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Abstract

1. Scientific value of project

a) Value and importance of the project, actuality of the research/project topic, novelty
of the research. Value of the project is determined by the implementation of these
scientific innovations in practice and the optimization of the proposed solutions of the
proposed seismic insulation system for the implementation of design solutions for the
restoration of damaged residential buildings, because in practice the use of seismic
insulation According to the type of building.

Importance of the project is confirmed by the technical-organizational efficiency of
the project, the most painful and costly but critically resolved process of
reconstruction and reconstruction of damaged residential buildings in Georgia, in a
planned, gradual, most accelerated-reliable G5 To provide a solution.

Priject provides an overview of the problems that often arise (including in large cities
in successful European countries) when dealing with issues related to the maintenance
and modernization of existing civil funds. Moreover, this is noticeable in the case of
the current population of Georgia, which has suffered greatly on the one hand, the
increase in seismicity of the territory by virtually one point; And on the other hand, the
abolition of the existing service of residential buildings in a way that was not well
thought out and organized at the legislative level, the creation of a more effective
service of substitute, adequate or professional workers, as soon as the old one is
abolished. In this regard, the project will consider the main typical groups of existing
buildings, according to their types of wall materials and load-bearing construction
systems. General approaches to the issue of modernization of individual buildings will
be given. For the increased seismicity conditions of the area, one of the main
approaches to increase the seismic resistance of existing buildings will be proposed
reconstruction-strengthening of the load-bearing structural system of the building
through construction-installation and installation of seismic-insulated metal frames
inside the building. Based on practical experience and program-complex method of
calculation of spatial (both linear and non-linear) calculation of load-bearing structural
systems of buildings, it will be concluded that in each case, the need for reconstruction
and modernization of the building must be determined. With a detailed study of the
condition and in-depth 2 analysis of seismic resistance. Determination-selection of
specific solutions for reconstruction, as well as comprehensive engineering-calculation
and technical-economic analysis should be based.

The project will be an attempt to raise a number of important or problematic issues
identified in the process of implementation of the mentioned works for consideration
and their further discussion-definition-clarification-solution to increase the buildings
seismic resistance.

Novelty of the research

Damage criteria for damaged buildings will be introduced according to the speed of
opening cracks in the bearing-load structures, which should be an integral part of the
existing city housing fund-damaged building reconstruction-reconstruction
methodology. With an approach, but definitely in order to resolve; The concept of
emergency relief reconstruction-reinforcement-reinforcement for construction for one
specific group of damaged residential buildings (for "buildings™ built at different times
and with "built-in parts") will be developed; A concept of restoration-reconstruction
and reinforcement-reconstruction for mass-serial groups (types) of capital buildings
will be developed for a relatively reinforced group, for large-block multi-storey
buildings; Three methods of reconstruction of damaged large-block multi-storey



buildings will be proposed: arranging additional metal frames in the interior of the
building with seismic and system-variable, seismic insulators in the current
terminology; With reinforced concrete pylons on the whole height and perimeter of the
building and arrangement of loggias in their space; With the addition of pylons to the
longitudinal facades of the building and the construction of the floor / floors from the
top of the building, with the arrangement of additional frames with seismic insulators,
if necessary.

b) Project goals and objectives. The goal of the project is to use effective restoration-
reconstruction methods, consistent efforts of professionals and joint maximum
mobilization of the country's capabilities to significantly reduce the expected
catastrophic consequences of earthquakes, to contribute to the In the still difficult
conditions of increased seismicity and transformations. To achieve the set goal, the
following main tasks are envisaged: to clearly and distinctly define the crash criteria
for buildings; Develop a concept for dismantling reconstruction-reinforcement-
reinforcement of emergency status for constructions (for "buildings” built at different
times, with main and built-up parts) for one specific group of damaged residential
buildings; Develop a concept of restoration-reconstruction and reinforcement-
reconstruction for the group to be strengthened among the mass-serial groups (types)
of capital buildings, for large-block multi-storey buildings; Methods of restoration-
reconstruction-strengthening of damaged large-block multi-storey buildings were
selected; Consideration of methods of restoration-reconstruction-strengthening of
multi-storey large-block buildings, elaboration of methods of restoration-
reconstruction and reinforcement-reconstruction of the existing municipal housing
fund, with appropriate-conclusions and recommendations. A practical idea for
increasing the seismic resistance of large buildings without evicting the occupants is
presented. In our view, such an approach would avoid the capital costs associated with
liquidating large-scale non-hazardous buildings and the cost of constructing new
earthquake-resistant buildings instead. The proposed method of increasing seismic
resistance is simple, easy to implement and does not require large costs. Large block
constructions mean the part of the building that protects it from external influences.
They are required to have sufficient strength and durability under the impact of
vertical and horizontal loads and must meet the requirements of durability, fire
resistance according to the building class, as well as the requirements of high quality
of heat and sound insulation properties. Be reliable and seismic resistant.

c) Research methodology. Methodology used for reinforcement-reconstruction of
buildings in the project: method of strengthening joints with metal structures; method
of inserting stiffness diaphragms; Method of strengthening the foundations; Method of
protection against deformation of ridges and spools; Wall reinforcement method of
arranging reinforcement mesh;

As well as the methodology of strengthening-reconstruction of monolithic buildings, namely:
the method of strengthening the foundation; Diaphragm reinforcement method;
Deformation reduction method; Roofing reinforcement method;

To strengthen a brick building: a method of double-sided reinforcement of walls with
reinforcement; Method of strengthening joints and openings with metal construction;
Filling cracks with different methods; The method of Alexandrian brick formations 3.
d) Local and international scientific collaboration, compliance of the PhD student’s
visit abroad with the research topic.
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2.1)

¥o(t) !

= =3 -
1 YO(t) |
| |

Bob. 2.1. bosbasodm Lggdgdo B3gMwgdt030 (5) s ©5353806M9dvo By boliGo
99960009000 53539800 (B) 559gdMdBYs6 g = Mg dzMso 3mFol 3MHdogzs
39650 gdmo 933035¢96EHM0 fmbs, r=k'FG/I 3m3Fol 933035¢gbEvMo g®Mdozs
2965( 0930 dgMmao obolidy.

Loosg F 3m3Fol  339000L go®omos, G dgmol  syzeboero dmomwo, k
3M9803096@0 396030 FMOWOlL FMOTSHY ©IIMI0WIOIMwo, dos bobmbols
30980309630, @ M530BsO MHbg3900L [OHoMwo LobdoMy, g 3mFol atdozo
9O0g90b §mbs, Yy(t) a®mbEob dgmol odugeg®my®oeds.
39005(939@9° (2.1) 99009905 2 bofiorolsysb

Y(X, t)=ya(X, t)+y2(X, 1), (2.2)
Loo@g Yi(X, t) LogMmm goofiy393es Bodxggbs boffoemol 4oMqdg, Ya(X, t) 390dm
39005%93930s 356x 3965 boforoo.
LogMHM 2505)9439G b Yi(X, t) 399990 53 bsboo:

Y1(x, 1) = ya()o(0), (2.3)

ooz Yi(X)  oogobgmsemo  Gbggol  m®Eobs@gdos  dos  bobmbols
3900350006 gd0l gotqdg, 5649 5dmbLbss 9990 49bGHMgdol:
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qo’

gk'FG
D(t) + w’p(t) =0, (2.4)
Yi(X)=Aisinyix+Bicoswix.

Yi”(X)+ ‘//izyi(x) =0, ‘//iz =

39630b0wMmo (2.4) 256GHMgds 8990920 MO0 LobdBOZOM 30OHMdYdOM, Ob.
Bsb. 1.
5. X=0 yi(0)=0
X=1 Vy'i(1)=0 (2.5)
d. X=0 y;(0)=0
X=1 yi(l)=0.
LoboBEZO™  30MMdJBOL  (2.5)  ©s3dsymBogdom  Yi(X)-Lsmgolb s -
LobdoMobomzol dglsdsdols 803009dm:
- B399 936030 99bmdOLMZ0L 1530LvRBWO BYOIMO (5-39dmnb3g3s)

H 2 P 1,
Yia(x):Aasin%%, o =221, KGR

,1=1,2,3. 2.6
T ] (2.6)

396030L5mM30L IYHPBMBOEO HBgEIMO (3-09000b3935)

Yib(X)=Absinﬂ’ wib:@ k'GFg
' 21 q

,i=1,2,3. (2.7)

B30 906MH03  IBILIOMNM0sbo  bobGo  Fgbmdgdolsmzgol  LgolidMo
©99mgdd9gd0lL O™ 8350 ML sLGMEdl MHbg3z0L 30M39Mo BMODs,
5303™d bsb. 2.1 BsB3969005 996mdols Gbgzol Fbmerm 3063900 BMMTs:

2 1,
Vo) = Atsin 2 e 2 KGR 2.8)
1 I 1
2l q
Yib(x):AbsinﬂTX, a),b=|f kG% (2.9)

3963 58mbsbLBL YA(X, t) 3999000 89990 Losboo:

Ya(x, )=(x + &)™ = D" Y,(X) i(t) . (2.10)
(2.10)  @90mbobMgdols  Bsbdom  doGoms  (2.1)  9bGHMmgdsdo  (2.4)
29035¢0{0bgd00 J0g009dm;

Ziwl|:: wi,Y, (COK'FGa, (1) - %Yi(x)q);'(t) -2 KFGy;wY; (X)@;(t) =% yo'(t), (2.11)

@
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2V (X) [®/) + a0 + 0,d, (D] = y5(0). (2.12)
50 296930l MmM039 Boffoeol 2sdMmog3wgdom Yi(X)dX-bg s 0bEgatmgdoom 0-
@36 -89, 363053 MOMMYMBIMOMO0EIL 49dmdEobady Yi(X) dog009d0m:

D/ (t) + awd, + @,d, (1) = H, (t) (2.13)
bogS3
[ (c)dx
HO=y,(t) ———— Ile(x)dx (2.14)
50mbsblbo (2.13) 0d69ds
O L IjH (u)e P9 sin@ (t—u)du. (2.15)
a)i 0

503356500 59m3560L LogMH MM 2oHY39E)S bEMm3zsb0 Lsfyolo 3oHMdYdom (t=0,
yi=0, Y/ =0) 0gdb69ds:

0 |
y(x,t) =2 Y, (X) [H, (u)e ™4 sing (t—u)du. (2.16)
i1 0
LgoLIMMO 0bgMEO0L B[O gdMEo dosews S(X, t) 0dbgds:
S(x, t)= 9 [yo 82y} (2.17)
g dt

0
39303)5bm (2.17)-80 GtLy 36003690mdsL (2.16) 256¢3M 9006 0300900

2

S(x, t)- Zn, (x) —jy (u)e T sin 27 (t u)du, (2.18)
Lo F00WYdS 5©0b0dzbs
jYi (c)dx
7,(X) =Y, (x) ——. (2.19)
[Y: (x)dx

(2.6) s (2.7) 35035¢0L{obgdom 7i(X) 3M9n0E09bEHId0LsM30L Fglsdsdols

80300900 (A* @5 A’ 1-0l Bowos):

77 (x) = fl SinZ'_lﬁx, 5 (2.20)
(2i-1) 21
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. -1
r;ib(x):i_ sinZfi2x, i=12,... d (2.21)

7l
256030 069300 dogs Q% (X,t) s 998mbggzolbsmgol 0gbgds

o0

ql
Q%(x,t) = jS(x t)dx—Eéf (x)Ta

jy (u)ee (- sm = 7 (t—u)du,(2.22)
boo3
8 2i-1

f2(x)= cos X.
= G S 7

256030 0696300 dses Q°(X,1) & 393mbgg3580 0J69ds

Q°(x,t)=—N, +IjS(x,t)dx = —%IIS(x,t)dx+ jS(x,t)dx, (2.23)
o6
Q°(x,t) = %if (X)— jy "(u)er (- sm (t u)du, (2.24)
bogSs
£2(x) = — cos X (2.25)
7 I
30300900 G5 50bodzbsL
(T, t) === jy (u)e - sm (t u)du, (2.26)

OHdgog §omdmoygbl  dofoldzMol Mgodiool 1B3gdGHML sglgwgMmaMsdoo
Y, (t), 396030 dseols 306390 @O0l Gbgzolsl dogomndo:
B399 93030 FgbmdOLIMZ0L (ode0gMgdol 3s09dy):

. | 8 X a
Q (x):%? cosZ—Irmax (T a). (2.27)

396030L5mM30L IYHOHMBOEPO dBMWMMO (odE0gMGOVICNO0):

Q° (x)—_icos |X r (T5a,). (2.28)
72'

95J300lb bm®dsGHomwo B3gddHMo MdgBHgbmds J399bgdl aooBbos (Bob. 2.2)
Pomdmagboro Lsboo.

Tmax (T’a) = y(,),maxﬂ(T)
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ﬂ(T)=1+T1<ﬂmax 1) 0<T<T,

C

B(T) = e To <T <Ty

A(T) {T?j po. T>T,. 2.29)

Bob. 2.2. Hgogsool ben®ds@ommo b3gd@®o

1-cro 353930600 4OH6EoLm3ol:
T.=0,2c Ty=0.4c
39-2 35393MmM00L 3MHbEobm3zoL
T.=0,3c Ta=0.55c,
d9-3 o 99-4 35393™M00L 3OH6ELmZOL
T.=0,4c Tq=0.7c.
Q905 LIMMY0560 J30U s IMBMomMGo M306509FEHMbOL Fabmdgdolismzgol
®b9g30L  3gHoMm©o 300390 BMMTom  LOIOMWGIMD  ©835380MJdOD
2960L5BM3MNds [97] ZmGIMwom
T1=(0.045+0.055)n, (2.30)
Lo N LEMMYEGIOL BOMPYBMBSS, 5-LsBINY0sHO T9GbMdOLIMZOL
T1=(0.225+0.275)n,
530G™d, 0sbsbds (2.8) s (2.9)
T =2T".
5-L5607537 F96MdGOOLIMZ0L YM39M30L 5RO 996905 MEHMEMASL:

. (T a)<r. (0% a,). (2.31)
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35250molsmM30L, M) BoFoMHMs dm3990)o FgMOm 4-LEOMNME0sbo J30L

396md0ob 29309690, HMIGE0E 503M F9MMg 353JAMO00L AMMbEHGODY, dsdob

139JdGH®0L H9od300L MOObsEHOLIMZ0L (2.29) s (2.30) Msbsbdso:
T,*=4-0,055=0,220 §3;

a " 0,22 "
T max (Tl ): Yormax {1+H(2’5_1):| = 2’:l'yOmax;

TS = go, 055=0,110 §o;

011
0,3

Omax *

. . T)=vy {1+ (2,5—1)} =1,55y; (2.32)

396030 doergdols 36033690 mdsms G9ocndolsls Bmemdmwgdoom (2.27) s (2.28)
@5 139dBHmommo MmMHOobsEYdOL godmlobwgdom (2.32), s©30¢0s 0dob
99986935, M™Md Dgdmom oyMHbmdow d9bmdsdo LgolidmMo Bgdmddggds
50dmPRbYds 2.7-0m

Q*(0) _ 8-2,1 _o7

Q°(0) 4-155
Bs3argdo, 3000609 B39 gdm03 99bmdsdo 0930LvBRIWO dMEM™O. slig003Y
39935190900 300©gds 1OT S MMbLIOMI0sb0 F96MmdgIdOLMZ0L. Fobsfiowrgdols
9309905 S(X) o Q(X) 6583969000 BobobBg 2.3. OHMyMOE LvMom0@sb RbL,
090005359900 JgOMEOm  25d0gMdoLLl,  JgsMgdom  ©39maL
3067030 503MBbgds G9bmdol dms Lo gdo. Es353HJO0M 3MEMbgdHy
008mgd9g0L xs3Mm0 dggm@LYIEo 3OODBMBEIMMHO IGZ0OMZS, GMIgwo;

MBI
4

CM=T e (0 c0) 23
3mOH0DMBEIMMH0  ©IGHZ0OM30L  Loool  89d3oMgdool  dobboom (2.33),
Gdgwog 9mgddgogdl odsGgdom 65390mdsbg o BodMMdOL 309303096¢ 0L
3900©Jd5Hg a d;ngero 3m3d0boMgdMo Lol Iobomzol F9amMmms35HYOME0s
Bgs LEOPMEOL JogHMYOS sTdBHJO0m BoggdMBIBY 565 boliEo, 56539
9B0bs-cwommboll  dsgrobdom,  OHMIoms3  BodOmdol  3m95303096¢E0L
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3600369mds  an  gogogdom  IgBHos, 3069 B39gMWwgdcog  dgbmdgddo.
9ogooms© 0wy  sbgomo  F9gmmgdol  Loghmm  BodOmdol  3m9gxz0309bG0
99500396L 10% 36030390 500 5%, 35906 LyoldM@o EOGZ0M™MZS
LoLGHYIoBg I30MYds Lydrseme 1.33-x 96 [44, 45].

X

1 | _ |
o \ j.?“=5in’2—)(1 ||
T D Ead 50 f ¢®
\ /
v f

Q::} QE:
Bsb. 2.3. LgoldnEmo s 336030 dsergdols dmdMsmdols g3ow@gdo

d06M0m5© Fgbmdols s 3MBLMWME B gdMdsl FGol doerodgdols oygbgds
bl 997Pymdl  LBgobdmeo  Bgdmddggdol  Jgdi0Mgdsl  Jgbmdol Mo
90356 ™MEgdom. 3M3d030  F0TsMYEGO0m 350300 5973990 JOMYOS
dgzmob  gBMMI>3090L, bmerm 456030 0O gd0m  20F0035-3499030L
©IBRMOS305L.
0¥) d0M0M5© JGBMBILS O TEJO0 BoggdMdOl ol Imghgmds Hgbobo-
@omMMbol d3e0dgdo Loghmm LobolEom Ke (Bob. 2.4) sdmEebol Labobrzthm
3061900 0gbgds:
X=0 Y(0)=0,
X=1 K'FGY (1)=key(1). (2.34)

39630l MHbgz0L 3mMIGdoLIMNZ0L d03009dm
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. y=sinyl N°

Q)

y

0
Bob. 2.4. 396mdob Losbysmodm bdgds sgmemo 30353M9d00

Ne 0

Y (X) = Asin?x. (2.35)

q
gk'FG

boo3 U=t 96039369 mds  gobolaBezmads  99dgyo

AO6L3Ib©IBEHMO FobEHMWYB0EL (®° sHoL FHommo Lobdomg @sdymEo

Bo0ogMgdol 99dmbgg3sd0)

kFG/1
K

C

OmEs 33=0 90300930 5dmbLBSL 3bLMEHO FgbmdoLomzol (89dmbggzs ),

tg=-— (2.36)

bown Gogs K =1, K, =KkFG/1. 80300900 53mblbsl Bgdmm bol@so
©5YO©bMdOO F9bmdolsmzols (9900bgggs ). MBzodgto K. gqlggdo (2.36)
3906@Mmgdols  Jgbmdols s  do0dgdool  LobobGgms  Lbgoolbgs

R9OM3900LsM30L IME9dMwos 3bG. 2-o.

gb®oo 2
(2.36) 296@Mgd0L 1 Bqlgms 360dzbgemdgdo

Kalke z 10 5 1 0.5 0.4 0.3 0.2 0.1 0.05 | 0.01 0

pe | 1.570 | 1.632 | 1.688 | 2.029 | 2.288 | 2.498 | 2.665 | 2.863 | 2.665 | 2.994 | 3.111 | 3.14

®bg30L LobobEg 3mddoBoMgdM®o LobEGoLs s @ 3MIBoEogbEoLs 77, (X)
0g6900:
k !
o =5 22k, :kﬂ, m:q_l’

I Vm I g

, (2.37)
i (cosp =1) o mX
1/2—(1/4z)sin2u .

1 (X) =
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d9L50530b5 256030 dogms 0gbgds:
1
Qc (X,t) = —NC +IS(X,t)dX,

Gdgwos 0b3gamomgdol 3989y 800mqdlL bobgls

00 | c
Q°(x,t)=q_| > £(x) 27 [ vy uye =" sinz—”(t—u)du, (2.38)
g i Tic 0 TiC
Lo
. I(cos 1z —1) X 1
f(x)= : coS— ——(cos i +1) |. 2.39
() yi2(|/2—|/47rsin2,ui)[ oSt )} (2.39)

503000 dglsdRbB9305, MMA 58 BMYSO AoTMBObMEG09d0EE Toowgds 39MdM
RMOIME900 (2.27), (2.28) 5 5 & d900mbz93900Ls0300.

50605, @bbomwo Lsdo 35606GHOL Mogz30LMBIE  Mbgzsms  30MH3gwo
13mOIGO0LsM30L 2399690s:

m
T =4, ,— 0530LIB0 dBergmb Fgdmbgggzado
r

le = ? wdM939 53530900 derermls 99dnbgzgz5do

TlC = £le 9d6535 ©353M9d0 dcrenml d98mbggzsdo
y7i

M= r=kFG.
gl

1 bGowosb vy 4s9m3094gbgdm p 36033690mdsl  gmGImwom (2.38)
(899m30L5B3MYO0m G5 dbmemmo Mbg3zol 306390 FmEIom), Fgodergds
900d936mL 35¢03gdol ke LobolLEol ™m3EH0dserwdmo 3609369cMds, GMAwol
©OMLS3 LBYOLINOO HgIMJdgEIdOL H3EGdOL bsMobbo s TgyrOLYYICO
3mOH0DMBEGIMMMH0  ©oGHZ00mM30L  LOEOEY  TSEYO0m  boRgOMBSDY,
©553054mRBogdl  sLober  GoBIBL  sdsBHgdomo  FMfYmdoEMdYOOL
b6 930l M35¢LsBOOLOm.

dogowoms, K,/k =05 (2.39) gm®dnmomn dogowgdm S =0,45 o

max

mbLIOMME0560 Loberobmzol 0gbgds:
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fo 8

= 2 =18, T1C=T1b120a113’ﬁ:0,25c§
f- . 770,45 y7) 2,28
Tmax (Tla) = 2’ 1y(’),ma>< ; Tmax (Tlc) = l’ 75y(;’max >
Qb 0) =1,18£ =2,16.
Q’(0) 175

996md0l obsdon®mo MMmogMcmadmgddggdol 350m 33935
boli¢sm 9990090 30b6LmeE® boggdmdslmsb

MO39 0ym Jomomgdmwo 1 s3d0, bolBds 0gMHmgdsd d9bmdols bgs
Bsffoedo 3mbLlmEmE Boggdmdslmsb, dsmo 860d3bgwmzsbo LoboliGol dsdm,
390dgds 259m0of)zoml dgbmdsbg Lgoldmemo Bgdmddggdol dbodzbgwrmgsbo
©3190s.  J390mm  ©obsdome MO0y HBgdmddggdool  dgufagarols
Log3d3z9Bg Fgbmdols @s  3MBLMEIME  65390MdsL FMEMOL  godm3zwobs
LobolE S Mo IMH0 M9bIR>MOMIYO0, HMIOL EOHMBSE SYOEO 5J3L Sbgm
QO3EOSL.

dogo LobBHIIoL BosbasModm Bggds Bsbgzgbgdos bob. 2.5, Looz FoMgdMEos
Omd  JoM0MIEO  IM535¢LMM0sbo  F96mds 1 goobmz0l  mbyby
bol@os 9ol JogmHmgdmwo (3560390033 BoggdMdIlmsb, 96wy 08539
L03OEOL  3MBLMEWME EAIOMID 2. Foagz58605, BB T9bmds ©obsdomeo
b99mddggdol Mml  99398qdsM9ds d9ymOLmee  d3MOL  IBRMEOTS309dL
dmygzs60wo LobolEols s Lod3gMozol Bsbsliosmgdwadoo k'GF s qi,
bom  30bbmemGmo  Boggdmds  ©mbzol  ©gBm®To30gdL  h3gMEgdMogzo
Loboli@obs s Lod3z3Mm0g30L Jobslosmgdergdom El s da.

1. 3m3d0boMgdmeo LolBgdol msgolrygswo Mbgzgdo:

3™3d0b0Mgdo LoliEgdol EoBIMIBE0SMMO F9BEHMWYdGd0 M930LBIEO
6bH93900L OML 0690056:
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k!FG 62ny(X’t) _i 82yﬁL(X’t) — O
Ox? g ot

5 t 2 t (2.40)
£l Y2(j(1 ), % yl(zx, )_o
OX g ot
‘ X ‘ X
i O—0Q O Q
| /
I
N
N\ Vi 1;‘ y2(x%.0)
i / az {
lc'EI‘G / ICFFG !
|
/
/
'—— I
0 0
Bob. 2.5. 3m3d0boMYdMEo LoLiGgdol 3oMHMd0MO BssbysModm lidgds
396&Mgdsms 53 LobiEgdol 58MbsblbL 390930 Fgdga0 Laboo:
yu(x, ) = Yi()d(b),
ya2(X, t)=Y2(X)d(t). (2.41)
33X MS 256(35¢ 3939800 8030090™
Y+ A%, =0
Y, + Y, =0 (2.42)
D"+ w*® =0
LogS3 339943L 90b0d36900
GWo .. Go’ ., El
=7, =0, —=0, 2.43
gk'FG gEl & k'FG (2.43)

bomm w — 56ob bsdogdgwo FOmowmwo Lobdomg 3m3dobo®mgdmwo LolEgdol
0530LG0 OHbg39d0Ls.
(2.42)-0L 3063900 MO0 356GHMEgdOL STMbLBSL 3909800 F9dga0 Loboo:

Y1(X)=Asiniix+Bcosi1X,

Y2(X)=Ci1Sind2x+CocosAox+ CashAox+ CashaoX. (2.44)

9J3bo  mEbmdo  3m9n0309bEHOLs @y  Losdogdgo  LobdoGmolomgol 23543l
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39900920 LELOBOZIO® 306HMdJdO:
x=0,Y1=0,B=0,
x=0,Y2=0,C2+Cs=0,Csa=-Co,
x=1,Y,=0,C1+C3=0,C3=-0Cy,
x=1,Y1=Ys AsinAl=C;sin |+ C,cos Al + C;shil+ C,chil,
x =1, KFGY'1=ElY,,
k|FGAZ, cos 4l = EI 2} (=C;sin 4l + C, cos Al + C,shA,l +C,chAl),
x=1,Y,=0,-C;sinLl+ C,cos 4|+ C;shil +C,chil). (2.45)
Lo0Ibs3
Asin 41 —C,(sin 4,1 —shA,l)+C,(cos 4,1 —chA,l) =0,
C,[Actg A, (sin Al — shAl) + 645 (cos Al +ch A1)+
C,[A,ctg A (cos Ll —chAl) + 645 (sin Al —shA,1)] =0.
C,(sin 4,1 =shA,l)-C,(cos 4,1 —chA,l) =0, (2.46)
Il 5M9GHM0305¢MH0 5dMbsbLBOY:
2, €08 A1 (sin 4,1 — chA,l —cos A IshAl) + 643 sin 4,1 (1+cosAlchil)=0. (2.47)
59 BMAS0 2963 M9d0sb do300900 39Mdm d9dm3zg3zoms Lobdocmgqdol

396 Mgd90L
cosil =0, apl=2, i) =2%, 40=". (2.48)
2 2 2
brzoms 0bgzomo MbgzgdoLsmzol 3o
1+cosAlchAl=0, 4, =1875, A,1=4,694, A, =7,855. (2.49)

3M98303096@gd0bsmgz0L A, C1, C24

_(sinAl+shA])lsin Al
2(cos A,IshA,l —sin 4,1 cos 4,1)
C, = CPSJQI +chal c
sin Al +shA,l
(2.47) 2956@M@g00L 39L3900LsmMZ30L J0MYOME0s

APgk'FG A EI
G QG

2

(2.50)

2
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_ 2 | Bl 2 %
ﬂi—ﬂz\/qzk,FG iz\/qzﬁ- (2.51)

50360065300 6o Tex 99bmdol, bmwm T oMol mogolwgso Gbgzol

396H0m@gdL, Hbg3z0L 30603900 FMMToLIM30L 339d69ds:

T, =4l |—&
q,k'FG

, (2.52)
27l a,

" (1.875)2 \ gEI |

MM MO0 o (43) s9M 300 JOMEMOGO0E Jo:
6,281 T,

VIR

.
alzo,zq—ﬂz(ﬂ}
O,

(2.53)

J3ol, dbgowdsbgemmo s  39M3obmo  Tgbmdgdolm30L  3gH0M©IYdOL
99b3960896Gowme 3609369 MBS 30MHI30M0 Tglsdsdobmdol gboom, 10
Lo sdg dmdmdsgg 933035 9bGHwEMo dgzMol Ldgdom, sEA0bs, GMI
9935600 aMdogo imbs i, sbgmo F9bmdgdol 4-7-xq6m bs3egd0s Mdog
PmbsBg 02 Boowosbo  ©3065893H™Mbol oLy (AmEmwmdomo  fmbs
63065093HMbol 2.2 @/33). sdoBHmd LobdoMgms  gobGHmgdol  53glizgdol
3900m3e0obol (2.47) dogdmwo 0gbs (J3ol Lobergdols s M306509@HMbol
©yMHOLM30L)

02=601. (2.54)
(2.51-2.54)  0565835MEMBISMS  GomM35¢olfobgdom  asdmmzwowo  0gbs
LobdoMgms  gob@mmgdol ggbggdo (2.47) s Ci s Cz 3m9gn0309b@Hms
36003690mds (OmEs A=1), 9953560H©gdsms Lbgoolbgs 3603369cmdolsmzol
3MbLMmM©Ho Boggdmdol 39Mm0m©oby Zis 996mdoL 3960Mm©™b T 800gdMEo
99092900 9mEgdmwos gbGowdo 2. 30mdd0boMgdwo  Lol@gdol Mbgzols

396000 T 30 3o6oLaB3mgds BmEmIMwom:
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_ 27 | g

“ A, \gk'FG
ob
kizz—f Y (2.55)
A, \ 9El

u3

992 gbMool dmbs3g9900m bob 2.6 539005 FgLsdsdolimdgdo Ai s Azl

ca

T
@6, GmymOE BBL gbe. 2 s BsboGHd0©b 995356 Id0EG T’“ <0,3

303d0606Hgdmwo  LobEgdol Lobdo®ol 3gMom@o  obermgzEgds dgbmdols
dgzmob LobdoMgl, MmEMbE EsYOPbMmdowo Bgs dmemmo, gsbbowremos
D90mm. YoM 936050 F96MmdOLIMZ0L dWS BEDJOIMWO S DY
©YMEbMmdowo  dmEmgdom  DBu3OMo  30HMdYB0  OMYMGE  SMOL
800001900 1 0469ds:
X=0, Y1=0, B=0
X=1,Y2=0, A=sini1| =0 (2.56)
OHIgmog 8034535600 LobJomgms gob@megdslmsb
sind1] =0 (2.57)
d9L50530bo, BJU3gd0 ... An=m, A=2m, A3l=31 GbgzoL 3gMHompo sLgmo

396mdob 0dbgds:
7o :_2_” i,FG ,i=1,2,3... (2.58)
i4 !\ gk

3gb6. 1 o Bob. 2.6 dmbs3gdgdom, Bsbls HMA dosbGs 3900m©adols dmbsigdms
dmeol  Tir 30603900 BmOINom (2.55) ©s (2.58) gm®mdnwom, Hmgbog
T./T..<0,2, 8950396L Fgbsdsdolbs 30Mzge, dgmdg ©s dgbsdy Gm@IoL
0530 Boo Obgzol 1.2, 2.5 s 16.5%-b. 3063900 Rm®Iol Gbgzol 9L
3oobOs T /T, <0,3 56 50985390 3,5%.

5039050, v 3MbbmEmmo  ™mogolvygso  Mbgzol  3gMomo  4-5-x9M
Bs3agd0s 9gbmdol mo30LBIEo Mbg30L 3gMomEby, 3580b 3J3MbLMEYGO
Boggdomds  bolGo® 03930060900  F9bmdLMD, SLEMEgdL  LagHgbol
Ol dobomgol. gl 496Mgdmads bsmgrs BBl sbiggg bsb. 2.7-sb, Looss
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653969005 Jgbmdol Mbgzol BMMTGd0 JMBLMEIMEMO Boggdmdol ao6M9dg o
3sLbsb ghmoc.

365ma0Me@ 3 3bGowol dmbasgdgdo 33039698, ™I o T /T <15
T./T.. 215 bsghom LobEgdol Gbyzol 3gMom@o 30Godom Mobemzmyds,

959658 653090 0639bLoIMSE, VMB350 WYIMOL Gbgz0L 39gMHOMEL, Joa®sd
©9YMHPObMOOO HBYPS dMWMMO.
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LobdoMgms FobGMgdol Baligms s Cik 3M9BoE0gbGMs 3603369™dgdo

3bGowo 3

“b9g30L | MO

6b930L 11 Bm@Is

6b9g30L 1 gm©Is

Tl Tex Ml A1l Cu Cai A2l A2zl Cu Cz A3l A2zl Cis Cas
0 3.141 6.282 9.423
(El=1)
0.05 3.14 0.592 0.015 -0.009 6.277 0.837 -0.011 0.009 9.432 1.026 0.011 -0.001
0.10 3.131 0.836 0.023 -0.019 6.269 1.183 -0.020 0.022 9.393 1.448 0.023 -0.030
0.15 3.125 1.023 0.031 -0.031 6.227 1.444 -0.035 0.045 9.199 1./55 0.095 -0.129
0.20 3.103 1.177 0.04 -0.045 6.120 1.653 -0.075 | 0.100 7.866 1.874 0.367 -0.129
0.25 3.075 1.310 0.052 —0.062 5.754 1./42 -0.199 | 0.271 6.849 1.955 0.184 -0.500
0.30 3.032 1.425 0.069 -0.087 5.111 1.850 -0.345 0.470 6.560 2.096 0.086 -0.250
0.40 2.881 1.604 0.125 -0.166 4.150 1.925 -0.299 0.407 6.445 2.399 0.047 -0.116
1.00 1.575 1.875 0.367 —0.500 3.366 2.741 -0.073 | 0.087 6.323 3.757 0.061 -0.060
(1.575) (1.875) (4.725) | (4.694) (7.875) | (7.855)
5.00 0.745 2.883 0.248 —0.284 1.883 4.580 —0.552 0.542 3.456 6.211 0.143 -0.062
10.0 0.565 3.550 0.488 -0.503 1.172 5.115 -0.352 0.346 2.502 7.474 0.537 -0.147
15.0 0.422 3.761 0.850 -0.858 0.990 5.759 -0.307 | 0.304 1.781 7./23 0.568 -0.537
20.0 0.329 3.836 1.225 -1.231 0.879 6.266 -0.379 | 0.372 1.435 8.003 0.435 -0.568
50.0 0.137 3.912 3.383 -3.383 0.435 6.973 -1.569 1.569 0.859 9.797 0.667 -0.435
3.927 7.068 10.212
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00— oo~ - -

i I [ A 1] I [ [ A |
0 01 02 03 04 05 06 07T 0% 09 0 5 1 15 M 25 30 35 40 45 50

Bob. 2.6. 33d060MHYdYEo LoLEYIOL Twi 39MomEOl EsTIMIOEIIMEYGDS

T/ Tex 056585G©MdBY
[ i
10 =
08— S
N
s
06—
|
]
04— )
7
-
7
02— Z

Bsb. 2.7. 3m33060MHxdMEo LoliBgdol Ms30LBIE MbY35mS BMEOTJdO
Tus/Tex Ubgo@slbgs 0sbsggatimdsby

oMW, 190 ERIMOLIMZ0L LELEBOZIOM 30MHMdJd0 0dbgds:
x=0,Y2=0,Y,=0,
x=1,Y2=0, Y,'’=0 (2.59)
A qdLoE 8039453560 LObJoMYMS 3BMBOW 2obEMEgdSLMb
tghz| — thAz| =0
A21l =3.926, Azl =7.068, A3l =10.210. (2.60)
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50L5B0TBs305 gMHO doer0sb 3B60T36geMm3560 3MOJEH03Mwo MZoElsbGOLOm
39M99mgds;  0dobomgol, MHmI b3y  AIMTs oMl dMS30
Loymaboll Gmeo dgzMso d9bmdobsm3zol, dobo 3gMomool 8600d3bgwmds
b5 0gml 4-x 96 6530900, 30006Mg 3603369emds Mm30m Fgbmdol 3gMomEols
@5 9500 Mmool dg33eol 990mmbgg30do, g9.0. OMI dZ3MOEo  T9bmds
90LsbmOHML A3 LoyMHgbs VMB35 ML, Jobo 3gMomol 3603369 mds
<65 0yml 20 s MRO™ IgEHX IO 6530900, 3000609 M30m AIOOL 39MH0MPOL
36038369 mds.

65b. 2.8. 3m3d0BoMHYdMEO LoLEIIOL ME30LYYGE MbYZ500s
BMIGO0 O3S Tus=Tex

82



Bob. 2.8-Bg bsB3969005 3060390 4 BmOTs 3nFd0boMGdMo Lol gdol Mbgzols
O3S Tus=Ten, OMamOE BBL  3m3d0boMHgdmwo LobGHgdolb  3gMomEgdol
960083690 mdq00

m5bEM390056 9MMobgml. 039 (39¢0390yMB0 d3zMOEO Fgbmdolsmazols dsmo
3998350905 MBY35ms 300390 Lsdo BmG®oLomzol  Jgoaqbl 1, 1/3, 1/5,
bowm  353gdamdo  ©b3so  asMobsmgol 1, 1/6, 1/17, 85306
303d0b0Mgdmo  LobEgdolbosmgol, Mm3s  Tu=Tex  obobo  Jglsdsdolo
8950039696 1, 1/2, 1/4.

2. 3330606MgdmEo LoliGgdol 0dmEgdoomo Mbgzgdo.

bgobIMmO  SGHZ0OM39d0L  bBgdmMJdggdoLsl  3mTdoboMgdMwo  LolEgdol
039000 ®bg3900L gobEMmegdgdo 04690056:

R L Nl T e
2 2 2

ox® g ot g ot

£ 9V % Y, _ 6, 0o
4 2 2 !

OX g ot g ot

(2.61)

B3, Yo (f) 309b@ol Gbgzol sBJo®qdss (8ofolidgmols sdlbneg®mysds).
396GMgdsms 58mblbsL (2.61) 39d9dm [46]-0L Lsboo

V(D)= 2Y, (0P, (1)
= (2.62)

Y, (x,t) = ZYZi (x)D; (1),
i=1
Lo Y1i(X) @9 Y2i(X) 5305953090l 356E™M@gdgdl (2.42). Bsglgsdm G (2.62)-
b (2.61)-00, (2.42) s (2.43) gomgzscolfjobgdom dogzomgdom:
> (@ o) = i)

i-=1 J

) (2.63)
>y, @+ 0o =y,
EN g

(2.63) 296@Mgdol 306M39w0 LoLE 9ol odM3egdom Yi1k-bg bmgwm dgmeglio
Y2k-9, o000 993090000 ©s F00gdmo xsdolb m®mogg  dbodol 0-wsb 1-0qg
063909300 d03009080):
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0 |
Sorearo) | vy, « Sy, for-
1= 0

| |

_yI(t) { [v,y, + +f ivﬁdx] (2.64)
0o g o9

300G NO  3MTomdsMS  MMH0YOHMNESTMM30©IOMIOL  3060HMDOEID

399306567 (d9E0L MgM©93s) 5030¢s© 93303 Yds, MA

| |
J-%ylkylkdx'i'j.qg_zyﬂyzkdx:o’ 1#k=12... (2.63)
0 0

(2.65) FHMWMds, MOMIGoEg BoJBHOIM®  SMOL  FJ0OHMDS  MOMMYMBIWMBOLS
1530056 B96d305m5 3M3B0BOMYOIMO LoLEHYIOLHMZOL, SE30EsE BFZ0EIOS
(2.45) LoboBEOZOM 30MHMOYOOL Boggrydzgubyg. (2.65)-0L Msbsbdo (2.64)-s6
3d0300900m:

] (1) + /D, (1) = Y. (W,

| |
_[ qlYlk dx + I quzkdX
W, =2 : . (2.66)
[ QY dx+ [ g, dx
0 0
50 396GHM9d0L 5dMbBsblbos

W, | .

O, (1) =——=[y;(&)sine, (t—£)dE . (2.67)

k O

5833565, 350590360 dzM5©0 J96mdoLs s dwmbsgo ool Y, (t)
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