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Abstract

Working of railway rolling stock and passenger carriages are influenced by
many factors. Security of the carriage is depended on the “Carriage-Gauge” and by
the index of its dynamic, which by itself is depended on the profile of gauge, on
the center of gravity, on the reliability of the Carriageway and the importance of
unevenness of the wheels and the rails surface. Besides these factors, important
one is having the automatic brake in order.

Automatic brake is the complex of the different pneumatic operation of the
devices, which the last performer is the transmission of brake lever. It begins to
work via brake force developed from the brake cylinder and after the pressing the
pads the result is that the brake force is transferred increased to the wheel.

There are different types of brake levers which operate on the surface of
the wheel using single-acting or double- acting pressure of the pads. The first is
used in the cargos carriage and the second in the locomotive, passenger train and
in other special carriages.

The transfer of the brake lever is characterized by the transportable
pressure and vertical lever, also by the many hinged connections in the passenger
train. Some amount of force developed in the brake cylinder is spent to overcome
the friction of the hinged connections. It is complex system and production and fix
is connected to the economic expenses. The famous scientists have calculated the
transmission of the brake lever, but during the calculation is considered only the
ideal parameters, but it isn’t close to reality because it didn’t take into account the
exploitation procedure. During the exploitation is increased the technological
gapes (the species of insertion in the hinged connections) there is considered only
the process of composition of the levers. After the depreciation there increases the
dynamic pressure of the levers and they experience a twist, bend and often even
the breaking through.

To exclude such kind of unwilling facts it is necessary to create the transfer
of improved brake lever, to decrease the use of the levers and the hinged
connections. It is necessary to be conducted the research on this transmission and
examined the depreciation in the connections.

To solve these problems was created two types of the transmission of the
brake levers in the passenger carriages. General movable brake lever transmission
and the general directed brake levers using the double press on pads.

These two models were created to endurance the real dynamic pressure and
to increase the effectiveness of the brake levers. The hinged connections were
presented by the external elements of the given circumference and internal
elements by the point. In every hinged connection was given the movable
coordinate systems with their generalized coordinates. This gave us the chance to
characterize gaps brake lever additional moves. There was classified and was
established the differentiated equations moves and quantities to set the rules
which will help to show the additional pressure and to characterize the possible
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amount of gaps which ensure the normal transmission and the effectiveness of the
brakes.

There was selected for the research improved transmission brake lever of
passenger carriage and was the most pressured hinged connection taken into
consideration the stalk also. The decision was taken that the transmission levers
are the stalks with equally distributed the masses. for the additional move
differentiated equations was studied the variable of transmission kinetic energy.
Generalized energies by generalized coordinates. Also friction forces changes
general starter’s turn point, the friction coefficient of the hinged connection
elements. There is taken appropriate representations.

To get the real results, there was prepared the complex research program
with its sub-projects. For equation solution was used the integration method of
Runge-Kutta, for this the equations were given. Experiment showed that the
increase of the dynamic forces is proportionally connected with the gap geometric
significance.

Was declared the friction’s and reaction’s forces spread area by the turning
point of the gaps and the starter. The results were represented in the dissertation
using diagrams and tables. There was taken the size of dynamic pressure and gaps,
which are needed for the effective brake lever. The results showed the optimum
meaning. Everything was expressed in the diagrams.

The effectiveness of the automatic brake in the passenger carriage is not
only depended on the transmission brake lever, but also the arrangement of the
technical conditions of the pads. Nowadays in the carriages are used the
compositions of brakes, pads and they don’t satisfy the demands.

The problems of the pads in the carriage exploitations are the increased
equally and at the same time frictional surface with the wedge-shaped coils. 30%
of the pads are changed because of this problem before its time comes. The
effectiveness of the brake is depended on the surface rolling of the wheel and the
degree of depreciation on the surface of the pads, components of the frictional
surface and on the knot of the pad.

There was done the theoretical research, which take into account the
duration of the carriage work and the pads and brakes. There is declared the
depreciation size of the rolling wheel on the surface. Defined the run by and the
brakes work duration, also the technical significant. All these are defined by
diagrams and tables.

There was studied the pads security using the probability principles. There
were declared breaks of the pads, their frequency and probability. The great
attention was paid to the stocks wedge-shaped depreciation. Was created the
research model and were used the vertical size balance conditions, was taken into
consideration the gaps in the hinged connections and were declared relevant
representations.

In this work the attention was given to the selection of the pads materials,
the way how to solve the problems. Was created the pads knot relaxation auto-
oscillation calculation scheme. By the result of the analysis were conducted the
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calculations and by the experiment was defined the dependence of the auto-
oscillation to the stocks frictional meaning. The results were reflected on the
diagrams. The result was that this kind of auto-oscillation had negative effect on
the working of the stocks knot and itself the auto-oscillation is depended on the
speed of the wheel rolling degree, on the wheel and the stocks frictional surface.

There was established that during the selecting stocks, there must be
considered In this work have done the research which have the great importance
for the increased effectiveness of the carriage automatic brake. At the same time
we can get the economic effect if we use the proposed calculations.
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39M39@GM0Mwo 396GHMYd0Es. 98 HgOGHowgddo ImmgdIos dgbsdsdolo G,
Loddodols doergdo. 93990l S 89 393JOOL IMdMBgdOL 3Mmbggdos v, ¢,
&, U. 2bboEIMEos 2553930l Lo Fglsderm dEYOIMYMdS MOl F
doerol dmddggdobsl A §9MGHowosb Lodwmomgom A s LEdMEMm™m A
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ol

Bob. 5. o99xmdgLgdMEo LogMmMHTIMs30560 LadMbO¥Fm dgM3gE o
3900539908 306985303960 s 065303MM0 356M5F9EHMYdOL
155695M0dM bgdgdo

30693530360  33¢0930L  oBbom  930wgdgos  AoboLIBOIO™Y
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9Bdo69ds. BC d96M39@30L S; 351930l 396E®oLom30l 3394690s:

|
X, = rcosa+5100s1//;

(1)

: I, .
Y, =b+d +rsma+5151nl//.
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CK bs300bs030l

1, + .
X, =rcosa+l, cosy/—Tcosgo,

. : [, +1
Y, =b+d +rsma+lls1nt,//—%cosqo.

DE Ls8segom 39M393H0L S, ds1gdol 396¢®olomgol 3hgbo:

I
X¢; =rcosa+l, cosy/—lzcosgo—i-z“.

KL5bLermeno d996mq00L 45000500 gd0Lsm30L 3hgMHom:
Xy =rcosa+l, cosy —(l, +1,)cosg;
Y =b+d -1 siny —(l, +1,)sin . }
O2F bo300b 3sgdolL S 395GHMOLIMZ30L Bg0dEgds o0HgMmU:

I +1
5 6
X, =rcosa+l cosy —1,cosp+1, —

CoSQ;

I +1
Y, =b+l, singo—%sin(p.

)

3)

(4)

(5)

(1)-(5) BH™MEMdgdol Jobgz00m Fgodegds 303Mm3Mm 439ges 09MH39EH0L

dabgdol Si 39BGHMOL boHmgzgsbo LokJomy.

Vs, = (X5 +Ys)'";
Vs, :(stz +Y522)1/2;
Ve; = Xs3§

Ve, :(X§4+Y524)1/2;
Ve =(Xg +Y )2,

; . L.

X =—ra)s1na—51//sml//;

: I .

Y, = ra)cosa+51// cosy;

; . .. L+ .
Xs, =—ra)s1na—llz//smt//+Tgosm ®;

. L+, .
Ys, = ra)cosa—lll//sml//—Tgocos 0,

XS3 =—rwsina—lysiny +1,¢sin @;
X, =—rosina—lysiny + (I, +1,)@sin ¢;
Y. =-lycosy —(l, +1,)¢cos ¢;

; . . 1 ..
Xs, =—rwsina—lycosy —E(ZI2 —ls—1,)@sin @;

; ..
Yss ZE(DSIH p(ls=15).

(6)

Loog X; @5 Y, LoRJs®OL agad0wgdo 05635603905 9500R0 GHMEMIIIOm:
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096 393H900L sbgdol Si 396EGHMIOOL bobmzsb0 9BJo0gdgd0 F5TMOolobgds

RMOIMEIO0m:
= (X3 +¥2)"
(X +Y"822)1/2;
a%"xsv (8)

= (st +Y"522)1/2;
ag = (Xli +Y“K2)l/2'

(8) LoLHYAs0 Fgdsgomo X, s Yo, RooFgmgds psdmlsbrangdgdoo:

X =—Tw’ Sll’la—El(l//Sll’ll//+l//2 cosy);

Y, =—ro’ sma—El(l//sml//—l//2 cosy);

» I,

X, =—Tw’ cosa—| (¥ siny +y* cosy) + 22— (¢)s1n¢)+(0 cos @);

. l,

Y., =—re’sina—1 (i siny —y’ cosy) + 2—=> ((osm(o+(o cos P);

X¢3 =—Tw’ cosa—|, (ysiny +y’ cosy/)+|2((psmgo+go Cos @); ©)
X, =—rw’cosa—| (siny +y* cosy)+(l, +1,)(@sinp + ¢ cosp);

Yy =1, (7 cosy —y* siny) — (1, +1,)(@sin @ + ¢ cos );
X, =T’ cosa—| (siny +y > cosy) -1, (¢sin g + ¢ cos @) +

u(gbsin @+ ¢’ cos);

Yo = l5($cos g — ¢ sin ) - (wmnw ¢’ cos ).

©065303m60  sbosewoboll  BoBadgdol  doBboo  9mE30wgdgE0s
3960LsBEZOML LETMBOHMFM Jo39doL 39M3IGEJOOL 0bgMEO0L doergdo s
dm396&900. 096 39G0L 069MHE0OL does DM B0fgMgds Sbgmo baboom:

F.=-ma, ,

LooE Mi 9®OL T -MM0o BM3IYEOL Bobo;
a, —i-7960 dgMm39¢oL Axbgdol 396EHOL SBJsrds.

oMM gmeOIMNEol dsewom BC 096M3930L 0bgHEool  dsgnrobsmgols
53975902

F,=-mag;

o

5bvy
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Fnl =_ml(X521 +Y”321)1/2- (10)

Lomsbome, CK, DE, O2F 396 393900bs0030L 339969ds:

F.= _mz(xszz +Y"522)1/2
Fo3 :_m3xs3
F 4= _m4(X524 +Y"324)1/2-

o}

3953990L 096 393gd0l  0bgMHEool doerols agpdorgdo OX s OY
0963900l 0o Bs0fgcmqds sLgmo bsboom:

Fol(X) = _m1X51;

Fol(Y) = _le"51;

FoZ(X) = _mzx.sz;

F02<Y) = _mzY"sz; (11)
Fo3(X) :_m3xsz;

Fo4(><) = _m4Xs4;

Fo4(Y) = _m4Y"s4=

Lo Mi 6oL 39959690 BgM39EHId0L dsbgdo, bmaem X s Y
3560L5DE3MYds (9) LobEYdosb.

LodMbOWIM  BYMIIAHMEPO  FO3gdol  BgM3YBHJOoL  0bgdEooL
0yzoedogrol Mo  dmdgb@do  dslgdol  39bGH®ol oo  obobsbLgzcmds
DMYPOOO BMOIMEO00):

M =13,
Loog i 900l i-9MHo 393930l 0bgdEool dmdgbGo Loddodol 39bE®3do
399535¢0 gMdol Jodsrm;

@, —1--m60 396 39GH0L FMOOHHJIOL 3PHYYHO SBJoMds.

35806 3565036900 FmEOIMEol dsgroo BC dgM39@EHol, CK s OF
153009gd0LsM30L (9O 99 BHMEMIJOL:

m ...
M, =— i
m .
M, :_1_22(|2 +|3)2¢; (12)

m .
M= _1_24(|5 + Ié)z(D-
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50235650,  goblsBOzmME0s  yzgws  dobsloomgdgwo  356M53gGHMO
390053990L 30693032900 gbgeyool s F9dmd dMIMMdOL OFBIMIBEOI MO
396@™M 93900l dgygbols Jobboom.

dm39dmo  LLINMbOMIM  89M3ZIAHIO  39S3JA0L  bsEOBMEO
39933 9g30L5m30L  LoFoMmMs  gobolabEgMML  dM393 0L  JMdMHW69dOL
3b99d0 B393H0wo 39dGMOo 3mbEHWOOL dgomm©om ©s [omdmgoygbo
399&™6Oo O1BCDQO: 36535¢03990mbgooll 43960090l 39d@™Mgdol Loboo:
DQ=a, QO,=d, O,B=F, BC=I, @5 CD =1,. 30d6&6gd0l a 3mobyg olggy
dv080300.

395b9bm M5 53 399BHMOMO 3MBEHMMOL YRTIMOL XOY LobEgdols
OX s OY 9hdgdbg, 29Mddbgdol 9909y 903009300 ™6  GHMgL
03039Mdsls:

|7 cos’y =—(a—2cosa)’ —2l,(a—2sina)cosp+1; cos” ¢;
|7 cos’y =—(d +rsina)’ —2l,(d —rsina)sinp +1; sin’ .

5S¢ 90600 A5MogdbgdoLy s Bolidgdol 89dgy 90 A9bEMEgdgd0L

59mblibs 435deg3l cosp b0l 3603369 mdsls:

cosp = le [-AC+B(A*+B2+C?)?] (13)

A% +

bogS3
A=-2l,(a—rcosa);
B=-2l,(d+rsina);
C=1; -1 +a’>+d’r* +2r(dsina—acosa).

(13) HMemd0sb 890dgds @ 37mbol goblsbmgMs:
1
= ——— |- AC+B(A’B’C?*)"?].
@ = arccos A2+BZ[ ( ) ]

BC 3963930L 9md6mbgdol w 39obols 3mzboll dobbom dm3gdmero
190l dobgzom, 3(gMHom:

rcosa+1, cosy —l,cosp=a,

Lo0IBsE F0z30090m:
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cos:,z/zll[l2 cosgo+(a—rcosa)]. (14)

I
56vy
W= arccos[ll‘1 (I, cosp + D)],
boQS3
D=a-rcosa.

DE 939603930l 8tmd6omdsl 990dwgds Jmbogl mGo Labg: 3o63z9wm
d9dobgg3sdo DE sbitrmengdl dbmerm@ go@o@obom 9mdmomdsl s KDEO:
B5393H0w0o 3mbGHMOOL 39dGHMOMWOo 29300 gd0 bd3MmMOEObsGH™ ©gMHdgdol
9035600 §oMIMY30905 SBgmo Lsbom:

l,cosp+1, +1,cosv—h=0;

l,sinp+1sinv—H =0;
13965536900 2obEME9g3900sb 33MMMdm:

cosV = Il(h —1, —l;cosp);
15 (15)
sinv = I—(H —1,cos ).

5
5699

V= arccos[l;l(h P COS(p)];

V= arcsin[l;l(H SR cosgp)].

dgmMg 99dmbggzsdo, DE 3903930l Moo dmd6smdobsl, KDEO:2
B5393H0w0 3mbGHMMOL 39dGHMOMwo g9ad0gdo OX s OY ©0gmdgdol dodsto
B50{96905 9900930 3ob@Mmgdgd00:

l,cosp+1,cos&+1,cosv—h=0;
I;sing+1,sin&+1;sinv+H =0.

5990096 by 49BoLYBEZO™ML  IMdGOMBJdOL & s vV 3mobggdo.
Lo9bIOM 3P0 FoModIbIdOL F9dgy F0300GdM GHMOYMbMIgE MO
396@MgdsL IMdOMBgd0L  3bols Jodsdrm. 3394690s:

A sinv—-B;cosv-C, =0, (16)
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bogS3
A, =2l,(H -1, sing);

B, =2l;(h—1, cosgp);
C,=1; =12 +h*—H?+1] cos2¢—2l,(hcosp+Hsing) .

(16) 296@&Megd0L LyA0GOgEO 5TMbIbLBOS

. 1
s1nv=m[A0C0iBo(A§+Bj—COZ)”Z] (17)
5699
. 1
V= arcsmm[AOC0 +B, (A +B; —Cj)”z] .
3m0MHbgdol & 3mmbols 3603369eMmds 4960LYBOZMGIS 296G MEgd0sb:
l,;sinp+1,siné+Issinv=H
L0,
sinlei(Do—l5 sinv), (18)
4
56 &= arcsin[l;l (D, -1 sinv)],
bogS3
D,=H -l sing.

300900 89092900L dobgz000 890dwqds BoGHIMOIL  450(39d0l
065303160 258m33cg3s. 93 FoBbom 309gbgdm  ogMbggl ddMsMdOL

3969 o0l 0BIMIB305WME gobEMmegdsl:

d(oT) oT
S A L S 19
dt(é’dj oo Qu (19)

Logs3 T 90l Im39991e0 o0s39d0L 30693039600 9bgeyos;
a -bBogeomm 589630l FMIGMBYdOL  3MmbmMo  LoBJoMg, 0039
396BM500Mgd M0 3MMOHPObYE)S;
Q, - 99b5dm a FMdMYB64BOL TGbsdSAOBO FobBMYSIOVIEO dows.
396BM50MGOMOo dogs 458Molabgds GHmEmdom:
Q, =M, +G\Vy,,, +GC Vs, + G310, + G V40 (20)

B5@SG3 Viiy 960L Si 3oligdol 396G ®900L LoBds™gggdo. 8godwgds sofig®mb:
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Vg, = [rza)2 +%Il2 +1,roy cos(a —w)}m;

V, = [rza)2 + |12y)2 +i(|2 +1,)¢’ —2rol yrcos(a +y) —
—ro(l, + |3)(/')cos(a —@)+l o, + |3)cos(t// + (/))]”2;
Vg, = [rza)2 sin” a + 2ra)sina(|1w'sinl// - Ingsin(p) + (21)
+Ilt/'/sinl//(lll,zksinw—2I2gbsin(p)—|-|22(p2 singo)}m;

Vs, = {rza)2 sin” o + |121/}2 sin” +l(/)2 sin’ P2l -1 - |6)2 +

+2rolysinasiny +rog2l, -1, —1,)sinasing +

iy . . 1 : "
+lyp2l -1, —|6)s1n1//s1n(p+z(|5 —|6)2(02 cos’ go} .

L3 MbOWFM B9M39HLO 2553990l LOo T 306930300 9bgM0s
0960Mo 968 096 393)gd0l dMIMSMdOL 30693H03M6 9bgMPosMs KoAL. SFoEHM™d
090 B50{jg69ds 53 Laboo:

T= %(I(H—l)dz + m1V321 + ISII/)Z + m2V522 + |52¢2 + m3V523 + Ioz(b2 ) (22)
0] 503mBbgds, GMI CD s O2F 15300900l dmdMmbgdol 3mmbggdo
56 9909905 04mb MOPOIODEHME0, d5dob 3bsos DE bydrsergom 0963930

395Gl OGO, 25IGB0M s BMH63000 FMIOSMDBIL, bmeom O2F
15300 999MdMHbgds  JMMbom, 9.0. 500 996935 EHMEPMBYOL:

[ 2 j 2 /2.
Ve = (Xsse +Vs36) 5 (23)
Vsae = (Xaaep +Ysae)'™

50 89dmbggzoLomzol 3hacm;

1
Xs3(§,):rcosa+|1cosy/—lzcos¢+5|4cos§;
Y. =b+d+rsina I sing -1, sinp—~1, sin&
sy —RTAF Sm“—lsml//—zsln(p—5451n§,

1
Xy =Fcosa+1, cosy —1, cosp +1, cosf—E(I5 +1,)cosv;

Yooy = b+d +rs1r105—|l siny — 1, sing -l ,sin& +

+HO—%(|5+I6)sinv. (24)
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9 339 & @5 V. 9md6OHbgdol  3mombgms  3603369enmdsbo
35b0LsbBE3MIds (17) s (18) BmOIMEgdom. 3bs0s, S3 s Si FsLgdoL
3953®9d0L  Lobdo®gqdo  goblbgoggdosh (21)  LolLEGgdsdo  ImEgdero
9ODBObgs LoBJsM9gO0LYYYE. 3hgcm:

Y
4
—2ral,pcos(a — @) — rol & cos(a + &) + 21 Ly cos(y +

2

Vese = [P’ +17y? +1;9° + ffz —2roly cos(a +y) —

+ @)+l cos(y — &)+ 1,1, ¢ cos(p+ )] (25)
Voo =[FP0” +1747 +15¢7 +1;£° +i(|5 +1,)°V? = 2rol yr cos(a + ) —
—2rol,pcos(a — @) - 2ral & cos(a + &) — ra(l; + 1, W cos(a — V) +
+2l Lygcos(y + ¢) + 2|1|4V7‘§ cos(y — &) + 1 (I5 + 1)y cos(y —v) +
+ 2|1|4W'§.COS('// +8)+ L5 + 1)@ —v)en =1, (15 + |6)§\7COS(§ +V)]l/2- (26)
0] 3930035¢0obobgdm, H™I
, s +1, )
Ioz = |54V2 +m4[%j ;
2

. . +1
o /125]

m
|s4 :1_24(|5 + |6)2’

35806 2500533990l 30693H03M0 9bghgos, GmEs @ =V s DE Lsdmsemgom
3963930 SOl MY FMIMIMBSL, FodmoLobgds 99dIR0 GHMEMIOm:

T :%(I(rn)a’z + m1V521 + Isﬂﬂz + mzvszz + Isz(b2 + m3V523 + |51ééz + |02\72), (27)

Lbooss V.V, ©o Vg boogqoo gobolsbeg®mads dqlodsdobs (21)
LoLEBHYB0IL 30MH39wo S FgMEg BHMEWMBIOOm, 51939 (24) LOLEHYIOL 30M39Wo
AM@Md0m. IMdO6gd0L @1, s V 379mbgado 3sbolsBO3mgds Jgladsdolis
(13), (14), (17) @> (18) ¢odmbsbmagdom.  Jgbsdegdgeos V-0l
2956LsBEOZOOLIMZOL 30LIMAIOLM® IO BMOIMEO:

\-/2 — 4 2
(Is+15)7
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Bo@d3 Vs, 39800030905 (26) GHmemdoo.

obgéizool g, 15, s lg; 9mIgbBdgdo dobgdol 39bGHMGdOL 0G0
3560LsBP3MNdS (12) GHMEMmdgdol dobgwzom.

3H505 236BDMYsMmgdMmo Q, dserol 3600369 mds, godmbobywo
(20) BHMEoMdom, 56 Jggbodsdgds 30bg303MMo 9bgMaool sboer (27) Loob.
dolo sbsemo 360093690 ™md0l ©sYRgboLsMZ0L Bs3doMOLO s 9YE0WYGOIE0S,
©md (20) Gmermdsdo S; s S, dsgdol 396GHOYO0L Vg, s Vg, LoBdstgqdo

09333500 sboero, (25) s (26) 3603369 mdgdom. g.0.
Q, =M, +G\V;, +G,Vg, +GVgy) + G Vg (28)
LOdMEWMME, W69l IMIMSMIOL TgmEg ool ORIMIBE0SMEO
396@Mmgdol dobgzom IMEdMEo 2oo3gdol 33930l Lofiyol 9@e3dy,
dolo 3mdOH5MBOL OBIMHIB(3050OHO 2obEMEds B50HgMgds sbgmo Laboo.

d a 1 2 2 .2 2 .2
ﬂ%?["””” +mVg +l " +mV. +1 9" +

2 20 (IS_'_IG)2 .
+m3VS3+I53§ + —2 m4+|s4(v) \Y +

1 0 . .
+——1 @ +mV2+l y+mV2 +1_9° +
20al T+ 10 sl s1 252 s2

o1 '
+mVe 1 & +§(m4(|52 +12)+ IS4(V))VZ} =

=M, +G\V,, +GV,, + GV, +G V- (29)
(29) 296¢™Mgdol Lodmermm bobgdg dogzsbols s dobo sdmblbols

09009y 090dergds  d0300M0m  2od3gdol  yzgaws  obsdogzmMo o
3069853037960 356059939008 00g5¢m0o 36093690 mdsbo LogMHomm s3dMsz30L
dmdMMbgdol bgdoldogho a; JMmbobosmzol.
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2.2. 35790xd9L9dMo Lsdbermm 396 39GHEO
99005399900l 0658030 dmEYErgdo

2.2.1. ©0bsdozmMmo dmpgargdols 39ddbol mgm®omo
21399B9d0

(9500 om0 s 306985303760  356539EBHMO0L  ©IYIbols
d0Bbom vMEowgdgo bgds olgmo LssbysModm Moo ©obsdozm®o
dmggdol  dgddbs, Loss  domzsolfjobgdmmwo  0dbgds  bsba®dwogzo
9Jb3@PoHO300L  8JEIBOQ OO (3390Jd00)  yddMf3go  Bgdgboro
dmg9gbgdo  A5BM©Oo WMghmadol Lsbom. TbmErmE SLgmo  FmEgErol
dobg30m boBHIMJOME0 25563560890560 00935 25093999080 F0dObseY
130D0329M0 dm3e969gd0L Mo LmGOom.

3999603160 25005399900 353bol MomJdol gzges Badabbolidygdwom
3396090005  259myqbgdemo s  dmdEMsgo 9935y gbermdol  MLsgGmbM
M50 96 HMIYe0dg 3OHMEgLOL FoMTsMM3d OIS ITMIOWIOIYWO 53
390053999000 Ls0Tg™ s MIBHYMBIOM FdomdBY.

399mb0ol 39945603960 4505399900  F90dgds  I0YML  MOS  ©d
IHMOMW 25005399905. 005 3979603 MM0 o399 Fg0dEgds ©o30bsbmm
08PP@ME, VIO, OO BYONWO 35393900 3393 0bYdS
392mbol  3m33MgLmOOL,  ObYol  dIMH30L,  MJAMWOGHMEOGOOL 96
690JHMMGO0L  3mO3MBgool  Foaboom  sMgdo dmdmdsgg  FglermeEgdYICo
3995603160 25005399900l LoliEgd9d0L Loboo.

005 S MO F9Jobo3zMMo 2owo3gdgd0 3mdomdgb Lbgswslibgs
Lo9JU3EsBSEOM Mg:00d0, Lb3sILBI3S T9Hgm30L bodolboms s oM
306MdJO0m, 5d0GMI 53 O39S 25dM331935 IMombmgl 2sblbgzs390)w
90 MasL.

005 399560399600 250053900l Fo5¢P0m0© Fg0degds 9300Mmm bbgoalbgs
Lobol BodmbOHFm 09MH39GI0 2933900 39ambol M3sewbg bmbgdol

mOIbOogo b 3owdb®ozo @ihmwom, 3906 ME-MHgMIEGMOHIo
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390053995,  3953mbgdol  gMMTogo b MmMIsao  MgLbmEOMEo  Bsdm30gds,
933)MPOPI0TN MDY, 37E0ls MJR0SEHMOO s bbgs.

399mbol  LodmbOHMImn  39M39GMwo  LobGgdol  LsdMsEgdom
3°bbMEE309E9d0 ©sFMHM¥FJOol 3OMEgbol bstolbo, Bydoldogmo Mgiodom

53BN FOoLSL, ITMZ0EIOI0s BodMbOMFm 39M39EGHWIO 20390l
3905MmMMdIbBY s Tob  3H9dbozme ByMIsMgMdIBY. o 03olbdgds

39053990L  gz9ges 90s9bgeo ¥9M393H0L, 930l 96 Lszool Ladmmgd@Hm
3565393900l F9b560Bbgds dBs0gd0L, BsdMbEHGHYOOL 56 b3y sbsbgdgdols
390939, 39M393900L LEbLOYEO F99MgdgdOL Fods S 5O 9r9dgbEHgdol
Lo3MM9JBH™ 39mdgBHHoMEo BmIgdol FgbseB6gds, Lodmbeérmim 30w oboMmol
F300006 2563000560980 LsFMBOWFM doeol goBOHoo 3603369 mdom
390053995 LEFMbEOM I BMBbOL BoBsaM9gdol HgmEowsdg s 5.0.

LodmbOmFm 09MH39HIWO 255390l LadMHMgdBHM 2os3gdol BMHOMDS
©5 LOIAWH3MY, HMIGWOE odMObIEHJdS MZsDHY bbb FowsiEgdero
LodMbOWIM  doEom,  ITIMIOYINYWOS  BM3)BHIO0LS s Bd30YdOL
©3Do@gdols @S 93609001 39IbmMmA0sBY. ©ITBsYdOL  3GME9LT03Y
3953990L  B9M39AHL, §939L 96 Lo3oL 2o5Bbos 306M39gmoO  3EMIOGdS
Loa®dol Jdobgzom, GMIgWoE 930900l 8999y, 90 9E9gdgbGHMs OO
(om©Ibmdol  2odm, 0dwg3d> OE  30M39WOE  (30MI0EYOL.  FIMS
50b0dbmEols, 2oo3g30L 9gdgb@gdol LablMvier JggMmqdgddo Eslsdzqdo
A9Jbmmaomcmo  ©MHghmE 30039000 3MA0WYd0L  FoEHOMYdII0S,
6IgoE 9Ju3esdsEool 30MMmdgddo Lablmwwo TggMHmgdols dogs s 3569
99996&9d0L (3390006 299m 2oboEOL 3OHMIMMF0E BOHELL. 30MH39WOEO
5 ©O9RML ¥OLYdMd0m F9Jdbogro BogdudEysEsEOM 3MT0Wgdsbo Bs3domo
©OEOS QS ¥OYMBOMO® 8mgdggdl goo39dol MMamOE 3069953036
LoBMULEHIBY, SB939 Job 0BG Bobgz9690egdBY. 04dbxdS LoEWS309, MMES
3999603160 450053990l 39domdol EMOHML QoBOOWwo MMRmL dgdmbgggzsdo
5SRO0 543l MMIgodg  396039G0L  IPYMOMOID  2odmlbgamsl, M3
35900bs3Hds AoLo 2506300 56 gMIMEo aMgboo.
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BowmgomGmo  3Om3gLbgdo  3080bsMgmdL  obwBwwo  GHodol
390053999080, OMIgwms  BadMMgBH™  ImMbs399900 BWBTGBE WM
©538539090,  Bood  30M39wo©O  30MIogdols s LablG
399600909030  99896@Hq00L (33907900l FgLsdsdoLo  QBMHOEo  VGOYRML
5OLYIMOOL  30MMOJIT0  296030B Go O 065303  IBHIZOMMNZYOU,
bdoGo  299m©0sb  [YmdMH0Esb. gl Fgodwgds 30639 Mogdo oMzl
353Mb0l  3m33MHgLMOOL IO IbIMIS-BMDs3S T9AEOWWgdgo  dgdobobdol
0560539~ IM3560 xR0l  F0dsmm.  IOMPIBIMO-BIMDIGFIL,  BoMDIFS-
©230bd O AYI0-300bPMOL LoblMmver F99M:MGddT0 sOBYOVICPO OO
M9ghml J90mnbgz935d0 0HBMEYOS Mgogd300L5 s bobmbols doegdo, s5EyOEro 593
400 o 3969 9w93963gdol sMEHYIom IM3w9gbgdl, Mol T9JIRSI3
B05609d5 9O 9d9gw0 94960Baol 9ergdnb@gdo. 500 5943L BoGdIEL
390b3sl,  aMgboll s  bdoMo  BsdlbOG35LE 30, B3 WTEHJO0MO
99b539909e0  1od9domgdol  [HobodoMmmdsl  [oMmdmoygbl. Bosbgds 56
oOGHM  05MBS35, 909390 Mo, MMIGEoE 0d9bL  MZOMBIL  BIMDS3HL
06Hbgol LodMEFHYgdo, dobo s FMds (F0WObEOOL BYJPI30MGdO 0FTIMGdS
Bo3506gd0m,  BoMT5399900m,  OMIWgdog  Jmombmgzgb  ©sds@gdom
9915390909 Bodwgdomqgdl.

dbaogbo  dmzgbgdol d9b3zol doBbom  sMEowgdgo  bgds
359030330M™ 005 S BWOME 45053999030 8080bs6g obsdozmMo
36MHm3qLYd0. 306039 Moydo gl gbgds dm3gdmo 89dsbolz MO 25379900
3309358 LablOyer 999009390830  MghMadoLs S  IMEHYIGOOL,  sb939
(M gdol  ©M)35MdOL  gomzsolfjobgdom. gl s®ol  3mA3wgdumGo
50m396s, MMAOL  45050Y39@S M399b0dg 9BHo35 F9g0dwgds  @I0YMUL.
30639 000 530939 0s M3l ©d 255399900l ©0bBsT03MNGO
39 gd0 439 dmddgo BoddEm®mol dbgzgermdsdo domqdom.

399960360 25053990L ©0bsF03MMO FMEgwo Mbs sLobsgzgl dolo
dmds 65fogdols Hgoe® 29mdgE©M0osL ImdMMdOLIL 5o 065303 MMHO
©90mgdd90900L 306:M390T0. 5T EOHML 5)(300gdS© B S0bLBSL Qos(39dol
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LoblEmEo FggMmgdgdol OPRML sM9gdo ©obsdozm®mo s 30bgds@ozm®o
doboliosmgdegdol dglsderm (335 gdo@MdOL dM3gegbs, MomoE Bodwogds
92393995 HoMIM35020bmm bmMTswrmEmo MHgogdgools s bobwbols dowrgdols
3963000560900l 3O MEqLO, 1939 F935M330M IMEGHYIoMO dM3wqbgdol SOLO.
50 9oBbom MIPML  sOLYOMBOLLL  LoblMyero  F996MH0gd9dL  Fgodergds
399mgLsbmo d9090 Bdgdol dobgwgom (bsb. 6).

dm3gdmwo  Ldgdob dobggzom (bsb. 6) HoMmBdmpygbowo dGmbzomo
LobbOeo fygowo sob |, o I, 839603930l dmdMogo FggHmgds, M@Iol
2909 1 9e9d96@0 809OHmgdEos |, 39603936, bmwm doas 2 gargdgbdo
0535300609005 |, 3960393 9b. MHmam®E dogs, S1939 39Mg 9egdgb@gdo
296030056 MOOIOHMINIOMDgdL vy |, s 1, 39H393Hgd0 TIMsmMdYb
IONOOMMO, 96 Fogs 9w9dnb@o dmdMMbgds 356 9rgdgb@ol 80ds6mo.
LoblEmE 99090530 sOLYdIMYMo A Mghm FoMTMoAIBL gotg s Togo
909396¢3930L ©50LmS bZoMdL (Bob. 6), 9.0. Ggodegds s0fgemls:

A=r—r’.

5 8gLodegdgmos  gobgobomo  ®59gbodg Fgdmbggzs: 9) MHMES
LoblMob Jogo s 4969 9gergdnbBHgdo MHP0IOHMIMDEI6EHOos (bob. 6, 5). 50
©OML O9BML I60dzbgermds A =const. ) MGmEs Foas 9w9dgbGHo dmdMsmdL
39609 99896@0L 808 3mbEGSdEHOL 3060HMdYdTo (Bsb. 6, 8). 53 OML MGMYRM
dmogLgdIE0s oS 5Mgdo s dobo d60dzbgermds 339 SM0OL 2A. obog
d9©dogzo LoOEgs. @) MHMEs TgbodwrgdgEros  Fobbm®mEogmEal Bmyswo
35005630 (Bob. 6, ). 93 Fgdmbgg35d0 ©MIBMOBO LoblEOL Tos s 509
9099963930l MOD0GOMYIBEOygds 3MBMOI0MGIMW0s, o3 FoMdmowygbl
MRl DMYo® 35M056GL. 53 OML 2omEMTogdwo ©MghmL d60d3z6qwMds
3990Lbgds BMEOI)Om:

2A=a+b,
Loog a s b s®ob dsbdoergdo Fogo @s 9o6Mg 9w9d9b@gdol dGMMB30L
090G0wdo 39393 LogMomm ©0sdgEMBY dogs 9wgdgb@gdols s 2sMY
9w9996¢3)0L {6gbsBgdl dm®ol.
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909996 900L 3mb396EGHME0 396eggdoLLl; 8) 3omMTsygdEo
0MRMmmOo gangdgb@gdol 3mb@EsdBHveo dcmdMsmdOoLSL s
3) ©O9PMgdom F0yd s 2569 9gugdgbEol 6xdoldogMmo gobmsygdolsls

065803160 dmgeols d94dbolisls gom3seobfjobgdmemo Mbos 0dbsls
390053990L 89350096900 ¥9M393H900L 39MIGEHOOME0  3MBFOYMMSEF0S O
dslgdol Loa®AgbHg 4obsfioEgdol Lyzombo. sdMEbOL gods®Eoggdol dobboom,
o3 LOOMW MM F9YA0DY 29396l 396 FMIbIbL, Fgodergds dogzohbomm,
GOmd 49053990l 89M393HJd0  BLMEMBHMEMI© bobEGos dslgdol  MsbsdsMo
39b5fowgdom o Josh Loga®dgbg. sB939 33w930L 30639 9Bedby
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3503M03bsg3m 096 393HJO0L  OMY39EMBOLS S WMHIPBMYO06 TggHgd9dTd0
693900 IMGHYIoL Im3egbgdl. 33¢930L dmdg3bm 9&e3bg GgLodergdgwros
39630bowmo 0039 59MmEsbs 0963930l WEMY35EMdOLS s  LablMYIo
993963 gd0l  bbgoobbgs  Lobol  @sdEHYdgdol  dobggzom.  MmMmMLgy
9990bg3935d0 2953990L 065303 MMHO dm@gero bs oyml ggmdg@®momwo
Pymdom gembs0m0 s SBoboggl IM3wgbol B0BOIMM SOLL o9 dmddgo
R9dBHMOHGO0L  Bgdmddggools s LoblOWwo F99MHgd9d0L 9wgdgbEHgdol
d9L5dM MYOHMOYOHMYS9H0GIOL Qomz5olHobgdom.

2.2.2. by 53dM530L JMbg 3omTxMdILGOIEo LN Fm
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0754300L5 5 bobmbols dsargdols oblisbwz®ms

95d300L5 5 TgLsdsdobo bobmbol doggdol gsblsbrg®mols doBboom
309600 domd 3Mmgb6E GO0l gobEmengdsl B {od@owol d08s60

. . I . I I
—F"l;siny, + F.’l, sind + F* Elsmt//— +F) Scosy - FY Elcosy/+

+Mn+G1%cosy/—Fhlsina=M(B). (128)

0bgeE00L dserols 9adowgdo
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F'=-m, Xs )
L (129)
FJ=-mY,.
(100) LobEHYIoL ORYMYbEMYd0m J0300IdIM
X, =rw’ cosa —lll(t/?sinw +y? cosy/)
? (130)
Yy, =—To’sina —Ell(y?cosy/ —y’ sinlp)
0696300 doserols dmdgbEo B {od ool dodstromn
M=y (131)

" 12
(101) 02039Md0L MOXIMIPO ©OBIMIB30MHJd0 030090 I —ob
360093690 mdsL.

W= | ciSt// (Ly?siny +1,gcosp+1,¢° singp—rw’sina+Y,). (132)
1

¥ —ob 8603369 Mds 4960L5BM3M9ds (102) BHmemdob Bodmswgdoo.

(129)—(132) @maemdgdol dg@sboo (128)-do o dm3Eg 5e0aqd6MH 9o
29654dbgd0lL  890ga 03009dm Mgodaool bm®mdsewmemo F" 890a 960l
36093690 mdsL

m m
F'= {mlra)2 (cosa —sina)—jllly?(sinl// —cosy) +71|11//2(c0s1// —siny) +

m I .
+71|12¢—G1 Elcos://Jr y, +F, sina}[(l1 siny, — 1, sind)(K,_,,signy, +

+K,.,8igny, + Kbamsign;}f)]_l. (133)
(128) @Hmeomd0qsb (133) 359mbsbmemgdol gosmazscrobfjobgdom bobmbol

F.2, 3500 g08m0m3emgds gm@dumemom:
Fot =—F" =(K,..signy, + K, ,signy, + K,.,.signy;) . (134)

Losg F" 99bola%wg®gds (133) Gmemdoom.
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2.3.4. LsgMHo 53dM530L Jmby g99Tx mdILYOIOo LsdMbeImFm
09M39GHME0 355399900L 1530L¥IBICI0 T3EHJO0O
3dM5mdOL EO0RIMIO305 MO 256EMEgdgd0

LogMmM 53d6530560 LsdMbOMFm d9MH3YGHME0 o39IOL F9TMTs35¢0
3565393900l goblsbE3zms M50GOS 25539908 LE0dgEMMOOL
MBONB390gMRL  MZ9BsBOOLOm. 53  9FMEBOL  Fobbme09gEgdolm30L
mbo 999l 295390l TEHJI0MO  FMIMIMIJOOL  ORIMEE0IMGO
356@Mgd900 @5 Fomo gHOMdE030 STMbLEOL TFJIRo©  29TMMZLO0MO
9gb3960396GHOL  BoBHIMOOLIL oAb Yds  godmdogeowo Moo
3565393900l 8600369 mdsbo.

©535390000  dMAMOMBSMS  OBIMIBE300W OO0 296G MEgdgd0
99L5d909e05 9L OsddYMOL 3MOBE030L 96 WsMBgL Tgmeg Hoyol
dmdOsmdoL OgBIOHIBE0sMMHO 49bGHMMgdol dJobggzom. 0dol godm, H™I
3999xM0gLgdMo  LEFMBOWIM  39IOIIGHIWO  od3gdd  HoMTMoqbL
06OMbgomo 30698530300  {iy30egdom 93538060900 VgMHMYdOL
39bLsBEZOME HoMEIbMBIL, 5F0EHMT 5TMEBOL 2owsHY39EHOLL WX MdJLOS
399m3094gbmo  og®msbggl  IgmEg Gogol IMIMIMOOL  O0RIMHIBE0ICMMO
396@Mgds, H®MIYo3 Dm0 Laboo RsfigMgds godmbsbregdoo:

d(oT oT
L A Lo 135
dt(aqi] aq, % (15)

LoQSG3 T 9MOL gobBMYSI0I0 300MOOBSE)S;

0; —296%BMy50090 o 3mMmOEobsEOL Lobds®o;

Qg —3°6%my09deo dses g 3mmOEobsEob dobggom.

3Lo6MRJOMO”  QoMAXMIJLOMEo  LEFMBOMIFM  LOgHPMHTIM 530560
09M39GHME0 3953990l ©0bs303MMO IMIWom VMHYBMMO gHo LobLEGE
39900gdsdo  (bob. 11). 93 Lsblbo®do 0ddbgds Moo  ©obsdozmeo
©H3060™M3900, M5S0 dolo Ly Msgdom dmddggdsdo dm@ol dmnE0sbo
L53MbOWFM B9M3IYGHIWO 3553995 BYbEYdBY shimerol Jobboom.

OMaMmO3  500bodbs, 98 LsbLsGIdo  FggmHmgdol  9EgdgbEgdol
MO009OH00JIMIO5MI0L 256LsDL3MHOL Jobbom, 9gdm@obowos (33eso X,0,Y,

103



153MMOEObsGHM  BoLEBYIS ABDMPsIIMWo X, Y, ©> ¥ bsBm3zsbo ©o
3MobMMH0 300mOHO0bsEJd0m.

0530UBwo IMdMOMdS (Jogs 9egdgbEHOL Jomlm@Mo MMM QoMY
9w9396GoL  J0doMm)  500[gMds  ITIEHIOOMO  MOZ30LBSWO  FMIOSMOOL
©OxRIMI6305MM0  gob@Mmgdgdom X, @ Y, 33bBmasgdemo
3M0MOH0bsGJOOL  80TsMm. 9.0. 1930LBIE0  TIEJO0MO FMIMSMIOLSL
b5 99098 8dM5MdOL MO O0BGMHG63E05MMO QoBEHMMGd.:

dfer)_ar g .
dtlox, ) ox, %

dfer)_ar _g
dt{oy, ) oy n

(136)

Ldosg Q> Qy  9M0L  gobbmys©gdywo  dogrgdol 3603369 mdsbo

396BMA509g0Mwo X, s Y, 3mMOHO0bsEJOOL 0O,
356BMmysgd0o X, 300mOEO0bsGHOL  F0ToMm  ORIM9EE0sw GO
396@Mgdol d9ggbolsl (136) LolEgdol 30M39geo A9bGHMWgdol dobgwogzom
3LsMRIOMI®M 3069303900 T 969600l (112) 458mbobrmegdom, bmem QX1
©5 Q, 3560LsBE3MYDS (125) s (126) EHMEMmdYdOm.

X, -0l GleTiMUTe)) 5935390000 0530U¥BOCO dmdMH5mdoL
©O0RIMI6305MM0 obEMmEgdol Fgagbol LosHyol 9@Es3DY 930 gdgw0s
3960LsBZOML 306930300 gbgeyool oY MIBE0sWgdo X, ©o X
390BMAS©IOMO 255 P0WGOIOLs @S LoRJs®Ol  300mMOOBIMdOL
dobggzom. X, -0l dodsem d03009dm:

ar _
oX,

0.

X, -0l 3005600 J00gds 9990 3odmbobyengds:

or

m o m, .
a—.=—(ra)smoc+x1 —Izgosm(p)+7[ra)cosa— y, —
Xl

—Lgsing—tgw (l,psin—rosina — %) tgy —

m, . .. . . .
—T(Izgosmgo— rosina —X, — Ly siny .
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Lodmemm@  (136) LobEgdolb 306390 FobEGHMEIdOLs s  drEr™
o pluutelell dobgzom 0530LBIO 0535390000 dmdGOomdoL
©ORIMIBE305MMO A96EHMEGds X, 396BMAIdIMWO 3:0MmOHObsEHOL dodsbrm
B5096M905 sLgmo 49dMLsbgdom:

m m
{jj~+jf«1+tgzw)}x ———49¢N1 Ay (137)

Bs@5G3 39BGHMEgdol Bomx39bs Bofowo A, 359m0olabgds sligoo Geemdoom:

m, m,
A, = 1Izgz)sm(/)+7(ra) cosa—|2¢cos¢)) 5 —L (= Ly singtgy —

(rocosa—Yy,—l,psingp—

.. m 1
—wzwb¢mn¢)——i{ .
4 | cos

~19°¢° cosp —

—atgy —re’ sin—,¢* cosp — az
cos”

ro’ M,
—ro” cosa) +legosm(p+—lll//s1n;//+

m
+TZ(IZ¢COS(/)— ro’ cosa —ly* cosy + Fh),

bogS3

a=LlL@sing-rosina - X,
y,-ob 300500 33539000 dMdOsmdoL  ©oxYMHY63E0sMHO
396@Mgdol  BmOIomgdoLmz0L LoFoMmms  oP0bal 306930300
969600l 3960dm 07YMHgbE0sgdo Y, ©s Y,-ob dodseom. Y,-ob d0dsm0)

5397b90:
T o,
o,
Y, -0b 303560 Joogdm:
a—Tz—ﬂ(ra)cosoc—y —1 gbcosgo)—L(ra)cosa—y -
oy, 4 b 12cos’ 1

—l,pcosp) +T[ra)cosa y, —@psing—tgy(l,@sinp—rosina —X,)].
35306 (136) LoLEBHYIOL TgMOg 2obEHMEGOOLS s dMWM  BHMEMOOL
3°035¢0l{069000 ©35EJO0MN0 M530L¥IRIO FMIMMIOL ORIMHIBE0SCMMO
296@Me0gds Y, -0b 0dsm0 JooEgdL Labgl:
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m, m, m)., m,, .
S 2y 2 igyk, = A, 138
[4 lzcoszv/ 2 )yl 4 gl/jxl y1 ( )

Logos (138) ©oxkgmgbEoswymo 49bGHM@gdol dotxggbs Boffowo sobobgds
A MB00:

A =My, M, M
4 12cos’y 6cos’y

l/}(ra)2 cosa — Y, —lL,¢cos (/))+
. :

+—{— ro’ sina —l,¢sing— Ingcosgo—Lz(lngsingo—
4 cos“ i

—rosin-X,) —tgy (1,¢* cosp + L, @sinp —ro’ cosoz)]—i—%(G1 +G,).
bogS3
b=-re’sina—1,pcosp+1,pysiny .

(137) > (138) 99mbobwmmqdsbo  §o0dmoagbl  aomdxmdgligdero
L53MbOWMFM B)M3YHO POEJIOL T JO0MNO M530LIRsO FMAMSMOOL
©O0RIMGH3050ME  49BBHMMWGOGOL  2o6DMYsIOdMEo bsBmzsbo X, ©s Y,
30MM0bsEJd0L dodsOro.

2.3.5. LygMNMIAIMZ0560 o)X MdJYOMEo LSTMBEOWFM

09M39G 0 355(3990L T3HYO0MO 3MBESIEMOO
3mdM5mdOL EOBIMIBE05IMO 3563 MEgds

5353900000  3mb6GSIGH MO0 FMIMOMds  A5boLIBMZMGdS  ©MHYBMOsbO
LobLlEMEo J9ggMmgdol Jogs 9egdgbB ol gomg 9wgdgbEHolodo dmdcmbgdol
71 3956Dma0gdmwo  3mombmMo  3mmOHobs@ol dodsdm. 53 mdMomdol
©ORIMIB305MEMO  256GMEgdol F9agbols dobbom bsbmgsbo X, s Y,
396BM50900 30O O0bSEHJO0 Mbs HoMmBmgzsaobma dgdgyo Loboo:

X, =—A,cosy;;
Y, =A,siny,.
59 BMEMdIMS O0RIMHB30M9000 03009dm:
X, =—Ay, siny,;
Yy =A%, 0087y
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X, =—A, (7, siny, + . cosy,);
Y, = A, (7 cosy, —y siny,).
50 GMEMdsms d9B¢sbom 306930300 9bgGool (112) gmmdmeosb
8000905 306930300  9bgMRo0L  godmbobmgds Fbmwm 3Mobeo ¥,
296DM5009010 300MmOHO0bsEHJOOL J0TsMI:

T(,) :?[(ra)sma—Al}/l siny, —L@sin @)’ + (rocosa — A, y, sin y, —

. m . .
- Izgocosgo)2]+—‘2(ra)cosa — Ay, cosy, —Lpcosp)® +
24cos” v

m .
+2—14(m2 +m,)? +?2[ra)cosa — Ay, cosy, —|Lpsing -

m
—tgy(l,@sing —rosina + Ay, siny,)]’ +?2(|2(j)sin(p—

—rosina +A,y,siny, —lLysiny)?, (139)
Logs3 930l AbMog

¢ =lLpcosy —rosina —A,y,siny,

. 1 .. .
7% :I Sim//(Izg/)smgo—ra)cosot—Alyl cosy,).
1

©ORIMIB3050MMO 236E Mool Fgaqbolsls LyFoMmms goblsbrgGmMmls
@ ©5 ¥ LoEWOYJdOL ORIMIEE0MYd0 OHMOm. J03009dM:
=1, cosy — @y siny) —ro’ cosa — A, cosa — A, (7, siny, + 7 cosy,);

y;:l silny [Iz((jisin(pvt(p2 cos@)+rw’sina — A, (¥, cosy, +7, siny/l]+
1 1

v

, sin

+(lLpsinp—rwcosa —A,y, cosy, ctgy .

30693030 gbgéaool (139) xm®IMeol dobgzoom dobo  3gHdm
©OxRIMI6(305w0 ¥, 356BMAS©IOMo 3MPHMYOO 300mOHOBsEH0M s0figMgds
3500bsbMEgd0:

oT m . oo .. .
ar) = [—T‘(ra)sma—Al)/1 siny, —l,@sinp)A, siny, —

0y,

m .
—Tl(ra)cosa +A,y,cosy, —,pcosp)A, siny, —
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m,

m
——— 1 A cosy, ——2(rwcosa —A,y, cosy, —
Deosy 7 4( 171 €087,

—Lgsing —ctgy)(A, cosy, —tgyA, siny, —
m, . : ,
+?(C—|1()ys1nl,//)A1 siny, |7, (140)

Lo 300G 50bodgbs

c=Lgsinp—rosina+A,y,siny,.

30693030  9bgMool  39Mdm  O0RIMI6E05w0  2obBMYsIdMEo
3mobmMo 7, LoBdoGol Jobgz00 2o6oLIBOZMGIS GHMEMdOD:

T m
M = —1[2(ra)sina — Ay, siny, —L,@sinp)(-A, siny,)+
07, 4
+2(rocosa — Ay, cosy, —l,pcosp)(—A, cosyl)]+

m
+ T‘{(ra}cosa —Ay,cosy, —l,psinp—ctgy (A, cosy, +

+tgl//A1sinyl)—i-%(c—llt/]sim//)Alsinyl] (141)

(140) 5 (141) EGHME™dgdol  Jom3zs¢robfiobgdom  30mbESJGMOO
ddM5mdoL 0RGMHG6E05MMO 49BGHMgds, (135) 296G MEgdol dobgzom,
doogdl Lobgls:

m m m
{TIAZI —TlAl(cosy1 +tgysiny, — A, sin’ 7/1)+Tl(ra)sina +

+Ay, —Lpsinp)A, siny, + f TlAl cosy, +

m
+——A,cosy, +—2(f —ctgy)(A, cosy, —Atgyssiny,) +
12cos” i 4

+%(C_I1'/./Sin'//)A17}1 Sin71}71 =A, (142)
L@ 39BGHMEgdol Bomx39bs Bofowo A, 359molabgds slgmo Geeomdoom:
ml

A, = T[2A1 siny,(ro’ cosa — A,y cosy, — h]+

+C-2A,y,cosy, +2fA,y,siny, —2A, cosy,(e+ f)—
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. m . .
—2A, cosy,(e+ Ly sml,y)+72[(A1712 siny, —re” sina —

—h-

———tgy(L,* cosp+,@psinp—rw’ cosa +
cos”

. m .
+A,7; cos y, ](A1 cosy, —tgyA, cosy,) —72(1‘ —C-1gy)Aycosy, —

A1
cos’ i

. . m ..
(sin 7, ~tgyA 7 cos ) ——=(f +1,psing -

. . m .. .
— Ly siny — Ly’ cosy)A, siny, _TZ(C_ I,y siny)A,y, cosy, +

ml
S2

m . .2 . .2 . m .
—?I(ZCAJ/IZ cosy, +2fA, 77 siny,) + = fA, 7] siny, +Tz fA, 7] cosy, +

m .2 . . m .. .
+72(f _C'th/)(A1712 sin y, _tgl//Alylz 0057/1)+?2(C_|1V/SIHV/)A1 cosy, +

mdl, . m ., m, .
-——dy +—y -
4 5 14 > 4

+A1{(G2 -G))cosy, -

|
—Glglcosy/+ F, sina}. (143)

05300 db603 50b0dzbsms 3603369 mdgd0s:
d =cosy —siny;
e=—ro’sina+A,y/ siny, —l,¢cosg; (144)
f =rocosa+ Ay, cosy, —|,@sing.

300900 gob@megdsbo (137), (138) o (142) LEYYWYMBOESE
Sbob39b LEAMBEOWMFM oIxMdJLYOIMEO BYMIYHIO 25WOEJTOL Y39woDY
MO GHZ0OME € LEBLOE F99Mr09050 M930LBIEXO s 3MBEGEJEHO
0mdMomdgdl.  33¢930L  3mA3gdueo  3OHMyMsdol  dgpgbol iy
390mm3omo 9Ju3ge0dgbEHOL 899900 9dMLIbO3gh gowoE3gdol Mo
25935350 3565393M90b.
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2.4. L59MbEOY I 39HIGBHIWO o3IOl HYsEMMO
©5393950900b 58mm3momo gdudgmodgb@o s

33%930L 890093900

2.4.1. 35m3xMd9LgdMeE0o LEFMbOWMFM BMIGEIO A5s(39T0L
259mm3womo 9dudgModgbEo

LodMbOWFM  BYMIIGHMEO 39390l 3300 3OM9JEH0MJOOL
dobbom  smEowgdgwos  godmmgwomo  gJudgeodgb@BHol  Bo@oMgds

30330@ gm0 3946030l 499myggbgdom, MMy sygbow 0gbsl LoblGmvyem
39900909000  ©M9RMgdOL, Mgo3ools s bobwmbols doegdols  sbydzgdo
360093690 mdsbo.

L3O 0bsTogMMo  STMEIbs  Fgodwgds  s0Yml  M5d9body
939350: M9RMYOOL BgAs3wgbols 30Bo MO0 BYBMJdggdolsl Bsmgds@ozm®o
3ol BsdMyse0dgds,  ©obsdozmMo  ImEgwol  3m®IoMgds o
350mm3omo dgomEol 9Mbg3s, 3319308 saMmOOmMIol ©FMT3905 S
MMl 3900 SEMMHOMIoL 3MmbGHOMEo. Mbos d904dbsl bL3ggosw Mo
9393600530 dmEEgdo  OIPML  gocgdy s dobo  sOBYOMIOLSL
390296000 seam®0mdo Mbs HILOSMEIOIMPIL 93E™MToEIMO dmddgEgdol
36063030, 99943560000 356589EHMIOOL Jom3zseobifjobgdoom.

dm399mo bgdgdol (bsb. 11) dobggoom 1-2 bbb Fggmmgdsdo A,
M9BML 5OBYOMDOLOL 455390l FMAMSMOOL OBIMIB(305 OO FoBEHMMGdS
390d9ds o0Imagbocro 0gbsl sligomo Laboo:

A-X=b, (145)
LoOE X 9M0L 58 Loblo®To M530L¥IBIE0 AMIOSMBOL boBmzsbo sBdstgdol
35653930 Qo
X=(X,¥); (146)
3M6359GH1O0 ImIM5MdOLSL
X=(7)- (147)

A B5¢M0Eobs ©s b 39dBHm®0L 998963930 Fomdmaygbgb X, Vs 7

Xi> Yis 715 X5 ¥, 09 7 306589@6900L 34969 3000.
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3567569960 250m3egdoLLls 3o by 04bsl G930 30MHMBYdO:
5) 3530v9835¢0 IMIOSMOOLIMZOL

X +y <A}
1 yl 1 (]_48)
F'=0, F}Ij =0.
3065910 ImdM5Mmd0L O™
X2 + 2 — AZ,
1 yl 1 (149)
F'>0,F7; >0.

396 Mgdoms (135) LoliEgdob s8mblibolomzols dgodwgds edmygbgdmeo
094656 9ogmols s OMBAI-3MAGHOL Fgomgdo. Bgdoldoge d9dmbgzgzsdo
330w gd9os (135) LobGgdsl dogagl 3mdol BmEMTs s sdmMoblbsls 3oMH3gwo
600L Ho6ImqdmEol dobggom.

0639369006 h doxol dgo®mbggzs s3dMsz0L @ 3Mmbol dgdmdG+)69dol
Aa 65BHOHOL Jobg30m. 2560900l JoMgdmeos — Aa =1!.

9.0. 909MHOL 3900MEOL godmyggbgdolisl

a(k+1) =a(k—l) _I_Aa

(150)
a® =a® +ha,
50 LoLEBHYI0ID F03009dm, HMI
Aa=h ©s h=a/Ax. (151)

3996296003900l  dobodoey®o  M™mol  Jofgzs  FgLodergdgEos
39609mE900m0  godmmzEgdol  godmMosbgzol  gbom  mogolwygswo b
36354 GHv9M0 8cdMsmdoL EOMU. 59539 MM 5MEOMGDOIL0S LIQwIE39DIINZYMO)
G®0ambmIgBHmHoMwo 3964309008 IM535¢XIMO 2obLsBLZMOL dmgwgbs.
d9Lodergdq0s, sinA|, tgA, 1mbJyzogdol T933ws A, —0m, Mosb oao 306y
LOOYs. 3EMIOGds 53 ML F950096L TbMErME TgoLosmMsligr bofoemls
3993 gdoLol  ©odsBHJoom  BMdMIMBIMS  2odMM3Eomo  0970d0
933MB5BH0DB0MGOM0s,  MHMIOL (330 gdol  @OML  FgLlodergdgEos
©539oMmQEIL  oM535350  3MHMEgLO, MMES bmMTsEMMo  Mgodool  dos
©509bx M) 033wolL sadME B0dsbl. 53 3MHMEILYOOL Mrom©YbmdOL
d9L50306090s® FgLodegdgEr0s Mg7000L F5MMZ0L dMIGbEHOL Tgymazbgds.
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9 bgds 85d0b, Mmas 0bEgatgdols N 50 9bmdOL  doxol d9d9Y
OO GOS JoILZOL 306MHMds. M) N =1, 35806 Q56MTF535¢0 3OM3gLO 56

396030l 33000EgdL.

5023965, oIxMOJLYOMo  LHTMBOMIM  09M3IIAHVIO 9 (39dol
06530306 53m396900L  205HY39BHOLIL  samGOmMTo  0m35¢oLobydL
0605030 5wWagdO Mo  49BGHMWGdGOOL  STMbLBSL, 9.0. ORIMEE0IW GO
3906@Mgds  Joogdl  3mAoL  BMOAsL.  2osbasM0dgdol LolHMogg
©59M30009dM0s  49bFgMmEmGd0MO  godmm3zEgdol  d90300MgdsBY.  9BslSD
599995398905 §39360HMEM5ds ©0653039MH0 LOHBMLEHOL FoBLEDBLIMHOLIMZ0L,
OMIgog 990393L  98mblbol gMmo  LEggbMOEIb TJmMIHg AoILZEOL

933™B5GH0D0MGOM 35LZESL.

2.4.2. 069B056 LoblM¥e 9960098580 M19og300Ls s babMbols
doangd0ol 255635600905 9609 dmgddgo doengdols
25035¢0olfobgdom

3odmmzomo 9gbdgmodgbEol 99gagdol dobgzom ©sygboe odbs
0M9PMgd06  LEbLEOWM  FggHmgdsdo  Mgodgools s bBsbMbol  dserol

(339¢9050Md0L  360d3b69cmdsbo. 98 Loogms 3sB39690wgd0  Brermgsbo
bobmbobs o ©MHghml Mo 3603369 mdoLmz0L sLsbwmwo 4Mmsx3030L Loboom
(65b. 12).

95J300L  doeol  (33¢00gd0L  OsRMsdgdo  (bob. 12, 5) Bmewmgzsbo
bobmbols s ©OPML mGo 8603369cmdol A, =45-107 8, A, =30-10" 8
dobgz00 sLobmE0s 1 s 2 3G¥MEgdoL Laboo.

365530l 960D BsbL, MM bermgzsbo bobmbolis o A, ©MgBhml
090mbgg3500  ©s3M30YOMEgds  53d6s30l  390mMdMMBgdol  3Mmbgls o
954300l ol Mob S0Lsbgds 1 IMEOom. 53 d98mbggzsd0 53dM30L 4°—0m
399mdMHMbg05900g 99300l doerols 3603369 ™dIbO Mo MHO S 0YIEMOO
390053990L5030L Mbb3Yds JMMTbgNL. A, WMGPBML sGIGOMdOLSL (B6rmo 1)
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