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ABSTRACT

Vysochan N.KThe influence of the processes of condingcon the stress
strain stateof ferro concrete components in carrying systems of multistory
buildings T Qualifying scientific work is on rights for a manuscript.

The dissertation on competition of a scientific degree of the candidate of
technical sciences (doctor of philosophy) on a specialty 05.28Biilding
constructions, buildings and constructierf$91 Architecture and constructiori).
Odessa State Academy@ivil Engineering and Architecture, Odessa, 2020.

The dissertation work is dedicated to the creation of calculation model to
determine the stresdrain state of the ferrooncrete statically undeterminable
frame structures taking into account the crackmetion, stagdy-stage
constructing of structure, and creeping, which is based on the numeral analytical
method of boundary elements. This model allows exploring the work of systems to
the extent of edge state and complies to the physical nature of work.

Theintroduction explains the choice of topic, defines the objective and task
according to the object and subject of the research. The academic novelty and
practical importance of work have been determined. There is a representation of its
general charactistics and connection with science plans and programs of the
academy. The practical importance of results obtained and author's contribution
have also been represented. There are the results of the dissertation work
approbation and information about pwhliion and size of the dissertation.

The academic novelty of the results obtained is in developing the calculation
model that allows determining the strestsain state of the ferrooncrete elements
in frame constructions of multistory buildings includirihe processes of
constructing, crack formation and creeping of concrete. There is also a suggestion
of methodology for the numeral analytical method of boundary elements during
the calculation of mulspan framework structures taking into account thewah

establishment of design diagram and practical way to construct the diagrams
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c¢moment of flectioni flexuree for the ferroaconcrete elements of flection,
including the creeping and crack formation of concrete.

The first section of the dissertation worknalyzes the literature sources on
the topic. The basic methods of calculation carrying systems of multistory
buildings have been analyzed and represented

It considers the influence of constructing the fexomcrete skeleton
buildings on the stresstran state of structures.

The theoretical basis of considering the creeping in the calculation of
statically undeterminable fermoncrete frame structures has been represented

The second sections dedicated to the study of patterns to form matrices of
the numeral analytical method of boundary elements for the calculation of braced
frame skeleton structures.

The main principles of using the numeral analytical method of boundary
elements have been considered.

The main principles of using the numeral analyticeethod of boundary
elements have been considered.

We have created the matrices of the numeral analytical method of boundary
elements of the twpass braced frame skeleton structures with a number of floors
from one to five.

Thethird section the influene of creating the calculaticscheme on stress
strain statef ferro concrete braced frame skeleton structure.

There is suggestion of method of determining the ss&am state of ferro
concrete frame structures taking into account the processes lofanaation

We have developed the algorithms of determining the sttesim state of
ferro concrete braced frame and channel frames taking into account the processes
of crack formation and history of constructing using MATLAB, the system of
computer mdtematics.

The study of the stresstrain state of the braced frame skeleton points to the
fact thattaking into account the loading procedure and crack formation at every

stage of constructing detects the "calculation destruction" of rigels. The violation
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of installation technology causes the substantial increase of values of the span
moments of flection after the action of axial intended load (up to 80% in rigels of
cover and up to 64% in rigels of overlap).

The results of calculation for the permanentrabteristic loads including
the sequencing of constructing and crack formation have shown that every stage
comparing to the results of calculation under the classical calculation scheme leads
to increase of moment of flection in span between 63% and 7ht.noment
decreases in supporting cuttings of rigel from 31% to 37%.

Comparing the values of the flection moments that have been obtained as a
result of calculation of the braced frame skeleton of a building, it is necessary to
mention that violation ofnstallation technology during the full intended load
including stageby-stage constructing of the building detects the "calculated"
destruction of rigel in span (the values of flection moments exceed the calculated
bearing strength of cuttings). In theseaof characteristic load including stame
stage constructing of the building, the safety margin is 1,18%.

The calculation results specified in Section 3 show the importance of careful
consideration of the features of constructing technology for the-¢éencrete
skeleton buildings.

The fourth section shows the study of the stresisain state of monolith
ferro concrete channel frame including its constructing procedure

There is suggestion of method of determining the ss&am state monolith
ferro concrete frame structures taking into account the applied load based on the
numeral analytical method of boundary elements. This method allows to explore
the work of systems to the extent of edge state and complies to the physical nature
of work.

In this sectionthe program of calculation for the ferro concrete structures has
been used for research. It has beereltgped under the guidance of AKovrov,
and O.V.Kovtunenlo. The aforesaid method uses the models of deformation of
flection elements, involwvig the author and taking into accotme crack formation

processesvhich is presented in section 3
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The algorithm and flow chart have been developed for calculation of
monolith ferro concrete frame structures including their constructing procedure and
crack formation processes. The research of the sitemis state of monolith ferro
concrete channel frame including constructing procedure of monolith channel
frame has been performed according to the suggested algorithm

The analysis of calculation ressilreflects that taking into account the load
and crack formation during the loading comparing to the results of calculation
under the classical calculation scheme causes increasing of moments of flection in
span by an amount between 1,60 % and 6,0%uparting cuttings of rigel the
moment increases by the amobetween 1,20% an8,40% and decreases by the
amount of 11,5%.

The works by V.YeBabych, A.M.Bambura, L.MMailyan, V.S.Dorofeiev
are dedicated to the study of the fecancrete elements @iection that were based
on the real diagrams of material deformation. The practical way to construct the
diagrams¢cmoment of flectioni flexuree has been suggested in the works by
O.F.Yaremenko, A.VKovrov and V.F Orobei. This way was based on thease
by I.Ye.Prokopovych.

For a more complete consideration of processes that take place in the
statically undeterminable fermoncrete structures during the change of load until
destruction, it is necessary to use the diagramement of flectioni flexuree.

They consider the work of materials most fully and can be used in practical
calculations.

The linearized diagramgmoment of flectioni flexuree during the
calculation of statically undeterminable fexwoncrete structures are shown here.
Here is thellustration of similarity between iterative processes in the calculation
of the ferreconcrete frame for the span cutting in a rigel during the intended load
taking into account the crack formation, with considering the history of frame
constructing and whout it. It shows that during considering the crack formation

and history of constructing, the similarity occurs more quickly.
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The section shows thealculation including crack formation and procedure
of the framing constructing using the suggested methbd results of calculation
using PC LiraSAPR are different in the columns of a ground floor up to 61,4%, in
rigels of the ground floorup to 10%.

Thefifth section considers the issue of taking into account the influence of
creeping and crack formatiaof concrete on the stresgain state of ferr@oncrete
elements.

There is a research of hypothesis, which is accepted during creation of
deformation model of the ferro concrete components with long action of loading
and crack formation.

The algorithm 6 constructing for diagramgmoment of flectiori flexuree
have been suggested. It takes into account the long action of loading creep and
crack formation.

According to the described algorithm, we have developed the programs in
the MATLAB system, which aflw constructing the conditional linearized
diagramsgmoment of flectiori flexuree to determine the stresdrain state of the
elements of flectiomat given load capacitly.

Key words: frame structures, reinforced concrete bending elements,-stress

stran state, boundary element method, construction histbigracking processes
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Hs o9dLOL' s (2.3) HA&Y Coydscs | dj &jd
CsdefylstelzCy' & .

2219 dzcstedIsds o dL dzOyJ dzdzv o dzlzlste® h dz" = Lk
L do HBd  ¢tOdd Yo yPO el & G wptizizdz
udmj @daRez’ s ydesE sy BeH B ¢ teOdzd yded o j dzj s,

o X =iB (2.7)

[ Olted*y'X*, hts oRtHWIs! )g ts'lsdedfigadiatz’ (8D k
n Ot OYISjjteatg so stej dz' .

l1ted o d¢ tsdzOdzdz’ fjtojlso stej dz & tc @ dadp 1| dz'
Edisseo d j dzj d3j dzls) ® O ts dafy oL@l tafe diy Is2d2 ¢ o ff
jdzj d3j dzls O s ¢ iz B LYOR te*  dzj dzdzv o, oddzd S O Is!
¢ Jtdi@usiz Hisoy dz2@ Mmddzd, §Jte) B gipd 2057 j

AX

M) 1,00

71700 w0

; £.(0)=0
y

— >

t d M., 20 dsddgstaHddf'fp j 6 L 2 Mz d3' 3 dats A3z
CL o fiylesCefSdie (L Oz dzdzv o3
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l " Hitse Hdzst HEts GteOded ydedres EdB3so X§0) dBZOIs:
SBodzzdzw 6 Ist MW GwOded ydz2' §OtOd3j Isted HJiej d3°
sBdzzdzv s Is v Misso f y' , desdzj ed wCdrm 9o Ht
ts Blgdzw 8 s+ mw .

Elv(0)=0 142 | -1%e
Elj (0)=0 A4 | -2
M(0) 1 l
X(0) = 1) = ' (2.8)
(0) 20) I 1

EAu(0)=0 I

N(0) 1

lted HjWBttdZOy' =~ Mistedydd ot MmdMmisj Bd
Cklstse ' fjtj 3" M jdedz” , Uddf te dc tepdasfdgleiz’ € 'f d2je®@@
fso' wWLOdzZ o9 ydm obkzL dzOR to' o dgV dadz” dizd MY *

[ dzv o MlsOdeso dzj degdz? L o' WL CE & 3 ¢ dai &3
LsBOLdIsd WS¢ ' fdzk COwlddz Hj W Stedkso Odzs ¢ t

[ dzW h Qtcdz' tcdesets o kzL dzO,sdosd v @) izY § dgf dz
COtelsd dzO H J W tstcdslz o @erdzts d HHe gzl Ipls O 9 dzj dzO

S T 6
s I S
] :‘.
4 w0=u0) i
N— S
~° \T.
I YA
1 3 \ [
l \
7

v.(0)=v,()

tdin.s @elbd dz0 H j W stedszo Odzdz” " Oteds’ tedets G
fRtsHWIs: Mw ytslsdted Mistedy dz
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] " Hito ' Hdes L COlsddzss Hj W stcdslz o Odadz”
hts R SHWIs;offpls Olztso ® & Is + ® dzjsy dzts fiyls

Ul ) =w(0) V) W 6O)
Vel 1=V (0) =u (l,) & (O); (2.9)
/ol = 7(0).

CChts E okLd MAatHWIE! v C' d CO Yol
sfdtsodzd? BJEOsIs! v fsyYOlCtses' §OLO®R] IS
sij tesdzd, O YOS e’ o0 taddjviatdrf Is dgwd AL |
Hsf sdise sy to' oadawdz M " dz detsfyls' f jtoj o5 N jc
f Otc O BXO)G 00 Wzis dizi v B jHej1eS Hdz2 § 5YOIs,S 5o
hts L Odzpy Olsitsidatse dzd 3, © 9 ) Isacodytw Is ¢ )
Cli3f j demzdsjudzls d d® " H Y 542.10.dzts Hts Mn j d3d

[ j k I
| 1 ? 712 | -?/6 Xi1
j 2 ) Xi
k 1 Xia= aXi J
I 1 X?

A I

| j . | (2.10)
i | 1-a?2|| 2 -216 Xit
J -a? 212 Xi1
k a ?
I 1 X?
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s ' dzyd od3j Istie@tc O dzj d3j dzls * o , hts MeaBHWIs!I M
shdtsodddizsd s yokStsoaoddd OO IstcORBI L O
fdtey B Njde . 1wd y' szl ods@ltsd i € ts 3y
Jdzj &B3j dzlsd o' HY ®dD.H s HEB Mo j B

i k|
il -al| o Xi1=0; Y2, 7 il Yy=aY2-o X
| Xi1 T Y;1=0 (2.12)
k Xkt k Yi1=0
I -1 X2 | Y2

t" odgwdzdzw Hj W BStodszo Odzdzv Milstcdy dz' @ L Of d
s@kH dv 1S &ZOH Odzdz® to' o dzv dz MY ' dz desfls”
Cj¥W' y' * dalsqg

NI — E|I| Ki' :El—A,
' E.| ' ELA
] )] (212)
CI = E'A D| _—.i
=N ' EA

Hjidesd3j 6 Jodzj ubgzzlse e Odzd ydzd 7 f OO R ste” o W
fnf * dzt desils’'; §jtej di3° M j dz

jTdes 34 6 Jzdzg P delf ydzd 3 f§f Otc O'd3y UskstOlsBd W € dste
f OOk sted §olsydsets j dj dj dzls O

1ted ' odatso OL' ofy' ., ’ tsa)d iHsdp@slE] 5j daj dgzdzt
BEHEIS! fjtejBkoOld o ' odtsoOL' * ©Ctejd
f OO Isted BEZHEZIS! L OHBSoaBdz dgWlilsd to' o dzv dada®
gl 990" HdzsN | dzdgv a3’ fMils Ols d ydzd d3d GtcO
h OQedz tedzesets oL GBiopy, dussd BOBF dzs ¢ 8.7, dzO
ftej HMIsOodzj dz2' o ' oadgv dzdgv = t6' 9o dzso O d © ¢
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N, (0)

M (0)
Lo 0

N L b ] NGO
| '0,(0)

>

UM, a,)

vy

t dfm. 2mdrdzdzy , " s o 6 ted QF) sdiy ‘dzlst of, j te
w gt ftod d&3d € O8 Is HS o kL dzO
ax=0, Quly) @O N () N0 ©
Qull4=Q (0) -N (I,) oM (O);
ay=0, Nglg -N(0) Q(,)Q () 0=
Nl =N (0) R (,) .Q (0}
am:=0, -Mylj) M (0) O=
Ml 4=M (0)

14 LOdyd ¢ dzyg o f Ote Od3j I§ wath ) WolslzlAriste
sMdted HEd dBOBEEdy’ § EKOQODISE soed’ ~dz! fdefteter{dhyvis tof t
GteOded ydzdn kdise ' ' adewdzy M dz detsfyls’ f J
lted yY! sz, o &EOldgygw sEwspl My Ty g demiz s
9' Hfts9 ' HAzRM4Hts fa j oz

(2.13)

[ j k I
| ?2 | -%2| -?I6 Xu=0:Yia ] _ 1| Xa
J 1 ? 72/2 X]l — J XJ1
(2.19)
k a 1 Xkl — k aYk]_
| 1 X2 | | X?2,=0
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[dzv LOdzjydedn S  degyjodn 4 OtO®Rjlste’ o
Cj¥' yod)des wf o Hdzs (1S o GBOBEHY j dzll s
J dzj BJ delsd @ROH). M B
I ]l ke sPdedzy  fd nis@1kd d ledz®@ WD dds ' v @
fOLOd) sted, hits oIXEHWIS, * wezjde0 sy disd o dzb
L 2fd czdzv d3d SO f § o] ds'O'd3padede" dffisEpinhy tetzj Cdak' 'o.

2.3. AtttkbOduy O, Nts RO IS!HOOH d dz
ftetsdz tsisd

] wetsfls® ftedS ZOHE totsL ¢ dzv djlsdgis deQilsits o ce
Ctsj W' YA, fipglsz®H y dzyf @ dsdzts' W L Csdaifsls ehizt§ Yy 50  SH
ftso jten ' H(ot] B.tcts2dz' tsls

t d M8 Rdzj e Oy ' ¥ tpdispag] dzLCSEwps'tczEy' °, s
SsHddz 859 jtem Ho O ftetsdz tslsqd
1 2 3 2 5
A FA, A, I
A, ALtA, A, |>
A=l A AL+A .. A, | s (2.15)
A, A, A, 4
A A | AAL s
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I wjLbkd kOk' HE&HE vy e sl g s W
Bl ' " O gz -OqaPil &'ddaszsc s o Ots' Odals iz
j dzj oBj dzits'Oafstae v L € @Bte Y@M ded & ' Q s dzff) Is BiDy jse R ' o
S=) T ftebeasTED) SO MC ZOH DA dfijelzlsL o, oy

dzd ¥ yJ s@R(ifis@da d SO0 ~ . W tstcdilzo Odzadzw
) dzs B Ay 0 HdzsfW st v HEs jdzj dgj dzls® ©, w¢
f OtcOBj sted , hts otcOotolkzs Is! ¢ tc O ¥zt tq dglz & Isi2
9 Hiftseo BB EZHEB o(d
122 | -1%6
1| -1#2
1 l;
A= (2.16)
1

) dzs Qg 5° H dzlz ¥ jsdzjndsj dzls Oz, @S d3j fislsl (P’ Co
wedrn esdsy dg@®y @ s to tilz dzO d3q

i=j=@MT1)S+1 (2.17)
i=j=(T+ 1S+t i 1)S+1

HgiTLdg dgt " IS fifivts © ° H

1 it 136
1 1212
l, (2.18)
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) Zs gy 5 HdzzE s MW L j dzj &34 dz2s O3,  dzts o3
odL &2BRYQY ¥ tstcdsk zO di3q
i=j=(T+2) (219

| ZsAg S ZOHOs 5! Mw L Cwd&Yfj dhkzs ydo  j

sdntsHwYyd L t' oadwdy t' edase @cd My o
f OtcOdisj ste' © jodzj Bjdzls' & Mm' 2686 ' §sYy0Okss
MosHWIS! MW o BHdSKEE sbkiLd LiWstdkzyls: fw
"EI/EA
Az = (2.20)

EA/EI

I ez Rl 57 Hdalz® Is) MW L dzd d3d @5 O drds,s(p dats B.p
wedn esdsy dg@®y @ fste iz dzO B
i=N (2.21)
j=T+2
I dzs B, Asi S ZOH O Is fw L St j defiks ydo
odrtsHw yd L tc' o dgv dz My * dz' desmls® f stcj o3
MABSHWI! W o BHEs®BREZ skLd , L'z ¥Ystedkze Is! fiqn

EI/EI

(2.22)

EA/EA
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) iz B 57 Hdzlz® s+ w1 dz &34 @S QR (p dats d3d
wedn esfU dg@UQ@ O W stedskz dzO dzq

I=T+2 (2_23)
j=2T+1

-EI/EA

(2.24)

P
1l

] B 5° Hdzz® Is? MW L J dzd &34 deSQIRY 9 B)wZtsalzd
wedrn osdsl dg@yQ@ O W stdskz &zOdd

i=T+1 (2.25)
j=2T+1

1 dz Rei, Azi, Agi Agi, AoiME dzOH OB Ist w1 S B § defmk
we' 9o9BHWISI MW E L' wLEE L BEyYyOmlss dzjL O
' odese OGd ' MY D tigh Gyl & ols HHEHY ESOICSAERIHD 12 5

(2.26)




| s R 5° Hdzz® st v L

w e n

odL dzOyoOs Is:mw L O

i=j=T+1
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J dzj d3d dpls @l o B)Ysaz]
¥ st gl dzO s

(2.27)

(2.28)

| dZs Bgf 5° Hdzlzs s fpw L

wedn

odL dzOyoOs Is: mw L O

i=j=T+1

J dzj 34 dplS Qs o H)wZtsalz]
W st sk dzO dzq

(2.29)

P
1l

(2.30)

|z Do 5 Hdzlz ¥ IS MW L

wedn

odL dzOyoOs Is::mw L O

I=j=T+1

Jd dzj d3d dpls @l o B)Ysaz]
¥ st gl dzO s

(2.31)
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A= (2.32)

I dzsRodf 5° Hdglz® Is! v L J dzi B3 S BIRY 9 B)Zsaikd
wedrn odL dzOYOElstfw LO Wt dkdzOdd

i=6+1)T (2.33)
j=2ST

Ao = 234
-1

1 dzs Al 5° HOzizE ISy Ty o3 dzls Odsd , i) ddtyIsEs dcH)y "tes¥ H
wednrn oadL dzOyoOsls:mw L O WtstedilzdzOdiq

i=(Ki 1)
j=(Ki T)

(2.35)

HKIC dz €' Mls! j.dzj d3j dzls' © tc O3]

1 dzs Ad; S ZzOH OB Is! Mw L Ctdif j dmkzs yda J
odatsHWyd L tc’ o dg¥ dz tc' o dzsg Ocfdzv'  €fiytizyg
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f OOk lste’ & jdzj Bjdes’ @ Mls' 288¢ ' YOSt
MosHYI! MY o SHdsHEE skl dodEOListedlzy Is! fiv

(2.36)

A=

EA/EI

-1

P azsfdgy 5° Hdzlz® st W L af d3tp BasfPisiEe(g ) ylatsods
wedma o9dL d2OYyOE Is:mMw L O W sttdkz dzOdzd
i=(T+ 11T
.(T._.H (2.37)
J=11 T
1 dzts Agdi, Az, A MSE &zOH O s MW L Cdzf j demiz ¥
99 tHWIs! Mw oadaBBHWYd L ' adzvWdzr o' o dztso OG
f OOz stc’ 9 2wk] d3j dzif s OB Bso dr  OtcOd3j Istc”’
MrtsHWIS: MW o BHAkERE obkzL d' """ Wstedkgkzs Is! Mw

(2.39)
A=

-1

) ez 57 Hdzz® Ist MW L dzd 3] delsTPlsE g H)wlztsedsd
wedn WAk oMY L O W stedskz dzO d3q
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i=g

Auzi = (2.40)

) s/ 87 Hdzz® Ist MW L dzd 3] delsTPlsE g H)wlatsedsd
wedrn odL dOYOElstifw L O WEtedkdzOdd

=T+ 1) (2.42)

Ausi= (2.42)

I dzs Ay 5° Hdzlz¥ st v L dz &3 delsQisiIe g H)ylatsads ]
wWedma o9dL &20yos s::mw L O ¥ sttdikzdzOd3d

I=(T+2+1

P=ii1 (2.43)
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24N 5tedskz o Odzdz? HBOltedy’' HdA&Y ©OH, i
fosd slsd
[ BLEdY dzj B o pH H BEE'EJ BEOWajy' D W' 1

¢ ZOH j dzd 7 -LHodB'w LE Bgdes S SdeflstekCy' °, s
f tots dz/( telsd). 2. 9
—@® ©—
©) o ©
0 GO—
O, © ®

t dMN Rz cOy" v Jjdzl BHzs C 5o BO0E&QEEDNU
HoO fojteid KO HoO fsd Blsd

A, A, Ay |
A, A, A
A+A, A A,
A, Ao, | A, Agi | 4
) A A Ases ;
A (A Ass Ao | Aw| Aol o (2.44)
A AL | A A, ,
A A, A, | s
A A || A Ao 5
Ao Ao | AngtAsd 10
] tcjLEzdz sSOIs* Hismdz' HY J dzdgW Is Y48 dzts G

CsLte' h O Yse s tc' -0 dz® dizdds d wodtdnsj iz’ alzBtc ' O dzls Iz
jdzj d3j dzls' o ;L oML EGeitRts 2 C ' B b B bTS
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ftotsdz! €Ns=92), "t difkH O Is' Mwj dzj dzj dals ' o , ftotsy
ded » yJ sGRfis@d d SO0 ° ° W stcd3kz o Odzdz™ .

1l zsAf o HdzgsMwIss Mw HB jdzj d3d dzls’ o, oM’
dzj ©° HisdRd &3 dzj o' WL Odg L GtcOdzd ydzd

wWisteididz MW 9" Hf B9 ' HddzsMmIs® HE o9dtOL z:

1 -l 122 | -136
1 -, 122
1 I
A15.i = 1 (245)

I dzs gy 5 Hdglz® st MW L j dz) d3d OzlstDIsBEa B)ulztodzd
wedm odL d2OYyOsIs:mw L O ¥ BtedikzdzOdzd

i=j=(i 1)S+S
i=j=(T+1)S+{ti 1)S+S

(2.46)

Hi L digs " Is! w Wasl H

1l zZsAd 0" Hdezsfw Iss Mw  HEs J dzf 3] dz s OIs T €Y °
f OtcOd3d sted , hts otcORatsolzy Is! G tc Odzd ydz Iz
9 ' Hftso ' Hdzs HEtS o9 dOL Iz

-l -1.3/6
1 1212
I

Asi= 1 (2.47)
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I @S M 57 Hdglz® s MW L dzj d3) Delshplgitsfe, §)ydsd3 |
wednm o9dLdOYOs Is:mw L O WtstedikzdzOdd

i =3T (2.48)
j=3T+1

1 dzs A, Ag ME dzOH OB Is mMqw L C i3 jJ demlze yd o J
odmatsHYYyd L tc' 9 dav dg tc' 9 dztso Oc d dzks ' dntf ndz" 2L
hs MAGSHWIS! W o BHds®EEZ skLd , @ Ystkdkzsk

-EJ/EJ

-EJ/EJ

Ag7i= (2.49)

-EA/EA

-EI/EA

Aigi= (2.50)

EA/EJ

1 dzs A  5° H dipws sy dzj d3d dzls © d3d),” A aimy)te'do to
wWedma o9dL &2O0yos s::mw L O ¥ stcdikzdzOd3d

= (t7 1)S+1
j:i+1

(2.51)
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1 iz Bl 57 HdzzE st MW L | dzj 3 Dz, ) ydetods]
wednm o9dLdOYOs Is:mw L O WtstedikzdzOdd

=S

(2.52)
j=S+4T

1 dzsAigf, AxiME dZOH OB Ist MW L C i j dmizs yda |
2 Lo wLGCE L BEyOml® dzjLOdzjydedms &' dzyd od

My & dsfls' HjWsSEHBOy 2, ' Wotdkzslk' mw o
Ag; = (2.53)
-1
1
A i =
© 1 (2.54)
-1

I dzs Bl f 57 Hdzlz® Is! w1 § dzi d3d dxlS @R o B)ditsalz]
weder 9dL &2Oyoe lsi:mw L O Wtstced3lzdzOdzd

i=(Si 1)
j=(T+1)S+1 (2.55)

I iz Rl 5° Hdzlz¥ st MW L dz &34 delsiQIsIE g G)ylatsads]
wedna odL d2OyOE Is:mw L O WsttdkzdzOdzd
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i=(@2S+1)
j=(3S+1)

(2.56)

1 iz R, A ME dZOH OB Is! MW L Sl J demkze ydra
odratsHwYyd L ' eadgvWdzg' ' oadzso ©Ocd ' MY dz¢ dat
MrtSsHWYWISI MW o BHMREMRBEz Skl dds HSY sgd@BOL s mw

Aoqi= (2.57)

EA/EJ

-EI/EA

A22_i = (258)

-1

1 dzshRod 57 Hdzz® IS MW L ] dzj d3) OzisTBlsie, §) ydsd3
wedm odL d2OYyOs Is:mw L O ¥ BtedikzdzOdzd

o ZSZST (2.59)
j=2s+

JodztsBogl Y 5T Hdzz® Is) w1 J dzj d3d Ozlshidsdsfe, ) ydztd3 |
wWedma o9dL &2OYyos si::mwv L O ¥ sttdikzdzOd3d
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I=(+1)s (2.60)
j=Ki 2

| ZsQg NS ZOH O s v L Sk j dhky yda | &
Lo' WLClk L EZyOmlss o@ieOBiisftedzdpr o * telzygj davd
My dz desfls’ HjWsSELEOY' 2, ' Westdkzélk! v o

A23.i = (261)

) dzsBogff 5° Hdzlz® Is4 v L dzi &3J OelshPlslse g)\patod3d
wedrn odL dOYOE MY LO Wt dkdzOdd

i=(T+1)S
j=K

(2.62)

| s A MC ZOH O s w1 S & j dhkzs yds  §

odosHwyd L 'eodvdy t' edgse@cd MY & &
hts MoGHWIS) W o GBHhGESEEZ sbkLd , ' Wstdky k
-EI/EA
A24.i = (263)
EA/EJ

I dzsBoff f 57 Hdglz® st MW L dzj d3j Ozishfdsdidfo, ) ydatodz |
wWedma o9dL &2Oyos si::mwv L O ¥ sttdikzdzOd3d
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I=(T+1)S+ (37 1)S+S

(—its (2.64)

1 dzts A, Agei, Azri MG dzOH O Is! MW L Cdi3f J dzimiz®
99 SHWHs' My wiLCk L Zyomlse dzj L Odzj ydzed » & °

tc' odzso Ocd ' My dzt desmls® HJWBLGAEZOY 2, ° &
-1
Agsi= (2:69
-1
-1
-1
Agei= (2.66)
-1
-1
-1
(2.67)
Ag7i=

1 dzs R f 5 Hdzlz® Ist w1 | dzj d3j delsiPisisa §)ulztods]
wWedma o9dL &2Oyos si::mwv L O ¥ sttdikzdzOd3d
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i=(T+1)S+2
j=3S

(2.68)

] dzsBoff f 5" Hdglz® Is! MW L j dzd &3] OelsiPlssle &) \éts d3d
wedn oadLdzOUOs sy L O ¥stedk ko dkd

i=Ki 1
j=Ki 2

(2.69)

HKIiC a2 €' fls! j.dzj Bj dels' © O

) zshoff 5" Hdzz® Is! MW L J dzi d3d OplsiPlslsle §)\patods ]
wedrn odL dOYOE MY LO Wt dkdzOdd

I=(t7 1) +1;
j=T+1)+t.

(2.70)

H J.TL d3 dz¥ 9o [slH fifivts

25 A sted3lz o Odzdzy dzZOIstcd y+ Hdzw tcOdRlsH® 3¢
ftesd tisd

I SLEdW dzj dB3Bs o dH BRIk y RO Isg d ) 'H sAET W
MC dzOH j dzad = -LHadD'W L t€ Gsdgdsts CodemlstezC Yy'ls@® o O s
fesdz( w®lgd). 2. 10

J toj L zdz dg'OHsY| | czelzts ) s sdzts@ ' dzlsiOals to P
L’ MO ysegts tc'-0dm dzdds d wHdpj sz alaBtc ' O dzls Iz
Jdzj di3gj dzls* &8, Hdzv ©Oddzd ST € & 2B &Y (g'sz Gfists
(T= 2), "t Mo @)kshy, Lfos] sd@' & BEH dz

W tstc dslz o O dzdz™ .
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©
8
©

©
3
®

®
3
)

{dM. 12RIBOY' W j dif BPp s S50 50 B&OS OfMdzts”
GO Ilsted fsojtenid ' HoO ftd t

| s Ag NS &ZOHOs s v L Codfjdefkzy ydn
osdnotHwyd L t' oddzy o' o dztsreddC dj dzj diffdzisid Rz
hts MAGHWIS! MW o BHdsEE skLd , ° Wstdkzsk

Aog; = (2.71)

EA/EJ




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Ay A A,
A, Av, A
A Aiss A
AutAg Ay, A,
155 Ars Ay Ases
Ay 156 Az A
Az Ay Ay
Asss 178 Asse
Ag Asso Aueo Ass Auzo
Ao Az Ao Ao
Az Asin Ay Asn
A2512 A212 A412
A Az A Az
Asiss Asisa Az 3114 Asrs
3015 w15 | PastAuos

9,



77
JodzsBogf Y57 Hdglz® st MW L § dzj d3j Ozlshidsdfe, ) ydztd3|
wWednrn Ofisdz®Y L O: W stecdilz dzO o3qd
I=(T+1)S
j=Ki3
1 dzts Ao, Asoi s Az, A M E dzOH OB Is! v L C i3 j demiz ®
Q99otHWIs! Mw E Le'wLCE 1L Zyomlse dzj L Odzj ) c

(2.73)

tc' o dzso O d My " dz' desmls’ HJ W e de@fys GL, " o' : &
Aggi= (2.74)
1
-1
-1
(2.75)
A3OJ_
Aoy = (2.76)
-1
-1
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Agzi= (2.77)

Iz R f 5 Hdzlz® st w1 dzi 3] dpls @3 9 B)Zsai]
wWedma o9dL &2Oyos s::mw L O ¥ ttdikzdzOd3d

i=2(S+2)
j=4S

(2.78)

) Zs B f 5° Hdzlzs st MW L j dzj o3 OplsiPlsigs(e §)ylatod3
wedn odL d&zOyOsilsifmw L O ¥tstdkzdkzOkd

I=K7T 1
j=Ki 3

(2.79)

HKIC dz €' Mls! j.dzj &3j dzls' © 1t O]

) zsBegdf 5" Hdzkz® Is! MW L J dzi d3d OplsiPlslis(e §)\patods ]
wedrn odL dOyOE MY L O Wt dkdzOdd

i=(T+1)S+4
j =4S

(2.80)

) dzs B f 5 Hdglzs s w1 | dzi A3 OelsiPlss(e §)\lztodzd
wedn Oisdz®Y L O: ¥ tstc Bk dzO i3d
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i=(T+1)S+4
-(r ) (2.81)
]=4ST1 1
26. A Stcdlz o Odzdzy MO Istis@[dg,! HEz BOs s ytsilsd e
Ho O ftotsdz slsd
] wersfjls' fdS ZOHEZ tL ¢ dv djldds dgQisits o d
Ctsj W' yA,'M&lsZOs j dzd R -Lriodaw L 6§ Bgdsd ¢ ts dafsldaiz€ dy

fsojtend ' Ho@hmjecRdltglsd
O @ OO @ O

@ ® ©
O @ o o @ O

®
3
&)

®
3
Q@

O ® ©

r~rrrs 1~rrr rrrre

tdi. 1 2Rl BOY' W jdzj BPzE C 5o t5OB&OS OMdz 2
BO° uskdtd fsojttnid KO HoO it

J tcjLizdz sOIs* HisMdz' H Y J dzdgv Is (¥.8Qdzts ¢
tetsL to' N @ qeayskip) @daafa|dssc s 9 Otc’ Odzlskz o3j Istst



1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1 A11 A171 A191
2 152 A172 A192
3 153 A173 A193
4 A64 Al& A184
5 AtA Ags Asgs
6 AlSﬁ A17a Ags A196
7 157 Ay A207 Ay
sl A, A Ass Asgg
9 A19 A179 Azog
10 A1510 A1710 A2910
11 Ay Ain Asors
el A 84 A1512 A2812 Azzu A2312
13 A2413 A1213 A2413 A1613
14 Asus Asiia Api Ay
15 Ass Aus Assis A
16 A251s A215 A416
17 A2417 A2417 A2517 A1617
18 A241s A241H Agg 3118 A
19 A2419 A2419 ASlQ 3119 A1619
20 3020 2620 A220+A102

(2.82)
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jdzj Bj dzls o ;L ordw Cis@ AR C Sz SEES JiSF: 4 6 5@
Tftesd Bds' D) ,( WC' m§dPpsPizk! My dtso d5 B dfs
I B&sSd o' HisBdMBPEd &JHBGEROT, s &GO
Bd dgh J .

2.7. Atsthkzo Odd &Owdy' HEY ©OE,
fesd slsd

] wetsfls® ftedS ZOHE totsL ¢ dzv djlsdgis deQisite o ce
Ctsj W' YA, dzigC 6zOH j dzd R 9 H tzy C te®Edzts § s dzfipldse 2 € y

fsojtn'® ' HoO fwsd slsd (tdh. 2.12).
) —cp——(—
® @ ©
o (O—b——()—
® © &
o D—d——()—
® ® ©
o (O—d——
® @ ©
o (@——d——(C)—
O © @

tdm. 1 2RBIBOY' v jdzi g] s CBotOdi3&Os OMdats”’
BO' ' wlsy ftsejtmn 98 ° HOO ftefs
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J jLEd OIS HdzB)EZ H Y jogiEdteve o s & 54 W°
tesL e’ h O ysegts tc'-6 dz® dzdds  wdPdgsj Arezidzls d3j stsH Iz
jdzj d3j dzls* o ;L oo Cs@AdRs ¢ sdzMSEERS YISTE, &) G Is @G
Tftetsdz s D) ,( W¢' Mm§dpEPezb! v dtso dn B dzs
I BdsSCd o ' HfBBo HOBI! Isddg, wW¢' fledmizlk
B4 dzh § .

IRy [1lsrR [ t{ryrwfuv 2

1{ LB & &7 Odkcstedlsdd W stodkzse Odedz”  dsC
L' WL Ctsodn COteS OMdzed = C tsdzi s e@&e@dz'? Is d ny @zts
BjlstsHEZ ctoOded yded 7 j dzj d3j dzls* o .

2 ¥ St e Odg O Is-® @tz Isq dyfigziscresuz® dzd 13 dzc T
jdzj dn dElsH o 5 B dz' tdBhfilzs L C S0 d B C Ot S Ofded 7
fso jtcito Mis¥ o' H BHdSES HE §' wlsd §Bojt



1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 2 23 24 25
Ay Ay A
2 As A A
3 Alss A, Ay
4 154 A174 A194
s Aes AJss Alss
6 AtAq Ay Asss
7 Ay Ay, Ay A
8 Asss A Ass A
9 Asso A Ase Ao
0] A Assio Asio Ao
1 A Agy Ao
2 AlSlZ A1712 A2912
" Ais A Agsrs
n Assia Aursa Acora
15 A515 Assss A2815 A2215 Ams
16 A Aws Aniss Assis
7 Ay Ay Ay Asrr
s Auss Agis Aoy A
19 Asiso Auiso Assio A
20 Azszo Azzu A420
2 A Asn Agsrn A
2 A Asize Az Aszy Az
23 A Az Ags A A
2 A Aviza A Ase Az
25 Ass Asrs [PostAs

(2.83)
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tdrrwf 3
JYI R Y ftcrsv aAftfuvlorrc tdrtomorsd
1o vo}rtuorqrudndtfflorrRE 0l 16Juwy 1w
tofrdlcrsdw fsotsoder fw sfrevtuvsAuwy

31 [mMsBdzd o sMis ¥ st d3lz oHOjdA0 tc d302® P tzls ¥ 5 dat
LOdZ' L sB jJisGsdiam( e L CTSOLIEOM" o L d3ztfctoOtE Wz e Olrizd
fted C dzOH Odzdz? dzO 9 Odzls Oy § dzdav

J ftcOCIsdy" ftetsj Clskzo Odzdav , ) Is 5 3z
MisOlsdydzd?2 L@ dHmy A ftso dz tctsL tcOn
(StdB " dOy" ~ f§ tsils’ 200 sjCdz to) Q Bxip@ s o Y de’ figte
Csdemistclz® o O dzdz"ff tCDHEEE Z ¢20° osL OR Zdzl 59 °
9 tojLikzd sOI' IOSCBEts totsL tcOR zdzS 2.

L BHIYOMm, o MisOlyd dadzE dzpPakf L &® j Is tsdzdzd -
tejLEzdz sOIs’ L3 dzed  steflsC sldpds'' h  fzizf 59 dzis |
9 HBERZoO' Is! Mw MmMkkls' ad?2 fjtejtosLftsH " dz L zf

vOCdd3 yddesds, dzj dz' dz' 2dz' Mls! wEHRIEG 5 d
COtcCOM" 9 HtwdLosHdIsH &EO sk, dz0 &0 dzls O3]
LOdzj ¥ dIls! o' H ftetsyjfmkz Lo jH,  dedav .

lted o dL dzOyJ dzdz' odgzlste’ hdzg' = L EMmd d z
ftesdddmMdzsodr BEZH' 9 j dz ftotsi Clskzo Odz! dzd &
tc O dzd , h s kO ftesj Clsdzgz 50 jton tso9 MEBEOS
O3] §tsmis® 2dd B ° Isd gy Oinusdzix disf dix® © @ dzs ©
ofmM'n o jtonOR.

I t©jO0d dzd° tOd&dzd: fMdMmlsj BOS s dzls Oy
9 HBEZOO' s mMw " dz* €d ' mMdzv kS &zOH Odzdz™
ftseojtem" . K J sL dzOyo’ , h ts dzO o' H3 dziz
L tcOrzdz soats’™ Mmnaj d&3d, Hd dz09 Odzls Ox1j tsiadey iz
odzzlste' hdz' = L fmd dz 2 Mk 2¢07 1O w6 dz
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&ZzOo Odzls Oy j dzdz' 9 J ZdSC O yYyOMmisddzO f sMmils’ 2 dzs G t
9 SCtdhlstezCy' wWn ojteandz » O jtcm" 0.

SR ORI SPY smtsB dzd o ' Mmls! L & J HJ dzdgW sB' " QI
zOC s dqayj wzdd'ls* 9 Mddazseo sets S stekz CSdnistizC

Ul mdzdzte ' ydz COtelsd dz20 dIsdzs Oy t6d e dz
LOdz' L 5B Istsdzdzd o3 LB tcdzgddzs COtCOMmMBsd fj to
Lo Otcs 9 Odzdz?" odti MG &9 Od3Oskzted, hts L OBJ
CodizsdgStH,tlcOL 2 ' Mdzv EMsOdzse € d BGMIsOdzdz! ts@
A zO BEH' 98 j dz' dzd - BO2HOdzYyd € On d3ts dzls Oy

fsmdz Hsa dzsMmis® ©: o MIsOdzse dz¢ 6 Is! MW tedaGe J dz'
Bsdzls Oy dzgdr hotsd3 L OC dzOH dz2' o ofStHddss difywa d§td
fddls fjtj Stedlslsw HOdes Yo jtnl Is *

odfkEmMe" @ OttdkzOIskzted todcj dzv.

{ 5L ¢ dzv dzj 3ts, w ¢ L OL dzO Y J dzj f stclzh j dzdz
9"  HBdo O' Is Mw dzO W tsted3lz 9 O dzdz' tcsL tcOn Iz dzl t
LemMddzdzjedzls Pdzj] e Odz. 1 tcd odBBte’ tosL tcOR Iz dzs
fdz" H otcOrlzo O@, ff &gl Q@dplsds dzOo Odab®y j o
h Qtcdz’ tedets s j tols t5:CoizGHpf@a dzy f ts 0@~y AsdpjVic d Is Is
fsCtedIlslsw.,

lteddzydf sots 90y dzdeoddz °° Odgeddezn. Isd d3y O

32. [ jBHdCO odL dzOyj drdg"V ts teEe stelrdyty s
LOdz' L sB J Istsdadzaf & W L € ®&dgdpi COtcC Ofips &f staw H &l C
ftod ¢ dzOH Odzdz? dzO9 Odzls Oy j dzdav

1 JtedH odSidzOdzdzv d3 totSL teOn Zd2E ' 9, dzj 5B
Isjrdesdztse ' ydzz MR j Bz © 9 JH jodfdes da©dzazv o de'ts,L t
9 HYiBo HdZ ESCwbkzfdzjdz JIOfd, dzOojHJds ¢

tdLkzdz sOIsd tLteOabkzdltEz dO0 CCtydsdkkz J|
teSLtcOrzdzE " 8 .20 dzOMiskz{ dzts Bz
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v OB @281y

(O EL OB DdstiAs 6 v L € tsdzff I§ @k €

L

b tc O Sdg o Ciylatg'a | 'dzdav

[ s O I SLOREZdS 590 fMnj &1 O Odzls O]
1 O O
E 1 sfls* 2
6000 6000
2 o q
T 1 ) syl 2
6000 6000
3 00 O
3 ) sfls 2
6000 6000
n " Is.H. HBS tMisOdzdz tsg 1 tsMmls’ 2
n+1 l sodzd?2 S O©BCOM BEH' od ] 59 dzj
okzLdz' 9 O
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l ctsHis9 ) j dzdzv  ©u OB

( Is O I SLEOREZdS 59 O Mmaj &1 09 Oxzis @

1 ) sodzd?2 S OWLSOM BRH.
f' v L Oisdtsd yko Odzdz

3000

1 s dzj
f sfls" :
d 3y om)

3000

WA

3000

6000 6000

Il dL dzOyOlsd -wzOW totiz oty alaBdzd 2 MisOdz L-Odz' L
LoOvwLECtsoadr COECOM" & L ZtcOnlzo Odzdzw d3 { tc
L9 jHJdadzgw { totstlasadfxls ds' HEnwe ‘oftitiseds H detsfls® L o

1.1l dSsdzz‘ s v MisOIsdydzed? L O zdisE ¢
fsojtern' ®8 (teSLEdY"HO' s Mw ¢ d&ZzOMdydzO ¢ sist
MlsOH " ") .

21 0 fjtweh sz jlOf" LOHO' Is! MW tosL tcO~A
tc © i3 1;

3. etsotsHdIs! Mmw Mis Ols d ydzd 2 teSL tcOn Zdzts €
PtcORkzo Odzdzy 8 " Otedz' tedztsets tsBY qteOdzdz? tod G j
fsmis’' 2dzay dzOo Odzls Oy § dzdaw

4.0 CSMEze Is! mw Y stemisC sMmis® H' dz¥ dzts & tc O
oy dzsets L OR EdeS Iz

510 © dzOMlis 1§ datsdifias dgizls Gstf ‘Mw  dzOtetsh 2 9 O dzdzw
LOHO " Is! MW L tcOnzdz{ 50 N+fl)r | BO HO A f 59 ]

6ABIdRBEZ Is! MW ©GBLEO~AEZdISe 0O MaJ BO L H
lted twSLEdWH' @ toSLicOdPHd s tsd j HmFasyd, cOEBLE
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fted?2 &3O’ Is+ Mw ©Oaezdz todep j ik tc 2O wCd2 H S
fjtcjCtedlslsw (9Cd yos yd o &zOfdzz o Ock tdg
fjteh et o jtenlk fted2 kO 8! MW L O tojL bkzd |

W' Ciso Odgs® o j dzduyddess, O ystemEL' fls:
ftedfzh j dedg tetsBlsd o fkyde 2 MisSOH'

) 2w et WE edL dzOyOs st v Y sl
CEL tcON L dzsiCo O B OB &' § s dzMispk® igh ¢ s i)ls AR diz
H' dzv dzC OrQiz' agj B dgfzizls d Istfe] © ffalafbzisto i p idds * |
fjtejtc' iszdzlsjodzjo L dzOYO* s fig? dzp Otadf st 9 @ ik
cLGddaOdsdgfiddstcd o L dzOO0 H ' dzv cz§ ROWER dig fzls d  dz
fjtejodsts I8 desizso ez sils' (dejddpE 330 20
edfm) 3.3

7.0 dCtsdzz’ s v MisOldudzd? L cOF iz jztz§ o3
fsojtentsdB L LORkZzoOddz"d3 " Otedz tedzse s &
ste' h dqdeskzlso stej dzdz? dzO . § sMls' 2 dzj dzOo Odzls Oy |

8. A' CHbkyls! Mw ystMmisSsmls' H' &vdsS. d
ZOEh jdesets o jtenlk ftod2 BOs s Mwi wWakyd
GjLEd sOLOHKRYE ff S§LdcORzdzS " o, ftd yY' sikz,
dzj ®wsy k! ME' d "ko Olsd

1" mdzw L 9§ HJ Szt § ( ffdasdetsdsts o d € tNz@dAzY Iz d
Y SeflsC &) s jSdRaC¥o ifei s s v ° fed2 BOE 5! fyw

0.1 S tsdzz‘ 5! M sigsOls B T tatizts D F 1O &Gl § d C
oL 2Oz L @ iihizve G@dedz)dz' @ W € f)ts 9 Odplsdyddzd » w1
LtcOR kzo Odzdzy ds to f 5t upls iylieGrs totf] tEfats mjls * 2 lezf diy O s e
dz0 9 Odzls Oy j dzdzw

1 dz&fn j 3O, Odze stedIsdiz totsL EOMHARD ¥ L ¢ © alx
CodemlstczCy' 2 L k@il § @ dakizdsoOf tc [Hyialie ‘o L
fted o jdzQ da©d 81z dzS Iz
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BuKOHY€TBCS CTaTHYHHUM pO3pPaxXyHOK
KJIACUYHOI PO3paxyHKOBOI cxeMH /N IIOBEPXIB

2| n=1
301HCHIOETHCA CTATUYHUNA PO3PAXYHOK PaMU [1EPUIOrO MOBEPXY
3 3 ypaxyBaHHSAM LIAPHUPHOTO OOMUPAHHS PUTEIIs
1 IPOLECIB TPILIMHOYTBOPCHHS

Ha MMOCTIMHE HABAHTAXKCHHS

Y

4 DIKCYIOTHCS KOPCTKOCTI TUITHOK paMH

= 5 n=n+l
dopmyeTbes po3paxyHKOBa cXemMa
3 JIOJaTKOBO 3BEJCHHM ITOBEPXOM
3 IMOCTIMHUM HABAHTAMKCHHIM
[IPH LIAPHUPHOMY OOIUPAHHI PUTEIIs

[IpoBOAMTBLCS CTATUYHUNA PO3PAXYHOK PaMU 3

7 J0JATKOBO 3BEJACHUM IIOBEPXOM

3 ypaxyBaHHsIM LIAPHIPHOTO OOMUpPaHUs PUTes 1 MPOLECIB
TPIILIMHOYTBOPEHHS HA MOCTIHE HABAHTAKCHHS

8 DIKCYIOTHCS JKOPCTKOCT1 AUISIHOK paMH

<0

[IpoBoaUTHCS PO3PAXYHOK OCTATOYHO 3BEAECHOIO
9 Kapkaca micJisi 3aMOHOIIIYyBaHHSI BY3J11B
Ha MOBH1 HABAHTAXXEHHS 3 ypaxXyBaHHAM IPOIECIB TPILIUHOYTBOPEHHS

tdfm.) dBeEfd j 30 o dL dzOyJ dzdzv  stefmisSsMmisj 2 |
LOdZz L 5B IstdzB 8 5 C@BEMWSINIStczCy' 2 L Z©O!
ftetsyd ' o Iddg dadedzetdskOs o NGBS Ofiz o j H j dz
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33 [ jltsHdCO o dL dzOyj drdgv¥ ts telz stclrdpty cists
L Odz' L 5B j Istsdzdzd A tc O dzdzd ~ Ctsdemistclz ¢ y* 2
stc' M dqdetslzls o tstcj dzdaw

[jBHdS O o dL dzOyH jod to dgEoe Qodets G tsiztsf Is © dzlz
OB R Cdfistlzy 2 O ksl ds Hj ¥ st iC
LOdZ' LsBjlssdzdzed m J dzd a3 dzls® @ L o.dC tsted Mls Odzac

lted vy! sk, o H¢self Hdpkj taddy deasd B[f 2 BO° Is
hts ftod ftste' odgw dats dzj o j dzd € 1o & IsHgjlC oy BO y9 |
HJ W3Oy 2 Misdmdzj dzdz? dzO o S ted o dzj dzdev s

l " HEB&BE, hts ttsLitsH dz eodzzlstc’ N dz' =~ L Iz 1
CdilstezCy' "2 LOd&jydl: o' H ystehsssflsj?
Istc" h d dzts 2z gotisticjindede’ Mis! dJrOdz] dzfsegj teisdzalz o
LOd&Zj N dls! o' H t' od odgzlste' hdg & L Ekfdd ,

V Lo' WL CogH ©dedifd dgO Y Pdzdz" -H gz® s 6 3 $ @Bz G s
LOd' LB jIstsdzdzd 7 ORI R CodfistezCy® 2 fto
fshdz' Hso dzsets kIstsydzj dzdzv y tsteflsC sMis§ 2 .

lfdeds fesyj Mk kte' h desklse st dedz” dz® |
jdzj i3j dzls ©. dzgj mn sk’ dts

I dL dzOyOlsd -wizoW totzogty afBdzd 2 MlsOdz L Odz' L
CdeisekSy' 2 L bkORkoOdede" 3 fesyjfm' o s
ZOMiskzf dad s O dze sted Is d3ts iy

1. dzj o3d dzlsd o dmbz dzpliatse s o sipAcjO3d tisL B do O
C b MiyEdsls ' 2 detss Y tstefmlsS Mlss . 1 tod S ZOH L
dzz 3 6 Oy' = H ' dzwalats ©© d By i L2H J ded 2

2. 1 dv Ctydas’ H' o dzvw dz®¥d cSd=iEpmis ety y Y s taf
o' Hiftso ' Hdzs HE f tgdsL d W' 90 B s BetitfsSdde@sto O,
[. lscolsbdzi7 #8683 | BhHE ' ! v & dzj OtdL so Odz
BsdBjidkesde dL dzOe .

3. Il dezdzt s sdzlz  dzOB dzd ¥ j dzdz’ tetsL tcOR Iz d
ftoky des’ tetsBlsd H' dzv dasC j dzj B dals' o .
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tdm.] BQe2d dzts dgz 3 e Oy* °~ H ' dzw dzts &

4. 10 imdss' W' Ldydsets LOCGdz HJjWG

tc O d3q
M =Bg, (3.1)

HM T L ¢ d dzO dzts dgd 2zls ;
B ieddzOdz! dzO y stefpls¢ ' Mis! §f jtejte’ L k&
c iStcdeodydzptc' L Iz
odL &z20y0o*‘ Is! Mmw LeddzOdzy dz0@ y steMmisC " Mmis! o M

ey d 2 MO wC lsds" i dpieds 2 dpdists g doeiadz
o' HYGPBWOISCE tBlsd jdj B3jdsO L st " ddzo
0
B?:M—g Mee, (3.2)
ci gc,i

HiM_ . TL G ddzOodssdzgistlds h d deslzls o tstej dzdz™

5. l tjLikzd OIS’ eSLOREZdSZ L OHOdzs’
LGddzOdz! dzd » d3tsd3d dzls' o, ffdsh,y i, yted 8@ d dzd § ©¢ |
o jdzj Bj dZsOR Csdmlstekzs y'
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4.7 Wistedgllzd © Htod 2 dagvIsd ozd L dzOyd dedz¥ ozd
sistcd &3O dzd d&3d L dzOyd dedzv d3d L 6 d dzOdz' dzd n i3ts d
Cted o dL dz

gld =—i_ (3.3)

71 jBjricHdBs HE &OMskfds’ 'kjtoy' 't

810 Hiokesdk ' &OMlskydds jkOfOR Lt
@O fsfjtjnd 2 'IjtOy' ' L ud®ddelrz &l o s
CtododL dz®@ C sy dgs’ ‘lsi' figw ozCdfO gjlsdsdmdzyL ¢ d dzO dz!

M (&9 (G-(S -1))

(3.4)

9. 1 tjLkzd: Ok’ Godss 'tc OF sdidntk D DOE' O dzdz™
zls s ydzj dzd L dz0Oy J dz L ¢ d dzOdz' dzd = Y stefls €
LeddzOdz! dzdr dtsdzj dzls' o ff s M WjiN,bztb- ol @Gzd € © |
o jdzj Bj dzlsOf CtsdzflstekzC y"

10. ) dzOygj dzdz L ¢ d dzOdz! dgdinlz ddstbais) loizls * tots L i

Hckesd®lz ' sHOd hdr jlOofoOR, {ft' odz s ls
fsfjtcjHds 2 " IjteOy"' . | SLtcORkdetsC fftotsH !
L 2Oy dzdzv d3d dzO ftslstsydz 2 ftsf jtoj Hdz 2

©

i dzd wdded - Q@AM ssyd Ml tesL OR ZdS &

M (s) _ M (s1)
¢ 3 3.5
i (35)
| RS | B ¢ dzs flste k! flocf Sdzso Odzd 2 O
LOd' L 5B j Istsdzdzd o tc O dsdzd - Cdfylstek Cy' 2

ste' h Jdzskzlso Bieg ozjizi j dzB.3.dz0 ted fkz dzl
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Po30uTTs eneMeHTIB paMu Ha JUISTHKA

IToOynoBa niarpaM «3ruHajibHUI
MOMEHT-KPUBH3Ha» ISl JUITHOK

s=0

BusHaueHHs 3rUHAIBLHUX KOPCTKOCTEH B,”
B MPHUIYIICHHI MPYKHOT paboTH MaTepiaiiB
o M,-(m _%

X X

Y

Craru4yHUi pO3paxyHOK PaMHOI KOHCTPYKLIIT B
5 B [PUITYLLICHH] NPYKHOI pabOTU MaTepiaiiB
M, V,N

B,

Y
=

X
||

{

CraTtuuHui po3paxyHOK paMHOT KOHCTPYKIII{
M,V; N

1 (s) (s-1)
Hi ‘ M -M""| % TaK _|

G = Kineupb po3paxyHky

{ df).) BeBE j B0 oL ©ORkdShk LOd LBl
L B®OOMd" & fsyjm' o HJWSkdhzo Oddz

] " Hfits9e Hdes HBts LOftotsf sdetso Odgsegts Odz@G s
BOIsj B3OIsdSd MATLAB MCdzOH,j d20 ftoseteOBO
HiWtstecdiso Odetsets MisOdzze L Odz' L tsB § Is t5dzdzd m tc
C'dz €' Mlst o perdbo | Ofosf cdetso Odz0 d3j Is s
dzj Mzyk LHOId Mis! L Odz' LtsBjIstsdzgdzgdr MlsOIlsd-
ftoed sz Hsodesdslz L B dz' h jdedzg dzOo OdalsOY j ¢
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34. 1 sid HYj dzdzv -HOEG fstsiysjoddEkis ¢ 5 ) ls O del
Lo' Wi CCpEatnlz o OF B ©uadgvz L oS Gitg WY Iz

341) dR " Hdz H OU4S z en @alzdz" tolsQ dzhH b ts § b Is tiztzbztzt
' wisd f so jtic@ dgadetts'c L CCEidS 6l Iz

v tctsB SIS’ teSL GdZY HO' Is! MW o 'LWAAES tOalse2D 1§ 5
' wisdif s j ton ipss’  yHlolsifitettsz’ Iss Z Hi o alalzj ¥ .1 df'c
Codztsdz 61 6d3. I dMslsO ftso jterlk 3d3. 1 k2ZH' o dz
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