Shifdez fids O o dzj dziz
(e RfM3).

Kepyrodi TOUKH 124.977 |204.504

KpHBo1 bBe3be A

106,095 1 91.726 |

OmnopHi TOYKH
KpHuBoO1 be3be

96.0154 |176.819

‘-

{dMm. 2L k82 5O Of etsC Mg BOY"

J tejLlzdz sOIs’ o d ¢ sdzOdzed H' 2 tsistcd
Cjtoks ydra byt GCtedots’ w g o et @dizoO"
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oL tesB dzj desets ff tots G togOIFRSRBEE L OB J L §f j YJ dzdan

)6 O&Od ksdydes sl MY s'seds Od g Bdfg
sHddz L Odcstedlsd o RPEERIs@YHT L shisd oz
ZOMlskf desdslz o d & dzw H

X =(L- /i Pxo+3(L- /i) ix +31- 1)1 %o+ 1Pxa,
(2.23)
Vi =@ 7iPyo +30- /)Pl +31- 1)1 Eya + 1Py
U lzls,y 11 5ls sCyshs to Hdsdg®yls € t did-t s ls 5 Wdd O d3j Is
h sdidz¥ Is'ofgf3y ¥ OF/i¢1l,"'9 " HY s9-2 H lE I 0 1S
X0: Y0, X3, Y3 1 € Stste i BQIO S Eos O T " a5 ff s dzliss S t5d o ts
X, Y1, %2, Y2 T € 515 t6 HJ§ de@liz “Isusfiff 1, 2. 1
1 tod H @@ Ctcdo s’ IsOB dzd ydzed &3 MY sMisB ¢

X,Yi- U teOL Of otsC M RBORYE B LstgdoHsC &z dzj 9
¢ ststoH Rdp@ddf lyseis,S 2 B @ dzOdgi/dzo ' H f B'edizH s Y S O
Ctedo s

L LOHOY' " &3 alz' khm  @jdzda” | Up'tS' wits L OH tOda] &
Cdtetso Oded B § Ot Od3j Is tLOjdig(lz & Iy tf Mt H Bf lz©@BEd"
L dzOud xgdzy L f @t o daVigafdyty jodsl L dzO WOdzERte dz
li =104, %, %2).

A" dzt sealz ®Hddz@ud s ¢ tzts dufigfls tsagg Is s H dzO:
CoOHEBOIs" 9

di2 = min,

n
1
I s

i=1
H 0f=yi-yiB=yi-[(1-/i)3YO+3(1-/i)2/iY1+3(1'/i)/iZY2+/i3Y3J -

9 ' Hnddzj dedz" ff slstsydzqd - yp LCdEA Ryt | G s tef W@ da
HekEBEE to o d22@ezy H g Bis Pdgd = s Op. czd ydzed & L
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rdzv  odL dzOyj dedzgv tSflsddBZOdz dzgdma L dzOyJ
odStcdMmMistsolzo OomMw dj stsH  ctsdzse dzd Rr273sMJ 2

wC il odEOCO ' dstekOy' ' it CtOH' ‘ das
10 ' Hins0o' YbBGE S &y djsiktl  fBizer 0 i
c AP A QE.

1 Of ostf sdzso Odz' -G O BPY dEdIRj tcdes O dzOdz' Is
Of esSMd BOY" ~ I oy H fyls Ofistimeiaef{By o  C'fc d-63 d3d
fsteWHCE HBLoBdYs s bkd W' CkeoOld i df
Lk yOmisd s ¢ tsk' dif o 'O dziidigés & & dsiigjdais rofyls O o dzv Is
odcdzwhH", Ltczydesdzz Hdzv o dSCtsted Mis Odadzy o
LB yOmisdrs ¢ j tofh B @yo O dzdeigfcliobsigjtalzls ' o, O
fesyj Mk Wst@sklss st dadz™

2.5, AStodBtslzls o tstej dzdz” Wikde€ y' sdzOdz' da
bdz W' Ct€g@bddE § OOkl o

[ dzw sls tc d d30 dzdz" tc' o dzV dzdaW ZL Oc Odz' dzj
Cdtekr ydizd OOl IsteOdi3d o o HH(Jjtedgtdn . MEPM Islioc
) s AP0, LB GO st fqw L f sYyOlse Bdzts 5| j RN
Md M| 63" XEBeHOHEAER sEE6H Cttdos O, wiO od
Wstedsz Mo tstc® 9 Odets’ 59 jadcnddc Odz' dptebtrizdzy d

fo(mN)=xo(mN) 7 +yo(mN) j+zo(mN) Kk, (2.24)
H jXo(mN) , yo(mN) , zo(mN) i Hiso ' Wzl dz Y Cdzj 5B R 'dH)dis

O W jtojdey ¥ sls! M@ (5 Otclzd3j dalstz
CCh s dzOff teW BdzO 5t o IO Kidvdrels, Ists

fo(mN)= fy(m) = (- m)°ng +31- m)? iy +31- mMOrfny + ing, (2.25)
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H J0=(Yo, ), Ns=(ys,z3)i tc Olrfg § ¢ dptistfictsfe dz st (ys, z2), N2=(y2,2) |
tc Oy | C st bz b IURE7= 0.1 5 Is t5 W dBO dg jtds teo, § L dzO
ssUS bk @O Ctedo
[ odpwdzdzy ' dzlsjeOCldodis Cjese Gds’ s

n(/,m=f(P.N),

H JP=P(po, p1, P2, P3), N=N(no npn; n3) i 9 j SIssted § jtekzt ydn
tc' o dzv dzis X223).. 16)

t sLIsOh ' d@3s f sYyOlstsC S{PdMcs gz@d $2E th@s2sc.H 2 -
(tedm.. 2udds dir'OXc MY oW d3t ts'dgts tc BFOMzT § S dEs 9 dz' =
o O T f Hislsdydz 2 Hts Wdrszk £ @&id e dzf df'dazlz
X101Y1, B Iz wiz0dz @lds stcy J o tsEdztsfdiazCy © 5 dzO d2' dedzts O
fiejibkzds y' tsdzOdz dzts’ f so j Ghdz'tc ydstoJasisiz § d
li] bEdS y' sdzOdzr dzts’ i 5 XPr BiA H | S " dz@ats
dzts tc 3O 0z! ded=dgs  § te d

Xk

/Yi i

b /712\“’/70 Y;

t . AZJAEY. sdzOdzr dzO f 59 j ton daW
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{ ' odew dzdy W kS ' B dz@dibzp B & RS gdz0ls
tn(/, mP,N) =fo(mN)+b,(mN) f1(/,B)+m,(mN) f.{/,P,), (2.26)
OBt o f O®DtRptedydz
Xn(/,MP,N) =X (mN) +lo,n(mN) f1(/, Pr) + nn(mN) 15/, Py);
Yn(/,mP,N) = yn(mN)+byn(mN) f1(/,Pr)+nyn(mN) f2l/,P,);  (2.27)
Zn(/ ,MP,N) = 2, (mN) +b,,(mN) f,(/, )+wAmN)bew,
) i

H jbyn(mN), byn(mN), b(mN f 3R s i) J delridipds B3O tzd M .
2. 200
_ Yot - % . _ Yot - # .
bxn(mN)—k—b’ byn(mN)—T’
%ot - #o¥h
K

(2.28)

byn(m N) =

H o = Yok - $o%)? + (ot - #2)> + (Ro¥h - #¥0)°
#o,ﬁo,?{),%,%,%'l'tjcjtsh' ‘ Htcz g fsn’" H-dB'] Cds'tsHe (
ssuySd Sttdot’ (2m24) 5 fO0LOB] skl

An

0|

' dets 6 3O dz



Nen(MN) . nyn(mN), n(mN) 7 dz0f g ts ) d dalz iy d

tc' o dz'
i (mN) = Yolos - wo)k #(%oth - #%).
Nyn(mN)= %o (Kot - %%)k-nzb(#o% - #o%).
n, (mN) =~ %00t - %%);ﬂ%(m- #o%0).
H d

kn =\ [ (Sotth - #o¥h) - 20 (Hoty - #o26)|° +

104
" ottt Ohdrz

(2.29)

+[%o (Ko#th - #5¥0)- 20(Yoth - #o2b)]” +[%o (oth - #o2)+ Yo (Yot - $6%)]°

1 OtVtsdesd degz s’ H sIsd ydz

_Jo., Y.

t ,[ - ;l‘ ]
XN K yn ke zn Kk,

HJK‘:\/’%*%'*%-
[IsYd, L BEdzwHE: &zO dzO9 j H j dzj
I dzO Y ¥dz € ts5 ) JodEzdO do dz'

byn(mN)=1, byn(mN):() , bn(mN)=0;

i ZOY Wdz ¢ 5 Meftizadéts t O do dz
% ]
¥ + #h

nxn(mN)zo’ nyn(mN):

Nzn(mN)=-

(2.30)

odhy




105
I 20 Y Bdz ¢ ts i tsldiz dniq tzts dz’

; fzn(mN):

iR ey

H i, # 1§52 HdZ 9" HH CEHHPE Is ftzOIs ssQ ¢ d Cted o
m.

fxn(mN):O; [yn(mN):

| sMisted® dB3f ElsM®E, "HEslsd WwgtSHcd o(s%. 24 )5 B L
dzOL d of@Adisdz dzOr ddzz L kB Yy' 9 W EdeS yk tes@zdns
LOdzy ydzesmls 2 CEEIS3IOYLWOYO' s :mMw My " 99 ' H dat

cosb = ;sinb = (2.31)

Ji Ji

1 " HiIMlsQo dzw ¥ yd L dzOyJ dedzw dzOf towWirg@zgry ¢
Slstcd B3O Bs to' o dgw dzdzv W &z dK) ) ) IS fzB 'AS,. Qs 5 to if ¢ d

1 OB @ sL Htsadsdizdiz B OL Qalz'cds * dzfmistclz d3j dzls Iz
Ctofotr® HtOCIsdy' LH' 2fMmdzedIsd MEC dzOH dzts .
f L HBo Y dgv O tOedPAzOLs Heedztgifg SStsH 59 ' dz! dets ¥ esL Is
ftosMistste' . ( SLEY @HBB M (] T RsPHCCRafFY ( Is
o f dzs¥@ Y. v tsH ' tc' oadzaVv dzgdz" kL Oc Odz' dzj dats’
mMdMmisj &3 GSetzEPEdgOB.d ¢ dzv H

G

xn(/,mP,N) = f1(/,P-);
Yn(/,mP,N)=yo(mN)+ fy(/,P;)cosb; (2.32)

zn(/,mP,N)=2z5(mN)- fo>(/,Py)sinb.

A dzS ' OB dziviadrz W st dskz o O dzdis o ff JoB D' H
o dL dzOYO' s M 2 .13 2)dPdsizepfsd®) ' fo(/,P,) dzj SB R HC
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f' HilsOoadlsd L dzOyd dedzv WEkdzGy' 2, he odL dac
] od,=constisilstcd B3O dIRA |5 6 iukzideC ' s dz® gztc Bztz'
ff tc g =consti dzts tc 3@ &' drj. tc |
ANz dz€ y ' sz tzo ggwiztzy J o dMis 2§ 'OuskkEs@ stB gzts @
Cdzj M. tosizde qazO©2 dg@ ftcls @ dAsiidy BsL B 565 €
FtcOrzo Odzdz" @3 o dte O " omdk.j 16 ) SHep/ixie iz § dzdkis |
BOIsd o©dc dzv H
= f1(/,P)- 1, = Tfa(/,R); =1 (2.33)

V 9 jClsisteds 2 Wistcds® to' o daWw dadzaw yd dz'-dzH to
wedd3s fesw’ dzj d3 diBi siz0f dzdddf o ipdodatsf d3

ro(/,mP,N)=[f1(/,P)- rili + fo(/,Py) j + 1k (2.34)

{ ' odevw dzdzy yd dz' dzH o d UdgEE@s  of s fiptz Ll bSERY @ t
CSSEHXEREEY ZO0 L Of dMOlkd o : ZOMlsky skl o

x1 =[f1(/,P) - n]cosm+ f(/,Py)sinm
y1=[f2(/,Py) - rnlsinmm f5(/,Py)cosm
z1=Pm

HJP=T/2p.

CS ftod$ dzOH CSlgjadair®odzjtcdfds s j ton dzd ¥ i tcts
sfdmMOdzd 2 jABE ) sets ff SmsHHiEsSo( AWl 643° ,dz' @
¢ ts ¢2aA)[64)], [89)].

t " o dplsdztiztfdgte j torm dz' B3O o dc dzv H

Xn(P,N) = f1(/ ,P);
Yn(P,N) =R, (cosbg - cosb)+ f,(/,R,)cosb;

z,(P,N) =R, (sinb - sinbg)- fo(/,Ry)sinb.
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| Ged izl 2. 214 SERDOOGEEso 56 . d2' dg'

tdfm. vd. Bk Verdizetso s dz' dz' " ¥ L Iz

10 f' HfmlsOs" L Of o5 fiss tzts 0 @ G i i jo ©dsd
L OB J L ¢ QO 8H289.

2.6. ldlst hdv cisdjlie' W WEkdy' do

Jted HBMd HYjdede CGjitdjlste’ " WkdSy'
COLBHRO®B Cd,v Oslst®BOszdz"H dz¢ j 5dj Iste d Y dzo
fs5COLddC' @ StdsOCkkzs ydr f§oj n sdz
Sy OOy’ ' dajsBR' Hdz OC' | dzj dsjlsdds d

ftesj Sy’ dz© ' CstteHddOls, SjWw"
Wstedg,tedgddz! dz2' CtedodLdzd © L OHOdzdr~ dzOff oW

1 jSClste destedsOdz’ o dL2AHYO' 5! M ¥ stk &

N,=r’ 217, (2.35)

Hr 21771 Y Oddedzts B H dzte JIEGSHS kO W 2 dz ' 5 g0 izt dz
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& 'fBe" Hf S0 ' Hdzs

r‘nmz\r‘n'\c'[l- Kfz(/ , P,z)]c'ﬁsinbhcosbIZ);
| | | (2.36)
i = £(/,Pa)i + fo(/ Py)costi - fo(/,Py)sink,
H §fL(/ P =31~ /)%(xq - x0)+ 6/ (L- /)(xp - %) +3/%(x3 - Xp).
f2(/ ,Py) =31~ /)*(y1- yo)+6/ (- / )y2- y1)+3/%(y3- yo) i
i 50 WHzdRS T/, P) d fo/ P T
M=V +#£ T BsHzd  folOn o 560 Stedots’ (2. :

K=- 0 % j¢pgoqL w@2aedo s

(o2 + 22

1 hflsOedwes yd (2.36) o (2.32), ki
WEdeC y' sdzOdz! dets’™ (tso jten dz'

Nxn :-‘F,;‘CQL- Kf2(/’PIz))GZI(/’P|Z);
Nyn =‘rr'1‘C61' Ko(/, Pe))Cr (7, Py)cosb; (2.37)

Nzn=—‘l’r']‘C'@- KfZ(/'PIz))di(/’p:)Sinb-

L L' WwWLCE L Idd3, s d@sHEzZd oSkttt

Mol =l iz P ([0 P+ (2l R)F . @39

st sHdddydd?2 oSkttt GswmdgOd o § OtOd]
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" e oflrm -

B \/(fi(/’pS))2+(fé(/’Py))2 |

OB, ts

en =- sina; eyn =cosaCosH; e, =- cokasinb. (2.40)

sjWw' y' ‘delsd fJjteh s’ CoOHWGOIsd ydats’ W
[132:

En=lch o P+ len P = F

Fn:Xrller]n+Yr/1)’r,177+Zr/12r/177=Fr1/r_nm; (2.41)
2
Gn=(rr{n).
[ dzv ftsbgte2d) L LktcORbkzoOdzdzgv ds (2. 36)

e =[10,P) % 12l Po)

Fn =0; (2.42)

oo e el AP -+ ) P

stjW'y" ‘delsd Htezets 21§ 9 OHteOlsd ydes®™ W ts
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2 2 2 2.
_ M Xp HYn HWZy _ . KTy,
Ln=€&n—> *eyn—%5 +*€n——5 =& :
U-/Z y U/Z U/Z U/Z
2 2 2_
Mn:exnl‘l Xn +e l‘l yn +eznl‘l Zn :én p‘ rn : (243)

wum Mwum wum " W

u?x WoYn L W2 _ KT

Np _exnpn? eyn“n% eznlrm? enp/772

| 202 i35 HEbkcd' fosjnC e Qf ds® ) WEE s

2
“wrzn =f, (/P ) + le'(/,Py)cosb]- fzn(/,Py)sianZ; (2.44)
L*/L';n:-Kfz(/ P )bt + #hK); (2.45)

1o =[%(1- ki, (/. Py))- K'#nfz(/iplz)]dJr;

wr?

il k1200, me))- <l p

(2.46)

Hiti (1 P) d (1 Py) T Hisz e § BT daP:) ¥ oz § &

(2.19).

)" mufsOoadohd (2.44), (2.45) ' (2.

o dL dzOyj dzedzv € tstgWe QH t¢ Qs pdztsi ' to ZWets toc d3d

Lp=- f (/.Pr)sina + f,(/ ,Py)cosa;
L =0; (2.47)

N -Kcoaacﬁyz zﬁ) Kf2/ P,Z)]

' 99" Hdzgtsh jdadgw (2. 42) ‘ (2.47)

4 ¢

L O
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odm Hd2zd2 CBdzlskztc *° f tsrots adpials’ | tdntdid i3z | Lt
L OcOdz dzgj dzed? ~ OOC IS to
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<, =tn 0P (L Ry)- (PR
E
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u
u
w
w
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o
N\w
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Loy fpdie’ Byw) .

_

a1
VZ

tdm.y Blsaetjtelsd?2 Isd s tB edmlNCilictifidz
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£i2 Mftsm' B LOMIssmMtsoz’ Is! f§wH daddZv LokxBetd
Wtej L, oS BstedmlsOdzdzy WS dn HiSL © 5dzw ° i
SBtesBEWOMEds Stdz'm ° LddLdlsf6. Mse ' 9 Otels
ldSstedMmMlsOdzdzy Yy sets Isdfkz Mmad B Wisted:
dzj Hotesed?2 odmMsitsftsHizCIsde dd?2 ' dzMmistclz d3|
sBtesBSd. HJIsOdzj 2

3131 " wisd?2 Idf ¢ daJ d30Is ¢f pdzq dzEiAY -~ B 3O ) B t

s ' LdesodHlz ¢ dad BOIsduyudzeds Mrad &3 W Ste

9 Hdzj MiIsd MnrJ Bz W steditskzIs bifsticy) jdieZl dz' § teld O 1 He
tsB J to lsfOeizrdat€ bOs o ts tift | to Ba BRIS[59].

1P wisd? sdq ' dgj BBOId ydets’™  -ds § dfddzO fi
ftcj HMIsOo dzj dR[R o IsOBdzdy"

v OB @83y
1" wisd?2 Isdf € ° dzj @30OIsd ydztse s MG @Iz W s t

Sl T dshdd? Ese
Cdzfls o lz o3 dzls | ¢ fints
°| € qtgmnswdgz‘lao ] &5 H O dzdz ¢ ¢ i
g-ﬁ s oH dets fdets ¢ [(MS' L oL O
Nl o (Dm LO HBY 5| tesL IsOM 2% iptsrdz
wl 2 uC ZOHtse BTG 0¢ i wzilstezdd 1 dess b
R
=
(o]
[BjekOd © .
¢f j ooy 4 § BuJ dadz Vi it 1w ko
3| 5| osCsds | B oL Odag @2 —
fshszyod = dq?ii%@; { 1 6w 50| 1'f j B d
ZLHBa Y <

I Yy '@z osdiOHED, GRUMES MW § j s S dt
fjtejSyk s/ v 6 fwd 2se " Mowz LY totisH demig
fjtejB hjdedgv ds EZLHtsay y' '~ W is’ ' dzdg'C
HilkOd IsH ozttt § j op 5SSl OGS ke Re)
f jital’ " O Usief et 1 BHSELS

| Oz e so £ L QiPs syd@ Ozdzvf = j &8 §tod  dzO
C'fjeds’ HAZO * dffstldj dsk, LHOSEEETS
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BsHdedf. 3.5).

tdm. 4 3] O dzO0t6' L z§ O zsizs s tefibdds tedz d3j 'dals Iz
[ Olsted ydaj WikztsatiEzdalts Iz 1s o tstc j dadzw

ra(/,mP,N) =M6,(/ 2) DLy (8, )M 4im (9) D1 310 (2) M 601(0) @i (7, mP,N)

16w L s@dscd

61\71(12) =0.
ANz dzC ' tsdzOdr'idzd? L o
Vi=zlt, H3j,@,@0y.

vlzls fjtej &3 N j dadaw L H" 2 fdzs ‘dis digin?
¥ sted3ts zls o tista tdatsipts di cdy | tc B'HsS@EztS
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314 wf sfy' B dzOtc' L z 9 Odzdaw G' fjtoBtsdzts’
" dflstelk d3j dzls ' o

ldSstedmistse 2% yd CH¥ ' WssE s X
P stohsllse wis] BAFOTE, W stdd] dzd 268546 RO% t d d
(ted®). 3.

]l smhdtse o ddzOr sHEZ dzj )y dls: L OHOYO [z
' fjtedzts’ Hdzgdmr L EBYyOMmlsdr Cdz i IsOCdd3
LzByOmbbsets SCtdzj MO ¢' f jteBtsdzts’ Hdets sl j
Ctsdzj Mz eontsHdlsd o L Oyy§ t#f dzj ezizC B E 5'd dz' Gze,
' L dzsd SU B A§ W] sse "’ dzOte’ L Odzdz® &' f j
Hdzw ¢ fjteBtsdzs” Hdes™ Hf jtojHOY" L O9 H Odzdz”
sO ' demistezdzj dzlsk Mrtejh jdzg, O Cklstses " ho
A Uy &sB dzOtc’ L z 9 Odzdz™ o dsh =iy Is 420 tste @ d3ts k
9d¢ BdzOdats dodse)diifsdi s tsoH' dftsjtitds s dzts 980 @,
FLHBo Y oW d3tsdidsdesRediEs H ditstits diiEfszct j to B Hs@zts
A J HiSL o sdzw slstc d A3z A&k z tc 87,8 Y B JigB Uz G
slstcd gz o @Glaydz o GEREE' | tc BECASSES dz jddnpBO Wi sdzj M S ° dzy,
o jzdC8Ets H' Odsj stz hts HEL o @&K'd] s te
ftcddydfsots dsots® cjdhijltc’ 8 LEBO. wlkzl
ftedmiste" 2 Hdv tcoj Odzsie By 'MfdSHEB st sty detifatc v d
HBB QY 6" ff j B tsdzpkheudfts O dz’ LIOCOsddipists 3. 1 O
LzBtsWicjL jtodese s 9 JteMlsOIsO dz0 sifaceO®y 1 O
" demlstcz 3] dels Odz des Bz Mz stecls® o Hwdls CAB@® ' o
G' J ez dap.dz@l " ! ' demlstclz 3y degls Odz? dzesets
fts o' Hdztsh jdedz®r HES M’ fn Is s @zdzfrplsjtadAmiiy] @EsGD
My stcls BB jtelsOs Is! Mw L C Izlsded fftddytf Shteoyd H2Cd:
C' dzv Lizfgly's 8 O  dEOdcAES'  j tocBEwAE BR@MISSG (S
2. gHSOY jtoj O3 N k25 Is! LS eofsHSopy ¢ f oW dits d
W s tosts st »  tS Hodsts|fddgftsEG | f j B Sdzs T H O. 1] jtoj
g h jdzdz" YV EOE!: bk ktdkz, L k&aEDae
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Cesd@mifteddyd sodsj Stas o't 16BsO; " Hadh 2°
9 dcBlstte dzj dadaw LB yomisdn Cdz' M ' H.:
' ffjteBdzts’ Hdzd A Ctsdz' fy; LOWoO dzv ' Is! Mw
' fJjous@sdy O L t' L dzd d3d vyddz' dzH te d ydzd dic

— e IR T
\\ L
|

Y/

[IpsmomHiiHa
gopraymbopwowsa

tdm. uBsffcB LdzO Odzgdz? ¢ ' f jteBtsdzs' Hdagd =~ L 2B

3209 ' v L CdPbdisc d

s’ dzj BOJUdzk Mo j Bl -clsts tolshfps o 8 dzQ iz d
(0RO d Lo Old  dzO ca 'ff ficifte apPairsSdsH EOw e | o
G j toBeT@HSdE dgO L dZOTD 5 H d Is ! dlO e s O W jst d jiok
ydd dHedUudses Sdj MO, ystehksCh ,fsbéw
5B J t6ls Oqyly! MY

1 OL dz2OyJ dz' e jternde dBOEIS! CtsdlsOCls L
ZOM b ded B o5 S bko Odzde BG. 1 j 502 LeDHHO g
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CekO {§tpcsteesl odL dOyoO' Is! MW Fxeed M sz dzd c
1 i3 dzt Yy yd Slsted Bz d@3s o' L dz ftsojtcn dz fn’
o] tendz Fixymg)20MBeYZ) +0)=0. 1 wdflzmlsdds,
fmMkzMm" Hdz fseo jton dz BEZHIEZIs! fJted!lsddzOIlsdmw
LOY dh jiIs! mMw dzOMiskzy dzf@8: MdMmisj dzse ' o dgv dz

F(x,v,z/)=0F(x,y,z/ +D/)=0

| tOdzd ydzj  tsozsias deded?’ de' O L dfQFud)) Isog@oigla] ofCic «
nOtcOCIsjtedMmisdC 8 ftso jtcn dzg (Ctsdzls OC Is dets
BzHEIS! dzOMiIsk{ dzd d&3( :

F(X,y,2/)=0tF(Xy,z/ ) 1 /=0 (3.15)

) i3° dg B ud Skl fseotttslskz MdMmis B Mygts
nOLOMHEd W j HAE@MCdef @R IsizOMgels dzts s f 5o | toa o

ld¢dzg ydohd Sk fseotstetslskz L fmdmlsj d
tc' o dzw dzdz¥ HdMC ted 3’ dzO dzls dzts ° f ot &S jidc = dz
st O Is! v o jtendz ' B2 HdEOOGHERO o t
fso Vadfif G MW Coydets’ GYsojtondzs f'.dgj 2 Mlse

ukzls! dGEbssEifzizzyj dzdn (e jhsdy
Ctsdzj MO LEBtsd ¢ fjtetsdts’ HdzO Ctdzj MO)
{50 jton dit,y SEEMBS s f tso ' wsy, Odikz  LL dz@ dmif btz o
('6Jepms)zislz o' H dats ) dats syla] tsdc'izHndats h Q) txiRiss dDISH) tS
NsBIsCBo VW L OzipBk Y scddv® 5o jji6d delzvhjzC Odats s
f 5o jjtentdief s OEs0H@RBE Y 5o jitcRz MO O L diatsd sy "
f so j gD ezl tzO M Is dfotc Wingkj! ddl fists dz’

1 ftedudded Isweusp, § Bdsi tishedd sz@tc M@ a Odets’
Cdzidtsds 6l stedydzdds &3 Myj @3 ~OAG s t



131
9’ b HidzsMmdets Bz tlzf' g b B de&&imdits dif b aRBE a0
5o jtogodeMs; o' Hf S0 fitheBpz ' 11 BRzHiHSSIsd ¢ ldsd fry!
nOOS s todHdEsOange) st tk? ¢ sHEd OC Is
I dL dzOyd its  dz' dz'  dP Hzts dAfstOE Jstzn dz¥ . s G dfizw
@ZOL o Odedn cEitdistedydedn § OtcOBjIste’ & o s,

&3] Is 44 o
1) [ jlsH tof iy Od dzts’ Citsdjlste’ t
GOl j BOdSC ORY * BjROd COBd. 1 JSBR' HAGS

odic' N j dede" C el Isdzd Bl Oo 1 O&' dzj OGS g

) jssw M.SEHOERZO [shdsse sy 0dOd Isdydts
L Otz . ) Of to s fus datp S@dg@Rs sm. MY eshlsdo
wd 2B Yy 5o j i dz ' & df B akdas O dsdkdz@sls

| Offlssfbko Odzdad BEEHOHEOM. ¢ §° HS o] f)d
L ORZdsS LOYjidjd o f§st' otdg des Od'
Cisdkjlste’ * . ltslsj, MOAE hd¥s L tcOl kds
toW H HsMdz Hdzd € 9 L O dgV Isd mw ftsh 2 Odkd
L Oyd ¢ dzj dz

lted odte' h jdedz hdeseodzdr L OoHOdy Isjts
L dzOMmisky dzes’ s sS@VJ § oAl telas ) f chctstestf@deday B
fso ciBezgw jElsste hodHSBMIS' o HdshdSEs

fdzsh ddz, HBIdydz 2 HBts HtSlsdydedr o jtent
L ke, hts E o' HdzsMdsauikey Gl OC dyds(in s
fso j'lafsds 2ls' dzdh j fitejStykeOlsdmw ' Cise

hodHSEMIS' o' Hdshdesets kb d&jydlk! o
t " odwdzdzw 5 | tsm BOdzkz

F(xy121) =0,
T (X (X2, Y2, 22,U12), Y1(X2, Y2, 22,U12), (3.16)
21(X2,¥2:22,U12)] =0
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oL ZOYOE k! d dZ° CtdsOCkk, hts odtcOy
L g. o 1 " ipdgtizdl' S - © gy 1, Wi/ s Qiz/y g 1dz0 - BB d 63
HW jucp @iz §{a Odzj ) k&ML §2 o @O W EdSy
0 ' Xb Vo, 2, 8 16 O tSoflAGHY oS, BB W 1/ o=up. [ udp®,HNE | C IS ts
dS; jdzj o) dzls Ot getiyc) e o]t dzts fatizsmistf L dzO yld B¢ o3
odtc OW[43]:

dS1 =0 /W 1 i + Wy /W 1 1] + /W 1 1k, (3.17)

Hj, |, ki- stfl§ 56 teH dodzGdspg 2 .

1 dte @f PR/, PR/, W/ bzt ts ' skadgO f ti5dz€ 63 d datz f)
dzts to (FOUzts © j'to § §iAs dzls @ Is fzls  qz s sl i@ dhOB6S s Bz
o dH

F1(xy121) =0, 8 (3.18)
Py /g Qg /1 1 + PRy Sy Qg /W 1 + Wy pizg Quzg [y g = Oy

USH' Hieze] " odgwdadz" o (3. 18&)sBLzIstg
m@S=0e fsjCy WA dzO e dpts© bz pliS w0
o didztse dzsz' § j a3t olzh d S b dp'S sdetisf) ®'  dzts to B3O dz'
fjtoj B OfdedgvsH dls! MW HE o JidlisE S Odedsy off tiso
LBy & 9 jSCIkistc hoadHGCMIs' o' HdsMdsets
Hslsdydz' 2 HEts o jterntsde o Istsyy'

lted BJjL§tsMmj to] HsdD ddeslz  tofipfdRttotaiid) Is j tstc,
LOUjfdzjdz HdW odL dzOy  dzdz" L I s @S damatatsd y
Cudz)fip® H oL v IG4E: &' o dzv dzdz?
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- - — —(12
rlzrl(l ,n’), n10V( )=

0 (3.19)
1 jtehj L ydnm t' o dgv dz'lz Bdgd te @ @2 HiYf AsoaL jju€ As
Hosn S Odzv to dadiits 1 Q to Qals ol dadive, | Sds ' C st

Vi o jclsste NodHS M o' Hdzsdzs e szotwP iz,

zdstge tHtwa OdztsMmlis’ B' Ydzdjmo . s© j t€ Astzbe H@[{dzEB
' o dzV dgdz? S tsdzls OF Istmtsi Olsirf d OC BEHEI! od¢

¥ =x(/,mP,N), y1=y1(/,mP,N), 2z =2z(/,mP,N)4f

3.20
Vg @2 + vy 02 + v, 42 =0 (3.20)

<vc

Jde @ NN naf 65§ Cy' 2 destecsOd’ o HE:dzOY O™ &

Ny =Wy /W Quz/ - uy/wn("mz/u/{J
Ny = pz/ W Q! wm- pz/ pmQx/ i,
n, =px/ W Qu/um- px! mQy ! w;

L Odzj ¥ Ols dzd " j ' H EE dLjEHSOdES ™ o 't
"o qHC WD L @O MY L lkOh ko Odacgy B @) 2
f4tiHOo Odz dzd d3 ud figdetiscg oralZ H da v IO dag ™y (dz
15 &) stsHiz | 1o dsC@a@2Qp]ddmtBix /|y 1,1/, IsO
/1, jSo' o Odzj dals e § j Sttty oy’ dgls Otodes g 5
d2j 5BC ' Hdgs MSBdMlsOsdmw nHehdls! M &OH
YstedBzdzd Lo’ WL Sk & v MmdMmlsj GOk € EEtsH d
X =% (X2, ¥2: 22,/ 1,W12) ;
Y1 = Y1(X2, Y2, 22,/ 1, W12);

2 =27(X2,¥2, 22,/ | W2)-
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| 5" &5 L zOSH J BEOMEE E6F | dzdaf ™ ¥ Iz dzS 1
/WL Wbz g, & EES ) lsOvess e ezl 1odzY 'dd O 3
X0,Y2,2p 0e®q, Y1,z ndz' H MS StcH GE@EJ !

Xo = X2 (%1, Y1, 21,/ 1, W1 2),
Y2 = Yo (%, Y1, 241,/ 1, W 2),

23 = 25(%, Y1, 4./ 1, W 2)-

I m" 'y dgHSB - ' HdZ Hozv o dL Hzpuyj dzglztizls @ tisc
fjtejodB nNjdgdg". v Lo'wLCEk L ydo& oddedS C
o dL d&zOyJ dzdzlr o ‘o detisfipdats hodHC MIs' ¢ st
o dCstedflssoko Odzd s o €' dzgj BOLdyY" ? 1IGsL
HORO zdh ¢ 268 o5 Jr.Ofp.d H[MBAdSAD dCls oud. dzd[[dF7IA . | .

) Of db B BL k¢ dgqtig§ 3Ol et s HA;D =0, 0 * a "

H 15 ¢ dzO HodpftsieBlze dz(3cz8Ee ts dzls OC Is dzgts® oz’ dz' L By ‘Bo'
Uddz dgHted Ydds Gty COusAisEt L Oy  f dzj dzdzv 5t
Y fitintimdddd oO0wBY oS EHE' © o b
tczrlz 9 MmdMmls By © s lote O HEHR® Ydjcdzo dzv A8k d3d

Vi™? = (xsinj 1 - ycog ) AL up;cosg) -

- ZUp1SINGCOY 1 - @ylip1COSgsin/ j,
Vyl(lz) = (xcog 1 +ysin/ 1) @1- up;cosg) +

+ zlu21singsinj 1- aW“Zlcosgcosi 1

V™2 =upysing(x+ay).

O b b N e R R

ldSetstedmlssokzy yd y' odteOL d, to' o dav dada”
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X =% (/,mP,N),y; =y1(/,mP,N),zy =z(/,mP,N),
Nyal- U21z18INgCcoy 1 - y1(1- U21C08Y) - aylip1COYSing 1] +
Nyi[x(1- Up1€089) +Up1zSiNgsin/ 1 - aylp1C0YCOY 1] + 5
+Nn4[(X COY 1 - Y1SiN/ 1 +ay)upySing=0 b

—>

(3.21)

c

1 a3 hj dzf o Yydn t6° anggngaug’dd L fdEDaE@sRGIdS )
[43]:

N =1/ W Quzg [ wmQuzy 1 W/
Nyy = bz /W Qg / wm- iz pmQug /W
N = /W Quyy/wm- pxq / wmQuyy / W/

O t' adgWwdadzy (3. 21) i tchyfdawy frfflsidic JHidso & tOjdrip'y dz
FH(/,mP,N,j1)=0

{ ' odgwdzdzy S sdzs OC Isdzs’  dzt dz' T SxyBlb A S
L Of dislsjjdf j & s OF :

X =% (/,mP,N), yp =y (/,mP,N),

_ (3.22)
z1=7(/,mP,N),F(/,mP,N,j1)=0

Il dL dzOted dgtelzy dzdzv  ff ts9 j ton dz L Oy § dzj dadaw
' odgv dzdz (3.22) StdsOClkds & &xD), o
MetstedmMisOo M d ! Wistedslz dzOdsd  ff jWidsjtemdssonttd &3 .
o dcdWHiE): sOC

Fi(/,mP,N,j1) =0, p=r(/,mP,N), r=Mgn (3.23)
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vV ftw BsC kIlsded T CtststeH d dzOIs OF ' o dgv
oL &zOYO¥ Is! MW dzOMisky ded 5 o L OL Odq

X =x(/,mP,N), y1=w1(/,mP,N), z=7(/,mP,N), F(/,mP,N,/j1),0
1(3.24)

X=X C0g1- y18inj1, y=XSinj1+y)c0y,, z=72. y

t "odaWdedz" (3.24) o9dtOyOsls! o jtcn dab
CsdzsOC Isdzdn 2 dz 2 ofs el dedz@las. a3’ [2 dzvfy d dnd L O
ftsejterndzg’ L ©wpfediziHdzdzV dzt€h o dztg £ conspzOff 2@ ¥ dHzf
odaBHYYd L y9 5 itcO Lo'dp’ daedzirw

Fo(/,mP,N,j1) =0. (3.25)

t BLEd&YHOE yd my * dz' dzs F(/,mBN,H 20 dzdzW
Is &(/,mP,N,j1)=0, d3tsy d&zO0 o dC dz¢¥ ydisd ®BHddz,/{f Otc O
LdzO2Usafo Wf H DcOB] BE@ddOdz' , L OHO® ydf:! SH
ftsojten dz , 04 b d EEQd H e OfO B ste Pls’ d3
o d ¢ stcd Misfisch filpls judflz tc 6 13 tc @ X bis sogtsddxdz@ s ¢ dz@ dizts ¢
LdzO - BRY [stcj If dsdeq’ tof]) di ddf dzt df@®zi3zFconst, x=const

] dL dz2Oyd dis Isjff jto to' o davlraiay' o) ta|shsdes
Csdz2mM@ o jSCltsteds 2 Wtsteds y' to' o dgVv dadzy o

ri=ry(/,mP,N), r;=Mpyrip Fy(/,mP,N,j1)=0 (3.26)
b v BsSbkisdds CtteHd kOl @ Gt o) tapsid

Csdzj2m® LkteOn ko OdzdgB.6% ' o=xtd @i +v8/,m)j+2z(/, Mk,
f g3z le d 81]: [
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Fl(/,mp, N’jl) =0 X1 = Xl(/,mP, N), V1= yl(/,mP, N), = Zl(/,mp, N), ,l::l
o =[x (/,mP,N)cog 1 - y;(/,mP,N)sinj 1 +ay]cog , + }
+[x(/,mP,N)sinj 1 cosg+ y1(/,mP,N)cog 1 cosg) - z(/,mP,N)sing]sinj  { (3.27)
. .. .. u '
y2 =-[x(/,mP,N)cog 1 - y;(/,mP,N)sinj  +a,]sinj , + 7
+[x(/,mP,N)sinj 1 cosg+ y;(/,mP,N)cog 1 cosg] - z(/,mP,N)sing]cog 5,1
Zy =[x (/,mP,N)sinj 1 + y1(/,mP,N)cog 1]sing+ z(/,mP,N)cosg %,

A to' odgvdzdz? o duOYOsls! ¢jdjlstedyds
CtteH d d&zOls, o' W Gisisdzj BtsdyE tzy | t § todzts d it
Lo wEiXH! f dztsh  dats ¥YorconstzO § deHdSeER@?2 Is d
o d ¢ tstcd fi) lotxfowcy) nde 0N s §f Ote O d3f, igte.&d3d H

F2(/,mP,N,j1) =0.
¢ d Mis e d3iz dzv dz’
F(/,mP,N,j1)=0, Fp(/,mP,N,1)=0 (3.28)

By 20 Lo jMmisd HEs tHdSE t' o dzvisdddzyy OwWz ', v
LOH O yd e tcatdddg st b, LdzORAHsE dPis O dgj Is t
OH O,da'd S tsted fisfipchfipls jud 5§ Gd HE&Y , s C SteH d dz
5o j toriylzd € z§ jeassdds iodz

1 Okzo Oy d di3ts hts tisL t6eOn zdzts &6 51 Qugjstuddjfy
Cdzjlin® ¢ f j desbtktz] Atkdsy' &z dzs syd dzOls d
CodEls OCIsdes’ dz' de' ° 9 daj BB DB foaf i o
CotsteH EBEOE), ¢ yYyd odSdzOHjdzts odh j . s tsdzls
ftedsdl o qESPL 53

’=Moi, N =0 (3.29)
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Hin- 9 j SIststs ' dzts ts BO dz

v(lz)

S(xyz).
Vb " BsCklsddt CSStHd OO 59 s &GS s d

iojClste hodHCMis' o' HdsMdssets kot

xq =x(/,mP,N), yy =y1(/,mP,N), zz=7(/,mP,N)
X=X €05 1- y1Sin/1, Y=XSin/1+y1€051, 2=7,
nXVX(lz) + nyVy(lz) + nZVZ(lz) =0

(3.30)

=

ltesj T ydH Q\_té(]fzr])lij‘tGJ H ) 51©'e alxjzdajdd@ey d3d

V, 12 = _ (x;sinj 1 + y; cog 1) (BiL- UnqCOSY) - zu21sing,9
. - - — I

Vyit? = (xq cog'1 - yasing 1) Q- Up1c08g) - aylip1 cOSg,(i (3.31)
|

V12 = xi cog1 - yisinj 1 +ay)uzising Y

rv  kses, hse sloddiOlsd * flsddzds
o' HdzsMdzsets ok, §€0Gs 31O dded wdp dz

0 j dzd udzlE blsso s hodHS M B j ol Odada”
¢ sdz). MO
[ Odz" dzOd3 L dzOH BB dzW Is' MW o dtc Oy j dada" {f tc

V%2 5 gk n st s Henz), I SEMisCE fse' WL Odts’
LkeyOmisd ds C e imEiks O disfY sHigkve dfligsts dsC

V1(12) = L10V (12), (332)

H Z3OIswdy
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Coyq - Sinfq
Lip= sinjl COSil (3.33)
0 0 1

I d¢stednsofmdl ¢ (4§ 3.33% (3.31)s t6 d GB@7§BS

Vxl(lz) =(xsin/ 1 - ycog 1) a1- Up1COSY) -
- ZjUp1SINGCOY 1 - Ayln1COYSIN/ 1,
V™ = (xcog y +ysin/ ) dl- upico) + i (3.34)
+ z1Up1Singsin/ 1 - a,Up1CO0YCOY 1’%

V412 = us sing(x + ay,). ;,

— = =

16wl 8¢ & ¥ fesjSy wdkd ojChkst' o d
SI0avz) u S(xy2) o d L dzO D" s daftiedzirds S is

Ny =Ny3 COY 1- NygSiN/ 1,0
Ny =Ny SiN/ 1 + Ny COY 1h (3.35)

— I’

| @Wko Odzdz" d&s &Oo jHjdedE odhj odLOL’
LOfdh j s SOC

x=x(/,mP,N,j1), y=y(/,mP,N,j1), z=2z(/,mP,N), :J
Ny[- y(1- Up1€089) - ZUpgSing] +ny[X(1- Up1CO8Y) - aylip1C0g] +ii (3.36)
+n[(X+ay)uz15ing =0. ;/

edfmlsj Bz (3.36) sy d&O® Leojfmisd HE
/,mu /1ISOQ8tﬂtdﬁdgF1(/,mP,N,/1):O
) v Yl SEB HdY 8 did dzOu P updey dzj tiztizy
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MéstedMmMisOlsdmw IsOCJdd3d t' o dzgv dadzV d3qd

F(/,mP,N,j1)=0 x=x(/,mP,N,j),
y=y(/,mP,Nj1), z=2z(/,mP,N)

r dzv o dL dz@fyg dedlew dizs g 2O MC stod:MisOlsd mw  to

(3.37)

Fi(/,mP,N,j1) =0, i3=Mpqi7. (3.38)

[ Olstwdhy B dzO o] HiflsOo dzj dz® HOdzT izt 18'C
Uj dedz" Cdzs OC szl b Bzl dziists Y dz@ # &1 E EREOIs d

F(/,mP,Nj1)=0, 7=r(/,mP,N). (3.39)

3.3. 1B8BzHB9O WEkdiy tsdOd ds' (o]t

it " odaWdzgdg ' BBy 2Mlso O Yo jten sdz , h 5
G' ffj teBjSdeteZj indz) Y| fez] R tzff ydzsets Csdzj MO d3
hdzw otsdg " HiNlsOdeso € d CtsteH d dzgOls  Istsyts§
9 dteOy j desets ' adgvdzdzv d5d (3. 13) o tc' o daW
[213:

Xp = (f1(/ ,P) - 17)(CO§ 1C0¥  +cosgsing 1sinj 2) + fo(/ ,P)?
3 (cogycoyg 1sin/ » - sin/ 1€0Y ») - NBINgsSin/ 5 + &, Coy »

y2 =(f1(/,Px) - n)(cogsin/1cog » - sinj ,co9 1) + f2(/,Fy) %0
3 (sinj 1sin/ o + coxycog 1 €09 ») - NBINGCOY 2 - a,,Sin/ 2
zp =(f1(/,Py) - nn)singsin/ 1) + f,(/,Py)singcoy ; + ncosg

(3.40)

< = =) = = o

[ dzv o dL dzOyJ dzdzy V ln@aBdets ' 5@ 'j o da s datds

dzj 585" Hdzs ftedf PivaEEE2we0, o gav dzdzC Is (s 5 ' ez tc a3
fse j torn dz L zB O Yyddz' dzH tod ydztsg ts Ctsdzj MO
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l JStstedmlstsea 2z yd y' tc' 9o dzgsmis’ , 7 tsHstHe d dO
/ =const m=const

ri! = (/,PJi+T(/,R)], ri"=k (3.41)

1 " Hipls Oo dzv & Wdd frydslef tsd d® aigte @ £ /| 3 pr/wrils ©

=y /W Quz/um- uy/unfmz/u/{J
= e/ W Qux/ wrr iz pmQux/ W/,
=/ W Quy/ - px/ iy wmy

sted BO* Bts s Sy bk decafi@irdzsets § S 6
ZOMskf desslz o d ¢ dzv H

_ t2(/,Py)
JELU RO +(12 (1, Ry)?
-t/ R (3.42)
A 0B+ (120 P

nﬂ:O.

[ dzv o d L dzOyJ dedzV dzts teds@nz'o ddzf[— SzOd atoLv d 6
sjtedmlsds ydd dHiedydss'  §so el ddH 8.
CjW' y' ‘dels' @ fjtehts’’ 'WiHdazc sy SO O deO
CmjW' y' ‘dasd fjtehts’ Co OH O RGER]: V¥ & to d3c

E = ' 2 F=ri 11 Gy =(r1")?
stsj W'y ‘dzisd Htekzets® € 9 OHMe
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Ly =mp®ri/w?; My =nplra/w/wn Ny =nplra/pn?  (3.44)

HimisHdded ydzd?2 o jSlstste His destedBOdz' 59 j to

I dLdzOydts StsjW' y' “didsd (3.43) ° (3.

rdzv fsejternds (3. 14 2l mi(/ mPING BBOH telf 1 o

(3.41).

tce’ Ytsmn' HdZ HozvW oo gwlztizh: (3. 14)

W2y I 2 =1 (1, Ri, + T (1, Py)]; Wor, IWwm=0;, wr, /pn? =r, (m=0 (3.45)

ltesj Sy 6Hdddydtscects o j ClsstcO datstc i3ZOC

odL dzOyoO*‘ Is* Mw o9dtOL OB (3. 42).
] " HMMlsOoadzwes yd o (3. 43) L dzOyj dedzv f ts-+

B =(f (/. P)* +(f2(/,.R)% F =0, G =0. (3.46)
1" HiNlsOo dzv ¥ ydzO W dgdd". 4Mtslzcidn 55" Hdzd
steBOdz (3.42) thted Bz Bis:
(T (1P (1,Py)- f1(1,P) T2 (/,Py))
- (3.47)

Lq . .
JE (PO +(12 (1 P

M]_:O; N1=O.

[Osyd Stj%' y' ‘dsd fjtehts’ KO Hikzet
Bt BOd dazd Sdedds 2, " dzj ¥ Ok! dz0 W I=iE iz
By dz0 L OMlsshko Olsd i Ehyic] dz@mBEnasLo O

K = Lyd/? /(Eqd/? + Gdnf) (3.48)
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100w RS d, o wWCtsdBz odL dzOyOs Is! v Cted
L Odzj 3 Ol " Hazls HY/ Al v @E e BZ3Odz dz7 Q¢ 9 d Loz
e =Mol@&xc og&t 9 HOdMsBEZ odif OHCE ctdztse dzd d
f1(/,P)f2 (/,Py)- f1 (/,P)f2(/,P)

K,=Li/E = : . )
T UL P2+ (5 (PP . (3.49)

Ky =N1/G
.l
| L©ODkoOdzdz 8 ' odzvdy VEA.13) o' Hds

Vg =[1,(/,P)sinj 1 - rysinj 1 - fo(/,Py)coy 1][1- up;cosy]-
- M1 SINGCOY 1 - Aylip; COSTSIN/ 1,

V)/.I.(lz) :[fl(/ , PX)CO§i1 - rlCosfl + f2(/ , Py)Sinj 1](1' U21COSQ) +
+ MU SINGSing 1 - aylip1 COYCO 1,

Va2 =upisind(f1(/ Ry - n]+ay

(3.50)

O = ) > — —

UEH' t6' odavdzdzt L o' WikkL oty O Osc@diizisd
(3.42) ' (3.50) d@sydzO LOYdMOd o dzOMk

F(/,mP,N,j 1) = 61\71(12) = nxlvxl(lz) + nylvyl(lz) + nZ]_Vﬂ(lz) =
- (L- upgcosg)(Fa(/ ,Py) f2 (1 Py) + f1 (/RO (/P - 1) -

. : 3.51
- Muyysing(f (1, B,)cog 1 + 11 (1, Bsiny 1) - (5:50)

- ayl21c089(fo (/,Py)sinj 1 - f1 (/,Py)cog 1)

CShs slttddBOdd?2 odwOL (3.51) fwdyfdr
fejHfsOadvsls! f' &j2Mset f So | uhsids s, dzj
¢ fj toBjf deer) inds.
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t " odgvdzdzgw o9 jteMmMlsOlsdesets L Oyg ff dzj dzdaw € |
¢ jtoefudgsy de® ftcj HMisOodlsd o dzOMlsk{ dzts sk

F(/. 7, P.Nj 1) =P?z[ f1(/ ,P)sin(z +/ 1) + fa(/ . Py)costy +/ )]+

+Pay[ T2/, Py)sin(z +/1)- f1(/,R)cos +/ 1)lctgg- (3.52)
- [(f1(/,Px) - n)cosg +/ 1) - f2(/ . Py)sin(z +/1) +

+ayP(L- Upcogg/upysing] Oty (/,B)(f1(/ R - 1) + f2(/ ,Ry) fo(/ ,Ry)]

sOCdd s datie@lsd ydets Slsted BOdkts §eshsstst
Lhpe' ) cs@isdy 3O L ydd dHited yded o5 S tsdzj f
t " odgwdzgdg" (3.51) HBSL O tSdzW o dL dzOydlsc
odte' hze yd 2666 o' HAiHuldzs §O0LO®R] ste®,

== a1 Cog fo(1)si 1 - f1(/)cog 1]+ Q- unco 2N N+ o o
+ ()6 + 0 uzasing(fa(/Jeog 1 + f1(/)sing )]

t " odgwdzdzw Y Bojtrndz L OYJ Y dzj dedsts tedr &AD
fsojtrndsd LEBO yddz' dzgnted ydzsegts S tsdzy MmO (
odSBstedmistso zs yd L dz® Yy jedzdetizv( d@dad G J34 Is tg)0O M Is
WstedBlzdzd (3.2) fittjrtHEZ o' HS(RYD SHES
dzj tokz B thafth) 't jCds ftamd B(xyz), tslstod B3O iBts  te' o dzw dac
LOYjf dzj dzdz? o dzOflskf detscBz o G cdzW H

O) HdW ftewdksL zesets Ctsdj MO

x=ficog1-rpcogq- fosin/q;
y=fysinjq - rysinj 1+ foco9q;
2= - aylip1 Cog(fosinj 1 - f Cog 1) +(1- upgcosg)(fafp +

+f1 1 - f)]/[upysing(focog 1 + fr sinj )]

(3.54)
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B) HMW (ML EBttets Cdzj MO

x=fycos@+/1)- fosin(m+/,)

y = fysin(m+/ 1) + focos@r/ )

F(g.mj1)=P?njfysin(m+j 1) + focos@r/ )]+ Pay[ fasin(m+/ 1) - (3.55)
- frcos@m+/ )lctgg- [frcos@m /1) - Tosin(mt) 1) +ay -
- P(1- up1com)]/upsing](fy fy + f215)

Jted W' CMseoOdesdBz L dzOj dzdzd o Liedz® wigd ‘ dztizy
Ctdzs OC sk L Oy f dzj dedgv  yd dz' dzH te otz digs S tis o )
Bj tisd 2 Mdflsjd CoseHddols

[ SL s dzj ded 2 H dzvy 1 dz g testictsfasdly, L GD fi) dz
sitste'’ MfkO2dz o kO kst ' VYstthsklkets
Ctofp wWCO Sdhmk' kOt hiAswsHB J tc Dazls s RO d
o t5H dalz f)d fny (654 B

10 tedf. 3.7 ftdojHjdO Ctodaa® “eisdk
ftejHMsOo dzv ' MY ZO2dz. [ SLtesBdzj 2O Isj 5te’

5Ctj B, O seddgse' Hejsdijste' ~ CBd f
Mddzlsj L2, OftesSmddze Old o Mm% (He'ddgy Bk 89 t
:‘f /

:; /

/

/ /
/ /
:_3 /‘

/

tdfm. 3.7. wvtidfm. 3.8. ¢ftess

1 ted yts iz, BOIsj BBOIsd yded 2 ¥ S totscis o3’
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odrn' Hdzdids taiatsy ¢ d dz0O ctsdz' 9 y'B) L Hp@P? (ISu€SELdgd
sfdm 2 odedWH&EsCEkEgewnCEZ jL] O tedf. 3. 9(
odL dzZOyOs Is o' HfMls Odz o' H M2 MmMdmisj d3c
stsyss¢ MfdzO2dz' 9 Ctdodnr ¢ Sidzs z s dldgpay tdeatds
Ctsdzj MO.

[ dzv Ltekzydesmls® ttsL &3 tocd LB dz' h jdg o
9dn' HdzsH W st dzdOy " CoE HdzVv y § sBilzte tisliy lg[ts to
L OyJ § .dzj dadaw

663 i
501 |
326 368
T | T
149 326 _/__
087"/ ,. / 398
e | 087 +— I =
1% _ 398 7~ e
S e =71 245 . ‘ 4527
TAT
) B )

tdm. 3.9. sttteHddzOld G 5k da
Olodrmnd Hdf sdiloldte;” HEdzd 2 Ctdzlslzte L HESY SC

lted odBtStc’ tcOy' Bdzgdp dzif c ts figly tdstalty ostdes 1S
oJdzd ¢y L dzOyd dzdzv d3O¥ Is f OO Isted, h ts
smwdid ° yYydmdzs L OEIEdzjon @&, {h] s Bastdzsml @1y dzj
© " Hdztsh j dzdgw . l M Y f OtcOd3j sted BEZdZd o tc
LOdzj ydetslsj?2 * teLtsBYy' Odettedlsdiz o dL
fsCOLOdt, W LO HBftH@tetss tisL tesB dzj dats
[237] o dL dzOyj dz' Isasjytf & ts dp'ts daldt@sisldnds sticds 0 56 5 |

PesyneTatel pacyeTa

[Xk= 48999 Yk=0326 Zk=-2978 Xg=21501 Yg=2441 Zg=1736  Xo=-48939 Yo=0326 Zo=-2.978
‘Xk = -45.186 Yk=0271 Z=-2316 Xg=21314 Yg=189 Zg=1365  Xo=-49186 Yo=0271 Zo=-2.316
[Xk= -49375 Yk=0213 Z=-17 Xa=21.125 Yg=1381 Zg=1.014  Xo=-43375 Yo=0213 Zo=-17

‘Xk = -49568 Yk=015 Zk=-1125 Xg=20.932 Yg=0.909 Zg=068  Xo=-45568 Yo=0.15 Zo=-1.125
[Xc= 45763 Yk =0.084 Zk=-0.585 Xg=20.737 Yg=0469 Zg=0353  Xo=-45.763 Yo=0084 Zo=-0.585

[Xc= -49962 Yk=0.014 Zk=-0074 Xg=20538 Yg=0058 Zg=00439  Xo=-45.962 Yo=0.014 Zo=-0074
(Xk= -50.163 Yk =-0.06 Zk =041 Xg=20337 Yg=-0.329 Zg=-0252  Xo=-50.163 Yo=-0.06 Zo=041

1)(k = -50.367 Yk=-0.138 Zk=0.871 Xg=20.133 Yg=-0.693 Zg=-0.546  Xo=-50.367 Yo=-0.138 Zo=0.871
(X = -50575 Yk=-022 Zk=1312 Xg=19.925 Yg=-1.038 Zg=-0832 Xo=-50.575 Yo=-0.22 Zo=1312
‘Xk = -50.785 Yk=-0.307 Zc=1.736 Xg=19.715 Yg=-1.366 Zg=-1.114  Xo=-50.785 Yo=-0.307 Zo=1.736
[Xk= -50.999 Yk=-0.398 Zk=2144 X%g=19.501 Yg=-1678 Zg=-1393  Xo=-50.999 Yo=-0.358 Zo=2.144

tdfm. 3¢ tz@®@sL & Gzt d dzOIsd- ¢ ik O ¢ Is dz
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sttstcHd &zOIsd CtsdzZsOCIsdzedr Iyt 09 ls s d;l
"O2d (tdf). 3.11)
| N0_2.txt - BrokwoT [ ][ E =)

®aiin [paska ®opmar Bug Cnpaska
21.501 2.44127084761238298068 1.73636305207117245743 -
21.314428 1.89001275784713070717 1.36572712361257703166
21.124904 1.38069127006331192294 1.01434066034787280503
20.932416 0.908987517645213144021 0.679682430999355259302
20.736952 0.469709500997613369928 0.35874372218698551693 | _
20.5385 0.0576652205252916001908 0.0485158205307247003566 |~ |
20.337048 -0.328844791448943099684 -0.2520p0058940128630658
20.132584 -0.693266268561296697181 -0.545017665400944635012
19.925096 -1.03817181146846764329 -0.831903265924759112273 |
19.714572 -1.366134020827154389 -1.11426312758460786201
19.501 -1.6779792313350403523 -1.39266855324885796514
m ‘
tdMm. ssBlH.ddzOIsd S tdlsOSIsdzdrn Ists
[ dzw dc3tsH J dz¥ 9 Odzdzy  totso J ot dzis tc Lo sEs 1S

odSCtstcdmistso zo Odz@Htt d H dgif dnts ] BB H j dz8 9 O dzdaw
tesL totsB dzj dzO € tsdzfc@dk’ ' @d 9 Doad) Iscedzh dve sted Is d3 1
f so jton dz' dZzOMmiskzq dzd 2 . v LOHOd 2 MmdMmlsy

(;HtSLH(DISJé,,‘?QQI@ Hstfts 3 dsH e " 2 dese s C dz' €
CBRBOdZH dz] o' S dets. sttstcHd dzOIsd Itsytssc ¢ tsdzl

WO2d (tedf. 3.11) S s¢hnther ‘op ol fipckDakiz
o' Cdzgs (tedfm. 3.12).
KomaHgHoe okHO (=]

Enter point > 21.561 2.44127084761238298068 1.7363630520711724574 -

21.314428 1.89001275784713070717 1.36572712361257783166
21.124904 1.38069127006331192294 1.01434066034787280503
20.932416 0.908987517645213144021 0.679682430999355259362
20.736952 0.469709500997613369928 0.35874372218698551693
20.5385 0.85766522085252916001968 0.68485158205307247003566
20.337048 -0.328844791448943099684 -08.25206060858940128630658 =
20.132584 -0.693266268561296697181 -0.545017665400944635012
19.925096 -1.083817181146846764329 -0.831903265924759112273
19.714572 -1.3661340820827154389 -1.1142631275846 08786201
501 -1.6779792313350403523 -1.39266855324885796514 -

19.

4

t dm.

120" ¢ dzgtelzOdzH dzj

J tcd L zdz sOIs' € ol HHs'B I O ¢ Iffj*OMWE ts dzls C
syt ,

s s dmkz ls!

Csdzls OC Isdzlz  dz°

dz’ .

B

9
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t dm. 13 . HIs3B.tc QxsjdzazdFSC sl

1 8 Hdzzes yd CtdzlsOC Is dzf stsys¢d mMYf dzO2 dzO
tcsBtsy 2  s(otgdeifl.dz’@).LzB O

tdfm. 3.14. stdzlsOCIsi
O-dz0 tosBBY' 2 {idzd] Bidets d3l [ &lA

10 tedfm. 3.14 B fC0O0LOd LOSCBY ¢ tsdz
LzB O.
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@ Automatic Surfacing

Tun nosepxHocTi

@ PowerSurface(s)

tdm. 1FBEHBOO o jterndz L EBO
Oif so jwisdsdzts yts'  H | Bdzf thz8 jivichk b ©df 'd3y tz d2® diaf

Ok 5 CodlsOClsdedr o df ®Rtcggriz3Is1 |
fsBkHsol o jtenidd B YS iH SlYdSSdz L b
9C dzs YO yd HGYsd 3y d2  H' dzvdeS (.

3.4, 0Oz L &2 d2 2 SsdksOCkkz ' bkdse

341 . ¢f B dzlsd S Is
[SoYddz0 SCtdsOCIlsdts’ & d s’ WL Oda
odL dzOYO' to HSjRSOBREREZE 3l Q. 6)'lss
1 HdWJjted dzy' Odz' dgts’ G J B3] Istc MM, dgts yHABQARt
sBydimdzdsd L dOkidtsiss QwOL & |
dS? = Eyd/ 2 + 2Fd/ dm#+ Gydn? (3.56)
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HASTHS9 Y 2O S BdzZlsOC Isdets’™ dz' dz' .
l  dzO0y®s CoOHOIsdzd?2 ¢ tstc’ dg L odtOL k
L3 Mg 3O d3ts o dtcOL Hdzv o dL dz@iz|j dzdz? H 59 Y

/2
L= ﬁ\/E1+ 25, 47 6, (9724 (3.57)
I d/ dt

1 " HMMlsOo dzv 2 u d tc ® dzOWyjj dzdz" fjthdn C o OH
sMisOlstsydes HBo)yddzz CdzalsOCIsdets’ dzf d2@ ' Bk

/ 1 1
L= /éj( (/. P))* +(f2(/ . Py))? +(%32d/ , (3.58)
1

Hily /o7 9" HYf ts9 " HOb Istg ] SlEtslalyS Odts dflsjOC Isdzd = dz’
odMmsizy " o Shdztseo dese s yYyddz' dzh ted ydzs G ts6 =5 5
Ctsdzj MO. 1 20y 4 dzdav , hts Yoo H g oz HzO tc d pdptic
9" HBWBG. 2zt smMssmMEf oMM dzsets o j teh  dz' ts
Ctsdzj MG®,L Obizgfsy dets s’ 9 ,Ho' B dzf Hedef | 8 gz O d L
L 2Oy J dedz? BOIsddBEzIs: Mme " 2 eode dzvH.

A' to' adagWdgdg" dzjeCts BlstedBBOIsd, L dzOs yo
o jtchodglape Ctdzj MO (6" jteBtsdzs' H, ff dztsh dd
dzd sB R Hdzts 9 d QoS to i Isiisiay Iz g(CBeaft) dmdie f dzj 6 ¢ 5
odL dzOydlsd, HJW]te]j dybs®8 yf 5/ chreffloddzy ( 3.

gdz' H L OLdOydisd, hs Hdzw HjWwWCd-R L dzC
odL dzZOyoOe Ist M IssEZEEHIsdzg tcj Zddzgz” S L IsSte
Ctsdzj MO. 1 y!' sz o df OHSCE dBsy O odCtsted
L OH Odzd » 1z | defi@s8lds's ey dz' dzH ted ydese 5 € 5 ¢



cn Moeopor
HEE XY@

&' v Alignment

[ 0K ] [ Otmena ] [ Momowe ]

KaneKkynavof

(IS)
ZoagaE =@hb
B
OEEEE ®EE

Mpoexums

HE
I
| EE
o
[ -]

tdfm. 3.16. 1 Md HY jHdgRe :disedg Qls
Bifso jtcrndz" LEBO ftoWdBsLEZBtSGts S Bdzj M
ftew BsL zetsegts Ctsdzj MO SO 6" ff jteB tsdzs’
f syOlsSse’ 2 (6), §° dzgydio damls(teHz)d3 ddzlsdd c
Cltozo Odzgdzy MdMBF BOWRFo 6 Bis@ezd dgd L

10 tdf). 3.16 fsCOLOd]?2 Odaydo I
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1 s HBeydds , Wottd ' ttLlsOh ko Odzdzy
Cdelstelz dsj dzlskz ' S sdzj i) Gsj &) dzB OfsOrd 18 qzd
fesEEBhscets * diistek dj dzs k2.

Oz stedlsds OdzOdz Lk dzOMmlsk§ dzd 2 . APEY
ckzsB Odz dz' 2 MdMmlsj &8 SosteHddz0l Mlse ts
Cdzj Mtsds SO * defjlsteldsj delstsds, o' HY o' H
9 HL &zOYO' &its, hits 1HjH Gdzpo Wiy digd®] dstictz f i
y'2 Mmdmlsjd StssteHdddls. | y!' skkz od
BH] fcojtlsOlsdmw * fso' wLOdRO L daj
fso jtend® LEBO, Mottt O LG Shodds @S
(ststcHd dzOIs. 1 0 tdMm. 3.16,9 fts¢0OL Odal
Cdeflstek kj dzlsz fted Skl O f slottsds sis ' dz dzfr
"tk di3j-dlsts S (4w@dM. 3. 16, H) o) ten
fjtej Ctoyks 5! iqw o HB.16pH dass ' deswaps ( wq

It dz h st gitdjltedydeds O §° dzj c
O tew RS, §jtefjdHdSbd tdsk & d&
CtedodL dz®0 ' MkkOwLdO hodHS Mis! jtej

342A 2 dzS y' tsdzOdz' dz' mBOOR L J didEe j - jtatg jfn dzd d3
sty W'y ' dals fjtej CStedlslsw ‘ o Oy dzd o d d
G' f JtoBBdzts’ Hdzats’ fJtJHOY |, smMEbddzr ¥ 9B
FyOfmls: HdsyOMmdas o wpos Kldsdzls OK A B ' de'dhd
tcsB 5ls 0. 1 tod kOdzdzy dzvfitets S W y' * dzls i
otcOrRBolzo Olsd tsMm! soj [6][Whd&8W[43z! dzaj  jtej € @
14dr0OR 9" Hfts®' HO' stsyy"’ , tctsL Is@hase C
yddz' dzHted ydetsd s 1 SsdgymO totsL Is O"hisgpdd dzlf o Iz B
G'fj oS dy @GO oz=f.psHic' L' (B.53poddw dde@y d d3ts
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z=-[ayup1cosg(fa(/, Py)sinj 1 - f1(/,R)coy 1) +(1- upgcosg)(fa(/,Py) fo(/ ,Py) +
+£1(/,B) f1(/, R Uy sing(Fo(/, Ry)cog 1 + f1(/, P)sin/ 1) (3.59)
z=-[ayup1c089(fo(/ ,Py)sing o - f1(/,Px)cog 2) +(A- uprcosg)(fo(/ ,Py) f2(/, Py) +
+11.(/, R fa(/ , R Uy singl fo(/ ,Py) cog o + f1(/ ) siny 5]

{ Bud mdzd o g/, tzldsteld 3O° dBBs MY " 90" Hdes" | dz
ChjW' vy " ds@skstgtef Stedlslsw

_V2-/1)a

3.60
2 (3.60)

€s
Hii €' dz S yddz' dzHtedydzesets S tsdzj O
t " odaWdzedz" (3.59) BsydO odtc’ hdlsd d3j l
Bz Cddz " dhdd3 BB IssHisdz ydfmj dz desets OdzOdz
stV y' ‘s Efpdisd®c sEsH {20 o dL dzOydls d
14 n0O2 L OH Odzts/ =/ dzO Y JL ddePudpQ@ladeH, f § 8 Isistzy W
yddz' deH ted ydzze 5, Z=B,dzy JPz, 7 L dzOyd dedzv H dz¥
Hiczesets sty 9 yYydodz' dghted ydetse s S tsdzj moO
1 " B@odoehd o to' odzW dadzt dz@BjzB29)O 3 Bdk" f)
L dzOdzy Mg, Slsted BO* dsts ' o dg¥ dadz . H d2¥ tE oz L dzC

lstd B30 dstezY to ‘HeteY dzo d/igeCuug HBdEY) W © Yy ¢ dals
fjtejCtedkidye st o dzs o Ols g

SR
o =(/20 /10)1

3 % (3.61)

HiggiCjW' y' ' dzs s .coscts §jtjCtdlsisw
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Iudodudes, C5iW' g (3.6@8Y1 i) &fiifugddsts’ o
fiwjzk s ' dh e BRH] L& dFeOlsdmw. |
§dtd s edfladgdas ¢

EFi- BF (V1) B/ (VT =g (3.62)
HJF/'l,Fm,F/ T yBdedf sr ° Hdz L d2Or BHJ d@3ts L tc
L Ouy 1§ 3 dzBahVT2) @7V ) 6 d L dzOnpdidstRa. 14)b(3.50).
) Ocdzj y dz fls! (3.62) HBLoatdY' odL dzOy

Lo yddz degntedydeds Stdz M. ) ted qs sBEdj
dzj sBrn'  Hdzs o dSCttcdMmlssoalzo Olsd to' o dagv dadzv L
Lz fsazj MO |\ - HAY | ctcOdzd ydzdn syt o
My sf' B. 1 t° odW dadz L O up=tirdzj Yzdz® ts (c 8ste Bzl )
(3.53) . IlbicdzOdg(riaz0 dzt®dg(6 2O O/ (s * My  Ysét
Cty dzsE s Lgz®y jisgdy0n § sdzv dzOte’ L ko O dzdzw
G e Odzd ydzd ~ syt ¢ . 1 Okzo Oy d d3t5, h 5 H dz
f sdz' H s oS Hipisj dzdevdzOs e Odzd Yydzd 7 Istsys s sy j
dzj SBR' Hdzts GteOdedydz IssySd WhdL zBHNOL gz
f"  Hitc' LOdgdgv © L OcOdz desdse o df OHCEZ H dzw
Ctsdzj M dzZBC s . 1 Okzo Oy d di3ts, , M tsic toL jotalhy IHEDS df
BzH] fttOyjLHOIsddd3, WG B8 tsHRds dudfzj ¢ B 20"
B'dzx hj .sHddzd Yy

3430 Btseod " Hioy LbOdzdz" L Iz 8B

1 " Hto' L Odgdzy L EBY' ® yYyddz' dgnted ydetsegts ¢ ts
H' dzvfdEsSjdBn s dzj G OIsd o dzts o f dfde O 5D di3' ydiz'
f smdzOsdtzaoAB o Isdd3 mMOd3d d3, ftedL otsH(d
fmis* 2 Cusiiss . v sd3kz ftcd Mise st dedz’ L zB Y



155
B d3j 3 HpoO Ikftiels j toF dzv , o d C dzv YO yd[43, [134) =
[136], [177, [178], [256], [269.

[y odL dzOyj dzdz?r bkdsse o' Hfkzldsnl's
Z2ot' 5!, M sted MisO° d3ssMW  d3f dp s Hetisd3 AZ|ISEAEE J 13D H | o
179 . I dSstdmssoky yd MdMmlsj i t' o dz" &z L
ScPdz ° L OB ddoh d dzj U'Gdaj yHdf s o PBIRETE Js e
/'m slsted BO' &

e/ gm
E RV qlz))— (3.63)

Fr (97(/&(12))

L Yy ' 2 ' odatsMmis’ L g daj dz'  tsL dzOyj dada"

.I:U:F/ fJ_Fm f]:: I

(r]_ I‘l )= (rl r1 )= Eq; (r]_ I ) (r]_ er) Fr;

(3.64)
(r1 V) (7 \%12)) (r1 rl) (rG"’rG")
CRARE
{ " ofdds’ (3.63) ' HBHOLCEBOBY bLKsstss

2O Yt j izBiR s mw.

] t6 Odzd ydz' IssYSs d ydad dsdz'jdertela] ydzdiée € ts
tesL Ctedo Os yd o dL dzOydzed € (3.63). ] Iz tc
sktcd BO' &

E(F - EF m(rf"i/t(lz)) - F/ (r? vy =g (3.65)

HiF/1=F F/ F"i L z0asnddits L t' o dzv dzdzw (36f)tefls
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aff V1) (R i 5 L dzO U dsts(3.14)ls0@B A0 L *

1 Odzy 3 dz' Mmis! (3.65) HiSL o tsdzW ° o dL dzO
L B o yddz' dzHn ted ydetsc s ddets dazjnt®s = * Hidas g'd €
tc ' o dz¥ dzdaW 9 JteMmMisOlsdzs e s L Oyd § dzj dzdzvy o( 3.
yddz' dgHted ydetséts Stsdzj MO (3. 13)L.H' RMNedbk&O
sSOCd? Mysm)B tc’ adzvdedz? o jteMmMsOldetseats L O
mnf/j))LO WesttdBkzdztss (3. 53) .mL} tod30. dpe5d@ERz d d
[=/().) " fpdzv Ytcts, Hov jLasy dgsy ®n L fiz®dgy dzdz
odL dz2Oyddis CtststcHddzOIsd cteOdzd ydzdr BIFpyss
1 Okzo Oy d d3ts, hts Hdzw CdeCtcjlsdetsets oadHEZ o
L dzZOr SHY j dzdzv GteOdzed ydzdrm IbYss¢ oBsyj Blz|
GteOdzd ydz' Issysd odL dzOyy®Ilsd sV dzs € § -~ Lz gis
L Oc Odz! dzts i3Iz 9dtf OHC Iz dzdH dzv [z BSOS ¥ tpt dz'  dbmldctsta
dzj BH &zZOC ts9

3.5. s' dzj BOqudy MR icdsd SHOukszIso st

351) jtojlsotstcj dzgdgv CtststeH d dzOls €' dzj dizOIs d
2G5 C dzOMmkz

ddMmilsj di3d CtststeH ddzOls €' dzj B3OIs d wgdss * € daghh
fJtehses ' Htokle®xds] d3'dfdzO s 3. 17

] syOlkesod?2 yddz' degHte L OetslstsoaCd f J toy
Iso " tfdete’j @ dztz" JWGBRZ,' §tyOlkStetss  dzsh Aiztss
YOZL B' 6 O Is! MW Y,0.Z.4 dAfsiis ghdiftlg©Za '8 * ¢ O° Is! fyw |
ftowsezl M OY MY ' o fLOH® "Gt I dpt2OOM totsn SH  Is
fd 6] sdtedfoj tej Isddz § NIOFHOAZ,." MY & | tols Odac
Cdz' if 5 dzOtc’ L lif Ols'OfgQEz'RZ' R, isthORéf s yOIls ¢ o
yddzi'ds, /17,1 CE2Isd fcotsteslsikz h jMmisj tclipgsgl € C t
BkHJ &3 § sL dzOyOIsd J dzj d3d dzlsd, wC' ¢cP®@ H dzt
ddzg 3 dzglsd, wC¢' o' HdzsmWIst MW HEB §ddnj rd@izO
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o g dej 3" Misdls! MR/ . dzO o j dzd U q dalz

X} x>
a2 <
K2 ™ /72
Xob
/
ANy
7 |
! Yo
U i
0/? /\/7 ! 7 }/? }/ﬁ, }/
K
7 K1
/a(ﬂf

@1

t dfp. 3. 1% ts sdedifl 8z0ds

Simdnlsj B0 ¢ sosteHLd@EEdsZ n el O fls o & " ¢ tnds etz

Simdmisd GO ¢ sBLHdgPEd §Bpa0NBEE ( &)
deplz - s j BO CsteH d d&zOIs.

l jtejma'"H ©' H BH ‘° mMdmisj &3d S BBIGH .
BOtdyddn MY shtss .

[ Oltedydzj 1 SHOddEY dgyjtekOdsicusizsls d fifE j dsd
2igts ¢ zOMmk

(/. mP,N) =M6,p(/ 2) M1y (R + Ry ) M 4y, (0) M 311 (0) M 6y (/ 1) By (/. m P, N)

I sdzs o' HitSe' HO BOIs & U deilzts @k d Y dets H C
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Wstediskzls o tsaidy dAarOfBz L O EZditse d, Csdzd €Ikl
Histe' @SB lsts s g tofsGhekizl| d@Cdy ts.
19 0 W L dei® dgts G

51\71(12)20
Wz dzC y ' saldbvdal =AY 2
u=uslm
LOdzdh O Ist Mw BjL L 3 da

1 OHOdzZ' dz2Od3 L dzOH 8B dzV Is! Mw 21dOMIszf dz'
TRBOIstedyw fjtejnBHE o SHSEHY MEEfodgdddaws ststeH d d

1 0O 0
010 -R/j
Mo = X 3.66
On 00 1 0 ( )
O 0O 1

TRBOIstcedyw fjtejrntSBHE oSHEMdMIs] i3 S tststeH d d

cog; @inj; 0 °Rcoy,

° ging/ 0 . Sing

Mig=| ~ /1 0T RS/ |, (3.67)
0 0o 1 0

0 0 0 1

T BOIstedyy fjtojrtsHEz oaSHSMdMIs] B3d SCttsteH d d
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cog; @sinj; 0 °R(cog+/jsinj;)
_|°sin/i cogi O R(sinjj-/icogi)|.
1 1

0

=
5
I

3.68
0 0 0 ( )

0 0 1

ILotstetslsdzO BOtedyw § jtoj ~BmiS: o' H MdMmisy d

cogj °sin/j 0 @R
@sinjj cogi 0 Ry; (3.69)
0 o 1 0] '

0

0 0 1

1O sOCEY LdOHBBdls! MY &5 1idO &OIst

-sin/j @og; 0 °Ryjcoy;
dMj, _ °cogi -sinfj; 0 Ryjsin/; (3.70)
dsi 0 0 1 0
0 0 0 1

skl Hdzv  hjfiHR ey , Csdzj MO; o jten dz 2
h st tedz'i,C sdi indz’. 2
[Obtedy" §jtejitHk o SESHOMISH Gd e BSK

codj1+/2) -sinfi1+/2) 0 (R +Ry)coy,
Moy = sinf1+/2) cod/1+/2) O (Ri+Rp)sin/, | (3.71)
0 0 1 0
0 0 0 1

[ Oltedydzj §tsHOMME fjthsets Isdfkz ¢ dzj
265 € &zOMmk
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G (/,mP,N)=M6;s(/ ) M1s(R )M 200 (yn) G/, mP, N)

ANzdzC y' BdzOdzr dzgd?2 Lo d6wL s€C
Yn =R Gi.
1 OMmstsmso 2 yd dBOIstedys (3.66) Hdzv

(2.32), 6lsted GE)yddyts a3’ dz/SusbisdctHal dzety dzte | 6~
 odcecdzwH

x=f1(/,P);
y = Yn(mN)+ fo(/ ,Py)cosb- Ry;
z2=2,(mN)- fo(/,Py)sSinb.

(3.72)

3520 9" wL ¢ d tmarfd@dsdadgts z Is o Bdotg dddarO fn lz
1o'wLCd # ¢ d gz@ Szdry L' s teslz d3 jlsdRls © dz!  dzts
ftso' WL OdzO[119 o dtcOL 53

F =v" &, =0, (3.73)

Hje,itsH d dzd ydzd 2 o jQAOBte datste 3O dz'

VYV i 9 HdzsdzO b oiftaffls Gleddsuly dzj dzdz' | dzfls t
fso jtenidsd L &zOM37 Odzed 5 S sdzj Misds

(3.74)
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] ©OF &9 (&BIY@G.70) 2.32)EO" &S

V" =[@,(mN)@fall, Pp)eosne Ry |0 f(/, )G . (3.75)

[ dzv tslstced 3Odzdzy H ' 2 fmdetse s L dzgOyj dedzv o °
yomlsddze esdtOLkz (3.75) ftugdtsydisd dzO CL

1" HipsOoadzwes yd o (3.73) L dzOyd dedzv ( 2
L' Ped@PdEz o do dzW H

F(/,mP,N)=[° y,(m° Wy(/,mP,N)&osb @R/ ; |@ina =0, (3.76)
fu(/,Pr) &8 (/. Pr)
o/ Py)

{ “odgwdzdzy (3.72) MY ds L (3.76)
LOYjfdzjdedey, IstsBlsts G jtsdjlstedydesets o My
" defls to iz d3j dzl§ @ &idalztize Offgles j i n dz' . 1 d S dzr ydeh
sHddz L § OO Biet s ts d A des ¢ 2081 dzv dedz 1 15
LOYjfdzjdedzy o  OtOd3jstedydesdzsz o dcdzv H '

Hd Wo=W+ o/, Py) W =

x=f(/,P); |
y=-W,cosb; (3.77)
z=2,(mN)- fo(/,Py)sinb.

lted odStted MisOdzdz’ W ezv N gz@ts j tclizdb O tlzdz€ s
¥ lso ' toffdatss j tor dz BOIsd B3] dids o df OHC dz' dz'
L Oud ¢ dzj dzdz" . [ d&zw L kB yoOmlsdres § jtejHOY, |
ftso jtcn da¥ 9 J toMisOlsdzs@'sls MOy j uf dzjfdsizy] tcd dg,
LOYd ¢ dzj dzdzv € tsdz' f

l og=consttc’ o dgw dzdgw (3. 77) odL d&z2Oyo‘* dz' c



162
ssteyj o' 2 f dztsh d dzg' . [dzv  f jtejHOY L dz dg
LOYd fdzj dgdzv BEHJ] dz' dg' ‘¥ totsgBYBC H dzis O Y gz
fjtejHOY L ssyStsodds SBdlsOSIsdz d d' v
odusHyE  Isi.mMw 9 IktsyCk

l edj=consttc’ o dgW dgdlz? (3. 72) ‘ (3.76) )
Cdas OCkk (2 OE®DCigamg BEds ) | o lmereEdi
Ctsdz' f, wWeCO H&v fjtjHOY, ZzOte' L Odzed = B
dz' dz2" ' ¥ dBIIsls’ o Heas CisBMPC fsdzw 4 B MW .

Il " HdzsMdzO N o §iaf) OUs@as dfzdzj dzdz' L EktOrk
(3.76) odL do1® sls¥ 5% diz dzv

VM =W coshi ° fi(/,P=)j. (3.78)

3531 OO®Rj stcd 1 59 ptc @ szt )

[ dzv o dL dzOyj dzdz¥ t& 'zeB dipOdie''s IOfdisfotz 'toff sdizj tsB
ftejHMsOadlsd ' odz" dzdz? Yo jtends o] teflsOl
S OB& 1 dv Yy st Bshy BObtedyd® fjte].
fso jtentsdy YEHB RS BHE M | &' S&B st ditzo s

X =[f1(/,Pr) ° R]cog'i > Wicosbsiny;; '
yi =[R ° f,(/,P:)|sin/ ; - W cosb cog ; ; (3.79)

z=2z,(mN)- fo(/,Py)sinb.

t " odaWdsdgw (3.79) HBsLotdzwsds' f todf zda®ind
dzec ddz, O IOC sy ¢ tsdzlzte ®dzdd® yQddsLdB’ € ds delzGric

l togj=consttc’ o dgwdzdzw (3. 79) ° t' o dzv dzdav «
C szl @y dzj. dzdzl B=fconst tc' o dgV dzdzw S d Mjkzg Is
h j fls s®dsdzj MOy po tedslz .4 jQ pifstdit’i § osW * t's Lok
st BOd dsdhkz §jjlsdd
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} tod =consttc” o dgw dzgdzv (3. 79) WwWodzwe sy fMBBECE
t OH' MmMd yddz' dzHntc’ o, dZz0 weCdn tctsL IsOh 59

W ste gz BgsH XX +ye OB 5, L b t37R)z e OdzdzY o3

Rbi=\/[f1(/,Px)°Fﬁ "+ (W cosp)? (3.80)
Hy ojterds 2 L dzOC HHzetzwh § fglizj g , dzd y dz' 2

[MEC" D E§JLOcCOdz desdBz o df OH € b s bfjcone y d &
Ry RpL d3" dzs s Is! mMv EZLHB9 )Y L EBYOMsets o' dz

t " o dzv dzdaW (3.80) dBBts  dzO odCtstcdmists
9 ' HiBo Hdzse s GcteOdzd yded ds stsyc oz ¢ sdzv L |
yomisdded mMmf " 99  Hdetsh j dadzv ( 820 8 REpdz@RSB = *
tcOH' EZM" 9 ¢ 'yYzo pj BN dtetsa v dats, Is ® jdfipls j tefdz'd
htsH®B. [ Istcd d3O0dOE]/dzH SL & S dzW ¥ s odL d&zOyO0Olsd
feOyj L HE2GEAS®)Md] o j H Oy .

[ dzv o dL dzOyJ dzdzw olstsip f dpelgdplny L £ Bt to' L
L OHOId 1420w dsdipis Odzdz' SCG5 to' 9 dhy)dzdzf, O (3t o8
LOHO My " Ry L o tddy 3.80 o d Oded 181" /o, G ' 1o dgV dadk
L@ § ddf dz( X.E2756 )

1'HiNs®ydslstcd d3®dz', ; o f4jteh”’ HO O to' o cC
L Z2OR sHd i3t § st H ddz0 Istpctydzlz tof gz L GRy O dzd -
Ro2-

[ dzv M3 stedydesets o dn ' HOEEGSS LCOSEESHSS £
ssteyj otsdizz f jtejIsddz Histe' o dgs

S=20y|=24R ° f(/,Ps)|sin/; - W cosbeoy . (3.81)
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]  HflsOdz o' HOHdsj i3]z o Q dafBéizts i d3'F tsHeeH O ¢
o dMtsls ©) Frs®-oxdel Jx T 9 dL dzOy0O¥ Is+ mw L i J to
(3.79).

v dzgj Md d3j sted ydesets odR' Hdzsets C sdzlsk
SO dzj ¢ Olsd o gz”, LHse®y g dgBiztlzde®  jydgdz"H iz d3tslo@ o C
OB M dz#asjdezdsed dz

l1tod odL dzOyj dzdz's g enef ™ chdzd H dzsh j dzdd®m (-
dzj A Lz dlRy,; .

354, wdzls § 6 OS & § ©lzg Ofdey 543N W stedsszlso sty d
C' dgj BOIsd ydzed s Mr j o3 -dVs teldzls@fips stc j dzdzv 2

Il dStstedmisso z8 yd dzOoe j H j dg odh j BO L
tcSL tesBdzj dets fteseteOddzy L OBJ LT J yd dedgv ¢ S,
f OtcOd3j sted ydetsc ts BsH j dz¥ 9 O dzdz™ mMdmilsj o3
Wz dz€ 4y tsdzOdz' dzd 236 ff ts ol jRad@tts dat tsL[o 5 dzv ° (ted .
Cktemtste BjLYtMjtjHID jStc OO E tcOdz Bis dz' k

-G jdligj ste’ 8 o d dsoH dftdmip tERdzlS Iz tc Iz

-WstedisE tesBtSYda H' v dstylpiibdBdz s
o dztste B3O dae jous' B3z’ Y J

-Wstedstsys  dz' dz' T L Oyjfdzjdedzy, wWCO ftojH
ksytss CtdlsOSCIskz N kil jetfias j tcn S dzj 502 C'ts ot
LOHOdHRE §jtojte" L
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t dfm. s3 .6kd Pdgiaisi dzls Oz fd Misj &3d W s te ot

1 0 tedf. 3.19 f ¢ O36dz0 Is sCtaty * v 9 € ta
f sw Mmdz dedze" d3d . 10 Y sk dBOdzs dzS k& o dH dzts
Codzskcztdfdan j L B HGBH chBse s C4 Qotlze oyts[ '~ , st
9 HBEZOO' s Mw L3 dzO SCtwdeadnmn, Y B8 &f gt
Ctsdzj MO.

¢ dz20 dzts ¢ * pdith),. &O 20, Bsy 20 MY sMisj tc' @
9 dn"' Hdzats ¢ tsls o tdfidisdr jotz = dz' LO HBiBH@seE C
1 J°L -@Bs fsteWHCEZ, o' HBEZOO' I Mw L 3" dzO dz
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4

tdMm. s3 kDA yd 3 ©H Zzdwytzo Od3d
1-Ctcdo O odn' HdzsGdz® p REWASKO O, "' s dMmk
H' dzvdzC iz L 2B-Qtcdf g @))ls  etdz’ tsHfHd figtr* dzCdets BLdp O
4-C jtolzs Y Is 5 Y£< d-c3t6 tetffta s H G Ig L

[ ]
i
/
/
/
P
/

[d2' i O ddf dz

tdMm. s3 XZzd@daiZv* ¥ L Oy § dzj dzdzw

10 t©df]. 3.21 (sCOLOds kttd §sdsyjd
sBC OIS P jfllsd def dgts '§ .t ixge' O
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/

[t di. ¢30TA L g ) dyfpslalf tosy j M° B SC OIS

1 d f) dztsasS di'tztB H

1. 1 Of etstf sdzso Odzts dzso di2s G § ' HERflJdifyH S
Wstcdiczlso stej dzdzV ;| OB deg elz@ dgtf 2 f e bk fpls D b Cizff ¢
Cjtkze ydr §OOd3 IstcOA Ctcdots,, hBCAHBEY 4
Fdz' W' CkoOlsd dBOIsj B3OIsd ydzed 2 st dMj tc'z o @edic
MstczC sztc% sgdsig & fakts tc j dz

dlzls! dzsotso9o jHjdedzw ftsdzvcOf 9 Istsdzz,
sBtotsB dzt 9 Odzats”’ ftse j ton dz Hts MdMmisj &3d C 5
LH" 2fdzs * Is! MW HIS® 66 fzdstisdtdss ) dzOB stelz j «
BOIsted y* Yjlseo jtossets fstewlh gL € sy faRdz L
Jd dzj BB dMAdls 2 f Odz! dzgd?2 OBt 5B jtelsOdz dzgd 2
odL dzOy0O* Is+ Mw Hizgas HfOQ@HEUsitaliidy, &3 Yy ts¢
fjtcjrn"H 8" ' H BGHdscects CdOmMkz ¢ dzj B3OIsd y dat
' HBlIzo G'elsigiAgzy &3 OdfjAstdc © o " HYf 59 ' H dats’ (v;{0)
f OtcOdzj Istc’ o BOIstcd y! HiSL 9 tSdzw Qo Ists BO
Wstoditslzls 9 tsteff lladd? € Is 2 tc SEigdihk isdgfcu §f §o * H
" demistez 3 dzls Odzt dzts’  f ts9 j ton dz' .

2. t sLedzv dzlzIs dzts o BBts kR edig i Is  q dp§ &
Yied@itkzlse stej dzdzy , d nf Gifstd 3 htsdetsalio dd . | . { SH'
sCtcj B FS ‘odzj BOIsdydedr Mmr j dzc ¥ s % dg@ plsidstsac | d
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sd §¢d" dzj BBOIsdyded » MnrJd B-6 KOz 1S teg) ikl t d
tesL h dtes Isj m das dzts @ ' y dz' Bts X dzdf OEANR |, W3 s X
Ctosyd dedzv L Y aocs@d@azyds cyddz dzHtclkz C sy
G J cB szl &' tefdic @2z A j Mlsotstcddzts f jtoj HEG
ftesctcj Mdodzedr ' delstckzdzj dels® @, O MO &' ¢
¢ tolz ¢ dafide dP & O Isedzd €

3. [ Istcd d30O dzts ' ftotsOQdzOdz' L 5o Odzatdls © L o
" defistelz d3j dzls ' 9, w gt oLO" BSH' ¥ s ) it
BOIs j BOIsd yded 2 tOfdeOmlz’ "L odef SsEROE Wikl @ IS s da)

4 . [ dzw ¢' dgj B3OIsd ydzd fipntg) di3¢ ddOdrdalzts B Is
iz W Y Retfojds) WheEdM ghtikzlse stcj dzadz? o BOIs tod y dat
BOIls j BOIsd ydz L Odzj ¥ dztsfyly ] difdfiesndzy to~tisfdef Mz 1 f
Codif 0 izl @d2 § ©OyYJ Mz ° dzlskddColiOisitcgts & s  tc s W
Lo LEByOogbBdahlsbirdg) figls Odz. dets’™ f tso j tor dz

[ Olsjtc’ Odzd tetsL H' dz s 2B dz' Q& §50|dE56], ©  «
[57], [58], [64], [90], [209], [234], [237].
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torres 4

lrdfrovtrRYyrw vovgwy wfl! [sdy11 Kgrvl
AftfJovol ftrirc woiesfA21 RrRm 1 [l tmf1?

v fsfjjrndy 5° 2 Y dz€ dz Bl dgs ® dz' azg
sBtesBdz 0 Odzd s o jtitsdy o fsyjm Wi
oL O BHHZAS Y Sdz0dz dzdn W B9 | arzBdg Ofis BB
odCttedMmissole s Mw KOS ¢jtdjls gy, Is

[101], [162], [289:

1. 1" HdesdzO hoedH@dzdgis! § €9 j ten Sdz' h 5
fesyjm WeotthOEB®SGHEcddzr' f(tosHEzCIsSde dz' M
sBtotsB ¢ d, L dztsh [z o Odzda " demlstcz 3 dzls 2y &5 O
LzByoOmlsdes Sz’ i o sy M’ R J Sy dzz Ok

2. skls &' 3y ojSCltetsd3 ¢ ' HOdEM dAdzdzv" o'd H
CodzlsOCIsdzd r MEIEE@L R j tod L E2° we' fls ‘ f tctsH

G' HieSHd dz2Od3' ydz' bkdtsod L d3OM jdadgw L 2B yOMml

3. ltcdoe jHJdzO Ctedo dL dzO ) ZzOf tew &3 Iz
CsdzsOS sk (o jtentsdy , hits Bjlklso sty
MOEOCIsjtedL 2 fd dzd t' L Odadzg" f zOMmls d Y
LHOIdz Mmlis! WkEd y' tsdgdy dz B B Whylg dor s Gzis dz'L
i S kzzOkOY"

4. b BOdz® hodHSG fMils' jtojds hjdedzy st
Bjtelzls! EyOfml!: & tHithipoipos lsedskiss tf tofs
ftesyj Mk Wstedickzlso stcj dzdzlt ROGE k& a @ drelztf dzO 03" . C

5. stsjW' Yy ‘disd §BOBORS LisdL Odds . to
d34 - O dz' tstpadptinligiBdzdzy  Hzts O dzdzizi Is tc Iz dg P¥izls 82 y*° 5 dz0O dz
ftso jton Hd» wWHzBYOMIsHG] §'sdZ An ¢ fftledzz Ols Oy

lteso jHJBS HjOd dzd?2 OdzOdz' L fkls' ¢
C' dzgj BOdyudeds §SCOLddS &, O kOSBY  ~
Sy ZeOkOY' ° LEkBYOMmsdr Cd fi.
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41. 0 ZOd" HdasMded BifIsS S0 L Odzdz? S0 j ©7 s dz!
byOfls'fesyjm Woschskls st dadzw

isL clapvdits’ | toBiAsfiBic e dzts M C dzOH O s+ Mmw L
ftow dBtsL B tsets Qt€dzjHMRD A ) ttecbiddizfrHisdis 2 d3 jAdzlsdzC ts
LieLEZd dzts, hts o Y! t&iE coddiffifoth Cdzr O diglls sdzHL
BsHEZzdpjlsdgls” L dz2 B ORRd M-t zroOlsizdzy o * HYf s " +
' fjteBdzs Hdzdr ' dzMmis tcizlilg] dizls€ tafg ldh. tc ] L HOGId2
odfOHSCE BEHj B HOGIHHEe yPBits Gis Hdhn& & & o
BRBOIs d diptflste w i’ | o dz'e dal Hz' 2 dzd A3 € S dzlsION ‘Is s dizd
yddz' dzH ted ydz@ ozff sasHtesdgzts L dzde LB GO° st f
f Otcdzgsé s L kB yOmbstsets ¢ tsdzj MO
J H O dzts d3lz odfOHSCE tkn ftse j ton dz'
' f j toBtdsdzfmilsitc z B3fp dzlslz dzd Isls* o dd3 G o dfdIStso d
to jzidz' sOlssd3 Hotn B j tols Odz 26D ¢ tsdits HYQjdi
odf OmwS detsded 2 tekn ydod' deHied ydese ts ¢ =€ 5
" defis toc zogtgdelsr Zw o dilsd wC Ctsyj dedz® L] tBiESOdRISC
(tod4n. 1) . [ M ftow BsL B s IsGY tz tzr & dzig Uzh
" demMlstc 2L RGO 8 s Mw o f@sMmisste® " H Skt

ssoL Qdaslzv o Jdzd C O o ftesyifm' L OuJ Y dzjc
ted M1ldzOMmls iz ‘dzaf dig'cfstAli432], [38], [41], [49], [109, [156]:

V8312 =[v, 112 + [y 1312 4w, 1212, (4.1)

H M2, Vy(lz), V2. o L dzOyOE st w1t 'xeydetis@s Is ( 3
L dzOy jrdeotzf | 2Oy O Is! MW (310)dzj 3 detsfls W d3d
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)
V - l//_'/(

Z

Vi

wRO¥,

t dm. ] 4ndetsdzO hoadHC' Mis! CwoL O

1 " HMMlsOo dzv s yd x,yy, zH=izgO q fazdBddey, (tslstcd d3C
ftetsj Cy' ° o' B UESSTRES dfle devdw 'S

Vx(lz) - (fo(/,Py)sin/ 1 + fo(/,Py)cos/ 1)(1- uppcosg) +

[awt210089(f2 (1 Py) - f1.(/ ,Pcos/ 1) - (L- uggcosg)(fo(/ Pyt (/ ,Py) +

+ fll(/,PX)fl(/,PX))]/(fz (/,Py)cos/q+f 1(/ P)sing 1); (4.2)
Vy(lz) =(fo(/,Py)cos/ 1 - fo(/,Py)sing 1)(1- up;c089) - aylp1COSg,
V13 = (£,(/ Py cosj 1 - fa(l ,Py)sin 1 +ay)uzisin g

ldSstedmistsozys yd t' odgwdzgdzw (4. 1), 9 C
ssYCOf sy d o/,Sdom'tef).o day @izvw 44 t&6d o d
hoadHGC Mis! o IstsyS Or z& wdplsnSICds dad s fiyiziziaz "2 9,
9 Itsys on sl ¢ wdzj ) @@nsiDR@ kodd3i dgd ' H dgtsdg dz
hodHGECMIS® 68 HBeayddz LEkBO

ltedte' adzt ¥ yd HtOok yYyOfpisdienz i v daizidz
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o' o dgw dzdzv Hdzw o L dzOyJ dzdzf L HcAde O dig sl p , dz
yddz' dzHted ydzsets Stsdzj MO, o wCdn hoadHC'
SL dzZOYO‘, hts dzgijtsBO' Hdzts L &3 dzt o Olsd § & gizts .

G' f j toB 'Sdtsls B Half O&ls * oh 5B  tosL ¢z dzzlsO !
B dz' BZQdz' dats ©

[ dzw tsls s d dsChpliiy dzdzd L dzOyJ dz ftesj Sy
dzj sBr ' HdztE HtcOo Yyomlsqddzd to° o dzv dz ( 4.
uddz' dzH e d  dat §48), [SAE5H) f O

I tetBtls' odCtdOdts f stc' o dzv dz' dzf 2 !
o' HdzbMmdesls' h & w i ©Ofgedz tod dzOC Oy’ L zB 1
jotsd o jdzsdzd B  BAER O dzindBsic R zs s di3[ L tots W
Ctodoity L ‘€' A BEVHSE 9 WSRO EOL' Of s fi
tjLkd SO ttLtOREdS @ fOCkdyds LB

OTHOCUTENbHAsA CKOPOCTb CKONbXXeHusa
| y™
|
— 175 —
1100 Z2=17- do~62mM
50
| 71268 22=17. ty=62mm
N 2150 Z2=17. c 621 /]
NSNS 00 47
\NRNE Ear/
B N I ™ |l | AL/ |
%\ pmd s /
N N £7=68: £2=17; di=52mM7 7
\ \\\ 50 // /
N )4
\\ __,/
TN L
~L | A \
71=50- 72 =17 dy =52mm 71=68- 72=17- di =52mm ‘x
-72i-70_-(9p-5_-4 2| 0| 2| 4| 6| 8 W] 2| i

t dm. ] Y4ndtsdzO heodHC' Mis! SCwoL O
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10 HfdRktsess foseteORdtsets L OBJ LT J U
mMdadzisj L 2 ¢ t5dzls Gffldaacp~itfdistpd uets28Fzr B R dzd tSiste
Codzs Of'fstes j sl@dstso j Hjdzd2 OdzOdz' L 9 ' HdztsMmc
[63].
Il "L z2OdE jLLOnyzovs @ldzsdndzts® h o dH G tsfls  OdzOts 9 |
tedfm. 4. 3.

tdMm. ] 4L BOdz' L Oy oV Hiaga frizddis 'Is O'lso’ daH € 5
fsBkzHBsoa O o jCIstste’" 9 hoadHECBMIs' st
LB YOMmMsdiz 1Jisdzziaso@B o Rdzsfgdzts’™ b

[ dzv  ftsBbkzHBad o' HdzsMdzs' hodHCBMIS'
Ctsdzj 5@ dzMmistelz 3§ dzls Iz H S g W3] g gzl g e B dz ¢
fJtef jdzHd S Edzvtedets HEs tsMj 2 tsBJ tols Odzdzw
BkHE'® i3tC todR@zd Btsyy' of SdRIEHIOZ d3s o " Hte' L €
Hsf sz ydedr SCdZzOR HBoYddetst hts HBtE' o
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Csdzs OC Ik O( odeBER)..4 . 135" Hdzks yd S ' dzy' yd=
9 jClste o' HdshMds' JodHeEHR' sBEBJM.di4C
f OO dettstis  ydz' 2 § cesh b vt sojtendg L

4.2, GkOd L SkksO &y ojCkssd o'
GOY oW B 5d5 C s O sdzd & & dg 2

ABEBEESe B dzdzy B Qe QU Iseg R € dste’ 1O dzj
ojChisd o' HasMds' hodHCsmls ¥ Cashs sOQkg
CzEbo stgplpddz’ dzHted ydesets L zB yOMmls tséos dists dzj
Bidzh | Skl & o0jCIsisa0s cw dgsydaiz’ dzh b d €

skl &y o0jChtesdg oV H s s sk 6 dH S
Hskdudzdd HEs & & ° SsdsoSisk a6 [45@0d G
[155:

taey =13 VeV E2) (43)

HifiojSCBisltEte CdzsOC Isdzts’  dz' dz'
[ Os yd &0 ko Or; 'dzj > ot tselsjq Syt tdd dzCepsiak
f dzsh ddz, ftojHmMsOoaddis 286t b o ddded"

rn” L O tsHHOdEls hyds' R 1 dih Qffor BpjsdB BSE KLz
o dH

ol (4.4)

[ BLCttdo Of yfRo § fOIsstéde. 3) L bkwOLEeO
slted BO' B
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tgu, —[‘a(r /312y 4 pgms \ﬁlz))‘]/[a( /12y 4 (8712 (4.5)

) jtojlbo st ¥ i) lsBfsa @ d&zOo h g

L @O0Y B85S Odsds 01", Bhtd GO &is

—(12
v12

v -4 rCll/ +b rcl:”
HJ

__l__
EG; - F°

1
2
EiG - F

—(12) -
( )r1/

Y,
(\7(12)F

.
m Gl’

a =

1 o O (45)s © 4 . &)z fdz

tgu; =(ab’ - ab|N[/acs’ V) +b(r1 G )

sBEC b w | ClsigBEy > o d L dzoyD"

(12~

—(12) - —(12) -
g =- FV P RME - 61 )R- F/ [(v

9JCIstste 9" H

(4.6)

) (V( )*;I
F (V( At

(4.7)
ds dz'fijdipde" o3

1)G; (4.8)

-V EMRIEE - 1/ V) EmIN

ldSstedmssoabks yd odwoOL (3.

[49]:

46 DS wdfid tc ]
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mye 2 ' 2\~ ;12
tguy =-[F7((fL (/,P))"+(f2 (/,P)) )V 7))
CF G Ve e (4.9)

-GV IR (P2 + (11 R

skl B 4 o9 jChktstesd o v ksl Qiztscr S d Rl @nC s
Histe' 8o Is sy SWCRdi fH dizv dzd S (4.9) 1] oL datzidzs 5 Is ts s

(1 VIE! - i/ VI Em=0 (4.10)

A kdiisolkz @y dzO odStstcdmistso zo Olsd H
oJ Stz HtzBdH C SIS’ ‘ dz' dz° " & ¢ ts dz
o2 mMftcdwisdzde ' h d 3. w d&oesf 0¢ d, o dtOL
mMdadzlsj L ° G'ffjteBsdzts’ Hdzts’ fjtJHOY' s d
o Clstesd3 o' H dztisfigrlztslz’ ‘ Mo f HSCSHPIE 'Is Iz .

ltcd

SR (PO + (2 (LRI ) - B ¢/ =0, @11

Cllgg=0. L4 2 o JtcOL fcsCOL Ez° dz02 MY tedy Is dzd
G ' fjteBBBdzsS Hdzs™ f jteJHOY' .

]l tsB Bl oS dzOdes  Bstc' oadgv dzr dzgd?2 Od
3"y ojSlktotsdyd 9 HdatsMmdats’ hodHC sl dz'Cdg'e
ftcd dOVDEAE 2B yOMmilsdes Stdz i * dzMmistclz 3 B@zIs s d
sO dzMmistczd3zj dzlssdz L ff tocts¥ 4 dej ds'ts Sfif w[tdpOdgdlaz G
9 twjLizdz OIs® Of esC Md dzOy " ° J oBdz' 9 J dzlsc
LB cdzdimw (tedm. 4. 4) .
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10 Hisd sty ftesScteOdgdesets L OB J L § J yd dadzw
Mddzlsj Lz CBdzlsOC Isdzd n Is 5y 287 , M¢ sz ezdzd s ls
Csdzs Of'otrs j sAYAEts0 JHY dzd?2 OOz’ L. S kIO
hodHC Bl Ctso L Odzdzw 2O 63 &S = dg IOE\S d
toj L zdzOed@ddLdzIsO d3° Y 9 jClststesd3 9 " H dzts mdats
ZOf teWw BE sz C sdzls OC Is dAEO dic iy . 2 44. t6j. H M ls O 9 dzj

Yron mexay BeKTOPOM OTHOCUTENIbHON CKOPOCTU CKOJbXXEHUS
M HanpaBfeHNEM KOHTaKTHbIX JIMHWIA

RO
-2-10-8 6 -4 -2 0 2 4 6 810 12 Hmi
F 0 1T
J1=100: 22=17: dd =52mm
-l _5 e [ —
- il -0 \\\
e — —H |
_— " | ~
(21268 2217, dy=52m1 || |71-50 2017, do=52m1_
=20

Z, /= 70Q~ Zg = 77 1/ ;6241/\1 e
- iL\e T
£1=50- 22 =17 dot =62mM 252 1=68- /2 =17 dt =6.MM 7L

Y /

£

FL /1]

PR /

/L NN/ |

LGP

// // \\ T~
¥ /

me | ~]

tdfmM.sBls4d3 ¥ 9 jClststesdg o' HdzsMdets’™ h
O W BSC R CtdalsOC Isdzd n dzf dz
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[ OdzOdz Lk dzj 8BS Hdesk §igisteimlsd " Hiyts
TOEOCkjtedLl’ o' Hdsfdgz heodHS' MEO) . [ U,
& dz ‘¢ fjtejlsddi ' ¢ flsdEEh df d2d¢ LS S dED
' dls j tODOROeztzsz o Olsd Skis & 3y ojSksttd o
RO teWw BE i T sdZs@CBdw IstsYUfe) CsdsOS sk ( t

O] B
tdfm. ]l 4L'BOEzy " v tQdzGaZizksOIsdid 3 o J CIstst
hodHCBMIs' CtsoL Odadzy ° dzOf oW 3¢
OftsBlkzHtso O ftesjCy' °~ ojClsttstclkz o' HdzE

Bl o' LEO&ZI®Y W j CIststetsdy o' HdzgsMmdes™ h oo
Cdzs OC Isded »  dz' dz' 2

4.3. odzOdz' L fkdOwds’ hoadHSG' fMls'
fso jtentsdy , hts Bjtkl! EyOfk! E fsyjn
ZzodHGC " Mls! f4ted d3" h j dzdaw syt ¢ ¢

fjtofjdeHdC vt des Resdzls OC sz Mts s dg s s o atstied
Lz YyOmlilsdrnl & jsiizf dgs dzOMmiszf dz § sL dzOyJ dadz” :

VY. s jckste hoduSmhmls' ksySd ftd tbf

yqdz' dgpntcd ydesets € tsdzj mMO;
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(2

VP s jcltste hoduG s’ jstestuR'd o fjmed:
" dzfmiste iz d3j dals Iz

V. s jckst heoduChis'  p' woipidocas
L dztiz 0 Ofilpflzisw 3 j dzd = . 59 j tcn 5dz

[ ") deOojHjdzdddd N"NodHSCBMilsw dgeP S G & thzls O &
[18], [43], [101], [103, [155;

v@_ vy _y12 v@ O 12

Y (4.12)

zodHS Mis! tkak ItsySd Qusdzs QqYledz dzf tsc
Ctsdzj MO o tkzntsdd?2 Mydfisgdly). CIaCRidsalddpstso
Hdtej dzy "t sopd( dzdz® 4 P iyl ts

VO =&/ rdt+ m ot (4.13)

i ETyotise T oty K sHME mMPN) § § lsOme ' H Y tso ' H da

14m02 fMmdfifsytete H chyzOls O H{Q da d dzdfy dzo j SOls tste
I'di dzOud B3ts hodHC ' Mis! f4ted &g M j dade” Is t
fJ wfnjd ¢ z dzv te dets sz w9 Bdgitisdgfzb s Bl d to° o dz' M
odClgtststcd BO' d3ts

(r q)d/ /dt+(r1"g)dmidt =0 (4.14)

[ SHOMRE * His' 9 datsfls' My o9 Hds" j dadzv ,
HdW jtojdgy' 8 9 Odzdz' tc' o dgV dzdg¥ ).0 j s Olsdzs e s

F/d/ /dt+F ™ dmdt+F 1dj 1/dt=0 (4.15)
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V MY oo WML G 4. 15)dzj 45 'tcwf ©/dkdt BT dt,

d/jq/dt. [JHddd L dzj o  HsdBd R L OH O'ddsidinpt,, ]

t 4 zlszy o "dhs 3L dz2Oud Bts, o dte’ h dezV do' M Mis ] &Gk
t " hjdade" ydn to' adzvdz &BO' o9dG dzV H:

o/ e = (TG Ll GEM- (GTGF

: (4.16)
dridt=- (i GF/ L7 GF - (FEF ]

1 odte O (413)ls @L1§ fdz' H k2

VO =/ §F - BRI o 678 0 &1 @)

I deOL d ektelsy tad' &OesMls (4. 17) §jtjlse
odGdvHE

o
[ (7769 - 70 691 =| NP 1]
HIN[T s &z kezp@EBE HEG o jtehidd LEBO

1T sHdddydzd?2 o jClbtte dseddOdz y' ‘' k& {§t
odL &zZ0OyoOs Is: mMw ' 9dz Mise (3. 42) ).
1 kEwOrRkzoOdzdzv a3 y* ' ' ' o desfls’ Isted d3t

VO = /Y& N §F - (R

VO = e/ NS G- G/ 101

(4.18)

lted HtsMdz' HY j dadz fdlssdid = Rjs®eL-0de dz’
odL dzOyj dzdz? hoadHSECBSMIS® tckalz byttt @ tsdzk
Il dL dzOyd d3ts Yk hodHC " Miss | 1402 aL OH
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fjtof j dzn QSR T2Y B Ezn ' H dzts B G L 28\ dAOEILO H O dzfs ¢
9 | CBBELHOMGSHRYE sg IBHE zo & SHq 150 o & H 468), dzds
Histc" o dz¥ °

G2 1] =[8 ( = FHWN] (4.19)
[ BLCtdo O yd f§SHo ' 2E&?2 Q' Cdtsdd?2 Ht

q:[r(ljl (arg)- 1y (ar1 )]/N
1 ktOrRkzoOdzdzv d3 y* * ' ' o desfls’ sIsted d3t

N[ 111 =- 1 (& )6y + (& E N
& oF ™ GG = Emerm & er UN

HIEE,.GTEB4 W y' " daelsd f4tehts’ ¢ o OHisQEsdgdzsr s
L ajpo.
1" fpdzv ytsets MY " 99" Hdzesh jdzdzw (4. 18) ¢

\ﬁl)— (ar1 )Gi1; +(%”7)E1rc’7’]F 1/[(zgrl:”’)ElFm+(ar1 GlF 1C

v = [(arl Glrl a?rf%lrc'ﬁﬁ 1/[(%"7)E1Fm (&, )GyF ]+\>112 =)

I dL dz2Oyd s M ROwLdzkz "o dHS' Mis! tkzhk
fjtef jdzHdC dzvw tedizsdgr o) Bl s sted Mis O s
(4.18) . 16" Hdets L yd dzd My "tw'e " H dets[HCd
fjtej i hjdedgd sysS CtdsOClklkz » tsded iz v dgdst
9 j SBBtc’ 4@k
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F=v0 v =2/ 4 N/ GF - G VD (a.21)

[ dzw L dzOn tSH Y j dzdzy ' Mis d dzdetsizOR HLj digBy Jif disct
9 j SBUEBH d dzqyde j SIstste, § %t g jofdistS tizlxlz tc dz

SCH (4.22)

NoN|

Il sdgdzsy doah d MEOdWtedzss sBdHoO " YOMmlis d dac
f' mMdzy §jtcjlsotstej dz@ BO' s

§ =21 § i e G 1 G- Ghr') @29

1 Odzj 3 dz' Misd L €@@YQ'3) Mk dkOdze h o dH O fMls!
Hise ' dz s B dzOf oW dBS 2, WS d2 o di.dz®Y @'lslezts

odL dZOYd iBts MEzdkOtedzz h o @i C Wz o B H'E j Tk
Clpdt® | CBKE Hsls doutias dzls ORiZs dz' ©  sdatse dzd -

C' dzj BOIdydets'  O@mHo.dHOW e B 9 jSlststs

&= (7 _+ C’T’)/\/El(—)z +Gy. (4.24)

skls d§Ss sa0 BB ded L dz0yifE'de o * H @R, | dz

[179
3
tgy —‘[7%@ (4.25)

1 jtoj o stes 8 yd ftcOo Iz Yyomls d dzkz AV
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MY oo Hdsh jdzcgw (4. 2030 F7- &g/ asds f@s 0P s

 d/ md/ /
=IN[(F == +F™I(E{F "=—- GF").
tay ﬁ(ldJ’ I(EFT - GIF')
Il dte' h s yd s Odzdd/ /dis s tzd dg@ 3B tsH s

o/ 1 drm=- (GyF tgy +|NIF /(NI - EF Tgy) (4.26)

gff " 99" Hdztsh j dzdaw (4.26) By 20 o d¢ E
L zOYj dzglz.  © BB © dzfadedts s to 3@/ digts- F7/F h s
o' H SazOfi BSolzj CBBL ' iz oo f OO tc @s2dzj d
9L HWDYX @MW " HinlsOoadoahd (4. 26) o ' 9dz Ml
RO Bis

£=all +bt, (4.27)

Hj jiCysdzfals o L dzOY O 5! v o' o dgv dzdz” dsq

a=- (GlF/tgy +‘RﬂF May,

(4.28)
bz(\l\ﬁF’ - EqF "ty )ay,

aw =[(EGIF tay “|NIF ™2 + Gy [N[- EiGIF My )21Y2  (4.29)

1 My " o9 Hdts" j dg (4 g2)j ¢ I 3 6 bk iy’
fjtcjlso Stogetighlsl O@4 ¥ 23), Glttd Bz’ &
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Lo 2 G VI - a5 VN OF - ( 9 1EG,

. (& GF - (G N

(4.30)

] 9030 yd o My 99" Hdatsy FOzdz' 5O (ds. ABO)f
Wistcdslzdzlz  H dzw o dL dzOyJ dzdzw Mz 30 tc dats h 9 (
ZOf tew 3¢z, jtof jAdzHdSzdvtcdzsdisz o j Ssstelz

2F/ L+ [GIF (1] \/G(lz))+EF (rG"vqlz 41 7R (T

uS= AEG (4.31)

(7 §F - @ 1N

H A =VE(FM2+G(F ) iz oz Zo j § st
E,Gi 1T StsiW' y' ' dalsd CoOHtOIsd ydzd =» "W te d
HEt' o 87 Is!

E =(f1(/.P)? +(f2(/ ,P)% F =0 G =0

FLEME § yofBdEsn ' Hd' , L dz@F sz dgizy o j
L Ouj § @FDed
F/ 1= muyysing(- fo(/,Py)sinj 1 + f1(/ ,P)cog 1) -
- ay1cogg(f(/ ,Py)cog 1 + f (7, Po)sing 1);
F/ = (- upycomg)l(f2(/ PY)? + fo(/ Py) F2 (1 Py) +
+ 11 (1, B)(F(/ R - ) +(f1(/ R~ muggsing(fo(/,Py)cog 1 +

+1 (/,P)sinj 1 - awtpgcosg(fo (/,Py)sinj 1 - Ty (/,P)cos 1);
F m_

(4.32)

=-UpqSing( f2(/ )cos’ 1+ fi(/ ,P)sin/ 1)
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G -m /
G I F-1f . :
2 -§- i sHqddydzd? o jCltste Hslsd
Ay
dz' dz' .
1" Hils Op dov & izf4.3)fs BUSOE s o(A32)0Eds to § BBl * dsts
o P EF VU2 - F e (§R2)

VELE(F 2 +(F/)?] (4.33)
_2F (0 R+ (130 R~ F VD - (10, + (130 Py ) )R TER2)
JEL B + (a1 P B +(Ta(/ RYDIE ™2 +(F )2

H (V1) (FRA1D) i o L dz0 U d d3(2.16)ls0@B O L *
{sted iB3z" di3ts

(VD == 1/, B) o/ )+ T2(/ ) (Tl B - )]~ Upycosg)-

- migysing(fy(/,P)cog 1- fa(/ ,Py)sing1)-

. . (4.34)
- aylz1c09(fy (7, Py)sin/ 1 + fo(/,Py)coy 1);
(SRAUD) = [(1(/ P - m)Cog 1~ Ta(/ Py)Sinj 1 +Auluzising
1 tg d
EP - G
2F Y11/, B2 +(f2(/ R - F! (5 V12). w35

- (FU RO+ (o RY)DF TSR =0

dGRh tc bk dtse d Hdzv doupegts i  tomtf dzfs Uzn tlzts” | to
C 5 dzl9O S s dzvuf=0$ (

J tctsB tsls 9 BdzOdets tstc’ o dgV dz' ded 2
ik RO to dzts hogdHC Ml fjtj dg hj dadaw Is s
fjtef jdHdS Edv tdes Bz &z dz'iz o O dadddglsy@efidsa & 4 |
" demistclz 3 dzlssd3 L J 9 sdz' 9 j 6Qs Kz deamisdgisdzlS tsla
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fesW " dzj ds, s O dzddiss StcwtewsH ¢ I, o stis joud H3R'd

Of esS Mg BOY' ~  jotd o) dalsd. tiLkd sOIsd
( tc.q116).
CyMMapHasa CKOpoCTb }
| | | ' LUT/MM/[/
*._77:700‘, Zz_=77, ad fﬁ?/‘{/"f ‘
125
' Zz=65,‘227-77, dd-éZM»/ » ; _ ||
[l V10— %
S —
N/1=50 22=17 dv=62mm1 L 751 | ]
N~~~ —1 /
KZ1=100 22 =17, dy=52mm—{50 s B
2l | L+ / |
(] P il | .\k |
| 271:50’- 22=17; di=52mm 71=68: 72 =17 df =52mm\
_72‘_707-19;5%-4;2%0_2*&5%&70%72 Hind

tdMm. e BB3GLdz0 hodH G Mis! §jtej B hjdedew Is
fjtef jdHdC zdzv tdd@Cagdz dz' dz' @ S tsdz

10 HBftdBkter fotsectOR@dsets L OB jL T j .
Mddzlsj L CdelsOCIsdedrn b2 ¢ BHLdGH dztf & ( fZO€
hsCBdzZlsOC BB e j Hj dzad?2 OdzOdz' L Mz 3Ot dzts’
syt CodzlsOCIlskz o dOf tctzdzfizlz, fo6.dzlf Pz f C L

1 L'IO6@z2y " v e JOudiOrA Ik GBI te alzts hodHGC tsMIs'
ssyts¢ CBdzs OC Iskz ) 2O v i3S Iz, fJjtefj
ftej HiNlsOo dzj dzd 2 dz0 tedm. 4. 7.

1 0 tedMm. 4. 7,0 B8COLOds (tBlzHgE
dzts tc 3O dz! dats ', § fizists ffalgsyj dedev & &2 9 ' dz! dzj d
Hsoydded hdzwrik btytd CtdlsOClskz o' H ©H
Ctsdzj MO (tedfm. 4.7, 90) IO ' dhstezdzj dzlslz ( t
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RHEEOSOE Dy

t df. ] 4L 06y v IStGdzGaitbikOc dzs’ N o
fjtoj &3 hjdadg?" btsysS CdsOCIskz o dzO
C ts dzls ORYlsts O alz’ ~  § jtoj Isd dazo f tes tp 3O ¢
f dztsh iegtstf j toj daj M P leglets | i2tf dez 2 oo d 1dzlz@aj J
Hsoydded h e ok s SEHH & 'dls OF tsdzls OC Is |

Csdzj MO (o) kO ' dhstekzdj dzlsk (¢
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] sHOdz! hj odL dzOyj dzdz? MEzBOwdzs™ Mo dHC
dzj ° ™S zOH dzd .

4. 4. sjW' y ‘dasd fdstsdzds CtsoL Odz

10 o) dzdaqeazs hazg b C t£fiplo L OfiAdfls M tow y j
fso jtehBdzOH dzs fMkzHdlsd s oj dzduddz 1§ to

fsojtontdsg . 1 Ibitte' ' L Oyl Fezpdetdgy o o ( & ¢ Id3§
s dz? €d LO hoadHC" ' Miss CtsoL Odadzy dijlz g O dadg™
Lo totsL d 2cdii @figle] 1€ dzitds ipsd3j dzlsslsy j, =

BkHjd&s odCstedmstsolo Olsd € sj48 101 dals df

(B W Y'eOdged dadlsizf ded &3 ud deSBY S®AZ'HIf SPJ te
[99], [103

m =ve2 vA. hy =12 1y (2) (4.36)

HiVID . ksnbkde hoadHuHSBMmis' € tso njOsizatrj § @& dz
¢ fjtoe Bt ezpstol a3 dzls k2

vD v@_ hgduCsmist  fjtej s hjdedzy ktsySd
fojtond C HOO§ERE] W SdeQ o SdgDd ' 1o gts fisds
hodHuC il Vo Lowdgas shs’ kDO i se ¢

BB dt o Odztsy’ @' 0 ot H ZQAHOY oW ZON b 58 KOtizte

o d L dzO @ ldscks d3BED17) * (4.18), W C hisdzd & O " eijsQ B 65 to
f'H ipo ddsj ¢ ¥ B

1 o9ditstedMmMlsOdzdzgv d3 o dteOL " & (4. 13), (
By 20 L Of @Inodil * o

—(12
( )]2

—(1) (12 —~(12).2 , =(2)=(12
b =N D12 ()]2 (212

W\ ) hy =" 1IN (8.37)



189

1 HmsOo dv s ud b ¥ st @E ey D asieit)d Lo
(4.18) u"fnde l]’JtGJlsatstGszJ sted BO' &S :

m =1 2 1mE - 0 RIET- [ rl”ﬁFl hs )G B IFYEG - R
hy =1+ F YEG, - F2) K/ (ElGl Fi?)- ”551 (V r1 )R]F - (4.38)
rlm)Fl'(V 1 euF ')

1 Bltedd3z0dzd= odtcOL & (4.38) L LtOrl

I EE (PP + (1 (L P )R M+ (VT )E

hy=- X , (4.39)
F((f (L P+ (T2 (/,Py)?)
Jlie! 2 (5 2
A 1-F «wp» (f2</P)>? - (4.40)
400 RZ# (8 0Py D) - 0 T (P (12 U R DR ™- 7 11 )

cSChts ydfigp detc@®@f(G4 . 39) digdzeH,tstelst® ds Sy <€ d
dzj M dauj ded o5 L dECSYS stada e dEOmd@Es s oF(’ =
) tedF/l. 0 Sy dessC tf af s@ugiaro ¢ L dzO Y j dzdzw
dzj S dzuj dedesfls® L O Edtse d

F/ (1 (1 B2+ (2 (1L R))D) - 111 (1 B)2 +

| _a2- (4.41)
+(f2 (1 PP (v

r/)F’ =0

vdised (4. 40) , (4. 41) B 20 o d ¢ tSto
CdzsOC sz L dzgj MC " deyd dzdzed dsd § dlssBd &3 $ s
M cOyr o Qdalzv ClsEdlizE fiflz Is.tc z d&3j dzls * o

Iste’ odgvdz! dzgd?2 OdzOdz' L tog L' kydz!' ISl "0 g
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(oL Odzd HEB@®RIWOYOEsIE Ctd i ' dhstlkdgj
ftetsy ' dzj dbOes@lifijlsatc Z[Bj dzlstsds L oSl udpjds,’ IS
Efs fBEWHS R, o SsjdyPdisOls’ Of to i€ I CROQYS |’
g LEd 5Ol q@@sgumm;s 438);

KoathduumeHTbl yaenbHbIX CKONbXEHWA

7J 1, b/ ’72‘ /]
5
| -2-10 -8 6 -4 -2 0 2 4 & 8 10 12 Hiwd = 3 i
71=68- 72=17- i =52mm 7150 72 =17- ty=52mm —— 0 T
)/ / __—_i'\\:\\\ ‘ ™ 3 N \\ Z7 7[7[7 ZZ 7 ai 52/‘1/‘7
] ) e W (2,68, 277, o521
AT =100 22517 dy 52 |/ \\\ — | Z180. 22 =17 ds =52m1
D ol N 51 N 2100 =17, G52 |
/ -6 21=50 72=17- di=6mM 2 68 22=17: da 62MM }
|| %/ _7\ || | 250 Ze=17. dr =620 " T\
| CL1-6 \\ /| == =7 —
- // R \".\ _9\\\‘\\ \_’_',
\ N 05
/ Y | :
L1 ;// \\ -1— \\‘\‘\ |
~ 7166 Z2=17. dd.—ézmlﬁ‘v ~L B 00 2=t B || | PO 2O 2] 4L 6L 610 12 Hiwd

tdfm.s®@iB.y' ‘dzsd flstsdsdn CtsoL

4.5. 1twdojHjdkO CtdedL dz® ' df j to S txiziak
ZOf oW 5C L

ud dzd to' L Odzdd” H j W@k @suflaPde O dzls Oy z o Odz' d
WkdC Yy SdOdz dzdn o jtentsdy L ks €' dzpis
L dz@s\fdg stEo d L dz@ @) H j dzO  uf oo i Lf A § to -~ Bjd@ o |
O tew 3¢ &z,  J tofnjtsizn dp'S &z o3 das|eplo, 4108, [133,

[139, [143, [160, [163, [169, [194], [255.

}° i teodj HY didts te 3OFzC Wiztf o d LegslEOL & d Y02 s
tc' L dzd yedz C et @ ff to - s dz 9 L OG Odz!tedztfIB2[138ts tc A3
[143, [144), [16]3, [177).

Cf & c®. O (4.42)
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HicD c@® i stesod &2 sTdOd yded @ 2 cdao d
L Odz'Odzts Bz dzts te 5@zl dets sz 4§ j 6

r dzv o dL dzg@&qdpdgdey &tcdo dL dzd 1 so j tcAsadz
L Ofnlis 5 &) & taGyids jL ' j [1Z2], {253

cy & Ei(F™?- 2RF/ F™+G(F')? /D1 EG - F, (4.43)

HIE,GL F- SBJW 'y ‘dzsd fjtehts’ CoOHtOIsdyd

o d te O (3Aexd
F™ E/ - Qsfyf dgds 7 " Prtele'd L dzOy O Is! i32)o d e OL O dsd

_.12_.
E, R (V() )

_.12Q
D= G 42 1”7)

it sLStedo O yd odL dzOyded ¢ ° L BSedWHEZ
HOzsets o JtoMmisOlsdetse s [5G YI1BH: dzj dzdzv , tslisted d3k

1

3

‘e 2 e 2
L0 BYZ + (151, R))
3 -[(F20/ PO + (f2l PY)IE ™) +( (4.44)
: ) il gl @ o ~m=(12)
(10, RN + (50 P - B @ 8T0) - F (10 P2 + (120, RYDEV )
] odtOLEz (4. 44) odff dzde O , hts o

o j tofls OUs@apd3fzdzj dzdz' dzj dBtsyj BRI, Aj (s
odtOL k& (4. 414)) tc jds oSstedzd ditdizim W. cShts y L dzC
(4.44) HBte' odgs " gz, Ists dzOo jHJ dzO € to
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etsL GV dzzlsd R YL OR L OCddid L d&zOyj dz
dzf Mfted W isdzd oL O lxgistsio’ d fny tew y J dagfffS " s § ff to
CtsoL Odzdzy MEZO ezl § dzdzs o J dzd €' L dzOyJ dzdz™

Iste’ adgv dzt dzd?2 OdzOdz' L 6 g jzrdg! datO'ls © © to dfese
2O tew BS k2, fjtefnjEZH @S e Bdes&EIskz ftod dzO¢
" demlstcz 3 delssd3 L J osdz 9 j 60 dz@ dglzfm f tc &= 3] dzls
ol dzj &3, ffed i@ dzifdiss Stes[tow H C 2, o tstis joud @ dZ
Of es¢ d 3Oy "', H Qs dif 1oE) SesH1g gzis(iztelzf fis.Ols4d. 9 ) .

[MpuBegeHHas KpMBM3Ha

A X np[1/Mm/

as _
21=100- 22 =17 dv =52mM ]

]

7

T~~~ |£1=68: 22=17 dt=5mm

I~ .

17- dd =52mm
e

N 4z
' L~
100 Z2=17. dy=62m | A+~ P
/

\
\ \

\ 1\

~—// /

N
1
S
N
]

N

/, —
S eyt =l R

J1=68 72=17- dy =62m1——2L1=50- 22 =17 dt =62MM 7L

e~ —_— ] /
L

/
[
|

A
/
//

| 1/
ol

|
]

~2-10\-8|-6|-4|-2| 0| 2| 4| 6| 8|10 12| Hmm

tdMm. 1 dafjoH. j d2O CtdodL dzO o dzOf 6w BSC 2z,  J te

10 HEf B foseteOdgdztsets L OBJ LT Y
fif dzls j L &2 Cdzls OC Is dzd n Is s y s Q37 ) CedOdEdizd As IS td
C tsdzls Oftfstizer | forn dz'tcts o | H | fApd] HQ dDsdz' LC tod o d L dzd
f 4t jdzen d ¢ iz waizt i3§68.dzls OC Is Iz

10 dzd hd nisdsd Isted Qdadzy d3@lO ydzd = § 8¢ OL dzd €
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ZOf oW Y, dzH fl § B dzv todets Bz dz' dz' ¢ 15 tptfOC jlsdzO
CtedodL &z ' MERBOLdzO hodHC Mis! §jtej &3 hJ

UV POWERESHASHBOdH O cudmilsj di30 ¢ tststeH d dzC
ftcdoowL Olsd tojtfjtc A€ ddEC dudps LdodEsdg) € I diss ' ts
Mftewvakis® 5 HBIsdyds 2 HE T¢fttiziscof dewiasdz’ 2dz' d
HSls  Wdkesd , oz’ Is td sty ‘dzis te 3P wzd ).,0)4..20v y*' 2
CtotstcH d dzOls Bsy dz0 f tsBlzHEZzo Olsd dzts tc 5@z delzlZ
Csdzs OB )4. 10

o B
tdfm. (840 LB . Atc] dzg] " BO df tSdpldcq Pasdz IHAPE

O ftcd&d@jLf j o Atc] dzi HE Gt dels @H lsdet®’ tsdds
f dzts e daf j teff j cisitlf S dzw teldis dzls OC Is iz
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@ﬂ Workplane

=]
Wmsa
[¥] AktueHbii [¥] Tpynne

[T Macrep

MpocTpancTeo [noBansHas ']

14605897  -56.44109  17.713883

Ocun Mosopot

&~ Alignment

] [ Otmena ] [ Momows ]

t dfi. ¢4z0MAtcadj H j dets”™ CtcdodL dzed o dzOf t6vdp
Codzs ®C Bff tc | RowerIAPE

O fsBEHtS O dz';dz §2] tdfijfgadisdedO 2zttt @L 5

C sdzls OF Is dzd o3 o tzl @0 Wrigd] ® 'H Y 6ztc o dsusdady



195
¢ dzO0dz' L ftcde j Hj dets’ CtedodL dzed o dzO{t

Cs@blsz ftcjHMisOodzj ded?2 dzgO tedfy. 4. 11.
HSLotsdzW' BEHEZO OIS dz' dz2@ W f jtejilsddzz dztstec
tedm 4.11, 0 sCOLOdts {tsBkzHBOO d' dz 2
ANtojdaj) dBsydzO f jtoj B Misdelsd O tc g@dzt tzts fiyls ¢
CsdzZlsOCIsdzgd i3 dz' dz2' wddd © B € 9" H (B9 ]tcn
&z 2’ CdelsOClkz o fhshdd , §jtefjdHdSE
OzOdz' L zo O ftedeojHddzz StdoadL dzz o Istsyn

4.6. il beduds B6COL digddd hd @55 dzgd

1dBBistedyds ¢ dzjfi3Ob i aled diSdes SQfLindsd &
LOMdzse Odets™ dzO €' dzgj BOIsd ydzts? S kD nds, WOHz6
LO HB BdRsEsH f ctsc tcOddzts G 5 LOBJ LY jydd
C sl dzj ¢ M dztistes] YfiaBte BRBjBBSH j dz8 9 Odzdzy O dzC
Vstodiskzlso stej dzdgv W k2 dz€ y' tsdzOdz! ddd © dzfh s s tiyg
Odz' degdr (., sohjteE tsRAcE286s! {1 O tdf. 4dzb2tcff i1
O dzOalE jLts dfjulsitef & ' A Z3OIsd ydzed = § ¢ OL dis[cR'’ o H da
C' dzgj BOIsd ydad mn M j oy & sCoddIshiplds 0 stc j dzdzv 2

VY

\J|

t dm. whzlsl sz dzéi ©d3] Isted ydzd = C' dg i3OIsd
fd i HESAN 2B
1R des s yd LO HBftdisetss Cjtolzs yda Jj d
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By 20  SH EZsROEBS sy o deso 0dlE ¢ j sdj stedy
C' dzj BOBdudzd R Y COL dzdS' o os Qistsda] ' dzt © ©dz
L 20y J dedz” L [T6)s[YOPIs ¢ s d d&3d

461) HdegsMdz® hodHC' fls! CmolL Odedz" tetsB ¢
] " HdzsMdzO hodHC' fls! CoL Odgdz? ' tHd

TOKOCk | Gk sdpE AL § 5Y jotcS sdz' L B
L tesBBYB®BEZ L Oy f dzj dzdz® o ' [M7&sMdzO h o d

VAR VES (4.45)

HiVOVE . g jclksted hodHSMs' IstswSids oS tsdiksO

ftso jton dz SO mtOdz' W C° sy dzO o dL dzOydlsd

GO =7 470, (4.46)

sW®™ i ojClste hoaduSMmis' Iksys do C Bdels
ftso j el 7 o jClostt dzgsmdzes’ N odHCiise ' fdetsf

fsojterndd L dOt' L Oddd ¢ tsdzj Msd3.
] " HinNsOQodzwes yd (4.46) o (4.45), lstd
v =y _yn2), (4.47)
OB Bl On t59(X&MUJ

V12 = (g +wp) Wi costi + £ (/, R ]], (4.48)

Hm,woi S lstse ' hmefjHt€lds@ydedzy , o' HY tseo ' Hdzts, b
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L dzj ez - s5d3" 2 mMd milsj &3 C Btstc iz pdz@iisizts I Az
hodHCBMIS

V{2 = (g + o)W cosb;

VI = (g +w) f1(/, Ry (4.49)
vitd =o.
LIy, 35 H zlzz'e ' HodgtLirsdEste hodHCMIs' C

fso JtcmnBYzb L EzB

r\7(12)‘ =V(12) =(m + WZ)\/VV:% CO& b+ f12(/ P). (4.50)

) Y fjtjkottjd Ghtd B3O &t

vidd = (m +wn) f1(/, PX)\/ctgza cof b+1 (4.51)

1 M 99" Hdtsh j dz (4.51) o d { lsta] "o tO©dzts
fsojternds , 9jCltste o' HdsMmdes st pidor C2s Mmifsdz
LB yomlsdr fjtcjHOY. Il " HdzsMdzO hoadHC " Mmis
f sdzs " L ONgidlf dzj dizditzdzts dgldzts ndzO M o dH & " Mis
LB YyOMmlssets o' dzyw Hdzw f jitej oy dudzOf @ teyd diz

10 tddn. | 84S QucOdleRfalz Hdetsmdzs™ Mo dHGCBSMIS
C' dzj BOIdyded s M5 j B¢t s t6 dtOlinlize tote | tlztdzts y j2fm
CJdtolzo dgdmvdz] Iste* * © L O Hstf i e 58 Cjolzs
W ts tc d3ts Iz Is o W]t 4 9zdzw



CKOpOCYb CKONbXEHNA 8 CKOpOCTb CKONBbXEHUA 2 |

t df. |BOWBEC H detsMdzts’*  hCatstor COmAgEY

462 uZBOLdZO hodHC ' fls! fjtej &3 M j dadzw
fjtef j dzi d S Hdey tdis 5z ds@fstes dsziz

HEZBOtedzO hodHSC fis: fjtej d3 M jdedey Istsyts
H &z dz' * CdeOdildc@ ilEAs s dzts o HAf Isiadt® e @A0ak® dzts G 5
B Ol yddid Yo jternd 3. vdd3 B dzr hj
L BOM ZooQd@zvdstsH " 8 yd R fto jtel sdz .

v  odL dzOyj dzgdg?y Mz BOdess hodHS sMis'

hodH SEBMItcd tkh' Istal d dedis desh®s stz dz3 2 ) .
y' o ostsdsy HI W] tegedagOL (2. B[236) L O yOMmtds

—+n — (4.52)

[BdHO" yOMmdded odtOLE (4.52) {tsdi
ojClgste f jtolf j dfd d Oy &Skl . vSOT g ( O S OFted
s §h s[g|=1) , VB@&=0, OBt
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v ”c"q:(r—r{ c"q)c‘ﬂ+(rnm@)c5jﬁm=o. (4.53)

[ dzo d L dzOyd dzdz? —elsts@d—m HHstEipf ez ( 4 . 58 P ditis

M o9  Hdatsh jdadzw, s otOshmizi @B ofidey 1 o W, day jdzizy

(3.76)

g/ A gmdM, o & g

4.54
d ' dt ' dt (4.54)

t " odgwdzdegw (4.53) ° (4(%%7 O%ﬁr],lsvﬁisﬂdzlf

wedn @Qﬂz@%, Pdgides o des é:1 (1/M)o' Hid S

LOdzd M d,dzef ) dzOUqd d3s e dt’ "deh d MmdMmis ikz
ZOf tcd S zOH, L O ftcOQoddzsds steOd tc O

s m

N R N R
o= 1 M= (el aa)er - [l

l i

0 (_ )
D, = n = rmcq CF/
PTLE g !
D ma o (r’ c"q)cp/
N !

ldte" hdehd My " dz dzts 4 ,0 disiimig 3F 435 3 )
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d/ D/ ) mrael
mC%/ ) F/ C&m )’ 455)
dm D/ ( @1)@/

bl a) 7 )

1 " HINs Qo dzv 8 yd tslsted 3O dz odteoOLd (4.5
tczmlz ISty f s dflaBCjlstdzn dz2' o MBI B Cstste

Pl i Gk il e

1 BEdvHE &0 st &0 o jiGERE Gk S0

= d dzqf2y dm § QISBtGénQT{E;ﬂ%dZ,OdZ
n

skted isz‘ i35 L Odzj 3 dz' Mls
it drimaan)- et )= || s ).
sz, LOfdh jdiigs to' adzvdzdzw : (4. 46) 9o 2

/ Sen
viN= mz%/cp\l)‘iq/ C%L? ) (4.57)
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] "B@odvsyd (4.57) o (4.46), lstddC
CsdzsOCkk 5 Hodfusarjzin 0dz® tc O Mls 2§ dzs iz o «

AE 7 ONo|da e VL (4.58)

R7a al)- R @al)

g W sz f3&lOsdcL H o dzd tAEES Is ts to [z 5 sitks  dz 'dalz
Csdzs @l sz mjstc’ o dfi58]Ols d

el - /Gl

\/E cﬁFm) 2F, & "¢/ +GnC'6Fi/)2.

Yy Otfjzdizsm ' Hdz o' o dgW dzdz? L Oy ff dzj dzdzv (3

(4.59)

F/ =°W, @osbBina;
F=°sinb@ina; (4.60)

Fi/ = @R sina,
H JWZ T sa " WHHOHESEW '] 'S :

/P&ﬁ )+ (/P )08 (1, R) &, (/,R)

i T
RARICANAANN

(fz'(/ ’ Py))2

l cOn o2 yx6), (2.42), (4.5@59) (4.6«

+1,(/,p,)=0.



202

ey sinb Gina df G, (/,Py) + [ Op(/ ,P,) Gosb - k O (/,R,) Ginb)
q: =

\/gfll(/ 1 Px))2 + (fz‘(/ : Py))zgélsin2 b@in’a- 0+ (V\/2)2 o< b GBin’a

] W, cosb Gina(j Gin b +k (eosb) _

\/é;(fi(/ , Px))2 + (fé(/ : F’y))zg("ﬁin2 bBin®a- 0+ (W'Z)2 o< b Bin’a

[ Ginb &y (/,P)+ ] &a(/,Py) Gosb Ginb - k &y (/,Py) Bin? b
= +

\/gfl'(/ , PX))2 + (fz'(/ , Py))z‘é’éinz b+ (V\/2)2 od b
- I('W\/Zcost"Sinb- IZC'choszb

+ =

\/;;(fl'(/ Rof +(ra0, Py))z‘é'c"sin2 b+, @og b

. : , _ (. , 4.62
PO (/,P)GBinb + j’Céfz(/,Py)- Wz)cosbc"ssinb- kCﬂfz(/ : Py)C'Sin2 b +W, cos’ b) ( )

4,0.pof +lfa0 P )zgéin2b+vv2 F tod b
o o el

z2C Oz hodHC MIs! fjtojdd M jdedag" Ibisytss
Hielz dz2' ° Cdes@afst0oddExzOyd dizs, v ¢ bk @ts 4DY ' sdzOo
p=rse,:

/&N .
o r dg) el e

] BEd"HE &O L Odjydshls' (2.36), (2.
oduOL (4.63) fjtcjlsostcdBs

\/(fl'(/ | PX))2 " (fz'(/ | Py))2

" \/(vv'z)z cod b+ é;(fl'(/ RF +(t:01 R, )P 2ain? o
u

3

e . .
3 éR + i/, By) (w2 cod b+ 5/, R, )@in? 0)3’
¢ fl.p, y

(4.64)
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W60 RF + (13l ) 3
\/(vv'z)z cod b+ gfl'(/ Rf +(60r, F>y))2{§,’c"sin2 b

e
3éR2 f(/ P )(cho§b+f2(/ P an bﬁ
¢ fol/.p

2B Glsted RO ' fisddadz L dzOyj dzdzw b ot
Bizsy dlsd o' HYteo' Hdzs dzO € kzlstsouy ' ChsodejigifOs fi |

s BOLdzO Mo dHS ' Mis' fj tol dsd b glz@tizts v 38tk
HJSkEdzv tedzs Bz o' dg=lc Fhs dzls OS sk § o d

\/(fl'(/,Px))z (100 3

\/(VV'Z)Z coszb+gf1'(/,Px))2+(f (/ P )) uszzb (4.65)

e

3 R +-+ Ll By )(cho§b+ fz(/ P )@ln b)(& 183
é
&

(1, Py ) ¢ u-y

Ui =Usp U2 =

s Izts=%'r f j 6§ @ @y def) dzts it @fig O
2

gl ' @9  Hdzsh j dadaw (J4 H 628 ) yff tiztc Gza jo H drdzq .
LOGOdz dzatscts edzf{aiEizCHSxtzISLO C de'tsdlg, 2 € bpdjdic fpls Gils' chat
LOYjfdzjdedz LB ' €O Is: Mw L 2 d2 ‘¥ Ctsdals O

1§

) tod 2R + Wy cof b+ f,/ P, )ésin bc%—_o 1) Qe dzO
fz(/P>[ 2 2( ] -

hodHC' Mis! tki zu 5y s WOzl dRitfeRs 6, f) dz' H

od¢Cdz¢ ydisd L tctsB tsisd, stsdzsz hts o ydn
dzj MY ted W Is dadgO N liz ax® drap

1 16 {[fl'(/,px))2 +(fg(/ , Py))2 =0 fls @z dEs o dfiEH & 2 ezl © 58 '
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Hitso " fdgte jtcrdzg , N ctseotstedls! ftes dzOW o dz

463stsji W' y' ‘dzsd fdbtsdBdr oL Odz

Jy' dzd Isff zo1Odisizvdz € d i ts ' Hdesmdz 2 h
i vy jfdsfonj tor Sdatlzj H sfls Qlsddy’ 3B * dz! b sBO‘ ¢
L datz 9 O dzdznjs o L OMissmseo 28 Is! Mw CjW' y'
siW' 'y “delsd fdbtyzdn " § g @dy MOL Esd L dzO
o' Hf 59 ' Hdsts ([188: ¥ tstc d3lz dzO o3

12| 2 12| 2
/71=\7n1\712;/72=\7n2\712, (4.66)
HJVE, V2 ihedHSmis' ok IsapEddiSs s DS dzt
ZOftew d3sC 2 o  Hdesdets™ hodHC BMIS'

A hodH Stz o dL dOyadzgydzedzw SO 4. D8 ) L

g iHMls el sTOEE OB S df2j toff j dzHAAICRIZj dewisEs teHz dzts ) dz
ho dHCEMEEOD 5o 2 y@.36) A3IBOE.4D), (4.68 16 BO* Bt

i [fow@os 10, 137y

7 Ni
n |_W2 col b+ f?:(/ , Py)@inz del(/ | PX) +V . (4.67)

] HMlsOodvs yd k odOL (4.66) L dOyjoc
CsjW'y' ‘dsd f:dssdds SsoL Od

o U+l

hi =+ ——d . (4.68)

% , R 2(/Py) ‘o1
=G P )N, co b + £/, Py )Gin? b)

- O: OO
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] o "Hjdrz(iz4 . 6 8 ) odyf dzde O , hts Ctsg W' -
L Odzj ¥ Ols! o yzd & j tedsjLisiis to' o LB yomilsts’ 1_
ud mdzO, ylzb ez fdzdlgac~dz2 * odn Hdzsets C tsdzlst
LV fd M L OU/fRRFGed, W HY ' delsd fdIsts
HisSte' o dg¥ & Is! dzlz dz& . 1 5 dzd Is O¢C t5 H S

Wo o b+ f5(/,R,)BiIn2h=0. v Yy sk odfOHCE 9]¢

hodHCEWR'B ¢0' 5 MY L &ZOf ew BCsd5 dz' dz
fjtoj B hjddy bkoysS Codsbolbl dohddkd] v
Histe' o dz¢ ' dzj MC ' dzgyd dzdztsmls * .

)ted o dC tdzOdzdz EBso d

R fzl(/’Py)
(/P )N, cof b + T/, Ry &in? b

\°1=0
)

%O (o jtBaOdadBPE' LL' WodvWyls! v shss dd
CjW' y' * desd f Hstselde dzig g8 [ g dzdzs fiyls ' .
ftso jtoh dgvel N jriB® jStdagm O dzj 5B R Hdats . o S dz¥ yd

4645kl & 3y o' HdzsMmdzss h o dHS ' fflerdzls O S
l jdzduyddz® SEklkO & 3 o' Hdshdes® hoadHC
Likge ' dzOftew RS sd & d2 € tdzls O Bdstzdafsise
G@® Is o s ol Qg dzsleds %S dEdidzls OC sk yd 3 o j to
Yyi2 CHyseo | dzdsrdd “"iscs, kdd S©Ohj k&t
CdzsOC sy ydi 9 ) tof sdz
s OdzG j dzh) S klsO ogtdyttmomgbafl. dzOy dls d

(4.69)
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OB, owOmrtokzeyd (2.36), (4.48),:(4.5¢

. > [ . 2 o . )
tgn:\/(fl(/’P?‘)) T(fz(/,Py)) 3 wzcaoszomfz(/,sz)csinzb _ @
sinb @osb fz'(/,Py)('Wz'- %fi(/,Px)) +(f2'(/,Py)) g
1 fufdztoheoj ' dzdzy (4. 70) o df dzdeo O, hHhts ¢

iz o e sdz' dzOEE W 3¢ s/ s oz dA‘S s dals O C I
-f b0, ssBIsts 9 f jtojlsddzOa L zB yUshipls estss
f so jtokhjdzh stc’ o dg¥;'  dzlz dzv
-ftelf=","® ° dzj tj Odz' dzdd3 H dzv yddz dzH 60
-fted oS BdzOdedz’ ' o datsmis®

oo

=0

ol o Bl o (st

led o d ¢ tsdzOdzd W Gtod bty JGin2 h=0, 08

' 2 ' 2 )
(fl(/,PX)) +(f2(/,Py)) =0 CEE=0 1 * dzj M tsd “ndsdzdsaed] dzc
BOMdY des ¢ 5 € dzd dzO

465) tcg jH Sde@ o dL dzO ff safjotcrnasdd j tetizjpdzH € |
Hislz dz' = Cde@ifstoC dzzlz

lteag(JH] d2O CtcdodL dzO ° HdddB L thdse dz
off dzdo O Is! dzO@ € s5dzls OC Is dzlrf odz’” yvda] dif ldeik]j dhisidzQ
Ctcdo dL d&zO, Isd d3H B 5 dzf P grozitimiasy & s o, slsy J
C ts dzls i€ Usdzizlz © Ogzdew n OBy et P RO Ctodo dL dzO@ 6
f so ] tcn BYizo L@~ HJIs! Mw ) fJtejte L W, 1
Csdzls OC Is Iz, stz & L 2Oy J dedz¥ o jjHej Is
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fdtdHOy .
) alj HO} dzste Oz dz@ S @68l L dzO H st o dgk

Cf & e . 0(2), (4.71)

HicD,cO . stedsod & Stdo dojdal W jsil0jddaitidn O |
LOCOd descBlz desteROd des Bz § jtejsddz . wh
so ' Wdsts’j th dz

cV=c- cff) (4.72)
skle- Ctodo duodzCeldsiss j thidz o L OGOdz dats
il Ytodjnjdz0 Ctedbd tifzted | CEEY 5o j toF o

GOk Odfsdsj MO o Bz % §jtoj
SH' (4.71) By dO fjtejlsostedlsd

Cf 5 - c&l)te+ C&Z{ (4.73)

) wafj H j dz0 Uste d afaiamdiCs B dz'e j o 1 dz'o OdfBEds) iy O
§jtf j deH d C oRvde i 5 C @A O ds& L 1 dzets G39B s
odL dzOYO' Is! W MY 98 ' Hdsh j dzdz” o3

i) — En(lzi”ﬁ2 ) 2FnFi/ I:im"'Gn(Fi/ )2
Cé’ tc ,

b (4.74)

HpdL dzOydzd €
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En En (\T(nl)rn/ )
Fn Gn N(nl)lrnnﬁ ’
S

D = (4.75)

OB 516 OF & 9(236)242), (3.78), (46B s o  BO* &t

. fal/,Ry) <
m(f 27, R, )@in? b+ W, Go b)‘f (4.76)

ltedo jHj daR@f Eidefd] o Isa st dz

cti; = @ fZ(/’Py) 3°
2 gp

ARSI i

émé\f‘fl'(/,PX))z +(f2I(/,Py)) g@ln b+(VV2) oL bul (4.77)
3 & =
é, ., O fl(/;PX) ' e D VoL 3 ﬁ
gRl fZ'(/,Py)(fZ(/’Py)CSIn b+W2 @o bﬂ

] HMlsOo dv s 4. [ 3) 7 BslacCq@rl difstsd o j H j dzlz
CtodazdfL CsdzlsOCIsks ydoy of so j 5 tedp'j dzn B’ bodow’ t
C s dzls &OK lBY &S Iz
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(R +Ry) (7 Py )

c 3

"ol

1

3 3

(4.78)

5 | .
eR, + fl.(/ ’PX)(Wz @os b+ fz(/ ,Py)éinz b)g
¢~ 2l Py) ‘

"W'Z)Z cog b +§éf1'(/ P )+ (fz'(/ : Py))2 8csin? bg
3 € ¢ - u

ng - fl.(/’P")(WIZ cod b+ 5[/ P, )&in? b)g
§° 1.m) d

[ 5 Ofi2f teo geic 8 Y B dzls O gYlso L Nzjplly 1@tz ijO, BYGHN |
C todidzde  dzts tc G5O oz’ tigls sz jHtgittg jozH o 1 tirlzlzwdts dzts dékzts dz
50 ] torn WRBISEE 2O s! BY¥ o dz 5 ¥ frpplsy, S

Aj By ddet, Wweht sqCdk k! fvw k&ss O
[(WZ')2 cos b +(( f1'(/,R))% + (fz'(/ , Py))z)("sin2 bJ =0

[MC " dz € ( QtSJSW]Zbu‘CdgdZIHCfSH@tECﬂZ,' o fof  O/dag ¢
tej O3, deofsysO Isdz' d¥ eif =GB lsts Ctsdd Qyzés 06 ey
dzlz dz¥

10 tedfm. 4. 14 f8CO0LOd CctOW' €d, Btk
OdzOdz' i tbodj H j ddists dudzd f so j tonthdp oL zBdzOf to
fjtef JdzHdSEdzvwtcdzs g dz' dz' Cdzls ©F I8z 9 dac
CGJBBjIste' ¥ LO HBYBBRsetss ¢ jtlzs ydA76,) dzj
[79].
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OrHocuTenbHan NpUBEAEHHAN KPUBU3HA | 2| OTHOCUTENbHAA NPUBEAEHHAA KDVMBN3HA X

i :
T HERE

0) B )
t dfm. ¢4zO0Mzteadj H | dets™ Ctedo dLYz@OEBY BE Isdz
fjtolf jdzHd S ZdzV o dats: BE@ WO WZ € d € tfsEaAs®IS Istzo d -
ftedojHjdets™ CtododL dzed MY teiwydijdeghnj dfdsve |
ftcdo jHjdes CtdoadLdzed o Hdzsf' L Oy

46.6. A z2dzC y' 5dzOdz' dz' f s A3y pledztrl Is o 5tcj dzdz’

Ctsdz' M
I wetsmls' WizdeC y' sdzOdzt dzd n sB d3d ) 4 dz
WOCIstste' o, L3 &0 wCdn dzd ¥ U d fJodets’
fteOYJjLHOId Mmlis! fjtJHOY" . vCAsdfaz o sty BY d3 Jy
fjtej Stedlslsw, Eddted ' RBQ@dzdz?y ' L Octsfl
ssjWy' “dzls ity Cedlslsw o Oy dzdoddz {t

odL dZ2ZOyo' ¢ dz €' Mils! tsHYGz®Y O M da=o LOE dslg ALdle
tcsetslsd LEkzByomlsts™  Oted .

s O0¢C w¢ yddz' dzH ted ydz fjtejHOYY'L L ©& B dxzt
2O~ ddzz 9 " H d3' dzdzd dp dzis’ Hic Szl @ S aldg sS@EJ Ists
Csi W'y "desd fijtejSCtcdlslsw.

stsjW' y" ' dzs btsttyjoeosset fijtejStedlslsw HTs

e,=z12"/1 (4.79)
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Hiy1jo- Cklsd fsotteslskz hjMmisjtd GHis@LMO),
z1¢"' dz S h j Misj teds (Ssdzy MO) .
skisd fmsotteslskz hjfMsjted (< tdjfs@,, -
Bsy 20 o dL dzOydilsd L (3c76)o dgV dzdz L Oy ff dzj dzda®

. _/H@inb+W2(/1)COSb_
/1= ;
R
_ @éinb+W2(/2)cow
Ri .

(4.80)

/2

Hi/l1,/o- 9" Hfitso ' HOBIs! GtOddydzeddz ssysc odz dz
odtOLEZ (3.80).
[ dzv o dL dzOyJ deday ' np Qg Gy~ ) B @ z<fdnsto
SMisOdzdz" t6" adgwdedz? (3.(Fd ° odt’' "dlsd 2t
1 kEwcORkzoOdzdzgv 5 (4.80) SCwi¥W¥W' y' " dzls Is
odedzv HEz

e, =7 [Wa(/2)+ f2l/2)- Wa(/4)- fz(/l)]COSb_ (4.81)
2PR
) odtOL Iz (4. 81) odf dzde ©O° h s Cts

Lag dzt ‘s v fted §jtejRGH 6 ake yoOHdisets I
Cdgh Sdafh.=c oSniB'ty’ &,dzls HsSO Y L EkBYOMIstse s o' dz
1 tod o dL dzOyJ dzdz' sM! o tsGts Csj W'y
/=lp=const, {§ O] bpeo dL ZOYd BB L i@ G
f tezE0'z=b, bi) dted dzO L PlgW OLBCEt o
ssygW' Yy dzls s setsets it Ctedlslsw HBStE
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eb:zibSinb,

20

] odi3dzjddm; stsBlsts fted §fjtedmatsH' o' H 'BSHAE

CjW' 'y ' dzs s sotct iy e O s2dm)dg dzs
b =c oofts@ 4 . JtRly o Wiind'ls

(4.82)

_U(m)- u(m)
o= 2R 1Z (4.83)

1 His' L QjdzazY yd 2B dzv to d Y dzd T ts 1§ deteAnigy o f s ) dzC
MOBdd3, Y§tedL o tsH dIlARAES \ dotzl g p @dp@ir' dn. v
ftod MddalsjL ' jiHEByW OhGkEE R fnjdiss ' cpddE 3 D @
odCdzs yors yd L daj’ bsySd, "t odSdds o ls!

1 " Hito' L Oglzdzve | itclinds Ols @ztg 3z dzj dzdz' fso' WL O
SeddzOf e PeRtge zdo dn ksysS, oN,*@[d38. Ao"] S k
b s af@ sazz ' s v f

“‘] =0. (4.84)
" /

[ BLCtedo OF g€ 4.dAL4BOY o ©OF 5o BB 460) 2 . -
slsted B’ &S

2\/(f1'(/ , PX))2 4 (fz'(/ , Py))2 3

3 [fl(/ B, cof b+ f1(/,B)fal/ P, )Bin? b° R T5(/, Py)] =0,

i (4.85)

Hi Lap@Eed" HdzsMd s MW O W3S dk M IS jstdai'm,0
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I 4§ OnEEd =0 | (50, + (6207, =0, o g ¢ dzv wd asts
BEL G A HE, YA O d it & o O

|1/, B OWaco b+ (/R a(/ R, Jsin2 b° R 12(/,R, )| =0.  (4.86)

[, HoizZv L Of 58 L &b dzdztieCd’ QidifzL i dztig 5B
dzds 0 " tfds02j tcr dz2@ o dC dzt ydisd Istegidlvdedy & dzv da
(4.86).

1 kdtsed &3 ydesls® U 9 tez@On | e tz® 0 dzy
KB4 dz" § HBfkMisddts’ o) dff ad k@Ot Bdwiflstz] de
A B ydzedr o jton sda . [ d, stseo h d dzO |
dzlz dz¥ . 1 OLodyo?2 dz@tsoeohjdalz@ dzOE B @ ts9 d dzdzO
(0, 25m® NBRESH I di § ddfodz

 dzv o dL dzOyj dzdgr o Isig® S dzlif ls Oz 88 o o dz

S =2<ﬁRl+f1 (/,Px)lsin/ 1 - Wi cosbeoy 4

S =2QqR, - f1(/,Py)lsin/ 2 - Wi cosbeoy 5. @87

) O Odgiletd L dzOy®" ostz” dlzy ¢ 3 HEls Oo dBY® (g
L dzOyj dzdz? t©OH' kM’ & S§' dz o dRplskzt dad ul grdgls
odL d&zZOYyoO' Is! Mmw L sMisrT@dzdzf 6d s L @b © dprddghz)] d
f OtcOB4ils teZOK sH W s Mw L j dzdzd dav BzdzZl 7 ) Ouj § &z

| d f) dzsresSl daz

1. raev sy d€d fsyj ks ybDhsdEBkIiss |
jCMYf &z OOy 2dzds § OLOdkjlste' & LbkBYyOmlsdn
¢ j tsjusi#s ¢l BOId ydze §sCOLddSd WkdSy'
bdz W' CStsoOdzd OB Bles sid R AfOBGBLO Y o' L
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ftesyj Mk BjLYtsMjtcj HdZ 5 ' H Y Ofm td
WhkdCy' sdzOdz dzgd~ (59 j ton tSdzt .

2 . [ dzw ¢' dzgj B3OIsd ydzd ARty d3 ¢ dtGshdalzts a I
BOIs j B3O d ydz' L Odzjoedz® MzD 3O 5 & wgzef & If BE DL ¢
9"  HdzsMdzO hoadHGC ' Mis! C oL Odzda" fseo jtonts

"sttdRsklso stej dadz?, Skils &' 3 ojCkstesd o
ROf oW i3S 55 € tsdzls OF soddgitj dzQz' df @ o d L dzO@ ¢
fjtef jdzHdS v edzgs sz o' dz' ¢ ts dzls O Os'Izfy Is 1t

fJjted 3 hj dzdgw s syt ¢ CsdzlsOC sz ftso jten B
Wsteiskzlso tstej dedzv, Swj W' y' ‘dalsd f dlstsdd A
Pdz W' CsoOdzdn Cjtkzes ydno  OttORj Istefjddzls jh:
WEdS Yy sdzOdzr dzgd - f 859 j o Sdz .

3.  rdzv ¢ dijrdials d Y tet B - 5 s dBEYE 251
BOIsj B3O dydz® L Odzjydetsmls', w¢' MmlsOdd
Ok tsted s Yydesets ' ftosEteOREsE s dJuuadjoL flg
¢ dzj BOIdydzd r 1§ 5C O LS tanj i © s B & ts w3

4. [bttdBPBOIsROE L Odzj Y dsfls', it
Gjdjlstedydz B yj dzdzy ftod Wstthskzlse st

[Ojtt' Odkzd L H' dzz i zB dz' BB 450156, 0  «
[57], [58], [63], [90], [209, [23€], [237].
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tdrrwf 5

s{f1 " dSuvrt1 ¢ wuwe ey w 1t A dwl
AJtITJousl ftriic woes/A2r rRm 1 [ 1 oMo R M

s{frH

J H O dzd 2 Yol k fteskddsse sfils" 0¢
CdaW sted3Oy " 2 dz Isj rdesdzts G " ZOMC to' L dats”’
ftesHESCY X dz®@ eofp' 8 jlOfOF ° °  yjddsasf @t
sjnd ydzsets L OHE&E, ftotsj Clskzo Odzdzv , o d
fjteo Mzse s BBkt o Odzdz? G d3ts dzls Iz
" daW St 3Oyt 2 dats’ fnd mils j o3 . v0C O fistc Ols j
jWjSlsdo desfls® | ftosHESISdo dzsfifflssd & ts i f5 eizk
H Wazt dgsfls® §° Hfted® BMlsea ©, O OCtY tsBO"
oLO BSH' ' jlsOf 9 ydlls' oatsets Usd R cdits dafstets

(Continuous Acquisition and Lifeycle Supporti B J L f j o] tco dzO ° dgh
'  Histcd d3CEG 51 dusdsS dalz 1@ctsH Z2C Iskz) |

v O¢" Isd mndzs dzts e * HiSL @ BdzW &6 Is! L dzd L d
odtisB dzd ylse O, ftotsH Oy Iz, J S &z OIs Oy
MC ZOH dzse 5 5B dZOH dz2Odzdzy SO " Hoadh diIsd ¢ tet
A dlsls’ oatsc € W3 UazieRBlz d¥®6]. dzO 3 0 % [

b Its?2 xJj Yyom, Y CdeW st dzOy "t 2 dgf Isj ~
Ndlsls atséts ydedzze ftesHkzCy' ' sy dzO o d¢C st
JWiClsdoe dzatsils® |, fticsHizCIsd o dzgtsfls s©O toj dz

H Wz dgsls ' MsafOHY O] & Hd&Y flse stej dzdzw
tcOHJC Odz! desets o HBMSE dzOdzj dedz? 9" Hisd3] -,
tetsL h dte dzdzw sB dzOfls ‘ fdzkz 9 O dzdzw ilsof"
PLOCOd dzs 58 ydo &OIsj BOIsdyded s BisHj dzj 2,
Isj AYdizd = L 2ABlsB ' 9 |
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5.1. sty adslfwds 00 ndhlsj g0, W
LOBj LY jujdedgy C eisqpfifloiskfisists afigzds j sOf o
LEeyOMmisds fjtjHOy

1" Headh | dadgw ftecsHEZCIsd o datsls ‘ L dzd
¢ s dzfm s to z CldsjtshtalEs dEtd dHaléasfm  tctsB dzgd Yylso © L B YO
H Odzd 2 Y O fi dzd 3y dzd o 5 BJL o dCsted Mis C
ftosj Clslzo Odzda" , odtse dzd ylse O, OdzOdz' L Iz
ftesdddmMzsoadr MdMmlsjds CAD/ CAM/ CAE HBL 9
J Ot d ydlsls® atsefglsdfd S zlgdz' iz B YyPtetsls j f t
Qo lssBOIsdL 59 Odz0O MdMmMlsj BO W stcRskzlse tstcj dzdz
o d i3t ¢ O3, Wstcd3dz dz! soOdzedd3 © . 1.1, HEM'

s od¢ stcdMmls Odzadzw MmMdMmlsjdg CAD/ CAM/ C/
9 HBRZzoOoafmw LG  Hdes dfipe j & 1. § s OO e@dps’® 5dz
mMdlskzoy' w L odSBted MisOdzdzw d3 S tsdi3f 605 Isj toc
fedmSstedlsd Js0Of ¢is jS~ipshmidst Ausdsds fdcise dzd y L
Lz yomilsdn Ctsdz' M, dzj sBrRn' Hdzgs Qo lstsdzOIs
" dZls j ez ool e iz MdMmisj B (wdm. 5. 3)
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sBtetsBdzé 9 OO ftso jtorndzvW ° By dzde® MmnJ B
10 oadeatH’ MdMmisy di3d dz]vsls -6 d& dztsd3 tisHs jtedf ' d3 C
HjlsOdzj 2, w Qe ‘ sfdetso s HdzWw ¢ jdzgj teOY'

HjlsOdzj 2 &OVYD§ s BOGT)L, OoksdkOlsdL so Od
HjlkOdzj?2 fHOdsHEd AV ' dli stedOy' v &Y j

CADIfnd Mis § d3ffd3dtc " Mflas intkB Codgfde dzv H° ¢ § 5 BJOBUS] Y
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Cucreun
EWTOT OBNEHHA
MexaHivHa 06pobka

bHE T3

Yrigep:
NagH3HHA

cneyiancHe

Bupib
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Bupib
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Komn’roTepHa iHTerpauia cuctem i npouecis hopMoyTBOPEHHSA 3y04acTux Kornic

Bupid

3. MaTemaTwyHe 3ab esneyeqHs yHid ikaui
4. MaTtemaTwyHa Mogent 3E'R3KY eneMeHTIB npouecy ¢ op!

Teoperuko-merogonoriyHun 6asuc:
1. MaTemaTwyHa MOgeNt YNPaeNiHHA KPUECKD
2. MaTemaTuyHa Mogent ynpaeninna npoginem syba koneca

YNpaensKnyMx napaMeTpis
MOYTBOPEHHA. OYHKUIR ¢ OpPMOYTBOPEHHS.

5. MaTeMaTHyHa MCZENb OLHKH FrEOMETPHYHMX Ta KIHEMATHYHHX NOKASHUKIE KOHTAKTYIOUMX NOBEPXOHb
6. MaTtemaTyHa Mogent YNpasniHHa NpouecoM § OpMOYTECPEHHS 3yByacTux konic

MpakTnyHa niaTpuMKa
MeTogukn, anropuTiK, NporpamHe 3abesneyeHHn:
1. NO ynpaeniHHA NONITKAaHEBIMU NEPETEOPEHHAMM
2. N0 ynpaeniiHa npodinem syba koneca
3. N0 anpokcumauii rpusiumy Besee
4. MO CHHTESY KOHTAKTYIUYMX TOUOK CNPSMEHUX NOBEPXOHb
5. MO ynpaeniHHA npouecoM ¢ OpMOYTEOPEHHS 3yDyacTux konic

"delsj et OyYt W

ss®f oY s tdzO

mdmlsj o

syl
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[HTe paKTHBHE KepYyBaHHA

Kowmm'rotepni Mozneni
D T T s A T e T T T g ey e o T | | iIeanbHUX ITOBEPXOHb

33 | f
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: IHCTpYMeHTa IbHi i , Komm'toTepHi
| MOBEPXHi Lo | | Momem imeambHHX
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_________________________________ IIOBEPXOHBb

tdfm. 5. 4. -slsBifcteisg @®dxB MdMisy BO W ste

sddzlsj L s Odz ¢ d dzjt ds@lsizfspdz’'e sigg glzdg HsL
dzi SBr ' Hdzy ©B dzZOH dzOdzdz? Hdzv o dGtslstso dzj dzdz"

wdzls j ©OC |5 btz OoltsdBOISdL 50 Odzss g fls
BO° LH' 2fdzs 9 OlsdmMw L O HGSY @G tsH zdz" W
Ldg dztsls! Wstedkk o dn ' HOdstw vy dazts dintg stz Wlds@s
lted yY!' sz HdsYOMds L d&3° dzt s Is! fiw o

GJjtsd3j Istcd ydz Is © C" dzgj B30Is d ydz fsCOL dz
wdzls j tOSCHBHEGML2 ydr ¢O0OLddS 89 o ftotsy,:
L' WL Ctsd3 ‘ Hist s dE@ &€ &'tc d frHstist Azl (Odsadts  H tsfr

ftesj ClskoOdz dzd SO Hdzw hodHCt' Y' &S
|l jLbkzd kO' OSSR 'ljtOy' 2ddn H' 2
"stodiskzlso stej dzdzg? SO G jtsd3jIste’ ¥ tsBtotsB dz¥ 9 C
10 tdfm. 5.5 §8C0L0d WEZdtd' ¢dpddsz
fesf Sdso Odgs’ - s B G Pztets MdMisj &3 - L O
cj dgdz" L EkBYOMmIsdr 'Chmdeyse § ted d3j - Odz' ydz
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MaTemaTuyHui onuc

nosepxHi 3K:
¥:(7 ) =f-(P,N) iy MaTtemaTtnyHe
P(p,yp) =fo(F3) 3abesneyeHHA
Nivnzn)=f(F3) 7 aHaniay npouecy
PN ’ (popMOYTBOPEHHA
y © 3ybyacTux Konic
MaTemaTuyHmnit onuc
hyHKuiT £
hopmMOyTBOpPEHHA < - .
M-=f«(G) Fllo p) =fi(fenfon. oS
G(a,y)=f6(F3) ﬁ:/{n,ﬂ,{zﬁ:fP,AEG)
i PNG Sa(h, w)=f=(P,N,G)

MaTemaTuyHmit onuc Sl W)=f{EN,G)
MOBEPXHi IHCTPYMEHTIB

rs(3, 1) =F(P,N,G)

Y

tdm. 5.5. AbkdCy BSdOd dd?2 O fO0tOd]ls
WBtediszlso stej dzdgy L 2B yoOMmlsdnm ¢ ts

[ Ol BOIdudzd? sBfdfgs®Mbgasksd ) ]
6" o dgW dz'  delsGijladHEA o fiases Jste -~ dz' o fid(frpdsdj figl”
2.19):

n(/,m=f,(P.N)
H JP=P(po, p1, P2, P3), N=N(no. np mp ng) T 9 J SIststed € jtolz¥ ydna
(tedfm. 2.19).

l so j crepdzigf btck dgindzlsz BEH | SHdatsL dzOy
GjBdj stc" ° sBtotsB dzt 9 Odats”’ f 0 j ton dz' Is C
Wstecdiszlsoatstej dzdzgv, Lo OwWLEC' 98 BEddzOdedw™ IO

r2(/,mP,N,G) =Mpy(G) &y (/, mP,N)
HMa(G)T 30Istcdyw fjtejrtsHlEz o' H MdMmilsj3dr d'ts
SHts MdMmlsj &3d CtsteH d dz0Ils ' SzBEGEaR dgiNdAdsdetdy) * dz
o 'CHj to Il WUz dzC W' s td3ts Iz Is off e Oddgplis " » s @ ‘e ls O dz
2iC ks Mty hzo Odzdzy M4 2.

sdMmisj 3O tc' o dzv dz' |, hts odCttdMmlssolz’ Is
sy dS d 2] Wtstpiislzlso stcj dzdz? IsOC tsy CtgHougtf B dzC
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f OO®j stc” & MmdMmisj d&z3d :
Fa(/,m = f3(fay, fap,.... fax)

Hifa( &, AP.NG), 8 &, L)P=fN, GY pé UPNG) W ZdzC y*
TOEOCkjtedLiElst fesyjhm WYestdsbklse st dzdz
¢ J ogdFB®OdG] BKG.9

ANz dzC Y B dzOdz! dB (X, yo) X eldds) INGHSZRIFEN(F3), Glaw, 0 ¢(Fs)f

shdsotss HEZY o' LEOEZ LOYy' " E oadecdvH'

it JOdz' LOY' W hisHEZdz detsyls fsBlzHtsod M
Codz’ M HESL 9 tsdzV ‘9 HSiCLO ISH 2O s atedsB C 2 MY J y
LOBJ LY Jjyjdedgw tetsLhdtedlsd °~ o yOfglsddz
LB YOMmdn Ctd M, WS¢ (sCOLOds do tdf.
mMdMmisy 3O ¥ stelBskzlsea stej dedgv, o WG ' 2 mdzg dais gz
Hosmn CtBdzalsOCIskzs ydn HjlsOdzj 2 . 1 Oy jdediped o3
f OtcOdRj sted L Odzdh O Is* fqw  “ Hdded &3 Hdzv o )
" dzo Ote” Odzlsdetsyls® , ° H datsIsC j Walofth B tc @d3d3@ tz! dat
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MaTtematuyHe 3abesneyeHHsA
aHani3y npoLecy KOHTaKTyBaHHA 3ybyacTux Konic:
Fflo ) =flferfnif))
Folb)=f:(PN,G:); fosly ) =f:(P,N,G);...; fl 2y i) =f:d P,N, G)

h E A
A
_ MaTemaTuuHmuit onuc
Fs KIHEeMaTUYHKUX cxem 3ybuyacTux nepegay
M:=fdGy); Gi(a,y)=fs:(F3)
" PN PNG:
y y ¥z
MaTtemaTuyHuin onuc -
nosepxHi 3K1: Ma;%“gg”;'(:': g’kg””c
MaTematnyte - Fi r:(lo ) =f-(P,N) L s, Matematunye
3abesneyeHHA P(xp,yp)=fo(F3); r(hW)~H(EN,G) 3abe3neyeHHA
aHanisy npouecy Niynzn) =f(F3) aHanisy npotecy

hopmoyTBOpEHHA PN PNG, hopmMOyTBOpPEHHA
nepiuoro 3ybyacroro s B \ et apyroro 3ybyacrtoro

koneca (3K1): MaTeMg)';lrll-l‘:(lalﬂ_M onuc MaTeM(%m:nﬂn onuc koneca (3K2)

F. F:
o ‘ hopmoyTBOpeHHA 3K1: hopmoyTBOpEHHA 3K2: [« o
F ‘(/t,ﬂ{ =felferfo. . fe) Mo=fi(Gy) Ma=fu(G) Fslh ) =flfef.f)
e : . Gi(a,)=fe:(F9) G(a,)=fe(F3) Sl NG G
4:(», = c:(P,. :G: : : g5 .., )=f P,N;G:,Gz'
’f e ) f o P.NG: [ PNG.G: Salkpdsrat /
Sl 4, 1) =fu(P,N,G3) MaTemaTyHuin onuc MaTemaTnyHuin onuc fuldou)=f{P,N,G,,Gs)
2 NOBEPXHI IHCTPYMEHTIB NOBEPXHI IHCTPYMEHTIB rs_
ana 3K1: ansa 3K2:
reliy ) =f(P,N,G:) r+(io ) =f-(P,N, G, G5)
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223

5. 2. [ itsHdydzj, Ode stedls d3'  dzj
Csdy 0¥ K jdtsdets tso Oddbst o dgg ils g ©d j dzdz” L 2B YO

L f s jtcj HdZ' = tesL H' dzO~A fesOdzOdz' L 5
esLtesBCd CHdAs] € ikists @zt M Milsj i3 sic P Bzfa
LB yOmlsdrs Sdz' M. ltetso jH]jdzs Isjstej Isd ydz
LOdzj ydetsyls®, hts HBLOBAVE IS! CjtokzoOlsd ¢
SHdsyYyOmds O0dzOd' LkzoOIsd cjtdikjilstcdyde IO

t BL tetsB dzj dzj B3O st P jsdedzgdzy Iz dz’OBJ L Iz° ts
fseojtornttdy , IOC ' GC' dzgj BOIduyudedr Mmnad 3
sdfd ¢ dzgj BOIsduyudedr Mrj B3 ¥ Stcdiskzlse stcj dzde

[ dzw OdzOdzyL Iz, 9 "a & Gdz! dztsc 5, GJ AR sted
f OtcOd3j Istc’ o toVLQ 'digfisi ] tor Siglf CasdzbB@YE BR
BOIsj B3OIs d y dz' L Odzj 3y desfls* 9 shdzts o w
f OtcOd3j Isted .

1 sC OL Odzts, we By dO0 s sdtse Odzlz- fMd
zOdz! dedr Yo jtornttdy L EkBYyOmlsdres SCdz' i O
OQolssRzOIsdL so Be] CTHEHBjzdg , § OO L &, o dtct

v sd3kz H dzw L Oo j toh j dzdaw dZOkz¢C o 5° tc tS |
oftcso OHdIsd dztso d3d IstsH d ydzj , Odze sted Is d3'
f tcOC Isd ydzts tcj Odz'" L ¥ Is! B sdplsiz @ tstdsO dzts €

st Bskzls o B jOdgds AL £ s5dz' ).

5.2.1. 1 tots G tc O d3dzj LOBJ L J Yy dedaw C
ool " dvasd ok SCOddddadt §jtjlses

1l tots @ tc O d3dzj LOBj L j yj dedaw ¢c COp EiddR®
fosmstttd® " dv i § sd 284.0dzed dzdzd & ff j o] Ise

vudted3 dz ¢ sdz' IsizO dzch dfdses Todpdjdp jddz d3f y' ¢ d
Cjtc' odzdC 5 | OBBLEGL! C8° Ol j BOId ydzs’
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tdm. 5.7. wdesjte¥ j2MaftescttOrd ¢

JdR Hdgd g HOdzddsd HOMs' flescwO®d °
C' dzyj o0 IssySqd kO ROLOSCIsjted IssySd f ¢

(S flestBLOLS EROEO ERE®s' dGOF ks |
LOnts dss ud ] tsfs " O m@dzlEf i) ERa@ e &) j oA
Hsf sRsc sy depdy(dedfg.dz 5. 8) :

=R |-0.02 wR (008 z
vR |02 vR [-0,15 Z
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Histe' aldz® ‘dagj L A3 dz¥ ‘' Is' v o f(tetsy, fip'ls stfyftd] Is
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tdfm. 5.9. 1jteibotejddg? (HJWBEHBOY" v)
fJtcjlsotstc] dzdpb syf®OMBtc iz

rdv Lk ydshls o' LEOdZ LOY' =  Glidc
fjtjHB Oy jhilzts j fizfizt Ctdots’ 5 jStOdkz kO

A H' sy dzO L H' 2Mmdzs 9 Olsd LO HBY
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