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Abstract

At design of building it is important to consider its durability and reliability
that is possible due relevant selection of structural elements geometric dimensions
and applied building materials, according to norms. This often would not or will
not be performed due the inferiority of the structure analysis method and lack of
its behavior real design scheme.

An analysis of theoretical studies and the method of calculating the strength of
the inclined reinforce concrete sections needs additional practical studies since it is
based on an empirical coefficient and does not reflect the real picture of ability to
the supporting structure under flexible influence of forces.

Calculation of reinforced concrete strength by oblique sections which is used in
building rules and regulations undergoes constant renewal and change, however,
the main approach remains unchanged, flexible moment and forces affecting are
considered separately, independently, which casts doubt on the reliability of
operation of construction.

Based on this, becomes relevant to refine the technique method of calculating
the strength of reinforced concrete oblique sections, which will provide reliable
design and also will be easy for designers.

The results of long-term experimental and theoretical research again confirm
the above mentioned: has been said on the analysis method of reinforced concrete
structures on limit state.

The reinforced concrete bending elements represents the 70% of existing in
buildings load-bearing structures that is why their strength and durability will
determine the stability of the whole building.

Even in 1988 was published the first results of a long-term study that was
presented by A.S. Zalesov, E.N. Kodish, L.L. Emish and I.K. Nikitin, and indeed the
results of these studies formed the basis for the concrete and reinforced concrete
structures analysis construction norms and rules (SNiP 2.03.84 - Concrete and
reinforced concrete structures), there is also the considered the strength analysis of
reinforced concrete bending element according to the inclined sections.

The aim of the dissertation topic includes: to improve strength analysis method
of reinforced concrete bending element inclined section real grounded on
experimental data.

Would be defined the cracks origination and propagation picture of a
reinforced concrete bending element mode of deformation, will be compared the
bending element failure with the classical real picture.

The inclined sections of reinforced concrete bending element’s strength analysis
are carried out:

According to the shear force inter crack inclined compressed strip;

According to the shear force on the inclined section through the crack;

According to the bending moment of the inclined section through the crack.
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Accordingly of the construction standards the analysis of compressed and
tensile zones according to the inclined crack is carried out independently by
separate element. At this to evaluate the compressed zone strength is applied
ultimate equilibrium equation of the shear force; ultimate equilibrium equation
according to the inclined section bending moment.

Despite the fact that the inclined related to bending element longitudinal axis
cracks origination is provided due bending moments and shear forces joint action,
angled sections calculated using the bending moments and lateral forces according
to the strength independently of each other.

In this chapter is stated reinforced concrete structures analysis Finite Element
Method. From analysis is clear that this method that takes into account the
existence of cracks, the reinforcement bar behavior in the cracked section and
non-elastic deformations in the concrete, gives results which rather match with
the reinforced concrete elements behavior general law, when on it jointly acts the
bending moment and shear force.

Also is stated another method of analysis that also is based on the ultimate
equilibrium and is taking into account inclined section strength by deformed
scheme. Depending on the ultimate equilibrium method is considered internal and
external ultimate stress equilibrium condition that acts on beam and originates the
inclined cracks.

Analysis of experimental data gives grounds to divide into basic four stages work
of reinforced concrete element under the influence of forces. First - until the
crack, second - appearance and development of normal cracks, third - appearance
oblique cracks and its development, forth - destruction.

As determined from the results of research, reinforced concrete element may be
destroyed by compressing the concrete or as a result of cut on height critically
inclined crack, or stretched zone valves resulting in the destruction caused by
resistance fixtures and concrete, or as a consequence of long-term fluctuations of
the fixture near oblique crack.

In the fourth chapter is considered the experimental research methodology that
was based for solution of raise tasks. Due the preliminary theoretical calculation of
was selected rectangular shape reinforced concrete bended element and was
carried out its test on bending. Were tested various strength beams. The
experimental test was carries out in Georgian Technical University reinforced
concrete structures laboratory.

The bending elements were tested under various loads. The concrete casting
and design of beams were carried out due the construction norms.

According of experimentally determined “o-¢” dependency diagram is created
the spatial model of a reinforced concrete beam and was carried out the nonlinear
analysis of freely supported on two supports beam by 10-stage iteration step. At
nonlinear analysis is applied the Geniev method.

Thus, the carried out strength analysis methods on reinforced concrete inclined
sections shows that all proposed method as a whole indicates on a reinforced
concrete element works when both are acting the bending moment and shear
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force: the reduction of element’s carrying capacity at increasing of fracture section
span and the increase in carrying capacity at transverse and longitudinal
reinforcement. In addition, these analysis methods include the significant
difference between calculation of load carrying ability and qualitative results of
the calculation.

It's reasonable to create a generalized method for strength analysis of reinforced
concrete inclined sections that at elements failure to more accurately take into
account the cross-sectional strength and deformability characteristics, when on
element at the same time are acting the bending moment and shear force; at the
same time the section strength and deformability characteristics would only be
determined by experimental research.
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0960mo90L  IBMOTSE0MWo  ITIMIOIIMWIDS  IBEOOEO 339000l
LodBH30E0L oAbl  Fgdmbgnzsdo, GMIgwoi bollosmgds bBLIOWWO
9MIsMm9Mmdol @OML (35¢39Mwo  3md3mbgbEol gMHomMdogo 3Mdsmdoom
09BH™bol  obMoo  dBsMOL  i3gHBg, 2sbogo s Mdogo  sOTsEHMMOL
393000@Mmd0L 35380600, 53596539 BodEHomEo LodE3039HY PosBYIM0Tg-
0530 2om35¢0olobgdmwo 339008 B0HB03MNM-39Jo603mM0 sboliosmgdangdo,
OMdgwog  LOFMOWdIL 0dergzs 3930m35eobfiobmm  M306509@M™bob
9w9396¢0L  IBMOHTS30o  ™30L99900.  IBRMOTI30ICP0  ITMIO0WY-
0MEgds  s0hghowos A -dgdolb s 3Mddzs goFodzolsl, §-oo sbGowo
33900l dgdmbggzsdo, MmIgeog Homdmoddbgds FgLodsdolo IBRM®mIsEool
©OML 9ergdgb@ol dewm3do LogMmm Lobom. gl sdM30YOMEGds B0fgMgds
2. A =0; 36 =0; 353006900L5030L s deMm3oLOMZ0U.

390 0035H90w0 306 256MHo0ddbgds 2963Mmgd9ddo, BosE 89w0sb
M3bmdo dsenggdo.

P@bsbim®mdol  29bGHMwgdgddo  M3bmdgdo @S WIRMOTS30ICPMBOL
3060md9g00L  LoEOEIJd0 Mbs  TgglodsdgdmEIL  9E9dgbEHOL  MP3930LLL
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D030 360336900mdsl. o dgodegds gobboemo oyml 96 goHozMeo
36003690mds, 96 RMbJEosmo ©IIM30YIMNGds, MHMIGoE 53YsMOL
0565835MmEMOL Bz dognggdls b BEgMmeE dosezqdl dmMol sbGowo
dBoM0ol 3030069330 9.0. LoAzBOEOL 3M0EHIMOMAL. 39Mdm, dBIGOL bBgdmo
39&H™bdo s 30Mdog s®ToEM 580, MmM039 99dmbgg35d0 ho0gMgds sby:
fWNpu 5 Qpu ) =05 f(Qsus Nsy)=0;  (108)

5060095,  M306509BH™Mbol  gwgdgbBol  LodEBH30EIBg 29BN Tgds
©obGMOo  dBseol  Fgdmbggzsdo  ©ommdbgdmos  [mbsbmmmdol
356@Mgdsms  LobEgdol TgagbsHg s dob STIMbLBSIDY, WIBMOTs300L
103B3030L 30M>MdYdOL OYRIHSDY.

3.8.2. §bslfm®™dol 2563 megds

39630bowmm  ©3065093™boL  9wgdgbGHol  BOzOIo  FEYMTMGMY,
HMIJOE 29YMBOE0s EBOOO dHIMO® dEM39ds©, G TGOl 3538060
bmO309w©gds dg@EH™mbom s s®TsGMMom. 9wgdgb@ol 339mdo MMIgwos
3900l sbGow 339030 dmgddggdl 9090 Fogs dser3qd0 : 4Mdogo dosgns Ny,
5 296030 dows Qp , MMIgEoa HoMdmoaqbl BzMmeE dogngsls dg@mbol

339930 ggdgb@ol 3Mdo30 MgMAoL 35MH9EIEIMES® S 03Ol IBOOWO
0Bl (396099,  Qswi 5 Nspi 95030 396030 9MToGHMMOlL gdmgddo,

OMIJoE 33908 OO dBIOL, 99F0MEEMdOL dsgrs sbMog dHsGdo -

35900 T¢,c ©5 b®se®o F, .5 096Mdmo Ny s 6539wmeo Qg doenrgs a0dog
505G E5do, Losg ol 339L ObMOO dBIMO 9rgdgbEBHOl BosbsM0dm

19306  godmdEobstrg  (Bsb. 33) gobogo @  BmEGTsmEo  dseols
0 mbslHmmMdOL 2o6FMgds I dwmzolomzol sd3l 8908gy0 Loby.

Ny(ho = 0.5%) + Qne + ) QuuniConi + ) Nowilai =0 (109

Q—0Qp— z st,i — Feyccosa — Tepesina — Qs = 0 (110)
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Ny — N, + Z Ny, — Tpecosa + Fppesina = 0 (111)
Loo3 M- 80gd dsegdol 8bogo dmdgbEH0s sbMo 3390030, 35F0dmeEo
535G mMoL Loddodol (396@0oL dodseo;

X- 39@M™bol 893999390 Dmbol Lodswerg sbMowo dBsGol
039600l Bgdmo;

Cow,i ©5 hgyi - 09MIME0 boggerols 3mdgb@ol dbstro dglsdsdols

39603 ©gMHM9ddo;
a - sbHMOL 3Mmmbg gargdgb@ol aMdozo wgMdols JodsGrom;
C - @B®Oo 33900l 309305 203030 9oL AoLH3M03.

3.8.3. @9xMMT53019¢0 ©5IM30EJOMEgds

QIHOOEO 339000L EIRMOTSF0MWO TMI0IOMEXMIOL IBOYIBO®
d90dgds 49630bowmm ©3065093™bol gargdgb@o, HMIgwos ©oYMmBoEos
0BoM9000 3539 bsfowgds MHmyme 3 99a9bowo. Hmam®3 330639690L
3653500 3bMgsb0  gdu3gMH0dxbBHo, 9ewgdgb@ol dMBomds BE3zEMEo dYM-
3o69Mmd0oLOL,  IIM30PIMgds  MHM3930L ool s  dol  LogMdgby
bsb0smYdS BMYX IO 3O0EH0IMEO EIBOHOO dBIMOL QoBgBom MO derm 3ol
Lobom (33090 339000m, 96 FMOZEMB0MO IBEOOEO dBGOL Fotdmddbogro,
G0dgdog ynggh gergdgbdl ow3gNww BOEwgdiE, HmIYOE YOIOBOHEIDS
360030379 3BsG5.

s | s N »
s
=
fcre i :
/ Fere

X | QJ IVJ
0 c, | c

o

Bsb. 33 ob®owo 33900 Losbys@odm Liggds

82



// v o4
farsd
E L e |

Bsb. 34 ob®owo 33900 Losbys@odm biggds

30639¢ 8900mbgq35L 5@AO0Wo 53l Tgbodsdobo d3oMg  M®3930L 339000l
docrol MHML, HMmEILsE dBIMOL sLYHYoLO EIOMIMBL sberml bogbmsb,
dgmMg 990mbgg3s 890dgds ogml GmEs ©M3930L 339000l o0 OEOY,
OMEILYE  3OOG0INNWO  EIHBOHOEO BBIMO  JOISPYOEEIOS Fwg5  Boerol
dobEomds@ (Bob. 34) 9egdgb@ol M®393s 3960LIBMZMGds IBMOT0MYdOL
5 LodE 3030l Jobgz000 dM3OL 96 BMEEOl s Fsmo Fgds3ozd0MgdEO.
63005093 M™bol  IBRMOIoMmIOMmo  ggdabGo  Omymes  dgygbowro,
35b60bogds Mo LssbysModm Udgdom; MMy d9a9bowo (33509050
33900l d¢m3ol Bdgds s Bdqds 89a9bowro IBGOWO Bmeol, GMmIwols
33900  306MHMdOMO©  390dwgds  80300M0  3vdo30.  9935353306M9dMS©
dm3lby @5 Bl JmMol Jgodergds Homdmyoyobmo dzmol 3539060,
6d9goE 0GbL I3MOL doez9dL s gobogo 3938060, HMIgEos bgwls «ydeols
O30l 56 Dol goosy0Egdsl.

393006900l gobsfoergds  @IbGowo  dBsGol  goliizMog  Fgodegds
39630bowmom Mfyzg@o. 98 Jgdmbggzsdo As0m3z5coLobgds dem3ol o
Dol IBMOHTOMGIS HMYMOF (3560390 Jergdgb@ob.
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3.8.4. 3bMOO dBsMOL IBMMHT>FOIO ITMIOIOIIGDS
3obsfoggdmer dzmob s 356030 35380Mgd0Loado

©306509BH™bol  gargdgbBHol, MmamMi Tgygbowo dermzol (bsb. 35)
Losbgom0dM Uggds Fo6MdM30006Mmm MHMAMOE der™3900L LoLEYIs, HMIgEos
39900090905 9H»TBYNMb  obMoo  dBsMoL  goliizmog  BIdGOI©
3obsfogdmmo 393006930 256030  MToGHMOL,  T9F0MYWMIOL S
©oL3OIGHMWo 3538069000 2Md030  5MTSBHMMOL S IBOOEO  FBIGOL
Bgdmom 9gdstg dg@mbom. 3530M9gddo aMdog sMTsGHMMsdo s dgEH™bTo

9mg099dl 30d030 o 496030 doenggdo N, Qg, s Ny, Q.

Bob. 35 53930 LosbgsM0dM 1dgds IBRMOHT0MIOOLSL derm 3OO bdgdol
OML 2565)0wgdo 353806900l J0TSMMNGdOm

36003030 sbMHowo dBsGoL  393d0609ddo  Imgdggdl bmGmIsrmGo
04(z) @5 dbgdo To(z) 345035, MHMIGEms 293M3gwgdol 3956mbo sbMowo
0BoMol  goliizog  9MEOWGdI0s  303MEIM @S SToL  Lygdzge by
3963L5BOZOM™ Y5O 0390, HMIgEoE ImJdggdl obog sMTsEHMEMmsbY
@5 99300Mmd0lL 3530069330.
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T

1sma/2

% 1cosa’2 4
: \x 1
1 lcosa/2

Bob. 36 393006900L LobobEol 3M950E309bEHOL 4obLsbEEMS
5 - dm3ol 0gMdgdL ImGOL Lssbys®odm bmero;

h\\\\“\\“\\

0, - 9OHMJMEXMZ560 does d3MOL s 396030 IRMOTS300L LsbyIOHOTM®

B9dobdogmo 456030 339000L 9gd9gbEdo 3MmmEmEObs@om Z 33900l Bgo
@5 J3905 derm3do dmgdgqdl d9Lsdsdobo dmdgb@o:

My (2) = MY (2) =M (2) — M{ (2); Ma(2) = —M5(2)-Mj(2) + M7 (2); (112)
BooE ML (z) - 3569 dsewgdol dbsg0 8mdgbEo

0 a a a a,
Mi(z) =Q (zcosz + Cy — 0.5hytg i) - O.Sq(zcosz + Cy — 0.5h,tg E) (113)

M7 (z); M{(z); M3 (z) ; M7 (z) - X50)60 800+96530 3d9bEH0 (070565805
9d049900) bm®IsemHo s Ibgdo ds0390000 EBOOEO dBBGOL QoLF3MO3;

MO' — . T — hl(z) . g — . T
i (2) =m(z); Mi(2) =T(2) —— cos3; M7 (2) = m(2); M;(2)

h,(z) a
> cosz, (114)

=T(z)

Loog Mi(z); - 800v96530 3m3gbEH0 4Md030 5MBoEH MOl doe30LsH.

a a a
MS(z) = (NssinE + Qqcos E)Z + (Ng — Qstg E)O-Shoi
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a a
MS(2) = (Nssinz + Qscos E)Z (115)
dm30L 3390030 dmgddggdl s1939 3MA0Z0 doen3gdo

a a a a
N,(z) = (stinE — qztgz + T(Z)cosz = NP (2) + T(Z)COSE; N,(2)

a a
= T(z)cos 5 cos7 (116)

50 259mLsbmengdgddo
!

h
T(z) = fra (z)bdl; hy(2) = ZtgE 4 2| h(2)= Zztgg, (117)
2 23in7 2

0
[ - @sbGoo dbsol LogMdgs

- ho — hy
~ 2sina/2

50 doeng9d0lL dmddggdom 899600 dem30l 3mF3m90d0 5©0d3™Mgds
3M3d030 IBRMOTo305 € 5 236030  oI9PPOEGOS U, OHMIJGDIMNZOL
0™ 33900 Dgs s J39s dEM3oLIMZ0L,  dBIMOL LOdOEHYOL QoFYMRL Z
339930, 89000905 ©o0fgMml qi3MGOTs300L odmbobmergds dermzol ytdogo

©9®dol J0dsMo.
ey MOM o T@H sy MY
a@) =@ == "0 T @ D@
Ni(z)
Bi(@’
B _m@hy(2)  T@h3(Dcosg  MI(2hy(2)  Ny(z)
D=L =y T T e hE P

boss  Bi(z), Di(z) o Ba(z); D2(z) -0900396000 dewm3ol @oyzsboero
Loboli@go 25F0030L5L (3m3T30L5L) S WB30LLL Fglsdsdoliso BYws s J39®s

3390bsm30U:
E,bh3(2)
B1(2) = Eybhi(2);  Di(2) =——~—; Buy(2) = Eybhy(2); p,(2)
_ E,bh3(z)
== (119)

©IBRMOT5300  9egdgbBHol  goblsbogge  3390do  dBoMoOl  olfzcmog
096905
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a a
& = el(z)/cosi; & = ez(z)/cosi (120)

d0bogo dmdgb@o Mi(z) s M2(z) of)393Lb dgagboo dewm3zol ©wgddols
3996©q0SL. 498300530  do3z0l  AoBLIBOZMOLIMZ0L  Asbog  393d06M9dT0
dBoMmol LogMdgby s5IOEO IBRMOTs300L Jobgz00 hs0figMgds LodMHY

939005 Q5 B9 dErm30L Z 3390olsm30U.

1 T@ M7 cos & m@ M@ M@
p(z) D;(2) Di(z) Di(z) Di(2)’
1 T@ P22 o5 & _m) M@ M@
p1(z) D,(2) D,(z) Di(z) Di(2)°

3.8.5. gBMMI>30vI0 ©s3M30IOIGdS

dem3ol  dmF3m9ddo  IRMMAs300L  Lbgomds  Bydoldog®  3390mdo
d9L50530L 3OOl EIBMOTF0L 5AMOZL 35380609dT0, HMIJO F5FMOLIBYDdS
RMOIMNO.
Up(2) = Ui(2) = A (122)
©53M300090gds  EIBMEOT>3090L  TmOOL,  OMIGEoE  SV0JIZMYdS
9909600 dem3do dogo dogwggdom s 0f)393L dzmol 393069030 d3zGOL
©IBRMOT5300L, HMIGELoE 593L Lobyg
A=14(2)/5  (123)
(123) 800900 EIBMOT>30 Bs0fgcgds
&(2) —&/(2) =12(2)/§ =T"(2)/¢  (124)
bogSE € - dg3mol 3530060l LobobEOL 3Mm9n0(309063)0s
099 53 godmbobmgdsdo Bogbzom & @O & dgLodsdol 3609369 mdsl

0030090 39009y ©ORBIMIB305E gobEMEgdsL
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T'(2) = 0 (DT (2) = B(DIm(z) + (Nstg 5 + Q) A2) + (Ns — Qstg5) e(2) -

A(2) (125)
boQS3
I 1 KRG  RBE
‘“2(2)‘lel(szz(z)UDl(z) 1D,z )l Alz)
=f[h2(Z) _ h1(2)] 1
2D,(z) 2D4(2) cos%
L [Mm@) h,(2) i . ho _ hy(2) )
=t et O ARG

Q (ZCOS 5+ Co — 0.5hotg 2) 0. Sq(zcos + Cy — 0.5hotg %)2
2D4(2)

£(2) =¢ Ihl (2)

. a
Qsmj—qztgf 1

B1(2)

(126)

cos%
990296000 dm3zol LodMHgms Lbgoolibgomds asbog 393806M9dd0
0o60mgdbols 0930053  dod39L,  GMIwobmgzobsz  godwgds  RsofigMml
39900930 GH™MEmdol bsbood:
Vo(2) =Vi(2) =6 (127)
dod35L5 O IBMOTo305L  FmMOL  ITMI0EIOIEgdS F9g0degds
Bo0fgm ML 89990 Loboo:
§=0,()n=ml(z)/n (128)
LSQOE - 396030 393806M9d0L  LobobEoL  3mgn0E0gbEs.
0099 50 253MbObgdsL 2o3500xYM9I63090m MOX IO 030090
vi'(2) —v1(2) = 1/p1(2) = m" (2)/ (129)
BogLgom Fglsdsdolbo 3603369 mdgdo 1/p,(z) s 1/p,(z) (118) doz00gdm
399007 3°6¢MgdIBL
m!(z) + av*(z2)m(z) =
~T(@)f(2) + (Nstg 5+ Q5) (@) + (N — Qstg 2) w(2) — AY(2);
Lo

05k
@ D2<z>] Y@ =np 0

wi(z) =1 [01
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— _ hz(Z) hl(Z) 04 1 o
)B(Z) =1 [ZDZ (Z) le( ) COS (p(z) n [Dl (Z) 5; (Z) ZCOS
a o o
29(z) = n Q (ZCOS >+ Co — 0.5hytg 7) + O.5q(zcos§ + C, — 0.5h,tg 7)2 130)

D,(z)
50M0go©, dbgdo  dsd39d0L  oblsBEZMmOLIMZOL 7,(z2) = TH(2) ©>

Bom@dsem®o  0,(z) = ml(z) dsd398L,  BogoP®  ©O0RIMIBE0IGO
296@™gdol LobiEgdsl (125) o (130) bsbom. 53 LoLEGgdgdolL sdmbLbs s
300900 565¢0EH03MM0 453mbobegds [oMmdmoygbl o LoMomvyergls,
00053 95030l 203w 9bs 20603 393806090830 Tbgd dsd390%Dg, SLY3g dbgdo
dsd3900L 393w9bs aobog 3930069000 doen390bHY d9330dw0s
WRAMEYOIZYM®, O3 BGHMEgds  (126) - ob s (130) -0l sdmMbLbSL
59Q03090L, 35006 496EHMgds Joomgdl Labgls:

T'(2) - 0*@T(2) = (Nstg 5 +Qs) 4@ + (Vs — Oty 5) e(2) — A3(2)
= A, (2); (131)
mt (2) + 4t (Im(z) = (Nstg 5+ Qs) 0@ + (N = Qutg 5) (=) - AY(2)
= A,(2). (132)
3900bobegds (132) 0IbGHNO0s 3350 33900L 3JmbY ©MY3>©
B0dgbg dgdady gmFob.

3.8.6 @sbHMOo 33900 LodE 3030l dgdm{dgdol gom©o3s

©IBRMOTS30)0  ©IIMZ0IINMNWIOol  Loxmdzgewwdg (122) s (127),
MMdgwo3  33We©0 339000l ddmbg  dermzol  dodsmrmgdsdo, BomgdvIew

965¢0E03M6  59mbobegdsls  Bm®mdsery®o s  dbgdo  dsd3900LsMZ0U,
9mgdd9gdlL obMow dBsMTo. 9§30l Loby 0, S Ty, MMIJOE  5JOME0S
50 259mlsbmengdgdol dobgzom dm3gdwmeros (bsb. 37) dzeol  dsd3q00L
d9x5990000 0D AoLH3M03 > §oF0d3s bMOTsols FodsMm  dBsGTo,
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6MIYoEg 9mEgdwos dgbsdsdolo g30wemol bLoddodol E9b@®do, , MHMEs

zZ = lu,t-

Bob. 37 bea®HdogrmMo s dbgdo dsd3900L 930996 bMOE 3390030 dMIMMO
bdgdoon.

359mbsbegdsdo 990sb LoOWggdo Foys Asb0g30 dsErols, Foys dsd39d0
093H™bdo dBsMmol Bgdmom s gobog ®gMHmgddo, 1939 IBGOWO 3JZgIOoL
3939GHM0MWo 3560539300 ©s 9EgdgbBHol LobobEol dsbsoliosmgdagdo.
30065093 ™bob 9e9dgb@ol LodGH303EIBY Fo9bYIMO0TGdOLIL IbGOWO 339000
dobgz0m 459mbobmqds T o F 459m0ygbgds 9000md0350 §mbaobfimdmdol
3963 Mwgd90mb s LOBHIOEOL 30MHMBYOMB. BosbsMOTM Q3bsGHMEgd9dOL
LogMomm LolGYdsl od3L Loby:
M — Npzp + QpC + Fsw,erczr = 0; (133)
Q = Qb — Fow,crc€05a — Toy creSina — Qs = 0; (134)
Ng — Ny — Ty crccOsa + Fyy, orcSina — Qg = 0; (135)
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—2(Qgcosa + Ngsina) + Nysina — Q,cosa

Foy cre = —Qscosa — Ngsina — 2 l Z
cr
—Qscosa — Ngsina + Nysina — Qpcosa
3 2 ZF
lCT
+ B(z¢ — 1*zp); (136)
VA
Tsw,cre = QsSina — Nscosa + (Nycosa — Qpsina — Qssina — NgCOSCZ)l_f
cr

(137)

z}
+AZ,- 1—E

//-aﬁs-’/ _.-/4/—-%-_ - 7 / v
: 7 . Vi — rd
[ Nz # Q. l P
Q .
L Cy lere | lere

Bob. 38 dogn39d0l Losbyo@odm 1dgds gBRMOI0MGOOLOIL BMerols Lggdol

d0bg300 fig39G 396sflowgd o 3538069000
3obboen  LoliEgdsdo  dogs  doengzgdo  4odMOM3EGdS
LOEOEOM, TgLod530LOE 35MvyMogo 3.8.6 Lowowy Z, ©s Z,

305bEMmgdolsl 90dwgds 0yml Gmeoo 0,51, 39803956300 A s B

05359907 496GHM@gdqddo oboloB3MYOs dsd3900l Qomogzseoljobgdom,
OmIgwoi 9mddggdl 09GH™MEBY O 9MToEHMMIBY, LobolLEol  dsbslos-

0909000 5 35300605d00 3500 FMEMOU.

B3O
306390
d90m-
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Dot a i 77

. /T=1

0)

Bsb. 39 LoboliGol 39530309630 obLEBOZMS 9F0EMEIMdOL 35380MH0m
296030 5035GHM0m 5 - dgMOLLL; B - 45F0d30Lsb.

3.8.7 ©0g39Mb5305¢MH0 3356@EMmgdg00l 53mbLbs M®3930L
Dol bggdol dobggoom.

6306509@™boL 9egdgbEo, HM™MIIWOE WIYMBOWOS EIHBOOEO dHBIGOM
09BH™bol  BMmEgds, MMIWIdoE MOMOYOHMJI9©gdgb Mdog s gobog
505G MDY, 8930IMdOL  39300M0m @O ¥dBIGMOL Bgdmo  IYdIMY
09@H™bom, 99odegds 2sb30bowmm MMM dgygbowo, Mowysb M©393s
SLgmo  99dgbBHOL  bgds, JOMIOMO  IBOOWO  BBIMOm, OMIJGO;
39050436905 3M0GH03MWs©, 85906  gagdgb@Hol  LosbysModm  Ldgds
3009005 399©dogzo Lobdolb Mo dgEMbol Bmeo, HMIJWOE JoYMBOE0s
36003030 IBOOWO dBsMOm, OMIGWLE 293wgbs a39M©omo Bmols
3900593995 Fogo doe3900L 5dsEgdom. dBIMYIOL TGOl SMLYdIME Drmendo
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doeng9dol A5IMMZWs bgds sBswogomms© MMmamM3 dgygbocro 3mFol
©693903dYmero  gsb030 353806090000 ©s dzMOL  395330M9d00m. DMYs©
d9dombg9g35do0, HMgbY3 999930 BHZ0MHME0S 05650Md>©
3obsfogdmmo  osG300m30m, Z 3390030 ©IBOOWO dBsMOL  QobfzMog
Dmgdbg, H™MIgoz 90b60dbos 0bgdlom 1 s 2 (bsb. 38) dmddggdls
90bo30 dmI9bEH0 s ob0g0 dogs, MGG GHME0.:

zcosa ..
+Zcosa)—qzcosa( ot 2)_stsina

lCTC

M) = M2+ Q2 (5

sin 2«
2

)+ stsina +

l
+ T,—<sina; N,(z) = N + qz

+Ts;

l l zcosa

M,(z) = —M3J + Q2 (%—zcosa) — qzcosa(%—T

sin2a
2

T,2sina;  Ny(z) = N — qz ~T,. (138)

Lssg MY ; Q7 s M35 QF 8890 3Bs®ol @sbsfiyoldo sGLYdME Bmew by
9mbogo dmdgb@o s 3obo30 dogrs godmf3gmeo Joyd dowoo bmMTsgrmE
330580, OHMIgoi 9gdsmgmdl Jgbodsdobs dsbdowbg Cy s  Co + 2l

LoyM9b0sb.

2
c
MY =Q,,—q—; Q) =0Q-qc;
l (co + 21,,0)?
u=ofe s aty) o
Lofgobo gMdogo dsgngs, MMIgerog dmddggdl Bmmbg GHmenos:

02=0-q(c+42) (139

NY = —Q?sina; N?=QIsina; (140)
956doo d3HBsMgdl Mol Fgodegds 2o6olsd3ZMHML 9d30MHo sdM3o-

©90Mqdom  (090mbggzs, OMEILYE  ©I9MTGHIMJOME0s  FBMEOMO
B®3scmMHo 339000 363030 WgMdol J0TsM VIOHMIdom);
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doe30l A5dMBobmeEngds, MmAgerog dmgdggdl sbo dHs®do, J00wIds

LoHgoLo LolEGgdol Lsggydz9w B IBMOTSF0LMIOL ITMIOIOVICIIO.

uz(2) —wy(2) = 4,
142
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5990056  doe3900L  ORIMGD305W MO QobGHMWgds, MMIgwor dmgdggdl
dgMob o 35603 3938060, F9LsdSTOL Brmegddo 593l T9dgao Loby:

T™(z)/¢ = gT (z) + im(z) + g,,
—m(2)/n =iT(z) + Km(z) + K,.

(143)
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39909bs50650:
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(144)
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T"(2)/§ = gT(2) + go,  (145)
-m%(z)/n = km(z) + k,. (146)
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©59M 30009390 256030 353006M9d0L ITYMEMdsHY MBJdS 0lgmo MHMYMES
BLMEEMOI bobd) 25603 39380609080. Mog Tggbgds (145) gob@megdsl ob
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0.51¢¢ 1
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L5QS3 339000L BoMNMdO s 0byM300L dMIgbEO LodgBHMOoL WgMdol Jodstrc

3990bobos 99000980 BMOIMEO:
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3.8.9 00xgM9gb305MHO 336EHM@gdOL 53mblibs

396 Me0gds (145) Homdmgzsaobma dgdgyo Loboo:
T"(z) — w?(2)T(2) = £go, (148)
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50 396EHM@gdsl 593l LogH M 58Mbsbligbo

T(z) = Bichwz + Bychwz + i)izo. (149)
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To =T, = Qssina — Nycosa; T(e) =T, =Nycosa —Qp,sina (150)

Lo0IbSE B030090m

Blsz—Co/C; B, =
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b e @<—> (151)
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9030090 B!'=-B? o T(z) dsengol 539964305 dgMolb 35380630 Lodmermmo
G0 046995
T(z2) = %[TS - %) e~z 4 %, (152)
QLG 30FBg 0mgdggdl AbmEm© 899OlwEo EOGHIOOMZO
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oMol doger Loa®Adgby.

3sina+5 3+sina
4 4

(146) 4553 Mgd0oL 5dmbablibo [oerdmgzsaobma d9dgabsoMo
mV(z) + 4v*(2)m(z) = A, (155)

7(z) = —we % |T,

] (154)
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bIIODM 35(Y3IG 53 BDGMWYdOL 0gbgds
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m(z) = chvz|[c; cosvz + ¢, sinvz] + shvz[c; cos vz + ¢, sin vz] (156)
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LobsBOZO™ 306HMd9d0 IMIYbEJOOLIMZ0L LGOI dBsMOL sLsHyoldo,

@oLOLOYIEL  godmgLsbmo  30MMd0 My =0 My =0,  HmIwol
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C, = 70 (0); chvl(C, cosvl + C, sinvl) + shvl(C5 cos vl + C, sinvl)

_Koy 157
=5 O (157
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+ vchvz[(C, — C,) sinvz + (C, + C3) cosvz] (158)
LobsBOZOM 30MM39d0 Q5FMLIBNE0S [™bILHMOMOdOL 30OHMdO.
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5990056 259m30bstg 2399690
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Co+Co=——B2 7

v
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96



300900 459mbobegd0sb  90dwgds  25TM3MZIM  1M930LYRCO
d9©d035. 09 8930D0MEOIO0m 3060HMdO® Dol by3dsm Loa®doo s
MM gd9egymm eVt 8608360 mdsls, 35806 Bogowmgdm

K 1A
K, E+(%)
Cp=—C5; C=—Cy C3= _7(0)1 C,=—-C3+ iy (160)

09 Bogligodo 59 LoOYIOL (156) A9MOJdbgdOL 90y 0300 0™

K !
K, _ F+ () © K,
m(x) = e‘VZ[7 (cosvz + sinvz) + ———4——sinvz] — I (161)

9099963 Bg Ibmem Jggm@byIeno sGH3060m30L dmddggdolsl

K, . K,
X Q(Cy + Iy + zcosa) — Ngz cos @) — Nyz sin a; (7)
= Qcosa —2Nssina
doengs 29603 39380609080 IbMOE0 dHBIMOL AoLH3M03 046905 BHMEO
F(z) =m'(z) = e‘”z((cos vz —sinvz) cosa — 2(cy + lpc)V Sin vz) —cosa]Q
+ [(1 — sina)(cos vz — sinvz)e™"* + sin a|N;; (162)
©0xIM9630M900L 909y d0300900  2odmbobw)egdsl  dsd3zoLbmzol  Asbog
3930069ddo
0(z) =F'(2) = ve“’z[ZvQ(CO + l.c)(sinvz — cosvz)
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3nobg 690@®@® g@mdmsb @ = 45° (6sb.57). Bgo@HGsyMo 9ol
94390m» bm&M3gdo ©9d39096, G =0, bmgrm 25©9FM9ge0 dosd3900 #oF0d )w
Bmboll ;g Lodogbg HME0s To — Ob. FMHZ35M0 2sdF0do s 934990530
35¢3980 51939 BHME0S To— 0L s 3mJBgEId96 obGOE LodMEHY)dy ¢ = 45°
3mobom.  bobsdgzogdo dmszamo  sdFodo s 93138530  doE39dol
393M39gds Mol IOHMEbsbdmgsbo  [30], GMmIgoi  ©ITMIO0WPIOIMW0S
3006509@M™bob 3390030 BoEoggde 5MTSGHVIMSBY O OGZ0M™M30L Lobgby,
(o3 0BoM0osd  339m8o  9du39MH0dgbEG o 339390000  Fgodergds
3960LsBEZOML, dBsMGO0 [oMTM0Jdbgds 93w9ddsg0 dsd3900L 493039 9dOL
G599 BH™M00b 2oLfi3M03 (65H.56).

6300509@™bol 33980 dgBM™bo 3900 9HobosdgRdS QO ITFMHgE
350390l 300069 259F0353L, sdoGHMA 4593080 403900 MMM Lydodos. 33900
LodBH30EoL F90mfdgds MAXMIJLOS FmbEIl FMs35M0 A53F0To30 dod39d0L
dobggzom. doa®sd  sMLYdMEo bm®Igdol Jobggzom dmogs®o  gsdFodo
3503900 690GHOINO gOHIMB BHMEO0S g, = To-  980GMT 2963008 Jds
©90LsM30L J0FEOBIMYMBAL 25053FMw0 doegdol dsmgzasoliiobgdom.

3bMdOow0s, MMI gosdFMHgmo dsd39d0 3390030 bsforgds d9@™bbY,
1530gOBS O 5B ME WIOMIOBY.

506990 gHMIOOL BOOMMOO J5TMOMZGDY:

A =P _ b 181
sine = msmbRs B msmbRs ( )
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Qg — 00053560 458300530 dsd30L 930MHOL BOOMBO.

099 1530090l X93MMO0 BIODMMO0S Ay, ©O o dmGol dsbdogro S,
05806 @sL533900 250300530 d9d35 1530JdT0  BHMEos 1530IOL  FmEOL
3900593690 dsd30L g.0.

ZL, = mimyR.A,, = bSe,yTew (182)
L50BSE B9EBHMBA0 25058FME0 583900l boffoero 3593995 Lozl

m.myR.A
Z.s}w =Tsw = > bbS 2 (183)
Sw

50605, 153009008 606 OsYBHMOE ©s oo FmMol doxol
dobg30m  250M0M3gds 49T FOJo  dod3zs,  OMIJWOE 3993990
1530gOU.

320900L 30bg300 OIBEWIMGOVIE0s, MM JMHdog SMTSEIOL FOZ560
3993000 3503900l (20+40)% 50593999, ©BsMBgbo 30 Boffoergds Lo30IdLS
@5 5096 gHMgdDY, HMIWGOOE 96RO LMo 3393T0, L3
O > Rp. , 9 04, <Ry 35806 053560 2503000 dod39d0 5909939
09GH™bol 339L, bewm Ls300900 9hHgmds 3mbLEOMJ30Mwo IMBsDBOHGdO.

099 39b30bowsgzm G LogMEom 3MBLEMYJ309dL, MHMIgEoE N-X I
UGG  MM339305 @O  FomDBg  ImJdgo  IGHI0MMZYd0 oG
099003503 gds  FBMEME  39OG0ZIWMMOO0  IGHZOOMZOM  G-00, M)
donbg 9mgdggdl 3mOH0DMbEHIMMO Js®ol s BYoLIMMHO BN,
19O IBHZ060™M3980L B9gIMJdggdolsls gobogo 96 o8 FMHgro dosergzqdol
B90mddggds  ®bgzol  Bm®IGool  dobgz0m  (339¢90SOS.  3VIOOM
©5Pb0w0s, MMI Mbgzol 3063900 BMEOIOL EOML Q9T FMIEO  dod
35JbodMAL  SEFI3L L0339 MIb, bmerm Gbggzol dgmMg BMOIol OML
3900593090 dogns BogdbodMAL s©f93L Bgdmb ssbmgdom Lodsweol ¥4H
@5 BsdoM 330l G99HMGOOL 5ROl [30] (30090000 OILEHVIMYOIWOs, HMI
LgobdMOO Bdo0BMdOL dobgzom gobogo dsenggdol Loowg 9339MS©
0B 9gds (65H.57; 58).
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3900593090 dsen3gdol LoEOY ITMI0WYOIME0s F9bMdOL LosbYIMOTM
1d935%Yg, 39MIME LsA0MIZY DB oM JOIDY S SMIN3g 3MMBEHOL Tobo-
L05™YOWYOSDY. B30 FMI9EEH0 O JOITFMHIO dogs TMIOIOINIPOS
(H930L BMOTGOM6 s Q9TMOMNZGds BMEOT)Om:

2

0%y dy

boog M - 8mbogo dmdgbEoos
Q - 256030 5699 250058 FMg0o dogwy;
E - 069350000l 3o go30d30Lol;
G - ©69350M30L MO0 2555 R0W GOl (Lo 339w sb);
k - 309830309630, ®M3go3 ©sdM300 005 MHHY30L BMOALS;
I - 0bgdE00L dmdgbEo;
F - 99603339000L 356 ™Md0;
Y - 65300000b BMO305; Y = Yrun + Vsswssws.

396030 doegdoll LoEOYd0 033egds F96MmdgdoL LobolEol dobgwgom.
J3ol  996mdgdoLom3z0L, Imbmeommo  M306509FHM™bol  Fgbmdgdolsm3oL,
SLOPYMdo ©3065093™bol FgbmdgdoLsm3z0l, dmdboero 3oM3go LMool
dgmbg 996md900Lsm30L s Lb3oLb3s. yzgws F9dmbggzsdo gobogo downs
390M0mM3Egds  GmMINGdom,  MH™MIJoE3  ©IIMI0IOIME0s  MHbgzoL
1MOsDY, 33969990l LobolBHgHg s J0sbo Fgbmdols Loboldgbg.

506050, 39059 FMHgo doegdols dobgzom LodGH303E0l
MBONB39gMmBolL  Bo3oMbYOOL  IBMLEHJIL  ©306589FHMbOL (39w 39wo
3MbLEGMMJ30900LsM30L s dosbo LogMEomo  3mblEMMJ309d0LsM30L
593L 0O 3603369 Mds. goblogMmMgdom gb gbgds Lgoldmadggy d9bmdIOL,
OMIJms  BosbysModm Udgdgdo I6535¢bs0Mm0s. S1939 FM935079MHM35605
3MbLEGMMJ30900 GMIWOMs3 53939 0s F9bMds Boggdmdgdo.

390059FMgo doergdols Jobgz000 o9bgsM0dg0900l IBMLEHJdS FbMEMm©
99b396M0d9bGMEo  IMbs39dgdol  dobgzom  vMOL  dglodwgdgeo. 50

908>H0wgdom  FoO3MIdNE  ymgzgwp3s®  33g30L  5d3b  @dsdfyzgdo
36093690 mds.
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