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ABSTRACT

Ruban DP. Scientific and applied fouatlons of predictive assessment and
formation of the bus body resourgéeQualification scientific work as a manuscript.

Di ssertation for the doctords degr
05.22.02 "Cars and Tractors" Lviv National EnvironmentiaUniversity of the
Ministry of Education and Science of Ukraine, Lviv Polytechnic National University
of the Ministry of Education ahScience of Ukraine, Lviv, 2@2

Relevance of the topic.

The body of the bus, as a determining element of the struadurng
operation due to corrosion and fatigue strength undergoes changes and is decisive
terms of | egislative, regul ated requi |
66, 107). These factors are decisive in the practice of the EU countries during
conducting mandatory technical controls of public transport buses, but which at leas
are still absent in the restored regulatory framework of Ukraine (State Standard o
Ukraine 3649: 2010) and other p@siviet countries.

Within the framework of Ukraine'accession to the countries participating in
the Geneva Agreement of -W¥9581f 20aWw2 02
of bus bodies and subsequent assessment (certification tests) are already carried
in accordance with the conditions of compliarveigh passive safety requirements
(the permissible level of body deformation during tipping over to theisldNECE
Rul es -~ 66 and -~ 107, i forrbuses tofacategery M2oof d
UNECE Rul es -~ 52) . However , ondand fatigwp o
strength of the metal (under the influence of various characteristics of road
irregularities and passenger load/passenger traffic) the physical and mechanic:
properties of the metal of the body frame as a whole undergo significant chianges (
the direction of deterioration), as a result of which after a certain period of operation
the body no longer meets the regulatory requirements of passive safety and nee

culling or repairAccordingly, this causes two main directions of research:
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I elaboration of methods for ensuring the required level of strength

characteristics of body frames in general under the conditions of corrosion anc
fatigue strength during operation at the stage of design and production of buses;

i elaborationof technical cotrol methods of the body's compliance during
operation with regulatory requirements of passive safety (as a condition for admissiot
to further operation in the public transport system).

The relevance of the latter is also due to the conditions of Ukraioesssion
to the Hague Convention on Road Traffic and the deployment of a system of
mandatory periodic technical control of cars/buses, as a condition for admission tc
operation for the next limited period of time. The pssviet legislative framework in
this area (State Standard of Ukraine 3649: 2010 and others) does not yet provide fc
clear technical criteria for quantitative, threshold assessment of significant body
characteristics as a condition of conformity and prediction of admission to further
operation. Thus, the development of theoretical foundations for calculating the
resource of the bus body at the stage of design work under certain operatin
conditions under the conditions of compliance with the legislative regulatory
framework for the passe safety of the structure, as well as the corresponding
improvement of production technology is an relevent scientific and applied problem.

In the dissertation work the methodology for assessing the safety of operatior
of bus bodies under corrosion antigae strength conditions is substantiated within
which:

i proposed method of predictive calculation of the bus body life during
operation taking into account the conditions of movement and the effects of corrosior
and fatigue strength [47, 90, 97, 99];

I proposed methodology for assessing the compliance of the body structure
with the regulatory requirements of passive safety during regular technical controls
during operation and relevant proposals for additbanges to State Standard of
Ukraine 3649: 200 (similar to the common European practif8), 156, 157, 159]

i practical recommendations were developed on the design of bus bodies in th

aspect of structural materials and body production technologies in connection witr
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certain operating conditiond the necessary safe body life, taking into account the

corrosion processes and fatigue strength of the fragtg [L131 138];

i a quantitative assessment of the influence of the type and condition of road:
for different classes of buses and the fornmatb fatigue strength of the body frame
was given88,90,91,99];

I improved the method of modelirgalculation of the stresstrain state of the
body on the basis of the finite elements method, taking into account the effects o
corrosion and fatigue r@ngth of the metal frame and assessing compliance with
regulatory requirements of passive safé&fy, P9]J;

T conducted reasearches confirming the deterioration of the body frame
material during operation, and assessing the adequacy of the simulatids +esul
calculation [54, 100, 106];

i developed recommendations to increase the durability of bus bodies during
operation 130;

I the consequences of the introduction ofdemiry platforms into the structure
of the carring body and their impact on the tese characteristics of buses are
substantiatedg];

i conducted analysis of research on the definition of rational service life of
buses and worked out statistical data on costs in relation to the service life of city
buses [16, 77];

i applied a systematiapproach to the analysis of the structure of the public
transport bus fleet and the situation in Ukraine regarding the impact of long operating
times on the safety of passenger transportation [55];

i applied a systematic approach to the formation o$grager traffic and the
corresponding passenger capacity of buses, which is an integral part of the formatio
of the resource of busealuring operation [55, 59, 0]

i the consequences of untimely adjustment of the angles of installation of the
steered whds of the bus on the durability of its body are substantiated [162].

The mostimportantworks in this direction are the researchesf foreign and

domestic scientists among which it is worth highlighting the following:
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L.V.Kraynyk, O.Z. Gorbay P.P. Melnychuk P.A. Akopyan I.l. Kelman

P.A.Fomichoy K.E. Golenkq V.M. Khrun, V.E. Kanarchuk V.S. Lukinsky,

M. I.Virevkin, N.S. Zainiddinoy, D.S. Lvov, Y.A. Zykov, V.l. Grimsky,

M. Kepka M. KepkadJr., J. Dzugan P. Konopik, J. V&clavk, J. Chwvojan Y. Boutar,

B. V. Farahaniaand others After analyzing existing researches to determine the
durability and rational life of buses, it was found that there are no researches ol
determining the resource of public transport buses with a carring boadynantrame
chassis, which would simultaneously combine significant factors of influence: the
properties of the road surface (microprofile of the road), passenger loading, bus spee
and corrosion.

It is known that the bus park of public transport in Ukeain terms of the
average service life of buses is the oldest in Europe and by this indicator exceeds tf
recommendations of Germany, France, scandinavian countries on the service life o
regular passenger routes. A fairly small proportion of buses raitdkhas a service
life of 5/ 10 years. However, even with such service life, buses may not meet the
reqguirements of UNECE Rul es -~ 66 and
degradation of the material of the body frame elements and is accompanied by
constant increase in operating coséth a service life from five years, a significant
proportion of buses, especially those operated in cities with a population of one
million, already need restoration repairs. Such repairs can mainly be carried ou
without compliance with factory manufacing technologies and without the use of
special equipment, which negatively affects the provision of compliance with
UNECE Rules -~ 66 and -~ 107.

The work determined the dynamics of operating costs in the function of time,
which shows that operating cedtegin to increase after two years of operation (with
runs from 100 thousand km). Costs increase dramatically with service life of more
than eight years. It was established that the main factor causing costs are defects
the bus body. With a servicediffrom five to nine years, the bus needs restoration

repairs, because the elements of the body frame are damaged by structural corrosi
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and fatigue destruction. Refurbishment of the body lasts about thirty days, which

additionally causes damage®ifin dowrtime (equivalent to 75L70$ per day).

Data on the real practice of operating buses according to the existing system c
current and restoration repairs of public transport buses are processed. It wa
established that buses are mainly repaired by motagoahenterprises (this reduces
the cost of repairs), or on thimhrty organizations that carry out restoration repairs of
bodies without observing factory technologies and without using special equipment
As a result of such repairs, the durabilitytké bus can increase only by32years,
which could be implemented at the design stage when developing progressive
technical solutions and timely updating of corrosion protection during operation.

During forming critical service life of buses on the basidath from operating
organizations, it was established that the main component limiting the life of the bus
is its body, the malfunction of which (breakdowns, cracks, structural corrosion)
requires immediate repair. It was also established that busesumrit operate
without visual damage, despite the fact that the characteristics of the frame materie
in the process of degradation no longer provide proper body strength.

During development of methodological principles of restoration repairs of bus
bodies it was proved that the classical methods of carrying out restoration repairs or
their own by a motor transport enterprise or similar repair organizations do not allow
to ensure proper durability and compliance of the bus body with the requirements fol
psssive safety in accordance with UNECE
controlling elements that do not have visual damage. Therefore, to increase th
efficiency of repairs, it is proposed to carry them out in the factory based on the
results of poperly identifying defects in the use of the latest technologies and modern
materials.

The method of assessing the compliance of the body structure with the
regulatory requirements of passive safety during regular technical controls during
operation allow us to supplement State Standard of Ukraine 3649: 2010 with points
that meet the requirements of European practice. This will allow, during regular

technical controls, to identify necompliance with the requirements fANECE
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Rul es ) 6 6 using speci al me as ur iTheg i

developed method of predictive calculation of the bus body life during operation,
taking into account the driving conditions and the effects of corrosion and fatigue
strength allows to calculate the life of bus bodies of carring structure and on the
frame chassis. The model was developed to fully take into account the realities o
operation. This model describes the transfer of jolts to the bus body from the
microprofile of he road through damping and elastic elements of suspensions anc
tires. The model also takes into account suspension breakdowns, corrosiol
dependence on operating conditions, passenger loading and busT$eedeveloped
model was tested for adequacy bynparison with the results obtained during the
operation of buses on real routes. Accordingly, the developed model satisfactorily
describes the processes of impact on the life of bus bodies of carring structure and ¢
the frame chassis and allows to detemnithe bus body life under operating
conditions corresponding to real routes during transporting passe8geusation of

the parameters of durability of the bus in the selected conditions was carried out an
it was established that the breakdown of the buspension is significantly affected
bus body resourse, with a serviceable suspension and during driving -ojuadity

roads and constant overloads. The minimum mileage before the destruction of the bt
body frame spars was 57523 km with one and atim#s overload by passengers
and the movement of the bus on the pavement of poor quality. The maximum mileag
to the destruction of the bus body frame spars was 1289315 km during transportin
only sitting passengers and the movement of the bus on a haitygoad with
asphalt pavement.

The durability of the bus body on the frame chassis was assessed usin
simulation computer modeling, which is in the range from 5 to 11 years, depending
on the operating conditions. The research took into account tluaviod factors:
passenger occupancy, microprofile of the road, bus speed, corrosion. It wa:
estaltished that the frame has 158 times greater durability than the body frame.
The results of the research indicate a primary improvement in the corrosion

protection of the body frame in order to bring its resource closer to the frame
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resourceTo research the stresses in the elements of the body frame, -aesmstant

autonomous strain gauge station using the Gugenberger tensiometer was develope
manufacturd and calibrated. The test of the performance of the strain gauge statior
was carried out in the laboratory using the Gugenberger tensiometer on samples «
pipes of "Ataman" bus body frame, taken from the production program at JSC
"Cherkasy Bus", which cdimmed the ability to reliably determine the stresses in the
elements of the body frame during transporting passengers on real routes.

Road tests of the bus were carried out and the tension in the researched secti
of the bus under different modes of mment was determined, which made it
possible to compare with the results of simulation modeling and obtain limiting
values of stresses to clarify the models and adequate calculations of the body frarn
for equal strengthThe research of the physical and meaical properties of the
elements of the the bus body frame with an eygar service life was carried out. As
a result of research, it was found that in samples without noticeable external damag
a significant deterioration in physical and mechanicapprties was determined. The
obtained data on the characteristics of the body frame elements made it possible
improve the method of modelirgalculating the stresstrain state of the body based
on the finite elements method, taking into account thextf of corrosion and fatigue
strength of the metal frame and assessing compliance with regulatory requirement
for passive safetyThe body of an eighgearold bus was checked for compliance
with passive safety conditions in accordance with the regeinésn of
UNECERules 66 by si mul ation methods and |
the racks exceedthe permissible value by 2.23.81 times, which indicates the
inadmissibility of its further operationThree possible options for improving the
technology of manufacturg bus bodies in the aspect of corrosion and durability,
using modern progressive materials and adhesives are proposed. Adhesive mixtur
with gluing surfaces were tested relative to their adhesive properties, which allowec
further introduction into proddion, under the condition of reliability and durability

in the aging process.
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Taking into account the busy schedules of public transport buses,

recommendations were developed to increase the durability of the bus body durin
operation.

Theoretical foundatins for the formation of a rational service life from the
conditions of minimizing total costs were developed. This made it possible to asses
the necessary programs for updating the park of public transport buses, on the bas
of which state regulation dhe renewal of the park on traffic safety conditions and
ecology is carried out.

Scientific novelty of the results.

As a result of the dissertation work, the following main scientific results were
obtained:

T the method of predictive calculation of theskody life during operation is
proposed, taking into account the driving conditions and the effects of corrosion anc
fatigue strength in compliance with the regulatory requirements of passive safety
which allows at the stage of design and formation afdpction technologies to
implement appropriate structures and ensure passive safety of passenger traffic;

I proposed methodology for assessing the compliance of the body structure
with the regulatory requirements of passive safety during regular tecleoitibls
during operation and corresponding proposals for addaiamges to State Standard
of Ukraine 3649: 2010 (similar to the European practice);

i practical recommendations on the design of bus bodies in the aspect o
structural materials and body qaluction technologies in connection with certain
operating conditions and the necessary safe body life, taking into account the
corrosion processes and fatigue strength of the frame, were worked out;

I a quantitative assessment of the impact of the tydecandition of roads for
different classes of buses and the formation of fatigue strength of the body frame anc
accordingly, a safe resource in accordance with the requirements of the regulator
framework, was given (UNECE Rules =~ ©66¢

The methd of modelingcalculation of the stresstrain state of the body based

on the finite element method was further developed, taking into account the effects o
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corrosion and fatigue strength of the metal frame and assessing compliance wit

regulatory requimments for passive safety.

The practical significance of the obtained research results are:

i the method of predictive calculation of the bus body life during operation,
taking into account the conditions of movement and the effects of corrosion anc
fatigue strength in compliance with the regulatory requirements of passive safety,
which allows even at the stage of design and formation of production technologies ftc
implement appropriate structures and confirm the safety of passenger traffic;

I recommendation$or the design of bus bodies in the aspect of structural
materials and body production technologies in connection with certain operating
conditions and the necessary safe body resource, taking into account the processes
corrosion and fatigue strengthtbe frame;

I quantitative assessment of the impact of the type and condition of roads for
different classes of buses and the formation of fatigue strength of the body frame anc
accordingly, a safe resource in accordance with the requirements of
UNECERules™ 66;

T methodology for assessing the compliance of the body structure with the
regulatory requirements of passive safety during regular technical controls during
operation and the corresponding proposals for adedi@mges to State Standard of
Ukraine 3$49: 2010;

i method of modelingalculation of stresstrain state of the body based on the
method of finite elements, taking into account the effects of corrosion and fatigue
strength of the metal frame and assessing compliance with regulatory requsrement
passive safety;

I recommendations for increasing the durability of bus bodies during
operation;

i technology of updating antiorrosion protection of bus bodies using modern
progressive methods and means of processing.

The practical significance d¢ obtained results of the dissertation is confirmed by

their use in the implementation of scientific state budget topics of the Department o
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CzLtsa OzPO IstsB
312. 1 1l jlsdSOdz dzg7@ SCtsdzdo Odzdz?v OolstsB kzMC

[ azwv HEMdz HYJ dzdz” BOIls j BOIsd ydzfgd fls fdsg
o dCtstedls O SO ctde ooy Qiizday totiz s dfy Bzt Holp o5 15 O
dzOo j Hj dad B[8®. vipsEsEYe o Jf OHSE d2O HOdE H(J
LBlztesrs Yyt j dzy' 2 dzd = M dz, H' 8 1l8? o dgv dispigdvdzd[ @S
zOB EZHEIS! o9dHLE

dauytT g uT }
—%}#8'“ =B B (3.)
dt(} «— MO MO, IJ-%

Hk= 1, n2, e,
ntydmdzs Mmiskzf jdzg' © MeseBtsHd HJdAOR ydes'™ Md
vl €' dgj Isd ydz® jdzjtec' v MmdMmlsj d&3d ;
1ifslsj dz@' Qdizgjdzc ' v fmdmisj o3 ;
ANTWEDdS Yy v L' 8 90dadaw (WhkdzSy' w t Jdzjgw);
g T kls@L O Odz! dzgj dzO CtststeH d dzOIs O.
AW HJddZOB Yydz0 MmMdMmisj 3O ME@®B sisy dz' € " H o !
ftesMisste' odL dzOYO*' Is! MW HoBBRP=Xd1@EDOdz' dzj C
{ 5L ¢ dzwadgjtatits C Otsiakzafs O dzdz  f Us)to  Crpteitet BBRO

dzd § ' Htcj MisMgly @acp~ HAgASINdzts MIsOIsd ydets®™ ' o dzts o

T=%(£ , # +m¥ +mx);

—_ =

c

1 2 2 2 2
! :E[Cll(xl- 2)"+¢ ,(%- 2" +c, (Y- X)"+C, ,(Y,- X) i (32

< — =

N =l BT L0 B k(% R K (- %))
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I ftedls WEdS2y' *° (L3z0C 5L &3 dzdzd B HsH Ols
" stesOdBd hodHSEMisj2 kO CotstHddOls o jtld
yjdastel &BOfM SkLsoO. r dF,itikdEod ked ©' o d

dauT o 1
p = 8= 5[2”1#+2mz#§] m# +m,# (3.3
g -
A0 1.
T 34
HE_WT_HT g (39
WX, WX,z

W o_1, 2 -2)-2 - x)- 2 - x)|=
. [cu(xl 2)+2C,,(%, - 2)- 2¢,,(Y, - %) - 2, ,(¥, - %,)] @9

:011()(1_ Z)+C'12(X2 - Z)_ C; 1(y1_ X1)_ C; z(yz - Xz)

%__[ 2C11(X1 Z) 2C12(X - Z)]:-Cll(xl- Z)' Clz(xz' Z)’ 67)

E‘E[Zk (% - B+ 2K, (% - B - 2k (- %)- 2k, ,(%- %)]=

=k, (K- B+, (6 - 8 -k (¥ - %)- Kk (% - %)

(3.9

%:%[- 2K, (% - B- 2k, (% - Bl=-k,(%- B-k,(%-8, (39
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)  HilsOo dzv * dsts tslsted BOZ'3.9 i Oy dilzy to ' fosi
[ O¢ tc Q&R O

[ #0=-[-¢c,(x-2-c,0%- 2] [ ky(¥- &- k,(%- 8]
m# - 0=-[c,,(x - 2)- ¢, (¥, - x)]- [k (K- B - K, (% - #)]
mz% B O:'[Clz(xz' Z) - C, 2(y2 B Xz)]' [kaz(;% - B - kz\ 2(#2' #2)“,/

M C:—) [

L] L zds ldStOIsdZ3O° Bis

[ #t(k, +k,)#+(c *¢ ,)z-

- CuX - G X - KX - K% =0
m# +(k, , +k)® +(c, +c, )X -
-C,Z-C, Y, - k. # K %=0
m# +(k, , +k,)% +(C , +C, )X, -
- C ,Z-C,,Y,- k,# Kk, ,% =0.

(3.10)

O = = i ) Oy

ltcd ftosafjmMpdzdzab Si mul i nk G)d fif s p df@zdad®
odce dzv H

1 & (k,+k,)# (¢, +c ,)z+g a
[, 8kt +e x k% o, ;

" =ig<al#+cl 2Kk, e,y - (kKR 3 TJ (3.11)
mé& (C,,+C )X u i
" =igka2#+ C,z+Kk ¥ +C Y, - (K, +K,)% - 4
m & (c,, +c, )%, iy

sO0Cddz qFcdeslzl) tcj Odz' Lzoa Osd © Matl ab S
" odWdzr (3.11) dzO tshdzse ' BdzsB). 8 HOdzs’
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vOCdds g dksdS Oz dz Ctdzdo Ocdede” §' Hicj fs
fso0WLOd . [0k odStd@lds st O 6o fndzdz"

s+ (kg HKy)SH(C + 6 )]2(9)-

- (KaS*€, )% (9) - (KuS*C, L)%, (9 =0,
ms® +(k,, +k)s+(C,, +¢, )X(s) -

- (kys+c, )z(s)- (k,,s+c, )Y.(9)=0;
ms® + (K, , +k,)S+(C, +C, ;)X (9)-
- (k,s+c ,)zs) - (k, ,s+¢C, ,)Y,(s) =0,

(3.12)

= — =) i — =)

H JX(S), %,(S), Z(s), Yi(9), Y,(5) T izO¥ zQffsmeatlc Oy J dzdz" o  HY S8’

X X0 2y Yis Yoo
S=s+iwi S sl dzj S MdzO® YOMIssls O;
wiStsdtses O YOMmlstslsO, fi
wL mMd Mmis j i3sBL2edzmyiz@z o L dzOydilsd  Jjtcj HC
Hstesed HEBS " Hic] Mistej dzgs’™ BOMd (S kLB O Oc¢
[ dzv M tetsh jdadza" o do jHjdedzw  jtoj H Olstsyda
LOOdz! detsff tod 2 dgv Isd,1 Odf tc®'f dztdars® ®wad 8 € {[48]Isd dzB J t
of dzdBsWe s oW ‘MDD fHides@dgL OH dz' Ctsdzj MO

Yo() = w(t-2)), (3.13)

HJI‘L=V£T1{Ofr] Lokl oW d Ck' ¥y fjtjHdy % Is
(O]

VoihodHC' Mis! tHklgp OolstsBlzMO
LTiStsdz’ MdzO B QL & OolstsB zMO

stsH'Y " HMMIsOoa doah d z Hiclz G J Is © I8.&2) Is
My  o9' HBEI { dethey j K J] BB 5B UYd Mdzj dadz”
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Ims? +(k, , +k,)s+(c,, +c, )[x(s) -
- (kals + C, 1)Z(S) - (k; 1 ®+ C; 1)y1(s) = 0!

[m,s? + (K, , +k,)s+(c,, +c, ,)x(9)-
- (kazs+ Cl 2)Z(S) - (k; ZS+ Cz 2)y1(s)4._ts =0.

l JeOLdis L slty(sgOdzed = to' o dzv dz

v(9 =[S ks TS+ 4, )X (9) - (Kys+6,)(S).
' (k,,s+c,,) ’

v (9 =lmS ks Th) G (e, +e, x(9)- (kast6 )29
1 (k s+c, )@ |

ltedte” odzv* s Glsted BOdz® te' o dgv dzdzw

Ims? + (k, , +k,)s+(c,, +c, )|x(9) - (kys+c ,)z(s) _
(k,,S*C, ) )

_[ms +(k, +k)sH (e, +e, )% (9) - (Kus+e,)As)

) (k, ,s+c, ,)d |

I JeOLxfshe S sdglzs yd dzOMmlskzyfdz §jtejlsotste]

([ITllSZ * (kzx  tKa)s+(c, + C 1)])(1(3) - (kys+*c 1)2(5))ka ,S*C, z)J_tS =
=(ms + (k,, tky)s+(c ,+c, A%(9)- (k,s+¢, )2(9) Ak, ;s+c, ,);

Ims? +(k, , +k,)s+(c,, +c, )| @k, ,s+c, )i & (9)-
- (kys+c,)z(s) Ak, ,s+c, ,)i "=

=[ms* +(k, , +k,)s+(c , +c, )|k, , B+, )x(s) -
- (k,s+c,,)z(s) &k, ;s+c, ,);
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Ims® + (k,, +ky)s+(c,, +c )| @k, ,s+c, )i “x(9)-
- (kals+ CJ 1)Z(S) ka 2S+ Cz Z)J'_ts + (kaZS+ CI Z)Z(S) ka 1S+ Czl 1) =

=[ms” +(k,, +k)s+ (e, +¢, )] Ak, s+, )%(9).

1 ktORkzoOddw &5 f jtoj HOIls ts W), nx (sf, by, (35140 2
Y,(s) EL Oc Odz' dzj dziz CtststoH d dfO'IsHzte | s tc j dgtf § glzriis
odOLdIsd dzOMmiIskzy dzd d3 vy d dzts d3

[ms® + (k,, +ka)s+(c,, +c, )]k, s+c, )i " &(9)
[ms® +(k ,+k,)s+(c, +c ,)]dk s+c.,)
(KS+€,)29) Gk, ,s+¢, )i " +(K,S+¢,,)s) Gk, s+c, )
' [ms? +(k, , +k,)s+(c,, +c, )] @k, s+c,,) |

X,(S) =
(3.14)

{ sted B3OAD uix@@B14) ¢ HiMlsOoadds o fJth,
(3.12)

f L 8*+ (K, +k,)s+(C, +¢,)]AS) - (Kus+c,,)%(9)-
dms +(k,, + ks + (6, * ¢, )]k, s+c, )i X0,
Ims? +(k, , +k,)s+(c , +c, ,)|dk, ,s+c,,)
c../(kals+ c,,)z(s)dk, ,s+c, )i +(k,s+c ,)z(s) Ak, s+c, ) o
Ims? +(k, , +k,)s+(c , +c, ,)|dk, ,s+c, )

1 Ghttd BOdsets t' odwdedzy, oS tsdaBm) dfO
odLdOydisd fjtcjHOIBYydlkz WEZzdS y' b " H HTsH
f' ' Hito] Mtej dets’™ dIOME) ( CzL s O Oolstss

- (kazs + C, 2)

+ (kaZS + Cl 2)

I, +(k, +k,)s+(c,, +¢,,)|z(s) +

S_+C1 1) ka‘ ZS+CZ Z)J.'-ts + (kaZS+_C1 Z)ka‘ 1S+Cz 1)
[ms? +(k, , +k,)s+(c,, +c, )|k, ,s+c, )

= (k,S+C, )% (9)+

dms’ + (k kst (¢, +e, )]k, ste )i ().
[ms® + (k. , +k)s* (¢, ¢ )@k, s*e )

+(kys+e, ) BFe (s =

+ (ka23+ Cl 2)




;% 1 Sz+(ka1+ka2)S+(Cll+Cl 2)+ g
x (ka28+cl Z)Qkals-l-cl 1) Qk; ZS+CZ z)cj'-ts + (_ka28+cl Z)Qk S+Cz‘ 1) OZ( )
[ms? +(k, , +k,)s+(c, , +c, ,)|dk, ,s+c,,) 0

+(kz T kal)S+(Cl 1 +Cz l)]QkZ\ ZS+CZ‘ Z)J e 8)(1(5)
S +(k +k2)S+(C]2+C Z)JQk S+C 1)

kaS+C, )+ (KS+e, z)c[mls

O%QJO vO?dl_

} Jtoj HOIs 5 YdzO W kzdzC y'ow "  H HtesGe d
f" Hic] Mtd] S8 L RO @OIstss &Y H

ak,s+c, ) Qms’ +(k , +k)s+(c . +c, )|k ste ) g

&  ms +(k ,+k,)s+(c,+c, )|k, s+c, ) 5

%(kazs +c,,)Qms? +(k,, +k,)s+(c,, +c, )| dk, ,s+c, )i §

2(s) _ g Ims* +(k,, +k,)s+(c,, +c, )]Gk, s+c, ) 0
(9 &J S+ Ky T)SH(e,, ) AM S + (k, +ku)s* (e, e, )]k, s*c,) L8
% Ims? +(k,, +k,)s+(c,, +c, ,)| Ak, ,s+c,,) 6
% (k,s+c,,) Gk s+c,,) Ak, ,s+c, )i +(k,s+c,,) Gk, s+c,,) 0
? Ims? +(k,, +k,)s+(c,, +c, ,)|dk, ,s+c,,) 8

&k s+c ) dms +(k , +k,)s+(c , +c, ,)|dk, s+c )+ @
Z(S) (kaZS+Cl 2)%3 + (k + kal)S+ (Cl 1 +Cz 1)]Qk1 ZS+Czl Z)J ts
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