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Abstract

Our country occupies an important place for the further development of rail
transport.Both political and economic, and military-strategic purposes. Unified
transport system of the railway transport is the main transport link, which is the largest
in the world in the scale of the multi-modal transportation logistics schemes. Also by
this species has a fairly large share of passenger carriage, and it is especially in
demand occurs in the population. After the passenger train movement speed increased
throughout the world, in fact the path is taken from the high-speed passenger
conveyance and a comfortable, modern design and equipped with the latest high-
Simon, where Georgia is no exception and is being intensively process
performance. Our country, as a corridor connecting Europe and Asia, not only in
terms of freight transport, but also occupy an important place in passenger carriage in
a short period of European and Asian rail space.

Railway passenger trains and diesel trains through an important part of power
is carried out. It is noteworthy, however, that the high-speed movement of electrified
railways used in electric trains and diesel trains are used mainly in suburban and local
priorities for the course, not electrified railways constructive speeds of 33 m /s (120
km / h). Constructively diesel engine with a two-carriage train is always composed.
Electric power train is formed sections, where the set is turned on periodulobit
propelled (electric motor) and customs carriages. Electric trains and diesel trains
because they have important tasks to perform, such as people with a comfortable and
safe services, they are required to maintain compliance with all safety standards,
which is important for the smooth operation of the transmission brake lever. Brake
systems must operate without interruptions, high reliability at any time. Electric trains
and diesel trains scientists at all stages of their evolution and hand brake lever brake
transmission constructive perfection. It is known that the lever of the brake pads
wheels rolling Shows rolling stock brake systems used in two-way pressing surfaces.

High-speed electric trains are used to driving in addition to the conventional
pneumatic brake pads (electro-pneumatic) brake. Also they are used in brake electro-
magnetic rail brake of the lever brake transmission improvement still remains one of
the most problematic issues with the ultimate goal is to participate in and perform a
rolling stop the prescribed stopping distance (path) respectively (or emergency
braking case). Therefore the brake is a significant component of the basic units of
rolling stock which will be required for the smooth operation of passenger trains on
the railway traffic safety.

Thesis "diesel - electric train and improve the effectiveness of the brake
rigging and brake design improvements”, the goal is to develop a new electric train
motor car rigging scheme and diesel motor car train new brake design.

The study object of power train of the motor car and motor car diesel train
brake lever brake transmission and the study of the structure and dynamic analysis,
which has been used in the power train of the motor car brake rigging scheme in its
propulsion system of fixing joints. We have studied the diesel option and when the
train brake.

Procession of power train and brake lever brake transmission of the new
structure, which is represented by the dynamic forces of fashion schemes.A number of
measures have been implemented in order to improve their mathematical apparatus,
the first analysis of the improved brake lever kinematic transfer process, which were
incorporated into the body frame of the joint geometric layout and the real power of
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the motor car real train brake node variable kinetic energy determination. In order to
improve the process was conducted in an electric train motor car brake lever for
improved dynamic analysis of the program and the formation of a dynamic model of
the program. Improved brake construction output node of the motor car was driving a
kinematic parameters of mathematics analysis, the optimal synthesis tasks and brake
rigging additional movements separately for the formalization of the generalized
differential equations and linear coordinates of a corner of the generalized forces.

The research and the results obtained on the basis of confirmation can be said
that the thesis entitled "diesel - electric train and improve the effectiveness of the
brake rigging and brake design improvements™ are of high urgency, is clearly shown
in the survey methodology, objective and scientific innovation can be seen, on the
basis of the recommendations of the report on the findings appears, if the structure of
the implementation of the practical value of the manufacturer in terms of traffic safety
and the integrity of the railway transport, it is particularly important to passengers at
railway rolling stock.
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AMEmdol  Fobrx39bs §9369d0l 3609369 ™dgdol BslAOL 9IRS,
d030090m:

n= arccos{%ll_ (£§ +12 —Ei)}r

26

+arccos

2%%0§+@—ﬁﬂ+

1
_2L8L11

(8)

+arccos

(@uﬁ—eé)}

+arccos

T (2+12 —fé)}
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BoboB0sb dg0dwgds aghgHmon:
L, =L, + L5 -2LL, COS(772 +773);
L,=L +L-2LL, cos{arcco{ 5

1L6 (ﬂé +12 —fé)} + arCCO{ZL:Ll (L§ +12 —Eé)}

A OMC-
02 =12+ L2 - L, cosd,;

(2+12-r2)

1
c0S7, =
57

1
=arcco L2+ L2 —r2)]|
Un S|:2L5L7( 5 7 6):|

51939 009 25630b0ers300 O1MC Lsd3byL, d03009d0):

€0SJ, = 2L1 (Lé +L2 - L§)

611

Oy = arccosLL;LL11 (Lf3 +L2 -2 )}
565¢ma0Gms O1DC bsd3mbgosb:
Lo :fi t+ Lfl —2l,Ly, C03(51 +0, +53)-
0 50 BMIMEsdo 8930396 L1z-0b 360836900m0d9dl, 80300930 Lio-
ol 3609369 MdsL:

L, = {z; +L2 - 20,0, cos{arcco{%ll_ (L2402 —20,1, — 0% — 12, + 21,1, cosa, )} +

373

b
+ arcco{ ! (Li + 12 -2 )} + arcco{ (LfS +L2 -2 )D 9)
2L, L, 6 L1
A O1MD-
coso, = (L§+|—fo—f§>

510

o, = arcco{zl_sll_10 (Lﬁ + L2, —622)}.

A MDA-
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dsdob:

Lsza :fzz + Lil_%zl-ncos(ﬂl"'ﬂz "'773)

1
12 = l:zzz +L5, 20,0, cos{arcco{ 5 L

26

+arccos — (L2 +12-¢2)|+arcco
2L, L, 2L

A O1AD-

Cos7, =%(L§ +12, —62)
9 ™10

T, = arccosLL;LL10 (L;j + L2, — Lyl )}

A ACD-

L2=L0+(0,+0,)° —Ly(f4+10,)cC0ST,

1
COSTl:m—[f;'F(fs'Ff[l)Z—fé]
. 12 2 42
rl_arccos{—2£9(€3+£4) [£9+(€3+£4) 65]}
A O1MD-

COST, = L(@ +L5 - L§)
5+10

1 2 2 2
T =arcco% 05+ L5, —L
3 2€5€10( 2 0 5):|

MmO 3 LYBYIOOTM BJ9gd0IH RbU:

T=7,+7,+7,

(ezuz—zz)}

L (L;+L;—ez)m%-

0] 3530035¢00obfiobgdm 339 (36Mdoo Loogms 3503369 MdJAL,
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rlzarccos{ )—£§+(ﬁ3+£4)z—£§}+

20,(0,+1,
1
+arccos Lo+, —L + 10
o, B QLLO)} (10)
| 1 2 2 2
+arccos 2+ L2 -L
)
A ADC-
c0sg, = (2 +15-2)
912
q2=arcco{ 1 (L§+Lf2—£§)}
2L,L,,
A O:1CA-
Efs = Lil-l_ Liz —2L,L,, cosd,.
1
coss, =—— (L2, + L2, — 15 )
T
S5, = arcco{ 1 (Lf1 +12 —(2)}
2Ly, L,
A ACB-

=12, +0%-20,L,C085,.

COSJS; =

1 2 2 2
/ |-1 (£4+|—12_£5)

412

1
5, =arcco Gy, —02)|
marecog 2 (01
Lo5bgMO0dM bdgdol Jobggzom Fgodergds s3fhgcMmom:

5=05,+3,+8, +5, + 5, = arccos (L2 4+ 02 —20,L, 02 — 12, + 20,1, cosar, )+

373

+arccos —+ (L§ + L2 —Ei) +arcco
2L, L,
l 2 2 2
+arcco L, + L, —¢5 )| +arcco
) oy

6 11

(L2+12-12 )} +

(2 +1, —62)} (1)

4 =12

A DCO;s-
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fczs = Lfo + Lfl —2L,,L,, cosay,

(Lio + Lil _Eg)

CoSo, =
10 —11

O, = arcco{ L
2|‘10 Lll

(Lio + Lfl _fg)

A O;MB-

Ls = [L; + L5 —2LL, C03(’73 +774)]
A O;MB-

Lg = L+ Li; —2L,L,; cosv.
1
COSv, = E(Lg + L - Lg)
Vv, arcco{ 1 (L§ +L2, -2 )}
2L,L,

A O;BA-

03 =15, +02-20 L cosv,.

o= (1)
513

1 2 2 2
=arcco 0 —ls)|
Va 5|:2€5L13( s + L 6):|
L5560 TM 1dgdosb Fgodegds O3HgHMo:
V=V, +V,+V,+v,.

099 3530 99303960  3603369cmd9BL, do3009d0:

1 be
v = arcco (Ei + L3 - Li) -+ arccos
20,L,

(L§ +12, - L2 )} + arccos[ 57 1

5™13

(@+@—ﬁﬂ+

68

(Ké + Lis _éé)}

(12)

+ arccos{
8 13

A O,BA-
02 =102+ 12,-2/0,L,cos0,.
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COSo, =

1L1 (éé + Lfs _ﬁs)

613

1
o =arcco 0% + 12, —02)|
5 S|:2€6|—13(6 L, 5):|

A O;KC-
OK?* =L +b*-2bL,, cosoy;
(e-cf = L2, +b® - 2bL,, cosa,.
1

coso, = L [b2 +12 —(e—c)z}

— 1 12 2 (o
o, _arccos{ZbL11 [b +12 —(e—c) ]}
L5560 dM bdgdosb:

0c=0,+0,+0;,+0,+0;

099 3530 99303960 Bomsbsm 3608369 Md9gdL, Joz300gd0:

1 2 2 2 1 2 2 2
=arcco + L —¢7)|+arccoy —— |\t + L, — 05 ) |+
o {ZLiLS (Ll 5 l):| s|:2L L1 ( 5 L10 2):|

+ arcco{ 2L110 ™ (Lfo + 1203 )} + arccos{ 2blL11 [b2 +L2 —(e-c) ]} + (13)

1 2 2 2
+arcco s+ L, =0z
{2£6H3( 6 L13 5)j|

A ACB-
Zi = sz ‘ME —2(,L,5c050,;
cosq, = —=— (4 +13,- 12)
2£5L12
Q= arcco{ 1 (Eﬁ + L2, —Ki)}
245"12
A AMD-

2 =12+ L2 -2L L, cosq,.
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A AMO;-
L2 =12 +/¢2-2/,L,cosq,.

(o)
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1 2 .42 2
= arcco 0%+ L — .
a, {2€6L7 ( 6 7 Ls):|

cosq, =

LosbgMO0dM bdgdol dobggom:
q=0+0;, +0; +0,.
099 59 33590 993039600 Lomsbsm 360d 369 ™dgdL, d0300gd0:

q= arccos{%:L12 (Ef., + L2, —£i)}+arcco{2l_jl_l (Lf, + L, —fi)}+

2
+arccod — (L§ +12 —622) +arccoy —
2L, L, 20,
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(14)

(eg%-@)}

q 395605993®0ob LEOmwo 36093690 Mds Tgodergds 456oLIBOZO™L O1AB
Lo93mbgol dobgzomas:

L2, =02+ 02 —20.0, COSQ.

1£ (ffs +0G - 23)

5%6

cosq =

1 2 2 2
= arcco b+l — ;
q 5{26566(5+ 6 L13):|
by 500bodbml, ®mI q 35M3gEHEMolL  360d369wmdgd0  Loglgdoom

009b@GHMM0s.
BoboBol Jobgz00 5RO 5J3L GHMEMdSL:

0=5,+3,~0,.
oy 35880 99303906 9339 3BMdoe 360893690 mdYdL, dogowgdo
35653930 LosbYIOMOTM FMOTSL:
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1 2 2 2 1 2 2 2
0= arccos{zml—12 (£4 + L5, —ES)}+arcco{ (L11 + L, —56)}—

2L11L12 (15)
- arccos{ L [b2 +12 —(e-c) ]}

2bL,

¢ 3mobols 49bLoBOZMOLIMZ0L Losbys®dm Ldgdol dobggzom 3o
31go» 03039MdsLs:
lsSiné+1, cosg+1,cos6 =Dh.

Ls0bsE Fgodergds o0hgMmb:

cosg :%(b—@cose—asing)

5

g:arccos{%(b—ﬂ4 cos@ —( sin 5)} (16)
5

2.1.2. ge09dBHMmdss®gderols 3sgmbol g9mdx mdgligdwyeo
L53bEWY Fm 3963930 25033930l 3069953039M0 365¢P0BO
396393g00L Tglisdene 3500500900l dobgE30m

dm3gdao  LYIPbOYIm  BIOIYHIWo  3os3JdoL  Fgdaygbyro
096393900 @5 93990  SLOMWgdD  Lbbgoolbgs  Lobols  8mdMomdgdUL:
d90dgds 35000  IMIMOMdS  0ymlb  Fo®EH030 —  FgobOyemlb  Ibmerm
06MHb30m0 96 499BHB0MO FMIOIMBS 96 ogml Mo — Jgolidrmermls
390539b0m0 O ¥3OMB30m0 FMAMOMBS GOHMOE. 9.0. IMEYIMEO FoO3EJIOL
(Mol dgodegds  sbsLosMYPdgm  FoMBH030 b Mo MIMOMBY,
CIUTHIION QbsLOSMYOOLIMZOL 39(30Q0GOIL0S 2960LsbBEgOMUL
000MJ)0 Jomsbol IMdOMBYdOL 3Mmbggdo. 58 FoBbom ZLacMYJIMIM
399990 ULdgdoom (bsb. 6).

53 doBbom, 306039 G0ydo, 3LOHBM3MZ3m M (930l FMdGWBIdOL
s 37bgL. 53 3mobol  4obloBP3MOLIMZ0L  3500)bm, Losbys®odm bdgdols

dobg30m, 9990093 GHMMdsmS LoLEHYIOU.
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a—/(,cosa+(,cosp—L,c080 =D;
d—-c=/;sina—/,sinp+/(,sSiné.

030  Ho0moygbl @M  MEbmdosh  2obGHMwgdsms  Lolidgdsl
9mdMM6gdol , s  Jmobggdol d0dsGm. 53 LobEBHgdol sdmblboLsmzolL
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396@Mgdsdo oo gdm  dodbbog,  bmwm  @ibs@BRIBL  Fotrxgbog.
3030090m:

{—fscosezb—a+élcosa+€2005¢; (18)

—{,8in@=/¢,sina—/¢,sinp—d+cC.
0v) 899300000 50b0d3690L:

A=a+b-/, cose;
B=d-c—-/;sina.

@5 GHMWMdol Jocmbgbs s Fo6x396s BoHoegdl 5309356  3350M53HdT0,
90300090 LobEgdal:
{(Qcosé’)2 = (A—/, cosp);
(¢,sin0)* = (B+¢,sing)’.
LOdMWMME,  IM535¢[93Ms  OWsRgdol d90®gy 030090
GO0mbmIgBHMow ob@MmEgdsl , sMymdgb@ol dodsmo.
Dcosp— Dcosp =—E.
bogS3
C=28B/,;
D =2A/,;
E=A"+B*+/05- 12,
396@Mgdol dotzbgbs Boffowo (o®mdmgzsaobmm mGo sGymdgbEol
bbgomdol  Lobmbol  Lsboom, 53obomzol  AobGHMEIGdol  MmMogg  bBosfowo

3939mm D? +C? b9, 80300980 56Em@gdsls:

D C . E
—— 0S¢~ ————SiNp=————
VD?+C? VD?+C? VD?+C?
(65) BHM@MdS BsofigMgds sLgmo Laboo:
E

sin(x— @) =———.
D?+C?

(66) OIS 335dewgzb:

x—go:arcsinL;
D?+C?
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@ = X—arcsin

E .
Jp?ic?
Q= arccosL —arcsin L.
Jp?+c? Jp?+c?
90.  35b60LsbE3ms Mmoo (g30l  JmdOMbgdol ,  3pmbol
96003369 mds.
000Lom30L, M3 (61) LoLEYIoEIL Imzgsbobmm 6 3mmbol
39969600905, 5dobom30L , s MAgbEoL 898339 BO6J309dL Zoma3LgdM
AGMEmdol oMsbgbs AbsOgL, bs®RIBL 3o dotrx3b03.
Omameg  §obs dgdmbggzedo  4obGHmgdol mGmogg dbostg  933993L
3350Mo}H30 o 30300900 BHMOFMbMIGEHMOME A56EMEYdSL - d0dsGo.
Dcosd-Csingd =E.
5953, OmamemE obs 990mbgzg3sd0, 29bGHMWdOL Mm®o3g  bsfol

39mgm VD’ +C? by, 803009007

D ¢ E JD?+C%.

JD?2+c? Jp?+c? JD2+C?

59 296GHMgd0@b Jgodegds s0fgemls:

sin(x—0) = ——

E |
Jp2+C?’

X — 6@ =arcsin

E |
JD?+C?’

9=arcsin#—amsinﬁ. (19)
d90dwgds  3MdMMBgdol  3Mobgqdol  3603369wmds  25dm309356Mmm
Bobdol  aBomog. o3 Fgdmbgzgzsdo  gLsMYJPWMdM  (17)  @obGmegdom,
OMIgwoz  Mogo 50O Io  A9Mogdbgdol  890gy  890demgds
Podmzs000b6mm slgomo Lsbood:
(2= A*+B*+ 0% —2Al, 080+ 2B/, Sing,

boQS3
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E=A*+B*+/05- 15
A=a-b-/ cosa;
B=d-c-/,;sina.

(19) gmOINwol 2oMmogdbol dggyao do3009000 d9dgao Labols

A®M0MbMIgBHMoME 2obEHMEgdsL
Dcosp=E+Csing (20)

bos3 D=2A¢,
C=28B/,
3°0m3Lobmm  cos,, BMBJg0d  sing-ob  Lodmowgdom.  go.
COS@p = m .00 GoEmdol  4om35eobobgdom  (20)  gobEmagds
do0modlL Labgl:
(D2 +C2)sin2 @+ 2CEsinp—D*=0.
59 296@GHMgdol 53Mbobliboa:

~EC+,/C?E?-D?(D?+C?)
2EC

b

sing =

. [ —EC +,/C*E*-D?*(D?+C?
Lo0Ibo3 go:arcsm[ ¢ ‘/C ( +C ) (21)

2EC

3b5EOMy0mEO© d90dgdo 399M30m35 MmN 0 3mobols
96033690 mds3.
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LoblEOwmwo Fg9Mmmgdgd0L  MOMIbMdS. 259TxMdIGdS JOMHOMIIE  Gbgds
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o091 YOS 39O3JIOL godMBo35¢0 3565TgBHEMOOL obslosmgdEgdo. Sigm
3990306905 35300096  sLO30WGIWI©  Mbs  Tggl  FMAMSMBOL
©OxIMI6305MM0  obFGHMmmgdgdo  M9ghmgdol  omzocobfjobgdom,
oLM30Ls3 30039 Mogdo  Mbs  oBoLYBOZMML  QoTxMdILGIMWO
LodMbE g 3396d0L 33O 3069EH03MM0 9bgMos (ob. bob. 2.7).
33s0  30693H03mM0  9bgeyool  asdmbobmegdols  Logmomm  Lobg
d90dgds Boofigeml 898ga0 Lsboo
T =-myVE + 2 Is10% +2maVd + 215,07 + -maVE + 2 I362, 22)
boo@ m; - 3396dol 96393 9d0L Tobos;
Si - 396393H900L dsLgdoL (396¢3)M9d0;
®,6 - MD 5 DB 396393900 37300b«360 LoBJs09900;
Vsi - 8960393900L dob9d0b (396@M9d0L bsBmdMmoz0 LoBJs0r99d0;
Ig; - m; AsLoms (396GHHJd0L dmIgbBHgdo S; Foboms (396G M9dOL
dodsGo.
®o30L dbeog V& = XZ + Y
LB g 33960l BJgdosb 3HgHo:
X¢1 =a—rcosa +xq + %cosgo,
Y1 =d —rcosa +y; — %sin(p.
99L5d5doboE Jo0MYd.:
Xg1 = rwsina + %, —i—lqbsin(p
Yoy = —Twcosa + y; +%¢ cos @
51939 803009O™
V4 =A%+ B%+ £, ¢ (Bcosg — Asing) +{)2—%<,b2
0806 15 = 2037
S, LoddodoL 39bGHMYdOLIMZOU:
Vé = Xé + Y

030U gomgzswolfjobgdom, HmJ
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Xs; =a—rcosa+x; + 4, cos@ —%cos@,
Ysp =d —rsina +y; + €, sing — i—zsinH.
BMOIMS (7) 300qdL Lobgls:
V& = A% + 2AC + C? + B? + 2BD + D?
3930blgbmom 89990 s©0bod3b900
A=rwsina + xq;
B = —-rwcosa + y;;
C=+4,psinp — 15)?zﬁ'smﬁ;
D =+2,¢cosqp — %96059.
3b50s, ®MI
Vi = Xé + Y

0¥) 3930035¢obfobgdm, H™I

Xg3 = a—rcosa+€1cos<p+x1—({’2+{’3)c059;}
Y =d—rsina+y, +£;sinp — (£, + £3)sinf .

95806 doz00900m:
Sé = A> + E* + B* + P?
Lo
E= (£, +%3)8sin0
P=+¢,pcosqp—(£, +£3)0cosb
£ 896 393H900L5M30L Fg0dEgds S0HgOHMU:

Isyic) = Isy + My (2_2)2;

2 42
Isz(c)=m2 : 9 .
2939
IRy
Is3¢c1) = Is3 + M3 (73) ;
3 42
153(C1)=m3:9 .
£1 39639@0LsMOL 3MMbHYOHO LoRJsMOl ABLIBWIMOLIMZ0L FgodEgds
50{gOHMU:

¢ ¢
a—rcosa+x1+71c05(p=b+{’2c059—?1cosgo.
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39000339M0b30M900m, 03009dm:
@ = : (£,6 sin 6 — A);

- {1 sing

1
£, sin 6

6 =

(Y1@sing — A).
900900 BMOHINWIOOL Qom35¢0LHobId0m godmlobrergds doomqdls
Lobgl:

2

1 2 2 . . ‘gl .
T=§ A+ B +£’1<p(Bc05(p—Asm<p)+?<p +

+—m #2p? +my (A2 + 2AC + C2 + B2+ 2BD + D) +  (23)

+2my 302 + T2 (A% + E? + B2 + P?) + smy£302.
33W5©0 3069303600 969Ma00l  800gdwo  BmEmIMES  356M0L0d
©0x8IMIB305MMO 456EHMEYdgd0L Fglo)bo X1 S Y; PbBMYSMGdMWwo
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LoF0oMMS X1 S Y1 HoMm©A9bow 0469l 99dga0 Labooo:

X, = A  cosy; ;}
vy, =A;siny; .

d5dob

Ay =rwsina — A, y;siny; ; }
By; = —rwcosa — Ay, cosy; .

©65MR9Y6O 50b0d3bgd0LsM30L

E=Ey;; P=Py;.

RMOHINIO0L 4o035¢oLobgdoo:
Tyy = Ty1(Ay1, By1, Cy1, Dy1, Ey1, Py1)
dmdM5MdOL ORBIMIB305 MO0 A56GHME9dgd0L Tgboygbs LoFomMs

2560L5%BO3OML @ s 8
. dq i s L. 1 . .
§=2=-222(0,05in0 — A) + - [(£,605in0 + £, 6% cos0) — 4] (24)
s do 6 cos@ . 1 . .o
b6 ="=———2(1¢sing — A) +——[£(¢sing + ¢*sing) — 4] (25)
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dm39dmo  LsdMbOHMFM  3356d0L  bdgdol (ob. Bob.) dobgzom
990dgds  @o0fgmMlL  BHemds  OG  dbs®ol  Lsflgobo & 3mobol
dobgzom:

AGMEmdol  Jo6rx39bs bofoerol 860d3bgwmdsms  gomazseobiffobgdoom
d030090m:
H(ny4:h)

X

tga =

©O™oL dobgz0m oxgMHgbzoMgdom 0633935, Grnd

BRI
cos’a dt (2 dt[H( wih)

Lobmls 3994s60Bdol OG  FbsGol FMdGNMBIdOL » 3mbol dobgzom
d90dwgds  dogowmon  dobogg  dGMbBzol  3mombmMo  LoBdoGg.  ogo
39900bbgds  BHMEMIOm:

1 d
o= —cos’ @ [H(ny;h)]. (36)
X

0d 89dobggzsdo, vy bgwol IMbeOmFol dmddggds 053009639
oflygds 339 bmdowo » 3MbO® — & —const, 35806 (8) GHMWMBdOIH

d90dgds ©3(9OMmm:

12
cosa=| —Ahx (37)
H(ng:h)|

XA1

(142) 2500bobergdosd 30 3hgMom:
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12
a= arcco{a)l—gx} (38)
Hingih)]

Lobls 899s60BAoL L abseol dmd&NMB9d0L  3Moby@o  BJsG9ds o
3Mobols dobgzom dglodergdgaros gosbyomodgdme 0dbgl (36) GHmeErmdob
©O0x9M9b3oMgdom. 80300900  dglodsdol  GMErMdSL  dMdOHYBgdOL
3bNO0 ¢ 9BJoMdolmZ0U:

sin2a d d’ 1
512—705601&[ (N )]+F[H(nxA?h)]ZCOSZ“-

56v9:

sin2a d _ d? , Cx
=32 o Sl S| | @)

B §ooGHowdo J30L 35550 gdolsl 3Mmbg m-m 39OGS

@5 bl FmMHoL 50LsbYdS FGHMEOMOO):
=90 -a,

5699 (145) gmMdMol dobgzom:

0, 1°
o, =90° —arcco L
H(n,g:h)

AOAB -6

¢, =L, cosa,
Lo0sbo3

L, =(AB?)+(CA?). (40)
258mbobmangdsdo  AB s CA  8603369@mmdsms  Jg@sboo  (40)

80300090 990009 GHMEMASL:
Ly = T .
[H(ne: )
53d6530 339600l bdgdob dobgz0m, Jobhol gossP0Wgdol LogMdg
H,>H, bown 0G, dbsto OX ©ghdmsb Jdbol g 3mobgl.

AOB,A-56 3{90om:
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tgf= Hl(r;xm:h). 1)

X

95906 (41) Gmermdol EoxkgtgbEoMgdoo d03009dm:

1 d
W, :E_COSZ ﬂa[l-h(nxm;h)]a (42)
X

Bo©o3 @, =dp/dt.
(42) BHME™doEsh Fgodergds ©I3HgOHmom:
/ 12
()
cosf=|—~—2— } .
|:H1(nXBI;h)

59 BHMEMd0sb

-1/2
- Dl
L= arcco{ TN h)} : (43)

0G, b0l 39BN SBJo6gds
w, =dw2/dt.
(42) 3MEOHIMNEOL 3°0035¢0lobgdoom 9030090m g, -0b

36093690 mdsl:

b= | IRt 0,528, < 1 0] (44

AOB,A-©56 (43) GHmemdol gomzsoljobgdom doogmgds:

1/2
w,l
B, =90° —arcco{¢} ,
' Hl(nXBI;h)

50539 3Mmbosb
0y, =Ly cosg,
Loosbog 3f9con:
'y
53d6530 BodMbOHMFm 335600l bJgdosb (ob. bsb.) Bsbl, Gma
Ly, >Ly»

V4 /
L., - L, =R, —-R, = Xl — X
e (P T T TC )

(45)
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m—m bbbl @, FMobMOo LoBdsMom  ImdOHW6mdOLLL  JsbBol

390G035WMMH0 BB, 390553005 990deqds gobolsbemzmml  AOB,B-@sb:
(BB) =%, + L% —2L,,L, cos(f—a). (46)

9308 3000w gds BB, 53539 ©OML  Fo@mdmoagbl  (H,—H)
Bbgomdsol, Boa®sd  BB-U  39bLobzmoLbmzgols  Fgodwgds  30LSMRYGOW Mo
dbmnE (46) GHmwmdom. (43) ©s (45) GHMEoMddoL  Fom35¢olobgdoom
(46) B00©gdL sLgm Labgls:

o0 (i) () -

T Gl T

LodMmwMmm, (45) s (38) GHMmdgdol dg@sboom (47)-80, 8030090

(47)
-2

Jobbol 250550030 gd0l BB, 3608369mmdsl  53dGsgz0  3356d0L

50mgJ8900900056 Bodmemm ©FMbEOHWFJd5dY:

EZXI gZX ZXIEX
oo ] P

f 1/2 f 1/2
X COS arcco{&j - arccos(a)l—xj )
Hl(nXBI;h) H(nXB’h)

JobBol 2505000930l Lobdotg, Lofgobo B damds®gmdosb

(48)

@odMOMBYdOL  dglvdsdol B,  9am3oMmgmdsdyg,  obolabmamgds  (48)
AMEmdol  @Omolb  dobgzom  ©oxgMHbEoMgdom.  ©0rYMHg630MdOL
9900093 BB, 290550 gd0L §OHR030 LoBJoMg asdmolobgds (46) o6 (48)
RMOIMNWIO0L obIsMmgoom s 9990 0d69gds  gOMNBs0MmO. TsoE0MS,

(46) gMOHINOolL godmygbgdolsls 3(geo:

2BBV,, = 2Ly, d;:' +2L, dstX -

+ Z{LX, L, (+sin(ﬁ— a)%(ﬂ—a)) - (49)
—cos(ﬂ—a)(Lx aL, +Ly, dLXﬂ.

dt dt
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UodmWwmmE  (49)  GHMWMdoEsh 803009000 Vg,  bsBmzgsbo
dmdMomdol LoBJsGmql:

1 dL dL
Vig, = BBl{LXI d:l +Ly dtx _[LXI Ly X

xsin(ﬂ—a)%(ﬂ—a)—cos(ﬂ—a)x (50)
><cos(,B—oc)><(Lx dly , Ly, dLXH},

dt dt

BB, 3900959PO0gool  bsBmzgsbo  sBJoegdol 9609369 mds
3ob0LsBE3Mds  (50)  GHm™dom  godmbsbmwo  Jglsdsdolbo  LoBJseob
©OMoL dobgz0m oxgMgbzoMgdom.

5023965, 9396005  ODYETGIMJIOl  IM30560  Fogmbols
bgwols  dmbermol  58dMog0  3396d0L  2odmBogocmo 306935303960
3565393900l 36033690 mdsbo  FomgdsB 030  sbseoBols  98mygbgdoo.
3009005 GgLodsdolo 5¢EgdMMEo  odmbobwgdsbo. dggyo 8godegds
3990myg9gbgdme 04bgl 4omdxmdgLgdEo bgwols dMbemFol Lobomgboby o
065303160 3565993HM900L ©oygbols dobboom.

2.2.1. ©0Bgds@oMgdols 35ambols g9dxmdglgdymo bgeols
dmbmnFol Lobmgbol sdm3s60L A5sHY39¢)S

©0DY5E 90900l 39990x M09L9dME0 bggoob dmbe Fob
MJOWMOHO )M 900L  oBbom  Mbs  JobolEBE3MML  0d  LsBoy®o
MdM530 LobbMGOOL Lo3MmMOEObsGMm 865009369 mdsbo, GMIwgdog IMs30960
3953Mb0ol  MM035Dg 296mo3LYdE MMM FMfYMmdOEMdIddos (5996530,
39593900 @5 Logmb@GHdmm  bgembsfgmgdo).  bgeol  dmbewm ol
33000 9mgdggds  gobbmM09e©gds dbmwmo 03 Jdgdmbggzsdo,
OMEd MOH030L  Imfiymdowmdgdls s bgwols dmbGmwmol, obLo3MMgdom
30 3obo sfimeol  3356d0L, §9390Ls @O ¥9M39EIOL TGOl  ITYSMIOIOS
0530UBw0, 93mbESIBHM FMIOSMDS.
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50 Lo3ombol  2oohYy39®e  TglodErgdgeros, vy sfimeol 33560l
aob630boogm  XOY  bo3mm®obsdm  LobEgdsdo @  3mGoDmbEsmmGo
LodOEYOL 80O  JWsLOIMMO  BsWODMBO  29MTGEHMO0L  JOIMGOIMS
3900350006 gd00  FM35bEIbd  Lomsbom  9egdgbEgdol  godmmazesls 59
30MOEO0bsGMs ©obBsM1gd0m.

MmO hmeol LobEgdol 3069d53H03mMo bdgdol (ob. bob. 11)
9b65¢0Bob  BsBL,  opgbowos oo  FbmwmE  godmdszswo
3565393900l 3600369 ™dgd0.  LObMYHBOlL  HTMEIBOL  ASFY39EGOLL
3L56MRgOEMd 08539 ULJgdoom s  Jgdmy35J3L  dMMBzomo  LEbliMmYdOL
Lo3MMOEObsEHM 36033690 Mdgd0.

3obgzo0bowmm ©0DYd5E9M9dE0l 6530960 353Mbol
3999x M0gLgdMo  bgwols IMbOHMFol  sfimeol  3356doL  30bgdsEHozmeo
Ugdgds (ob. Bsb.). 8580339090 dogrs dmEgdweos A LsbLs®do. AB
Fom05©9bL  @ofmaol  3356d0L  Fg3sl, Mol dmeem B Lsbla®dos
doghmgdeo. O,  9dMmsgzo  LobLGOL  Bodstron BD  33639¢0U

dmdOHMBIdOLL, D Lobleol  Bstx3bog  ood©EOEgdom  bgds
©3MbEOMFgOol 3OM3gLoL ILEOYIEGDS.

6ob. 11. oBgmdadstgderol 35ambol gowdxmdgligdmmo bgmols dmbenmIol

89



sfmeols 3356dol 30bgds@ogm@o Lggds.
30M39  M0gado  LogmmMobsBm  XOY bobGgdsdo  «9bqs
5306l MoElo § 3Mobol 360336gwmds Fgledsdobo A, B s
0O, LobbMgdol dobgz0m. 58 Loblsmms 3MMMEObsEYdOs:
A= AXY,)
B=B(X,Y,)
0, = Ol(XS’YB)'
35906 ™m330dogrmo O  3Mmbol sygbs Fglodegdgros  sbigomo

3MMOH0bsGMo  o6ddbgdom:
X, =rcosq;
X, =X, +/,cosa; (51)
X, =h.
Y,=L-rsing;
Y,=d+/,sinY; (52)
Y, =d,

bssg L 960l 00 m®obs@s ©s 890dgds ©sofgdml:
L=c+d. (53)
(51)-(53) BHmMEmdol 25dmygbgdom Ggodergds doz00Mm:

_ (Xz_Xl)(xa_xz)+(Y2_Y1XY3_Y2)
2080 l(xz - X1)2 +(Y3 _Yz)zJUZ[(X3 - Xz)z +(Y3 _Yz)ZJUZ (54)

0] 29530035¢0l{jobgdm, H™O:

X, — X, =1, c08¢; (55)
X, —X, =b—(X, +¢,cos¢)

Y2—Y1=d+£35in—l__+rsina; (56)
Y;—Y,=d —(d +£45sin z//)

(53)-(56) FGHM@MdYdOL  25dmYyabgdom (54) SR  oTMLILUYGDdS

33069 290536930l 99dgy J0oEgdl d9dgy Lobgl:
(57)

cos® = P 5
SG

basg P =bl, cosp+rl, cospcosa — 15 cos” g+ £,Sing+cl,siny+ré,cosysina;
S =(€fc03¢>+ ¢2sin 1//)1/2;
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Gz[éisinzy/—(b+rc05a+€lc03(p)2]”2

59 BHMEMdsmS (57) gmeOIMwsdo dg@obom doomgds O  3Mmbol ol
9d6033bgmds, 653 9MEowgdE0s  39dx™moglgdyro bgols dbegFols
oMol 33956d0L 9argdnb@gdols 9dmdMmbgdolsmzol Mmozol JoMOoMSO
om0 5 bgabofgmms Lobgmdgdol goberoggdol dods®o.

0= arccos(i) .
SG

)Mol 3396dol dosbermgdomo LobmgHBobsmzol  LoFoMms xdesg
bbb  JggPmgdsls s  FmdMsg  LobLlMgdLl  TmEOL  930L¥IBIEO

ddEO5mdoL  350539GMO0L  2obLOBMIMS. FLEMRGOMDdM 03539 Ldgdom o
39B3Lobegtsgm OB, Ao, 00,, O)D s OD dbegdols s dgH39¢9d0l
96003690™d90L 0ligg LO3MMOHOBsEM FoMdabgdol 2odmyqbgdom. 599sb
39000306569, Fgodergds ©I3(gOMmom:
O, = OO(XO’YO);
A= AXY,)
B =B(X,.Y,)
0, = Ol(X3,Y3);
0 =0(0;0),
D = D(X,;Y,)

(58)

58)  HoEmdsms  domzswolfiobgdom  doormqds  Lsdogdgwro

999963900L LoblMgdol 9090 965D FoBMbIbYWgdsbo:
X, =0;
X, =rcosa;
X, =X, +{,cos¢;
X;=b;
X,=b+/;cosy;
X, =0.

(59)

31939 dooMgds:
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Y, = L;
Y,=Y,—-rsing;
Y,=Y,+{,sing;
Y, ={,siny;
Y,=0;

Y, =0.

(60)

(59) @> (60) HMEMdIBOL Fogowrolfjobgdoo 339d690ds:
008 = [(X, = X, + (¥, -, %
PO, =[(Xs = X, P +(r, -, |
00, = [(Xs - X, + (v, — v, P}
0,0 =|(X, = X2 +(¥, -, F]*:
oD =[(x, - X, P +(¥, ~v,F ] .

396033970 BsAgdOLy @O 9WYJIOMWO  49MoJdbgdOL  FggYS©
AGMEmdq00 Bs0)gMgds LozmmMHobs@m 3603369 mdgdom sLgmo Loboo:

O,B= [r COSOz(fl COSQ COSQ+ 65)]1/2 ;
AO, = [b? + L2 + 12 — 2r(bcosa + Lsina)] '’
00, = [b? + L2 — ,sin (2L + ¢,siny)}'?;
0,0 = [b2 — 12+ ¢,cosp(2b+ 6300591/)]1/2 ; (61)
oD =[ -0 cosz//(Zb—ESCosz//)]”Z;
00, = [b2 + 12— 0,siny (2L + £,sin )}

ool 339630l A LsbLsGBo  85dLods®o  EsfmEol  dogwols
0965606b9ds  §o0dMoqbl  m3bodzbgermgsbgl  BoJBHMOL. 93 Jobboom
3M(30009390s  BOYIEO  IFMBOMFGO0L  dmerml  J9bs®Bmbgdme  0dbgl
0,A 330ty dbsOoLs s AB Fgz0l BsHOMdM@MdOL 306Mds, 9.0. LO,AB
ogml 8560 (O,A L AB).

5L O 5dm3obols 2905 3OOl dobbom d9L5dgdg0
153MMOEObsGHM FJNMEO0 LMY M.
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3560 0,AB  37joobol  sMlgdMdoLm30L  9vY30MdI0S  OI(YIY
0469L G mds:
(O;Bf =r*+4 (62)
5699 990dEgds s0fgemls:

2)2 = (Xl - Xo)2 +(Y1 _Yo)z;
612 = Xz - Xl i +(Y2 _Yl)z'

LG Xos X, X, QO Y,, Y, Y, 6oL 0O,, A s B ULobbegdol

30mO0bsGgdo.
Lomobom hsAGdOL 999 000GdS BHMEMdGdO:

Z*=r’cos’ a+r’sina
2 _ 2,02 2 in?2 63)
7 =r°cos” @+ /;SIn" .
(63) LobEHYIL  dogrom  LEMWEIds O,A s AB  dgm39¢ 900
3560MdM™dOL (63) 306HMds, HMIol Edmbsg L0,AB=90".
Bsbm®39eos, Gmd AB  fgzoms ©s BD Lszooom 894d6owo O
3mobgs 0gml 3560, Golmgobss 3HgMm BMmEOIMEsL:

0= arccosi . (64)
SG

O 370bol FoOPMOMW™BS FoMb™M3L ol 33s56doL ¢, ¢,
© {53 63mmgdol  Log®dgoms DALE  goblobmg@sl, Gog  LobomgBol
59m39bols (3039 Boflogros.

0,A @ AB &ammgdol 35Ommdmmds 890dwgds  ©0GH30EIL
3bobMgdOl MYMEOO0JdOL Jobg30ms3. AO,AB-Lsm30L 3fHgco:

(0,Bf =r?+ 7% —2r¢,cod £0,AB).
35MG030 oM5ddb9d0l 909y 99 GHMWMd0EL dog00gdm:
2r¢, cos(£0,AB)=0. (65)

r 5 ¢, 9M©dog0o LoEOEYgd0s. sdoGHMmd =0 s ¢, %0, 90.

cos(£O,AB)=0

259meol, Gmd Z0,AB=90".
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3MObHMOO 300MmOHE0bSEHOL J0TsMo:

m; 2 qin2 2 o 2 i 1 2 2
{7 [2A% sin“ y; + Af siny; cosy; + Af siny; cosy; tgp + EAl cos“ Yy X

X (1+tg?B) —rw cos al; cosy; — 2A; cos?y; + A%cos?y,] +

6 cos3 B
4m,
3

mg

2 cin2 2mg 2ms
+ A7 sin® yq +TA1 siny; cosy, tge +TA1 cosy;tge +

. m
3cos? g A4 cos V1}V1 + [myA; cosy; — TZAI cosy; (1 +tg2p) +

m,

m3 1 2 .
+m + =4 cosy; (1 +tg°p)]ys —

2ms _
A cosyy — TAl siny; tgp — m >

2m,

3 (Ajcosy;tgp + 2A; siny,)¥; =

m
= — 72{2(7‘0)2 cosa + Ay? cosy;)A; siny; + (rosina + Ay, siny;) X
X A1y, cosyy + [A1y1cosy; (b@ cos @ + y3 —rwcosa — Ay, cosy,)tgB +

+A; siny; (bg cos  — bp?sing +y; + rw?sina + Ay siny,) +

B
+A, si bp cos@ + y; —rwcosa — Ay, cOS —_ -
1siny; (bg Y TV3 w a 171 Y1) cos? B

—[(rw? cos a + Ay cosy1)Ay, cosy, tgB — (rwsina + Ay, siny;) X

B
X A, si tgl + A + Ay, si —|—-=x
1siny; tgp 1 €osyq(rw cos @ 171 5inyy) Coszﬁ 2

Y
X [(bg cos @ + Y3 —rwcosa — Ay, cosy;)A; cosy; —f tglB —
cos?
—(bgpcos@ +y3 —rwcosa — Ay, cosy,)(1 + tg?B)A Y, siny; + A; cosy; X
x (1 +tg?B)(bg cosp — b@?sing +rw? sina + Ay? siny;)] +

+rw cos a Ay siny; + rw?sina Ay, cosy; +
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+2[(—A%y2 siny, cosy; — A%y, cosy; siny;) + A; cosy,(bg cos @ — b@? sin @ +
+rw?sina + Ayy?siny;) — Ay, siny; (3 +b¢ cos ¢ —rw cosa — Ay, cosy;) +

+A%y; cosy, siny; + Afyf, cosy; siny; + 2(rw sin @A cosy; +

+rw cos aA Y, siny;)] + Gcos' B [(bg) cos ¢ — b@? sin @ +Ay% siny;) cos f X

X A cosy; + (b cos p+y; —rw cosa — Ay, cosy3)Ay, sinyz cos B —
. 4m
—2sinfB - (b cos p+y; —rwcosa — Ay, cosy,)A; cosy;]} — TB (rosina +
+A; siny, ¥, + IBsing + x3)A1y, cosy; — (rw? cosa — Ay yZ cosy, — 1% cos f —

2ms ( @

—IB sin B) A, siny,] + 7 |\~ sz -

Ay siny; — Ajyicosy, tg‘P) X
X (rwcosa + Ay, cosy; — Y3 + 1 cos B) — Ay sinyy tgp(lf cos B — 12 sin B —
2 . .o . 4'm3 . . . 5 . .
—rw*sina — A,y siny;)] + = [(rwsina + Ay, siny; + IS sin B + x3) X

X A7y cosy; — (rw?cosa + AyyZ cosyy — [ cos B — I sinB)A; siny, ] +

2m ’
+ 3 3 [(— cos('.oz ” A;siny; —Aicosy; yltgcp) (rwcosa + Ay, cosy, —y3 +

+1f cos B) — Ay siny, tgp(If cos f — If?sin B — rw? sina — AyyZ siny;)] +

2m .
+ T?’ [(rw sina + A, y;siny; + [fsinf + J'c3) (Al)'/l siny; — cosZ ¢ A, cos y1> +

+(r w?cosa + Ay, cosy; +1B%cosB + 1B sinﬁ)Al cosy; tge] —
ms ) . . . L
“Teoss [(rwcosa + Ay, cosy; —ys + 1S cos B)(IB cos B —1f?%sin B —

—rw?sina — A,y siny;) cos @ + (ra) cosa + A, y; cosy; — y3 + 1B cos ,8) X

m
X ¢ sin @] + 72{2(1‘(» sina + A, y, siny,)A ¥, cosy; — [(b@ cos @ + y; —

. . Ajcosy; . o
—rwcosa — A1y COSYq) (ra) sina m — Ay, cosy; tgB + Ay siny; X
0

XA1C05V1) A7 si ( : 4 A si )t ]+1[b' n
[cos? f, 171 siny; (rw sin a 1Y1 Siny;) tgp > (bp cos ¢

+y3 —rw cos @ — Ayy; cosy) Ay, siny, (1 + tg?p) —

A cosy;

. . . 2
_(b<p cos@ + y; —rwcosa — Ay, cos )/1) 2tgp m
0

+rwcosa Ay, siny; — Ay, siny; (b(p cos@p +y; —rwcosa — Ay, cosy; +

+2rw cosa + Ay cosy,) + Ay, siny; cosyy + 3A, 72 cosy, A, siny; +
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4m,
3

+

1 . . . o
6 cos? B (b<P Cos@ + y3 —rwcosa — Ay, cos )’1)A1)/1 sin 71} — %

. . - . . 2mg
X (rwsina + Ay, siny; + 1B sin B + %3)A,7, cosy; + 3 X

X [(rw cosa — A;y; cosy; + V5 — I cos ﬁ)Al]'/l cosyi tge — A1y, siny; X
X (rwsina + Ay siny; + 8 sin B + %;3)tge +

+(rwsina + Ay, sinyy + 1 sinf + x3)(rw cosa + Ay, cosy; — Vs +

. A4 cos m
+Ip cos ,8) ! ]/1] > (rwcosa + Ay, cosy; —ys +

bcos3 p,]  3cos?g

; o G, cosf(rgfcosy, —siny;) (Gs
+If cos ,B)Alyl siny; — A |=—— Sinf — tgp cos B — (? + Pb&a,> X

% cos @(siny;—tgp cosyq)
singp—tgp cos ¢

— F, cosy; — Fb(;b_z) (84)

2.3.4. H9hmdo 533390000 {1y39EH0-3mbGIBHM0 ImIMHsMmdOL
O0BIMI0E0™NHO 3563 Mgd9d0L ©sdw9dsg90s
d90L6MEgdgo  3356dol  gmeg  Lobol  sds@gdomo  fiyzg@ow-
3M6&53GHMO0 3mIMoMmdol MOH™L d9bs®BRMbgdmmos 3mb@od@o 2-3 LoblGwen
3990090530 5 gONOOMMYWI© §Y39®e 9699 ogolRso JmdGsmds 1-2
39900905do.  sdoBHmd  sLgmo  Lobol  IMIMOMBS  5©OfgMgds  FMIMIMdOL
©OxIOIB305MMO  A9B6GHMWYdgd0m bsbmzgsbo xi, Y1 ©d 3Mobwdo Y3
3906BMA50MgdMwo 3MMOHPObsE OOl B0 0).
oa6biggl  Fgmeg  Gogol  ImdOOMdOL  ©0rgMHg6E0sIMHO
396@&™Mgd900l dobggom dgmMg Lobol sds@Ydomo iY39EH0w-3mbG ]GO
dmdGomds  JgalOIergdgero  33956d900Lsm30L  500gMgds  DBmaso  Lobol
3dM5MdoL 0RIMI6E05MMO 4obEHMMGd9d0L LoliEgdoo:

i (aTgo,) _ aTga, Al \
dt

65(1 6x1 X1
d (0Ty dTy
4(Zy) 2y _ o (85)
dt\dy, 0y1 1
a (aT@) _ 0Ty QU )
dt \ oy, o1 £
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dgmmg  Lsbob  §yz9@0-3mbGHIIEHMM0  ©TEHJPOMO  FIOOMDS Xy
396BMA500Mgd0wo 3MMmOHobsEol Jodsro:

( +4m3)..+<mz 2m3)t -
m; 3 X1 > 3 9By

2msy m, 4m, . )
+ [(TAg COSY3 — 7A3 cos )/3) tgp + TA3 cos ]/3] Y3 = myrw”-cosa +

m
+ 72 [(rw? sina — A; siny; — b@? sing + b cos @)tgp +

4m
+m(bprOS(p+A3y3cosy3 Vl_T'(l)COSCZ) ]——3x

X (A3y2 cosy; — rwcosa — Lsin B+ N — AgyZ sinystgB — B2 cos )
+

2m3 .2 . 2 . '2 .
+T[(A3y3 sinystgf —rw*sina —[f“sinff +lcosfB - N +

+A3)'/§ siny3)tgpf + (rw cosa + y; — Azy; cosys +

+1B cos B co;ngo (86)

900900 OBIMIB(305WMOO  ABGHMWGds X1 236BMYsMIGdMo
30M6OH0bsGOL 30350 56 JgoEegl 2obBMYsMdIEn doesl, BroEYRD x;-0l
900560 385d5 56 LEOWYdS s 00 BYYEOL BHMOoo.

dgmmg  Lobol  @Fs@Joomo  3mbESIBHMO-HY39BH0wo  IMIMOMdOL
©OxIMNIB(3050MEMO obEMmEgdol 99qbsls y1-ob dodscron:

( m, 2 3t . 2m, ) (mzt th )

2m, ) m, ) m,
— [T tgpAs siny; + T(l + tg°f)A;cosy; — mA3 cosys; —

2ms 2ms . m,
- Ttg(ptg,BA3 COSYy3 — WAS cos )/3] V3 = 7{1’0) cosatgp —

—(X%; —rwsina) con,B + [(bg cos @ — b @?sinp — AzyZsiny; +

1+tgp

+ (b cos @ + A3y3 coSy; —Trw cos a — yl) tgB| +

+rw?sina F
s?p
+rw?sina + b cos ¢ + Ay siny; — rw?sina + bp? sing +
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* 6cos?f (b cos ¢ — b? sin g — Azyz cosyz — rwsina) —
Bsinp 1 ' - 2ms o
~Teos3 B (bgpcos@ +Azyscosy; —rwcosa —y,)} + = [(Asy5siny; —

—rw? cos a + AzyZ cosy; — Lsin B+ N — Agy3siny; tgp — 12 cos B)tgep +

+ (561 —rwsina — 1B sin B + Azy; siny3) co:; <p]

m, . . :
+ [(%, — rwsina) (b cos ¢ +

1 tgp
lcos3 B, 2lcos3p,

+A3y5c0sy; —rwcosa — y,) (b cos ¢ +

m :
+A375 cosy; —rw cosa — y;)] — - " (6 cos B —rwsina) +
0

3b cos3

+= (G, + G — 2Py)). (87)

529060 Bo1TIgd0OLs @S A9MOgdbgdol dggyo 803009300 dgmMy

Lobol  sdsBgoomo  1y30e-3mbESJGHMIO0  IMIMIMdOL  OFBIMHBE0sE

396GMgdsL Y3 296BMYP9MGdMo 300mMO0bsEHOL J0ToM. 339769d0:

4m, A

m 4m
(TZ A% cos?y; + Zsin?y; + T3tg,8A§ cosy; siny; +

4m3 2 i 2m3 2 2 2m3 2 .2
+ = tgpAs cosy;sinys + = tgptgfAs cos® y; — = tgpAs sin®y; +

2 2 2 o .. 2mg
A5 cos” y3 A% siny3 cos y3) Y3+ (T tgpAz cosys +

4ms . . m; mz i e
+TA3 smy3)x1 + (7A3 CoS Y3 _TA3 Sinyz — 12 cos? B

3
—_— + —_—
3 cos3 ¢ 3 cos3 ¢

Az cosys; +

4‘m3 i 2m3 4‘m3 i
+ = tgfAszsinys + =3 tgptgBA; cosy; + = tgpA; siny; —

2m
> Agsinys — A% sin y5 cos ]/3) V1=

"~ 3cosdg 3cos3 ¢

m; 1 2 . . ) . . 2
= —7A3 COoS Y3 {E [rw*sina — Az sinyzy$ — (bcos @ + bcospptg“f —

—B@?sin@) + 2(bg cos @ + A;cosy; —rw cosa —y4) tgp cosﬁz 'Bl +

1
+ X
6 cos3 B

p
z t in at
+ <rw cosatgf + rwsinatgf oS

X [(rw?sina + Azy; cosy; — AzyZ siny; — b@? sin @ + b¢ cos ) cos B +
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: m
+28 sinf (bg cos ¢ + A3 cosy;y; —rwcosa — )'/1)]} + 72A3)'/3 siny; X

1
X > (b cos @ + Az yscosy; —rwcosa —y,)(1 + tg?p) —

1 , .
cos? (b¢gp cos @ + Az y3cosys —

—(x%; —rwsina)tgf +rwcosa +y; +

4m3

—rwcosa —y;)] — [(%; — rwsina — 1B cos B + Asy5 siny;) X

X As y5cosys + (Ag )'/3cos ¥3 —rw?cosa — Lsin BN — ltgBA; y3siny; —

. 2m
—1B?% cos B)A;z sinys] — T3tg<p[(A3)'/32 cosy; —rw?cosa — Lsin BN —

—tgBAs Visiny; — IB? cos f)As cosys + rwsina — Xy + L fsin f —
—A3¥3 sinyz + (Asys sinys —rw? sina — 182 cos B + 1 cos BN + Azy2siny;) X
X Ag sinys + Asy; cosy3(rw cos a + y; — Azys cosys + 1B cos B -

2m
— TB [(%; — rwsina —1Bsin B + Asy3 siny3)A; cosys + (rwcosa + 7, —

—A3y3 cosy3 + 1B cos B)Assinys] [(Icos BN —Azy2siny; —

cos? ¢ 3 cos3
—rw?sina — B2 sin f + A;y2 siny3)A; cosys — (rwcosa + y; —

—A3y3 cosys + 1B cos B)Asy; siny; cosg + 2sing - ¢ (rw cosa + y; —
. m
—A3y5 cosys + LB cos B)A; cosys] — 72{(551 —rwsina)[Azyssinys tgp —

—(bg cos@ —rwcosa — A3y cosys; —y,) (1 + tg?B)Asy; siny; +
A; cosy;

————tgf —rwcosa —
b cos3 B, 9k

1
+5 (b cos @ + A3y3cOsy; —Twcosa — ;)% -

—Azy;siny; — (b cos @ + Asy5cosys —rwcos a — y1)Azys sinys]} —

6 cos? B
ms . . 5 . . . . .
- ?{4(9(1 —rwsina — [f sin § + Azy; siny3)Azy; cosys — 2[(xy —rwsina —

—1B sin B + A3y3 siny3)Asys sinys tge + (rw cosa + y; — A3y cosys +

As COSY3 . . .
+18 cos B) Azy3 cos ys tgp — heosi B, Be (x1 rwsina — [f sin B 4+ Azy5 sin y3) X

. 1
X (rw cosa + y; —Azys;cosys + +1f cos ﬂ)] + 2o (rowcosa +y; —

2siny; — cosystge
sinff —tge cosp

cosystgf—sinys
+cosg singp—tgpf cos @ ( + ZPZ”O’) beb ] (88)

) L G,
—A3Y3 cosy3)Azy3 sinys} — Ag [7 cos 8
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SbobgL 35 B0mO  §Y3930w-3mbE IGO0 Tgmeg Lobol dmdOsMdSL Y3
390BMAo0MgdMwo  3MMmOObsGHOL  80TsMm,  GMEomdol  BoGx39bs
Bsffoedodgoisogt 93693l 3060390 Mool (omdmgdmwgdom s 53
9dMH5MdOL 456DMYSMGOMEn dogdbs.

5093505  doEgdmeos  LsdmbOmIcm  Bd9MH39GHMIO o390l
3996 gdgeo 3356d0l dgmeMg Lobol sds@gdomo §Y39¢0w-3mbEod@Gwemo
9d65mdoL 53LOH39O ORIMIDE0S MO0 25b6EMEGdgd0 TGLodIAOBS® X1, Y1
@5 V3 3o0BMAO0MgdMwo bsHmzs60 s 3MMbMMo 3mMmOmEObsEHIdOL d0ds60).
59 3963M@gdqdolL 5dmblbol 9999y ©oE0bEIds 3396dBg dmddgo yzqws
06580379600 ©3GH30MOM35 5 398MBd35¢0 35659xEM9d0L BMbJEombowMo
LobmbG.

2.3.5. oMgBmbo 3mb@sdGHMo ImdMmsmdols ongM9bEoswGo
396@ 93900l 53353905
9m39dmo  3356dol 306390 Lobol  ©sds@gdomo  3mbGodd Mo
9d65Mds 090l godm, MmI MmM039 1-2 s 2-3 bbb J9gHmN9gd9ddo 3593L
IOOEOMNWO 3BGHIH0, Y1 ©d ¥z 36BMPOMGdTo  3nmOEObsGIdOL
909500 ddMMO0L O0RIMIB305C MO0 2obEMEgdsms LoliEgdom, GMmdol
B0 Lobg sbgmoa:

d ang aTgo, Al .
dt (6_)/1) oy OCRY
d (7ng aT;yo, _
o) 5=

1 89)
Y3 Qy3(33).

BSSG V1 ©5 ¥3 396MRIRMIBYO 3nMMEOBGHIIOL Bgbsdsdobo QY ©d
Q%@(BS) 396BMA500Mgdwo dsggdol 360d369emdgd0s.

d90L6ME9gdgo 3356dol 306390 Lobob oG gdomo 3MmbESIEHmO
dmdOsmdoL  oxIMHIBE0smNOHO  bBMEgds ¥ 3obBmYsmMmgdMo
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30MmOEobs@olb o8  dgagds  LoLEYIOL 30603900 DRSO
©O0xRIMIH(3050MEM0 gobEmegdol Jobggz00m.

9m399wo  dmmbmzbgdol  gomzoeolfjobgdom, oo  sagdOHYIO
Bobdgdols o  goMmogddbgdol  F99gpe®, do30090m 3060390 Lobol
©5353gd0m0  3mbBodBHMEO  BMdMOmdol  sdbobog OB YMIBE0SEE
3906@G™@gdsL Y1 296DMYoMYdME0 3:0mOHEObsEHOL Bods®om. 3hgMom:

m m
[m,A? sin?y; — {A% siny; cosy; + 72 tgBA? siny; cosy; —

—TAf cosy; (1 + tg?B)y, siny; + TAl cos?y, (1 +tg?p) —

my m,
———A{cosy; + ————= (bp cos @ + Azy3cosy; —rwcosa — Ay, COSYyq) X

2 s° B
4m, 4m, 5 .
X Aqsiny; cos 8 + TAl siny; + Ttg(pA1 siny; cosy; —

2m

m
3 tg,BA1 cosy; siny; m A;cosy, (rwcosa + Ay, cosy; —

. m m
—Azy3cosys + [ cosfB) — 72rw cos al; cosyq]y1 + [72 tgf A, cosy, Az cosy; —

m,

m, m,
~(1+tg*B) 7= Ay cosyy g cosys + Ay o5 Yy Ay oS Y3 — 5 Ge X

4ms : : 2ms .
X A cosyq Az cosyz — A, siny; siny; — = tgpA, siny; cosys; +
Zm Zm ms
+ = tg(pA1 cosy; sinyz + = tgqu1 cos?y; — 3cos? o (rwcosa +

+A17; cosy; — A3z cosys + 1B cos B) cos pA; cosys] Vs =
m
= - 72 {2(rw? cos a + Ay, cosy1)A; siny; + (rosina + Ay, siny;) X
X Ayyi cosy; + Ayq cosyy (b cos —rw cosa — Ay, cosyq)tgpf +
+A; siny; (b cos @ — bp? sin@ + Azy; cosy; — AzyZsiny; + rw?sina +
+A,yZ siny;) + Ay siny;(bg cos @ + A3y3cosy; — rw cosa —

b 25 — [rw? cos a + A1y cosy,)A; cosy, tgh —
—(rosina + Ay, siny;)Ay; siny tgB + A, cosy,(rosina — Ay, siny;) X
B 2p
s? ,3 s? B
+(b@ cos @ + Azy3cosys; —rwcosa) (1 + tg?B)A,y, siny; — Ay cosy; X

—A1y, cos V1)

[(bqo cos @ +Asy5cosys — Ay cosyy) 5 tgh +
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X (1 + tg?B)(Asy% siny; + b cos ¢ —b@?sing + rw?sing — A, y?sina)] +
+rw cos a A;yZ siny; + rw? sina Ay, cosy; — 4A2yZ siny; cosy; +
+A; cosy; (b cos @ —b@?sinp — Azy2siny; + ro?sina + Ay?siny;) —
—A;y; siny;(Azy3cosy; + b@ cos —rwcosa —A;y, cosyy) +

+2A%y2siny, cosy; + 2(rw? sin? a A; cosy; + rw cos @ A1y, siny;) —

TG0 f [(bg cos @ —b@? sin — AzyZsiny; + rw? sina + Ay? siny) X

X cos B Ay cosy; + 2 sin B( b cos @ + As 3 cOSy3 — rw cosa —

. 4m; . . 5 . .
—A;y1cosy) ]} — = [rwsina + A,y siny; + [ sinf — Azy;sinys) X
X A1y, siny; — (rw? cosa — A cosy 2 — 12 f% cos B sin B + Az 2 cosys) X
2my ( ¢

X Aq si +
18inyq] 3 cosZ @

Aq siny; — A1y, cos yltgq)) (rwcosa + A; y; cosy,

—A3¥3cosys + 1B cos B) — A, siny; tgep(Asy2 sinys — rw? sina — AjyZ siny, +

1 o 1
+lcospf (N + [cosp A yEsiny; + [cos —— AzyZsin y3> 1% sin ﬂ]
2mg . . o
—3 [(Asy3sinys — rwsina — Ay, siny; — B sin B) ( 7, A; cosy; —

1
—Ay;siny; tgp) — rw? cosa — Ayy? cosy, — Lsin 8 (N + mAlyf siny; +

ms

A3y2 sin y3) — (1% cos B + A3y cosys)Acosy tge] — TeosTp

L1
lcosf
X [(rw cos a +A,y;cosy, + Asyscosys + 1S cos ,B)(A3)'/§ siny; —rwsina —

1 P
—A;y?siny; + lcos B (N +——A;y?siny; + mAﬂ% sin y3) —

1
lcosp
—1B?sin B cos ¢ + (rw cos a + Ay, cosy; + Asyscosys + IS cos B)¢ sin @] +

m
+ 72{2A1)'/1 cosy; (rwsina + Ay, cosy;) — [(b@ cos @ + Asy; cosys

—rwcosa —
. . Ajcosy; . . siny; cosy;
—A1Y1 €OS Y1) (rw SIn am — Ay cosy  tgh + Aty [ cos3 3, )

1
+A,y, siny, (rwsina — Ay, siny;)tgB] + > [(b@ cos @ + Asy; cosys
—rwcosa —

—A1y;cosy)(1 + tgzﬁ)Alyl siny; — (bg cos @ + Azy; cosy; — Ayy; cos V1)2 X
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A cosy;

[ cos3 By

—rwcosa — Ay, cosy; + 2rw cosa + A;y; cosyy) + Ay cosy;2 Ay, sinyy +

X 2tgp + rwcosa Ay, siny; — Ay, sinyy (bg cos @ + Azy;cosys —

+ 6 cos2 B (b cos @ + Azy;cosys —rwcosa — Ay, cosy;)Ay, siny} —

4m, . ) 2ms
- (A3y3 siny; —rwsina — Ay, siny; — B sin f)Ay; cosy; + — X

X [—Al)'/l cosYy; (ra) cos a + Ay, cosy; — Asys cosys + IS cos ﬁ)tg(p
— A1y1siny; X
X (Ag)'/g sinys — rw sina — Ay, siny; — 1 sin B)tg(p + (Azy5siny; —rwsina —

—Ay, siny; — B sin B)(rw cos @ + Ay cosy; — Asy; cosys

cos Yy,
+1 A ]
B cosp) [ cos3 @,
ms
~3eos?o [(rw cos a + A7y cosyy — Asys cosys + LB cos B)(—Ayy, sinyy)] —

_a, @ _cos B(tgp cosy, — siny,) N (_3 ' ) cos @(siny;tgp cosy;) ~
2 sinff —tgep cosf 2 %) sing —tge cos @
—F,cosy, — Féjb_z) (90)
9mdM5md0oL  ORIMIBE05MMO  2obGHMEgdol  dobrx3gbs  bsfowo
390393L  gob@megdol (93690l 306M39w0  Gogol  FoMdmgdwom ©s Y
396DM50M g1 3nMMEOBaEOL Jgbsdsdolbo Qf, 35esb.
3063900 Lsbols 535390000 3Mb@sdBHmeo dmdMomdols

©O0xBIMIB305MEMO gobEMEgds Y3 39BBMYsMYdMEo dserol dodscron:
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