J OV IT- D TP

T
aTeé TTardtoa e 10Taea fa-aiey, ToT6Tayuadr

//////

SY =0 =Vi"—w =V - PI2/2; Vif = PI/2.
6. TT08486ya1 adée+ei( @ecAcaapU&aT 1Tiaioa &
fa+aiée, TéToTayual ~adac oT+eo A
14 = —PI/3; Qif = — PI/2.
7. TT04446ya1 T4041a0aiey 1T 61016841 (7.8) & (7.9).

> e

AG&TT, +OT yoé T0Aao0 e4ai0e+i0 ddgadiep T140T4T
efoaddedtaaiey 4600a0aiveaciiTal doaaiaiey eciaiooré Tfe aaeée

ar
+a

o~

i
)

[
a

4

¢



Va=P/2 P| Vb=P/2
S
/2
/
Q)
rL
4
74 v
bef. 28

Dagdaifea L AG+35+eaadl Bafi~aoTop G410 daeee

2. NoaTel yrpdo ecacaapued iTi1aioTa

3. Oaé éaé 1Tialo adaao TTeTxeoacuinl, fardaaeyal fooaeée
Oeéoeaite 0afToa&aeaTiTé 1adad0cée 43ad0.

4. 16¢ieTaal Oeéoeaiop aacéo (befi. 28).

5. 1T03436ya1 adee+eio 0aaéoeé OLEOLATTE Aagée:

O0aé éaé faadocéa fiei1aode+ia Va' = Vaf = w/2 = (1/72) (PI/4)(1/2) =
PI2/16

6. 1T04836yal aaée+eid TTrada+imé fieel a na+aiee, ToToTaytial +adag
oT+€6 A: Q8 = Vi = PI?/16;

7. 1T0aaaeyal aace+efod ecdcdapuaddt i1Tiaioa a fa+aiee, TéToTayual
808 OT+86 N 1€ = —VA(I72) + (W/2)(PI/A)(W/2)(W/3)(/2) = — (PR/32) +
(PR/96) =
= — PI*/48

8. T1d444éyai Tadaiavaiey Qg @ oy Qs = QFf/El = PIZ/16El; 6y = ME/El =
= —PI3/48E|



166138 3. A&y TarTioTedolé aaeée, TaddoxafiTé T0a8aéaiiné
éeoll ToTa fadaaeid ToTéada € 06dré TTardioa

Va =ql/2 Vb =ql/2
) q |
1 y1 v B
9y
S
4 z

pe. 29
D&oaied L Al+40+eaadi Bafi+a0TOp fi0AT6 Aagee
2. NoaTeT yipao ecaeaaptied iTiATOTA
3. 0aé edé ITIATO VABYAORY TTETme0ABIT0N, TATGAAeyAT fosasse
OLEOLATTE SANTOAAABATITE T4300cee 243D

i 0.
4. Toeieiadl 6eéoeaiop aaeeo Al oéf.
5. 1T8343éyail aaee+eié Triof .

1703436yal  TeéTuaal w efoaddedtaaiedl odaaiaiey ecdedapuied
iTiaiota: M = (gl /72)x — qx?/2;

1

w = 0[(dl Z2)x — qx?/2]dx = qlI*/4 — ql*/6 = qI*/12, O0Ta4a Va' = Vi =
ql*/24.

0

6. T138436ya1 TTTa0a+T10p fieeo a fid+aiee, TOTOTAYUAT +adac OT+E0 A
QfA = —VAf = - C]|3/ 4
7. Tro4a36Val 44ee+ei0 ecAcdapUadaT 1Tiaioa a fataiee, ToToTaylal
+804¢ OT+60 N 6eeoealTé aaeee (Pef. 7.30): M = — (1/2)Vahit+ (W/2)(1/2 — Xo);
faéaal é1104aeiand 6aioda oyxafioe xc = Sy/F [fil. 6TO10€6 (2.4)].
A Tagdi féo+ad F = w /2 = qI* /724, a



172 172

~

Sy = 0(Idx)x = 0[(ql/2)x — gx2/2]x dx = ql*/48 — gl*/128 = 5ql*/384,
oTaaa
0 0
Xc = 5q1/384: ql*/24 = 51/16, iéaaTaaoacuit
ME = — (qI° /724)(1/2) + (qI*/24)(1/2 — 51/16) = ql*/48 + 3q1*/384 = 5ql*/384.
8. T138486ya1 04Té TTATOTOA Qa & ToTae4 Oy
Qa = QA/El = — qI*/24El; y. = — 5qI*384El.
Ec 10638331100 T0T1a0Ta 4RAlT, +OT éTia+itd 0acoéioaol dafi+aoTa
fi ]

iTATA3ap0 i TOAROATE CAAd-, OAGATTOS GATAA TAOTATI TAVTAOAANOAATITAT
21023080TAATEY 46O0AGATORABITTAT OBAATATEY ECTATOOTE THhe.

Ec T861a0a (3) AGAlT, ~OT A(:efeATed TETUAAAE YIDd EcAeAApUSS
ITIAT0Ta & &TT6a81a0 &6 OATOOTA Oy®Afi0e eTOAA0RSTAATRAT AAYCAIT f
TI58486ATT0TE AETRITAOYIE, TTYOTIO A T03B08-ANEe5 Baf+20a0 108 AETRITI
faAdomaTee 4aETé MOSTYO 'dafieTarins” yipsa. Toe yOTI ATA+aBA AOSTYO
JIp0 TO eamaTé ec ATAcied fes, TORETEATIOD & 43683, 4 TOadéuiTioe, a
TTOTI AATAyO &0 ARA ATAROA Ta ThU yrIpdl. OTAZa TOEOTALORy e1&0U AAET
OTEUET i TETUAAYIE & eTToaeTadale yibd, ETOTS0A TORARAATA A OAABEDA 2

Oaasesa 2
(6314 T12a06zAaiey Vipsa 1 TeTUAAT W ET10481204 6

hW bh/2 b/3

ERREIR, n W bh/3 b/4
. W[ bh/4 b/5

h
k 7 liin 2bh/3 b/2

I
1




IOTOTAY0&ET +404c OT+e0 N, & ToT4e4 fa+aiey, TOTOTAYOA&AT +adac OT+80 A
(P&fi.31)
q =20 kH/m M=20
g
A4 rvrvaoag 1118 C
|
o
P=15kH
2M Iwm
be.31
Dawgdaifea L AG+35+0aaal dai~a0T6p i0A160 dacee (Defi. 31)
2. No&Tel yrpdl ecdedapuied iTiaioTa TO éaxaTé ec fieé, ToeéTeaiilo
& 43883 (Defi. 32, 4), A TOARBUTTAOS (Pef. 32, & 4, &).
q =20 xH/m M = 20 kHm q =20 kH/m
A B c A
| % |
'y
P=15 KH\ - . Zm
2M Im ‘ }
W
| 40 kHu |
Y M =20 kHwm
g I -
P=15kH |
2M ‘ L
} 20 xHwm
30 kHm |
\
\
|
\
|
bef. 32
3. NaTael ARd oO6e yipdd fa ThU Aaéée (Pef. 33). Ta yipdad
ITETeEOACUTOTE clazafeyié 1TiAloTa fi0daéée OeéoeaiTé dafTdaadeaiineé
1a300cée Tardaacyal aaasd, a fa yrpdd i Todeovaoaeuidie ciazafeyie
1Ti4107a — aiéc



q = 20 kH/m M = 20 kHm
yEZiRRA 111y B <—lc

L

!
| ]5KH‘

befi. 33
5 I|6aaaeya| adee+eio |||6|uo daaéoeé OeEoOealTé dacée:
S‘IN =0 = Mif + w3(5/2) — wy(7/3) — wy(372), eée
=+ (1/2)-30- 2. (7/3) — (1/3)x40-2- (5/2) + 20-3-(3/2) » 93,33 éli?;

SY = —Vc + Wy + Wy — W, eée VN 20-3 + (1/2) 302 — (1/3)40 2 » 63,3
eli?
6. 1T04486Va1 adee+eio TTrada+iTé feél A fa+aiee OBORATTE 4aeee,
|6’|‘“'|‘éyu°‘| +804¢ OT+80 N, & ecacaapuieé iTiaio Mo,
Qf = = 63,3 817% M = Mc" + 20-1x0,5 — VX1 = 93,3 + 10 — 63,3 = 40,0 éli*.
7. 1104 éé"yal QN e 0 afnee aaééa e(;a|0|aea|a ec aadoaaca T 30, ¢
ETOTOTAT THaaTé 1T1a10 efadoee TOITAeoacllT TaéodacliTé Tie | = 7080 A1“.

Qi = QF /EI = 63,3/(2140%708010°¢) = 0,0044 334 = 0,25°,
ye = M ZEI = 40/(2+10%7080+10%) = 0,0028 i = 2,8 ii.



M=30xHm
Vi g=20xH/m | P=30kH 7 v,
Al vy ¢ v ¢ ‘v L Y ¢ ¢
C D B
7
<—
Im Im Im
bef. 34
17474000 €4a40a0iTa TT1408+iTa fa+dfed ec &4404aa, TTelcoyl
6fiETaeaT TOT=1TAO@ TT ITOlaélial favdyeadieyie (R = 9 I'1a) € TTModTeod
ecTaio00p Tl 4acée fi TTITUUp TaoTaa Ta+aéluild TadaiaodTa. 1Téaaaceol
a8y yoTar 0ael TTaToToa fd-dieé, ToTOTayued +adde TITo(, e ToT&ead
fa+aiéé, T6ToTayued +adac oT+ée N e D.
bawgaieéead L N-eoday Trioild daacoee Troaaacaiitie, nodTel
"yTpd0 écdédapuied 1Tiaiota (béf. 35)
Z:30KH q:20KH/M %:407([{
' g=20xkH/m | P=30xH =~ __ A
Av“‘vavC #vvva
e M=30xHu | P
B
I m Im Im
30 Onropa Q
|
} 20 L
| Onropa M 30 40
} (6 kHm) 20
| @®
0 0

béf. 35



Ioeid-ared A7 4ido 'l'i‘ﬁéé’éid/)iléﬁ ga‘réa‘r—'a‘rﬁ‘ AATTAOTYOAEUTT
T104446604 TITAIOA4 ddaéoeé e 1Thodieoa yipai Q el
2. 114488341 TTTada+1Ta fia+aied aaeeée, TTelcoyil OfeTaedl ToT+iThoe
IT iTOTaUT0T Tardyxaieyi:
S = T /W £ R, TOfpaa W = 1

ax /R = 30-107° /9 = 0,003333 1° = 3333 fii’,
i

m.
36 A8 4BV SAAADAOTTAT fa=ATey W = &° /6 [fi. 0151686 (6.6)], OT

3. 1734aaéyai Taod éu°|’éy éae e

3.1 170343éyal aaeé+eid TNAATAT 1Tialoa eéfadoeé na-afey Aaacée
TOTTACOAGUTT TaéodagliTeé Tie:

Ix = a* /12 = 27* /12 = 44286,75 ii1* = 44286,75 10°14.

32 T104486Va1 *af0&TAOU aaéée (Aus= 1 10* TTa):
= 44286,75x1078x10*10° » 4429 &li2
3.3. Iéeié‘laél fa+aéT éTroaéiao &gy Tl'ééaééél’éy '|'56°‘|éuél’éé e

TOTATAeT TTTada+10a fia+afey Ta éaxaTi 0-afioéa dacée (Defi

Ly
Vat g=20 xH/m P=30xt1 - 3?fle Vb
- Ty v
y 1 v I ! I ! l I l P ! B X
SiRRIRRIE
Pz - 27
. Im _ Iwm Im _|
X1 - -
bef. 36

fd+afey
E|y1 = E|yo + E|qu1 + VA(X13/6) — Q(X14/24) (é.)
0aé éaé & TIToa ToT4ea 0, = 0, TTxa1 carefiaod, +OT Elya(16€ x,=0) = 0 = Elyo.
35 caren(aaal Tatauadiita o0daafaiea ecTaiooré Thé aey 0daoluadar
fia+atey:
Elys = Elgoxs + Va(Xs®/6) — q(x3*/24) — P(xs — 1)3/6 + M(x3 — 2)°/2 + q (X3 —

— 1)4/24 — q (xs — 2)*/24. (b)

~

036 éaé ToTaea ys = 0, TTaf0A4eT A TTE0+aiin



Elys = 0 = Elge3 + 55, Tofipaa Elge¢ = =55, a Elge = —18,33 172, 0Taaa
Qo = a = —18,33 / El = —18,33 /4429 = 0,0041 6aa = 0,2373°

3.6. TT0a486ya1 ToT4e4 O TTaf0aaeyail aey yoOTaT a 6daaiaied (a) x, =
1
Ely, = —18,33-1 + 30(1/6) — 20(1/24) = —14,17 &éI?
Oy = —14,47/4429 = — 0,003198 1 = -0,32 fil.

3.7. T108436ya1 107404 Op. CaTefiadal TATavAaf|
Tiie 46y AOTOTaT fa+aiey e TTafioadeéyai a 1aam o, = 21:
Ely,= Elgex; +Va(X2*/6) — q(x2*/24) + q(x. — 1)*/24 — P(x; — 1)*/6;

Ely, (188 x=2 1) = —14,17 &1i% 0p = —14,17/4429 = — 0,003198 i = 0,32 fii .

3.8. I|6aaaeya| 0aTé TTaTdTo0a (. Qalenuéa° aey yoTar Tatauaiita
00aafaiea ecTaiooTé Tie &éy O0A0UAaT fiaraiey e TTandoadeyal a 1aar 0s =
31

Elgs = ElgotVa(xs2/6)—q(xs*/6) + q(Xs — 1)°/6 — P(Xs—1)2/2+M(xz — 2)—q(Xs — 2)*/6;
Algs (188 85 = 3 1) = 20 6172 qs = 20/4429 = 0,0045 334 = 0,258".

AN AN

3.9. 1T TTe0+aiT01 4aifl ROSTET e¢Taioo0p Tl aagée (Peéf. 37).

i
4 M=30xHwm
A q=20xH/m | P=30xkH " AV
777777777 T v v vy
A l v l l Y ’ 1 I l Y vy v B £
C Tj i DA i
7 - 7777}_
B Im
04

béf. 37



M=10xHm M=30xHwm

Ma
— < P=40xH
| q=30xH/m {
T ? ? ? I ? T ? T
Va -~ ——
1 m 1w 1w
Oniopa Q } 40
(6 kH) | P
\ \
© - |
20 ‘ o |
20 ‘ - Oniopa M |
10 }  (exHm) |
@ ‘ | T T ‘5 !0
34/ W
25 1
bef. 38

{74 fi8+A1e4 4a8ee, TTUCOVAU GRETAAT TOT-TTHOS
&y [fii. 6131086 (6.5)];
W = Muax /R = 25407 /9 = 0,0028 1~ = 2800 fii°.

= 30W /0,1 = 3028000 = 30,4 fiT » 30f1.
3. T108446y41 140414 V 43668

3.1. TTo4446yai aaé
f4608a8UTTé The;

| = pd*/64 = 3,14x30°/64 = 39740,63 fii* » 39741x10°8 1.

\\\\\\

M-

El = 10"%10%39741x10°8 » 3974 éli2



3.3. Tdeieiaal Ta+aéT E€TToaefad a caadcéa aacée, 0Oaé éaé ifa+aéuida
1ada1aodl ga = o = 0 & 0a = 0o = 0 &, NEAATAA0ALUTT, Troadacyou &6 fa faar.
15TaT4e1 Ta éaxaTl 6+aioéd aaeéé Tirada+ita fa+aiea (bef. 39)

Y
Ma M=10kHm  M=30xHwm
— — —-— P=40xH
q=30xH/m
) B C D X
- W T 111
Va
» Im | Im | Im
X1
X2
X3
bef. 39
3.4. Caleﬁﬂé adl TaTtauaiita odaaiaiey ecTaiooTé The aaeée aey
TAOATAT fid+aiey & TTanoaaeyai a ’é6 X1 =11
E|y1 = MA(X12/2) — VA(X13/6) E|q VA(X12/2)

Eioa (78¢ 6 = 1 1) = 6,67 él1? T”"a éA = 6,67/3974 = 0,0017 1 = 0,17 fi1;

Alga (78€ x,= 1 1) = 10 éli?% oTa4a ga = 10/3974 = 0,0025 daa = 0,14°.

T iiTa Odaadiaied ecraiooié Tie Aaacée aey
éc‘)'l‘élal fid+afey e TTafoadeyal a 1aar

oo
01
»O
.=
CD
=
c
‘
.
su
<)
o)
c
/930

aal X2 = 21
E|y2 = MAX22 /2 — Va X23 /6 + ‘l(Xz — )2 (Xz — 1)4/24
Elyy (18& X2 = 2 1) = 19,58 &11° 07443 6 = 19 58/3974 = 0,0049 i
3.6. Cé‘l‘éﬁﬂéaal TaTavaiioa odaaiaiey ecraioorné Tﬁé 43668 agy
0JaoUAAT Na+aiey e ||anoaaeya| aitedd;=3T1.
E|y3 = MAX32 /2 — VAX33/6 + |1(X3 — 1)2/2 + Q(Xg — 1)4/24 Mz(Xg - 2)2/2
E|C{3 = lAX3 — VaXs 2f2 + 1 (X3 — 1) + Q(Xg — 1)3/6 — Mz(Xg — 2)
Elyp (npu 83=3 1) = 2 é 113 0OTd3a 0 = 25/3974 = 0,0063 T = 0,63 fii;
Elgp (10€ X3 = 3 1 ) = OTada gp = 0 daa = °.
3.7. TT T1é0 él’l’a‘l aan’n’m AOAT:

\\\\\\



Ma M=10xHu M=30xHw

E —— . P=dOxH
A B C
| A [ I W W}
R
q=30xH/m
b (S L —
\ Vo
VB ye RN




P=20xH
M= 3 OxHm

P w u OKH/M

////é“%

Im

Puc. 41
106180 7. Aéy casaiité aacée (Pef. 41) TTHOSTEOl yTpdld TTrada+iao
figéé e ecdedapued I1TIATOTa, TTaTadaol addoaadTata Tirada+iTa fd+aiea,
afiee dafi+&oiTa iTToTOeAcaTed R = 160 1Ta. TTROdTEOU ecTAT000p Thl aaéée,
TTeUcOyAl TAOTATI Ta+aeuitd TadaidodTa. Aey yoTaT Trddadeeou: o6&ed
TTAT0T0Ta A € (s ToTaead oc e op.
D &g aieéa 1 Nootei yipdd TTrada+itd fieé e ecaeaapried

P20kl Ve=7.5xkH
‘ 27.6xkH| Ux 1 M=30xHm
! Li l q=30xH/m
AN 1 L
Im Im Im
| 27,5
\-J_ 7.5
[ im\,
; | 3L041 79
| 275 I 30
| I
\ | I
pef. 42

2. T1144e8aa1 4a003adTaTta TT1ada+iTa fa+-afeéd aaeeée, TTélgoyil
1 1

6féTaeal ToT+ithoe 1T i faroyzdieyi:
S = Mux /W < R, TOfipda W = Mmax/ = 31,04x107°/160 = 1940x10" 1° = 194 fAi°.
¢ ATNO 8239-89 a0aedadi 4400aa8 T 20a fi Wy = 203 fiis,
3. T138436ya1 Tadaiavaiey éaeéé



3.1. Ec ATNO 8239-89 a0refi0aadi &éy 4a00aada 1 20a ls = 2030 fi*
3.2. T1oa44eyai aeaﬁc‘)é AO0 43688 (Erace = 2¥10° &T4):
El = 2x108x2030x10—8 = 4060 &

N ~~\YN )0 N\ —~

. Toeieiadl 1a+aél

\Y _ rd
P=20xH Ve=7 5kH —
—~
q=30xHm _k q:=80kH/m
Va=275kH ——
X
A C Y Yy Y Yyvy D i
B A A T
i 2 e
Im Im ~ ~_ Im
X1 ™~
~
ToTaT4el é”‘éaelac‘)lué The +404c OT+60 A & TTTada+10& Na+aiey fa eaxaTi
0+afioéa aaeée Oéaoaleui'b 0afToaaaeaiiop 1addocéd ToTaTéxaal aT éTioa
aaeée, '|'6Tc‘)éé|||e|ae||b fatagd ETT04eTa0, & 0dadiTaaweaadl aa OaéTé xa
12800CETE, ToeETRATITE ﬁl’é(;é 43300 Ta odaolail 6+anoéa.
3.4. TT04486Va1 adée+eid Ta+aeéiild Tadaiaodta. Aéy yOTaT careilaadi
TaTavuaii0a 6oaafaiey ToTae4Ta 46y TAadaTaT & A0TOTAT Na+aieé.

Ely; = Elyo + Elgox; + Vax*/6;
Ely, = Elyo + Elgoxs + Vax’/6 — P(Xz - 1)3/ q(x. — 1)°/120.

T+33041T, 0T 18T4ea0 & OT+éad A & A 40460 6aaia ioep. TiyoTio
TTanoadel a TadaTa 6daaiaiea x; = 0, a 4T a0T6Ta — x; = 2 1.
Elys (7€ x;= 0) = 0 = Elyo; Elya (7de X, = 2 1) = Elge2 + 33,08 eée

é112 0Tdaa o = qa = — 165474060 = — 0,0041 daa = 0,235°.

3.5. I|6aaaeya| 6a1é T1Taro10a Ja. Nlnoaaeyal aey yoTar oOdaaiafea
04ETa TTATOTOTA 48y AOTOTAT Na+aiey e TTafoadéyal a 1aat 6, = 2 1
E|C{2 = E|qO + VAX22/2 — D(Xz — 1)2/2 — Q(Xz — 1)4/120
Elgs (T8 X2 = 2 1) = 27,21 172 0Ta4a oa = 27,21/4060 = 0,0067 daa = 0,384°.

3.6. TT04486yal ToTAe4 O 1Tan0A46yal fi yoTé o&ip x, = 1 1 &
00aadiaiea ToTae4Ta aeéy TadaTaT na-aiey;
Elyc (18¢ x; = 1 1) = — 11,96 &11° 0Td4a 6c = — 11,96/4060= — 0,0029 i =
= — 0,29 fii

3.7. T'raéaééyé‘n 87484 0. Nifioaae

O ~wo~ ~O 0 ~

0daoUAAT fa+aiey e TTafoaaeyail a
Elys = ElgoXs + Vax3®/6 — P(xs — 1)*/6 — q(Xs — 1)5/120 + Ve(x3 — 2)*/24 + q(x3 —
— 2)*/24 +q(xs — 2)°/120; A6, (108 85=3 1) = 42,21 éli® OTaaa

yp = 42,21/4060 = 0,0104 m = 1,04 cm.



3.8. TT TTé6=ai 101 4aifl AoodTel &cia

1 ecTaiooop Thu aaéée (be..44).
10éid+aiéad: ar 4ndé cada-ad, ddediino i 1TITOlUp T4A0T4a Fa+aéiiao
1304140074, 10 [iThoadédiee TATAUAITO0 0dadidieé ecTaiooré The
enrTélictaaéenti 6T1oioéa (6) e (7).

iy - _—
P=20xl ppe7 sk~ -
=30 xH/m } g1 =oU Kit/m
va=2751H | ¢ A
X
A ¢ Al l vy (P -—
B A A A A
/ e
Im Im : ~L . Iv
- e ,‘_ -
~—
| 68\ Vb
JQA e 7
~.
| - Y \
\



AN NE
Y T
b :
f 3
S
L f (|
n k j R
b a
befi. 45
168140 8. T6Tad0e0l 2ANOETAOU Aaga 63a080TAA), anée 18744 A
IETRETROE, ToTOTaylidé +adac Tiie AaETa 4 1ai0a 6foaiTaée ganoadie ia
aTemal T03a00a00 [y] = 01 11. Aeaia08 4asa d = 32 11, affoTyiea 1o
I0AATAT TTageTieéa 4T ganoadié a = 110 11, a TO €AATAT TTagerieéa at
@afioadie-b = 80 11. DadeaéliTa aaagarea S = 4 él (bed. 45).
bagafea 1 ldefeiadl dai-aoiop fGa16 aaéa (Pen.4e), éTorToay
40830 Toaanoaaeyol ATaTé AaaooTITofop 4acéd i ToeéTeaiité & iaé
ATdaaToT+-aiiTé feeTé S.
S=4xH
Y Va=232xH Ve=1.68xH
bef.46
2. Trd4386yal adee+eio TITOTO0 0daeoeé, fOOTeT YIpds ecacdapled
ITIA10Ta & Taddoxzadl aé 0eéoealop aaeéo (ben. 47).



Y S=4xH

L)
Y 7 -
) Va=232xH Ve=1,68«H
b a

VBf

Mmax:0,187KHM ‘

¢

i
|
xc=(a+1)/3

beéf. 47

\\\\\\

SMg = — V(b + @) + wxe = 0, féaaraaoaeuiT, Vaf = w(a + 1)/3(b + a) =

= 05Mux(b + @)@ + 1) / 3(b + a) = 0,50187(011 + 0,19) / 3 = 0,009 &1 = 9 T.
4. 170333eyal aace+eid OeeoeaiTaTl ecdedapudaT 1Tiaioa a iafoa
SafTTETRATey paf0A6Te (DR, 48).
| v/
b
Mmax = 0,187 xkHwm
l
7
6}
xc=1/3b
befi. 48
Tr = Valb — wxe = 910,08 — (Myax 72)(b2/3) = 0,72 — (L/2)1187+0,08+(1/3)0,08 =

= 052 112
5. 1704adéyai aaee-eio ToTaeaa a iafioa oficaitaée ganoddie 1T
01010664 (7.9): y = I¢ /E|,



343 E— 174060 braa fnoaee, 2404 T4

,\\O,\ N oA

|- TAaaTé 1T1ai0 efadoee TTrada~iTar fa+ é’éy aa éa, 104857x10712 14,
OTA4A Yrar = 052/(2:10104857:02) = 0,000024 1 = 0,024 11,
036 a6 Ynax = 0,024 11 < [0] = 0,1 11, @dAoémioi 4aéa Taanra-dia

138148 9. Aey caaaiité Gaid (Pe. 50)i TTITU

1704 Trodadeeoi 6ate |T“T6Tc‘)a Oa & TOTAe4 Oy AANOETH
dail Toeiyou daaidie EL
q=20xH/m
X3 AN
| ARNEAL
C
In i - X5 |
X2
Y *M:40KHM
? i
I ‘
Im
¥ Va=25kH X
! i 1
7Aﬁ 1
VB=5xH
‘
bef. 50
Dawgaieéad 1 Trodadsydl adée-eio TITOT00 08ac6eé, dacacaadi
dai6 fa fee€Tada o6+anoée, ToTaTael ia éaxaTi O+afioéa TTradaila nazaiey
(Defi.7.51) e aey éaxaTaT ec 10 carefiliaaal 6daafaiey ecdedapued 1TiaioTa
M1:O;O£X1£1\|;M2:—l ——40 0£02£1\|,
Ic=-1T+Vaxa=—40+250;; 0E£ G £17; 1,=0,0£ xs £17;
|5 —VBX5—qX52/2:—56—1062; 0£65£1\|



i \
Im C‘ Im
Im i %
X2
| I .
I I
]ﬂ/l “ VA :]/2 X
X1
¢ | A4 fAl:J 871_1
JAN /
Ve=1/2
pef. 51
2. T'I'éééééYéi 0aTé TTATOTOA Oa 108663405341 a4 OT+éd A 1Tidic
(befi. 52) & Tréaaacyal aadee+eidé TIToi(0 0aaéoeé. A OTé
TTNEAATAA0ABUTTOS, +OT Ta 44éN0A04E1TTé daid, TOTATAeT TTTadas
fa+aiey e carefitiaaal odaaiaiey ecdedapuied iTiaiora
- P=1
|
Im C‘ Im
Im o X5
X2
|
T
? Im | 1
X Va=1/2 ve=1/2 |
L A B |

pef. 52
Mol = —1, ‘loz = —1, ‘|03 = =1+ X3 /2, ‘|O4 =0 ‘loe = —Xs /2.
EiA%T fEAA0pUISA GOAATATEY:
M=00EBELT, M ==L M,=—40,0E£E£1T; 1°=-



~

-—40+256;O£6£1‘|;‘I°3:—1+x/2"l4:0'O£6£I‘|; 1°, = 0;
‘|5— —56—1062 0£6£1\ °s= —x/2.
AG&IT, +OT TO0& Tro4aacaieé 6asa TTAT Tc‘)a Ja |6|n0||e60bony 0de
1044 o1

i
eT0830aéa 1703, Oaé €aé fa TadaTi & +A404400TiI 0+afioéad ToTecadaadiey
11°=0.

1 1 1

Oa = (1/E|)[(\) MzMode + (\) M3MO3dX + (\)M5MO5dX] =
0 0

0

1 1 1

= (L/EN[O(=40)(=1)dx + 0(—40+25x)(=1+x/2)dx + §(=5x—-10x?)(—x/2)dx] =

= (I/EI)(40x + 40X — 25x2/2 — 20x2/2 + 12,5x% /3 + 2,5x3 /3 + 5x* /4)0 =

= 63,75/El.

a = 63.75/El. N )

3 I|6aaaeya| |6|aea oN I6eeeaauaaa é c‘)'l‘ éa N figéé b = 1 (Déf. 7.52)
'| ) X

\\\\\\

fa &aénoaeocaeuité oaia, TaTarael |||a6é +afey e carefdaaadl
60aadiaiey ecdgaapued iTiarota.
Mo_0| _Ol X3/2; o4:O;M°5:X5/2.
Ei&ai neaaobuea oéaél’é %
M=0,0£0E£1L1 =0, 1,=—40;0£06 £17; 1°=0;
1; = —40 + 2506; 0£o£| 1% =x/2,1,=00£06£11;, 1% =0
Ms = 56 — 1064 0 £ 0 £11; 1% = —x/2.

AGAIT, +OT 1o ||6aaaéé’1|’ee ToTaeda 0; '|'6’|‘ﬁé‘|‘|é66|oc‘)ﬁy aaa ei

o]
IT0a, 0Oaé éaé ia TadaTi, A0TOTI & +a04aadoTi 6+afoéad TdTécaaaarey
0.

aagaea
i

1 1

ye = (I/EN[ MsM%dx + 0MsM%salx] =
0

1 1

= (I/EN[O(=40 + 25x)(x/2)dx + (=5x — 10x3)(x/2)] =

= (I/EI)(=20x2/2 + 125x° /3 — 2,5x° /3 — 5x* /4)O = —7,92/El.

ye = —7,92 /El.



138140 10. Agy caaaiiTé daid (Peéfi. 53) A TTiTUlp Ta0Taa laéhadesa—
IT0a Tr0dadeedl OaTé TTAToTOA (g € AToecTioaéuiTa Tadaitauadiea oc
EANOETAOU ETETIT € dedacaé dail Téeiyolu daaiTé El.
q=20xH/m
4 vy $ Yvvy
ﬁ Im Im
Im
P=30xH
c| 1
M=10xHwm Im
—— M
B 1
e
bef. 53
Dawgaieéad 1 Trodadsydl a&ée+ei6 TITOT00 08ac6eé, dacacaadi
dald fa feeTada o6+afoée, ToTATael ia éaxaTi O-afioéa TTrTada+ila fa+aies
(Defi. 54) e aey éaxmaTaT éc 1e0 carefilaaal 6daaiaied écdedapued 1TiaioTA.

—Ma+Vax; = =70 + 20x; 0 £ X, £ 1 1;

MZ:—‘|A+VA(X2 +1)—QX22/2 =50 + 20X2—10X22; OEX ELT;
|3:—‘|:—10;0£X3£1\|;‘|4:—‘|:—1O;O£X4£1\|;

Ms = —1 — BGs = —10 — 3065 05 £ x5 £ 1 1.



Va=20xH

Ma=70xHw q4=20xkH/m
N Ha=30111 |
. YYUVY vyy
N Im Im
N X1 X2 Im i
— - X5
P=30xH
1 -
C
—
M=10xHwm Im
— 2m X4
B ! !
X |
. | —
ben.54

)
=
@D

=\ Qo
QO
b}
(@Z
Q_)o
. @
R =
-
Qo
-S'D/
|
(@%
-)

\\\\\\

j/MAJ ‘
i
kS A Im Im
- . Xs
| !
C i
o —
M=1 Im
— 2u X4
B ! !
X3 |
l |~ —
pefl. 55
‘lol = —1, ‘|02: —1, ‘|°3 = —1, MO4: - I, M°s = —
E1431 féaaopuea odaaiaiey

- O~

My = —70+200; 0 £ x £ 1

- M°, = =1 T,= —50+206-106% 0 £ 8 £ 1i; 1°= -1



~ ~ ~ -~ 0~

10, 0£0 £, I°¢==L 1,==-10;0 £ x £ 11, 1°4 = -
—10 —C06; 0 £06 £11; 1% = 1.

1 1 1 1

|
w
]

=
ol
I

o)
w
I

(1/EI)[0M1M°1dX + szMode + ngMong + 0M4M04dX + 0M5M05dX] =
0 0 0

1 1 1

(L/EN[0(=70+20x) (1) dx+)(=50+20x—10x?)(—L)dx+)(—10) (—1)dx+0(=10)(~1)dx +
+ (=10 — 30x)(=1)dx] =

1

(1/E)(70x — 25x% /2 + 50x — 20x? /2 + 10x® /3 + 10x + 10x + 10x + 30x? /2)O

0

163,33/E|, 67484 qs = 163,33/, -
4, I'|'6é’1éé§yé‘| é’l‘éég’l‘l’(‘)ééﬂl"l‘é |a6 Téu |"é i I6eeeaauaaa| a8y yorar a

\\\\\\

N~ P ~N N A

OTé ®a TTHEdaTaaoacuiTioe, +ol |a aéénoaeoaeune daia, |6|a|ae|

[o] 7~ O ~ 0 0 -~ N AN O AN~

TTTada+10a fa~afey e carefiiaadl 6daaiaiey ecdedapued 1TiaioTa.

/ Ma=1
Ha=1
7 o i
14 Im Im
N X1 X2 v i
- - X5
' P=1
C
T
Im
2m A
B ! !
X3

béf. 56



=5 1%=151%=0 1%=0 1% = —x;
T84T REAA6DUISA 6OAATATEY:
M = =70 + 208: 0 £ x;£ 1 1; M%= —1: T, = =50 + 200 — 106% 0 £x.£ 1 1: 1% = —
1
‘|3:—10;0£63£1\|;‘|3:
Ms= —10 — C05: 0 £ Xs £ 1 T:
T

~

0: I,==100 0 £ x4 £1i: 1%=0:

| 5 = —0.
AealT, +OT Tde ‘daadeaiee radaiauvaiey Oc TOTAOT1ed0pofiy OTEUET
08¢ efoadddaca I1T0a, Oaé 6Eaé fa oddoual e =+a0aadoTi O-+afioéad

ToTecAdadiey 1+1° = 0.
1 1 1

Xc = (1/E|)((\) MlMoldX + (\)MzMode + 0M5M05dX) =
0 0

1 1

(L/ZEN[H(=70 + 20x)(=L)dx + (=50 + 20x — 10x2)(=L)dx + 0(=10 — 30x)(=x)] =

(L/EI)(70x — 20x2 /2 + 50x — 20x2 /2 + 1053 /3 + 30x3 /3)O = 118,33/El.

Xc = 118,33/El.

106180 11 Aéy caaaiité daid (Pef. 57) Trdaadéeolu 6aTé TTardToa aa
féeiddT éTica e aléeglloaeuna Taddiavuiaiea aaddiaé Triol TaoT4aTl
Addaviadeia. AafOETAOU ETETTT( & deaaey dail Toeiyol daaiTé El.

q f3 OxH/m

YYVYY VY VYV VY )

| -

P=20xH

pen. 57

A A ammAX AN XONAN 7

Dadgaieéad 1 Trodadeyai adse+eid



q=30KkH/n ‘ Ve=20xH

2m
Im
1 P=20xH
Im

Va4 :407<H“

MEOKH

bef. 58
2. NooTel oaffieTaiiop yipdo ecaedapried iTiaioTa a ToaaéuitTioe 1o
GaxdTé ec fieé, ToeETRATTN0 & dala (Péf. 59, a, &, 4, ) ¢ TIddadeyal TéTuaae
TTe0+aiiao yrpd (Pef. 59, &) [i1. 0aaeess (2)].
a) 40 VB
40
6)
0) 40 \(DI
40 m\
==
40 777 20 z ®- O
/ (OF
6§ i, 260 o
S ‘ 40—, 60
60
N 60
pef. 59

Wy = (1/2)40:2 = 40 éTi% w, = 402 = 80 &1i% w; = — (L/3)602 = —40

ws = —602 = —120 8112 ws = (1/2)20 = 10 172



3. TT03486ya1 04Té TTATOTOA Te®TaAT 6Tiva dAi0 ga T08eEa4l
yoOTaT a TITda 1Tiaio I = 1 (Péf. 60, a), Troaaaeyai aaée+eild TIToiao
5336086 & MOBTET Yihdo ecacaablied 1TIATOTA (DEfi. 60, A).

a )
) Ve =1/2 ) i
1
2m ‘I‘
Im
Im
| _ J)
7 M=1
Va=1/72
Pefi. 60
1 T0a87a00 T1° T4 yipoad TO &aefe-iTaT VTiaioa (Pef. 6L4)
IE ia 1aa 0aiodTa oyxanoe yrpd écdedapued

e [
iTIATOTA T0 afag . .
a) 40\’3%\ 6)
40 1
—
F ;3
®: Més Més
// (OF
- I -
OJJ l/ ME‘5
40 50 60
pefi. 61

0.
N

ia dedded Todéraoq I% Tiddadeyal ég o0iéraey 1Tata
196 Tiddddédice 1éTuadae yipd w e Tddeiao |

Idéid=aiea:
OJ404TéliTeéT4,

0-eo0aaal eo ciaé
‘|ON1:2/3\|;‘|0N2:1‘|;‘|0N3:3/4\|,‘|N4:1\|,‘|N5:1\|.

E1441 fiédaopuied TéTUAa4e & ToaeTaod:

1% ‘|0N1 =2/3 \l, w, = 40x2 = 80 él'\lz, ‘loﬂz =1 \l,
2 O = 374 1: Wy = =602 = =120 8112 1% =1 1;
&A1 4 OTE1686 (7.21)

N3 =
s =1 1. 1Tanoaa
+ Wal%; + Wal % + ws1%s) =

w; = (1/2)40x2 = 40 éli?
Ws = —(1/3)60%2 = —40 &
Ws = (1/2)204 = 10 &1

ga = (1/E|)(W1‘|ON1 + Wz‘loﬂz



= (1/EN[40(2/3) + 80 x1 — 40(3/4) — 120x1 + 10x1] = — 33,33/El daa.
I|6aaaeya| aléeglloaeuna |a6a|aua|ea 0z aadodiaé TiIToh daid.
Toeeeaa0aadi aéy yoOTAT & OT+64 A fieéd b = 1 (Péfi. 62, a), ||'6ééééya|

adee+eid TIToi00 0daéoee e fodTel yIpdd ecaedapued 1ITiaioTa
(bén.62,4).
% r-1 6,
2m 47
! {” Va=1/2 Iw
Im
Va=1/2
w/7>f Ha=1
befi. 62
Tr0d448ya1 Toaeiaod M% fa y||06° aaeie+iTé feed (bef. 63, &),
Imeo-aiftia Toé ToTaoedTaafee fa iad oa |’c‘)6 oyxafioe yipd ecdedapue
1Ti1aioTa T0 aiagied fieé (Defi. 63, a).
a) 40 |® 6) 2m
40 \m\ Mcs
/’ ‘
o, o, M@
/ oy 2]14 MCz MC4
0| /
~—r T Mecs
40 70 60
pefi. 63
iON1:—4/3 |02——1| ON3——3/2 :—1\|;‘|0N5:—1/3\|
E1aa1 fé aaobuea TETUA&E e Toaeiaol:
W1:40 él\lz, l ——4/3 | W2—80 el\lz, ION2:_1 \l,
W3 = -40 I' 2 ‘l i3 = =-3/2 1 = —120 él'\lz, ‘|0N4 = -1 \l,

Ws = 0 él'\lz, ‘l fis = = -1/3 1.
xg = (IZED(wWiB%; + wol% + wal%s + wyl%4 + wsl%s) =

= (L/EN[-40(4/3) — 80X + 40(3/2) + 120 — 10(1/3)] = 43,33/EI 33,

)
6



108140 12. A&y cazaiité o .
y, 18T0Tay0adl +addc Téaadp TITo6 & 1
Aol ETETTTO e dedaey adai

—)

—
~ m B Im
Im
| :B
befi. 64
Dagéaieéad I Trodadsydil adée+eid TITor00 0dacoeé dain (Def.65,
a), fodTél dafiéTaiiop yrpdd ecdedapued 1TiaioTa a TO&adéuiThoe Tc
éaaeé"’ ec feé, ToeéTxealitd é daia (Ped. 65, &), & Trdaaaeyai TeéTuaae

,,AN 7 m-

wp=20x1 = 20 kHMm?; Wy = 20x1 = 20 kHwm?; wz = — (1/2)15x1 = —7,5 xkH™m?;
Wy = — (1/4)5x1 = — 5/4 xkHwm?;



a)

Va=30xH Onropa om M

‘ q=30xH/m \

/) M=20xHm
A _Z v H ij ! C

777 L. Onmopa

4 Im e Im o om Q

Oniopa om VB
2m

2. T108486ya1 ga Toeéeaanaadi a8y yo
id

1 (Def. 66, ),

egaeaabueo iTiaiora (beéf. 66, &).

a)

M=1

||6aaaeya| adee-el

i

Vp=

15xH

béf. 65

~n

i

V4

Im

2M

ﬂ V=1

I

Im J

béf. 66

1101

\\\\\\

| | 20
T
5 ‘ ////
M4 '
a’ 6aa|e |||6a 6‘ ‘| ‘él’(‘)



T158486V31 Toa87a00 1% 7a yipoa TO Aaefe-iTaT 1TIATOa (Def. 67.4),
TTE6+aii10a Toé ToTacedTaaieé ia faa 0aiodTa oyzaioe yrpd écdedapued
1Ti1aioTa T0 afagied fieé (Def. 67, a)

*0)2 *0)1 Onropa om M
o [T T y
MC?zx {‘ ’MCS
Jiseated T
Dniopa 5 // Mc:
om Q e
15
Oniopa 4 ‘ 03
om Vs
pef. 67
‘|ON1 = O, ‘|ON2 = 0,5 ‘l, ‘|ON3 = 2/3 \l, ‘|ON4 = 4/5 \l
ET1331 féaaopuiea TéTuaae é 1éaefaod:
W; = 20 él\lz, |0N1 = O, Wy = 20 Al\lz; |0N2 = 0,5 ‘l,
W3 = —7,5 él\lz, |0N3 =2/3 \l, Wy = 5/4 él\lz, |0N4 = 4/5 \l,

ga = (I/ E|)(W1‘|ON1 + Wl % + Wal%s + wal % + W5‘|ON5) =

3. TI04346ya1 TOTAGA Oy 100683404341 46y YOTAT 4 OT+84 N fieé6 b = 1
(Pefi. 68, &), Trd4adsyai adse+eid TITOTO0 08386eé & fodTel  yipdo



4, c —
A7 Im | Im . ]M/
|
Va=1 P
N
J

1

bef. 68
Tr0d448ya1 Toaeiaol 1% fa yrpdd oo aaeie+iTat iTiaioa (Péf. 69, &),
TTE6+aii10a Toé ToTavedTaaieé ia faa 0aiodTa oyzaioe yrpd écidedapued
1Ti1aioTa T0 aiagied fieé (Defi. 69, a).
a) Onropa om M 6)
2 * M *
| | 20 0 ME: MCE
0 Cs /T
N In } .
[
Omiopa 5
om Q
Oniopa /) | ©
/ 4
om VB
befi. 69

i —05 | IONZ—_OS ‘IONS—_]-/S \I;‘|ON4:—1/5\|

ET1431 féaaopuiea TéTuaae e Todeiaoq:
,‘lN——05|W2—206|\|2,|0N2:—0,5\|

él'\lz, ‘l i3 = = -1/3 |, Wy = 5/4 él'\lz, ‘|0N4 =-1/51

ga = (WENWiD% + Wal% + Wl % + wal % + wsl%s) =

= (1/EN[-20x0,5 + 7,5:0,5 + 7,5(1/3) + (5/4)(1/5)] = —17,25/EI daa.

=
[
I
~



2
)

1081408 13. Taéoe TOTARA & 6ATE TTATOTOA ETidA Adea A6AAiTé Taddaa-e
462180811 d = 50 i1 (PeA. 70). Daciddl: & = 35 Vi, b = 120 11, fiddaiee
daaeon éTi1e+anéTé wganoadie a4 = 120 ii. 10e aaaTq° radaaa+é ia é"'é
:r_éa"aapoﬁy fedadplied Taddocee: daaéaeuiay R = 20 él1, Tidday Q = 8 él.
1adatatiaiey Troaaaceol T1a0TaTT Ta+aélilo TadaiaodTa.

| 0
7 ‘ [ [
ﬁ K (! (!
\
R
a b
pef. 70

1T044N0aaeyol ATaTé 4aged fa 8

VSN

DAgAaiea LISETIETAAT 0af-A0T6h GAT6 Aasa (Defi. 71).
a n

Rr=20 kH

— ' V4=23.83 kH
|

M=0Q r=0,24 kHwm VB=3,83 kH

a b
pef. 71
2. TI34a3¢yai aaee+eio TIToi00 ddacoeé:
3. Toeieiadl f1a+aéT éTroaeiado fa €aaTi éTioa aaeée, T1oTaTael
TTTada+10a fia~aiey (Péf. 72) e carefilaaal o6daadiaiey TOTACATA aey éaxaTar
&c 186 [il. 6161686 (6)]



by

e | V4=23,83 kH

Rr=20 kH X
| -
- %
M=0,24 xHm V=383 kH
X1
a b
X2
ben. 72

Ely;=Elyo+Elgox;+Mx;>/2—Rx;3/6; Elya(Td€ x,=0)=Elyo+Elgex0,035+0,0000041= O;

E|yB = E|yo + E|qu1 + MX22/2 — RX23/6 — VA(Xz — 1)3_/6

/:\éél”l\,\ +0T Toe X,=a+h, ys=0, OTada Elys(Tdé X,=a+b)=Ely,+0,155Elc—0,0026= 0.
ETaal 43a 6daaiaiéy fi 4ao1y iaécaanoidie:

Elyo + Elge:0,035 + 0,0000041 = 0; (a)

A Elyo + Elge0,155 — 0,0026 = 0. E))
AlG+eoay ec 6dadiaiey () 6daaiaiéa (4), TTeo=el:

—Flge0,12 + 0,00267 = 0, 0TA&a Elge = 0,022 €112
TT4M0a3eT cia+aied Elge = 0,022 132 a 6daaiaied ().

Elyo + Elgex0,155 — 0,0026 = 0; Ely, = — 0,00078 él1i°.
4. Troa486yal Tadaiavaiey 1oe 174084 biaa foaée A = 2«0% éla @

AN 0 -~ O

1 1714104 efadoee TOITfEOAcUTT TaéodasluiTé The | =pd*/32 = 24,07

A

)

fi
1

St wm)

a
4 =
61,33x108 14

o = 0,022/(2x10%61,33+1078) = 0,00018 daa = 0,01040°;
Yo = — 0,00078/(2x10%61,33x107%) = — 0,0000064 i = 0,0064 1.



