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TURKMENISTANYN
DOWLET SENASY

Janym gurban sana, erkana yurdum,
Mert pederlen ruhy bardyr koniilde.
Bitarap, garassyz topragyn nurdur,
Baydagyn belentdir diinyin dniinde.

Gaytalama:

Halkyn guran Baky beyik binasy,
Berkarar dowletim, jigerim-janym.
Baslaryn tiji sen, diller senasy,

Diinyi dursun, sen dur, Tiirkmenistan ym!

Gardasdyr tireler, amandyr iller,
Owal-ahyr birdir bizin ganymyz.
Harasatlar almaz, syndyrmaz siller,
Nesiller dos gerip gorar sanymyz.

Gaytalama:

Halkyn guran Baky beyik binasy,
Berkarar déwletim, jigerim-janym.
Baslaryn tiji sen, diller senasy,

Diinyid dursun, sen dur, Tiirkmenistanym!
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Okuw gollanmasynda yokary okuw mekdeplerinde materiallarvi
gargylygy dersiboyunga mesele cézmegiti usullary gorkezilen. Gollanma ;ki
boliimden ybarat, birinji boliimde nusgawy meselelerin sertleri. ik i bélinmde
bolsa, meselelerin ¢oziiwleri, gorkezmeleri we jogaplary gul'irilv,';ﬁ I’

Kitap tehniki yokary okuw mekdepleri tigin {i-l:-'.riﬂili;llilll okuw
maksatnamasy esasynda tayyarlanyldy. '

¥ Meseleler yygyndysy yas mugallymlar, aspirantlar we talyplar ticin
niyetlenen. |

TDKP 105 KBK 22:374+y73

Asyrow B., Myradow D. © 2009

SOZBASY

TURKMENISTANYN PREZIDENTI
GURBANGULY BERDIMUHAMEDOW:
“Giiycli dowletde ylym esasy orny eyeleyir, diymek,
biz ylmyri iri tize gazananlary bilen ayakdasy
gitmelidiris.”

Tiirkmenistanyti Prezidenti Hormatly Gurbanguly
Berdimuhamedowyni yurdumyzyi jemgyyetgilik — ontimgilik gurlusyny
dowrebaplagdyrmak boyunga iglip diizen syyasy we ykdysady
maksatnamalary Beyik Galkynyslar zamanamyzda tize kémil yasayys
kesbini doretmegi bag maksat edinydn strategiyadyr. Onun esasy siitiinlerinim
biri-de yurdumyzda bilim ulgamyny kémillesdirmége, ytym pudagyny Gsdiirip,
halkara dercjesine gykarmaga goniikdirilen 6zgertmelerdir. Ol halkymyza
ylmy-tehniki progresii ifi sofiky gazananlary bilen ayakdas gidip, dithyi
siwilizasiyasyna sazlagykly gosulyp gitmége miimkincilik beryin yoldur.

Hormatly Prezidentimizifi 5¢gmez-yitmez taglymatlaryny durmusa
ornasdyrmakda tiirkmen talyplaryna halkara derejesinde ylym-bilim bermek
we arassa ahlakly, watan¢ylyk rubunda terbiyelemek m wajyp meselelerin
biri bolup duryar.

Dowletiit ykdysady kuwwatyny pugtalandyrjak we ony has
belentliklere alyp gitjek déwrebap inZener hiindrmenlerini tayyarlamak hem
ayratyn dhmiyete eyedir. Su babatda hakykata akyl yetirmek baradaky
ylymlaryf esasylarynyn biri bolan “Materiallaryn garsylygy” ylmyna uly
orun degislidir. Onun tigin tehniki yokary okuw mekdeplerinin talyplary
“Materiallary garsylygy” dersinifi ¢ylsyrymly hasaplamalarynyn ajayyp
usullaryndan veterlik dercjede bas alyp ¢ykmalydyrlar.

“Materiallaryii garsylygy” umumy tehniki ders bolup, gelejekki
inzenerleri tayyarlamakda tehniki bilimlerin binyady bolup hyzmat edyar.
Galyberse-de, bu kursuii amaly bélegi talyplarda inZenerlik pikirlenménin
5smegine, olaryi dilnyigaraysynyn ginelmegine yokary derejede yardam
beryir.

Talyplar “Materiallaryi garsylygy” kursuny dwrenende, kopleng,
meseleleri cozmekde uly kyngylyklar ¢ekyarler.
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Meseleler yygyndysynyn tiirkmen dilinde tayyarlanylyp. vokary okuw
mekdepleriniii talyplaryna yetirilmegl, yurdumyzda déwrebap inzenergilik
meselelerif ¢ozillmegine yardam beryar. Seyle maksat bilen elinizdiki
yygyndy yurdumyzyi tehniki yokary okuw mekdeplerinde okayan talyplar
iicin niyetlenilip, talyplara materiallaryn garsylygy dersi boyunga meseleleri
cozmegin usullaryny géwnejay 6zlesdirmegi maksat edinyir. Gollanma
awtorlaryii kop yyllaryi dowamynda toplan ylmy-mu gallymeylyk tejribeleri
esasynda tayyarlanyldy. Yygyndynyii kop bilegi aydyn meseleler bolup,
olaryh jogaplary, gorkezmeleri we ¢oziiwleri kitabyn ikinji boleginde
yerlesdirilendir. Seyle hem talyplaryfi igjen pikirlenmegi we 6zbagdak
ozlesdirmegi tigin birndge ¢ylsyrymly meselelerin ¢6ziiwi gollanmada
diisiindirigstz berilyér.

Meseleler yygyndysynyi diiziimine giryin temalar tehniki yokary
okuw mekdepleri iigin tassyklanan okuw maksatnamasyna layyklykda
beyan edildi.

Kitabyi ilkinji gezek tirkmen dilinde tayyarlanyandygy bilen
baglylykda awtorlar kitapda goyberilmegi miimkin bolan kiibir nogsanlyklar
iigin jogapkargiligi 6z listlerinden ayyrmayarlar. Yygyndy boyunga gelip
gowsan bellikler we teklipler onuii geliekki nesirlerinde gz éntinde tutular.
Kitap ¢apa tayyarlananda beren gymmatly maslahatlary Ggin professor
C.Amansihedowa, teksti redaksiya eden dosent S.Giljilkowa we tehniki
taydan yardam eden B.Abdyrahmanowa, S.A.Nyyazow adyndaky TOHU-
-nyii talyplary P.Annayewe, B.Berdiyewe, N.Artykowa, S.Pagsykowa,
AMjyradowa, A Erlekowa awtorlar uly minnetdarlyk bildiryérler.

Awtorlar su kitabyn ¢ykmagyna beren uly kamekleri tigin Y ewropa
Birlesiginiii TASIS-TEMPUS maksatnamasynyr CD_JEP-25064 belgili
“Yewropanyi uniwersitetleri bilen hyzmatdaglykda Tiirkmenistanda oba
hojalyk bilimlerini $sdiirmek” atly taslamasyna 6z minnetdarlygyny bildiryar.

I BAP
SUYNME WE GYSYLMA

1.1 Statiki kesgitlenyiin ulgamlaryi hasaby

i.1.Kese kesigi 16x16 sny’ bolan agag stitin gysylanda dartgynlylygy 1 kN/stry -
-dan kop bolmadyk yagdayynda nage ifi uly yiiki saklap biler?

1.2. P giiyg bilen dartylan (surata
seret) diametri 25 mm bolan
catyda yiize gykyan dartgynlylyk
~2> p |0 kN/sm’. Epenegi diwara
bolan basysy 0,14 kN/sm® -dan
kop bolmadyk yagdayda epenegin
diametrini kesgitlemel.

1.3. Polat zolak tegelek bergin
degsikler bilen gowsadylan we boy
giiyji bilen dartylan (surata seret).
Howply kesikde dartgynlylygyn
orlabahasyny kesgitlemeli.

1.4. 30 a belgili iki tawraly balka
kerpic diwara girizilen (surata seret).
Balka Q=60kN basys giiy¢ bilen
kerpig diwary endigan basyar. Eger

. kerpig Oriimin rugsat edilydn
i dartgynlylygy [o-] =0,09 kN/sm*
' bolsa, balkanyn diwara giryan

uzynlygyny kesgitlemeli. Balkanyit
inini kesgitlenen soridan almaly.

1.4-nji surat
1.5. Uzynlygy birmenizes we ok boyunga tisir edyén birmefizes giiyg bilen
yiiklenen iki simin biri mis, beylekisi bolsa polat materialdan yasalan. Mis
simiit diametri 1mm. Eger iki sim hem defi uzalyan bolsalar, polat simifi diametri
négi den holar?




!.6. ﬁcsc kesigi _l 0x IQ sm:‘ bolan agag diregleriti her biri suratda gérkezilisi
yaly yiklenen. Direglerif hisiyetli kesiklerindaki dartgynlylyklary kesgitlemeli.
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1.6-njy surat

1.7. Kese kesiginifi meydany 10 sm’ bolan polat sterZeniii (surata serct)
hemme béleklerinddki dartgynlylyklary we doly durkuny iiytgetmesi -
kesgitlemeli.

SV KN] 0N | 20 kN

rc— 64 JECRL U, § ) S — 3 ——
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{.7-nji surat

v1.8. Bug magynynyri silindrindékiis basysy q =10 atm; silindrin icki diametri
D=350 mm (surata seret). Eger boltun materialyna rugsat edilyin dartgynlylyk
[o] =4 kN/sn?’ bolsa, gapagy silindre berkitmek {i¢in diametri d 18
bolan niige bolt gerek bolar?

18 mm

M .
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T

1.8-nji surat
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1. 12-nji surat

1.9. Diametri d=15 sm bolan tegelek
kesikli agag AB direg (surata seret) suw
gegirmeyin germewajy agdaryimakdan
saklayar. Diregift materialyna rugsat
edilyin dartgynlylygy 0,2 kN/sm’® diyip
kabul edip, direglerini i uly aralyklaryny
kesgitlemeli.

1.10. Suratda gérkezilisi yaly yiiklenen,
gaty AB balka, A we B direglere agram
salyar. A diregifi materialy-polat, kese
kesigi 10 snv’, B diregii materialy-agag,
kese kesigi 100 s, C sterzen-mis, kese
kesigi 30 sy, Yiikiii asylan nokadynyf
asak stiysmesini kesgitlemeli.

1.11. Gdteriji kranyii AB dartyjysy (surat
seret) 500 mm?’ kese kesikli tros bolup
hyzmat edyir. Trosuil materiatyna rugsat
edilyan dartgynlylyk 4 kN/sm’.
Dartyjynyn berklik gerti boyunga kran
niige yiiki géterip biler?

1.12. Gaty AB sterZen (surata seret)
P giiye bilen yitklenen we diametri 20 mm
bolan tegelek kese kesikli DC polat
¢ekiji bilen saklanyar. In uly rugsat
edilyin giiyji we B nokadyil agak
stiysmesini kesgitlemeli. CD sterZeniii
materialyna rugsat edilyén dartgynlylyk
[o]= 16 kN/smr.
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1.22. Diametri lmm bolan polat sim gorizontal A we B (surata seret)
gozganmayan nokatlaryii arasyna dartylyp ¢ekilen. Simin uzynlygynyii
ortasyna (© nokatda kem-kemden artyan P yiik asylan. Simifi uzalmasy
0,5% bolanda, ol iiziilyar. $u pursatda P yiik, ¢ nokadyii asak siiysmesi
we liziilen pursatynda simiit dartgynlylygy nimi den? Uziitme pursadyna
genli simi durkuny tiytgetmesini mayysgak diyip hasap etmeli.

‘ _2 00 sm

1.22-nji surat

v 1.23. Tekiz nusgada iki tenzometr
oturdylan. A tenzometr nusganyi boy oky
boyunga, B tenzometr bolsa, oka
perpendikulyar yerlesdirilen. Degislilikde,
tenzometrlerm ulaltmagy K, =950, K,=1100.
Tepnzometrleriii bazalary birmeizes:
S,=5,=20 mm:

Basgangakly dsyiin yiiklenmede alnan
gorkezijiler tablisada getirilen. Mayysgaklyk
boy E modulyfi orta bahasyny we kese
durkuny tytgetméniil koeffisiyentini p

‘ (Puassonyfi koeffisiyentini) hasaplamaly.
P

e e
-

)
-

M.ﬂ.
2|

Nusganyii kesiginii meydany A=1sm?.

1.23-nji surat

Y iiklenme Tenzometrier boyunca hasabat
P, kN n,, MM ng, mm
2 45 36
12 14.5 IZ5
5 24 30
32 34,5 255
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1.24. Iginden yandyrylyan dwigatelifi silindrini berkidyiin gpilkanyfi (hyrly
sterzenifl) diametrini saylamaly. Spilkalara giiygler defi yayran diyip hasap
etmeli. Berlen: silindriti icki diametri D=100 mum; silindrifi igindéki gazyn i
uly basysy p=10MPa=1kN/snv’, gpilkalaryii sany n=8, gpilkanyi materialyna
rugsat edilyin dartgynlylyk 6 kN/sny’-¢ def.

ik so-  1.25. Hemiselik géwriimleri bolan

3 a l Ve e sterzenler A dilwne berkidilen. o
| 5

burguii haysy ululygynda diiwne goylan

{ rugsat edilyin gityjiin i uly bahasy
| bolar? SterZeniii materialynyn rugsat
1.25-nji surat edilyén dartgynlylygy [c]den bolanda

giiyjiii ululygyny kesgitlemeli.

4
{

1.26. SterZenlerii materialy we
gyzdyrylyan temperaturasy birmenzes
bolanda we [ burglaryn haysy
gatnagygynda sterzenlerde temperatura
dartgynlylyklary déremeyir? Direg iisti
BC-den A diiwne ¢enli aralyk hemiselik
(h=const).

1.27. A diwiin tekizlikde yuwas
aylanyan ululygy boyunc¢a hemiselik
giiyji kabul edydr. Sterzenlerif
materialynyi massasynyfi minimal
bahasynda o burgun ululygyny
kesgitlemeli. SterZenlerin meydany
birmenzes berklik sertinden kesgit-
lenilyér.

1.27-nji surat
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1.28. Otiiinden gyzdyrylan kigi radiusy r gursaw, radiusy R bolan tigre
pevdirilen. Eger gursawyn kese kesiginii meydany Awe mayysgaklyk moduly
E bolsa, gursaw sowadylandan sofi gursawdaky dartys giiyjiini we
dartgynlylygy kesgitlemeli (tigri gysylmayan diyip hasap etmeli).

B  ,'~ ¢ 1,29, Uytgeyin kesikli dyuralyumin

T 3T zolagyn stiynmesini kesgitlemel
el ) (surata seret). E=0,7-104 kN/sm’
= e diyip kabul etmel.

1.29-njy surat

1.30. Dinamiki koeffisiyenti k =2 bolan birdenké goylan stiyndiiny giycden
polat sterzeniii kese kesiginint meydanyny kesgitlemeli. Ster zenit otnositel
durkuny iiytgetmesi 1/1800-den kop bolmaly dil. Eger sterZenifi
materialynyfi berklik ¢éigi o =42 kN/sm” bolsa, dtiyaclyk koeffisiyentini
kesgitlemeli.
1.31. Cyzgyda hereketi togtady)y
enjamyii shemasy sekillendirilen.
Radiusy R bolan skiwt moment M
aylayar. Skiwi togtadyjy momenti
CK rygaga goylan P giiyjiin
tisirinden skiw bilen AB polat
lentanyii arasynda déreyién stirtiilme
giiyjiini doredydr.M momenti
defiagramlasdyrmak ti¢in gerek
bolan P yiikiin agramyny we C
nokadyf ornuny iiytgetmesini
kesgitlemeli. Lentanyn skiwi gursap
alyan burgy a, lentanyn skiw
boyunga siirtiilme koeflisiyenti {-¢
1.31-nji surat deri . Berlen: M=500Nm; R=0,2 m:
L=5a=1m; a=230° ;¢ =R, ¢,=2R;
£=0,2; lentanyn 11 b=30 mm;
galynlygy h=Imm. KC rycagy
absolyut gaty diyip hasap etmeh.
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LA A ¢
"‘;‘J{{L' TR 1) f" T 1.32. Iki birmeiizes sterzene P giiy¢
\ ., iy | goylan (surataseret). Sterzenli ulgama
\ ; [ ifi az material harg bolar j'alih aralyk
. niahili bolmaly?

1.32-nji surat
1.2 Statiki kesgitlenmeyiin sterzenli ulgamlaryi hasaby

& -

1.33. Iki tarapy jebis berkidilen sterzenin
asaky boleginin meydany 40 sm’-a,
ST yokarky boleginift meydany 10 sm’-a
deir. Sterzeniii asaky we yokarky
boleklerinin dartgynlylyklaryny
l b kesgitlemel.

P iy LN
r.-.'-"i...'ll-.-"" s

1.33-njt surat

1.34. Tros merkezi boleginifi diametri d =>mm bolan mis simden we bu
bolegi gursap alan diametrid, =2,> mm bolan dokuz polat simden ybarat.
Simleri parallel hasap edip, P=5 kN yiik asylanda, trosun simlerinddki
dartgynlylygyny kesgitlemel.

1.35. Kwadrat kese kesikli demirbeton siitiin, siittinin kesiginin 1%-ini tutyan
tegelek kese-kesikli dort polat sterzenler bilen armirlenen. Betona rugsat
edilyiin dartgynlylyk 0,6 kN/snr', polat sterzene rugsat edilyiin dartgynlylyk
12 kN/sm? bolsa, siitiinii taraplary we sterzenif diametri niice bolmaly”
Poladyi mayysgaklyk modulynyn betonyn mayysgaklyk modulyna gatnagygy
10-a deit. Siitiinifi goteryin yiki 1000 kN-a den.
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1.38-njt surat

=5 kN

1.36. Gaty piirs birmenzes kestkh po-
lat sterzenlerin komegi bilen berkidi-
len (surata seret).[o] =16 kN/sm’-a
deni diyip kabul edip, sterZenlerif
kese-kesiginin meydanlaryny
kesgitlemels.

1.37. Gaty AC balka, A nokatda
diwara sarnirli berkidilen we suratda
gorkezilisi yaly, birmetizes kesikh we
birmerizes materialdan bolan ikisim
bilen saklanyar, C nokatda goylan
yiikiifi tésirinden simlerde doreyin
giiycleri kesgitlemeli

1.38. Bir nokatda birmenzes
materialdan {i¢ sterzen sarnirli
berkidilen (surata seret). Kese-
kesiklerinii meydanlary: birinp
sterzeninki 2 s, ikinji sterZzeniiki
3 sm’ we iiciinjinifiki 4 sm® bolsa,
sterzenlerdiki dartgynlylyklary kesgit-
lemeh.

I8

*’ P=100 kN
1.39-njy surat

RN
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1.40-njy surat
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| 1.41-nji surat

1.39. Birmeiizes kese-kesikli polat
sterzenler ulgamynyi C nokadynyn
asak stiysmesini kesgitlemeli (surata
seret). Olceg a=1m, A=5 sm”.

.40. Gaty konstruksiya (gumaw) sarnirl
diregin we iki sterZenifi komeg! bilen
binyatda berkidilen (surata seret). Biriny!
sterzen-polat ([ ] = 16 kN/smr), iKinys
sterzen-coyun ( o] = 10 kN/sm?).
Olaryn kese kuqluinm meydanlary
A =30 sny’ -a, A =30 sm’™-a den. P
'_s,ukun muly bdhasyn},fkﬂsglﬂenmh

1.41. 1ki gaty piirs suratda gorkezilisi
yaly ii¢ sterZen bilen birikdirilen. etk
sterzenleriii materiallary — polat,
yokarky boleginin kese kesiginin
meydany 16 sm’, asaky bélegininki
bolsa 10 sm?, ortaky sterzen-mis,
kese kesiginiii meydany 20 sm’-a
defi. Ortaky sterZenifi yokarky fisti
bilen vokarky piirsiifi arasynda
a=1.25-10"* sm/kN (1 kN yiikde
pruZinifi gokmesi) geyelik koefTistyenti
bolan pruzin goylan. Berlen yik
boyunga piirsleri birikdiryédn
sterzenlerdiaki dartgynlylyklary
kesgitlemelw.
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1.42-nji surat
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1.43-nji surat
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v 1.42. Kwadrat plita birmefizes

materially, birmenizes kese kesikli
we birmenzes uzynlykly
simmetriya boyunea verlesen dort
stittinde saklanyar (surata seret).
Siitiinlerdiki gliyelerin ululyeyny
kesgitlemel.

1.43. Suratda gorkezilisi yaly,
polat bolt mis turbanyi icinden
gecirilen. Bolturi hyrynyn ddimi

I
3 mm. Gaykany A aylaw

¢ekdireninde boltda we turbada
nihih dartgynlylyklar déreyir?

1.44. Suratda gorkezilen sterZzenii
yokarsy gaty berkidilen.
Y liklenma genli sterZenin asaky
gyrasy bilen diregin arasyndaky

bosluk A=0,05 mm. Sterzenini
yokarky boleginiii materialy —
nus, onufi kese kesiginin meydany
150 sm®, asaky bélegi polat,
kese-kesiginiit meydany 50 sn.
Sterzen P=200 kN giiye bilen
yiiklenende, onuil yokarky we
asaky boleklerinddki dartgyn-
lylyklary kesgitlemeli.

FEz, {rf ffffffﬂ%?fﬁfﬂfﬁf{#  d

bl

—i ]

1. 45-nji surat

1.45. Gatybalka (surata seret)
kese kesiginin meydanlary
400 sm* bolan {i¢ siitiinif
tistiinde yerlesyir. Balka bilen
ortaky siitiinin arasyndaky
bosluk A = 1,5 mm-¢ den.
Siitiinm materialy — beton,
mayysgaklyk moduly
E=1400kN/sm’. Siitiinlerde
doreyin dartgynlylyklary
kesgitlemel.

1.46. Sterzen we ony gursap alan turba bir wagtda P giiy¢ bilen dartylyar.
Sterzen we turba diirli-diirh materiallardan we olaryn uzynlyklary ée den,
kese kesiklerinii meydany bolsa, degishilikde. A, we A den. Mayysgaklyk
modullary E we E, Yiiklenmeden son bu dartgynlylyklaryn gatnagygy m
bolar yaly, sterzende we turbada niihili deslapky dartgynlylyklary G ' we

o , oyandyrmaly.

1.47-nji surat
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1.47. A diwiin wertikal
boyunca A= 0,05 sm
siysydn  bolsa, iig
sterzenli ditlwne goylan
giiyjiin ululygyny we
ugruny tapmaly.
E=2-10"kN/sm3-a deil
diyip kabul etmeli.




1.48. Gaty piirs: ii¢ direg saklayar
(surata seret). Cetki diregler-polatdan,
: = Kese kesiginii meydany birmenzesg we
o5 1 i w0 2w 20 mnr’-a den, ortaky direg coyundan
T . we kese kesegimii meydany 50mm?-a
100 s : P den. Piirs bilen getki direglerm
| K : arasynda ceyelik koeffistyenti
a=5-10"sm/kN bolan birmenzes
d e _ ' pruzin yerlesdirilen. Yiik goyulmazdan
Q el & o ortaky direg bilen piirsin
arasyndaky bosluk A =0.05 mm-e
den. Direglerdéiki dartgynlylyklary kes-
gitlemeli.

P=350 kN

1.49. Polat sterzen (surata seret) iki
tekizligin arasynda t =+5"S tempera-
turada berkidilen; yokarky bdlegin
kese kesiginifi meydany A, = 5 sm’
asaky boleginifiki bolsa A =10sm".
Temperatura t,=+25°S yokarlananda
sterzenii yokarky we asaky
SNSRI L péleklerinde doreyin dartgynlylyklary
kesgitlemeli.

1.49-njy surat

1.50. Uzynlygy € =2m polat sterzeniii iki tarapy diwara berkidilen. Sterzenmi
haysy hem bolsa bir tarapy diwaryti i¢inde A =0,05 mm boglukda ornuny
erkin tiytgedip bilydr. Temperataia 40°S yokarlananda sterzende doreyén
dartgynlylygy kesgitlemeli.

1.51. Dartyjy mufta A we B polat
iR sterzende ¢ =I1,5kN/sm” bolan
=y =k siiynme dartgynlylygy doredyir. Eger
i 3 sterzeninl dartgynlylygy o ,=8kN/sm’
| \ bolar yaly temperatura At=—10"S
liytgedilende, muftanyn komegi bilen
sterzenii uzynlygyny nice tiytgetmeli?

N

1.50-nji surat
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1.52. Her haysynyii kese kesikleriniii meydany 37,5 sm® we uzynlyklary

50 sm bolan inwar we mis turbajyklar 0°S temperaturada bir-birine seplenip
goylan. Sor bolsa olar +36.,4° genli gyzdyrylyar we olaryf umumy uzynlyklary
iiytgemez yaly P giiye bilen gysylyar. Bu giiyjiifi ululygy néce bolyar we
vyokarlandyrylan temperaturada turbajyklaryn her haysynyi uzynlyklary nica
deii? Inwar ii¢in =0 we E=2-10"kN/sm".

1.53. Uzynlygy €=12m, galynlygy 6=40 sm bolan kopriniii demirbeton
plitasy direge A=0.3 sm bosluk bilen goylan. Demirbetonyfi uzynlygyna
gifielmek koeffisiyenti a=10"-e def, mayysgaklyk moduly bolsa,
E=2-10°kN/sm?. Temperatura At=30"S yokarlananda plitadaky
dartgynlylygy kesgitlemeli.

1.53-nji surat

1.54. Gaty plitanyii iisti bilen 45 kN yiik
meydany 15 sm* polat silindre we meydany

"

5

)

—

L

t \
{

Rahias o

i\ | PI.L 20 sm” ici bos mis silindre gecirilydr (surata
N {2 seret). Giiye iki silindrifi hem oklary boyunga
: ; !, N tasir edyir. Yiik goylandan son temperatura
‘,: S 30°S yokarlanyar, Yikiin temperatura

K l | h iiytgemezden 6iki we Uytgininden sonky

el el yayraysyny tapmaly.

1.54-nji surat 1.55. Suratda gorkezilisi yaly, ki gaty guyma
R V. polat boltlar bilen berkidilen. Uzynlygy

20,02 sm we kesekesiginiii meydany 6 sm’

. bolan mis sterzeni guymanyf arasynda
yerlesdirmek {igin, sonufi yaly-da guymany
sitystirmek ti¢in P gliyjiitt ululygyny tapmaly. P
giive ayrylan-dan sofi guymanyt arasyndaky
uzynlygy tapmaly.
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d=1sm polun
i

FELNETY

1.55-nji surat




1.56. 16-njy belgili polat iki tawraly balka iki diregiti iistiinde yerlesdirilen
we = 10 kKN yiik bilen direglerin ortasynda viiklenen (surata
seret). Balkanyn direginde gorizontal ornuny iiytgetmesine siirtiilme gliyy
pasgel beryir. Balka bilen diregi tistiinifi siirtiilme koeffisiyenti f=0,3-¢
deni. Balkada dartgynlylygyi artmagyna genli ifi uly temperaturanyii
tapawudyny kesgitle-meli we temperatura dartgynlylygyny kesgitlemeli.

———

B

f‘."lr- J'{ .Jr.".ﬂ

Q

1.56-njy surat

1.57. Tomus wagtynda relsde gysylma bolmaz yaly relslerii sepinde zerur
bolan boslugyii ululygyny kesgitlemeli. Relsler +10°S temperaturada
yerlesdirilip goyulyar; Tomusdaky i uly temperatura +60°S: relsleriti uzynlygy
8 m-¢ deil. Relsler bogluksyz yerlesdirilip goylanda dartgynlylygyii ululygy
néhili bolar?

L.58. Polat bug gegiriji turbanyn+15°S temperaturada uzynlygy 30 m de.
Bu turbadan +180°S temperatura ¢enli gyzdyrylan bug goyberilyir. E ger
turbanyni gifielmegine hig hili pasgelgilik bolmasa, turbanyii uzynlygy néici
deti bolar?

Eger turba uzalmayan bolsa, turbadaky dartgynlylyk nigé defi bolar?

1.59.1,=135°S-a cenli gyzdyrylan mis halka, t,=20°S temperaturasy bolan
polat wala geydirilen. a) halka 20°S sowadylanda, halkada doreyin
dartgynlylygy kesgitlemeli; b)waly we halkany 0°S ¢enli sowatsaii,
halkadaky dartgynlylyk nice yokarlanar?

¢) halkadaky dartgynlylyk nola defi bolar yaly halkany we waly haysy
temperatura ¢enli gyzdyrmaly? E_=10*kN/sn?, o_=1,6°1 D‘f‘,mpzl 25107,
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1.60. Gaty piirs kese kesigi 20 sm’
bolan birmerizes meydanly ii¢ polat
sterzenden asylan. Ortaky sterzen
taslama olgeginden 5= 0,5 mm gysga
yerine yetirilen (surata seret).
Konstruksiya yygnalandan son
sterzenlerddki dartgynlylyklary
kesgitlemeli.

1.60-njy surat

1.3 Hususy agramy hasaba almak

1.61. Hemuselik kese kesikli, beyikligi 8 m bolan stitiinim hususy agramyndan
in asaky kesigindiki gysma dartgynlylygyny kesgitlemeli. Ortimiti bir kub
metrinm agramy 20kNa den.

1.62. Beyikligi 10 m bolan kwadrat das siitiin 500 kN giiye bilen yiiklenen
bolsa, hususy agramyny hasaba alyp, kese kesiginiii 6lcegini kesgitlemeli.
Oriimifi gysylma rugsat edilyin dartgynlylygy 0,1 kN/sm’-a, udel agramy
bolsa 2-i def. SterZzenim uzynlygyna dartgynlylygyi yayraysynyi epyuryny

gurmaly.
§ " 1.63. Suratda alty gatly jayyn 61
_U_gl“ : ylzinin hnl_e_gl we kerpig
' . ) % diwarynyti kesigi getirilen (surata
YOS T ! g, seret). Ucgekden we jayyi
" iistiinden diwara g=60 kIN/m yiik
" 4*- q_ tdsir edydr, jayyi gatynyn

arasyndaky ortiigin agramy
q,=40 kKN/m we agaky gatyn
polunyi agramy q.=30 kN/m. Bu

" in F yiikler diwaryfi okunyri boyuna

1 H by goylan. Diwaryn materialynyn

1, _.L r gowriim agramy 20 kKIN/nr-a der.

' 1" Rugsat edilyidn dartgynlylyk

" & iﬁ [6]=0,06 kN/m? bolsa, diwarla-

| ryn in ki¢i galyilygyny we

[ ANVIINGROTONE | NV binyadyn diiseginiil gumuna rugsat
i) TN edilyiin dartgynlylyk 0,05 kN/sny’

g bolsa, binyadyii inini kesgitlemeli.

1.63-nji surat
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1.64. Uzynlygy 120 m bolan polat sterzeniii hususy agramyndan doly
uzalmasyny kesgitlemeli.

o o 227477 1.65. Suratda sekillendirilen

1 " sterzenm hususy agramyndan

a \ dayanc nokatlaryndaky
| | gaytargylary kesgitlemeli. Sterzen
i : yokarky we asaky b leklerimii udel
‘ . agramy y we mayysgaklyk moduly
: R g E bolan birmerzes materialdan
| yasalan.

77

1.65-nji surat

1.66. Suratda gorkezilen Slcegli
demirbeton siitiin dine hususy
agramy  bilen yiiklenen.
Demirbetonyin géwriim agramy
25 kN/m® bolsa, siitiinin
betondaky we armaturadaky
dartgyn-lylyklaryny kesgitlemeli.
Polat armaturanyh we betonyn
modullarynyii gatnasygyny 15-¢
den diyip kabul etmeli. Armaturanym
diametri 25 mm.

25 5m

1.66-njy surat

1.67. Umumy uzynlygy €=1200 m, 125x125 mm kwadrat kesikli, icki
degigmin diametri d=50 mm bolan kép basgangakly buraw stangasy gowriim
agramy y=18-10" kN/m* bolan suwuk toyun ergini bilen doldurylan we
skwazmna (guya) ciimdiirilen. Stanga skwazinadan yokary géterilende onuii
asaky bblegine P=60 kN dartyan yiik tisir edyir. Stangadaky m uly
dartgynlylygy we onu absolyut durkuny iiytgetmesini kesgitlemeli.
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M 1.68. Absolyut gaty AB piirs g=5kN/m

bolan hususy agramy bilen yiiklenen.
Berkidiji AC we AD sterzenlerin
jemlenen agramy ifi az bolar yaly h
uzynlygy kesgitlemeli. Srterzenler
polatdan y=78,5 kN/m’, siiynmi rugsat
edilyin dartgynlylyk [ o] =16 kN/snv’,
gysylma [o] =8kN/sm’. Sterzenlerin
kesikleri deni berklik sertinde saylanylyar.
¢=4m kabul edip, berkidiji sterzenlerm 1
az agramyny hasaplamaly.

1.69. Suratda gorkezilisi valy, uzynlygy €
kese kesiginim meydany A we udel agramy
v bolan materialdan yasalan sterzenin
yokarsy we asagy berkidilen. Sterzenin
hususy agramyndan yokarky we asaky
kesiklerinddki dartgynlylyklaryny
kesgitlemeli we sterzenii uzynlygyna
dartgynlylygyn yayraysynyn epyuryny
¢yzmaly.

1.70. Hususy agramynyi tdsirmden konus
sekilli sterzenin uzalmasyny kesgitlemels
(surata seret). Sterzenin uzynlygy ¢,
esasynyn diametri d we materialynyn
gOwriim agramy vy den.

1.70-njt surat

1.71. Hususy agramy bilen viiklenen polat sterzen yokarsyndan wertikal
asylan. Eger dartgynlylyk 3 kN/sm’ —dan yokary bolmasa we poladyni udel
agramy 7,85 bolsa, sterZenif rugsat edilyin i uly uzynlygy né¢é den bolar?
SterZeniii uzynlygyna dartgynlylygyi yayraysynyii epyuryny gurmaly.
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Il bap
Cyzyk we tekiz dartgynlylyk yagdayy

2.1. Diametri 6 smbolan sterzen 250 kN glye bilen dartylyar. SterZenin
okuna 30° bur¢ boyunca yapgytlanan kesigini normal we galtasma
dartgynlylyklaryny kesgitlemeli. Haysy kesik boyun¢a galtasma
dartgynlylygyn ui uly bolyandygyny kesgitlemeli we onus ululygyny
hasaplamaly;

2.2. Diametri 7,5 sm bolan sterzen 350 kN giiye bilen dartylyar. Kese
kestkdéki doly dartgynlylysy kesgitlemeli. SterZeniii okuna 15 bur¢ boyunca
yapgytlanan kesigin doly we galtagma dartgynlylygyny kesgitlemeli

2.3. Tegelek kesikli sterzen 150 kN giiye bilen dartylyar. Islendik kesikde
galtagma dartgynlylyk 6 kN/sm?-dan uly bolmadyk yagdayynda sterZeniis
diametrini kesgitlemeli,

2.4. Dartylan sterZenin haysy hem bolsa bir yapgytlanan meydangasynda
normal dartgynlylyk 7 kN/sm?-a, galtasma dartgynlylyk bolsa 5 kN/sm’-a
defi. Ifi uly normal we galtasma dartgynlylyklary kesgitlemeli.

2.5. Dartylan sterZeniii kese-kesiginde normal dartgynlylyk 5 kN/snr-a def.
Haysy hem bmlsa’ bir yapgytlanan kesikde galtasma dartgynlylyk
1,6 kN/sm-a defi. Yapgytlanan kesigifs yagdayyny we kesik boyunca tisir
edyin normal dartgynlylygy kesgitlemel.

2.6. Polat kubik iki absolyut gaty
diwaryn aralygynda yerlesdirilen
(surata seret) we erkin
gapdalyndaky grany ¢ =16 kN/sm?
dartgynlylyk  déredyin gysylma
sezewar bolyar. Eger 12=0.3 bolsa,
kubigin gapdal granyndaky basysy
kesgitlemeli.

2.6-njy surat
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2.9-njy surat

P=11 kN

2.7. Eger iki sany ozara
perpendikulyar yerlesen ab we cd
meydangadan tésir edydn normal
dartgynlylyklaryi ululygy
6= 16 kN/sm* we o,= 16 kN/
sm” bolsa, 5x2 sm goniiburcly
kesikli sterzenifl dartylma giiyjiiniri
wlulygyny kesgitlemel. Sterzeniri oky
bilen ab we cd meydanga normalyri
emele getiren burgunyri ululygyny
hasaplamaly.

2.8. Gaty iki bolek gursaw sekiz bolt
bilen gayymlanan boltlardan ybarat.
Puassonyii koefhisiyenti z =0.4 bolan
plastmassadan yasalan prizma
gursawyil 1cinde gysylyar (surata
seret). Gursawyn oky boyunca
plastmassa prizma P=100kN giiyc
bilen gysylyar. Boltlara talap edilyin
diametri kesgitlemeli.

Bolt iigin |G, | = 10 kN/sm?
diyip kabul etmeli.

2.9. Suratda gorkezilisi yaly, stiyn-
diinlyéin nusga tenzometr oturdylan.
Tenzometrm bazasy S=20 mm,
ulaldys koeffisiyenti k=1000, berlen
yiiklenmede tenzometrii gérkezmesi
A=6.,5 mm. Eger E =2, 1-10* KN/sn?’
bolsa, nusganyn materialy figin
Puassonyn koeffisiventini kesgitlemeli.
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2.10. Eger iki 6zara perpendikulyar granlara
Gy = 12kN/sm* we Oy =6 kN/sm?;
T =3 kKN/sm’ téisir edyiin bolsalar. suratda

gorkezilen element tigin bas dart gynlylygy

we bas meydanganyi verlesisini

kesgitlemeli.

2.11. Tekiz dartgynlylyk yagdayyna
sezewar bolan elementin nokadyndaky bas

dartgynlylyklar o, =12 kN / sm* -a,
G, =10kN /sm’-a denn (surata
seret). Wertikal ok bilen 60° bur¢ emele
getiryin yapgyt tekizlikdiki

jo dartgynlylyklaryny we if uly galtasma

2.11-nji surat dartgynlylygyny kesgitlemeli.

2.12. Suratda gérkezilisi yaly, silindrik yuka diwarly gabyfi (gysylan howa
licin ballon) tistiine iki datcik yelimlenen. Eger elektriktenzometriki enjamya
komegi bilen kesgitlenen datcigis bazasynyt ugrundaky durkuny ij ytgetme
degislilikde & =330-10° we €,=84-10 bolsalar, ballondaky howanyn
basys 1y kesgitlemeli. Ballonyn materialy iicin E=2-10*kN/sm?, =0.25.

2.12-nji surat
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2.13. Bir ugra dartyan dartgynlylykdan o_=14kN/sm’ 6l¢egi b=40 sm
bolan alyumin kwadrat list Ab=0,8 mm uzalyar. Eger liste sol bir ululykda
we ugry boyun¢a o perpendikulyar gogsmaca dartyan o, dartgynlylyk tésir
edyin bolsa, ikiugra uzalmany kesgitlemeli. Puassonyii koeffisiyenti p=0,3.
I g--.;'l’ gosmaca dartgynlylyk gysyan bolsa, durkuny tivtgetme niihili bolar?

2.14 Tekiz trapesiya goérniisli nusga
presii yassygynyi aralygynda P giiyc
bilen gysylyar. Normal dartgynlylyk o
gorizontal tekizlik boyun¢a endigan
yayran diyip hasap edip, nusganyi
yapgytlanan granyndaky K nokadyii T,
we o dartgynlylygyny tapmaly.

2. 14-nji surat




I bap
Siiysme we towlanma

3.1. Siiysme (kesilme, yenjilme, owranma)

3.1. Galyilygy 5 mm bolan iki listi galyilygy 12 mm bolan tigtingi liste
birikdirmek ii¢in, diametri 20 mm de ber¢inleminif gerek bolan sanyny
kesgitlemeli (surata seret). Birikdirmi tisir edyin giiye 180 kN-a dei.
Rugsat edilyin dartgynlylyklar:

[t]= 10 kN/sm’; [o,] =28 kN/smy?

: I - I
v ; _' ] g

3. I-nji surat

3.2. 12 x 150 mny* kese kesikli list galynilygy 6 mm bolan urna bilen 6rtiilen
(surata seret). Birikdirmede diametri 20 mm bolan bergin ulanylan.
Styndiiryin gitye 120 kN. Kesilmede we yenjilmede bercinifi, sonuii
yaly-da listii we urnanyii howply kesiginde iiziilme dartgynlylyklaryny
kesgitlemel..

gk (+;+-\
— i III—.-_lun--.r
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3.2-nji surat

3.3. Iki listini sepinde diametri 26 mm bolan bergin ulanylan. Birikdirme
suratda gorkeziligi yaly yerine yetirilen. Rugsat edilyiin dart gynlylyklar:
[t]= 10 kN/sm?; [o,] =28 kN/sm’, [6 ] =16 kN/sm”. Sepe rugsat edilyin
int uly stiynme giiyjiini kesgitlemeli.
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3.3-nji surat

3.4. Polat zolagy sekilli liste birikdirmek ti¢in (surata seret) zerur bercin
sanyny we bercini kese kesiginm diametrini kesgitlemeh. Bercin desigi bilen
gowsadylan kesigi hasaba alyp, polat zolagyn berkhigim barlamaly. Berlen:
P=30 kN, b=5 sm, t=5mm, polat zolagyn materialyna rugsat edilyéin
dartgynlylyk [o] = 16 kN/sm", ber¢mifi materialy ii¢in [t] = 10 kKN/sm’
(kesmede), [o] . =26 KN/sm’ (Yenjilmede).

Ve

3.4-nji surat

3.5. Olgegi 100 x 8 mm iki
polat listi galynlygy 8 mm bolan

I i I
P lig| 901! HQO P urnanyri kdmegi bilen
-El DOP 1! &b birikdirmek tg¢in iki setirh
P
———

' | bercinleme tikinine nédce bergin
[y ] l
L :-—-l—l-—l Z

gerek bolar, Urnanyn talap
=3 IL]- — s edyédn uzynlygyny kesgitlemeli,
Berlen: P=R0kN, [c]=26kN/snY,
[t]=10kN/snv.

'h—'"'hl?-!

3.5-nji surat




3.6. Diametri 150 sm bolan silindr gazanyn icki basysy 4 atm-¢ deft. Gazanyii
boy tikini bir setir bergin bilen listleri bir-biriniii ustiine goylup verine vetirilen
(surata seret). Listlerifi galyfilygy 10 mm, ber¢inin diametri 20 mm,
ber¢inleménii d4dimi 75 mm. Sepdiki galtagsma, yemserme we siiynme
dartgynlylyklary kesgitlemeli. Eger rugsat edilyin dartgynlylyklar 1G]=10
KN/smv*, [t]=7,2 kN/sn’, [ﬁ]mi. =16 kN/sm?’ bolsalar, gazandaky anrycik
rugsat edilyén basysy kesgitlemeli.

.-'I' S e = - = =
P~—Z/,7 oL ﬁﬁ e = - D
b r," ,Ii
y — _aDna
Ij’? =2 v A

3. 6-njy surat

3.7. Diametri d = 3,5 mm, materialy
dyuralyuminiden bolan yigrimi bercinin
birlesdiryidn dlcegleri 30 x 28 we
33 x 30 deii bolan turbalara (surata seret)
tasir edyin syndyrma giiyjiiniii u lulygyny
kesgitlemeli. Turbanyn berklik cagi
6,=40 kN/sn?’, berginiii berklik ¢iigi:
kesilmede T, =22 kN/snv,  Venjilmede
O, —52 KN/,

F s, Y o O .

3.8. Fermanyi diregi (surata seret)
52,5 kN giiye bilen yiiklenen. C diiwiinde
her haysy ii¢ berginin kémegi bilen
galyiilygy 10 mm bolan sekilli liste
berkidilen. Diregleriii kesigi— burcluk
Thee—=att—> 75X 75 x 8 mm. Berginlerifi diametri
20 mm. Berginlerdiki galtasma we
yenjilme dartgynlylyklary kesgitlemeli.

3.8-nji surat
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3.9. Suratda gorkezilisi yaly, gazanyn gapagy diwar bilen berginlenilip,

burglugyn komegi bilen birlesdirilen. Gazanyii diametri 1 00 mm; gazandaky
basys 10 atm-e den. Gazanyn diwarynyn we burglugyn tekjesiniti galyrilygy
10 mm. Eger ber¢inleriil diametri 20 mm bolsa, gazany diwaryny burcluk
bilen birikdiryin berginlerin sanyny kesgitlemeli. Rugsat edilyin dartgynlylyk:
kesilmede 7 kN/sm”, yenjilmede 16 kIN/sm?.

D \ 7
] |
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3. 9-njy surat

3.10. Siitiini bélegi bolup hyzmat

< edyin 33-nji belgili swellerin diwaryna
diametri 20 mm bolan bés berginiri
komegi bilen konsoly yerine yetiryin
burgluk 160 x 160 x 12 berkidilen
(surata seret). Ber¢inlerdiki galtasma
we yenjilme dartgynlylyklary
kesgitlemeli.

3. 10-njy surat

3.11. Diametri 40 mm bolan mis sterzen 6rén kigi bosluk bilen dagky
diametri 60 mm bolan polat turbada goylan. SterZenin iki gyrasy diametri
20 mm bolan turbanyn we sterZenifi icinden gegyén gaty spilkalaryii komegi
bilen birikdirilen. Eger konstruksiyanyfi gyzgynlygy 40°S yokarlanyan bolsa,
spilkanyri galtasma dartgynlylygyny kesgitlemeli. Spilkanyii durkuny
lytgetmegini hasaba almaly dil.




3.12. Suratda gérkezilen boltuf birikdirmed:ki diametrini kesgitlemeli.
Stiyndiirme giiye P =200 kN. galyrilyk t =2 sm. Boltun materialy {icin
rugsat edilyiin dartgynlylyklar: kesilmede 8 KN/snv’, yenjilmede

20 kKN/sm?.
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3. 14-nji surat

3.12-nji surat
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3.13. Boltun gigninin asagyndaky
yenjilme dartgynlylyk 4 kN/sny?
(surata seret), diametri 10 sm
bolan boltuii gysylma
dartgynlylygy 10 kN/sm?-a dei.
Boltyn ¢igninifi diametri néici deii?
Eger galyilyk t=5 sm bolsa
cigninin galtasma dartgynlylygyny
kesgitlemeli.

3.14. Eger agajyii siiynma
rugsat edilyéin dartgynlylygy
[6]=5,6 kN/sm*-a dei bolsa.
kesigi 2 x 4 sm? (surata seret)
bolan tekiz aga¢ nusga nice
dartuw giiyjiini goymak bolar? Su
dartuw giiyjiinde nusganyn
kellesindiki owranma
dartgynlylygy nicd deii bolar?

3.15. Suratda gorkezilisi yaly,
fermanyil esegarka ayagynyri direg
diiwni ini b=6 sm ¢ykyndynyi kémegi
bilen dartuwa birlegdirilen. Fger
siylimifii ugruna 30° burc bilen
yapgytlanan yenjilmi rugsat edilyéin
dartgynlylyk 0,5 kN/sm?, stiyiimiti
ugruna owranma dartgynlylyk
0,08 kN/sm’, esegarka germewir
ayagyny gysyan giiyc P = 20 kN
bolsa, ¢ykyndynyi beyikligini we
dartuwyni ahyrynyii uzynlygyny
kesgitlemeli. n-t ¢yzyk boyunca giiye
tésir etmeyir diyip hasap etmeli.

3.16. Arassa siiysmé sezewar bolyan
elementin galtagma dartgynlylygy
T=5kN/sm’ deri, suratda gérkezilisi
yaly siiysme tekizligine ¢ =30° bure
boyunca yapgytlanan meydancada
dartgynlylyk tegelegini gurup, normal,
galtagma we doly dartgynlylyklary
kesgitlemeli.

3.16-njy surat

3.17. Gapyrgalarynyn élgegi 20 sm bolan polat kubun dért granlary
t=10kN/sm" galtagma dartgynlylyklar bilen yiiklenen. Absolyut we otnositel
stiysmelerifi ululygyny tapmaly. Siiysmede mayysgaklyk moduly
G = 8:10° kN/snt’.

3.18. Tekiz polat nusga yiiklenmi cenli nusganyn okuna o =30° burc

boyunga yapgytlanan ¢yzyk cyzylan. Eger nusga =12 kN/sm’ dartgynlylyga
¢enhi stiyndiirilse, burg néce ululykda tiytgidr? E =2-10° kN/sm?, u=0,25.
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3.19. Suratda gorkezilisi valy
80 x 80x8 mm 6lgegli burglukdan ybarat
bolan sterZen marilay tikin bilen ditwniif
sekil listine berkidilen. Sterzene P=62 kN
giiye tisir edyir. Eger t =8 kN/snv bolsa.

| bur¢lugyn her gapdalyndaky gerek bolan
\ j ?—) kebgirleme tikininifi uzynlygyny
kesgitlemeli,
3.19-njy surat
[ " 3.20. Eger listini stiynme dartgynlylygy
/ L 14kN/sm?’, kebsirleminini kesilmi rugsat
/ I: ___" "7 edilydn dartgytlylygy 8kN/sm® bolsa.
| - suratda gorkezilisi valy, listi birlesdirmek
g = tigin zerur bolan i1 kigi uzynlygy
kesgitlemeh.
3.20-nji surat

3.21. Materialyfi peydalanylysynyfi koeffisiyentini kipeltmek iicin
kebgirleme tikinleri yapgyt edilen (surata seret). Galyiilygy (=10 mm polat
listler birikdirilende siiyndiiryn giivjiif ululygy P=100 kN deri. Materialyi
peydalanylysyny 100% hasap edip, listifi zerur bolan inini kesgitlemeli. Gyya
kebgirleme tikin sityndiiryén giiyjiifi ugruna 45° burg boyunca yerlesdirilen.
Eger kebgirleme tikinine rugsat edilyin dartgynlylyklar (6], =10 kN/sn?,
[r]kahs‘:S kN/sm bolsalar, ayratynlykda normal we galtagma dartgynlylyklar
boyunea tikinifi berkligini barlamaly.

3.21-nji surat
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3.22. Meydany A= 55,9 sm’ bolan sweller, sekilli liste iki marilay we bir
dilik tikinlerifi birikdirmediiki berkligini barlamaly. Sweller P = 800 kN
gliye bilen dartylyar. Esasy materiala rugsat edilyin dartgynlylyk
|o],= 16 MPa, tikinii materialy iigin kesilmii rugsat edilyin dartgynlylyk
[t], =8 MPa.

3.2 Tegelek kesikli sterZenlerifi towlanmasy

3.23. Eger rugsat edilydn dartgynlylyk [t] = 7 kN/sm? bolsa, 15 kN-m
aylaw momenti gegiryan bitewi tegelek kesikli walyii diametrini kesgitlemeli.

3.24. 300 ayl./min. we 450 a.g. gegirilyiin bitewi kesikli walyii diametrini
kesgitlemeli. Walyil 2 m uzynlygynda towlanma burgy 1°-dan yokary
bolmaly dal, it uly galtasma dartgynlylyk 4 kN/sm?: G = 8-10° kN/sm?.

3.25. Eger G =2.7-10* kN/sn??, Gp =8:10° kN/sm?, Y, =26kN/m?’,
Y, =78,5kN/m’ bolsa, birmefizes towlanma momentinde we otnositel
towlanma burgunda taslanan polat we alyumin ergininden yasalan birmetizes

uzynlykda bitewi wallaryi agramlaryny defiesdirmeli.

3.26. Polat bitew1 waly gerek bolan diametrini kesgitlemek ticin rugsat
edilyin galtagma dartgynlylyk 8 kN/sm?, | m uzynlykda rugsat edilyin
towlanma burgy 1°-a deri. Towlanma momentiniii haysy ululyeynda diametri
kesgitlemek {i¢in ¢iiklenmek miimkin, rugsat edilyin dartgynlylyk boyuncamy
ya-da difie rugsat edilyin towlanma bur¢y boyunca?

3.27. Uzynlygy 6 m we diametri 10 smbitewi wal 4° bur¢ boyunca towlanan.
Eger G = 8-10" kN/sm”® bolsa, inl uly galtasma dartgynlylyk nii¢i dei?

3.28. Walyn diametrini kesgitlemegiii yakynlagdyrylan formulasy

(N
d= 2.51{}'401—] gorniise eye. Bu yerde d—walyn diametri, N — walyri

geeirydn kuwwaty a.g., n—walyil minutdaky aylaw sany. Bu formula
stiysmede rugsat edilydn dartgynlylygyti haysy ululygyna layyk getirilip
¢ykarylan?
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3.29. Walyn AA we BB kesiklerinde M =130 kNsm, M, =300 kNsm aylaw
momentlerden ifi uly galtasma dartgynlylyklary kesgitlemeli. AA kesikde
walyn diametri 5 sm, BB kesikde bolsa 7,5 sm-e deti.

3.29-njy surat

3.30. Uzynlygy 200 mm-e, diametri 20 mm-c de bolan polat nusga
towlanma synag edilyir. Synagyri netijesi tablisada getirilen:

Towlanma

momenti, 10,02]10,04]0,06 0,08 0,1 0,12 0,14(0,16{0,18
kKN m

Towlanma

burgy, kipel- .
£

dilen 2000 6,1 112,5]18,9 252 314 37.8 44.3|50,5 56,9

(radianda)

Towlanma

momenti, 0,2 10,22]10,24 026 028 0.3 0,32]0.34
kN m

Towlanma
burgy, kipel-
dilen 2000
(radianda)

63 |69,5|75.8 82.1 885 954 110 148
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lowlanma burguna baglylykda galtagma dartgynlylygynyii dia grammasyny
gurmaly we towlanmada mayysgaklyk modulyny kesgitlemeli. Seredilyén
yagday tigin proporsionallyk ¢iginiti ululygyny tapmaly.

3.31. Materialy yumsak polatdan bolan sterfen 60 kN gliyc bilen
stiyndiirilende 0,113 mm uzalyar. Sterzeniti diametri 25 mm-e, uzynlygy
bolsa 20 sme defi. Bu sterzen 20kN-sm towlanma moment bilen yiiklenende,
|5 smuzynlykda 0,55° burg bilen towlanyar, E, G we it ululyklaryny
kesgitlemel.

3.32. Bug turbinanyn kuwwaty kesgitlenende aylanyan walyfl towlanma
burgy 6lgenen we 6 m uzynlykda 1,2°%a deri bolyar. Walyn dasgky we icki
diametrleri degiglilikde 25 sm-e we 17 sm-e deti. Walyni aylaw tizligi
250 ayl./min; G = 8:10° kN/sm*. Walyi gegiryin Kuwwatyny we onda
doreyin galtagma dartgynlylygyny kesgitlemeli.

3.33. Walyil gegiryin kuwwatyny kesgitlemek iicin onuii dasky emele
getiryisine 45° bure boyunga yerlesen ¢yzgynyfi ugruna tenzometrifi komegi
bilen uzalmasy Gleelyir. Olgelen otnositel uzalma & = 0.000425-¢ der.
Walyni dagky diametri 40 sm, icki diametri bolsa 24 sm. Mayysgaklyk
moduly G = 8-10° kN/st’. Eger wal 120 ayl/min tizlik bilen aylanan bolsa,
onun gecirydn kuwwatyny kesgitlemeli. I uly galtasma dartgynlylyk nihili
ululykda bolar?

3.34. I¢ki diametri dagky diametriniti 60% diizyin ici bos wal, diametri 40
sm bolan bitewi wal bilen galgyrylyar. Iki waly rugsat edilyin galtasma
dartgynlylyklarynyri birmetizeslik sertinden i¢ibos walyn dasky diametrini
kesgitlemeli. Bitewi we i¢i bos wallaryni agramlaryny defiesdirmeli.

3.35. Bitewi tegelek walyfi agramyny 20% azaltmak ticin, diametri icki
diametrinden iki esse kop bolan ici bos wal bilen calsyrylyar. Eger bitewi
walyn galtasma dartgynlylygy 6 kN/sm? deri bolsa, ici bos walym
dartgynlylygy nd¢e bolar?

3.36. Birmenizes agramly we birmerizes towlanma momentini geciryin iki
walyn biri bitewi, beylekisiniii bolsa i¢i bos. Eger ici bos walyn igki diametri
dagky diametrinin 0,6 b6legini diizyin bolsa, haysy walda i uly galtasma
dartgynlylyk bolar we nige esse uly bolar?

3.37. Uzynlygy 1.8 m bolan i¢i bog polat wal 6 kNm towlanma moment
bilen yiiklenen. Eger galtasma dartgynlylyk 7 kN/sn?’, towlanma burgy 2°
bolsa, walyii dasky we icki diametrlerini kesgitlemeli.
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3.38. Abssissasy minutdaky aylaw sany, ordinatasy — zerur diamerti bolan
bitew1 polat walyfi egrisini gurmaly. 6 kN/sm” rugsat edilyin galtasma
dartgynlylygynda walyi geg¢iryin kuwwaty 50 a.g. Aylaw sanyny
16...16000 ayl./min ¢dginde tiytgetmeli.

3.39. Orta diametrid_=12,5 sm bolan yuka diwarly turba M =625 kN sm
towlanma moment guylan (Galtagma dartgynlylyk 7 kaam gecmevan
yagdayda turbanyfi diwarynyfi galyilygy nihili bolar? Eger
G = 8:10° kN/sm’ bolsa turbanyi 1 m uzynlygyndaky towlanma burc uny
tapmaly. 3.40. Suratda gorkezilisi yaly, polat
turba yol belgisini dikmek {i¢in siitiin

1 7 /Z%_,; B bolup h}izmal edyir. Yol belgisine
J semalyn inuly basysy 2 kN/sm’-a

I o defi diyip hasap etmeli. Belginini agaky
B oy gysgyjynda turbanyn towlanma burcgy

228m || “~dan kop bolmaly dil. Towlanmadan
turbanyn kesigindiki in uly galtasma
dartgynlylyk 3,5 kN/sm? yokary
bolmaly dil. Eger turbanyn galyiilygy t
= 3 mm bolsa, onuii orta diametrini
kesgitlemeli. Semalyn basysy dine
strihlenen meydana tésir edyir diyip
hasaplamaly.

N

T
3.40-njy surat

3.41. Turba sekilli walyn orta diametri 10 sm-e, galyfilygy 3 mm-e defi.
Towlanma burgy 3.7 m uzynlykda 1°-a deit. Walyii gegiryin kuwwaty
>0.a.g. bolsa, onuil aylaw tizligini kesgitlemel.

/‘f\“ é v3.42. Suratda gorkezilisi yaly , tege-
i E lek kesikli sterzenin ahyrlary gaty
i

berkidilen. Aralyk kesikde sterZene
12 KN m moment goylan. Eger
sterZenin diametri 8 sm bolsa, iii uly
galtagma

kesgitlemeli.

J!—‘L--J--;- —
|

3.42-nji surat

dartgynlylygyny
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3.43. Dasky diametri 7,5 sm bolan mis turba sol bir diametrli polat turbanyn

iginde yerlesdirilen. Turbalaryi galyilygy 3 mm-e denl. Turbalaryn ahyrlary
biri-biri bilen gaty berkidilen we | kN m moment govlan. Turbalardaky in
uly galtasma dartgynlylyklary, turbalaryn aralarynda towlanma momentiti
yayraysyny we 3 m uzynlykda towlanma burguny kesgitlemeli. G=4-10"
kN/sm?®, G = 8:10" kN/sm”.

J.44. Blr bﬂfey bitew1, beylekisi bolsa i¢1 bos bolan polat sterZzen towlanma
moment bilen yiiklenen (surata seret). Sterzenit sag we ¢ep boleklerindiki
it uly galtagma dartgynlylygy we ortasyndaky kesigifi towlanma burguny
kesgitlemeli.

g
El
M =40 kN -m ']'_
-
]
— ik i —
L. y s

120 sin '__i_‘ 120 sm

3.44-nji surat

3.45. Diametri 2 r bolan tegelek kesikli pilrsiin materialynyn

v 3p
(Jp = G(l + : ] kanun boyunga tiytgeydan mayysgaklyk moduly bar. Piirs

M moment bilen towlananda dartgynlylygyni paylanysynyn anlatmasyny
we epyuryny kesgitlemeli.

3.46. Diametri D bolan bitewi walyti bir
tarapy gaty berkidilen. Walyn beylek:
tarapyna keseligine goylan gaty AB piirs
berkidilen. Bu piirs birmetizes AC we BD
sterzenler bilen birlesdirilen (surata seret).
Sterzenler At°S-a cenli sowadylyar. Eger
sterzenlerddki normal dartgynlylyklar
waldaky 1l uly galtasma dartgynlylyga
den bolsa, sterZzeni kese kesiginin
meydanyny kesgitlemel.

3.46-njy surat
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3.47. Diametri 50 mm bolan polat walyn tist yiiziine oka 45° bu r¢ boyunca
bir-birine perpendikulyar iki datcik yelimlenen. Datgikleriii gorkezyiin
ﬂFnosite] durk iiytgemelerinin alamatlary diirli-diirli. absolyut ululyklary
birmefizes we .5 - 10 ~*-e dei. Wala goylan towlanma momentin ululygyny
we ugruny kesgitlemeli.

3.51. Diametri d=2,2 sm we orta radiusy

R =12 sm bolan silindrik polat pruzinin A we B _
taraplary berkidilen we (C nokatda P=1,6 kN |
giiye bilen yiiklenen (surata seret). Sarymlaryn

sany m=10, n=6. Berkitmediki gaytargylary,

pruzinii in uly dartgynlylygyny we C nokadyn

ornuny iivtgetmesini kesgitlemels.

3.5 1-nji surat
3.52. Orta radiusy R=12 sm we siminin radiusy r=1 sm bolan silindr gérniigh
polat pruzin P=0,3 kN giiy¢ bilen dartylyar. Sarymlaryn sany n=25. Inuly |
galtasma dartgynlylygy, uzalmany we durkuny liytgetménii potensial |
3.3 Hyr sekilli pruZinler energiyasyny kesgitlemeli.

3.47-nji surat

|

3.48. Diametri 18 mm bolan tegelek kesikli silindrik hyr sekilli pruzin
P=0,5 kN giiy¢ bilen viiklenen. PruZinif sarymynyfi orta diametri
D=125 mm-e den. Mayysgaklyk moduly G = 8:10° kN/sm? . PruZiniii
materialyndaky ifi uly galtasma dartgynlylygyny kesgitlemeli. Eger pruzinin
¢6kmesi 6 mm-e defi bolsa, sarymynyf sanynyi nige bolyandygyny
kesgitlemeli.

3.53. Iki pruzinii birt beylekismin icinde goylan.
Plita P=1,2 kN giiyc goyulmazdan, ériirti ikingi
pruzin birinjiden §=2 sm gysga (surata seret).
Pruzinifi ifi uly galtasma dartgynlylygynyt  we
plitanyn ormuny iiytgetmegini tapmaly.

3.49. Silindrik hyr sekilli pruZin 6 mm-lik simden yasalan we orta radinsy
7,5 smbolan 20 sarymdan ybarat. Eger pruzindiki galtasma dartgynlylyk
9 kN/smy’ bolsa, ok boyunca tisir edyan dartma giiyjiini tapmaly. PruZinisi
uzalmasyny we durkuny {iytgetmesinifi if uly udel igini kesgitlemeli.
G = 8-10° kN/sn?.

3.53-nji surat

3.50. 6 kN yiikden 2 sm ¢okyin hyr sekilli pruzin yasamak gerek bolyar.

Eger rugsat edilyiin galtasma dartgynlylyk 7.5 kN/sm*a, pruzini yasamak 3.54. Gaty AD rycag birmenizes sarym sanly we Q = 4 kN giiy¢ bilen
ticin silindrifi toweregindiki emele getirijiniii diametri 20 sm-e deii bolsa, yiklenen iig pruzinden asylan. Eger dartgynlylyk hemmesinde birmefizes
pruZinifi siminif diametrini kesgitlemeli, E ger G = 8:10° kN/sn?® bolsa, niice =150 kasm" bolsa, her pruZinii siminif diametrini hasaplamaly. PruZinlerif
mukdarda sarym gerek bolar? sarymynyn orta diametri D =6 sm, D =8 sm, D.=10 sm.
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2 3

- 3.55-nji surat

1 E{__{_.::_::I .

s e =
_s j —— _._..—-i.-::-:::lj_
:L. - . a :

' P

3.54-nji surat

3.55. Klapany sarigi P=0,15 kN giiyc bilen
pruzini gysyar. Eger sarymyii diametri D=20
mim, isleyin sarymyii sany n=6 bolsa, simiii
kesigini saylamaly. Pruzin bronzadan vasalan
bolsa, pruzini ndge gysmaly, rugsat  edilyéin
dartgynlylyk [t]=40 kN/sm®, G = 4.2-10°
kN/sm?. |
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IV bap
Tekiz kesiklerin geometriki hisiyetleri

4.1. Taraplarynyn 6lcegleri bx h= 12 x 20 sm bolan géniiburgclugyn
esasyndan gecyiin oka gord inersiya momentini we onun taraplaryndan
geeyin oklara gord merkezden daslasyan mersiya momentini hasaplamaly.
4.2. y, oka gorid parallelogramyn (surata seret) inersiya momentini
kesgitlemel.

r

=9 sm

4.2-nji surat

4.3. ABC tighur¢lugyi A depesinden

gegyan, esasyna parallel y, oka gori
inersiya momentmi hasaplamaly.

4.4. Katetlerine parallel (surata seret)
merkezi oklara Oy we Oz gora ABC
ticburchigyn merkezden daslasyan
we oka gorid inersiya momentlerim
kesgitlemeli, sonufi yaly-da
ticburgchugyn AB esasyndan ge¢yin
oka goOrd inersiya momentini
hasaplamaly.

4.4-nji surat

47




4.5. Esasyna parallel merkezi oka
gord deni gapdally trapesiyanyn
(surata seret) inersiya momentini
hasaplamaly.

4.6. Suratda sekillendirilen kesigir
bitarap okuna gord inersiya
momentini kesgitlemeli. Olgegler
mim-de gorkezilen.

4.6-njy surat

4.7. Diametri 20 sm bolan bir desigi, diametri 10 sm bolan (b surat) iki
degik bilen galygsan, suratda sekillendirilen turba kesikli balkanyn meydany
we inersiya momenti nahili tiytgeyir?

30

S
N

N\ \ﬂ
| *k
| \.. .‘ﬁ\\\\

4.7-nji surat
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b,

!; %|ﬂzi

3
T

d=1r |

4.8-nji surat

i &
B -

]
%

4.9-njy surat

4. 11-nji surat

Y
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4.8. Bas merkezi inersiya
okuna gora yarymtegelegin
(surata seret) inersiya
momentini tapmaly.

* 4.9, Shemada sekillendirilen

kopri siitiinin kesiginifi bas
inersiya momentlerini
kesgitlemelr.

4.10. Suratda sekillendirilen
tawr gorniigli kesigin
meydanynyin Oy merkezi
okuna go6rd 1nersiya
momentini tapmaly.

4.11. Suratda gorkezilen
galyn diwarly bur¢lugyn
profilinii bas inersiya
momentini tapmaly. Seyle-de
burclugyn polkalaryna
parallel merkezi oklara gora
merkezden daslasyan inersiya
momentmi tapmaly.




4.12. Sozulan profillerden, yagny I8-nji belgili swellerden we
P0x56x6 mm-e deii bolan bur¢lukdan diiziilen (surata seret) kesigiii bas

merszljfa okunyn yagdayyny we bag inersiya momentleris ululygyny
kesgitlemeli ”

e

;""
Z
s
#

uﬂffffﬁﬁﬁff

T

fm]

EIAE FEPEITE 5

A
x
-
S
-

4.12-nji surat

4.13. Tegelekden segment kesilip

¥y alnyp emele getirilen kesigir vy

S okuna gori inersiya momentini
kesgitlemeli.

1 4.14. Diametri d bolan togalak
_7 agacdan kesilip alnan goniiburgly
N _"\__1 pursiin kesigini egilme berkliginiti
J nukday nazaryndan ifi ofia yly

1 dleegini tapmaly .

4.17-nji surat

4.15. Bag merkezi okuii ugruny we
bas merkezi inersiya momentlerini
kesgitlemeli (surata seret).

4.16. ¢ burg boyunca 6wriilen

ok tigm goniiburclugyn merkezden
daglagyan inersiya momentini
tapmaly (surata seret).

4.17. Ucburclugyii medianasy bilen
gabat gelyin BM oka gori
ticburglugyii inersiya momentini
kesgitlemeli (surata seret).




V bap

5 ¢ 4. 18 n-n diagonal bilen gabat Tekiz egilme
gelvin oka gorii gontiburclugyn

meydanynyi inersiva momentini 5.1. Kese giiyclerin we egme momentleriii epyurlaryny gurmak

i gL
| E kesgitlemeli (surata seret), S.1. Bir tarapy gaty berkidilen we suratda gorkeziligi yaly yiiklenen
* I 3 balkalaryf, kese gityjiiniii we egme momentinm epyurlaryny gurmaly. Eger
n kN —_
P =20kN, g=20 g M =40 kN m we €= 2 m bolsa, kese giiyjiin we
4.19. Gapyrga gorniiginde S, :
goylan kwadrat kesigid uly cgme momentif i uly absolyut bahalaryny hasaplamaly. I
bolmadyk u ululyk bilen yokarky T — = % e, 59 |
we agaky burglaryny kesmek :
yoly bilen kiceltsen. garsylyk E ) a' p =
momenti ilkibagda gorizontal
diagonala gori kopelyir. It uly | _, -
garf,\;}ilyk momenti bolmak ficin I *;‘Lui .
kesigifi burguny niiceriik kesmek "1 - 1 *
gerek? Maksimal garsylyk et
momenti kesilmedik kwadratdan b J

nace % yokarlanyar?

7 S \ 22 5
i

ety - T '
— s L \

4.20. Taraplary a bolan romb

gomiisli kesigin (surata seret) b
5 I ws e * g "

we h oOlgegleriniti haysy © 5.2. Suratda gorkeziligi yaly, yitklenen iki dayang nokatly balkalaryn kese

5. 1-nji surat

iriaﬁ kliﬂry_f_ltii‘augnrfmn??l glyjimn we egme momentinin epyurlaryny gurmaly. Eger P =60 kN,
S210%8 gora Kl uly inersiya q=20kN/m, M =60kNm, /=3 m bolsa, Q weM tapmaly.
momenti we i uly garsylyk Wen: | b ) i z
R B AR 1171111111111
" e L & # .
- N 1'I..'I“l
4.20-nji surat 5 BT .
£ | j . d) _F 425

5.2-nji surat |
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. Suratda sekillendinilen balkalaryti Qwe M epyurlaryny gurmaly.

q

1% 513

P=I qa
q
q hL-T-I:‘E

n
1a 2 i b '-;ig

AL =qga’
SITTNIRRIRIININY
3 Illliiiillllllli;illlll Il
il

M =ga’

1q
1
U T
n IIIIII!!IIII'
4a :
ML=qu’ 2 hl."'l[l=
k)
£
a aa
’ Mege'
i) Pe=ga B}
[ da - |

5.3-nji surat
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5.4. P giiyjiin haysy bahasynda suratda sekillendirilen balkalaryn dayang
nokadyndaky kesiklerde egme moment nola den? Giiyjiiii su bahasynda Q
we M epyurlaryny gurmaly.

q
{
FEETREIRZETINEN

11 lF}

5.4-nji surat

5.5. Suratda gorkezilen shemalar boyunga kese giiyjiin we egme momentin
epyurlaryny gurmaly we Q-nyit hem M-ifi bahalaryny hasaplamaly.

it}

5.5-nji surat
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5.6. q(x)= 7 Cl(f" X~x ) denleme boyunga iiytgeyin yayran gliye bilen

yiiklenen prolyoty ¢ bolan iki dayanc nokatly balkanyii Q we M
epyurlaryny gurmaly hem Q-nyit we M-ifi ifi uly bahalaryny tapmaly.
S.7. Suratda gérkezilen shemalar boyunca sarnirli balkalaryn Qwe M

epyurlaryny gurmalywe Q_ hemM _hasaplamaly. Suratdaky dlcegler
metrde berlen.

|
— 1%

b 1005

iy | i

by

5. 7-nji surat

S3.8. Suratlarda sekillendirilen dowiik okly sterzenleriii N. Q we M
epyurlaryny gurmaly, Slcegler metrde berlen.

L-l——v'E-——-ln-l-l-.—.—. IL-

i} i)

5.8-nji surat
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5.9. ABCDE balka A we D nokatlarda sarnirli berkidilen. AB = 0,6 m;
BC=0,6m; CD=1,8m;DE=1m. Bnokatda balka P=25 kN bir yere
jemlenen giiye bilen viiklenen. ¢ nokatda egme moment nola defi bolar
valy, E nokatda bir vere jemlenen nihili giiye goyulmalydygyny kesgitlemel.
() we M epyurlaryny gurmaly:

1) E nokatda yiiklenmiini hasaba alyp;

2) E nokatda yiiklenmini hasaba almazdan.

5.10. Direg aralygy ¢ we her haysynyi uzynlygy a def bolan iki konsol

balka hemme uzynlygyna endigan yayran giiy¢ bilen yiiklenen. Balkanyn
prolyotynyn ortasynda egme moment nola def bolanda we prolyotdaky i
¢

uly egme moment dayang nokatdaky egme momente defi bolanda, N

gatnasygy kesgitlemel.

5.11. Kopri kranyi balkasy boyunga her okdan P basysy geciryan iki okly
arabajyk siiysyir. Egme momentifi ift uly bahasyny almak iigin arabajygy
prolyotda nihili yerlesdirmeli?

5.11-nji surat

5.12. Absolyut gaty AB balkanym (surata seret) dayang nokatlaryndaky
saytargylary nol bolyan sertinden kese kesigin meydany A = 40 sm” bolan
polat sterZenin gyzdyrma temperaturasyny kesgitlemeli. Q we M epyuryny
gurmaly. Mayysgaklyk moduly E = 2- (0*kN/snr’-a, uzynlygyna gielmek
koeffisiyenti o =1,25-107 -e den.
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q=20 KN/m

2.5 kNm

2,5kNm

1,2 m T 06m . P-4LOKN il

5. 14-nji surat |I

5.15. Balkalaryn yitklenmesinii shemasyny sekillendirmel we sumtda_gfatiﬁ]T
kese giiyjiin hem-de egme momentin epyury b:};htng:a goylan giiyclerii | ‘
ululygyny kesgitlemeli. Uzynlyk metrde gérkezilen, Q —kN, M —kNm. |

3. 12-nji surat

5.13. Absolyut gaty AB balkanyii ortasyna P=300 kN yiik yiiklenen we her
haysynyii kesiklerinift meydany A=30 sm? bolan polat diregler bilen C we
D nokatlarda yere berkidilen. Direglerdiki gliycler nola den. C we D
kesiklerde balkanyi egme momenti nola defi bolan sertinden direglerif
sowalma temperaturasyny kesgitlemeli. Balkanyi Q we M epyurlaryny
gurmaly (ﬂp=l,25- 10, E,—_r = 2:10'%kN/sm?).

L]
(]
L]

[l
“l!‘ﬂ "‘

e = g

=1
Iqﬂ r § O it in

== A5

I

13
Im |[ Im ’ Im
=

3.13-nji surat

S.14. Suratda A we C nokatlarda sarnirli berkidilen balkanyii epyury
sekillendirlen. Yiiklenmini, Q epyuryny sekillendirmek we direglerdiiki
gaytargylary tapmak talap edilyir.
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5.15-nji surat

o 16._ III(i dayan¢ nokatly balkanyii direg aralygynyii yarysyna hemiselik
depginli yayran dasky moment yiiklenen (surata seret). Q we M epyurlaryny
gurmaly

b |t
B | ow

=

3. 16-njy surat

.

S. 2. Egilmede normal dartgynlylyk

“3.17. Direg aralygy € =4 m bolan sarnirli
berkidilen dendlgegli yayran viik =4 kN/m we
prolyotyii ortasynda goylan bir yere jemlenen
glye P= 2 kN bilen yiiklenen aga¢ balkanyri
howply kesiginde il uly normal dartgynlylygy
kesgitlemeli, Balkanyn kesigi goniiburcluk dlgegi

b bxh=12x20sm?’,

3. 17-nji surat
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5.18. 20x30 sm lcegli goniiburgly kese kesikli agag balkanyii bir tarapy
diwara pugta berkidilen, beyleki tarapynda P=5 kN giiy¢ we balkanyn
uzynlygyna q =6 kN/m yayran giiye viiklenen. Q we M epyurlaryny gurmaly
we howply kesigin ¢etki we asaky gyrasyndan ¢=4 sm uzaklykdaky

nokadynda normal dartgynlylyklary hasaplamaly.
%

q
SOOI TR
A '~', 1__1 i B& ¢ Z
_4_.._1:.
v5.19. Suratda gorkezilen prolyoty 6 m,

LD
5. 18-nji surat
b B P=60 kN gu}'f@ bilen };’ﬁklﬂﬂﬁﬂ 1ki
b | tawraly balkanyin DOST boyunga
kesigini saylamaly.

5.19-njy surat

5.20. Diwaryii hemiselik beyikligini saklayan iki sany 20 a belgili sozulyp
yasalan iki tawraly balka setir boyunga yerlesdirilen. Olar bir sany iki tawraly
balka bilen calsyrylyar. Haysy belgili iki tawraly balkany ¢alsyp bolar?
5.21. Uzynlygy 12 m, dasky diametri 25 sm we diwarynyn galyiilygy 1 sm
bolan coyun turba iki dayang nokatlaryi istiinde yerlesdirilen we suw bilen
doldurylan. Eger coynuii udel agramy 7,8 bolsa, turbadaky ifi uly normal
dartgynlylyk nihili bolyar?

¢ 5.22. Suratda gorkezilen balka {i¢in kese giiyjiin we egme momentin

epyurlaryny gurmaly. Eger [ o ] =11 kN/sm* bolsa, tegelek kesikli balkanyr
diametrmni tapmaly.

5.22-nji surat
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3.23. Birmerizes uzynlygy, meydany we materialy bolan iki balkanyn birini
kese kesigi kwadrat, beylekisinifiki bolsa tegelek. Tegelek kesikli balka tigin
balkanyii direg aralygynyii ortasynda goylan howpsuz gliyjn ululygy
10 kN-a den. Direg aralygynyii ortasynda goylan how psuz giliyyiin ululygy
kwadrat kesikli balka iicin néihili bolar?

S.24. Iki is¢i uzynlgy 12m, kwadrat kese kesigi 3x3 sn¥ bolan polat
sterzeni (y =78,5kN/nr’) goterip, bir yerden bagga yere eltmeli. Eger isciler
sterzenin ujundan tutup goterseler, it uly normal dartgynlylyk néici defi bolar?
Eger her ig¢i sterzenifi ujundan birmeiizes a uzaklykda géterseler, ifi uly
normal dartgynlylyk 14 kN/sm’-dan kép bolmaz valy a aralygy
kesgitlemeli.

= ~ 5.25. Tawr balka direg aralygyni
ortasynda bir yere jemlenen giiyc bilen
yiklenen (surata seret). Balkanymi

materialynyi proporsionallyk ¢égi
l | siiynmede — 3 kN/sm* we gysylmada

! __:I | — 6 kN/sm’. Balkanyii ortasyndaky
s .' i kesikde il uly stiynme we gysylma
- . dartgynlylyklary kesgitlemeli we

proporsionallyk ¢égine goré dtiyaclyk
koefTisiyenti tapmaly.

3.25-nji surat

5.26. Eger siiynmede rugsat edilyidn
dartgynlylyk 1.2 kN/sm™-a, gysylmada
bolsa 5 kN/sm?-a deri bolsa, suratda
kese kesigi sekillendirilen ¢oyun
balkanyn yiik goterjjiligini kesgitlemeli.

5.26-njy surat

3.27. Eger kwadrat kesikli balkany oky boyunca 45° -a owiirsen, onun yiik
goterjihigi ndhili tiytggir?

5.28. Stanganyn desiginin i¢inden gegirilen sarnirhi bolta, B nokatda {Surallia
seret) direnvin, goniiburgly kese kesikli 20 x 60 mm stanga, togtadyjy
enjamyn polat rycagy bolup hyzmat edyiér. Desigin merkezi stanganyn okunda
verlesyar, onufi diametri d=30 mm. Boltur desiginii kesigi gowsadyandygyny
hasaba alyp we rugsat edilyan dartgynlylyk [ o | = 14 kN/snmy* bolsa, rycagyr
sofiuna goylan howpsuz giiycleri tapmaly. Suratdaky 6lgegler mm-de berlen.

5.28-nji surat

5.29. Suratda sckillendirilen direg diwarynyn kwadrat kesigini we tagta
Grtiiginin galyilygyny saylap almaly. Her 2 m-den goylan siitiin kese gnjrl:'m}
purse direlen we séyeg bilen saklanyar, her siitiintAwe B nakallgrda srfm.urh
diregi bolan balka hokmiinde seredip bolyar. Siitiinler tagta 6rtiigin tist1 bilen
gecirilyiin topragyn basysy bilen yiiklenen. Siitiinde déreyiin boy guyt; ha.?aba
alynmayar. Inib=20 sm bolan tagta 6rtiigini diregde kesilen sarnirli dayang
nokatlary bolan balka diyip hasap etmeli. Gum iiysmeginiii beyikligi 1,5 m.
Topragyi basysy ¢yzyk kanuny boyun¢a O-dan q = 13 kN/m’-a genls
artyar. Egilmede rugsat edilyin dartgynlylyk [ o ]=1 kN/sm’.

5.29-njy surat
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5.30. Eger balkanyn oky toweregi
dugasy boyuncga egilyidn bolsa,
hemugelik h beyiklikhi (kesigii ini
lytgeyir) goniiburgly kesigi bolan
balka haysy sekilde bolmaly?

5.31. Rygag (surata seret) P= 80kN
giiye bilen yiiklenen, AB ya-da CD
kesiklerin haysysy ,howply“
bolyar? Howply kesikde
dartgynlylyk nici den?

+5.32. Konsol egilmede der

gargylykly balka gorniisinde
taslanyar. Konsolyn kese kesigi,
beyikligi hemigelik h defi bolan
goniburgluk. Kesigin ininin
uytgemek kanunyny b = b(x)
anyklamaly. Konsolyii her
kesiginde maksimal dartgynlylyk
| O]~ rugsat edilyéine der.

3.33. Coyun balka (E=1,2-10*kN/
sm°) synag edilende, suratda
gorkezilen shema boyunca | we 2
tenzometrin gorkezijileri, 6lcenilen
basganc¢aklar boyunca P = 50 kN
gliye bilen yiiklenende tenzometr-
lerifi gérkezijilerinifi orta artma-
sy An,=-15 mm-e, An=Smm-e
den. Eger kesigin beyikligi
h=24 sm, a=0,6m, tenzometrif
bazasy €=20 mm, ulaltma
koeffistyenti K=1000 bolsa, bas
merkezi oka gori kesigin inersiya
momentmim ululygyny kesgitlemeli.

5.34. Suratda sekillendirilisi yaly, balkanyii bitarap okunda kesekesigme
45° burg boyunga tenzometr yerlesdirilen. Balka yiiklenenden sofi B bazasy
bolan tenzometr AB uzalma gérkezyir. Abzalyn gérkezen bahasynda

lllll

we beyikligi h, mayysgaklyk moduly E we Puassonyf koeffisiyenti j1-e
(el bolan materialdan yerine yetirilen.

Tenzometr

5.34-nji surat

5.35. Eredilip galyba guylan polady galyp bilen bilelikdiki agramy 430 kN
(surata seret). Galybyii sapfasynyi boynundaky dartgynlylygy tapmaly.

5.35-nji surat
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M= 5.39. Uzynlygy—! we agramy G=¢-
lﬁ" “ ¢ bolan bir jynsly gini balka gaty
rr

[ tekizlikde vatyr. Balkanyii ujunda i
g , M= g/ */8 moment goylanda, onun ‘ |

yokary géterilyin boélegini

5.36. Diwarynyii galyiilygy b= 54 sm
bolan gapy yere iki birmerizes tawra
bilen basyrylan. Balkanyri hasaplayys
uzynlygy £ =4 m. Balka diisyin yiik
diregde ®=60° burg boyunca

yapgytlanan parabola boyunca 3381t supat M !|

cdklenen diwaryri b leginint agramyna 5.40. Uzynlygy ¢ =lm, beyiklig I

t_je'? (surata seret). Balkanyi materialy I ) h=5 sm, esasynyn ini b=h bolan |

ugin egilmede rugsat edilyin o : EP é:‘_ tichurg kesikh coyun balkanyn rugsat "

: dartgynlylygy [ o |=15kN/sm? de — edilyin yiikiini tapmaly (surata seret). |'|
5.36-njy surat diyip kabul edip onuii kesigini Coynuil siiynmd berklik cégi

saylamaly. Diwaryii materialynyf ot =200 MPa, gysylma berklik |

gowriim agramy y =16kN/sm’, 5.40-njy surat |

Parabolanyni denlemesi. |

¢ yi i oA 5%: 1000MPa | berklik i

y = -Ez—x(f - x)_ ditivaclygy n=3-¢ deri. |

5.37. Uzynlygy €=3,2 m, ini b=12 sm, 5.3. Egilmede galtasma dartgynlylyk ‘

galyilygy b=0,6 sm(surata seret) polat
. Iist kesigi bxh=12x18 sm agag piirse
berkidilen. Piirs iki diregde erkin
4_’ goylan, poladyin we agajyn

mayysgaklyk modullarynyti gatnasygy
n=E :E =20:1-e de. Polat listde we
agag piirsde in uly dartgynlylyklary
kesgitlemeli.

5.41. Uzynlygy 2 m, mi 7,5 sm we beyikligi 15 smbolan goniiburcly kese
kesikli balkanyri gyralary sarnirli berkidilen. Cep diregden 75smuzaklykda
verlesen we kese kesiginin bitarap okundan 5 sm yokarda duryan nokadyn
normal we galtasma dartgynlylyklaryny kesgitlemeh. Balka direg aralygynyri
ortasynda goylan bir yere jemlenen 4 kN giiyg bilen yiiklenen.

5.37-nji surat

h 4
5.42. Taraplary i gatnasykda bolan

agac kopn piirsiin goniiburgly kese-
kesigmin dlcegini saylamaly (surata seret).
Piirse rugsat edilyin dartgynlylyklar:
egilmede stiynme we gysylma [o]=1kIN/snr’,

5.38. Suratda gorkezilisi valy,
p = { Caly goniiburely kese kesikli balka bir yere
jemlenen giiye bilen yiklenen,
Balkanyt ini hemigelik b de, beyikligi

bolsa gyzyk kanuny boyunca h ~den egilmede owranma [t] = 0,25 KN/sm’.
h,=3h-a ¢enli iiytgeyiir. Egilmed - _ Piirsiin direg aralygy / = 2m, relsm okunyri

” 2 . Egilmede . b .
3.38-nji surat baﬂianyﬁh‘iulymmmldangyn[ylygyny M K arasyndaky uzaklyk a=1,6 m. Relsii
kesgitlemeli. iistiinden hereket edyén diiz{imif tigrinm

brusa geciryian basysy P=9,8 kN.
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5.47. 1ki diregde erkin yatan turba )

kesikli coyun balka, diregden a=0,7 m
aralykda goylan iki defi simmetriyaly
yerlesen P=60 kN giiyg bilen yiiklenen.
Eger kesigin Olcegleri b=24 sm we
d=20 sm, direg aralygy é=3 m (surata _.
seret) bolsa, balkanyn howply |

5.43. Dirﬁ:gd»: erkin yatan direg aralygy 4 m-¢ defi 18-njj belgili iki tawraly:
balkanyii it uly galtasma dartgynlylygyny kesgitlemeli. Balka 14 kKN/sm? i}
uly .nﬂrmal dartgynlylyk déredyin direg aralygyn hemme yerine goylan
endigan yayran giiyg bilen yiiklenen.
544 ‘E ger kese giiye Q=60 kN-e defi bolsa, dasky diametri D=20sm we:
icki diametri d=18 sm bolan tegelek turbanyi egilmede ini uly galtas ’
dartgynlylygyi ululygyny kesgitlemeli.
5:45: Diame-tri d=25 sm bolan togalak agacdan. iki kant kesilip alnan kese
kopri pﬁ:_'slerme parowozyni tigrinden P=60 kN viik tiisir edyir (surata Sﬂr&t‘).:
Eger egilmede rugsat edilyin dartgynlylyk [c]=1kN/sm’ we egilmede
owranma dartgynlylyk [t] =0.2 kN/snv’ bolsa, piirslerin berkligini barlamaly,
o

¥

kesigindéki in uly normal we galtasma

dartgynlylyklaryn ululyklaryny tapmaly.
5.47-nji surat |

5.48. Ululygy Q=60 kN bolan wertikal kese giiyjiifi tisirinden goniiburgly !'
turba gorniish balkanyti diwarynda yiize ¢ykyan il uly galtasma
dartgynlylygyn ululygyny kesgitlemeli. Kesigiil haysy diwarynda galtasma ‘
dartgynlylygy uly bolyar? Kesigii beyikligi we i boyunga galtasma |
dartgynlylygyn yayraysynyii epyuryny gurmaly.

5.49. Direg aralygy € = 3 sm
bolan den tekjeli iki tawra iki |
diregde erkin goylan we prolyo- |
20 tyri ortasynda bir yere jemlenen
P giiyc bilen yiiklenen. Normal |
dartgynlylyk boyunca berklik
sertinden balkanyn yiik goteriji-

Jen

e

N

SRR RN

5.45-nji surat

T 15

WM& 5.46. Q=300 kN bolan kese i ligini kesgitlemeli. Iii uly galtasma
g gliyyiini tédsirinden doreyin iki dartgynlylygy hasaplamaly we il
g tawraly balkanyii diwaryndaky ifi 7 diwaryi beyikligine we tekjanin
% - |5 uly we i ki¢i galtasma L L L i 20 inine galtasma dartgynlylygyn |

$ o g .| £ dartgynlylyklaryi ululygyny m yayraysynyn epyuryny gurmaly. |
g tapmaly. Diwaryii kabul edyiin kese Rugsat edilyiin dartgynlylyklary |
"é giiyjiini tapmaly. Balkanys 5.49-njy surat [o]=16 kN/snv’, [1] =10 kIN/sny’

g suratdaky kese kesiginifi lcegleri deni diyip kabul etmeli.

. mim-de gorkezilen,

5.46-njy surat
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5.50-nji surat

3.51-nji surat

5.50. Egilmi igleyin balkanyi kese
kesiginde galtasma dartgynlylygyn Ty

epyuryny gurmaly. Balkanyn I(E:bl}_.,l ~
romb.

~ 5.51. Kebsirlenen iki tawraly balkanyn

tikininii galyiilygyny kesgitlemeli,

Balkanyn kesigindiki kese gliye

Q=300 kN. Kebsirleme tikinine rugsat
edilydn dartgynlylyk [t] = 50 Mpa.

5.52. Beyikligi h we ini b=1 bolan
goniiburgly balka iki diregde
goylan we balkanyn direg
aralygynyii ortasynda bir yere
Jemlenen P yiik bilen viiklenen

3.52-nji surat

(surata seret). Balkanyri ¢ep direg
nokadyndan x okuna 45° burg
boyunca gegirilen a-b kesikdiki
normal we galtasma dartgyn-
ylyklary epyurlaryny gurmaly.

70

§.53. Uytgeyin galyiilygy h bolan piirsiit  kese kesiginde galtasma
dartgynlylygynyni yayrayys kanunyny kesgitlemeli.

5.53-nji surat

5.54. Rezinden edilen goniiburgly kesikli piirsiifi {istiine siiynmeyiin yuka
lenta yelmenen. Eger synagda lentanyi {iziilme giiyji P-e deri bolsa, tekiz
kesik caklamasy esasynda piirsi egyin momentiil ululygyny kesgitlemeli.

L.entanyn galynlygyny h beyiklige gorid ujypsyz diyip hasap etmeli.

M
Iy ,

5|

3.54-nji surat

5.55. Direg aralygy £ =4m bolan iki konsolly balka suratda gorkezilisi yaly
viikklenen. Konsolyn uzynlygy a=0,5 m. Eger C nokatda galtasma
dartgynlylyk t=1kN/sm’ bolsa, balkanyn howply kesiginde ifi uly normal
we galtagma dartgynlylyklaryn ululyklaryny kesgitlemeli. Kesigin dlgegleri
mim-de gorkezilen.

5.56. Denyanly ticburcluk sekili bolan balkanyi kesiginm beyikligine galtasma
dartgynlylygyi wertikal diiziijisiniil yayraysynyn epyuryny gurmaly. Kese giiye
Oz okun boyy boyung¢a ugrukdyrylan.
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VI bap
Egilmede durkuny ilytgetmegi kesgitlemek we statiki
kesgitlenmeyin ulgamlaryii hasaby
6.1. Analitik usul boyunca du rkuny iiytgetmiini kesgitlemek

6.1. Uzynlygy € =1m. kese kesigi 5x60 mm bolan gontiburcly polat cyzgye,
n:IDITEB!'Iti M =IkN sm bolan iki jiibiit gliye bilen egilyir (suratalsa;:rﬂt).
_C:}fzg}jyﬁ haysy egri boyunga egrelyininifi defilemesini yazmaly we kesigi
1 uly Swriilme burcuny we ¢yZgy)yi ift uly ornuny iiytgetmesini tapmaly.

M, y/

5.54-nji surat

6.2. Uzynlygy € =1m we kese kesigi 2x2 sm’ bolan bir tarapy berkidilen

balkanyn ujunda momenti M =0,1 kNm bolan jiibiit giiyc bilen egilyir,

Eger l?alkanyﬁ ahyryndaky kesikde dwriilme burg 6=0,0875 rad. bolsa,

;mten;l}ﬁ mayysgaklyk modulyny we balkanyii oku nyn egrilik radiusyny
pmaly,

6.3: Direg aralygy 2 m bolan iki dayang nokatly balka tegelegi dugasy
boyunga egrelyir. Direg aralygynyn ortasynda onui ornuny liytgetmesi
0,5 smdef. E=2,1-10°kN/sm? we [=230 sm® bahalarynda egme momentifi
ululygyny we balkanyii egrelen okunyi egrelmesiniti radiusyny kesgitlemeli.

6.4. Tngtajjy gliyyin T=240 kN tisirinden k& pri siitiininis kerpig Griiminir
mateml)myﬁ mayysgaklyk modulyny kesgitlemek G¢in onuri yokarky kesiginif
gorizontal ornuny {iytgetmesi lcelyir we bu ululyk 8,75 mm-e deii bolyar,
Eger binyadyii erfie ginden siitiinifi beyikligi h=12 m bolsa. materialyn
mayysgaklyk modulyny kesgitlemeli. Olcegleri suratda gorkezilen.

6.5. Majﬁy:sgalﬁ cyzygyn differensial defilemesini integrirlemek yoly bilen
suratdaky yaly yiiklenen, bir tarapy berkidilen balkanyti erkin kesiginiti burc
We ¢yzyk ornuny tiytgetmelerini tapmaly,
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6.5-nji surat

. 4
6.6. Balkanyn ujundaky rugsat edilyin ornuny iiytgetme [f ] = 450 ~-den

kop bolmadyk yagdayynda, uzynlygy €=2m, bir tarapy berkidilen we hemme
uzynlygyna endigan yayran giiyc q=10 kN/m bilen yiiklenen balkanyti
kitawraly kesigini saylamaly. Eger [6]=14 kN/sm’ bolsa, balkanyri berkligini
saylanan 1ki tawra kanagatlandyryarmy?

6.7. Direg aralygy € =4 m, kese
kesigi 18x20 sm bolan géniiburcly

11 aga¢ balkanyn sony iki diregde
\ u—% goylan we suratda gorkezilisi yaly
' EL & _] | | depgim g=10 kN/m bolan endigan
L L2 yayran giliye bilen yiiklenen.
Balkanyti direg aralygynyfi
ortasyndaky egrelméini we
direglerdidki kesiklerinn dwriilme

burclaryny tapmaly.

6. 6-njy surat

v 6.8. Sag diregi M moment bilen yiiklenen balkanyri il uly egrelmesini
kesgitlemel we balkanyn direg aralygynyfi ortasyndaky kesigin egrelmesi
bilen denesdirmel.

1\
“’"EEE { a |

6.8-nji surat
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69 Balkanyn bir metrinif agramy q, egilmé gatylyey ET we uzynlygy 26-¢
dff'“ bn:f!'saj ¢ nokatda ornuny tiytgetme nola defi bolmak tigm hususy agramy
bilen yiiklenen AB balkanyri ( nokadyna niihil; glye P goymaly?

0.12. Goniiburgly kese kesikli balka hemigelik egime moment bilen yiiklenen:
i uly normal dartgynlylygy o den, normal mayysgaklyk moduly E, kese
kesiginint meydany A, uzynlygy ¢ bolan balkanyfi toplan potensial
energiyasyny hasaplamaly.

}."
X
A P 0.13. Suratda gekillendirilen balkanyn C kesiginif egrelmesini we Swriilme
X b l F o burguny Makswell-Moruii usuly bilen kesgitlemeli.
A\ £\ j
vty v:4 S g M

A-—

0.9-njy surat

6. 2. Energetiki usullar bilen sterfenl ulgamiaryii durkuny

liytgetmegini kesgitlemek e AR
6.10. S_Ufﬂtdﬁ sekillendirilen balkanyn cgilmede durkunyr iytgedilmegini P A 6.14. Suratda gorkezilisi yaly,
PﬂtEﬂSl-ﬂ? c‘:nergijasyn?fﬁ anlatmasyny peydalanyp, erkin tarapyndaky IS )y 37 1Y T yiiklenen polat balkanyn
egrelmesini kesgitlemeli. | | L# konsolynyii ahyryndaky
f -— 4 ! kesikde Makswell-Moruii
s o —— usuly bilen egrelmesini we
Ads =~ i ¥l 3B Vi S 6. 14-nji surat Owrtilme burguny kesgitlemeli.

P=20 kN, q=30 kN/m,
f =4 m, a=1m, [=3500 sm*,

IJ
L . b :l 6.15. Suratda sekillendirilen

6.10-njy surat ‘i]——]fi -, & ABCD c¢arcuwanyii sag
N konsolynyi ahyrynda goylan P

6.11. Diametrid = 12 smbolan tegelek kesikli wal, M_=6 kNm hemisclik ' vy ey
moment bilen egilyir we M =8 kNm moment bilen téWlﬂnﬁfﬂt Walyn | konsolynynahyrynda yerlesen
metrinde durkuny iiytgetminiii toplan potensial energiyasyny kesgitlemeli, ;_,_LU 3 .pesacyll, egrelmesing

Walyr rmt;erialynyﬁ mayysgaklyk modullary E =2, 1-10°kN/sny’ Makswell-Moruth usuly bilen
G =8.5-10 kasm"l, k. kesgitlemel. ol
6.15-nji surat |
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jél jiuuxzy ﬁ:{i}:jﬂnﬂk ligin niyetlenen gorizontal yerlesen polat turba
dajk ‘}rn ykda diwardan ¢ykyp duryar. Turbanyn icki diametrin

3 ysyna bﬂ_lﬂn gatnasygy d:D=0,85. Poladyii gowriim agran
Y= ?_B,SkNKm-" -a, suwufiky bolsa y = 10kN/m? -a den TLLI‘%) -
materialynyn mayysgaklyk moduly E =1 ,96:10'kN/sm?. Tut‘iaanyﬁ .1

tarapyna rugsat edilyin egrel = | : '
: Y grelme [f] = 0,0037 , Turbanvii icki we dask
diametrlerini kesgitlemeli. SHYR Ik Wa Gl

l|=l kv

11

6.20. Suratda sekillendirilen
goniiburgly kesiklh balkanyi m uly
egrelmesini kesgitlemeli. Plirsiin I
materialy sosna, sosnanyn |
( iR PO s mayysgaklyk moduly E=10° kN/ |
= : ; snr. Kesigin mi b=60 mm. 5

v g IIE. B?rk}ik we gatylyk sertlerinden agag 6rtgiili balkany hasaplamaly
; a" an}in (%Ir.eg aralygy / =3,6 m. Balkalnysi arasyndaky uzynlyk a=1.2 2
ortuginin bir inedérdiil metrinif yitklenmesi p=4kN/m?. Balka ruesat ed}l o

6.20-nji surat I

| 6.21. Ucburglugynn kanuny |
| boyunca iiytgeyin yiik bilen I
yiiklenen, bir tarapy berkidilen AB

balkanyi A nokadynyn
egrelmesinii we Owriilme

burgunyii ululygyny kesgitlemeh

6.21-nji surat (surata seret).

dartgynlylyk [o]=1 kN/sm?, rugsat edilyéin egrelme[f]= @
mayysgaklyk moduly E =1,1-10°kN/sm?a de. 350

6.18. Uzynlygy / we hemiselik beyikligi (h=const) hem tiytgeyiin ini bolan

iki dayang nokatly balka P giiye bilen yiik
: giiye bilenyiiklenen e
mﬂdu]y 2 dEﬁ bD]SEI-_} an_-a; we [ . tﬂprﬂiﬂy : {Suratﬂ SETEU' Mﬂmgak I

6.22. 20 a belgili iki tawra kesikli, direg aralygy 6 m-¢ deii balkanyn bir
tarapynyii diregi sarnirli gozganmayan, beyleki tarapy diametri 10 smbolan
‘ , dilindrik hyr sekilli pruzin bilen saklanyar. Pruzinifi sarymynyi sany n=10, |
| siminifi diametri 2 sm. Balka we pruzin polatdan yasalan, materialyf |'|
mayysgaklyk modullary E =2-10°kN/sm*a we G =8:10°kN/sm’-a den. |
6.19. Uzynlygy ¢ s e A Hu]lca‘nyﬁ nﬁas;fnda g{_:r)’!lan wertikal giiyjiif t4sirinden toplanan potensial il
kosikliitogs glr %y - 'WE 1El"{"f'$ﬂ1ﬂ<r ini bolan goniiburgly kesikli, hemme energiyany kesgitlemeli.

cn garsylyk gorkezydn bir tarapy berkidilen balka endigan v 6.23. Suratda gorkezilisi yaly,

yayran yiik bilen yiiklenefi(surata seret). Kesigini beviklicini
_ . Kesigin beyikliginin tivtgevi B o s )
kanunyny we balkanyn ifi uly egrelmesini kesgitlemeli TN e diwillcoky bolan baﬂfaP]—_leN
; % ' we P =20 kN giiy¢ler bilen

a B ‘ viiklenen. Kesigii inersiya moment “
3000 sm'-e den we balkany ||".

: hemme uzynlygyna hemiselik. |
o4 Mayvysgaklyk moduly ]
E =2:10°kN/sm*-a defi. P, giiyjlin I

ugry boyunca A kesigm ornuny l
{ivtgetmesini we B kesigifi 6wriilme ‘

6. 18-nji surat

6.21-nji surat

6. 19-njy surat burguny kesgitlemel.

" 17 |




6.24. Tki

yerlesen bolsa, bu momentlerisi gatnagygyny tapmaly.

egrelmeleri denesdirmeli. Balkanyil
galynlygyna temperatura ¢yzyk
kanuny boyunga iiytgeyir (surata

6.25-nji surat seret). Materialyi uzynlygyna
~ginelmek  koeffisiyenti a,
mayysgaklyk moduly E.

Elﬁ _Sufatd.a-l gorkezilen endigan yayran yiik bilen yiiklenen balkanyn B
esigmin 6wrillme burcuny kesgitlemeli. Weresaginiti usulyny ulanmaly;

(1

6.26-njy surat

|

n AB ynq we P giiycleriniii tasirinden gep
ktI:; nsolyn ahymﬂa]frykemgm Owriilme burguny tapmaly. Weresaginin usulyny
ulanmaly. Balkanyti gatylygy EI =4-10"kN/sm?.

P=10 kN

=5 kN/'m

g 4m

6.2 7-nji surat

78

iy dft}:faﬂ? nft:katda yatan balka, sagat dilinii ugry boyunca aylanyan
"1JUbUL gliygler bilen egilyéir. Eger epme nokat gep diregden /3 aralykda

6.25. ‘{"ukary granlary At°§
gyzdyrylanda birmeiizes balkalarda
doreyin dartgynlylyklary we ifi uly

6.28. Weresaginifi usulyny ulanyp. balkanyn B nokadynyn egrelmesin we
diregdiki A nokadyny dwriilme burguny kesgitlemeli.

I.I'

q _*l-]'-’l

6.28-nji surat

6.3 1-nji surat
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v 6.29. Suratda sekillendirilen

carcuwanyn Weresaginii
diizgiinini ulanyp, erkin
tarapyndaky wertikal ornuny
iiytgetmesini kesgitlemeh.

6.30. Suratda gorkezilen
endigan yayran yiik bilen
viklenen cargcuwanyn B
diregindiki gorizontal ornuny
iytgetmesini kesgitlemeli.
Sonuil valy-da Weresaginin
usulyny ulanyp, C kesigin
wertikal ornuny {iytgetmesin, D
kesigin owriilme burguny
kesgitlemel.

6.31. Suratda sekillendirilen
polat balkanyn P giiyjiii goylan
yerinde, AB we BC boleklerm
inersiya momentlerinin [ we 1,
haysy gatnagygynda ifi uly
ormnuny tytgetmesibolar? Eger
P=6,25 kN, €=0.,24 m,
[ =16 sm* bolsa bu ornuny
{ivtgetmini tapmaly.




| 6,36. Shemalarda gorkezilen bir tarapy berkidilen we diirli gliy¢ler bilen
vilklenen hemiselik kesikli ABC balkanyn ¢ kesiginin Simpson-
Karnouhowyri usulyny ulanyp egrelmesini we dwriilme burguny kesgitlemels. |
Berlen: P=20 kN; M =40 kNm; q=20 kN/m; b=3m, a=2m; (I

6.32. Direg aralygy €=1,25 m bolan ta : anyn tstiinds

. L =1,251 gta pol metal balkanyn iistiing
goylan we P=8,:ﬁkam*l yiik bilen yiiklenen (poluri a gramy + peydaly yiik]
Eger egilmede rugsat edilyin dartgynlylyk [o]=1,2 kN/snx’ we rugsat edilyl
egrelme [f1=1/250=0,5 sm bolsa, tagtanyn zerur galyilygyny tapmaly,

& T1 P a v6.33. Weresaginiii diizgiinin [1+2:-10°kN/sm?*; I=4800 sm®; {=a+b=5m. |
"Ir ulanyp, P gﬁ:{rjﬁﬁ gnj;rl' - b I |

d SR nmkadyqd_aky tirsekli walyt A . d{ ""F.. -L il
prrmmygede — egrelmesini kesgitlemeli. Waly | b [ - .= _F I

kesigi hemme béleklerind
hemiselik.

OIS 6.34. Suratda gorkezilen rigelde

I SITETTY +. suratda gorkezilen rigele

J: Ll . epdlgan yayran yiik bilen yiiklenet

simmetriyaly ¢ar¢uwanyii [

6.33-nji surat

|
ft aff] Hi w
) FE IR P |

6.3 6-njy surat

| sarnirinin gorizontal ornuny
’ uytgetmesini Weresaginin usuly
bilen kesgitlemeli. Rigelifi we

: \,& carguwanyn ayaklarynyn kese
h - kesikleri birmefizes.

f

6.37. Suratda gorkezilen shemalar boyunga yiiklenen hemigelik kesikli

polat ¢arguwanyii erkin kesigindiiki wertikal f, gorizontal A ornuny
(iytgetmelerini we dwriilme burguny 6 matrisa usuly bilen kesgitlemeli | .'
(E=2-10'%N/sm".).

/ |

6.34-nji surat et P Py ¥ E b J
v S et . I y i
6-3£-dCY£g}'dd gtirll]n}en balkalaryn shemalary iicin O. Moruii usuly bilen A EY, — : X ||L
nokadynyn egrelmesini we B kesigifi dwriilme burcun | -' ~ N . |
E = 2.-10'%kN/sm?. € cuny kesgitlemeli : e 'I
i | e L S YT :ﬂ: 1
-f % B J T 7,'777/;7 -‘#M?I—' bodie Iul‘l
= — - h'% I [_ 3in .’?‘ w) h} 9 Il
\ ][] -
30 kN : . rm N N 6.3?_njy strat |
{ 1 LY } | |
13 2 =i % o3 Iml m | EJJ."f’ M=qa_~ . : |
oo e, o T_Tﬂ T ST o 6.38. Matrisa usulyny ulanyp, ‘
L I} _L # ! Artiiiliegs t ' suratda gorkezilen balkanyn C I
gL &l ol . ﬁs <% B ™ - nokadyndaky egrelmesini we i
~ o E el o dwriilme burguny kesgitlemeli. | |'
20kNim 1ok r"“m Nm THENm N TP wm I“‘_lu M | ‘
H A L _n . | i' |
e 3 SO = 6.38-nji surat 1
{ [/ JHFES

6.35-nji surat ‘ r
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6.39. 16-njybelgili Pr. 106 tipli iki swellerden (bir swellerifi inersiya moment
1=51,98 sm®) ybarat bolan dyural balka, suratda gorkezilisi yaly, yiik bile
yiiklenen. Matrisa usulyny ulanyp, balkanyii ortasyndaky egre
kesgitlemeli. E = 7,5-10°kN/sm’. Balkanyn ortasyndaky egrelmes|
€/200-den yokary geemedik yagdayynda, balkanyf kesiginifi inersivi
momenti nihili bolmaly?

Al

1
6.39-njy surat

6.40. Uzynlygy¢, depgini 2 q bolan endigan yayran yiik bilen cep direginden
ortasyna ¢enli yiiklenen iki dayang nokatly balkanyii ortasyndaky egre
kesgitlemeli.

6.40-njy surat

6.41. Uzynlygy € deii bolan hemiselik kesikli yonekey balkanyii A©S bilen

agagy gyzdyrylanda, direg aralygynyn ortasyndaky egrelmini we diregd:iki -

Owriilme burguny kesgitlemeli. Balkanyii kesiginii beyikligine temperatura
¢yzyk kanuny boyunea iiytgeyir diyip hasaplamaly. Materialyii temperatura
gifielmek koeffisiventi o defi.

6.3. Statiki kesgitlenmeyin ulgamlaryi hasaby
6.42. ACB balkanyn B gyrasy gaty we A gyrasy gozganyan sarnirli direg
bilen berkidilen. Balkanyn ortasyna P=40 kN giiye goylan, kese giiy)iinin
we egme momentiniii epyurlaryny gurmaly.

82

6.42-nji surat

0,43. Suratda gorkezilen ABC balkanyii kese gilyjiiniti we egme momentinimn
gpyurlaryny gurmaly.
=20kN/m
OO T T T C
- A B - . . :

S

b
|

6.43-nji surat

0.44. 1ki direg aralykly kesilmedik balka suratda gorkeziligi yaly yiklenen.

Balkanyii dayang nokatlaryndaky gaytargylary kesgit!e:'neli we kese giiyjti,
epme momentii epyurlaryny kesgitlemeli. Gontiburghugyn h:b=2 gatnagygynda
balkanyi kesigini saylamaly. Egilmede rugsat edilyén dartgynlylyk
|1 kIN/sm® diyip kabul etmeli.

e M =HOEN
\ R ¢
Ar_= 1,5 m -1 1.5 m "_T_‘:_é EL{ % m a_léu

6.44-nji surat

6.45. Suratda gorkezilen shema boyunga balkanyri 'L-iﬂ'};’ﬂm; pﬂkatlgr}mdaky
paytargylary we it uly hem i kigi egme momentlerin kesgl‘tlgmeh.r Rugsat
Edil}'fﬁiu dartgynlylyk 16 kKN/sm® bolanda, iki tawrany belgisini saylamaly.
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20k 6.49. Suratda shemasy gorkezilen {

carcuwanyn giiye usutyny ulanyp, statik

¢ * kesgitlenmeyandigini agyp gorkezmeli

we dayan¢ nokatlaryndaky !

gaytargylary kesgitlemeli. Normal we |
S kese gitycleriniii we egme momentinifi |

epyurlaryny gurmaly.

6.45-nji surat

6.4}5. Shemada gorkezilen garguwalaryfi kese giijiiniii we egme momenting
cpyurlaryny gurmaly.
6.47. Suratda gorkezilen yiiklenme boyunga iki tarapy gaty berkidilen ikj
tawraly balkanyii kesigini saylamaly. a=1.5 m, b=3m. P=60 kN
[o]=16 kN/sm? deii diyip kabul etmeli. |

6.49-njy surat
6.50, Suratda sekillendirilen ¢arguwanyin normal we kese giiycleriniii hem
egme momentiniii epyurlaryny gurmaly.

P=50&N

A 2K B X1 C

=50k N/m

6.4 7-nji surat

v 6.48. ]slen_dik usul bilen balkanyn statik kesgitlenmeyiindigini acyp
gm:keznmh, dayang nokatlaryndaky gaytargylary kesgitlemeli, Q we M.
epyurlaryny gurmaly. '

6.51. 1ki direg aralykly balka sag direg aralygynyn ortasynda bir yere |
jemlenen giive bilen yitklenen. Giiyg usulyny ulanyp, balkanyii kese giiyjiini i

|

6.50-nji surat 4 I:
we egme momentinim epyurlaryny gurmaly. ‘
|

|

6.48-nji surat
6.5 1-nji surat
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6.52. Matrisa usulyny ulanyp, suratda sekillendirilen balkanyii kese giiyjlinie
we egme momentinii epyurlaryny gurmaly.

F;quﬂ | : l,i | M““-

P=2/3qa J3—-

1

I
3 11 1,

L
i

-5

6.55-nji surat

6.52-nji surat

RYENTRY qii TEFRR i;é;, 6.53. Uzynlygy €=1m bolan 0.56. Iki dayan¢ nokatda goylan 24-nji belgili iuk..i taw1:aly polat balkanyn
‘AEui 1 I birmetizes materialdan yasalan iki ortasynda gatylygy ¢ =1() kN/sm bolan pruzin goylan (surata seret).
3 5 .. balka wertikal ster?en bilen Durkuny tivtgetmegi defiesdirmek usuly bilen ortaky diregin gaytargysyny
ortasynda birikdirilen (surata kesgitlemeli.
seret). Wertikal sterzene diisyiin

giyyn tapmaly (durkuny EI—[]_LILL LIL_L_L{ n Jiﬁ‘
tiytgetmegini hasaba almazdan). B '

Balkalaryn mersiya momentlert: >

yokarky 1 =12560 sm*; asaky iy e
1,=54400 sm’. B

6.54. Uzynlygy €, we €, bolan iki 6.56-njy surat

atanaklayyn yatan balkalar P
giiy¢ bilen yiiklenen (surata
seret). Balkalaryii arasynda

guyj i }"35’1'353}’“}‘ tﬂplﬂﬂl}’. ugruna alnan durkuﬂ}r i_i_'i,ﬁtgf:hm 4= =108 4 bolsa, P gLI}Jllﬁ u Iulygyn}f
Balkalaryn mersiya momentleri, '

6.57. Polat balkanyn okuna parallel edilip datcik yelimlenen (surata seret).
Eger elektrotenzometrik dlceyjilerin gérkezmesi boyunga datgigin bazasynyn

degiglilikde, 1 -e we I-d den. kesgitlemeh.

Balkalaryfi  materiallary g

birmerizes. _ |_ .
6.54-nji surat { % :g_

v0.53. Iki AB we CD balkalaryii birlesen yerine P giiyc goylan. Eger direg

aralyklarynyfi we gatylyklarynyi gatnasygy belli bolsa: €:€=3:2,El :E1L=4:5, 6.57-nji surat
P giiyjiiti balkalaryti arasyndaky paylanylysyny tapmaly: '
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6.58. Berlen ¢ar¢uwa ii¢in statik Vil bap

kesgitlenmeyéndigini agyp gorkezmeli Cylsyrymly garsylyk
(surata seret) we icki giiyclerinii 7.1. Gyya egilme
Rerfen inroowg ep:;} ur]m}’n}’ gUJTI‘IHIy - |

7.1. Sarnirli direg bilen berkidilen goniiburgly bxh=15x20 sm kese kesikh
agac balka uzynlygy €=3m bolan direg aralygynyfi ortasynda bir yere
jemlenen giiye bilen yiiklenen (surata seret). Giiyjiif tésir tekizligi balkanyn
okundan gecvin wertikal tekizlik bilen =15 burg boyunca yapgytlanan.
Balkanyn kese kesiginde bitarap okunyn yagdayyny we gysylma
dartgynlylygyny kesgitlemeli. Balkany ortasyndaky kesigifi doly e grelméinin
ululygyny we ugruny kesgitlemel.

6.58-nji surat

7.2. Uzynlygy £=2m, kese kesigl | |
| 2x20 sm bolan goniiburgly agac
balkanyni bir tarapy gaty l
berkidilen, beyleki tarapy bolsa,

6.59. Direg aralary { bolan iki direg aralykly ABC balka, depgini q bolan
endigan yayran yiik bilen yiiklenen. Ortaky dayang nokadyn gaytargysy
qf-e den. Awe C dayang nokadyri arasyndaky wertikal aralygyn ululygyny

tapmaly 2.4 kN yiik bilen yiiklenen. Giiyg |
| balkanyn kese kesiginii |
| 6.60. Uzvnlyvey 4 m bolan balkanvs tekt_zhgmden tasir e_d},f:}ir we onuf |
; * [{“ : ZYTIYEY il Fe £ il . ;
q=4kN/m| bir tarapy berkidilen we depgini 4 tasir ¢yzygy kesigin agyrlyk

merkezinden gecgyar (surata
seret). Berkidilen kesigin

2.5m

YRERRERRNRER ! 1T}  kN/m bolan endigan yayran giiye
. e 4 bilen yiiklenen: balkanyfi berkidilen

. gapdallary boyun¢a normal | {
A nokadyndan 2,5 m aralykda direg dart X sy

. gynlylygyn epyuryny gurmaly
bilen goldaw berlende, berkidilen A o

-nj . . we balkanyn erkin tarapynda
SO0 Ty Skt nokatda egme moment nola dei v doly egrelmini kesgitlemeli (
|

bolyar. Goldaw beriji direge diisyan
basysy tapmaly we balkanyi kese
gliyjinin we egme momentinifi
epyurlaryny gurmaly.

7.3. Tki tarapy sarnirl berkidilen |
sweller endigan yayran wertikal I
tisir edyian g=5 kN/m giiyg bilen ‘

" yiiklenen. Swellerm diwary |
" wertikal bilen a=30° burg¢ emele i'
getiryir. Swellerin direg aralygy |
¢ =4m. Eger rugsat edilyin
dartgynlylyk [c]=16 kN/sm’
bolsa, swellerin belgisini
saylamaly.

7.3-nji surat
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7.7. Uzynlygy 1.6 m, 8lcegi 80 x 80 x 7mm bolan ugolok bir tarapy gaty
berkidilen balka gorniisinde isleyir; kesigif egilme merkezinden gesyan bir |

i | v7.4. Goniiburgly kesikli brus M yere jemlenen P=IkN giiye balkanyti erkin tarapynda goylan. Ba[kanyr; |

T -1 'I we My egme momentlerden gyya howply kesiginde bitarap okur yagdayyny we A,B we C nokatlarda norma

' 7 ML, | egilmé sezewar bolyar. Brusui ifi dartgynlylyklary kesgitlemeli. Ugologyi ifi uly egrelmesinifi ululy2yny we

r ! (Y '_"I'TI " h ugruny kesgitlemeli. .

! J,--/ az agramynda k= p onayly 7.8, Jayyii ligeginiii gapyrgasynyi (p=3,2 kN/m* wertikal yiiki gnlﬂry_f;m

| Fo bolsa) kesiginiil Slceglerini iki gorniisde saylamaly: goniiburcluk [0]=1.25

Ty gatnagygyny kesgitlemeli. kN/sm” (agag) we ikitawra ([o]=16 kN/sny?) Gapyrganyn direg aralygy
foA~tge Skt ( =4m; gapyrgalaryi 6zara aralygy a=1,25 m de. |

Y
b it 71.5. Erkin tarapyndan bir yere

jemlenen P yiikiin tédsirinden
gontiburgly kesikli konsol balka
gyya egilmid sezewar bolyar.
Rugsat edilyin egrelminii berlen
bahasynda brusun iti kii agramy
bolar yaly kesigifi taraplarynyii
oniayly gatnasyklaryny tapmaly. P
gliyjiin tdsir edyin ugry wertikal
ok bilen ¢ burgy emele getiryir,

|
|'
7.6. Iki tarapy sarnir bilen 7.8-nji surat }
r

berkidilen iki tHWI'EII}’ bﬂlkﬂﬂ}’ﬁ g fis Eg“l’l‘lﬁl}iﬁ Sﬁ}"nme we gysma bilen bilelikd:iki tﬁﬁ'iri ]|!
uzynlygy €=4m bolan direg |r
aralygynyn ortasyna wertikal . 7.9. Beyikligi 5 m, kese-kesigi 1x1 nv \
N 9, gj
ugrukd}?r}flan e l.{N SUY§ bolan kerpig siitiin 6ziinift hususy | |’
goylan. Ikitawranyf diwarynyi agramy we semalyii kese endigan |
a=20° burg emele geti.r}? ar yiiklenen (surata seret). Sijt{pnin kerpig f |
(surata seret). Rugsat edilyin driiminifi udel agramy 1,6. Siitiini |f|
5 i o ?
dartgynlyly k [o] =16 kN/sm’ ' > esasyndaky ifi uly we it kici £ysylma ‘
bolanda kesgitlenen sort boyunca Z/Z 7 dartgunhyiviiarony kesatl meli. 0l
balkanyn kesigini saylamaly. Kl |
7.6-njy surat  TIRRIOR |r J|J|
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7.10. Kesilen kesigi suratda shematiki gorkezilen dasdan edilen séyeg diwary

yerin gum tiysmegini saklayar. Oriimiti udel a gramy 1,8-e deni. Yerin basysy

q gorizontal ugrukdyrylan we diwaryn beyikligine tichurclugysi kanuny
boyunga yayrayar; diwaryi esasyndaky ifi uly basys 1.5 kN/m?® def.
Diwaryn esasyndaky ifi uly we i1 kici gysylma dartgyn lylyklaryi ululygyny
kesgitlemeli.

7.11. Gonuburely 15x20 sm kese kesikli aga¢ direg bas inersiva oklaryn
her haysyndan 3 smuzaklykda yerlesen N nokatda 90kN defi gysyan boy

L L]

gliy)i bilen yiiklenen. Bitarap okuri yagdayyny kesgitlemeli we goniiburclugyn
taraplary boyunca normal dartgynlylygyii yayraysynyii epyuryny gurmaly.

7.12. Gysylan brusuri normal dartgyn-
lylygy A nokatda 0,2 kN/sm>-a
(sitynme), B nokatda bolsa nola deii
(surata seret).  nokatda dartgynlylyk
ndcd den?

7.13. Kwadrat kesikli (axa) konsol
sterzeniii okuna o bur¢ boyunca
yapgytlanan P giiye erkin tarapyndan
yliklenen. Sterzeniii berkidilen
kesiginde in uly dartgynlylygy
kesgitlemeli we o burguii haysy
bahasynda dartgynlylyk itiuly baha dest

-————  — bolyar.
s 7.14. Diwara berkidilen iki swelleriri
e e N erkin tarapynda Q=40 kN bolan viiki

g‘/ galdyryan blok oturdylan (surata

3 seret). Zynjyryn dartuwy - P giiye
| gorizontal ugrukdyrylan. Enjamyi
fond B i esasy Olcegleri ¢yzgyda berlen.
[6]=8 kN/sm’ rugsat edilyén
dartgynlylygyndan asa bolmadyk
yagdayyndaky swelleriii belgisini
kesgitlemel..

ak\R\\IL\\‘fﬁ*

ang

7 A 3-nji surat

g2

-

7. 14-nji surat

7.15. zx we zy tekizhklerde egme momentii epyurlary berlen (surata seret).
Fger kese kesigi a) gérniisde ya-da b) gérniisde bolsa, balkanyn uzynlygyna
i uly dartgynlylygyn tiytgeyis kanunyny kesgitlemeli.

7.15-nji surat
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7.16. Suratda gorkezilisi yaly uzynlygy ., kesigihxb bolan iki diregde
govlan goniiburgly balka H giiyg bilen yiiklenen. Normal dartgynlylygyn nola
defi bolvan geometrik nokatlaryny gézlip tapmaly.

\

>H

7.17. Kese kesigi 10 x 5 mm bolan polat
zolak P giiycler bilen stiyndiirilyir (surata
seret). Emma hakykatdan gysyan
enjamlardaky uly siirtiilme bolyandygy
{icin, giiyelerin haysy hem bolsa bir1 0,1 mm
ekssentrisitet boyunca tdsir edyir.
Ekssentrisitet boyungca goylan giiyjiin
dartgynlylygy nidge giterim
** galdyrylyandygyny kesgitlemeli.

7. 17-nji surat

7.3. Towlanma bilen egilmiinin bilelikdiiki tiisiri

7.18. Tegelek kese kesikli bitewi polat wal howply kesikde 12,5 kNm egme
we 12,5 kNm towlanma momentler bilen yiiklenen. Rugsat edilyin

dartgynlylygy [o]=8 kN/sm’ hasap edip 11 we IV berklik nazaryyetleri
boyunca berklik sertinden walyi diametrini kesgitlemeli.

94

7.19. Uzynlygy 40 sm we diametri 4 sm, birmefizes iki giiy¢ P=1 kl:sl bilen_
viiklenen, tegelek AB polat sterzenin ift uly hasap dartgynlylygyny kesgrtlﬂn}el{
(surata seret). Eger yiiklerift haysy hem bolsa birini ayyrsan, s:terze:ndakl
hasap dartgynlylyk né¢4 defi bolar? IV berklik nazaryyetini peydalanmaly.

— 100 —>——=— 100

P P
7. 19-njy surat

7.20. Polat tirsekli ABCD sterzen, suratda gorkeziligi yaly berkidilen. fﬂ%
bolegii kese kesigi tegelek, diametri 125 mm-e deri. M nokatda ¢yzgynyn
tekizligine perpendikulyar 20kN giiye goylan. Galtagma dartgynlylygy hasaba
almazdan mn kesigii iti howply nokadynda bag dartgynlylygy we I!, 11 we
IV berklik nazaryyetleri boyunga hasaplama dartgynlylyklary kesgitlemeli.

2305

7.20-nji surat
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|
7.21. DiametrieriDﬁEﬂ smwe D, =50 smbolan iki tigir, suratda gorkezilisi r 7.23. Radiuslary r =6 smwe r2=12 SIM) ('l
yaly wala oturdylan, tigirlere P, we P, wertikal giiycler tisir edyirler. E% e || - % . bolan aylanyan pnlatwalailddi:;‘fljtigirlﬂr i| |
P =5kN we [o|=10kN/sm*, a=120 sm sertlerde I11 berklik nazaryveti Ji,!‘ | D'{}l{d]ﬂﬂ"- Tfﬁjﬂ;ﬂ]’ﬂkl‘f‘lb"“ fﬂs'f;;?ﬂ“ I
bovunca walvii diametrini keseitlemeli Podsinni P DUTL S R s B e EUYOIBEIRS U] QRABLE: Gy Ve A Il
amﬁl;d;ﬂ yn diametrini kesgitlemeli. Podsipniklerdiiki siirtiilméni hasaba j._‘- i _T‘_'_ 0. =30° burg bilen yapgytlanan (surata |: |
seret). Walyin minutdaky aylaw sany [J| |
7.23-nji surat 1000 ayl/min def. Gegiryiin kuwwaty !4 | n
500 a.g.. TV berklik nazaryyeti boyunga '; |.
walyn diametrini kesgitlemeli. a=10 sm, f)l |
b=15 sm, £ =50 sm, [o]=12 kN/sn?’. ') |

7.24. Deii berklik sertinden 111 berklik nazaryyetini peydalanyp, M, egme

] : q )
we M, = EM . towlanma momentleri kabul edyin tegelek we kwadrat ’l '.

kesikli bruslaryn agramyny denesdirmels. " 1

7.2 1-nji surat |
e e |'|. |
p oy % Wﬂldan-l, skiwlerden-2 we 3, podsipniklerden-4 we 5 ybarat e
hereketi gegirijiniit walynyii diametrini kesgitlemeli. Skiwlerifi diametrleri | | |
D =800 mm, D.=400 mm. Cekiniii sahalaryndaky giivcler suratda P 2 '|

gorkezilen. Walyii materialy tigin egilimede rugsat edilyéin normal dartgynlylyk
[6]=9 kN/sn-a defi. Hasap iicin it uly galtasma dartgynlylygyii berklik 7.24-nji surat |
nazaryyetini peydalanmaly. Skiwlerin agramyny hasaba almaly dl.

" gz 7.25. Burum tigriniii walynyf |
14 40 100 [ ey . =
—— | D=id | sossep ‘ talap edyin diametrini |'

e T g kesgitlemeli (surata seret). |:
!fﬁi__%k SuES > 4 J _{_ : Walyn gequﬁnr kuwwaty |
Hd | ¥ | m 1o ! N=12 kwt; aylaw sany !:
| ; | n=80 ayl/min; wala rugsat
| 7.25-nji surat edilydn dartgynlylyk

[6]=4 kN/sm’. Hasapda 1V

berklik nazaryyetini

7.22-nji surat peydalanmaly.
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VI bap
Gysylan sterzenlerini durnuklylygy

8.1. Eylermi formulasyny ulanyp iki tawra kesikli (22-nji belgili) oysylan
diregin kritiki gtiyjiini we kritiki dartgynlylygyny kesgitlemeli. Diregin iki
tarapy hem sarnirli berkidilen. Siitiinii uzynlygy ¢ =5m. Materialy
proporsionallyk ¢égi [ﬂ‘] x —20kN/sm™ bolan polat.

8.2. Uzynlygy 7 m, géniiburgly kese kesikli 12x20 sm” agag diregii kritiki
gliyjinim we kritiki dartgynlylygynyi ululygyny kesgitlemeli. Mayysgaklyk
moduly E =0.9-10°kN/sm? dert. Ifi kigi gatylykdaky tekizlikde diregin iki
tarapy hem berkidilen, ofia perpendikulyar tekizlikde — iki tarapy sarirli
berkidilen (surata seret). |

8.2-nji surat

8.3.* Eger direglerini biri tegelek, beylekisi turba gomiisli. kese kesikleriniit
meydanla_ry deii ululykda bolsa, Eyleriri formulasyny peydalanyp, birmetizes
sertlerde isleyin direglerin kritiki giiy¢lerinin gatnasygyny tapmaly. Turba

gomiish kesigiti diametrleriniri gatnagygy d, : d, = 1,25 -e defi.

08

8.4. Eger ahyrlary birmenzes sertlerde berkidilen we birmenzes yiiklenen
bir ululykly meydanda kwadrat we tegelek kese kesikli sterzenlerin

haysysynyn ¢eyeligi uly bolar?

8.5. Uzynlygy # =3,2 m, 24 a belgili iki tawradan yerme yetirilen siitiini
durnuklylyga rugsat edyén viikiini [P] kesgitlemeli. Materialy—polat 3, onui
proporsionallyk ¢édgi o, =20 kN/sm’, mayysgaklyk moduly
E=2-10" kN/sm®. Siitiinifi iki tarapy hem sarnirh berkidilen. Mesele
coziilende Eylerin formulasynyulanmaly, Durnuklylyga dtiyaclyk koeffisiyenti

n, =2 8-e derl.

8.6. [P,|=300kN giiyc bilen gysylyan, uzynlygy ¢=3,2 mbolan igi bog
tegelek coyun siitiinin kesigini saylamaly. Siitiinin asaky tarapy gaty
berkidilen, vokarsynda bolsa hic hili berkitme yok. Siitiinifi materialy iicin
E=115-10" kN/sm’, proporsionallyk ¢égi [U]PZI'?,Z kN/sm-.
Durnuklylyga dtiyaclyk koefhisiyenti n =3 den. I¢ki diametriii dagky

diametrine bolan gatnagygy o =d :d =0,85.

8.7. Uzynlygy ¢ =2,7 m, diametri d=200 mm bolan iki tarapy garnirli
berkidilen tegelek kesikhagac direge nige ululykda giiye goyup boljakdygyny
kesgitlemeli. Mayysgaklyk moduly E = 1,1-10° kN/sm?, proporsionallyk
Cg] [g] =2,1 kN/ sm’ gysylmada boy stiylimlernifi ugruna rugsat edilydn
dartgynlylyk [o]= 0,6 kN/sm”.

8.8. Yiik géterijiligi P=50 kN bolan domkratyi hyrynyit durnuklylyk
hasabyndan diametrini kesgitlermeli. Yiikiiii ift uly yokary goterijiliginifi beyikligi
¢ =900 mm; durnuklylyga dtiyaglyk koeflisiyenti n =4.,0. Hyryn materialy
polat 30; mayysgaklyk moduly E =2.1-10" kN/sm?,
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£ = D08 mm

Y t srrirry

8.8-nji surat

18 sm*__[

.8

8.9-njy surat

6m , /’ ’}:nis “n

8.9. Beyikligi 6 m kwadrat kesekesikli
agag dregm kritiki we rugsat edilyin
gilyjiini, sonun yaly-da e¢sasy rugsat
edilydn dartgynlylygy azaldyan
koeffisiyenti tapmaly. Diregif iki tarapy
hem sarnirli berkidilen. Kwadratyi
taraplary a=18 sm. Atiyaclyk
koeffisiyenti n, =3. Gysylma rugsat
edilyéin dartgynlylyk [c:r] = | kKN/sm.

100

8.10. Esasy rugsat edilyan dartgynlylyey [o]=1,1kN/sm® bolan AB
kKrongteynin agagdan sdyeginifi diametrini kesgitlemeli. Soyegin iki tarapyny
hem garnirli berkidilen diyip hasap etmeli. CD balka tisir edyin endigan
yayran giiyc g=60 kN/m-e defi.

“ 1

LTI

L

3

_F__Tﬁ_'"___
5
Sy &5 5 - -8

— T S

8. 10-njy surat

8.11. Uzynlygy ¢ =5 mbolan
siitiin 22 a belgili iki swelleri
birikdiryin plankadan ybarat.
Swellerm materialy polat 3,

onun icin [-:r]:lﬁ kN/sm”.
Sutiinin 1ki tarapy sarnirli
berkidilen. Siittine m uly rugsat
edilydn giiyji kesgitlemeli.

I, =1, sertden swellerlerif

aralygyny kesgitlemel.

.,
2. 4¢ nm

8. 11-nji surat
8.12. Eger: a) gbwriimagramy y =80 10" kN/sm’ we mayysgaklyk moduly
E=2.10'kN/sm* bolan polatdan, b)y=26-10°kN/sm® we
E=0.7-10"kN/sm” duraldan, ¢) v=6-10°"kN/sm® we g—=1.10° kN/sm?
agagdan yasalan tegelek kese kesiginiti diametri 10 sm, bir tarapy berkidilen,
beyleki tarapy berkitmeden erkin bolan sterZeniil hususy agramyndan yitiryiin
kritiki uzynlygyny kesgitlemeli.
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8.1 3 _S%ll'ﬂtrdﬂ sekillendirilen fermanyn gysylan AC elementinifi (surata seret) IX bap

kesigimi saylamaly. Elementi kesigi suratda gorkezilisi yaly, iki burclukdan Dinamiki we dowamly yiitklenmeler. | r"
ybarat we bir sterzen yaly isleyir. Materialy polat 3, [::r] =16 kN/smr’, 9.1. Inersiya giiyclerini hasaba almak "|‘
S:;u : ; &l E;E ;{f;apjru:;k?ﬂfnihﬁ?ﬁl %'Idﬂﬁ:l ' I;]SESI z?m If"a_bl_'lﬁﬂqlle“ 0 l_:,eglf:r A 9.1. 50 kN agramy bolan yiiki den tizlenme bilen galdyryan uzynlygy 60 m ]
b ybgaattyaglyk koeffisiyentini kesgitlemeli urganyn diametrini kesgitlemeli. Birinji ti¢ sekuntda yiitk 9 m beyiklige | |
galdyrylyar. Urganyn materialynyn udel agramy 70 kN/nv’, rugsat edilyén 1

- 15 300 fr P dartgynlylyk [EF]: 6 kN/sm’. Hasaby urganyn agramyny hasaba alman "|Ii|i |

I hem-de hasaba alyp gegirmeli. : T i

bl

: 9.2. Uzynlyey ¢ =1.8 m bolan lﬂ'f

T coyun AB sterzen, 00 wertikal okus | i

n . dasynda hemiselik burg tizligi bilen i

y s - aylanyar (surata seret). Eger ¢coynun o

2 s : : i | gbwriim agramy 7=74 kN/m’, ';I !

8.13-nji surat i = nma rugsat edilyin dartgynlylyk | l

[ﬁ] =4 kN/sm* bolsa, sterZenin an- 1 .h'
9.2-nji surat rycik minutdaky aylaw sanyny kes- |
I

gitlemeli. Eger E =1,6-10" kN/snv’, I[
aylaw sany 1000 ayl/min bolsa, !

sterzenin uzalmasyny kesgitlemelh.

T |
42 kN den (surata seret). Goterijini .|l-
galdyryan togtadylanda asak I||

goyberilyin garsylyk agramyn

; - tizlenmesi |,5 m/s*-a defi. Eger r

: ¥ boltufi materialy figin [o |=3,2kN/sn? ’
EEB = we [1:] =2 kN/sm” bolsa, A we B !'|'| |
= 5 Il

garsylyk agramynyfi boltunyn |
diametrini kesgitlemeli. Boltlary

9.3-nji surat
e sany A-iki, B-bir. I




9.4-nji surat

9.5-nji surat

9.6-njy surat
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9.4. Tizlenmesi a=6 nm/s” bolan
beton balka kran bilen yokary
goterilyir (surata seret). Eger
balkanyn kese kesigi— taraplary
b=20 sm bolan kwadrat, betonyii
udel agramy Y =24 kN/m’ bolan
balkanyn dartgynlylygyny
kesgitlemeli. Polat urganyn kese
kesiginii meydany A=1,27 sny’,
{1=45".{.’1= | m, f‘.‘:1:41]'l bolsa,
urgandaky dartgynlylygy
kesgitlenell.

9.5. Massasynyn mersiya radiusy
=600 mm we massasy m=200 kg
(surata seret) bolan mahowik

=75.4 rad/s burg tizligi bilen
aylanyar. Dendlcegli hayallanyan
togtamada mahowik 20 aylaw-
dan son duryar. Mahowik oturdylan
walynl diametri d=50 mm bolsa,
walyti il uly galtasma dartgynly-
lygyny kesgitlemeli.

9.6. Satuny egyin inersiya giiyjiin
depginliligi g we gysyan giiye
P, =0.,65P  bolsa, satundaky
i uly dartgynlylygy kesgitlemeli.
Kriwosipm radwusy r=75 mm,
satunyn uzynlygy ¢ =250 mm,
aylaw yygvlygy n=2800 ayl/min,
kese-kesigimn Glceglert suratda
gorkezilen. Satunyi materialy —
polat 45 I" 2, rugsat edilydn
dartgynlylyk
|o}F0.25,0,=850MPa, P =30kN.

0 9.7. Regulyator (sazlayjy) 00 okun

);i\ﬂl"’% dasyndan hemiselik burg tizligi bilen
AT -+ g aylanyar (surata seret). Regulyatoryn
= i *|; | anrycik aylaw sanyny tapmaly we eger
u{ = |5 |=18 kN/sm? bolsa, sol aylaw sanda
J e B(C polat sterZenin erkin tarapynyn
v 1\ egrelmesini kesgitlemeli. AB sterZen
h:\‘a absolyut gaty diyip hasap etmeli. B(
¢ b " sterzenin inersiya giiyjiini hasaba almaly

o L5 dal.

- -

9. 7-nji surat

9.8. Tegelek kese kesikli (d=18 mm)

£ — .mln dowiik brus AB okun dasyndan

endigan aylanyar. Eger Y =78 kN/m’,

; | [D']:l{] kN/sm? bolsa, ifi uly rugsat
=" edilyiin burg tizhigini kesgitlemel.

9.8-nji surat
9.9, Nusgany urga synag edyéin AB kopyor okufi dagynda aylanyan CD
mayatnikden ybarat. Synagdan 6ii mayatnik suratda gorkezilisi yaly
vagdayda saklanyar we agram giiyjiinin tésirinden agak gagmaga mejbur
edilydr. Mayatnigii inersiya giiyjiinden AB okda doreyén egilmeden i uly
normal dartgynlylygy kesgitlemeli. Berlen: P=0,25 kN, r=0,75m ,
(=025 m, d=2 sm, o=0.

9.9-njy surat
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9.2. Urguda dartgynlylyk we durkuny iiytgetme

9.1 0.. Dialmtri 25 mm we uzynlygy 1,5 m polat sterzen duydansyz govlan
hemiselik giiye P=25 kN bilen dartylyar. Sterzendiiki ifi uly dart gynlylygy
we durkuny tiytgetmini kesgitlemeli.

9.11. Statiki goylan P giiye bilen wertikal sterzen 2 mm gysylyar, Eger P

yiik ITmm  beyiklikden gagyan bolsa, sterzeniii ifi uly gysgalmasyny

kesgitlemeli.

9.12. Uzynlygy 5 m bolan tegelek kesikli polat sterZen yokarsyndan asylan
we asaky tarapynda halka ¢cykyntgysy bar. 8 kN a gramy bolan yiik 16 mm
I:rc?"iklikden sterzenii boyuna gagyar we bu yiiki cykyntgy saklayar: Rugsat
edilyin dartgynlylyk 16 kN/sm®bolsa. sterzeniti diametrini kesgitlemeli.
Urguda dartgynlylygy hasaplamagyii takyk we asakdaky takmynan

T
|

2H
formulasyny d = Oy Vﬂ A Pbeydalanmaly:
st

9.13. Polat trosuf (urganyn) bir tarapynda agramy P=50 kN bolan viik
berkidilen, beyleki tarapyny lebyodkanyii barabanyna oralan yiik
v = 1,6 m/s hemiselik tizlik bilen asak goyberilydr. Lebyodka birdenki
togtadylanda, yiik sol bada saklanyar. Saklanan pursatda trosus yiik bilen
lebyodkanyn arasyndaky uzynlygy ¢ =240 mde. Trosyi kese kesiginif
meydany A=10 snv’. Trosui agramyny hasaba alyp we hasaba almazdan, ifi
uly dartgynlylyklaryny kesgitlemeli.

9.14. Uzynlygy /=1,6 m bolan
ikitawraly konsol balkanyii erkin
tarapyna baslangyc tizliksiz,
agramy 1,5 kN bolan yiik
duydansyz goyulyar (surata seret).
Balkanyn yiikiifi asagyndaky
egrelmesini we berkidilen
tarapynyn normal dartgynlylygyny
kesgitlemeli.

et Y

b R R T

9. I4-nji surat
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9.15. Aylaw tizligi n=150 ayl/min, diametri D=600 mm we galyilygy
(=40 mm bolan polat bitew1 disk diametri d=100 mm bolan polat walda

oturdylan. Eger wal diskden /=25 m uzaklykdaky kesikde birdenki

logtadylsa, towlanmadan walyn kese kesiginddki il uly galtasma
dartgynlylygyny kesgitlemeli. Walyn massasyny hasaba almaly dil.

9.16. Ahyrlary sarnirh berkidilen balkanyn direg aralygynyti ortasynda
45 kN goylan, yiik balkada 2 sm egrelme doredyiér. Su balka 5 kN yiik
gagyan bolsa, 2 sm-den uly bolmadyk egrelme doredyin yiikiin i uly tizligi
nédce bolar?

9.17. Uzynlygy 3 mbolan 16-njy belgili ikitawraly balkanyn bir tarapy gaty
sarnirli diregde berkidilen. Beyleki tarapy simin diametri 20 mm, sarymyi
orta diametri 10 sm we sarymynyni sany | 0-a defi bolan hyr sekilli pruzinde
oturdylan. Balkanyn [G] =16 kN/snv’, pruzinin [1:] =20 kN/sm¥’ rugsat
edilyian dartgynlylyklary bolanda, agramy 2 kN yiik niihili beyiklikden
gacanda balkanyn we pruzinii dartgynlylyklary rugsat edilyén
dartgynlylyklardan yokary bolmaz?

I
L
|
(
|
!
I
|
LSm__,  15wm

9.17-nji surat

9.18. Hemme kesiklerinde den garsylyk gorkezyin konsolyn erkin tarapyna
h=20 sm bolan beyiklikden P=0,2 kN yiik ga¢yar. Balkanyh massasyny
hasaba alyp, konsolyi ahyryndaky egrelmesini we i uly dartgynlylygyny
hasaplamaly.
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9.22. Kronsteyne berkidilen elekirodwigatel (Giiki meseli seret) 1300 ayl/mun yygylykda
avlanyar, BC sterzenin okuna perpendikulyartekizlikde aylanyan dwigateln boleklerinim
doly diil defiagramlasmagy netijesinde 1.6 kN den merkezden daslasyan merstya giiyclen
déreyir. Ulgamyii ditie wertikal mejbury yrgyldysyna seredip, krongteynifi piirslerindiiki
yreyldynyii Gsme koeffisiventini, dinamiki koeffistyentini we il uly normal dartgynlylygynyi
ululygyny hasaplamaly. Garsylyk giivelen hasaba almaly dal.

9.23. Massasy m=1kN bolan elektrodwigatel
dort silindrik hyr sekilli pruzinde oturdylan.
Pruzinii hisiyetnamalary: d=12 mm,
D=10mm, sarymyfi sany n=7 (surata setet).
Elcktrodwigatelin aylaw yygylygy [l
=240 ayl/min. Rotoryii defiagramlagmadyk
massasy m =10kg, massanyri ekssentrisitets
r=0,02 m defi. Ulgamy rezonansa barlamaly,
i uly galtasma dartgynlylygy we pruzinim
G o ¢okmesmi kesgitlemeh.
|

Efﬁ- Uﬁnl}fg}f 80 sm we diametri 5 sm, 100 kN boyuna gysyan giiye 9.23-nji surat
1 TPy oy b . vy .- ; : ¥
pcfizg:nyinf;e ;ifggi{;kg::;lzhkl?::{:gaittl:;f:ﬁ";\/;?;];r?iﬁéii r}:rr“igritj }f'i},rn}m 9.24. Uzynlygy / =6 m, inersiya momenti [ =945 sm* ikiikitawraly balkada
hasaba alman we hasaba ﬂlyp' E:ﬁzrneli_ - 2 s oturdylan 1ki masynlar ulgamynyn (surata seret) hususy yrgyldysynyn
yygylygyny kesgitlemeli. Masynlaryii massasy: m =500 kg, m,=1500 kg.

9.18-nji surat

9. l'} lEgt:r sterzenifi kese kesiginifi meydanyny iki gezek azaltsan, h
b?wk}lkden gagyan yiik sterzeni boy urga sezewar edyiin bolsa, sterzende
déreyin dartgynlylyk nice goterim kopeler?

9.3. Yrgyldydan dartgynlylyk we durkuny iiytgetme

|
9.21. Her haysy iki agac AB we |
B¢ piirsden yerine yetirilen l
kwadrat 10x10 sm’ kese kesikli
biri-biri we diwar bilen sarnirli
birlesdirilen (surata seret) iki ABC
krongteyne agramy P=100 kN
bolan elektrodwigatel berkidilen.
i Hususy wertikal yrgyldynyi 9.24-nji surat |'I
9.21-nji surat periodyny we yrgyldynyii
yygylygyny kesgitlemeli.
E=10" kN/sm?’.

9.25. Uzynlygy/ =1,5 m, diametri d=5 sm bolan wala inersiya momenti
[ = 0.31kN-sm.s* bolan mahowik oturdylan. Walyii aylaw tizligi Il
950 ayl/min-a den. Waly rezonansa barlamaly. Walyn agramyny we [
mahowigin agramynyn déredyin egrelmesim hasaba almaly dél.

|
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9.26. Wagonyii ressory sarymyii orta radiusy R=60 mm, pruzinifi siminif{

radiusy =15 mm, sarymynyn sany n=8 deii bolan sekiz sany silinde

gorniish spiral pruzinden duryar; simif materialynyn sitysmede mayysgaklyk

I;I'-l.ﬂdlﬂy G=9,5-10°kN/sn?, wagonyn gabynyii agramy Q=50 kN, peydaly
yiik  S=3,5 kN. Relslerifi sepgitlerinii arasy/ =8 m. Wagonyi rezonans

hadysasynyii boljak hereketinin kritiki tizligini kesgitlemeli.

9.27. Agramy Q =25 kN bolan we n=540 ayl/min aylaw edyin dwigatel,
uzyq[y_'gy £ =3,5 m defi bolan iki dayang nokatly balkanyn ortasynda
berkidilen. Dwigatel P =Psinwt defi bolan wertikal periodiki giiye déredyér,
Bu yerde P=8 kN. Eger balkanyii kesigi 27-nji belgili iki tawra bolsa,
howply kesikdaki if uly dinamiki dart gynlylygy we mejbury yrgyldvnyf;
amplitudasyny tapmaly. [cr]=13 KN/smr den. F

5 9.28. Titremiini 6lgeyin gural (wibrometr)

| VA polat zolakdan we zolagyii boyuna siiysyéin
&l RS 1 P=0,001 kN vyiikden ybarat. Zo lagyn bir
4@; tarapy abzalyil ¢arguwasyna berkidilen.
[ Y rgyldyny yazmak iicin wibrometr titreviin
konstruksiya berkidilyir, yiik bolsa zolak yiik
bilen konstruksiya bilen bilelikde giiyel Litrdp
baslar yaly 7 aralykda berkidilyir. E ger
¢=20sm bolsa, konstruksiyanyi yygylygyny
kesgitlemeli. Zolagyn Kese kesiginin Olceglert:
b=5sm, h=0,3sm,E = 2.2 . 10*kN/sm*-a

dern.

79.29. Porsenli dwigatelifi satunynyhi kese
kesigi iki tawra we onun dlgegleri;  h=50
mm, b=30 mm, =5 mmbolup, inersiya giiyjiifi
tasirinden yranma tekizliginde kese yreyldy
yagdayynda bolyar. Satunyii hususy
yrgyldysynyii yygylygyny we periodyny,
sonuf yaly-da dwigatelin kritiki aylaw sanyny
kesgitlemeli.

S EZZ
F
i
i
::-*
N s
Lt

9.29-njy surat
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9.4. Dowamly yiiklenmeler

9.30. Aylanyan tegelek basgancakly
wal hemiselik moment M bilen egilyér.

e Uglerodly polatdan yasalan walyn
el PN B ’“}I - berklik ¢dgi o, =45kN/sm" we
. egilmede gydamlylyk ¢igi 6, =22

kN/sm® (simmetriya sikli). Walym
diametrleri D=100 mm we d=80
mm; galtelin radiusy =10 mm (surata
seret).

Momentini 111 uly rugsat edilyidn
ululygyny kesgitlemeli. Sayyf
berkliginm 4tiyaclyk koeffisiyenti onuni
cydamlylyk cigine bolan gatnasygy
k=2.

9.31. M=0,64 kN-m moment bilen
vilklenen basgancakly wal (surata
seret) hemiselik burg tizligi bilen
aylanyar. Walyn 6lceglerr: D=50 mm;
d=40 mm; r=2 mm; materialy-
legirlenen polat;  =75kN/sm* o,
=42kN/sm*; o, =32,5kN/sm’
walyn iist1 yylmanan (slifowka).
Akyjylyk n we dbwiilme n, ¢égi
boyunga itiyaglyk koeffisiventlerini
kesgitlemel.

9.30-njy surat

[

9.3 I-nji surat

9.32. Uytgeyin egilme bilen towlanma sezewar bolyan diametleri d=40
mmwe D=50 mm basgangakly walyi berklige iitiyaglyk koeffisiyentini
kesgitlemeli. Galtelin radiusy r=2 mm, normal dartgynlylyk o =5kN/snr’,
o =-SkN/sm’ genli liytgeyir, galtagma dartgynlylyk -t =4kN/sm’,
Tt =2kN/sm’ walyn materialy uglerodly polat o, =50kN/smv’, o = 22kN/

[T

smr T = 12kN/sny’, o= 30kN/sm’*, = L 8kN/smr*, y_= 0,05 y_=0.
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9.33. Polat 45-den vasalan awtomobil
dwigatelinifi satunynyi statiki we sikl
berkliginin dtiyaclyk koeffisiyentinf

J-I: |® kesgitlemeli. Satun-porsen toparynyil

B4, ;;T?;z % 7 5% mersiya giiyji P we gazyii basys gliyji P r
[ \ |I gazyn basysy P. = 0,55 kN/sm’ bile

{, | | yiiklenen (surata seret). Silindrin diamet]

[ || D=78 mm, porsen toparynyn massasy

i i m =0,005 kN, satunyfi yokarky boleginiil
11| | massasy m,_=0,002 kN. Kriwosipif

: -E.I_l.i x“}T i radiusy r=40 mm, A= ; =(,28,
Bt aylaw yygylygy n_ = 6000 ayl/min,
«II-njl surat satunyn i kigi kesigi suratda gérkezilen,

Satunyn basjagazyndan sterZenine B
gegyan yeriniti konsentrasiya koeffisivents
K_=1,27, masstab faktory (h =23 mm
igin), €.=0,88, iistiinift hilinii

koetlisiyenti (yel goyberip timizlemek)
=13

9.34_4.‘Wal.yﬂ kesigi sponka (pahna) dilkaw bilen gowsadylan we howply
kesiginde pulsirleyji sikl boyunga tiytgeyin i uly towlanma moment M =64
kN. smwe simmetriya sikli boyunca iiytgeyin egme moment M =R0 k}*:‘ sm
tasrr edyar. Walyn diametri d=50 mm, walyii materialy—polat, onuft mehaniki
hiisiyetnamalary: 6, = 28 kN/sm”, 6, = 35kN/sm*. Howply kesik tigin
berklige dtiyaclyk koeffisiyentini kesgitlemeli,
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Jogaplar, gorkezmeler, coziiwler

I bap. Siiynme we gysylma

1. P=256 kN. Berklik sertinden P=|c]- A =1-256 = 256kN.
1.2, d=213 mm. Catyny dartyan giiy¢

3,14-25°
P=oc:-A_  =10- 144 = 49.06 kN.
Berklik sertinden epenegiii meydany:
P. 49,06
A, = e 2 ,‘3(],45:'-2.‘-111E
C 0,14

';'-I

T[ 7 X
ya-da A.= E{d"-‘d; ). onda

, 4A,. o 4-35045
d* =—=+d_ =

m 3.14

+2.5° =452.68,

d=21,28 sm =213 mm.

1.3. 6 = 10 kN/sm 2. Zolagyi gowsadylan kesiginii meydany

A = 30:1=3:1 D =ddsm*s

P 140 ;
orta dartgynlylygyn ululygy ©= R 10 KN/sm~

% ﬂ — 666,7sm”
.09 '

1.4. a=46 sm. Berklik sertinden o= m
[ki tawranyn diwara galtasyan meydany A =b-a,
kesgitlenen sortdan 30 a belgih ik tawra ticin,

666,7

et a=— =46 sm.
onda b-a=666.7 . 14.5 :

1.5. dP=U,?l mm. Meselidnifi sertiboyunga Al =

113
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9.33. Polat 45-den yasalan awtumn
dwigatelinifi satunynyf statiki we §
berkliginin dtiyaclyk kuefhsnyent_

; g kesgitlemeli. Satun-porsen topa
Fugy _,Féi% & 2 nersiya giiyji P we gazyii basys giiviji P
gazyn basysy P, = 0,55 kN/snv’ bile
{ ] | yiiklenen (surata seret). Silindrin diamett
D=78 mm, porsen toparynyii massasy
I m =0,005 kN, satunyn yokarky boleginif

massasy m, =0,002 kN. Kriwosipil

G
ol | Tro» radiusy r=40 mm, }L:ﬁ_zggga

_, aylaw yygylygy n__ = 6000 ayl/min,
9.33-nji surat satunyi i kici kesigi suratda gorkezilen,
Satunyn basjagazyndan sterZening

gegyin yerinii konsentrasiya koeffisiventi

K _=1.27, masgtab faktory (h = 23 mm

i¢in), €_,=0,88, lstiinin hilinif

koeffisiyenti (yel goyberip timizlemek)

=13

9.34. Walyii kesigi sponka (pahna) dilkaw bilen gowsadylan we howply
kesiginde pulsirleyji sikl boyunga tiytgeyin ifi uly towlanma moment M =64
kN smwe simmetriya sikli béyunca iiytgeyin egme moment M_ =80 kN sm
tasw edyér. Walyn diametri d=50 mm, walyti nmt::naly—pniai onuf mehaniki
histyetnamalary: ¢_, = 28 kN/sm°, 6, =35kN/sm*. Howplykesik iicin
berklige dtiyaclyk koeffisiyentini kﬂsgitlemeli.
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Jogaplar , gorkezmeler, coziiwler

I bap. Siiynme we gysylma

I.1. P=256 kN. Berklik sertinden P=[c]- A =1.256=256kN.
1.2. d=213 mm. Catyny dartyan giiy¢

P=oc:A, =10 3’1442‘ = 49,06 kN.

Berklik sertinden epenegiii meydany:

A = e A0 ~350.45sm>

" o, 0]4

ya-da A= %(dz ~d.). onda

4At. dg -4 4‘350145

+d? = +2.5% = 452,68,
T K 3.14

1
e

d=2128 sm=213mm.
1.3. & = 10 kN/sm *. Zolagyi gowsadylan kesiginin meydany

A =90-1=3-1:2=14sm*>

P 140 2
orta dartgynlylygyi ululygy 0 =-"="" =10 kN/sm~.
2 o = 666,7sm"

1.4. a=46 sm. Berklik sertinden W [-.:r] 0,09

[ki tawranyn diwara galtagyan meydany A =b-a, b=14,5 sm—
kesgitlenen sortdan 30 a belgili iki tawra tigin,

666,7 46
onda ba=666.7, 4~ 5 SIT.

1.5. dp=0,?l mm. Meseliniii sertiboyunga Al =Af .
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—————e

'E_ ' 10*

ondad, = |—=.d_ =] —+0,1=0.,071sm = 0,7Imm.

VB, “salhd-a0

L.6. 6, =—0,06kN/sm’, o, =—0,1kN/sm’, o, =—0,085kN/simiy
O, :‘{Lﬂszfﬂl'ﬂl;‘ 6, ==0,065kN/sm’; 64 =—0,03kN/sm>, Kesmek
usulyny ulanyp, ilki direglerdiki icki giiycleri, soii bolsa degisli

dartgynlylyklaryny kesgitleyiiris.
ad kesik

¥

be kesik

) XM, = N,-3+9-1=0,, 1 2My=0,

N, = —3kN; N g f=3.1=0
o) S L iRt N aod
o s Sl ) sm” - o
i 100 , . 3 2kN ,
2) > M, =-N,:3-9.2=9 9
= —— —_—— . o
N =6 kN. C. o0 0,02kN/sm " ;
6 =
Gu:_-] - =—0,06kN/sm * Z}ZM“_G‘
- N, ‘BE9hg 3420,
- 30
Nh:-__ :_IOkNﬁ
N 10
100 100 S
114

1) EM{:¥,

of kesik N, 3+94-3:1+3:45=0,
9
fean N, = —% = —6,5kN
o | 63
IT—““‘: . e O, == l[.:JO = —0,065kN/sm ~
| 2) )M, =0,
| N.-3+9:2+3-4-3-15=0
-
i
N-= L5 g8 —8,5kN
1. 6-njy surat 3
= "5 _ _0,085kN/sm?.
100

1.7. O :4[{1\1;’51’"2_! GE.-:', Zf]', n‘n._,} = -2 kaEII‘]Z? Al =10.

- Im n [

f o | ek ;

Ak 1 = ! 20 KN
? Ji._..._]._f.__._..____“___ ey
g m In " i

<

-

"'-"'"“"'l'"'l—'—-lm-—-l—-—- I  ————
1.7-nji surat
DC bélegin 1-I kesiginde N, boy giiyji doreyir. I-1 kesiginin boliinip

alynyan sag boleginiti deflagramlylygyna seredyiris: » X =N, —20 =0,
bu yerden N =20 kN (gysylma). BC bolegin 1I-11 kesiginddki N, boy

gliyji denagramlylygyii defilemesinden tapyarys:

Z X ==N,-20+20=0, buyerdenN =0. Sonun yaly-da BA bilegm
[LI-11I kesiginde » X =—N, —20+20+40 =0, N=40kN (siiynme).
Sterzenin hemme béleklerinii kese kesiginde normal dartgynlylyk doredyir.
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DC béleginde: oy, = 75 = BT =—2kN/sm” ( gysylma),

N, 0
B béleginde: 6, =—=——=()
e A
i N 40 :
BA boleginde: 6y, = ?\_} il 4kN/sm” (siiynme)

Sterzenii doly uzalmasy, onun her bikeginir ayratynlykdaky uzalmasynyii aloebraik
jemine dei. |

- N, 200 :
DG bélegin gysylmasy: A4 . =— ___20-200

N TR T ity
CB boleginde icki giiye N, nola den, sonuf tigin hem A—! o

. N,100 ,
BA bolegindikiuzalma: Al,, = 32— = 20100

= 0,02 sm.

Sterzenif doly uzalmasy
A-l=A-1, +A-L,, = - 0,0240,02=0.
1.8. n=10 bolt. Silindriii kese kesiginiii meydany

d

% = D~ : 3,14-35°
5 4 4

Gapaga tésir edyén giiyc P=Ag-q=961,6-0.1=09616kN .
Boltlaryi kese kesiginifi meydany

.
nd,

A :nAh :n,T___n_3114+I,8-

n—berkitmediki boltlaryn sany

=961.6sm”.

=750n

) P
Boltlaryn berklik serti © = Y S [EF b ] onda
P 96,16
n=-— = =935 =
258c] 2544 710 boit
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AP Sk

1.9, (=188 m. Uzynlygy € deii germewajyn bdlegine seredyirs. Bu
uzynlyea bir direg diisyar. Seredilyin bélege suwun gidrostatiki basysy

3. 3
p=33y.0=2"3 10045
2 2

y = 10 kN/mv’ —suwuil gdwriim agramy.
Direge rugsat edilyiin gliye

2 4 2
[l--];[ﬁlq:[g].“j.-:u.z.i‘%?S _ 3533 kN,

cosa=—=10.0
5

S'M,_ =[PHcosa—P-1=0

4[P]cosu = 45/

™ 4[P kcosa 30000004 1,88m.
45 45

1.10. A=0,6mm. A we B direglerin i¢ki gliyglerini tapmak ti¢in hyyaly
pikirde olary kesyiris we kesilen yerine hizirlikge bize nébelli giiycleri
goyvarys,

Z M, =Ny -3+P-1=0, buyerden N =-40kN,
> M, =N, -3+P:1=0, onda N,=-80 kN.

Ortaky sterzendaki icki gliveden N=P=120 kN vyiikiifi asylan nokadynyi
asak ornuny tiytgetmesi

A= .ﬂif”{r, + AF

dir -
Nefe  120-50

Al st T S O8I _ ovfalon ctatbiitt
C E A 1030 ortaky sterzenifi uzalmasy,

Gyraky direglerm gysylmasy.

__ ——=-4-10"sm,
E A 2-10" - 10

p-—P
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/ —40- . . / Bl l

AV A n = N B°B = 40 IUEI — —4 )77 Sm, ' ‘ﬁACD'—dEH sl Ol = o 7 —-— = 016

E.A, 10°-100 Coe: F25 115
Drreglerdiki A¢, = A¢, webu durkuny iiytgetmeler P giiyjiini goylan ‘ 2M, =P-25-Ny. L0sing =0
nokadyny aﬁq:ak siiysiiryérler, sonuiiiigin hem | Ny -1-sino
.ﬁzl-l{.’l'“+4*10_3:G-Iﬂ_lsmzﬂ,ﬁmm. P = _2; (1)
1.11. P=33,3kN. AB dartyjynyi uzynlygy ¢ - ,/ 15 +10° =18,03m, Berklik sertinden

| 10 15 nd? 3.14.72
sino = =0,554 cosa=——-=0.832 Npo = l61A | =0 — =16-2 =
| ToT BT o =[o]-A_ =[o] ;=167 =5024 kN,
N.p-10-cosa _ 50,24 -1-0.6 |
>My =N,,-10cosqa—P-5=0 , P=—28 : Onda (1) aillatmadan P = — =12 kN
N,.=loc]- A, =4-5=20 kN, ¢yzgydan
20:10-0,832 P T e
onda P =——_—""--33 3 kN. bp =258 525 =% _qs Nocdoe .  SO34125
' Sin o EA -sina } 2-104-3,14—046

L.12.P=12 kN, 6,=4,17 mm. Cyzgydan 7. =+/100> + 75> = 125sm =0,417sm = 4,17 mm,

1.13. x=0,081 m, P=414 kN, 0,,=2,347 kN/sm®, o, =1,01 kKN/sm’.
Birmyi sterzenin uzynlygy

 =v2" +3* =13 =36m |

: 3 2
. Sin o :—201833; COSq = 203555
3,6 3,6
8 nd® 3,14.25°
“—-—.____‘_-_‘_- ? 2 2
Ay = = =4,9sm"
H! : 4 4 SIT
P ,. 3
e ma’ =) Ulgamyn deniagramlylygynyii defilemesi
T 5 ; EMH:N!{_2+I.5}SEHH"—P'H:0
I

2M, =N,35-PB5~-x)=0

1. 12-nji surat 2.Y, =N,sina+N, -P=.

Bu yerden 3,5 N smo=Px (1)
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35N, =P - 2 3 3
o T8 {3,54%), (2) 01-8, Al,-3,

0,833 N +N =P 3) 5-0081 35
(?ﬁf‘»“’ﬂmiz yaly ii¢ defileménin dort nibellesi bar. Ulgamyn durkuny iiytgede
yagdayyna seredyiris. L A, o 98 A?,
0,83~ 0833 35 0.1 NEF} 5
3.419 5 s 1A sIno |
"y N, |
3419 E:IE_"--—- —]rl—— - ‘s |

Sonky afilatmany (4) bilen bilelikde isldp alarys N, =404 kN |
(2) defilemeden 3,5-404=P-3,419, buyerden P=414kN |

Px  414.0,081
35-sina 3,5-0,833

(1) defilemeden N, = = ———=11,5kN onda I )
,|

sterzenlerdiki dartgynlylyklar: i I.l

1. 13-nji surat N, 3ES I !

— ——--I- = — = 2*34? 2 :
g, A| 49 kN/sm ' \
Mesalfnit aut: . ' AL, l o= ) k 2 It
eselanin sertinden §, =278, , ¢yzgydan 0, = cina?  On =ALE TN 400N N/sm |‘
A/ 1.14. Yiikiifi iti oniaysyz yagdayy A ya-da B direglerii iistiinde goylan 1

Al , = ——1 —durkunyiiy inin bilelikdiki der | , , ;

s y tytgetmiéinini bilelikdéiki detlemesi. Sagdayda bolyar. |

u : N 2 EE 2 ; N ] p']
Gukun kanunyny ulanyp alarys. E EE; = E];k:;inu , bu yerden onda

N,=354N, (4)
(4) anlatmany (3) deilemi goyup alarys 0,833 N,+354 N, =P,

I
, |
Ny = 562_% , (1) anlatma goyup alarys. 10 1 |
cam P {

3.3 3623 0.833=PX, bu yerden x=0,081 m, ¢yzgydan 1.5 nit sarod } |
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2M, =R :10-P-10-P-8=0

I8P 18-150
RH: >
10

= 270kN

R
Berklik sertinden o = -f < [ﬁ} gerek bolan 6lcegleri kesgitleyiris:

g _ 270

R 3
A= T(}'] 01 = 2700sm” :

a = x-“':f;t = JETT{E = 52sm -
Kwadrat kesigifi 6lcegleri 52 x 52 sm.
kN

L15.6,=0,=0, ©0,=6_5 A =0, A =1946 mm

A diiwiinifi denagramlylygyna seredyiris. Diiwne tisir edyidn giiycleri
n-n oka proyektirlip alarys N,=P=60 kN, N =0, N =0.

i

sy
J E

1. 15-nji surat

SR _N_z_‘ﬁﬂ_ﬁ kN
Onda o, =6, =0, 92 = A, 1 ahe ¢yzgydan A =0,
A =05

= gina

122

2 2 : N-«fj 60'360
'r::\h" 2% =3.0m; Af,=——==

EA, 2-10*-10

s

- 10,8-107
0,555

SN A =

= ().1946sm,

W 946 mm.

tisir edyiin giiycler:

ACE_A : 4. :
Polat sime P = ; =< A= nj Azl D0 = (,002sm”
Mis sime
4 d; 4.0,32°
P, = AL ELA, ; AE TN S = (,008sm"
/| 4 4
Meselidnni sertine goré, P=P, .
&'FEPAE‘ ﬂflEmAm
onda g ) , bu yerden
-1
AfE A [ &+ 2.107 . .
E,=—2%"— o Dl 10 O I 115 10 R

AlA_L 0,039-0,008-180
1.17. ¢, =25,0135 sm, ¢}=25,0106 sm, E = 1,88-10°kN/sm’.
100 kN giiyeden uzalma Al = £ -£ =25,027-25=0,027sm ya-da
Pf
A =— (]
EA (1)

P/
| SOKN giiyeden uzalma Al = ﬁ (2)

(1) aflatmany (2) afilatma gatnagdyryp, olaryii

P, 50

A, = Fﬂf = o0 0,027 = 0,0135sm — bu uzalma bolsa sterzene

50 kN giiyeden bolyar, € = 25,0135 sm.
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=10,8-10 % sm;

1.16. E=1.15:10°%kN/sm?. Gukun kanuny boyunga polat we mis sime




(1) anlatmadan

E:—Pf - G PR RIS =1,88-10"kN/sm’
A-Af 3,14.25%.0027 "
dartgynlylyk
¢ = 8kN/sm’ bolanda, uzalmany kesgitleyiris.
 of 825
&1{' = E = |,_8_3 :0,0lﬂﬁﬂlﬂ?

=t + AL, =25+0,0106 =25,0106sm .

1.18. I: 2,1-10°%kN/sm?, n1=0,2425. 5sm uzynlykda sterz ZENin yy
0,004 smbolsa, Gukuni kdnunynyu[anyp,, sterzenin materialynys m"y}’b

modulyny kesgitleyiris.
P/ * 2?
E=imr, bu yerde € =5 sm, A:-m—: IEB_
A-Af ] ' 4 4
1355
E=—-——"=21-10"kN/sm*
onda 0.004-8.04 0" kN/sm~
. Al 0,004 -
Otnositel boy durkuny iiytgetme & =~ = F = 10,0008
| £ 4
Ad 0 UUUG’?
kese durkuny iijtgetme & = T =0,000194 .

durkuny tiytgetménin koeffisiyent

I
_je]_ 0000194 _ o0,
e 0,0008

1.19. AV=3 smy’. Sterzenifi otnositel géwriimini liytgetmesi

AV  1-2y
8 - —= e — -
v E O, G

onda sterZenin géwriiminiii artmagy

124

vV =AY

\WV=V
sterzendik;

a5y
gaklyk

e 8‘{_]431“ I

1—7'“

1.20. 2-10*kN/sm* .

sayyn hakyky absolyut uzalmasy

2.5
500

Sayyi otnositel uzalmasy

10
Sayyn normal dartgynlylygy
100

10
Dartgynlylyk tigin Gukuf kanunyndan

10

" 5.10™
1.21. E=1.78- 10°kN/snv’. P-A€ gysma diagrammany guryarys.

PA
i | P

40 1_

Sk 4

20

10

= (J.005sm .

- 10kN/sm" .

Irr,|—-2p_ P__ l_—Zp
A )

—~2-.10"kN/sm”.

1.21-nji surat
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At x10°

.200-600=3snT.




F Meseléiniti sertine gord, o=0,4kN/sn? bo landa, otnositel durkuny

3.5 =
/ 1070 ASy = - =29-10"mm_  buvyerden
litgetme & = ‘ﬁ:r; - 4*52‘__“ — 0.275.10 571190 Y
0 A
}ﬁp "k ‘ ;)
e 0.4 _ E= B 192 — =1,9-10"kN/sm"
e & g :i]Z"Ji‘ —=178-10" kN/sm” . AAS,  1-0,105-10°"
’ e Puassonyn koeflisiventi
1.22. CC'=10 sm, =100 kN/snr', P=0,157 kN. 3
Simii absolyut uzalmasy 4o E8 _ AS,/Sy » ASy = 0,29-10™ — 098
Al = gt= 0,005-200 = 1sm. e, AS,/S, AS, 0,105-10™

Onda simir ortasyndaky C nokatdan ¢ep va-da sag boleginifi uzynlygy
Af 1.24. d=15 mm. Karterden silindri yolup ayyrjak bolyan giiyjin ulul
FJ:][][]+_2 :1004*_0‘5:]0&5%“]. yolup ayyij lyan gily YEY

] B o B
ACC! tichurclukdan 5 & g
7 i LS _ Eger spilkalara yokarky giiy¢ endigan yayran bolsa, rugsat edilyin giiye
CC'= fﬁ’f—(- ) = 100,52 —100* =10sm . . 2
k. X2 - R
Simdaki dartgynlylyk &= Ee = 2°100,005 =100kN/snt’. ¢
3.3 | T K3
C nokat P we simifi iki dartylma giiycleriniii tisirinden defiagramlylyk Bu yerden d=D: \ no] =10 \.‘I e 1,86sm;
yagdayynda saklanyar. Dartylma giiyji ; |
A kabul edydris d=15 mm
. (0 1 SN oy
» 1.25. = 41 P = x-“:.].V[CF]/F.
Giye licburglugynyit we C'AG iicburglugyi merizesliginden e T !
' $ 2N 100,5 1.26. B = g Dartgynlylyklaryn déremeyiindigi sterzenlerin
ﬂ ’ n . P i Foaw
bu yerden, P = 20N _ 20-0,785 = 0.157kN gyzdyrylmadan erkin uzalyandygyny gorkezyir.
100.,5 100.5 ' H
- ; - + : I
1.23. Ej L,9-10°%kN/sm?, p=0,28. Yiiklenmiiniti orta Gsmesi AP=10kN. Al =a, -0 At = 11-1 _lm— |
nusganyn boyy boyunca yerlesdirilen tenzometrin gorkezijisiniti orta dsmesi | S = (1), I
‘ﬁ“a: (10+9,5+10,5)/3=10mm. | . Yl o, hAt ||
kese tenzometr iigin An,=(3,5+2,5+4,5)/3=3.5 mm. A s sino.

Absolyut uzalma: AS A= 10/950=1,05-10"°mm
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Bu verde; f -

uverde: &, =—— .

¢ | sinf3
h

f =

S8R

la o, -sterzenin materialynyn

temperatura koeffisiyenti 6lgeg-

lerm liytgemezlik yorelgesine
esaslanyp, ¢cyzgydan
AF Af

As—==—=, 5
cosf cosa

1.26-njy surat

Sorky aflatmany (1) formula goyup alarys:
o hAt  a hAt
sinP uns_ﬂ "~ sina cosa
va-da 2sinffcosp = 2sinacosar, sin2ff = sin2a

sin2f —sin2o = 0 = 2sin P ;E - COS @—: .0 )

o

Bu yerden, f—a=n-180°(n=0,1,2,3...)

B+o= T—; +n-180° (n=0,1,2,3....).

&
Cyzgyda o we 3 burglar 5 ~den kig1 (diymek n=0) we meselinifi serti

_ n
ya-da Pp= > &

e

T
boyunga =B, onda P+a= -

T
1.27. &= 'R llki bilen P giiyjiini sterZenlerde i uly giiyjiini déredyir o

burgy tapyarys.
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ks 2X = Pcosp — N sina —N, .

H.ﬂs Siﬂﬂ . U;
ZY = P'Slnlp = N_.m‘:us.[;[ _N.u:
cosa. =10,
e Bu yerden
P cos sin
i T e {I}+____lp+
2 Sinet Coso
P coso-+smeg
1.27-nji surat N%. Wpree feks

2 sing+sina

Gorstimiz yaly, N, . >N weN,, iiiuly bahasy o= ¢ bolanda bolyar.
R R Lo ,

1.28. © =( =] JF Gurgaw bilen tigriii towereklerinin uzynlyklarynyn
i

tapawudy

AL =2n(R—-1) (1)
Seyle-de Gukun kanunyna esaslanyp absolyut uzalma

. NE N2znr
Ab==Xeits
EA EA
(1) we (2) anlatmalaryii sag taraplaryny defildp alarys.
. R :
==~ o :[ = )m
EA ol

R
Gursawdaky dartgynlylyk ©=| — —1|E

I
1.29. AL=21.6-10" sm,

&
- -
J“ i
# T e
SE—— . \ e e — il . = S . {}
. 2 S
r

1.29-njy surat
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AABO o« ACDO alarys

b 3b o
e - =V = V
D 3 3 e 2
b, b Tk bz 2bz
(yzgydan e -’-FU‘ : 0 VL
Uytgeyin kesikli sterzenir uzalmasy
(Ndz_P pdz P #dz -« Pe 12-40
A= s e = = In3=————_ "= In3=21.610"%
x5 01 E"[zm T ETCR T T 7 e el

i 5

In3 = 1,0986,

1.30. K=3,78 , A=2.7 sm®. Gukui kanunyny ulanyp birdenké yiiklenmediiki

dartgynlylygy kesgitleyiris.

o; =Ee=2-10" -—] =11,11kN /sm"

| 800
G:G'Kd — ﬂ(-d = A = PK"J
A o,
Atiyaglyk koeffisiventi

1.3 I-nji surat

152 ,
T =27sm’

1.31. P=0.406 kN: 6=3.52 mm.
Lentanyii elementinin
denagramlylyk sertinden:
N—(N+dN)+Ntdp=0
dN/N=fdp; N=Ce* ¢ =0,
NENOUN =N
ZM=M+{_N?~-NI}R = (),
M=+{N1—NI}R=N3R{ 1-€%)
onda N .=M/R(€£*-1);

130

a A M

A = . —f P—N — = - e
M =M. aPL=0, L L R -

Lentanyii uzynlygynyi tiytgetmesi:

Nyt  TNye™R

| Af F | —=——d
EA ° EA
0 =Af- L =3.52mm
| a
1.32 hi=—
32, 5

Statikanyn denlemesinden

P
2cosa
h
COS{L = . T
|I . a
th™ +
\ 4

H III i d
1.32-nji surat P.. h? +
: . \ 4
o 2ls]-h
Kesigin gowriimi
Lt . .
p.n2+3 —— Ph%+° ]
\.J 4 |I J a 4
Vi= A —a h= 4 =

dofn V' 4 Zeln

SterZenift géwriiminden h boyunga $sme alyp we alnan ailatmany nola

denlédp alarys.
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” \
. %
Ve ile - @1 0
2|o] h
\ J
Bu yerden h=° g d :
T YAy 0=,
g 4

1.33. 6, , = SkN/sn?, o, ==10kN/sn?’,

Defiagramlylygyii defilemesi
2Y=R +R -P=0 (1)
Durkuny Giytgetmiiniii defilemesi
Af = ﬂlﬁ]au +£5'F[‘ = U (2)

A/ _P-40 _450- 40 1800

"R Bdg OB

Ae, _~Rad0_R,20 4R,
: ¢ E-10 E -40 F
) | 8OO 45R
Onda E B ==, R =400kN,

R =P-R =450-400=50k
1.33-ijjurﬂr A R 0-400 S0kN

-1 kesi 2 Ny __ 400
L kesikde N, =—R =400kN, o, =

————=—10kN/sm?,

| 40 40
IT-IT kesikde N,, i« R, =50kN,

N
5 o Eﬂt 50

yok ~ 10 i{f} _'5ENf’bﬂ]

1.34. G_=4,6kN/sm? - O, =0.29kN/sm” .
Denagranﬂylygyn den]cmcamden N, IN=P (1)
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Durkuny iiytgetménin deflemesinden £,~€ (2)

Z Nm S N P — N = EruAln _
va-da E.A, EA, "~ EA, (3)

(3 )anlatmany (1) deiilemi goyup alarys

Wi da
El""#“kl:I
Buyerde E =10"kN/sm’,
EP:Z- 1O*kN/sm’.

nd;  3,14-0,5°

Ay m——a =(),196sm”,
4 B
AP = n:d_; O = L4020 .9 =0.44sm",
4 +
B
onda N, =— - = 4,09kN
' 107 . 0,196
I+ :
2:10" -0,44
(1) Deinlemeden N =P N =5-4,09=0,91kN
Simierdiki dartgyn [yl}'klar
N ,
g, === U1 = 4,64kN/sm",
A 0,196
N
6, =—= - g ,29kN /sm~.
A, 044
1.35.a=39 sm, d=22 mm.
Nh = N-‘: : Nh N‘ ’
N AT Bt BoA OB, 001K,
P 1000
IIN=P, N, = 1 = T =91kN, N =909kN. .
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N ()¢
A " b 9 )

[‘3] U 6 T It’*}&.m &= x"'IA h. = /1516 = 39sm.
b

Serte gori:

A, 1516 :
A=0,01A,, A=0,011516=15,16 sm?, A' = 4” ==, =379sm’
nd’ 4-Al  [4.379
A, =—=d= [ 2 | <, - =2,2sm = 22mm
4 V = Y 314

Kabul edyiris: d=22mm.

1.36 A=4.3 sm?.

Detiagramlylygyii derlemesi:
1).XY=N FN_+N_-P=0; 2M,= N, 1,9¢N,-3-P-1.125=0,
Durkuny uytgetmanm dEIﬂElTlESI

&A]AECImAB]BEC[
AL -Al, AL, -Al,

1.36-njy surat

{1) (2) we (3) anlatmalary bilelikde isldp alarys: N.=6,97 kN,
N,=50 kN, N =30,3 kN.

N, 69,7 , N, 50 -
A =t T e 3 ud = 2 = = ¢
| [r_r] v 4,3sm” A, [G] T 3,125sm "~
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h b'+4¢° h b’ +4¢°

h
Cyzgydan sino = — _sinf} = h_ _

¢ b
Denagramlylygyn derilemesi

Z-MfN]-asinmL N,-2asinff—P-2a=0 . (1)
Durkuny tiytgetmiinin bilelikdzki defilemesi
Al Al . .

(:.}r;.{.gydan = L = —FI = 2&!’_}'[5111[3 ZQ-E'ESH'I[I (2}

asma  2asinf}
ya-da 2Af¢,¢c=Al,b;
HNIP’lg 2N,/ ,b

G — — 2N &F =N b
onda E A E.A, 1‘?
2N.¢’
bu j;fEI'dEtn N; = b—l_g g
Bu anlatmany (1) denilema goyup,
4N ¢* .
N, sina + -——’F --sInf3 =2P = N, : +4N, l" 23 = 2P
b- & "B b
N, hb*+4N ¢'h=2P-¢b? alarys.
. 2P ¢b
1o =t N - " e
Bu yerden | N %
4p b¢"
1l S Bl
onda B Ba 4

1.38. 6 =21,05kN/smv*, 5,=4,3kN/sn’, o,=14,4kN/sn?’.
(yzgydan
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sina = C‘ECS- sinoL = ('(”' sino = (’{(; L sina=
Y ; b‘h 1 hf’-
Denagramlylygyii derilemesi
1) 2X=-N cosa—N +N_ coso=0
0,86 N_+N_=0,86 N. - €1)
2) ZY =N sino+N sina—P=0
0,5 (N,+N,) =P.. (2)
- dan ¥, =/ ‘3
yydan £ =£; = s
Cyzgy | T A
1
n. N amatf & ,-"ﬂ fix il
u=3f
N, C T e
A AL ¢
f 2 7 C,
| Fo
r
|‘ _
, "
e
1.38-nji surat

Durkuny tiytgetminin denlemes:
Ulgamyni durkuny tiytgeden yagdayyna seredip alarys:
{&F ks C;C'-‘; +CC

ﬂ{'] 2 C?Cz '"CE CH

&FEZCCE
(,‘.2(;‘5:8#51:111, (G =0 cosa, ¢,C,=0sina, C,C =8 cosa,

Af, =0 sina+0, cosa
Unda Al, =08 sina—0, cosa
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o

0

b4

3

bu yerden Al-AlL=206_ cosa (3)

N, ¢, N,¢, N/,
2 =922 o5

EA cosa EA,cosa EA,

N, N, —2MN2086=5 N, =N, —0,506N,

2.086 4-0.86 3

(1) denleme boyun¢a N =0,73 N,

3 50
(2) denileme boyunga N; = i = i _ 57.7kN

N =0,73'N,=0,73-57.7=42,1kN,
N,=N - 0,506N,=42,1-0,506-57,7=1 2,9kN,
Degislilikde, sterzenin dartgynlylyklary

N, 421

o sl e e 21,05kN /sm’ (stiynme)
, 2
Nz 129 ;
o, = 1_5.; =———=43kN/sm”  (siiynme)
. O ) ,

Statikanyn denlemelerin

diizyiris.

A diiwiin ti¢in

LX=-N cos45°+N co s45°=0,

N =N

EY=Nisin45"‘+N:sin4S P=NL=0,

2N 5ind5°=N,=N.=/2N
(' diiwiin ii¢in

EX=-N,sin45°+N sin45°=0,
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4

N =Nﬁ;

ZYZ'NH-FZNAL:{JMSG_'P:U, N=02P, N=04P
N,++/2N =K Sterzenlerdaki dartgynlylyklar
Durkuny tivtgetmiini; Helikdiki deslamec:
g n bilelikdéiki derilemesi & = :| - 25 =0,00667P, o, = [;_:; = 0,008P
&L':&A*—&L s ,5{'., = .&F;‘l_ . A= _‘é”_yl_ ]_
cos45° "~ c0845° Pots
onda —+¥2 _ Nav2 = Nay2 .
EAcoso. EAcosa  EA 7
1
rENaf:'?N;JFNﬁ 2
1 V3 =4/ 2N, DT T
N3 +V2N, =P

1.40-njy surat
Bu yerden N,=44,7 kN

onda G, > 6, sonun {i¢in hem ¢oyun sterZenin berklige ¢ydamlylygyndan
rugsat edilyin giiyy kesgitlevaris.

A = Ak J N m*"ré _2Nja  2-44.7.100

 c0s45° " EA.cosd5® | EA ~ g.j0'.5 - OS%4m a, =0,008[P]=[o], = [P]= L SIS

1.40. [P] = 1250kN 0,008 0,008

Deﬂagranﬂylyg}ﬁ detilemesi

1.41. ' =—09kN/sm?>, o,=10,26kN/sm®, o =1,44kN/sm’. |
ZMa:N['2+Nq'4“P‘2:O G, 0.9k s I. y

N +2N,=P Deiiagramlylygyh deiilemesi I
Durkuny tiytgetminin defilemesi . -1, kesik |
ﬁggf" CC=Ay, 1) Nj+N,+N; =P, N}=N} |
PR, [-T1- kesik
AL, A ) NY 4 o =N/ |
2E':'—’?-::>ME=2M. (2) o =t + Be Tk s |
: Durkuny tiytgetmiinii denilemesi |
N, -100 N, -200 3) A = = A¢ |
Ondg ——— =221 <V e ) AfY =Al, + oN, = A¢,
1210750 T “3 10t 3 = N =N ) %
” ' Al, =—2""
(3) aillatmany (1) defilemi goyup alarys: LT s 4) Al = ALs + ALY B E.A, |
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(1) defleme boyunca

2N} +N, =P NI ==""2 .

(2) denleme boyunca
2N:I +NE "—_0:} N]” —

(3) dedileme boyunga

A, =aN, +Af, =aN, +EE-2—{ =1,25-10" +
E,A, 10" 20

4

=

(4) deilleme boyunga

llj
pr, = NI20 N!20

N, 40

feD
W N

N, P-N,

2. m“ 20 2.10°-16 10* *°

N

325N

gt

N+ —L=325N, == -"2_ 72 =3,25N, = N, = 28,8kN

1.6 a

P-N,
N:= — =
2

N, 28,8

234 —28 8

2

2-1,6

3

=102,6kN _

By oSS TN

De,g,i$]j dartgynlylyklar:
Ny =144

o] = = —‘:—0,9141\1;&113’

A‘ 16
. NI 1026
D'l = =
Al
_N, 288
O = 1,44kN/ sm>
> AT
1.42. N=04P, N=0,25P,
Meselidnin statiki tarapy
DZY=N +2N_+N —P=0;

=10,26kN /sm” |

N.=0.1 P
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2) ZM,= N,-50+P15-N 50=0.
Meselinin geometriki tarapy

’-f#t W ' ﬂ'el

T £, +Al,
A, = L ---2—— =2M0, = A, + AL,
1.42-nji surat 2N =N +N..
(N, +2N, +N, =P (1)
Dnda”DN!_IONJ =3P (2)
N, +N; —2N, =0 (3)
(1) we (3) denilemelerden 4N =P=N =0,25P
(1) denilemeden N +0,5P+N =P=N_=0,5P-N,
(2) detilemeden 10N-10(0,5P-N,)=3P=N =0,4P
N,=0,5P-N =0,5P-0,4P=0,1P.
1.43. csp:l 2,74kN/sm’, & =—3,636kN/sm’.
.n NN — ""'1*: 2 oy Y
AL A2 3 ndem?,
L - - — =N, L
SANNSNNRNNNRAN SR =E(d§ &)= 3;4(45 ~25)=1knt

1.43-nji surat Meselinin statiki tarapyna seredyiris.
be. =N,

mlda—ﬁ A =-a A (1)

MESE]EHIJH genmetrllg tarapy

E=fg —g 1&.1} = l 0..3 - 0.0?55“’1 .
p m 4

Al 0,075 Om "."
WL R - g =—0 g =—
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Al ~AlL=A (2)

Gp (%1
-—==10,001 35 N.350
) E;-l E’m ifﬂ-dﬂ NP*U . N :U,]SjNI—N1:24U [3}
" s gy 1400-400 1400 -400 )
mm = Opy (3) anlatmany (1) defilemi goyup alarys:
i 2N +(N —240)=720=N =320kN, N_=80kN.
¥ o %o T - = AR Siitiinlerdiki dart lykiar: \
e -+ A 0 = = (00T =% GI’ = 12,?41{N /sm ? D‘m“—ﬁ,ﬁSGI{Na’Slﬂl. ' gynly
p n m - — )
Gy = = = il =—0,8kN/sm”:
1.44. c.'-'}_;-l,[}?kasmz, nﬂ——ﬂ,'f?st’snﬁ A 400
o N " I 8{} 9
Meselanin statik tarapy. 1 Y A'h' =400 —0,2kN/sm”,
L éﬁ%%(/ﬁ 2Y=R +R —P=0 (1)
J,.. S Meselanin geometrik tarapy
T8 1 s ; . PA, E, —mE,
- AL, <AL =A (D) e ot e e
- =y AE +AE, mA, +A,"°
Tp P-100 R,;-100 R,-150
ot R s e i PA E, —mE
o] it E A, R B B A o Ll s l o L
Sim | e * ~’ L +AE, mA +A, "
‘ & Bu yerden R =38 5kN (1) detilemeden Aokt Vg, WL Ay
— #;l e R =P-R _+200-38,5+161,5 kN P gliyjiin tidsirinden sterzende we turbada doreyin dartgynlylyklary o, we
r ACbolekde N =R =1,61,5 kN o, bilen belleyiris. Statikanyt defilemesini yazyarys
1.44-nji surat BC bilekde N =R =—38,5 ZX=N +N,-P=0=A o, +A,6=P. (1)
Durkuny tiytgetménin denlemesi
Bu boleklerdiki dartgyntylyklar N (2) |
Ny 1615 : E, E, b !
g5 Y - 150 =1076kN/sm" Alnan denlemeleribilelikde islip taparys: |
¥
) 5 L PE, o PE,
E -.5 - — :'—— o . — 4 ,
G, = 'AH = — 50 = —0,77kN /sm* ' AE +AE, ™ AR AR,
) ) | P giiy¢ bilen yiiklenmedik yagdayynda sterzen we turba ligin statika bize
1.45. o =—0,8kN/sm’, crz=—0,2ka5m-. asakdaky denleméni beryir.

SY=2N +N,~P=0; (1)

Durkuny tiytgetmiinin denlemesi

|
Statikanyr denagramlyl 1 denil | -
yn gramlylygynyn deniemesi Ao, +A,0,=0, (3) |
Bagga tarapdan meselinm sertine gora | |
|
|
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Soriky defilemelerdiki durkuny tiytgetmeleri Gukun kanuny boyunga atiladyp

6 e e
) | = 11. [4] ol -_"lI:",-b.
G- + G,
- WA N,?, N,/
Yokardaky derilemeleri bilelikde 15lép taparys: A+=—A-=i 4 , €. =100 sm. £.=99.95 sm.
E,A, B.A % --
) PA, E,=mE,
il - ' : . ¥ f
ALE‘.]+'A:E? 1'["I.J"‘$|-I-.’f"i.:I \+(P "N!)'l Zﬂ“.-'l'Nl 1 :'.Z?'N] — |00kN.
_ E,A, o By
G, = _-PA' — S . Onda N =P-2N =350-2-100=150kN.
AE +AE, mA, +A, Cetki we ortaky direlgelerdiki dartgynlylyklar
1.47. P=24 8kN, ¢=12.4° . N, 100 g
o, =6, ==— = — = —5kN/sm
- £=£/c0s30°, £~ /c0s60°. % A
ﬁ.\: m -. - Statikanyn denlemesinden N. 150
W il ' P i . : G, =0, =———== = —3kN/sm
' | 5~ |0.866N; —0,5N, =-Psing, A, 50
| ' ‘[_Nj +0,86AN, +0,5N, =Pcosp (1): 1.49. 6, =—6,66kN/sm’, o =-3,33kN/sm".
Durkuny tiytgetménin deillemesiinden Hﬂ“k?”}f{] e lmncf;mden R Ry
AL = A= 005 Meselidnii geometrik tarapyndan &lfﬁlr{”
G K 0 Rsa Rga
1.47-nji surat ﬂfl = ﬂil_,UU!:ijﬂ 4 :ﬁsf} 7. ﬂETC{Jbﬁ{} . va-da A, 2a = [;; + E; -=> Ry = 33,33kN 1 RA =33 33 kN.
Tl S
Gukun kanuny ulanyp, sofiky afilatmadan N. =-R.=-=33,33kN, N, =-R,=-33,33kN. I
Al EA A LEA, Al EA. N e
My=—— N e=— N, s S O e T o SRR Gt
| e (, - 0, Onda ©; A [0 ; , !
Bu yerden N =14,8 KN, N =10KkN, N=2.5KkN. N i
Bu bahalary (1) defilemelere goyup alarys: G, =~ g\.-"‘ =T 3‘:” 3 = —6.66kN/sm"-
; |
J{},Hﬁﬁ .25-0,5-148 =-Psing '
llﬂ+ 0,866-148+0,5-2,5=Pcos@ | B e A e B
Bu yerden ©=12,4°, P=24,8kN. “1_..,,§:__ I B et :.LT Ra 1.50. o =-9,50kN/sm’.
1.48. c = SkN/snmr, 0= 3kN/sm”. | ““_j_ = -_E_& N Statikanyn derlemesi
Meseldnin statiki tarapyndan NEZNI.EN; N,=P Y - h RA-—RH (1) |
Meselinitl geometriki tarapy = |
AC=AL, A+AL=A +AE, A =Na. 1.50-nji surat
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Durkuny tiytgetméinin bilelikdiiki defilemesi
Al, Al =A (2)

,OA ﬂ-ll—[i—ﬂ:bi,l‘i 10~ 40-20(]—- 2—02 = 0,005
EA IU
Bu yerden R, =9,5A, R, =R =9,5AkN, N= —Rﬁ'— —9,5A.
3= > =_—9’5A =—9 5kN/sm*
A A
1.51. A=+0,056 sm (iki sterzeniniki).
. p
Af = EP sue od
EA E

Temperatura dartgynlylygy UfiEuﬂl, At=-=10°S temperatura

sterzenlerde stiynme dartgynlylyklaryny déredyiir, onda
o=EaAt=2"10%*1,25-107-10=2,5kN/sn?’,

6, =0,+0, =2,5+15=4kN/sm>

o, =0, +0, =8—4=4kN/sm".

F f
e 3 ]4{2 =(.028sm
E .10 |

Umumyuzalma

.ﬁ=£]+&l=0,028+ﬂ,023=0,056 SM.

Onda A,

- TN 1.52. P=150kN, € =50,01 sm,
i - ek L i B E_’:'I'q 99 sm.
- S - "
==y e=et+e (1) N=N ;
S WE Sl um I E [mllz+ul}t
Cl N l N m
f.jﬂ"ﬂji Surat u:nt = EA_ + E A r

Buyerden N =N =150kN=P=150kN.
Misiii we inwaryri erkin durkuny iiytgetmesi
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N,,50 L
Al e 1540 = 0,02sm
EmAm 107375 |

N.‘SU 50-50
Al =— I—D—- =0,0lsm_

FER T 216" 375
Onda ¢ =50+(Al_-Afl)=50+(0,02-0,01)=50,01 sm,
£ =50-(A¢ —A7)=50-0,01=49,99 sm.
1.53. o = —0,1kN/sm’.
Phtada doreyin boy gliyji direglerdiki gaytargylara den we bu giiyji durkuny

N/
liytgetmiiniti defilemesinden tapyarys. A¢ A/ =A ya-da 0.Atf — T A,

EA(cAt{—A S .
Bu yerden N = ~, —plitanyi bir inindaki giiye, N=—400kN.
Plitanyn kesigindiiki dartgynlylyk
N 400

c=—=—— =—0]kN/sm*.
A 100-40

1.54. Temperatura iiytgevinci P =27kN,P =18 kN.
Temperatura tiytginde P =126 kN, P_=32,4kN.
Statikanyri defilemesi N N =P (1)

Durkuny tiytgetménin Juﬂemesm =¢_ (2):
(1) we (2) detilemini bilelikde 1§lap N =27kN, N =18 kN.
Diregler At = 30°S gyzdyrylanda,

N =N (D) E.m—Emﬁs-:FﬁLaﬁ ey

[Tl

Bu deﬁlemeleu iskip alarys.

N, =N, =14,4kN |-
Onda P, = N_ —N:} =27-144=12,6kN ,

P =N_+N' =18+14,4 = 32.4kN . "

Ll

|
1.55. P=31,4kN, €=20,011sm. i
Statikanyri defilemesinden P=2N, | i
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d” _3,14-1‘11

A =—= —0,785sm”,
4 4
Al=(L, —Fl'] =20,02-20=0,02sm,
onda
{ 0 . 3
Ell‘—'—_ﬂDZ:::rN UZI: A U,_{}_Z _IU U—?——S—IS'a’kN
E. A, ., 20

P=2N,=2:15,7=31,4kN.
P giiye ayrylandan sofi , boltlardaky dartuw giiygleriniii bir boleginm mis
sterzen kabul edyir.
Statikanyn defilemesinden 2N =N_=31,4 kN.
Durkuny tiytgetmiinin defilemesi £ =g,

Nm Nh L Af“
M. SR g —>N_=
EmA'm E’hAh hhAh
A=Al —Al,
onda
. VA .2 20.02
oo D Er ) Mol Sty 208, SR I 0003

EA, B A" 27000785 = 1076
A 20.02-0.0095=20.011sm.

: 1.56. At =+2.97°S.
w 4 o = +0.743 kN/sm?

"*??"'"% ‘I‘ __E'?;WV :Q_E(_}_Q{}k}\]

b2
F =fR,=0,3:50=15kN,

1.56-njy surat

F F,
c=AtaE == At =—
A aEA
1 6-njy belgili iki tawra iigin A=20,2 sm’
15

i : o
20.2-1.25.107° -2-107
148

e At = =+2,.97°S

bu yerden o =a-At-E=+1,25-10°-12-10%2,97= +0,743kN/sm’
1.57. A =5mm, o= 12,5kN/snv".
Zerur bolan boslugyn ululygy (At=50°S)
A =oAté= 1,25-107-50-800=0,5sm
Bosluk bolmadyk yagdayynda relsde déreydn gysma dartgynlylyk
o =—aME ==1.23:10730-2: 10%=—12,5kN/smr
. WS ¢,=30,062m, o=—41,25kN/snr.
Polat u.u banyi temperaturanyi yokarlanmagy sebdpli erkin uzynlygyna
einelmegi
Al = aAtf=1,25-107165-3000 = 6,2sm,
onda £ =(+Afl= 30+ 0.062 = 30,062m.
Meselinin ikinji serti asakdaky formula bilen tapylyar.
0% —gAtE =—1.25-10"°%165-2-10*=-41,25kN/snr’.
1.59. a) o =18,4kN/sm’, b) o, =0 ,JKN/smy', ¢) t.= 545"S.
a) Halkadaky dartgynlylyk
o =E-g=a_(t—t)E =1,6-1 0°(135-20)-10 *=18.4kN/sm".
b) Waly we halkany bir wagtda 0°S-a ¢enli sowadylanda halkada d6reyan
posmaca dartgynlylyk
o, =(a.—a }t E =(1,6-10° 5-1.25:107%)-:20°%10*=0,7kN/sm’.
Haﬂﬂdak}f du!y daﬂg}nlylyk o=c+c,=19,1kN/sm”.
¢) Halkadaky dartgynlylyk nola dcn bolmak iicin asakdaky sert yerine
vetirlmeh
o,

GT :(atll_aﬁ)Emtj* b-u };"ﬂrd{:n lE— e ( = [I - 54SGS

m

1.60. c =—1 43kN/sm? o =715kN/sm? o =-4 29kN/sm".
2, L,

IS LSS

Im

1.60-njy surat
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Statikanyn deflemesi ZM, =Na—N_2a+3N,=0 (1)
Durkuny tiytgetmiinin denlemesi

AV 4 3 —Af AV £
_|: . 2 Wwe -’rﬁ——i--:é-: :>3N| :NJ-, {2}
a 2a a 3a '
N, 100
23— _005-—2 0 3 N, +0,5N; =100, (3)
2-10%.20 2.10%-20

(1), (2) we (3) deilemeleri bilelikde iglip alarys:
N =285 kN, N =143 kN, N,=85,5 kN .

Degisli dartgynlylyklary
—~N o
{jl — 1 :~—-23.JS :—lﬂ?kaSmJ;
A 20
N, |1 :
O, =—== 14 =7,15kN/sm":
A 0 :
N 5 )
Oy Si——2 = et =—4.29kN/sm"~
A 20

1.61. o=0,016kN/sm’.
o =yf =208 = 160kN/m"=0,01 6kN/sm’.

1.62. 79x79 sny’.
P 500

" A=rv—=—"—— =6250sm}
: __L_ : lo]l-v¢  0,1-20-10 10
=3 e axa=T79x79 sm’
. g P
j , g = -A_ +vX
'_if.-’.!;.r.-r i T i ———
2o N X = ﬂ — £ = P -~ SOG i O‘[}SkN f.'r.,‘m-.'l
I.62-nji surat A 6250

x={=o,_, =0,08+20-10".10" =0,lkN/sm"

max

1.63. b =11,5sm, b,=21sm, b,=32 sm, b,=44.5 sm, b.=54 sm, b, =76 smy

b?:1 25sm.

150

[asap vokarky diwardan baslanyar.

q,
b, =+t — =11,5m
" o)-v-4
5, = B FERAE e
[o]-v-4
b, = Gyt SR DRy it 10508 = 32sm
[o]-v-4 '
3q, - : ;
b, = (I O ﬁ'{h.‘ 4+, -4+7b, -4 = 44 Ssm
[o]-v-4 |
b, = L‘I._+"-E~13 kb, '4.+ﬁ"h?- '4+ﬁ"t-}-‘?-:-ﬁ-1+?b"—'4 = 59sm,
' lo]-v-4
p, <31 H50, KBRS F 0 010, AH9b, R0 v
| [G]—”f-4 ‘
™ q, +5q, +q, +7:4(b, +b, +b; +b, +bs +by) 108
[o]-v-4

1.64. A/ =2 8mm
_yf*  78-10™ 1207 -10

Al = v -0,28sm = 2.8mm .
ZE 2:2-10
1+hr+2h‘A'
p Y3 & 8 A,
1.65. Y D A . R=yAatyAb-R,.
a A

-

Statikanyn derilemesinden
R, +R,=7vAa+yAb (1)
Sterzeni durkuny tiytgetmeginii derlemesi
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Af, =KL, (2)

R, gaytargydan sterZenifi uzalmasy
E}EER — R"“a 1_|_P ﬁ!_
ﬁ EA 1 a A 3 ;
SterZenin hususy agramyndan gysgalmasy

;L 8g A
Al = v 1+[bJ LIk

2E a a A,
Sonky anlatmalary (2) defilemi goyup alarys:
R,a 1+b_f‘; ya’ l+[b) b A,
EA, a A, 2E a a AE

ol A
TA,E{I-&- b? $2 )
a a A,
T RO, TR
2[1 T ]
a A,
(1) defilemeden R_=vyA a+yAb-R, .
1.66. o, =—0,0187kN/sm’, o, =0,28kN/sny’.
Siitiiniii asaky kesigi ii¢in Statikanyi defilemesi
Nn+ Nh: (T.S,AarerbAb)ﬁ’ }rffjne Nu:UHAu‘ Nh;GhA‘h"'
A = 25%25 = 625sm’
A =25x25=625sm’ n=15 onda o A +c A =( A +1,A)¢ (1)
Durkuny tiytgetminii bilelikdéki denlemesi

Bu yerden

O 4]
8. =i, Yol o s Yy S0, SH ()
A g E, E, E

Fi

(1) we (2) denlemeleri bilehikde iskip alarys:
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n=15 onda c A +c A =(vA +7,AMS

(vaA, +7pAp) _ (?g,s-ln‘ﬁ -19,5+35-m—f‘-625]-m3 E
nA, +Ah 15-19,6 + 625
= 0,0187kN /sm?
o= 15-0,0187 = 0,28kN/sn’
1.67. o =8 87kN/sm’, Al= 28,03 sm.

Oy =

Stanganyn yokarky kesigindiki dartgynlylyk

G—-E—{— 4
A s

5

Toyun erginit hasaba alyp, stanganyi géwriim agramyny kesgitleyiris:

Ay, +AyY, 136,6:78,5:-10" +19,6:18:10°°
P L i = e

=70,3-10 °kN/sm’
A, +A, 156.2

ﬁ p.
onda © —£—+703 30 D,IZJ(}“’ = R887kN/sm"° .

LK 136‘_
Gukun kanuny esasynda absolyut durkuny tiytgetme
Pe yf? _50-02:10° 70310 (0210 )
E.A, ZE 240“43&,6 2-2-10°

Al= = 28.03sm

1.68. o=35°20', G=0,19 kN.
Piirsiin denagramlylygynyn sertinden

N N .
NFLU_ 2 5 NUU-ZSIH[I s Al Ztgm-
Berklik sertinden sterzenlerin kese kesiginii meydanlaryny
kesgitleyirs:

NHI] = qF

. 8 o THesat gl o
L 2sl” ™ [o]  2[s) sina

N
A.-u} ks [
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- N_i e _q_f
% Tl alol e

onda sterZenlerifi agramlarynyi jemi

&

. ) - Fl l _
(-':(-IMJ'}“G[-:n"'(JAL‘:Yg'_ [tgﬂ+'; +[—ﬁ‘]ﬁ]
2[:1']3 SInoLCos o [G']g P
Sofiky aflatmanyil ¢ gord birinji 6niimini nola denlip, i kici agramyn
sertini tapyarys. |
3sin‘a—1=0=0=35°20'

Statikanyn denlemesi
R,+R.-Q=0 (1)

Durkuny tiytgetménin denilemesi
AMy—Aly =0 (2)

Gukun kanunyny ulanyp

FA-¢ R.F
.T = B Lo RH —
2EA EA ' 2

_ YA

1.69-njy surat onda R, =Q-R, =- 3

o _E_A__",rﬁA_'}fE‘.’
AN N

Asakdaky defilemelerden dartgynlylyeyn epyuryny gurvarys:

T R,
A(C bélek iicin © = - Ry

BC bolek iigin © = % + ¥X
v’

6E

1.70. Al =

154

2
. nd® ¢
Sterzenin agramy Q = s Y

Sterzenin agaky tarapynda x aralykdaky
kese kesikdiki dartuw giiyji asaky
béleginiii agramyna den

-

o xd” %
AT

dx uzynlykdaky elemente prizma

gérniisinde seredip, elementir

b

uzalmasyny alarys: Adx = L

1.70-nji surat
3E

-

. Y )
we sterzenin doly uzalmasy Al = 3E _ll?‘id:" - 1 E -

Hu uzalma prizmatik sterZzenil uzalmasynyii tigden birine der.

1.71. £=382 m.

il Berklik derilemesinden

| ? ya-da £=382m.
i | Dartgynlylygyii epyury
q ;] g= TH‘

Xx=0=0,=0
x<t=o0,=y€="78,510°382-10>=

=3kN/snr

1. 71-nji surat
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11 bap
onda T = %o o =21, =12kN/sm’
Cyzyk we tekiz dartgynlylyk yagdayy . ol 2
4P ' 4-150

( = 4sm |

2.1. 6_=6,63kN/sm, ru=3ﬁ3Ska5m: 5 =4 42k N/smy’.
Sterzenin kese kesigindiki normal dartgynlylyk:
_ 4P  4-250

Vo, \12:314

24. o =10,6kN/sm,t__=5,01kN/ S,

A T I e 8,84kN/sm”. y
’ | Ty : _ tgo = Lo == =0,714 4~35°30".
Yapgyt kesikdiki normal we galtasma dartgynlylyklar: S "
o =0 -cos’el = 8,84 cos’30° =6,63kN/sn’, o 7 7 N

s 8,84 . onda T = 2 = os? 3530 08147 | OKN/sm’
T =-C"sin20 = sin 60° = 3,.83kN /sm* _ Cos" o  COS &

2 2 G 10,6 . 2 2
Ifi uly galtagma dartgynlylyk sterZenin okuna 45° boyunga yapgytlanan We Tipay = T SIn 20 = ) sin71%=5,3-0,9455 = 5,01kN/sm
kesikde bolyar.
AP _ 884 4. 40kN /s 2.5, 0. =19°3%8a, =Y, G, =4,42kN/sm”, o, = (,58kN /sm”.

% .1 2 & 2 - :
A T, __2-1.6_0(‘4

2.2. ©,=8,15kN/sm, p_=5,13kN/sm?, T =2,075kN/sm?’. el e
Kese kesikdiki dartgynlylyk: - o, =19735, 5 =P, 2 2

AP 4.350 o, =0,C08" @; =5-¢c0819°55'=5-0,94" = 4,42kN/sm’,
Tl TRE gy T e ea S 6, =0,¢08" o, =5:c0870°5'= 5-0,34” = 0,58kN /sm".
Yapgyt kesikdiiki dartgynlylyklar: , T iy
¢ =0 -cos’a.= 8,15-cos’15° =8,15-0,759°=4,7 kN/sm?’,

L r | | 4 |
T, = ud: sin 2aL = s sin30° = 2,075kN/sm” | | &

2 2 =
Doly dartgynlylyk: s,
P, = ol +12 =/4,7% +2,075> = 5,13kN/sm>. 2.5-nji surat
2.3. d=4 sm 2.6. q,=4,8kN/snr .

0. =45° den bolanda, T =6kN/sm’ de, 1

Durkuny tiytgetminui defilemes: €, = E (U , — HO, )= 0
Bu yerdenq,=o,=po, =-0,3-16= —4, 8kN/smr.
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2.7. P=BOkN, a = 60°, B =30°.
6 =0, -cos’e, 0, =G -cos’f = sincL.

i
Jemlip alyarys: ¢+ o, =c =8 kN/sm".

g p
Dartyjy gliy¢
P=g A=§2>=80 kN/sm?’.
tg2ﬁ=t—j£=§:3:>(1=60‘:‘ we B = 30°
T 2 :

i

2.8.d =13,33 mm
& = o = g, - simmetriya sertinden,

Onda &, =€, = %[ﬂx ~plo, +g,)]=0,

6 (1-p)=o u=>c =uc /(1-u),
== 100

6, =—=——7>=-0,028kN/sm*
a-  60°
o, = s ! 2R —0,0185kN /sm’
(1-0,4) |
Boltlara tisir edyén giiye

Q=a-/(c )=60-100-0,0185=111 kN.
Bir bolta diisyén giiyc Q =Q/8 = 13,9kN.
Berklik sertinden boltun kesiginin diametri

|' [4.139
d = |I 4—{;)—']— = |I 4 ]£, — ],3351’1'1
\I TE[G;] \}3,1410

Kese kesigindidki dartgynlylyk

20 5
G, =0, =-P = =10kN/sm~
A 2

o = 30° bur¢ boyunga yapgytlanan
elementin granlaryndaky dartgynlylyklar
o, =0 cos’a = 7,5kN/sm’;

O, = O,sin‘o = 2,5kN/sny’.

2.9-njy surat
158

| enzometritt bazasynyii ugruna ¢yzyk durkuny tiytgetméni kesgitlemek tigin
asakdaky anlatmany diizyirns.

| Ri b, G5

. =—(o, —po. on )} €, =— =————=325-10"
’ E( « ~HOue ) £ SK  20-1000
o, —Ee, 75-21-10-325:10"
Onda K= - e i =213
G-;H‘-J'U“ 2"5

2.10.0. = 13.24kN/snr’, o =4,76 kIN/sn?’, G.= 67,5, 8, B 0
Bas dartgynlylyklar

G.{ + ﬁ[ll ] Il;-- I :r _d:'_
me,u{ _ = 1,."-' (GD! — Gﬁ ) - 41:- :
g 2 2 .

TNHLTH

Buyerdenc_ =13,24 kN/sm’, o =4,76 KN/sm”.
Bas meydancanyn ugry
i el i 2-3_:

S, —~0, 12—-6

20, = 135°=>0,=67°30', 20, = —45°, o, = ~22°30.

2.11. o, =11,5kN/sm?, 1, = 0,5V3kN/sm?, 7, =IkN/sn?.

Tekiz dartgynlylyk yagday li¢in
0, =0, cos’a+ o, sin‘o = 12-c0s?30° + 10sm?30° =11,5 kKN/sm’,
o, -0, 12-10

v, = h R e == 8in 60° = 0,5+/3kN /sm’

c o =21792 6n90° = kN /sm> .

* mimax) 2

2.12. o,=8,08 kN/sm*, 5,=4,04 kN/snr’, p =0,808 kN/sm”.
Belleyiris: o, —towerekleyin dartgynlylyk, o —meridional dartgynlylyk
Hemme giiycleri o, ugruna proyektirlip alarys:

fl

B & O T D
26,5 =2 [pt  c0sgdp=> 0, = ‘;'—b
()
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: O, o-b

Mayysgaklyk moduly E=— = ——
£ Ab

(2) anlatmany (1) afllatma goyup alarys:
Ab_= ;ﬁhv = Ab(1-p) = 0,56 mm.
Ikinji yagdayda o_gysyan dartgynlylyk bolany ii¢in, difiec alamaty II
lytgeyir we (1) arilatmany ulanyp alarys.
Ab = Ab(l + p)= 1,04 mm (siiynme),
.-\bh =—Ab(1+ p)=-1,04 mm (gysylma).

2. 12-nji surat 2.14. T, = —P tgo, o, = . tg:u..

Sk TA

(2)

X D* D
o_ugruna proyektirlip alarys: o, Do =p ET = Z—S

pD pD
Undﬂﬂpzﬁﬁzga G—}:ﬁm:-_..': 5_=0.

o, we o, Gukun baylagdyrylan kanuny esasynda tapyarys

l 1
£, = F_ (ﬂ'| _H{Tz)ﬂ & =_§(GE _HU')'

B(e, +ue,)

Bu afilatmalardan: O = ==

8,08kN /sm”
' 1—p ’

o, = ECI) Ul .

e | —p”

25 |
Onda p=ﬁ-’D- — 0.808kN /sm’

2.13. Mesclinin sertine gori 0, =0 =0 We stiynme 1ki tarapa hem
birmefizes bolyar

Ab, =Ab,, =gh= (o, ~uo, )=

ab
= (

]._
= A
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11 bap

Siiysme we towlanma

3.1. Dért bergin.
Kesme sertinden berginlerin sany

4P :
e B Ty
nd’[t]m 3,14-2%.10-2
Yemserme sertinden
P 180

B
d-8lc], 2:1-28
n=4 kabul edyiris.

32~4

¥

3.2. t, =9,55kN/sm?’, GF=25Nfsm-’, a =9,09kN/sm’".
4]_3 4-.120

T, =- — =9,55kN /sm”,

n-nd®-m ;3,]4*22 .2
bu yerde n=2-ber¢inlerin sany, m=2—kesme sany

Ty = E_) =3 25kN/sm”,
" no-d 2-12-2
Listii dartgynlylygy
I ¥
O, = 2 = bt =9,09kN /sm~ .
(b-8-2d-8) (15-4)-12
Urnanyn dartgynlylygy
"
O, = 1Ed == 1 —=9,09kN /sm*,

(b—2d)-2-8, (15-2-2)-2-06
3.3. P=250 kN.

n-nd? -mlt 3-3.14.2, L4
P S— - 7k =—'—Jl4-—;—2 0 _318.4kN

P <dd[o]n=22,628-3 =436,8kN,

162

P < (b-d) 8 [6] = (13-2,6)-2:16 = 364,8kN,
P, < (b-nd) & [6] = (13-2:2,6)-2:16 = 249,6kN,

34. n=4, d=I sm.
d=2t=1 sm kabul edyiris.
Kesmié berklik sertinden
o g ‘:}[i—-: 4'3,0 ~->38
nd*[t],  314:17 10 :
Yemsermd berklik sertinden

n= P-:- i & 2.3
dtfo], 1-0,5-26 ,
n =4 ber¢m kabul edyiris.
Zolagyn gowsak kesiginde listii tiziilmé berkligini barlayarys.
i1 P Aii=| 30
© (b=d):t (5-1):05
3.5.d=1,6 sm, n =4 (bir tarapynda), ¢=22sm. Kesmi we yemsermé berklik
sertinden ber¢inlerin sanyny tapyarys (d =2t kabul edyiiris).
W L .
1], -md®  10-3,14-1,6°

v

8]

=15<16kN/sm”_

0 S

n jem T T = B R
' dedlo], 1,6-08-26
n=4 ber¢in kabul edviris.

3.6. T =7,1TkN/sn’, o,=11,25N/snv’, o,=4,09kN/sm?’,
¥ L]-Dﬂ A 4'[50-?,5

)

—

r = 2250kg = 22,5kN _

Gazandan iki berginleménm ddimine deri bolan elementi kesip alyarys
(surata seret). Dartgynlylyklary kesgitleyris:
__4P 4225

g i = =T7,17kN/sm*
- wmd 314-2° :
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o, = v e =11,25kN /sm”
2]

P 2.9

G-,-:__ —
- (a-d)yt (75-2)-1

Kesilmé hasap dartgynlylyk rugsat edilyin dartgynlylyga it golagh
sonun ticin hem rugsat edilyin basysy galtasma dartgynlylygvn iistiindel

- =4,09kN/sm° :

kesgitleydris. T basysa goni proporsional, onda rugsat edilyéin basys

<], 7.2

[q]z qg——=4- 17 =4,02atm

Ty 7.1

3.7. P=30,8 kN.

Turbanyn berklik sertinden synd}.fri‘:m glyjun ululygyny kesgitleyiris,

o 314
P, =[o], -E([:r ~d?)-d, -t-nJ =40[“’-4

(3* -2:8?)-035-0.1. 4] = 30,8KkN

Berginlemiinin berklik sertlerinden syndyrma giiyjiif ululygyny

kesgitleyiris:

-

d; 3,14-0,35"
P, = E4i[r]k R

22+ 20

=42,25kN .

P,=dt[c],n=0,35-0,1-52:20=36,4kN.

Kabul edyidris P =30,8 kN.
3.8. 1 =5,57kN/sn?, G£=|0,93kasz,

Galtagma dartgynlylyk

s, % 4P :_4_-52,5
nd”-n  3,14-2%.3

Normal dartgynlylyk

P .. 828

5, = - =
T sdtaii 00 240:8+3

3.9 . n=36 ber¢in.
Kesilmi berklik sertinden
4p 4.785
n i 2 = 9
ﬂ:d‘-[t]k 3,14.2° -7

164

~— =10,93kN/sm’

-"=5,57kN/sm*

= 35,6 = 36sany ,

Buyerde P=q Ef— =10-0,785-10" = 785kN .

Y enjilme sertinden
STy - .
dfs], 2:1-16

Kabul edyiris n=36 bercin.

n= 24.5 = 25sany

3.10. ©=7,64kN/snv’, o, =17,14kN/sm?

e 41]} = 7.64kN fﬂl‘l‘lz__

d” - n

=17.14kN/sm*

3.01. 1 =2,29kN/sm’.

£, =& ()= a, At— =a At + -
| : EF‘IIAFH - EIﬁfﬂll"' ; (2}
A : P S : "
A =Z(D? -d"-):ih(ﬁ- ~4%)=15,7sm?.
¥ 4 4 f
. 3.,] o X -
A :ﬁ—d~ = el =12,56sm",
4
(2) anlatmadan
'ﬁt.‘A‘J:I.F‘.'lrfi‘iL ([Imﬂiu}
N = — "=14,35kN,
L’-\P + A
4P 4-14.35 j
[=——— =- — =2 29KN /"
td"-m 314-2°.2

m =2 —kesme meydanynyn sany.

3.12. d=5 sm,
Kesilme sertinden
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i e
Pcosa  20-0,866 >5,77sm = 6sm

t 2 — 2
bla |, 6-5
Owranma berklik sertinden

_ Ncosa _ 20-0.866
= — 2 —— = 36sm
h[*r] 6-0,08 '

4P .[.4.300
d= [—F5—= ,i'—4'2“ — =3,99sm
Vaft]n V3,14.8-2
Y enjilme sertinden
P
d=—F—== 200 = 5sm
o] 2-20 |
Kabul edyiris d=5sm.
3.16. c_=4,33kN/sn’,
t_=2,5kN/sny’,
] p,=5kN/sm’.

2 (yzgydan
v =2,5kN/sn’, &, =4,33kN/sm?.

3.13.d =18,7 sm, t=5kN/sm’.
Bolty gysyan giiyjiin ululygy

2
P=o, A, =10. 2010 wogsin
| 4

Yemserme dartgynlylykdan
4P
ﬂ'v —— -(—— 3)1 L - | - ]
md, —d Do =05 +T15 =y4332+25% =
4P+nd%s,  [4.785+3.14.102 .4 = 5kN/sm’
Bu yerden d; = \li' = o VERE Ve, Y 18,7sm.
G 3.14-
3. 16-njy surat
Galtagsma dartgynlylyk o
P 785 .
by - = .10 SkN/sm” 3.17. AS = 0,25 mm, v = 0,00125.
’ X Stiysmede Gukun kanunyny ulanyp alarys:
3.14. P=448 kN, o =0,56 kN/sn’.
o] ) /sm },:lz _I{?lqt - 0.00125
G 8:-10
Absolyut stiysme AS =y-S=0,00125-200 = 0,25mm .

Uziiji gliye
P=[c]-A=5,6-2-4 =44 SkN/sm".

Nusganyri kellesinde déreyiin owranma dartgynlylygy
3.18. v=0,00065rad.

Stiysme burgun tiyigemeginin ululygy
= (1+0,25)-sin 60° = 0,00065rad.

L 8 =0,56kN /sm*
o :
=—(\l+p)smia=——
g E( 4) 2:10*

= - —
A 2-10-4

o

315, h’=6 sm, £ =36 sm.
Y enjilmé berklik sertinden 3.19. ¢, =9,88sm, ¢, = 3,92sm.
Tikinify umumy uzynlygy




-

| 6
b=£, +4£,= 3 = ! = 13,8sm
o 07fx.] 07088 /
Bagga tarapdan
£, z, 2,27
—FT = -z = 8227 =.0,396, £,=0,396¢ .,z =2.27sm — tabhisadan
alyarys

onda ¢ +0,396/ = 13,8 = £,=9,88sm,
,=0,396-9,88 = 3,92sm.

3.20. x=7,5sm.
Liste rugsat edilyén gliyc
P<[c]-A,=1410-1 = 140kN.
Kebsgirleme tikinif umumy uzynlygy
P e
- 0,7-1-[x] 078
Bu yerden x =7.5 sm .

3.21.b=17,2 sm, 5, =7, 7KN/snr’, T =7,7KN/snr.
Zolagyii zerur bolan inini stiynmé berklik sertinden tapyarys:
L B TR P
t[ﬂ'] 1-14
Gyya tikinii uzynlygy

{ =— . == o | :l%---i =9,2sm.
sin45° 0,707

Tikinif berkligim barlayarys
10

6,y =———0,707 =0,77 <10kN/sm"
9,21

¢ =2x+10 = 25sm

o =19 0,707 = 0,77 <8kN/sm?.
9.2-1

3.22.Berklik serti kanagatlandyrylyar. Swellerifi tiziilmé berkligim barlayarys:s

168

P 800

g =—= =14,3 < 16kN/sm’
T AR ’
Tikinin kesilmé berkligini barlayarys.
p

5=

p = 6,45 < 8kN/sm".
.4:-60+2-20

3.23.d=10.3 sm
Walyii diametrini towlanma berklik sertinden tapyarys:

F (0T |20 R TR
02t] V 0.2:7

3.24. d=11.2 sm.

45()
M, =’?1ﬁE=?16-
n 300

Berklik sertinden
J75-10°

d=:3 10 0 = 1) et
0,2-4

Gatylyk sertinden

M. / 107510210 .
d=141 s = 4 . — = | 1,54sm.
G-0,1-lp] V8:107-0,1-0,01744
d=11,2 sm kabul edyiris.
3.25.  Q=1,75Q,

= 1075kgm = 10,75kNm |

| I
e R — o oy
P =% Gl G’ Ql" fFAr1£}1‘ Q, AL
2, , d G,
Q, :dzfv . G,0.1d} =G,0,1d, :.-JLF*
Q, 4y, da ¥
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Q. 1GF % _Jz;-m“ T8 e
Q. V6. "% 8:10* 26 =

3.26. Eger M > 23,6 kNm— rugsat edilyén dartgynlylyk boyunga,

M < 23,6 kNm — rugsat edilydn towlanma burgy boyunca.

M, d J+2
i=—t.—<[t]=>M, = u ~ berklik sertinden
i 2 d
Gl
M, = %— — gatylyk sertinden
.55 [oj1-2 — d =11,46sm.
4 d
4
M, ELT] ﬂd_ - =8-0,196-d” = 2,6kNm
32-d

3.27. 1=4,66kN/sm’.

3
o onGd  4-3,14-8-10 1024166“‘”5“13*

T 180-¢-2  180:600%2
3.28. T = 6kN/smr’.

T = s = M, =?162(JE.
W n’
3
W=D ® oo N _gi032.
P16 16 n n
71620 >
T= r? = 600kg/sm” = 6kN/sm’
193 =
Il

3.2%. 1, =5,3kN/sn?’, T, =2 05kN/snv.

170

ol

1.7 1,7

3.29-njy surat

M, =1,3 kN m M, =1 7 kN m

"M - M -
W L A% =53kN/sm”, Tg5 = 2 B8 = 2,05kN/sm".

nd nd,

M |6M 16

—06 T = ~ = M, =0,637M,

3.30. f] Uﬁ}h’lli, Wp ﬂ:dl 31‘14 ) 8 .
€, = 0,637 M;
A

im

T
z4 |

4F L

10
(1]

RN R R N e )
3.30-njy surat
T S
0=—=—-¢=0,05rad/sm:

¢ 20

. d[p

b=—= tg[l - = —

Y  t dx 2
3.31. E=2.16-10° kN/snm’; G = 8,16:10° kN/sm*, p=0,32.
171




% 60 2( :
E= 43) = 1 69 21 :-2*16-1{}4ka5111";
md“-Af  3,14-2,57-0,0113
M. ¢-180 -20-10-180 1
(}:32 : ~ A2 —~ 10 —— =8,16-10°kN/sm".
nd” - on 3.14-2,5" -0,55-3,14 "
4 ,
,_1:3_ ] 2,16-10 _1=032
2G 2-8,16:10
3.32. N=2940a.g., T= 3.49kN/snr,
M. /180 T -7t-
N = M*n; p=— (grad). M :G b E B
7,162 G-1,'m &F k. {180

: Ak 1Ty
8.10%.314% 2511 =2 | |-1,2-250
Gl -m-@-n 25,

N‘_— — s =
716,2-¢-180 71620 -600-180-32

N 2940

M, =7162—=T16,2- = 8422kg -sm
n 250
M - 7 3
1=—t = 84%2 kg — =349kg/sm” = 3,49kN/sm"”
Wp i .l? P
3,14-25 1—(—

3.33. N=12500 a.g., T = 6,8kN/sm’.
1 =2eG=2-104,25-8-10°= 6,8kN/sm

m

=
680-3.14-40" - 1—(24] 120
40 1

o Ty VW B

71620 71620-16

-2
Ln
-
j—
a3
o]

3.34 n:l11 =47 sm; thQh = 1,41.

= 29408,

ik =FL > 16M, 16M,
Th = SeelSha o )

: ; nd,  nd, - r:tf)’
Bu yerden d, =42 sm i¢i bog walyi dasky diametri.
Qp Apbiy )\ md'-4 4G
Q, 3 Ay LY 4nd§(l—ﬂ.2) 42“’(] —[},6:)

3.35. 1" =5.8kN/sm”.
Q, d
:(LS e 21125 — —
i 1 R
d=d, J1-a?)-1,25 =0,968d,
nd’
M., =1TF—
=E
o M, _[)-n-(0968d,)" 16 _[1]- (0968 _ 60968
=W ad(i-at) 16 1-o*)  1-05*
3.36. Bitewi kesikde 1,7 gezek kop .
d?:
0.. =0, ———=1=d=08d, =>d, =1,25d,
J-hul th dﬁ{l—ﬂ,_) h I
M{_ I MI
"W 0.2d°
M M, M,

M. -02-17d°
i TS ! U.:_q — =1,7gezek.
Th 0,2dMI

3.37. D=9,04 sm,d=7,24 sm.

=141

= 5,8kN/sm”




TEDF. ;
l—a” ) I =
lf.'l ( ) [
Berklik sertinden
MI

[«

Gatylyk sertinden
..
G- m

W, =
W, =

b

[, 180/t] D
onda ;V‘ '_2

il ;—[ —] =9,04sm

. D=
bu yerden Gen

Basga tarapdan

D’
o

bu yerden o =0.8.
Ondad=o0D=0,8-9.04 =7 24sm.

31,2
3.38. d=—+=
Vi
Berklik sertinden
16-M, |
d=| L M, 271620
V' ] n
q_,/16-71620-N _ [16-71620-50 _31.2
onda S=nls] | 3,t4-n-600

174

1 4

Vo

d.sml

150
4.0
130
120
110,
100}
920 4
80
4=
60 {
20
10 t
30 4
R

10

e

=4

3.39. 9= =-(,016rad, t=0.,318 sm.

orta bahasyna defi diyip kabul edyiris:

= Mtd{ﬂ
21,
5 d> nd

[, = Jp dA=nd_ -t-——= 4‘ t

A

2M,

T =m——— s T

onda d> -t [ ]
2M, 2:625

bu yerden * — dm [T] x-12.5° -8

Towlanma burcuny adaty formuladan tapyarys:

M/  4M 4.625-

l
1

100

0 [0 M 30 40 S &0 "0 S0 0 100 110 120 130 140 15G loO

3.38-nji surat

P=—=—
Gl, Gnd, -t

3.40.d_ = 16,2sm.

175

T 810%.3.14-12,5° 0318

m,avl/min.

Y uka diwarly sterzenlerde galtasma dartgynlylyk, diwaryn galyilygyndaky

- =—=(0.318sm

= 0,016rad.




p=gA =2:10%12000 = 2,4kN;

M=p-{ =2,4-180 =432kN-sm,
onda berklik sertinden,

| 2M, 2-432
d =16,
\nt[} \'3,14.03-3,5
Bu diametr gatylyk sertinden,
. [4-180-M ¢ [ 4-180-432

on \‘I ']T.]G{[{.p]
d_ =16,2 smkabul edyaris.
3. 41 n = 404ayl/min.

Gatylyk sertinden walyn aylaw tizligini tapyarys:

0-37 . :
71620 50 4-18 0 = 404ayl/ min

107 -1

71620-N-4-180- f
G*dl,[o]
3.42. t=7,95kN/sm’.

=

25m.

2.225

Ip-.--.l'-r.h

T 8-10%-0.3-3,142

3.42-nji surat

176

- =5.3sm

\'%142 -8-10°-0,3-6

Statiki tarapyndan
IM =M, +M.—-M.=0 (l)
Geometriki tarapyndan esasy ulgam ii¢in

Pp, T Pu =0, (2)

M B . 3a - Ma
G]p Gl

Py = =0,

P

M
M, = — 4kN -m = 400kN - sm.

3
Kesmek usulyny ulanyp alarys:

M_L_,H: MH =400KkN-sm. Mm,': -M+M, =
M 3() 3
P — | = il - =T 95kN/sm"”.
W 0.2-8

P

3.43. 7. = 2. SkN/sm?, N 1. 15kN/snv,
M_=0,282kNm, ¢ = 1,353°.

Statikanyn denlemesi: M +M =M (1)
|_'I I
Durkuny iiytgetméniii defilemesi: 0 =0
Gukun kanuny esasynda:
M M, G L
ny TR = M (3]
G imn I - G [ ! . G m [::]
M
(3) we (1) atilatmalardan Mo = — G 0,282kN-m nda
| + P
G, 1"
M,=M-M_=0,718kNm
7,5

1‘; ={},l-d:(l—u:):1 [4sm” | d_ﬂ=?,5 ek

177

o, =

d

1 200—400=—800kN-sm;

M, = 0,718kNm,




[® =01-d% (1-af)=90sm*, d =75, ©u= o
M M
T = . — ].15kN /sm” sz——-—Z‘\lﬁ.th
m Wr:t1 Wp
Py :
= APV e = (,0236rad = 0,0236 - bi =1353%
G l R10° 114 3.14

3.44. 1 =3, 07kN/sm’, t = 3,07kN/snr’, ¢ = 0,33°.
Statﬂ(auyn adaty defllemesinden

M, +M,=M. (1)

Durkuny tiytgetméniii defilemesinden

=@y T Oy =0,
IF[ =0.1""16*= 6553sm* ,

4
[,=0]1-16 l—(E-‘E] =3866sm"

16
M = 40 KNm
A CH_
il
= i
3
M, 120 120 x ___i
-~

3.44-nji surat

178

M-120 M,-120 M, 120

I - et
| Gl GI Gl ,
M, = 13,84kNm, M, = 25,16kNm
| 9
| T, :M'j' - =L“_5](]'8:3._07k1\1£5m31
R R R
T = M. S = 1434_-8 = 3,07kN/sm” -
[, 2 3866
) 21516-12
i @O = Mi‘ l U ”DIF" L = (),0058rad = 0,33°
o Gl e B 107 6553 |
M ( 3p]
B =t [Pt
I8 ,7mt” r i
!
Ty = r ~bu yerde, y —p daslykdaky
stiysme burgy,
v— dasky gatlakdaky siiysme burgy,
3p vp
onda, T, =0,Y, "—G(H T s )

Statikanyn defilemesinden

3.45-njt surat

r I

M, = IT p-dA = I p(2npdp)=2n J pPJdF’*

A 0

T —nyil haimsyny goyup we integrirlip alarys:

2 3 |, 7rAGr”
M = 2myG G ﬂJpgdp: mAGr”
T 0 ¥
A o oy . ( iﬂg]p bol
va-da e Tt onda L7 . olar.
179




3

)
3.46. A= .
32a
N =EaAtA, N =N,.
M:Nm:'a X NA{:.H = Neda,
. M 2a-EaAtA-16
= o ] 3 IIG:ED{.&[_-,
W, i B
s D’
onda = :
32a

3.47. M =245 kNm.

6. =-0.=1,
| o
ge=—\o, —uoc.l=—{1+pn
E(I no, E( 1-)

E=2G(1+ p).

”
g=—=1=20¢,
onda G

I lf!Mt 16M
= — ' =9Ge
W ]'q 3 —2 JE |

P

T =

W) 30%:65:16:V314:5 h
M, :{Jg;td_zﬂ___]_ﬂ__ 6,5 18 SRR =2.55kNm

2.8 2.10°-6,5-10% 1.

T = 2 E_:_Z_ﬁ sal =10kN/sm"
1+ p 1+ 0,3

3.48. = =2,93kN/sm’, n="7 sarym.

Pruzmin il uly dartgynlylygy

Ty E.Jr % = Sp?(l + - ] = 2,93kN/sm"
max A Wp TEd" 2D ;

Pruzinm ¢ékmesi

180

g = 8pD'n
' Gd’
AGd* .
3y Cardan = - = 06,46 =~ Tsarym
Bu yerden $pD’ :

3.49. P=0,0489 kN, L =2546sm, a =23 10"*%kN/sm’ .
Pruzinin berkhlk sertinden

d’ . .
P= “[‘i{]j = 0,0489kN
RD(i +
2D
Pruzinin sitynmesi
8pD”
=P =25 46sm .
Gd
Durkuny iiytgeméanin i uly udel potensial energiyasy
M: { M 2 ) P, p
a — AR =23-10"lstma’5m"_

CV2GI,  A2GI,  4A2GI,

[
3.50. d=3,51 sm, n=5 sarym.
Berkligin denlemesini yazyarys:
: 20D, +d
4P 11 2D )
nd” d ]
Bu denlemiini 6zgerdip, asakdaky anlatmany alarys.
8pD,  3p
— -
?t[t]d T[[T]
San bahalaryny goyup alarys:
, 40,64
d
Bu denlemini segmek yoly bilen ¢6zmek amatly bolyar .

Eger: d=4sm 16>10,92
d=3,6 sm 12,96>12,05

d 2

d + 0,764 .

81




d=3,9sm 12,25<12,37
d=3,51sm 12,32~12.34
d=3,51sm kabul edyiris.
Sarymyi sany
AGd* 2-8:-107.3,5

1= — = - =492 = 5sarym
SPD 86 21,75% :

LIRS

3.51.R, =0,6kN, R, = IkN, t_=6,45kN/sm’ A_=3,265sm.

Statikanyn denlemesi:
R, +R,~P=0 (1).
Durkuny tiytgetmiénii dellemesi

A=A, {2)
Fl | 3
T
(:d : Gd*

n
Bu }'Erdﬂﬂ R,ah - E RH

Onda R, = 0,6kN, R = 1kN.
Pruzindéki i uly dartgynlylyk

Dk
T @——- —8 bt Hz—'uﬁﬁl{Nﬁ;m .

e nd’ 3,14-22

4D+2
Bu yerde k = - ]c:]] —=Ll2y
4 3 -3

(’ nokadyn ornuny tiytgetmesi
S8R ,D'm 8-0,6-24?’-10

A sm—E o e __1._ - = 3,2655“1 f
GD 8-107-2,24

3.52. t_ =238KkN/sm’, A =6,5sm, U=9,7 joul.

In uly galtasma dartgynlylyk

2PR 2:0,3- ;
T = —_(1+ : ]:_9?3 [2[I+—l--)=2.38ka5m‘_

2R 3.14-1° 2-12

182

Pruzmnii uzalmasy

. A4PR® 4-03-127:-25
A=——= - = 6,5sm.

Gr* 8-10° -1*
Potensial energiyany asakdaky formula boyunga kesgitleyiris.

tR*nP* _ 3,14-(12-107) -25.300% -2

U=——= e, 7 jonk
GI, 80-10”-3,14(1-107)'
3.53. t_  =35,8kN/sm’, 1 o= LLL6kN/sm®, A = 6sm.
Biringi pruzini 6 ululyga cenli gysydn gliyji tapyarys.
3Gd,
P,= —" =0,534kN <P = 1,2kN.
8D n,

Sonufi figin hem P=1,2 kN giiyjiin tésirinden iki pruZin viiklenen; sonusi
yaly-da

}‘*I —_ EI -+ }._ 5 v

Plita ii¢in denagramlylygyn deflemesi

SR s s 9

8P,Din, . 8P,D,n,
P « 2N
Gd, Gd;
(1) we (2) anlatmalary bilelikde islip alarys PI-—-U,E kKN, Pj:{},él kN.
PruZinlerdiiki galtagma dartgynlylyklar

_8PDk, 8-08-20-1,14

Tm:_n il = 2z 1 = ngkN.‘erIl]:
' nd, 3.14-2° ‘
4. 220+2
k, = =1l4=kK
40 g
2
8P,D,k, _8-0,4-10-1, 1
tmu:-.a_ _:J S [{_ ;l 14 - I I.,f}kN fSIT]h
rrd 3,14 -1 :
183




Plitanyi ornuny tiytgetmesi birinji pruzinin ¢okmesine den

8P,D’n, 8:08-20"-15

.= S T = A = 6sm
1d, 8-10" -2

3.54. d=1,02sm, d=0, 907 sm, d.=0,944 sm.
Mesele 1k1 gezek statiki kesgitlenmeyin blEI'[ﬂicll'l}}ﬂ denlemes!
M, Q3+Q23+Q13—P’%a
Q, +"JQ +3Q,=3P=12kN. (1)
(}rnuny uyﬂtgcm]amn detilemesti, ¢yzgydan
R, ol sk =k 2553

8()D11.5£QED11.8!:,}[)11?1 5.3

ya-da T Ggd! | Gd,

21Q, 64Q, _125Q,

Pruzinleriii detiberklik sertinden

Timax = T2max = “3max — ['L'],

. 8Q,D, _8Q,D, _8QDy
ya-da nd; nd nd,

L 30,_4Q._5Q
Bu yerden ;3 e nd’ (3)

1
(1), (2), (3) ailatmalary isldp alarys

Ql:l ,901:2, ] Q:;'-n
Q,=3,45kN.

%Q,D, [8:345-6

d =l =F ik — =1,02sm
Onda & =R ™\ 3,14-50 *
= gdl =0,907sm  d, = z—id =0.944sm

3.55. d=3 mm, A=17 mm.
Pruziniti siminiit diametri

8PD .H 0,15-
d, = - e = (),267sm = 3mm.

\; ] 1\ 3.14-40
Pruzini gysmasynyii ululygy
8PD'n  8.015.2°:6

A= =—————— =17sm
Gd* 4210703 -




IV bap 9 .
. [l _(Zh]j(h)_h_bh-‘
Tekiz kesikleriti geometriki hiisiyetleri R4 Vet N 36
. b h’ bh°
4.1. I, =32000sm*, I, =14400sm". 44. 1, =- - Lo = =3
Parallel oklara géré mersiya momentlerii formulasyny peydalanyarys, l g .
: : : ; . o AO, kesim ABC iigburclugyr
h bh bl bl 1220 O TP S | |
[, =1, +(— e e s N 5 = 32(]0{}5111", ’ i T medianasy. z, ok ABO, tighur¢lugyr
‘ 2 12 4 3 3 < Foligi S
| sunmetriya oky bolany ii¢in,
h 2 2 2. 2 . (1) I = o i
l’.'r'|I| 'z A[E){g): b —:-] = G 412 == 144005"] y 7\ - '%i_"j: (2% ) {]" Sﬂnun yﬂl}; d.':?l l[i’-'lh s :O,I
= o ;I- 5 Dnda j:'"_!h = I{i'q,"r': J + li-"ll'l']]'_:- = U ’
4.2. 1, = = 4860sm" . R’ f"’ Parallel oklaryn baglanysygyndan
AABC = ADEF \2
4.4 { - +A(-—ﬁ} (—E =(
dal = bh' +(E]3 = Eh_ = 3{)-9-‘ = 4860sm" e g : .
i N N PR T Tt '
24 2
- - . Buyerden [, =-A R L z
: 36 Z 30 72
§ ' ' . 3 2 3
_ | ‘ v w:hm(g]:bh _bh b’ _bh
LY A 8 - 2 36 2 9 12
b=20 xim _'__1' J i
; Ry e 13bh’
4.2-nji - / | 45.1 = .
4.2-nji surat 1 | y 108
_1 3
4_3_ [.\- — - bh . ]1,. = bh H I-.’ +I : "'L > b 4
% 4 (Y- | / R i e Adaty usulbilen Z; = §h,
A 1 |
b =bZ, dA=b, -dz=bldz 7 h h
' h h 4.5-nji surat &, =iy =0, @&y="—,
9 18
h h 3
Z bh A -
Onda L, = [z'dA=[zb-—dz=—. bh' bh(-h) bh’ h)" 13bh’
.J ¢ b 4 Ondal, =27+ +o b | =
72 ZL9 12 18 108




4.6.1 =3167sm",
[, = [E"' 1™ =3167sm”.

4.7. ME}’dﬂﬂ 38 6% kopelyir, inersiya momenti 4,3% azalyar.

'!l’ :461505;“-1 . ]!-“" :44187,5'31’]”] y A" — 40651ﬂh‘ A”“

A™ 563 . -
= —— = 1,386 = 38,6% kopelyi
rChar kopelyir
Iy 441875 o
]: e e e = 0,957 = 4,3% azalyar,
4r mr [ 64 i
z. =—: [ = | ——— [=0l1t?; 1, =1 =
4.8- s 3}_1: y 8 gﬂ: J = : 2
S

S = ,e: =8, = IY]dA - Ib}, ¥,dy, A=0,5n0,
A i

b, =2rsing, y, =rcos@, dy, =-rsingde.

m

sin” @ 2 |
3 i

i

Onda S, =-2r’ Ism LpLDEd{p 2r’

T

I

2 3
3

da

2 4
. 3r L 4r
050 3m

Parallel oklara goré inersiya momentleriii formulasyny peydalanyp alarys:

4 2 ;
T R g PP L 161" _m (1—64];111”*.

A f . 8. 4 Oy 9

91’ ),
m_tl

Buyerde I, = P yarym toweregii oka géri iersiya momenti

Beyleki bas oka goré inersiya momenti,

188

= 563sm” -

4 4
05— =" _~039¢%
4 8
ab” 7wb* ab :
4.9, 1 =3 Sh-AandLir '(Ei +2b” )+—HP—(IJ +4a° )
' |2 064 |2 04

4.10. 1, =458sm"

5.4-7,5 2.5
PO ek S AL P
5:4+8-5

Bu yerden I, = 458sm"”

I 30
NN \\\\\\\CN‘
78 \\\\ \ i

4. 10-njy surat

Sb* 4
411, 1 == Imm—?b . 1, =-0,022b",
‘ 64 192 7 %Y
h_b b+h_h Sb
¥ e ool By b 125
b- + -
22




b* b b( bY . b{b) bb 5b
l'; :I}e o e st | Jue e +h'—' i ) i = —_—
O Rl T2 aN 8 2. k12 812 192
e = be-(i (—E)+E-E(ﬂ,334b}(— 0,166b) = -0,02b",
IRITN &) 22

].E..".-'
(g0 = ——+— = +o0 =5 o = +45°,

[zl.__l;-,f.

| +1:,

z

V ; 1 'I : ! i
]mn.x{mim 5 2 x E \/([ Z i ]}“.T )_ t 41!;}; 4
Buyerden T =0,077b% 1 _=0,037b"

4 4
L, = L 2 L 5125 O TVO _} 03D (- 90°) = 0,000
r l
‘.;--! e ) 4.12. B —0,94sm,
| e ¥, =—1,77sm, o' = 630§
i [ =1398sm* 1 = 154sm?,

Hasap iigin zerur berlenleri
gosmacanyn tablisasyndan

K y _l.JI e L __,;_:*r_. . ’
| -.,i ‘Ir '!?'L‘“ILT"--————____*.. goOciirip alyarys.
| r" ' #rl : Sweller ticin: A =20,7 sm’,
. — — -f'l""'h'-x . i
® r.—ﬁ;a-:'-—ﬂ E:a..rﬁ\ i, I, =1090 sm*, I =86 sm',
/ w4 g z =1.94sm, h=18 sm.
4.12-nji surat

Burgluk iigin: A, =8,54 Sm?, I?: =70.6 sm’, 1}_; =21.2 sm". L_J =79.1 sm",
ki, =122 ant’,
tgf=0,384, z, = 1,28 m, y,=2,95 sm.

190

Swellerin merkezi okuna gord kesigin agyrlyk merkezinm kesgitleyiris:

AE .I]+Ah'z|

A= = —().94sm .
L Alr 'Jf“Ah 5
A 0+A, -
y, = S y—1:—l,77sm
LS A:‘? _I_Ah i

Bas inersiya okuii yagdayyny kesgitleyiris:
[, =1, +A, }’; +1, +A, -yil =1382sm",

[, =1, +A, -z+]1,_ +A, 2z, =170sm’,

¥
¥i

3 L.sin2B+ A, L 140sm”,

L) =A 2.y +

Z.¥.

3

Yo

tg2o = ———=-0,231=a =—-6°30"

L] - %

Bas inersiya momentlerini kesgitleyaris.
L. 1,

]

o = Ly = —

TR max{min) ~
P

: i% J, -1 Fearl, =776+622,

| o= | 398sm*”, | = | 54sm*.

I

Baﬂag}fi I:n.'i:'.. + lmil‘l- = I;{*_ T IT".; . 1382+1 70=1398+154

15352=13552

5. tbd

l
—_— b F'; - i j T . .) —
iy = = sln‘_Bqu cos2a

_1382-170
2

sin(—13°)+140-cos(—13°)=0.

Y okardaky hasaplar dogry yerine yetirilen.

191




d"F s1n 4(
4.13.1, = [tp- p].

32 4
o(3)
2 do . b=dcosp, h=dsin
I — . 2 N B 2@ —Sin 2 P, S,
; 128(‘4} sin 2¢)°
Onda

d* sin’ pcose 4 d*(2p—sin2¢)
" 16 64

d* -
= 37 ['LP —(ﬂ.SsinEm-—E sin’ me:;cp)],.—.

ir ’
zé_m-;(sinltp—ﬁlm&upsin} tpwr:
4 .
= {;2 “{p“ ;(sin 2p—2- Esimpcu:f Lpt;.'m2 {p]] =
- d’ "tp_sinﬁkp}
334 7 14
b BRI 45 d dv2
4.14. W, =—(d*=b*} b=—"==0,577d; h= 2= = 0,816d.
' 6 | V3 v 3
hhz \ . ; b.d.'_'_hl
Wﬁ—ﬁ—; d-“-=1r+bﬂﬁh3=ct1—h1,W,,.:(- - --),
il A a2 2
LS| L
6 6
d dy/
bu yerden b=—= ondah= J—
1'3 'x.-3
192

Cyzgydan b,

dA =

[—j'y

» :1F—A-[3fj - 4,52

4.15. a=25°1 =1.73sm™. I

Merkezi inersiya momentlerini integrirlap tapyarys.

= E(Cﬁﬂ—}'k

“ (32— y)dy

L | 2

(33 — y)y = 4,5a"

_3a 23(33)2
2 3

=0,43sm",

]( ZHJ (3a)° -(2a)" 3a-2a

of 2
-3
=1,2.

211".. ™
iga = = B et
'[_1,%_—]_” 354_23,5
2
Bu yerden o0 = 25°,
Bas mersiya momentlert:
[iu.'i:-'.{nuul = 2 I.r_,r. + Ii.-ﬁ: e \.'I(I’c = !1, ) + £ A

___—_

34 2¢
3__

Bu yerdenl

(‘ a’ — -2—3"
3

Ty o l "?3511]4‘ Imm

2 : 4
d

+ 4| — —
2

193

=().43sm".




4.16-njy surat

4.17-nji surat

I

4.16.1,, : ﬁE (h* —b*)sin cLcos @,
bh’ ']
| =22 F =<0 =)
S ¥ T
a=90°-@
] -y I:'":1 _[:’"I Nt b , ] s TN &t
oy B —sin2a+1, , cos2a=
bh’ b’h
- 12 S 12_sin2a =
— !:5 (h o5 )si_n 0L COS OL.
hb' -sin” o
417. 1, = .
- 48
BM - mediana
: 0 KC L
SN oL = R K(C = zs.lm,n
9
| 3
B[ — .1 ., ]‘:hh ‘
Sin o |2
e |
b:‘iinu c ad 3 S ik
2 J ~ 2hb sin“a  hb sin” «
12 8.2 48

194

LY O b’h’
= S'. M ﬁ{_h:—l—h?}.

b .
COS 0L = - , singy = ——=

¢ Vb +h-

2 wo-
COS" L+l 510" Q=

3
b 7
SI O =

1
I."l'l' y)
= — COS -
12 12

4.18-nji surat

. 1 ﬁ41‘2 4 \-V:“H L 256

L e “a’; =t
942 729 W, 243

Strihlenen meydanyi garsylyk momenti:

4.19. u =

B 211[235“}3 " (y -.-"'214_

W, =
| 6 12y

d

Cyzgydan U = ==Y,
N &

dzgertmeden sof:

h

Vb? + b

3




V bap

Wi,
6v2 Tekiz egilme
M fn. 3
Onda: hif? = 5 ??-2 - 2% 5.1. a) Q=20 kN; M=40kN-m; b) Q=0; M=40kN-m; c¢) Q=40 kN;
W, 729a° 243 M=40kN-m; d) Q=40 kN; M=20kN'm; g) Q=40; M=20kN-m:
h ke | i) Q=20 kN; M=20kN-m.
4.20. s V3, g V2 d) Kesmek usulyny peydalanyp, balkanyi icki giiyglermui atilatmalaryny
: yazyarys, hasiyetli kesiklerde bahasyny kesgitleyiris we olaryn epyurlaryny
Rombui dértden bir bolegi ficin- ! = bh_ , guryarys. 2
% 12 M, = ‘*i

_ bh’ e

q
Onda: I, - Wy B
i sy RRERRRERININIIYE

(Cyzgydan h?’=a’—b’

W, = liﬂv:-b"-) we il =0, :
| 3 db

ESie Rt | Q (kN)
W, = -bii;b ) =2 __{3b =0=>a=bv3, 40 III II

d 4 ) Illllllll.lln.
Onda: h =by2 — garsylyk momenti i uly

22 —p2 . K dl,

Cyzgydan: b = \Ja> —h? , 1, = : We o=, M (kNm)

II.-)..

.- . 1
(2 42 1.3 e SN
lf-.[\d b l ] :—h_l '+3h2(ﬂ"‘"‘h”)'—'0‘

3 lll

"“"""m II "
£12

5. I-nji surat

2h 4]]1 3 h
a=—, b*=a*=-h°*=—<h*=

V3 3 3
=8 V3 — inersiya momenti il uly.
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I-1 kesik {i¢in
Q =gx,M, =M, —q%‘ buyerde 0 < x, </

Eger Xy =0=Qg =0,Mz =M, =20 kN m,

Egerx, == Q, =40kN, M, =—40 kN m.
Egme momentif anlatmasyndan onui parabolanyn ¢cyzygy boyunca
tiytgeyindigini anyklap, egme momentin aralyk bahasyny hasaplayarys.

/ 2
x]z?MF:M“—%zlﬂkNm

4

Y okardaky hasaplananlar boyunca Q we M epyurlaryny guryarys.
5.2. a) Q=30 kN; M=45 kN'm; b) Q=30 kN; M=22,5 kN-m;
¢) Q=20 kN: M=60 kN'm; d) Q=40 kN; M=60 kN-m.

.
a) ) M, =R, /- ~=0; RH=2:301<N
;i P
ZmﬁzRﬁuPE:n; R, =—=30kN.
Barlagy: S Tp0 00
&Y )X =R, +Ry - =0 S ~P=E,

Gaytargylar dogry tapylan. Balka iki bélekden ybaradat, 1 bolek ti¢in

Y
UsSX, =
7

_—

Q,=R,=30kN, M, =R, -x,;

;»-
M = =2 = 45kN-m.
4

X,=0; M =0

f
Ky ===
2

/
I1 bélek iigin 0 < x, <—

2

Q, =-R, =—30kN, M, =R, -x,; %,=0, M,=0; X, =

N =
ol

198

/
M, :%=451~:N'm

I bolek I1 bolek

o LAl :

30
oo IS
M (kNm)

gl

5.2-nji surat
5.3. f) Balkanyn diregindiki gaytargylary kesgitlap alarys:
R, =§qa, K :%qa.
M —iii defilemesi kwadrat parabola, sonun {icin hem parabolanyi {iciinj
nc-lxadyny tapyarys. Bu nokadyn abssissasyny tapmak ii¢in M —in
afilatmasynyi maksimumyny barlayarys.

dM, R 9
=Q, =R, —qgx,=0 7 =—2=—7
dx, Q A bu yerden * may g 37

199




bahasyny M, goyup alarys.

" max

(3
5 25
Mrrmxz#qHESF_ ¥ 3 '_HJ
3 3 2 18
Egme momentin epyurynyi bu ordinatasyna kese giiyjiiil epyurynyi
nol nokady gabat gelyir.
Il bolek tigin

qﬂ:.

0<x, <a, Q:=ﬂRH=—§qa, M,=R;-x,,

Eger xgzﬁ, MH=[L

el e gl
Egerx,=a, M =R, a= ;

Q we M epyurlary suratda gorkezilen.

T

5.3-nji surat

200

Epyurlardan gériinyir Q we M absolyut maksimal bahalary:

3 25
1ax :_gﬂ" Mmm‘. . e ﬂ‘_
2w 3 | lSq
ql 4 4 2

5.4. a}P—?; b) P=?qﬂi ¢) P:aqﬂ: d) P= 5 4

Meselinii sertine gord M. =P-3a—q-2a-2a=0.

.4
Bu yerden P = 338 we Q, M epyuryny guryarys.

1

Q (qa)

R HEH

M (q2%)

43

)l

"~ 2/3

N

A

8/9

5.4-nji surat
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ol

X

[ bolek: Q, =P—gx, 0<x,<2a M, =Px,—q 5
=0 wisl

bEger X, = =), = —Eqaj Mfﬁ

2 2
X, =2a :}QB=3EZ|EI, MB:q ga

M, maksimumyny tapyarys.

dhi_]j QK _D_}Knrn_q.a
dx, 3
A 2
i 4 [33] :
M. =—qa:—a=q~—2=—qa’
max 3‘] 3 q 5 gq

2qa

I1bodlek: Q, =P—2qa = — M, = P(2a +x,)—2qa(a+x,)

siss

2

Eger X, =0=M, =§qa"; Xp=a=>M,=0.

Y okardaky hasaplar boyunga Q we M epyurlaryny guryarys.

5.5. ¢) Balkanyn viiklenilisi kososimmetriyaly, sonuf ticin AC boleginii

hasabyna seredyiris, BC boleginifi hasabynyi moment ii¢in alamaty tersing
bolyar.
Berlen giiyji b-suratdaky yaly uzgcrdlp hasaby yenillesdiryaris.

“ 3 2

4 qf qx, X
| T } Miy="—%+—==9
ﬁﬁLI L| ‘rw I_-I f} 3{; 2

/
Fgﬂfxt—ﬂ:’Qﬂh:E‘lﬁ Mﬁ:
f gl Snde™ |, £ 1
X = — | AT =, et ot s e L
e g oL i C T

3 2

RN P e
6 2 24 _ @&

Kese giiyjiin epyury, epyuryn bazasyny
kesip gegyir, sonufi ti¢in hem epyuryn
cyzgysynyii kesydn yerinifi abssissasyny
kesgitleyiris, bu kesikde egme momentin
ckstremal bahasy bolyar. Egme momentif
maksimumyny barlayarys:

Bu yerden x, =0,211¢, §u abssissada Q,=0 egme moment bolsa,

M. =-0,016q/°

PN

LT
5.6. Q. 3 Q 18

do=q, dx




5. 6-njy surat

y
J-:=E:>QH=—-CI‘—'@

3
Q_epyury b suratda gorkezilen.
M, aﬁlalmgsyny yazmak iicin balkany ¢ep diregden X, aralykda kesyiris
we 1-1 kesik iigin egme momentifi defilemesini diizyiris.

q,¢ rdq : q./
M :—"ﬂ—?i — _E"_rfﬂ' R - d et __-I_'._l_ - qll ] 3 ,4
" T H )2 (_.x X )dx (x! x)— - X, 3{}3(2#3{,—.1,)
E 0=M X —F:>M —]'qq ¢*
ger: x e .::} Y :01 ]__ £ v - 'y I 2
' A 4 p 256
¢ 5 - b 19 ;
Xy m—=S M,.=2 {. 2 =—f=>>M, =——q ¢°
' A N 4R - 756
X, =f{=>M, =0

5.7. a) M=80 kN m; Q=20 kN: b) M=-90 kN m; Q=65 kN:
d) M=-20 kN m; Q=30 kN: g) M=70 kN m;Q=-66,2 kN.

b)B nt_:[cada gord sag balka tasir edyiin gityclerden momentin defilemesini
diizyéris.

204

Y okarky balkanyi hasaby

-1 kesikigin0 < X, < 1m.
Q, =—=P =10kN
M=Px,x=0=M=0

X, =Im=M =10kN m
2-2kesikiicm0< X, < 2m.
Q=R4,x%,

X
2

2
2

ME:RL"{:_[I

X, =0= Q. =R =25kN,

M =0

x,=2m; Q, =-15kN, M, =10kNm
M, maksimimyny barlayarys.

dM,
== :R 5 =X 4 =
5.7-nji surat dx, Q; =R¢ —gx;
R¢
==X =X=—=12m
q
=
X

onda M'Iﬁﬂ."{ =R CK max — Y s:ax =15,625 kKN -m

Esasy balkanyti hasaby
3-3kesikigin 0<x, <2m

b

v i
M, =-25.2-20- ‘—”2 =90 kN m
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e

e
x=lm, M, =-25"1 —2()*5 =35kNm,

(Q we M epyurlary suratda gérkezilen .

5.8. a)statikanyn derilemesinden R, =R, = L[? =40 kN,

H, =P=10kN, ¢=20KkN/m.

1
'\1141 8 B
1 =
Mok S e kM) %
5.8-nji surat

AC direg Q,o =-H, =—10kN, M, =-H, x,,
N =—R, =—40kN

e I B

A
7 )

CDrigel Q, =R, —qgx,, M, =R, x,—¢

N =-H, =—10kN

BD direg QQ
Q, M, N epyurlary suratda gorkezilen.
206

Bp

—P=10kN, M,=-Px,, N, =-R,

—40) kN

L R

5.9. P =225 kN.Statikanyi
denlemesinden

e s X

i | <e3 TP 'ﬁr‘. |—21.% s 5 3
& ] sl IR

I e | | - b 2.8
i ;!:j

1]
R—

| | seam _
| ; 1 vy g M[_r :RH‘I,E—P'U..&!:
| 1 (]
e (42 _P ._
Rl e : _(5 -5 |12-P-06=0
1
; I D g Bu yerden P =22.5 kN
| =22
g ( o | Qe *‘Q"' Q we M epyurlary, E
i H L 9 | nokatdaky giiyjiin ululygy
B g ' I hasaba alnyp we hasaba
Jﬁl UUM j almazdan suratda gorkezilen.
r
5.9-njy surat
f pA
5.10., 3= ﬂ:\/: .
2 4

3. 10-njy surat
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_ ¢ N 160 |
Bu yerden 4 = 2 Bu yerden Al = 2 1 - =16"S

aEA  1.25-10°°-2-10% - 40

Y q=20 kN/m

2)M, =M, =¢q 2z 5 o

|24
Bu verden a = li -

4

2

> Mg =Rul=P{{—x)-P({-x—¢)=0

S.11. X=

= |

R\ =P IR P
e
7
M, =R x=2Px—2P=~P ‘f X
: i
Sy _opgpE_pf g
dx ( /
Bu yeird =k
e - = —_ -
uyerden X == . |
5.12. At=16"S .
: iy
Meseldmn sertine gord R =R =0, onda CA sterzene diigydn giiyc hemme ; "fasoxn oo wn Iuﬂ kN 3« -
yiiki kabul edyir. P mf:::: .

Nep =q-8=20-8=160kN 150 -

Bu giiyjiin ululygyny basgaca asaky sertden tapyp bolyar.

150"
M (KNm)

5. 13-nji surat
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Her direge diisyén giiyg
Ni:.::, = Nnr}l =150 kN

Diregleri sowatmak {i¢in zerur temperatura

Nec
1 P WY .. 5,1 1 o1,
EaA  2-10°-1,25-107 30 '
5.14.
~2.5KkNm
P=41,6 kN
5.15. o)

30

3

P=100 kN

4m -

5.15-nji surat
210

4 m

*

ke l K,

ERED 5.16. M, =R, £ ~——=0,
L
2
C
—-—J EQJ‘E: A
—— £ — Rﬁ :I’l
" | L epnr 2
: [T 2 I,.
A oepyar . TIM,
mrm e T i
.. | | m
R, =5
5.16-njy surat “
m
Q:HR;‘ :"_E'
A ' mf  mf
Mc =-R, B B L WA 1
2 2 212 2 -
¢ mf
m-da M =Rp  —=—
ya-da M =Ry 3T 4
Q we M epyurlary suratda gérkezilen
K, i Ry
| A b 1 5.17. 6. =1,25kN/sm>.
B i .
' P g/
‘"ﬁf““ f}!}}ﬂ R, =R, =2+ _gpn
€12 )
4

i

. ¢ gt
\ (kN m) MCZRA-E——%ZIE—{%:]GI{NH‘I

Kesigin garsylyk momenti
1 bh° 20°% .12
I W= = = 800 sm”
6 6
5. 17-nji surat
| Howply kesigifi gyraky nokadynda i uly normal dartgynlylyk
M 10° [
Gmﬂx - e ]0 ]0 :],25 kN;S'[T]_
A\ 800
211




5.18. o =+093kN/sm",

. =-0,68 kN /sm*.
1-1 kesik licin

x 2
QJ ,—_P—q}:_I‘ Ml =PK| —q—zl-

x=0, Q=P=5kN, M,=0
X =¥ Qr=P=—qf =FOKN;

-~

/=

M, =Pl—q "2 =—28 kN'm
5
Xy S hpax = 7H1
6
Mmaszé—q s kN m
6 622 12
Howply kesigi we M =-28 kN m
M. 12 x M h "
O = = s Yiay = - [i _] = +0,93 kN /sm~
| i ' bh " 2
it gl e ( Yo )=—0,68 kKN/sm’®

(/3 (3 5.19. 1 Ne22.
. ‘ ' Momentin epyuryndan

R M_~40kNm,

Balkanyii berklik sertinden kesigif

garsylyk momenti

J
W, = Muw _ 2010 _ 550 5m-
o] 16

Tablisadan I Ne 22 kabul edyiiris.

5.19-njy surat

212

5.20.1 No27

8239-56 DOST bU};’umrd 20 a belgili iki ki tawranyn garsylyk momenti
W _=2203=406 sm’, bu garsylyk moment 27a belgili ikitawra gabat gelyir.
D:ymek iki 20 belgili iki tawrany bir 27a belgili iki tawra bilen galsyryp
bolyar.

521. 0, =4,12kN/sm”.
Suw bilen doldurylan turbanyn | m uzynlygyna getirilen hususy agramy
q="7A, +v,A,; v, ¥,-coyunturbanyi we suwui udelagramlary, A ,

A, —turbanyi diwarynyii kese kesiginifi we suw bilen doldurylan meydanlary.
Iki diregli balkanyn endigan yayran q yiikden ifi uly egme moments

qf
M max 2 ﬂ'ndﬂ

__qf _v,-0,785D} (1-« )+”rj 0,785-d’ N
"U8W, 80]d(l~— ) G
d

Buyerde d=D-2t, &&= D’ t — turbanyn diwarynyi galynlygy.

5.22. d=11.45 sm.

Statikanyn denlemesinden

R,=7,75 kN, R =13,25 kN.

Q we M epyurlary suratda gorkezilen
Hnwply kesik D kesik,

= 1656 kN m

I'I'I X

Berkhk sertinden

‘M. 16 ‘36 l(]”

— o T S 2 = I I...‘:I'S 11
Vod-fs] V011
5.23. P=11,80 kN. 5.22-nji surat
2 p)
A, =A, ﬁﬂﬂ— =4r 5 g Hb
4 VT
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: 8b’ b g
e B R Sl e X
2 . rw . Ak -6

ME N WE Pz!'u*‘q B \E.-'E I'}q B h-:r ‘4‘\,1{

=

M, w1:>4-13,r_w?1 P, 6.3
Bu yerden kwadrat kesikli balkanyni howpsuz yiiki
P,=P 1I8=1180kNm .

524, 1) o =2826kN/sm’; 2)a=4,22 m.

|IJ—

Meselénifi birinji sertinden M, = q—g— . G=YA.

Mo _ Ao _ 61" _
WZ 8 h3 Bbﬁ" fh
6785107 127 10

et _ = 2826 kN/sm?
8.3

Onda G .«

~

a
Meselinifi ikinji sertinden M, = qz— :

e [o]=> 282 =[o],

b’ b
|rib3[ﬁ] g T
a= [——=]— —— =422sm=4,22m
\ 6yA \6-785:1073
5.25. 6. =0576kN/sm’; o =-1,73kN/sm*,n,=347.
Balkanyii maksimal egme momenti
/8.
1:131:P.:$3aﬁ:?*2kNm.
4 4
15+ 3+ 7313
D = — = JSm

* " 15.5+15-5

= 1,18,

5315 |
2 S et
o 2

15°.5

=4 15-5:75" =

= 15625+ 468.75+ 140625 + 4216,5 = 6247,75sm".

111 uly siitynme dartgynlylyk

M. 7.2-10°
Omax = ppaeeg Yi.= -
[7 6247.75
[11 uly gysylma dartgynlylyk
M. Ta:10°
i = — DBy = .
I Zeo 6247.75

AT

B

B
L

TP |

| i

|

- |

W I

| |

| I

i

h'—'—h-h
T

L J

5.25-nji surat

5.26.

| q B Lo
r'“‘:"—' o (=2,2m ——

5.26-njy surat

LS

5=5576kN/sm”.

(=15)=—1,73 kN /sm"

Proporsionallyk ¢agindéki
itivaclyk koeffisiyentler

&

o 3

nl :_W__ = o :5&21
c_. 0576
s 2o 6
n, =——=——=34]
; GITIII'I 15?3
(> q-220° -
Bl =+ =13 ~2.42q-10"
2 2
20-30-15—-15:18:-12,5
z, = ~ =17 sm
3 0-30-15-18
2030’ 15°
L, = : -+-2u-3n*(—2)~-'3|-2——

2

~18-15-(-4,5) =36870sm”
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Berklik sertinden

Stiymme
M.... U] Ay 2.3 |
max g = [ﬂ];-. e [4 s 2, 1,2 36_1_8?(]4 141 kKN |
L2, 10%-2,42.y, 242:13:10 sm
Gysylma
M lo) -1, 5.368 N
max. Yy = [ﬂ']g —=q= _"__4_.1_._ = 6 ;?0 —(0.448 _k_ iy
L. 2,42-10% -y, 242-10%-17 sm
a’ d
I?|=IE :12? e ;fr : rﬂmnm:Mmﬁn d
M max M [MAX A
i — i 3 E'l'a, — T :
! lz, ¥i1: G5 1-;;:_, ,
d _H
%270 100% = Y2 Y1 .100% = Y22 .100% =29.3%
g, Y, ﬂ_
'-..,"'IZ'.

5.28. P=1,47 kN, P_=5,88 kN.
9:1.5°

IZ¢_2(12+A-}:3]=2( = +241,5:2:25% |=315sm”,
[
Minux =P; 100, M. =P +23,
o 3 G = M max | y <|o].
= Lz,
I; -[o] 315.14
Pi=—t =" " -] 47kN,
R A= 100 310D
17 lo] 315.14
= iy i
5.28-nji surat L i e ke

216

5.29. Direg iicin 16 x 16sm* , ortiik ii¢in t = 6,25sm.

q'=q,.. -b=0,0013-20=0,026 kN/sm.

ql.
LTI T

{=2m

Y|
S U
NG L
g¢’

Il"l..:

5.29-njy mesele

Tagtanyii galyiilygyny kesgitleyéris:
b 02 5 7 Wy 2
M < fhe fL{}_bS 200" _ 130 KN -sm
TN 3

M 1A
Berkhk $Cl'1il1dﬂﬁ Omax = _W < [G]
z

217



130 1
Bu yerden W7 = [;T s 130 sm”
bt 6W,  [6-130
W = = a3 = | -—{: | as = —
£ g \ 7B \ 20 6.25sm_

qd :qlllﬂ_‘.q. r‘f:I3'2:26kN

m

R, =R, =975kN.

d
4 q KN
L. Y
051 & T BIHONET,

kN

[T

q; =q" -q,=17,33

q,, =17,34(0,5+x,)

l 1 1
M,, 5= 17,34(0,5+x, )- ;-(;..;2 +0,5)" +R X,
dM,
E h:U:}}LEZRmM:U,_Sﬁln*
dx, ~

1 |
Moy =1 7,34(0,5+0,56)" +9,75-0,56 = —3.44 + 5,46 = 2,02 kN -m

BX
530. b=——
/
A b,h' b
b =B—. —=— 3= _ D xh
& £ P I:/l;. M_P"‘*[;’ 12 = 12/

1] Pestrl b 1oy

p B Kh HE EB l]3 ~ llﬂlﬂl$ﬂlﬂ<

Onda p=hemiselik, diymek: b = B—FX .

218

5.31. 5., =8,04 kKN/sm".

M, =—P-95=-7600 kN-sm, M ,, =—P-230=-18400 kN -sm,

2.22.5° :

W I =94535sm"
6

| 14.38?

6

~3369.3sm" .

Mep 7600

a ey =
O‘l"ldd Ch wmj 945235

= 8,04 kNx’smE,

A 1
Gl s g 5,46 kN/sm™

W, 33693
Rycagyn ,,howply* kesigi CD kesik.

AB

e
5.32. b, _hhz[ﬁ] S

Balkanyn erkin tarapyndan x uzaklykdaky kesikde:

2 2 M
M :—ﬁ, W thh - Gx:_'x E[""‘j]
) LA A W,
qxz-fi _[ ] H3qx1
i e — G — b g
Bu yerden 3-b, b X hz[ﬁ]
33. 1, =6000 sm"
An 1.5 )
6. =EBg=E.—=-1 Pt = O KN/sm”
R /-k 2-1000
ﬁﬂl 4 0,5 R
Ogtignme = E LELEr‘ =1,2-10 -2_100—=3kN!:~.m

M =P-a=50:-60=3000kN-sm,

max
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_11 *i—_;f;_ - };t N = 2 » Yoy, = 185m, Ysiiynme = O SM.

Gysylma berklik sertinden 1« = Ztm Yy = 309{}“ 18 =6000 sm*
Stiynmeden Iy = ‘:Eij; ¥ = 300.:36 = 6000 sm”
534. M= i - I'ﬂ_ji - &BB.

# . M
Balkanyn yiiklenmesinden Q = )

Zurawskmin formulasyndan T= _-

3Q 3 M

bh 2 /bh
Tenzometr 45° boyunga goylan we bu kesikde o, =1=-0,.
Gukun kanunyna layyklykda

I T
e= (0, -poy)= _(l+p) buerde &=—~.

&) B
EAB
Onda T:(l-l-p)B. (2)
(1) we (2) anlatmalaryi sag tarapyny deiilédp alarys:
M2 Efbh AB
. AR B

5.35. 0=271kN/sm".

G 430
Sapfa diisyin giiye Rg = i =Z215kN .

Saptanyi boynundaky egme moment
M. . =R.-034=215-034=73,1 kN m,

220

Sapfanyi boynundaky dartgynlylyk
M Mo _ 134107

_ITkES A

=2, 71kN/sm®

O N T YETS
5.36.1 Ne 14,
, b B
Balka diisyin yiik G = 3 fbhy
dx ¢° '
d 4h

Boer x=0= L =tga="", 5-60°, h=0,43¢.

= dx 4

Balkany basyan diwaryn boleginii agramy

2 5
G :?U,‘q.} A [‘_1 '*'F )

Ifi uly egme moment balkanyn ortasynda bolyar.

M. 5G¢ 43 by )
i S s — X6 '
V2= Flo] ~2.3%0] 48 2.[6] .

Tablisadan W, =81,7sm’ TNel4.

537. 6, =-0,73kN/sm’, o, =6,68kN/sm".

Polat listi ekwibalent aga¢ bilen calsyryarys, sonuf iigin histii inin1 n=20

esse ulaldyarys, yagny B _=nb=20b.
Ekwiwalent kesigin agyrlyk merkezini tapyarys.

O . h
i . by, O-—+b-h+|d+-
ACZHoRdEET Y L2 ( 2)

- 2/ _588sm.
A* 3 AP bupy 0+bh

Zis




Ehku 'Eﬁj h h

= 12 +b,, *5:5,58" + 17 —+b-h-3,72° =13310sm*.
A we B nokatdakylary dart gynlylyklar.
M
o =——=lg = . A Zp =0,334 kN/sm?
I? ' 814;
¢ ¢
El
Oy = o~ Za =0.T34kN/sm’ onda OB =0g -n=6,68 s
81, o5
? b
h=180
¢
5 =6 -m i i el ’
3.37-nji surat
3 P/
5.38. Oma = 47 2 - balkanyi oratasyndaky kesikde .
|
5.38-nji surat |.
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3 |

A . If,::'l
do, :_3}:"45*11 }{_‘“-(}c— ) o
dx 2bhy | Z;

Buyerden x =

1R E 2 ;

3P 1 ¢ L

O = —
Onda © max b hf fq 7 11 t]ITH-
839, x=0.35Y%.
M* =M—q~ =0,
9 2
2 2
: qXx gt
Bt terdamn— s A
u verden > 2
5.39-njy surat onda x=05"7.
540. P_=o,.b’/3n¥)
PV’I]“H.
Berlkhk ,';'_-'.n‘.:l'lij Crsz = I Vi = [G]
z
h

Hasaby balkanyii siiynydn gatlagy licin gegirydrs, Y = 5
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[cr]:tjwag[z’n we M:E,

I #hh'
S a6
Pt 36 E_ O wagt
4 bh' 3 n
(o] -hv3
Buverden P, . = &
yerden . . 3n/

5.41. 6. = 0,355kN /sm” . T..= 0,015 kN /sm” .

12M 12-1,5-10° KN

Op=—D Yo =——" ¥ = -5 =10,355—=
Q’Siﬂs

T -
e

Sk — Ak .y =75.2,5-625=117 sm’,

2111

T{:—

o = OIS KN/sm’,

-

-y
¥

ili

——m

-I'__J!E._ 1)

-d-hlﬁa—}‘-

-ll-rl-l‘

5.41-nji surat
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542. bxh=21x28sm”-
Qmu\ = F:i}H kN"

M, .. =P-C=98-0,2=19,6 kN -m.
Normal dartgynlylyk boyunga berklik sertmden
M., 0,75 h°
o5 = ax < I T
T WE [ ] . W_{_

—0,125h°.
6

o LWL hee L
Onda Vo125 [o] | 0,125-1 '

b=0,75-25=18,75sm.

Galtasma dartgynlylyk boyunca barlayarys:
Tzi.gzi = =0,31 kN/sm" ::-[ ] D.’Z’Llf-]\i
2 A 22540875

sm
t > [t], sonufi tigin kesigi galtasma dartgynlylygyn berklik sertinden
saylayarys.
3 Q
T= <t
2 A [ ]
3 3-98 _ )
- A=—== =588 sm"
Bu yerden 2[1:] 2.0.25 ;
A=b-h=0,75h" =558 = h = ﬂ =28sm _
0,75
b=0.75h=21 sm.
5.43. ¢=10 kN/m, tm;ﬂ=2,48 kN/snr.
J. 16 q(” :
Berklik sertinden M = R W_=143 sm,
| 2 -
{ 8W
< [G]:r—q-w;_q = ;[ﬁ] =10kN/m

Ga ltaqma dartgylﬂylyk d=0,51sm, [,=1290 sm’,
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{.-‘
S =81,4sm’, Q= 9:2— = 20N,

T

L FS

:9'352

20-814 :
—— =2 48 kN /sm"
d-1, -

0,51-1290
544. t_ =2kN/sm’.

Zurawskinifi fo rmulasyny ulanyarys.

Q‘S;IM 3 -
T —— = 2 _ l'lL.'i_h = amax. r e .
max h ]E ? S‘,r E)f.' _‘lh” Zr{;] Aj Zg;"__l

)

[, =01D*(1-0*)
.. EYy. Q(D:dj_) WP 60-(20° ~18°) kN
" 6-2(D-d)-0,1D*(i -

') 1,2(20-18)-20%(1 - MT' m’ "
345. o, =086kN/sm?, Tonae =018 kKN /sm’ .

0=0,9, b=2(D-d),

Cyzgydan ¢ =60" =1,04661ad. M,..=P:3=12kN m.
~ d’ 25* .
i e —(@—0,25sin4 @)= = (10466 — 0,25 (— 0,866)) = 15454 sm* .
M L e i
- dnax d d /3
Gm.'i.'.{_' Y, — = T :l"_d___l[}ﬁ';i
£ A T 1804 A
_12-10° :
Onda G, =2 10,83 = 0,86 kN/sm’ < [o].
d’ 25° :
S, = -;(1 —Ccos3 q))zﬁ (] —[1,5")= 1139.3 sm?'q
P-S, 60-11393 :
Tma‘x e =T _'Ui.lg kN!‘I 3
M TR Ll

T . =698 kN/sm”’,
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le‘, = Z(IZ--. + Ay yl: ): 9590 sm*
v ZAi ye =376,5 sm’ —yarym kesigii statiki momenti,

i 2 u . e " o !
S}_,:r = A -y =267,2 sm~ —polkanyi merkezi oka gori statiki momenti.

Q-Sz, Q-8z,
2 v 2 i 2
Onda Fmax = l_de =9,8kN/sm™ Ty, = b -d = 6,98kN/sm
2 |

Qdiw = Tmin : Adi\-.- i ;(Tma}. = Tmiu ) 1ﬂidm = ?’RS kN"

Qdiw by 28_8 ~0.96

Q 300 :

547. o =254kN/sm?, 1, =08kN/sm’
Q=P =60kN, M__=Pa=60-70=4200KkN sm,

4 4 4 " 4

# ML LR =19798 sm" |

A | SR R 64

M 4200 b
= = — —.]12=2.54 kN sm” =—=]2sm,
Ui’l’l:lh l‘rl }JITI’I‘: I(}ng 5 yn'lﬂ.'{ 2
Y arym kesigiti statiki momenti
2 > 3

B.-=h b b ol 3824 ol =1061,33 sm",

| 24 8 3n 8 12
S gi - = 6[1101_51,33 = 0,8 kN/sm’

" 1(b=d) 197984 -

5.48. v =33kN/sm’ bu bolsa diwardaky dartgynlylykdan 30%
yokary.
30-20° 24-18°

et

12 12

—~8336sm” .
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S7" =30-1-9,5=285sm’,

SoY =S £2.9.3.45=528sm’,

QS7"  240-285

Tl::im- — . — ],.3{‘:' kN “II{SITI ‘I
A B 3 8336:6
| Siljw o ) ; y
i, Q 2 240) - 528 - 2,53 kN /sm”?

“ T L6 BI6-6

S!:!I:t'zlyt‘ :9352.

z=1) 1=  z=12sm
gl _Q-SP 240 0957 240 -95-12 . kN
i [, -t 8336 -1 8336 et

5.49. P=605kN,  1_=6,95 kN/sm’.

362" . :
I, =|- 36-2-19° [.2

1,2:36°
+ ;

= 56697.6 sm"

12

- . 5 . 2’ 4
Q8L 0310003 6.95 1N /am®

S,=36-2:-19+1,2-18-9=1562,4sm".
1) Normal dartgynlylyk boyunga berklik sertinden

Pl o] P = 4%[5] 4-283488-16 _ 0\
4W, ¢ 300 -
2) Galtagma dartgynlylyk boyunca berklik sertinden
Q-S. p
tlmﬂzl}_[‘;i[t], Q:E
Q-S, ALY 21,d[t] 2:56697.6-1,2:10 _ —_
21, d >, 1562.4 sm”

Kabul edyiris: P=605kN.
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Onda “max = d 2.56697.6-1.2
9 Q
A 5-50. T'm;“ T ﬂ. ;"—"\ ¥
2 | 2,
= 1= Q( ~2y)-(h+4y).
=2 bh’
Zurawskinitl formulasyndan
Q-S;”
I.’-ﬂ_’.'br
5.50-nji surat Cyzgydan alarys:
I h h+4y 1 b 2 h+4},
b " sl h-2y
2 '?[;3 FJ 6 4 11{ i 6
i‘{ h T ;
2 bh
[- Sy I : — _—
12 48
Onda:
Q-48 b(h—jy] (h-l—ﬁl}r'). h % ZQ-('_lm—Zy)(_h+4y},

bh 24h

h
+—=1=0,

Fger: ¥ = 5

Q
Eger: y=0=1= A

blh—=2y) bh’

Galtasma dartgynlylygyi iii uly bahasyny tapyarys:

dy |bh’

|
1
a5 [20 (h Ey)(h+4}’)} =ﬂ=>}f=;ﬂ

I
[~
.-




T =£-[h—z-g) (h +4.‘—7-)=9 Q

" bh Wi
S.51. h=0.3 sm.
Polka bilen diwaryn sepgidindiki dartgynlylyk

_Q‘Sz

'y I;E; Sy =3-20-38,5=2310sm",

=211729 sm"

2 ; 3
L, =2{3-20-33,5’-’- P ]+' -

12
__300-2310
2117291

3 (G e
Tikinifi meydany A = A

A=2-1-0,7h =0,654, h=0,47sm.

, 3Px ] BPK( hJ
=" " (3h—-4 g = X —

=0.654 smlq

Diregden x uzaklykdaky balk'an};rﬁ cep boleginin kese kesigindiki o we t

anlatmalary asakdaky valy vazylyar (b=1):

B
3p "~y
G:_ﬁny [ A ¥ J

h3 3 R h}.

a-b kesik boyunca dartgynlylyk asakdaky formula bilen tapylyar:

o' =E(l—t:ﬂ52(1)—1:5in2ﬂ, 1—cos2a =2cos” a
¥,
2
(2) = gsin 20 —T1Ccos 20, bu yerde o =135"

¢' we T' meydangasy a-b gdniide yatyr, onuil defilemesi ¥y

230

=327kN/sm’; T=t-§:1=327kN.

=X ——

(1), (2) we (3) anlatmalary bilelikde ¢6ziip alarys:

ot = 225 (ap - 43)

2h L
1 31]:{( h] (4)
T = — | X

h 2

(4) denlemeleri ulanyp, asakdaky epyurlary alarys.

5.53-nji surat
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Uzynlygy dx bolan elementar bélegi boliip alyarys we onuil defiagramlylygyna

seredyiris.
h h+dh
2 ’ ~
ZX=—jﬁb{ly+ j(cr+dﬁ)dy=rhd:~: : ﬁ:!ty--
: g bh

12y M M
Buﬁerdﬂ G‘f‘dﬂ-l:?y{ ,,I‘l‘d( _J}"

h h’
h h+dh
12M ? 12| M (M) ?
Onda bf;? :l.}’d}’"f- F[ha +d{h_1"J] J}fd}’:TdK_I
——. b 3. e g[zﬂ)
R Jsraen bh? dx 6L 4 ° ) dx\h’J*
h =2h_sertden alarys:
h:hﬂ(l-l“%}, M=Px.
Onda yerine goyup asakdaky anlatmany alarys:
| 2X
L 6P I oBlR oy
SR A O A
[1+"j bh, = {nx)
4 ] 4
5.54. Mﬂz=gph.

Lentanyfi 6riin yuka bolandygy ii¢in onuii kesiginde boy giiyji déreyir.
Durkuny iiytgetminin epyury yaly normal dartgynlylygyi epyury bolyar.
Normal dartgynlylygyf deritésiredijisi lentada doreyin giiyje den. Hemme

aw - - P Zh T
giiyeler bir jiibiit giyje | T 3 getirilydr.
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p
“n A
3 é-]

5.54-nji surat
Denagramlylyk sertinden M =T2h/3,

2Ph
Eger T=P def bolsa lentada iiziilme bolyar we M yie = 4

555. 1t =L12kN/sm’, o, =698kN/sm’.
-ﬁk- [T %
5.55-nji surat
~16-12-8-8-6-11

—=7sm_

- 16:12—-8%-6

1,:31-‘-3' $12-1 6+~ 3-'6—&643 =3370 sm”
: 12 12 *

¢ ~5.12:65-8-3-55=258sm".

R :
Qmﬂu i3 4{1 E 1= q= 13?0651\1

[,-8, 3370-4 sm

Onda ';. =

e =12-8-5—-6-8-4=288sm"
233




Qua *Sy™ 42,24 288

T s = < -=LI2kN/sm"
N 3370 - 4
= 1 26,12-107
Gmat = i max e = 6"98 kN’K . :
3 337 i
y 5.56. o — E 0 :
2 A
! Zurawskinin formulasy bovunca
;..I‘ QS;:
g, e
boe®
3.56-njy surat
g S =A,-Z,,
Al I " ]
0= 5z Eh—ﬁ - strihlenen ticburghugyii meydany
Zn - 2(h+‘?)
3
b : Q 2
S? =—Z(2h* +3hz-9z%) T=-——(2h*+3hz—9z?
Onda S’ 27( 1* +3hz—92°). T (2h +3hz-92?)
d
L T S
dz & o

" h
Diymek t=1__,egerz= P ya-da ticburclugyn orta ¢yzygynda ifi uly

r " 30 3 Q
galtagma dartgynlylyk bolyar, yagny 7, = — = — .
yiy yab, yagny L, TR AT
S b o _2Q 2 h

epyury suratda gorkezilen.
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V1 bap

Egilmede durkuny iiytgetmegi kesgtlemek we statiki
kesgitlenmeyiin ulgamlaryn hasaby

6.1. 6 =0.04rad;y =1f=lsm

EJy" =ml::1K =M _egrelen okun differensial defilemesini mtegrirlap, burg we
cyzyk ornuny tiytgetmeleriniil bahalaryny alarys.

Iki gezek integrirlip alarys:

Ely=Mx+C; Ely=M,—+Cx+D.

Balkany berkitmek sertinden C we D hemiselikleri tapyarys.

M,/
x=0;y=0;x=Ly=0we C=~ 5 D=0,
Bu bahalary goyup alarys.
M 3 M, ( ,
P i - 1l PR ) Pl 2_ 7 W ” .
i = (ﬂl 5 ) y= SEl (K -H) (parabolanyii deflemest).
bh’® 6-0,5
Bu denlemelerde [ = = = 0,0625sm" .
12 12
[11 uly 6wriilme burgy (x =0 ya-dax = 1m)
-M £ . _
x=0=0, = ZE; = —0,04rad (minus alamaty A diregde kesik sagat
dilinif ugruna 6wriilyér).

Ii1 uly progib prolyotyn ortasynda bolyar.

geby’ e - OB e :
= f= — =—lsm (progibi ugry y okuil ugruna gapma-
garsy).

6.2. E =2:10*km/sm’, p=26,75m.
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Ely" =M. =M 1 S sias
S EJy'=M x+C:; * 600-150° +3.,14*1_:m:r"1 .
7 Ely =M, > 4Cx+D . 64
| e 0 X+, ~19553-10%sm*

= Fa
0.2-nji surat X =0, C=0,D=0;x=¢, 2M.a . 4M. a’
E[Bmx =M ¢, 6.5.2) 0= °_ f= Sl i
El El
M, ¢ 10-100-12 > 41Pa’
s R W oy S it _:21041‘:er‘{“]1 : le_Pﬂ f:— d
o] a9l 0,075 i i b) 2EI 3El
: 3 4
b | it s L S T R AR
Egrelménin radiusy P = }w— == 191 % = 2675sm = 26,75m 6.4-nji surat Q= 6E1° 24E1°
6.3. p=100m, M =23kNsm, nood09” 5998
e M. I =T El
Egrelméinin defilemesi y = EE] X" +Cx+D. ‘
4 ) Balkanyi birinji bolegt ticin:
Buyerde D=0, C=— o ¢ yi birinji bolegi tig
2E] ° |
. y ; Iy" =0,Ely, =C,,
MKE M/ A z E‘I}H }fl I
Onda y=—— """ . S 4 Ely.=Cx +D.,
el N = £ bty
oL s 5 S .
/ M¢? 27 e T Balkanyi ikinji bolegi tigin:
E.ger A= 5 o ymzut — e L0 .= M = 8[_"1 ;:ndh o5 23kN .SM e — - P 5
: . S8EI ¢- ' (?‘iz —ﬂ)"
Egilmiiniii esasy derilemesinden: 6.5-nji surat il 2
- El 107-230 o o
=== )"sm = 100m ’ —a)'
M, 23 . Ely =_q{x3d~ﬂ) + 0 Elyz—q(xz a) +C,x+D,.
6.4. E=8,08 10°kN/sm?. 9 24
Konsol balkanyi T giiyeden if uly egrelmesi Eger x, =X, =a
y _Er'; S Tf-l 240‘123'10h Bp :y: :yll we j}'11::}(1:}#3"
max = T = 3y, = 3-0.875.19553.10° =8,08:10"kN /sm’* Onda ynlcarjialcy derllemelerden alarys:
' € =C,=0C.D =D=D,
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C we D hemiselikleri balkany berkitmek sertinden alarys:

X, = 2a bolanda }!L =0;y,=0,C= q"_ D= .ﬁlq %

6 24
Egerx =0,
l;.,]1r:lq 7 4

0, = — =—
A pee we YA ?4Hq

6.6. IN22. o =8,62kN/sm’,

L_[E.--l :_f_ﬂl‘ i ] L 45{}{—_!;1-
8EI 450 SE
8239-56 DOST boyunca [, =2250sm*, W _=232sm’,
22-nji belgili ikitawra gabat ¢ y.ly;u

In uly normal dartgynlylyk:

- _Ema}: B q'ﬁ*

max = ]

W. 2W

-

}II max -

= 2250sm"

= 8,62kN/sm” < 14kN /sm° 1

z

6.7.f=—1,39sm; 0, =—0,0097rad; 0, =0,0125rad.

2 14
q:—gzl{}kNIm; i, :i;liﬂ = Sqa“* _
¢ 8 8

Differensial defilemeleri diizyris we olary mtegrirleyiris:

E]}':r = R_-xxl ’

[-\_.I

Ely, =R,

s Elyl =R, 2 -q%2, (..

1

=
Ely, =R, T+( X, +D,. Ely,=R,~2-q=24+C,x, +D,
: |

6

Derilemelere giryin dért hemiselikleri kesgitlemek ti¢in asakdaky sertleri
ulanyarys:
a) x, =0, y,=0; b) X =0 v=

238

C)X; = we X, =

b | =

d) weil =¥ =Y.
Bu HEH]I:‘I‘.ILI[”EI‘CI’]SMI detilemelere goyup, C,, C,, D,, D, bahalaryny
/ : 5Q¢°

tapvarvs we X =— bolanda t =— :
PESRGR-NES 2 384E]

= —1,39sm , bu verde

L g
Q :?; 2OKN

x =0, x =€ bahalary berip @, we 0, tapyarys:

835 9Q/>
sl o 0,008 T, B ~—

; =(,0125rad .

i)

Mf-z - F=
6.8. Yy =0,0641——, ¥ =0T

0 we y deiillemeler asakdaky yaly :;tﬂladvlj’nr:

7

M £? x X M¢ 3%
}'? y | L = __1 B."\. l-._-_;. ]
* G6EI\¢ 2 ) GEI l 4

0 =0 deii bolanda egrelméniri il uly bahasy bolyar:

1

3 /
I_LK?_:[}:;}K:?.
¥ w,':‘
i Ir"I: Mf?
Ondﬂ. yll.:lx e {_—_ L ~— {],064 | e
1 9.3 EI El
Balkanyn ortasyndaky egrelme:
f? &
7, S = 0,0625—
o] 15El El
P : {
— et 1
6.9, - ]

B(C bolek iicin differensial detileme diizyéris we ony mtegrirleyéris:
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Ely" :—P.'-L—qx— Ely' =P —qi o
2 2 6
Py %’
Ely=——-q—+Cx+D
6" 24

C we D hemigelikleri asakdaky sertlerden tapyarys:

P(2.5¢ 0.5¢)"
(__)~q( L+U5FF+D:U
6 24 ’

x=0,5¢,y=0, Ely=-

v &y Ry
x=2,5¢, y=0, Ely= _P238) q (2.5¢)
6 24

+0.5C+D=0,

Bilehikde islap alarys:
e 5 3
C=—Pl*+—ql’, D=~=P¢ +—q¢*
245 16 O s
Hemigelik D, koordinatlar okunyi baglangyijyndaky egrelme. serte gora
D=6

| X 3 3
Onda —P¢" ==q/*' = P="q/
nda g gq 511 .
6.10. 1_..; - Pa (; 4—;]_)_
3EI
Pa Pa
R."L:-_?TMM ____I,-' P‘;]i M\;.:_Px".‘
¢ 2 9 2 X
Onda U = jM‘“dx + jM-“fd‘V‘ _Paltra)
3 2EI : 2E] 6EI

14 A

i P g AW l by
Dagky giiyjinigi A=Agp +Ap =Ap = _;Plt‘; (A, 3 ”)-

Dagky gityjiini igi balkanyi durkuny iiytgetmesinifi doly potensial energiyasyna
gecyiarwe A = U , onda

240

Lor P a“(l+a)
O & 6Ll

: . Pa*(¢+a)
Bu yerden I, = -

3EI
6.11. U =2 T7kN-sm.
" 3,14-12° |
[ e i o i =1017sm*, 1 =21 =2034 sm®.
64 64 P y
Onda
M2 M4 800°-10° 600° -10°
1 = M' 3 v - 8 U + 2 : ; =2, 7kN -sm
261, 2E1, 2:85-2034 2.2]1-10"-1017 '
o A/
6.12. U=——,
6E
Balkada toplanan potensial energiya
M bh’ . bh’
U= 2EL bu yerde M =oW : W, = . oy = TR
_ U = G?Wf b o Af
Onda Y — 2EIL = : A= Dbh.
- Mz
6.13. .= M—(r’-’+3;1]‘ i.= | (24’"+33)_

3E/ e
Makswell — Mor boyunca balkanyii islendik kesigindéki ornuny tiytgetme
asakdaky formulalar bilen kesgitlemlyér:

0 |

6= [ IM,tM:d:-{’ y = = IJlM_,_Mfdx

—
E4
- E-I ]

M? —birlik yagdaydaky egme moment (birlik giiygden ya-da birlik

momentden yiiklenme).
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6. 13-nji surat

M
Balkanyi hakyky yiiklenmesinden M, = s M, =M.

g = s . 0 l
Birlik momentif yiiklenmesinden M| = S s M =1

Onda gozienyiin 6wriilme burg:

)

Y I = M |
E} — o Rl . ! S —
[IF X, Fxltix]JrﬂjM mh_ﬂ,] m(m_m

Balkanyii egrelmesini tapmak tigin birlik giiye bilen balkany C kesikde
yiikleyiris we egme momentin afilatmasyny yazyarys:

0 Iﬂ _
M{ :“—E K1‘M;=|']{2.
Onda idelyin egrelme:
. YFieM  1-a Ma
:I- = Ky v d +- M-] = 3 — Frl.l 1!!;_' \
¢ H'{.‘.[ "Rl XX, 6[ K_.d?'i_] —GEI (27 +3a).

242

6.14. y = —0,667sm,
0= 0,0062rad.

qf a
R, =——=f—
B 2 E‘:
Berlen gliycden
M, =-Px,,
. 2
I o - A = L 3
ng '_"[ 9 jxl q 2 .

4 @
Birlik giiycden Ry = L

d
0 g
MI ='_']'K|HM2_. IK:'

6. 14-nji surat

I X,

—

LE

Birlik momentden Ry = R M =1, M;

el ding & odx+ M -M:d]—
y EILJMK M }L+J % , X

L} faqfx Pax gx’ | ax F
Onda E[I(—-Px)-(—x}dx+“ 2 V¥ 2 ]( 2]‘1};}

i

v | , 03
- Po”(a + Q _ ga = —0,667sm,

3EI 24E]
o S ; qlx Pax qxz- X
= f=Px)-1- 28— ks
=53 J-P)- d“‘( BT ].F

(] 4 y

| a | ng

= —|-P=(3a+2¢)+— |=0,0062ad
El] 6 24
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Pabg
BL,

Egrelmini kesgitlenilyin kesige
birlik glive goyyarys:

P we P"=1 giyclerden
¢arcuwanyn ii¢c bolegi iicin egme
momentin aflatmalaryny diizyéris:
M,=Px,, M,=0, M, =-Pb,

M! =0, M =—x,, M! =4

(1.15* I”\ P ==

bolany iigin difie tigiinji bolegin
integralyny hasaplamak galyar.
6.16. D=533sm,d=4,53 sm.

i
i P
- : J_ 9
: S8EI
nD? . , : L.
[, =- A '(1 = ) Turbanyn yiikiinin depgini
:
D’ ) ;rt‘,[l:;-tl?ﬂ]j
aq = | —=c1 Y oy +— A
] 4 { EI.II _I_ }I":.
.![(I—i:xj},fﬁ o’y ]7_{
nda D =¢/- P =5.33sm
onda BTV 0,003E(-af) ‘

weD=da=5330.85=453sm.

6.17.

Gatylyk sert

Berklik serti

b=8&.1sm. h=24sm.

5q¢°
fl=
[ ] 384E1

M. gl
iR g

z Fi

_ C]f':i_‘l
; Iﬁ[ﬂ‘] :
Bu uhulygy gatylyk sertip

5¢0%|o] e
24E|f

Agac Ortgiinin kﬂgigiﬂi]" _
. 7 ninj berklik $ertinden t
q/~  bh?

& S[LT ] 6

Onda !

€ goyup alaryg:
Pi=

apyarys:
W

Bu yerden b =-

6.18.

mdx

0 :—3‘_ Pp2
=

X =1() b=0; X= ¢
o ot R MO L iy

b _k? o5 [G] 2 hz[ﬁ]
Onda I = A',.:_ = phx
Ey" = T‘: = E[W] - Eh

% 1]
o Sl
L tamx 4+ )
1‘-‘.[:3]}J : we Eh TS
E[G]}’ , tCx+ D,

Sonui ii¢in hem e ¢ = 2




2C {
Bmﬂ.ﬂ = BA = _'E]H- (YI ).,; §:F _EE?_] q _f[_t[:':;r
{92
fnax = (}’ };.iz:i__ ) 4b[,{;] A

o ]-y1l yokarda tapylan bahasyny goyup alarys:

3 ‘ 3ORL
Bmax ) we i-m.-n S :
2 Eh’b 8 Eh’b
¢’ 1 A
6.19. Ely = —G‘T (xInx—x=x106+2), Fuu = _Egﬁlu'
Den gargylykly balkanym islendik kesiginde
6M
Opie =13~ LOLSY
h, =h-=
4
Onda balkanyn erkin tarapyndan x we € uzaklykdaky kesiklerde o =g,
qx* -6 T ql® -6
W€ 2bh?  2bh’
= il
Onda ELy"=-2—.=
Z, E

ELy' = q; Inx+C.

3
E-gerxéf'%yle:':m:qi In/
- ¢

Onda EL y' = _at |m~.+""2 e

246

[kinji gezek integrirldp alarys:

3

%
Elyr—q :-;Inx+LI—‘qlnr’f'+T)_
2 2
S }-_{J:::«I)_—l—
2
i L]F.‘ ’ .
Onda Ely =-— - (xInx —=x—-xInf+/¢),
: qf”
= £ . =
X “., max EE.I“ -
6.20.1  =-12sm.

lbiuuhk qu:de M - —X*, hn =0+(0,05x,
]x -0.5(9 +0 1’15‘-.}

. 2%

L }l; . = i
e E(9+0,05x)

J 2 ax’
Belleyiris: a = E b=9, ¢=0,05onda y" (b 3 ':.::’i)ﬂ :
Bir gezek integrirlip alarys:

- 2t b*

y' =— d\i []n(h + ¢X )4 A I +C
i T bﬂ;x ’?(t'wu.} ”
x=¢€, y=0.
2¢ h?
- G Rl el ——
Unc vy ( i b+ ¢/ "’{h+¢,f} }

[kiny gezek integrirliap alarys:

y == E ['-s: i—jliﬂ(b-l—ui)—‘h + _ b’ +Cx+D
¢ 2¢(b +¢x)

247




| : ;
D:—H]t (Mr _l?]]n([-;+¢ﬁ)_{ + 2 — G
¢ L\ ¢ 2¢(b+ 2¢) '

a, b, c, C we D bahalaryny goyup we x = o baha berip alarys:

'{
fnmx ™R ( 5 Inb + : ]+D"I 2s1m.
¢

- € 2¢
fl - 3
HF.-"'I"‘ 6'21 _l_"-llll 1:"]41 q{]‘l‘ [l{_ﬁ
A siill 30EI° *  24EI
[ ] Llu
‘ | 1
|
F H.
A I M\. =R 0 ’
! | 3 =kl
- = | i 0
| /, Ml = —X. M y - _I [
|
! A 3

# A
L“ﬂ I {] Tﬂmn f-"-"u Hou 1 s q ”Kj (_ b )dl"{ — _q-_l-"_l{_ T
* R e 30E] ’

6.2 1-nji surat Vo0 B VeE 24El1
6.22. U =53 40kN-sm.

242 24 3
IJ:Az!P@WJl):Pj_+PﬁinﬁiﬂmNﬁm.
2 2 : O6E] ~! 2(_}]'4

Fe

6.23. f, =4,45sm, 0, = 0,0133rad.

2 Ty AT ATTITTES
=
‘ M,

M, "

] ﬂ'f'. i' .."
P Ve

6.23-nji surat
248

Weresaginin usulyny peydalanyp alarys:

o= Trlot.

Q

Ondﬂ fq = | —3— —_ 2 - — 4.,455“'] ’ '
| 210" -3000 |

{zu-z 1+-L-4n-2-{bﬂ*
B, = - ‘; = =10,0133rad.
| 2:10* -3000
6.24. M,= 2M..
63 Sy oy o L
s 1. [ S S

| M, M°
Morufi integralyny ulanyarys: y = J' = dx
{ X

M, 1 1 <& h
Egilme nazaryyetinden E—L R E , yone E T ? By Y= 5
Onda ¥ = 1%1'Mud“-
Birinji balka i¢in M‘I’ -
R ;
Ikinji balka ii¢in M = % onda y, = %*2’, %dx = u_:%




o

q. 2 I 20 .
| 636, U= 0, =—-10-2=—kN-m?,
R - ¢ 8 El 3 3
g - Weresaginii formulasy: 2 80 r
2 Mq:'" ¥4g y [,u__I:—~|”*4=—"kN'l'ﬂ'_
R b Z 0, M E 3 3
_ A El ° Birlik momentden epyur gurup, M. ordinatalaryny belleyaris.
M* M" -1 J. 5 L
i 5 3 Hasaplama geciyaris:
g & lu3gf ¢ _
Dk S5 cases P en S Ao ! » 2 [ 80 1] 35 y
4 FJL ! & 2 3 R 2 EI0, =~§1-20+2 20+ ~4—.—=——kN-m’,
& : ' 3 R il LT
gt
] 5 35 35-10° 35 7 1
: Jy =—r——= e S e = e T
6.26-njy surat - ‘"~ 3Bl 32.10%-2-10° 12000 2400
Mg =-1. : 1
' T 37 ga 0 11 ga
f= s I:_'_,“'d_-'H:_ ' -
Otida B = 48 El 48 EI
. 8EI
o g =5kN /m
NeeFI TG EE T ] ]H e q % | AB we CD boleklerde egme
D, 6.27, B, =~~~ rad. AlITIILT D IB momentii epyuryny yonekey
n iy RS W 2400 G & i pyuryny Yy y
o M g e SRR e o RPN, | epyurlara dargadyarys we olaryn
‘A”’)rr (:JU.Y ¢ l‘fl_‘“_ LeSiin, gn:;ma_lc: '-EE . Q@ @ | meydanlaryny kesgitleyéris:
i. yorelgesini ulanyp, balka tasir s 1% ) @
0w ) 10 R T g e T n° : h
| m o ud}":.m guycltﬂncng?e momentmin qﬂgﬁ’yﬂ/( s N TN ®, = i} wjl= 3 qa’
1] ﬂj\‘\_ cpy{urlaryny ayratynlykda + ¥ o ‘ JJ Py 12 8
"B guryarys. e, I I
_ L | L T R —— ~ =3 . 3
- L 1| Berlen giiyglerden gurlan i | |{'],.;1 i | l ®,; = '*gL]d , 0, =——qa",
! i ; o ’ . o har | D= b |
it el epyurlaryn meydanlary: | AT M | e E
s — 1 T T et
; i @, =—:10-1=SkN -m’ = s RNE EMERTSANA 5 Sg B
A - : &£ . MM, | e
4 | : Y okarky meydanlaryi agyrlyk
6.27-nji surat ®, = L 10-4 = 20kN - m> merkezine degisli birlik gityeden
2 ’ gurlan egme momentlerif
l J ordnatalary:
®, =—-10-4=20kN -m" 6.28-nji surat 1 :
: M:':—-_—ﬂﬁMH:-—-aﬁ
3 i +
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. 2 5 2 -
Ml==Za, Ml=—a Mi=-=" a
3 6 : 3 : o ﬂj A |
B nokatdaky gozlenyiin egrelme: "f"— T Wl 1] }\ . |
{ﬂl" M :: I {1 i ¥ ?' ? {-] d ; A0 |
Ya = —=—\oM, +o,M, +...+0.M, |=—: , | 1 . M,
B Z E‘I EI ( | | P Z . ; ] 48 E_I i i
M} epyuryndan alarys: : |
0 _2 0 3 P=1 ‘
M = 3 M; = ' FL 6.30-njy surat |
M”_"‘_l er_ l 3 l"-‘ ' l"
3 = , SR . 2 3 |
3wy T (qh . . ﬂ]: T (5h+6a)
Onda gézlenyin dwriilme burgy: EI{ 3 8 4 24E] |
1 ) Kesgitlemek talap edilyin beyleki ornuny {iytgetmeler yokardaky
- ( () 0 0 0 I (a ; i .
0, = El oM +o,M, +o,M; + '-’EMMJ: 13 Bl yzygiderlihkde hasaplanylyar.
2 PP?
qt’ GIL L= 7S S = S,
6.29. y, = 8—_—(4h +£). : |
; B Morun usulyny ulanyp alarys:
Epyurlardan alarys: n :
> 1 ey 5. dx. 2P 1§l dx
qf°h qé” d 3 GHZJ- X R ==Xk
=2 , @y m—=———, M} =—¢, My =——FL 3 3RAEDL~ =3 3¢ ki
2 6 4 i = i - L] ] r
Onda ¢arguwanyii C kesiginir wertikal omuny tiytgetmesi. {"I?Siﬂﬂm sertine gord O, =0, bu yerden,
3= ik
l ] Irz —p e ‘
ye = ﬁ("-‘IM? " szg)T qf (4h +¢). Werasaginii usulyny ulanyp
SE] L1 2P 5 2 2807 1“1 2P¢ ., 32 |
h’ 2,2 2, & apuiowr i SRy il I T T S e
saoiapet Mot eippr- 08§ OELS TRHE IR R T e e
24EIl o 32E) 12EI 5 pp?
1 — a E — O,ﬁmm
Epyurlardan o, = ﬂ; )n = qht’s '
3 . 4
252 253




hr'ir
-
M’ P=]
.l
k3
: "”‘Efil
(1.5
6.3 1-nji surat
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[T H

e ——

;V_[[PJ

|
e | 1 ]
2 B ‘_L.r
.y'

[ E

'5

6.32-nji surat

|
|

il,

i .!1 LI_...J,L-:__ = p—

—5

2

6.32. h=4sm.

Berklik sertinden

h= JM‘“‘”*G =29 sm-
\ blo]

Gatylyk sertinden |
ﬁqﬁ 2 = 4sm _
~\384E[t b

h =4 sm kabul edyiris.

P(2a + b)’ A Pa’h
48El 2E1

6.34-nji surat

_,Pb b b2 PRatb) Pa’h
"4 34 3 48F1 ZEI'
6.34 ga’h
e T+ 42817
T.“h () 7
E A, 78 ng _E_qa_a h:
By 13 8 0 E
]:ﬁk ot _qﬂj‘h
- 12El
255




6.35. y,=1,2375sm, 0,=0,00769 rad.
Morui usulyny ulanyarys:

4 3 g ,..' hl
Ely, = [M, -M°d[= fmx E:{ c[w;+![4'?x Sxrg

0

( 99.10° 99
y, = 9;] =—— i - =1,2375sm .
ElI 2:-10"-4000 80

2 4
) 14
:9;{‘—9:&1 SR 2 618
1 EAN P 21
5 5.10° 61.5
0, = 4 LBl e L ——— = (,00769rad.

ET  2-10%.400 8000

; | X, *R,ilhﬂ
{ ¥ & lp I

s e

6.35-nji surat
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6.36. . i 12.3sm, ﬂq = (0,034rad.

¢) Ve ‘a[““ 2+44:10-140-0]+

+i[2-]6(}-5+16{}-2+4{}*5+2-40-2]=
6El
6 6
- 2-107-120 3-10 42280 — 12.3sm,
6-2- ]0 48{}0 6-2-107-4800

0, =——[40-1+4-10-1+0-1]+
6El
+_L[2-1ﬁ0-1+160-1+40-1+2-4{}*1]=
6EI
2:10°-80 | 3-10° 600

= 0,034rad.
T 6.2-10%-4800  6-2-10% - 4800

TR

6.36-njy surat

257




6.37.y, . =1.21sm, Yoo —38m, 8 =0,0125rad. Yumsaklyk matrisasy

Matrisa defilemesi | [2-1 90 0]
,1 | ; | PR R
A, =M; -B-M_, I 2 68 6 0
I bi ﬂ e | cl 1 6 U U
. Ual . B = =g 0 4 0 0 |=—
0 ; i | 0 bjy| 6E d & o iéle 6EI|0 016 0 n,
7, | ’
20 {244 00 6 4
M, = , M° =002 4 | 0 00 04 . |
40 | _ 2 .
100 b RE L] b Fe %
LAV . 2= . A | ¢ N |
Vivan N 2.2 .2 1160
a |1 6 0 01|20 a
f\ip =\ Naor |= 00 2 4 . = = 2880 |,
_ 6EI|0 016 O |40 6El |
0 } 3.4 .4 1200
™ - d; - 0 0 0 4]100 g -
f-;_ ¥
, a-1160 100-1160-10*
Buyerden ¥, = = s = =1.21sm,
% 6El 6-2:107 -8000
C——t s M
a-2880 100-2880-10°
Yoo 2 - — e 3sm.,
| : ; 6El  6-2-10"-8000
~— /
S i 100-1200-10”
Q==" - = 0,0125rad.
6-2-107-8000
M=1
43 25, 4
L3 : / r— f =7 e -
6.38. y, =7 a2 , 9 o |
¥ = =2,25q2%, R =-1,25g2>
M=1 Matrisa denlemes:
A
A, {] -M".B:M.
1] HL P
! i M Mn Mu e S - VS TRy e .
o» M .M epyurlaryny peydalanyp, deflemi giryéin matrisalary we
balkanyn béleklerinm yumsaklyk matrisasyny diizyéris:
6.37-nji surat M| ,M; matrisalary transponirldp yazyarys.

258 259




w—[“ 0,25a 0,52 0,5a 0,75a 0.5a n}

A Y _q33 0 0 252 05a O5a 0,752 05a" 0 |
_ ~ 6EI ' ‘l

0 025 05 05 0875 05 0} ip 0, 0.0.25 05 05 075 05 .0
Nl |
b, =b, =b,=—0 4 0 | 1 00000 00 |
GEIQ{}[' ] 04 0000 00 |
L7S. 100 © 10 0 0 0.0 433 ] il
e == ||}
TR T ) 0,75 |0 0 0100 00| ga’| 4
-l (}4{}”9{;“00 | 1,25 [0 0 00 400 0| 6BI|25 [
| 00[01{]002“ 15 [0 0 000200 L &l 2
1,75 v I 087510 0 0 0 0 0 4 0
O 0010O0O0O0O
0. 73 ; a 0 00 0 000 0]
M, = qa’; B=——[0 000400 0 0 . S ‘
* YE2S Ol
000001000
L5 : | s e 25
' O0000O0100 onda }’::.—24‘313 . c—hqﬂ
0,875 "
0’ 000100040
- 00 0000O0O0]1 L B —-M}M{H wooq
' y o T et T A
- i 3 3 e g &
1 0 000 | |
.4 s g elth NENOU%
0000 00 | g’ \"ﬁ-j'-jwh-”ﬁ“’“jw 15#’51'1"
v 9 1000 99 A J |
I u dd j{ ] &
B—i g D 9196 00D ‘
6EI[0 0 0 0 4 0 0 0 k § Ny [
00000200/ TR = O
b 8000 4 0 m\‘]‘j | <
_D 0O 0 0 0 0 0 ]“ e 075 211' \‘I E-'

MﬂtTiSﬂ dcﬂlﬂmesinc g(‘;:;fup a Iﬂrysj 6. 3 E'Hji surat

260 261




6.39.y =1,28sm, 1>66,5-2=133sm".
Berlen : 10°
'[J]x
T 4 04 = A e [o 0,25 0,5 0,25 0,125
P=4kN, q=3kN/m, € Hlén,l 51,98sm", Y ort 2_31,?5'”)3_2_5]1%
E=17,5-10°%kN/sn2, [y]=ﬁ. 21000010 ]
R, =2,7kN, R = 5,8KkN. 1 4000 0135
Me=[0 0,25 0,5 0,25 0,125 0]; 008 00 0}]2325
" Onda “lo 0 0300|2525 |
135 | 00004 0]|13
2’325 000001J[0 |
Mo =1 2505, L g
A== =00m, ¢ =1m. ?H
1,36 2 K. y & *
0 | [T,
_ XD TS :
4_413' .; 5 0 oy
" N | -
2100 0000 |
1200 0000
) 3 0020 0000
b, 0 |
05/0 008 0000
¥ . 6EI{0 0 00 200 0
- T 0000 0100 Mimy | P ,
0000 0040 13 —
T 10000 0001 %\M |
= a0 ki . 023
210000 0.25 0.5
140000
0080001 6.39-njy surat
-~ . —_—
00030 0[12EI g gending = 1 imn kel X
02g 90 A y =[M°][B][M ] matrisa deiilemesine degigli matrisalaryii bahalaryny
ot P
000001

( | | )
sOVUD We — _— _ —1sm kabuledip, matrisa defilemesinden balkanyn
goyup we ¥ on 200 edip
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kesiginifi gerek bolan inersiva momentini tapyarys: [ = 66,5sm? - bir

swellerini mersiya momenti.

6al, ¥ =—,

Bu de berlen yiiki 6zgerdip hasaplamak ¢6ziiwi has yenillesdiryir. Sol
maksat bilen berlen yiikib) we¢) suratlarda gérkezilisi yaly, simmetriva
we simmetriya ters bolan yiiklere dargadyarys. #
Umumy egrelme

Vo =Y Y

yone yi’ =0

4T

| . _ 5q/°
y. bahasybolsa hemméimize mil — . ;
: y e midlim IR4E] e den.
5q¢*
onda v, =y, =
7s =% = 24F]
2
Ad 4§ ¢
LN @2 - o
At t 44 L 4 4 4+ 4 47
a r A
 ERSEIREREL —
5o . ;
06.40-njy surat
aAt®? aAt®f>
6_41_ E' —_— -—,'[’:—-- =
y 2h 8h
264

l,..a-_.'l.j' ll'
¢ — 9 Py e—
by A
S ry -
| gl
f o i
f.g = .4 Py
)T s __J8
¢) & |
T w3 |
57 1 ===y

6.41-nji surat

i h L i |
h— halkanyi beyikligi Aty = T; At?, h =0 balkanyii yokarsy At =0.

h =h—balkanyn asagy At] = At° dxuzynlykdaky kesiklerif biri-birine

gord Owriilme burgy.

, ., dx
a)eyzga layyklykda d¢ = aAt h°
MM?° aAt”
Onda Moruniintegraly | ———dx = [M"dp = M dx
dintegraly |~ rde==

1
M? anlatmasyny: b) suratdan M® = ; s

aAt®l ‘ex aAt°f
g, =V
Onda Ya E:"ﬁ

dx = —
h

2h
Balkanyn ortasyny P" =1 birlik giiye bilen yiikleyiris.

X aAt° rfx At f>
Onda M* = s T P -
Inda 5 we " -'-2 %

}]
=30kN, M__=2,75kN/m.

6.42. Q

THEAx
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Mese}ﬁlliﬁ statiki kesgitlenmeyénligini Morufi usulyny ulanyp agyarys. A
diregi R , gaytargy bilen ¢alysyarys we berlen we birlik giiyclerden egme
momentlerifi afilatmalaryny yazyarys:
I'bolek M, =R, -x;; M! = X

,°

[l bolek M'-a N Rr‘i "R, _P(RE _-_';}; M'_: = X5 -

Moruil integralyny hasaplayarys we alnan netijini nola defileyzris:

1,5/

_.‘R_,,i Xydx + ].[Rﬁx:: —P(x: —U,Sr”')x:}ix =0
()

0,5¢
, 5¢
Buyerden R, = Te alarys: Q we M epyurlaryny adaty usul bilen guryarys.
f 5 BV

‘&\ v
* .
. r-:.. " ; 'r..'. -

MkNm)

Ky

25

(kN
LRI T ™

IR

6.42-nji surat
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6.43. RH_=I |.25kN., R,=24,15kN, €=64,46kNm.

q=20kN

3m 2m

B 2R¢

1.2Im 33.85 .

|
M(kNm)

146

6.43-nji surat
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Balkanyfi statiki kesgitlenmeyindigini Weresaginit us uly boyunca agyarys.
Artykmag berkitme hokmiinde sag diregi alyarys:

®; M ,
- =0, q gliyeden AB direg aralygynda we BC

onda f = Z

¥

konsolda, R we P° =1 giiyelerden ABC balkada egme momentlerisi
epyurlaryny guryarys. Bu epyurlary peydalanyp alarys:
80
® =60kN-m?, ©, =—"kN-m" o =45kN-m’, 0, =3R,,
®; =2R .

Bu meydanlaryri degigli ordinatalary: Y, =Y, =hL32m,y,=1,5m, y. =1m,
¥y, =1,33m.

Weresaginii formulasyna goyup:
45-1 w6{]-1,33—89-1,5+5[{, 4 = (..
3 =3

Bu yerden R =11,25kN defiagramlylygyii deflemesinden R,=24,15kN,
R, =64,6kN.

Q we M epyurlary suratda gérkezilen.

6.44. h=29sm, b= 14.5sm.

Statiki kesgitlenmeyandigini ii¢ momentiii teoremasyny ulanyp
agyarys. Statiki kesgitlenyin diyip hasap edip, ¢ep direg aralygy iicin egme
momentifi epyurlaryny guryarys. Cep direge cenli hyyaly viiklerif
dentésiredijisinifi aralygy suratda gorkezilen,

N v 1 2

A +2MB(€, +El]+ML,€1 =-6[—§m+ 3 m)ﬁ
M, =M¢ =0,¢ =3m,{, =2m.
Bu yerden M, =3kN-m.
Suratda bu momentden gurlan egme momentiii epyury gorkezilen. Bu
epyury ¢ep yonekey balka iigin gurlan epyur bilen gosup, berlen balka
ligin egme momentifi epyuryny alarys.
Direglerdiki gaytargylary kesgitlip, kese giiyjif epyuryny gurarys (surata
seret):

268

M=40kNm

E 5 ¢
g, ., it = 2 &(
1.5m | _LIm YN 2m

—

Fﬂ M{(kNm)

| 20
R o o il Bj M, (kNm)

M (kNm)

|

411 l ré—)‘ * &2 v ;,j

6.44-nji surat

Mnma 2].5102
Berklik sertinden W, = - =1954,5sm’ ;
[cr] 11
W = L o L =19545m* = h = 28.8 = 29sm.
i 6 6-2

6.45. 18,75kN, 82,5kN, 18,75kN, 56,25kNm— 67,5kNm, 30-njy belgili
ik1tawra .

Meselini giiye usuly bilen ¢ozyiris. Esasy ulgamiicin gliye usulynyn kanoniki
denlemest:

X0, + 4, =0,

o,
EIA, :—2-é-130;3-%-1,5—2-130-3-125:—29?0:
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T L PR 6.46.R,=19,3kN, M__=9,3kN-m.
S rE 3 6+3'§+3_36‘ Esasy ulgam (surata seret) {icin kanoniki derileme:

36X, —2970 =0=> X, =82,5kN =R_. Ry 18 =0,
A we C direglerdiki gaytargylar we M, Q epyurlary adaty usul bilen yerine 3 1 (1 2 56
yetirilen. Egme momentin epyuryndan Oy = Ell 2 22 3 2+2-4-2 = 3EL°
M__=675kN-m. '
Onda berklik serti 360
nda berklik sertinden fm:i[—l*4ﬂ-2§*2~49'4'2]="E~
W o Mo, ' 615407 S EI\ 3
ot T I T <Ak, Bu ululyklary kanoniki defilemé goyup alarys:
8239-56 DOST layyklykda 30-njy belgili iki tawrany saylayarys. X = Ay _3-360 _ 19.3kN
v {ﬁﬂkﬂ . GOKN | 1 % 2 A5 _
- § | Q we M gutarnykly epyurlaryny adaty usul boyunga guryarys (surata seret).
'{g\; Im 3m__ SNS 3m -\ék ‘
GON /ﬂﬂ
A
é Mk N

LE] 4

Foensy: elgierre &
Ak N
56.25 ' | |
bl : |
: | 'fl ?. j [ I H
| | | J'.‘-'F

LAY 56,28 3 19.5 |
. : R 3 ] ah
IN75 a Hx 7S 44,25 i | X 7

>
M) RN

[ 187

6.45-nji surat 6.46-njy surat |
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6.47. M, =-67,5kN-m, Mq =22,5kN-m, 30-njy belgili iki tawra. 6.48. Bu yerde giiyc usulyny ulanmak amatly bolyar.

Statﬂ(i_Ifesgitlenme};rﬁndlgini agmak tg¢in, balkanyfi we viiklerif X.0.+A =0
simmetriyalygyny, peydalanyarys. Balkanyti we dasky giielerifi simmetriyaly g3 L B _
X, giiyjiit tersleyin oo i B
Simmetriyaly bolany iigin, 0,5 0,,, 8., A, nola den we kanoniki defileme Oy = PR T T
a;{&ﬂé(daky yaly yazylyar: 1 ;
On T4, =0, _ 98 e U B0 S 8l B L
ip ﬁm_-—: { 26 qdﬁzﬁ;ﬁ’_ qaf[4+q]

1 2
A, =|-=—90-1%3.Z.9§].3="L
. (2 > UJ 139.

0, =2:6-1=12,
Ay 135
X, =—= =225kN-m -
6ll .
Onda
M=M =-Pa+ X, =—60-1,5+22,5=-67.5 kN,
M 67,5-102
W, > —max sy 1
[rr] 16
DOST boyunga 30-njy belgili iki tawrany saylayarys.
P
A 5_:1 £ H L#
b > : =
; . ~
X, #,r; W
o0 .".{;.l.‘.\'m.f il F O

r i ) r(l I ?

Mk Nisa) ‘

67,37

6.4 7-nji surat

¢ 3
M, :M:: -X, M, :qa[%*‘r]-qﬂ(hrg-%]ﬁﬁz

M we Q epyurlary suratda gorkezilen.

Eeo= e
A
L4

Qe

)|
P
LA |

-

h
| —

NANNN

o - ———— .

u||_,
T,
e

6.48-nji surat
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6.49. Esasy ulgamyn kanoniki denlemesi.

i ] 2 2 I l 2 l 7840 |
3 L Ap=—7—-260-6—4-——-40-4-2.——-—.160-4-— - 4. — = -
20, t4,=0, L 3 3 261003 3 2El 3El |
I )
0, =—-3-3-—-3+3.3.2=27_ A 7840
v 3 Kanoniki defilemeden %1 = ‘5_IP “ 128 61,25kN
11 I
Ay =~ g, 20:2:3=-60 X, =X, = ol O KN. Berlen statiki kesgitlenmeyin c;arc;uufanyﬁ hisiyeth kesiklerindiki
2 27 9 egme momentii gutarnykly epyurlarynyii ordinatalaryny asakdaky formula
20 20) 80 bilen kesgitleyaris: M=M_+M"X
Xy =Xy = 9 kN, R, =—kN,R; = ? KN. | Kese we boy giiye lerii prurlauy adaty usul bilen gurlan.
M, Q we N epyurlary suratda gorkezilen.
20N AN
A ¢ A g ‘
ml | S ‘
Esasy
3t nlgam |
B e |
20 H 2 :*',;"‘;i‘ ( 5 | (MRN)
M, (kNm) 3 : . |
' omm b i
mﬁ}{ III I IMJ
2011 5 sfﬂ’rr E[ 4 % N(&N)
3 . 3 M (kNny)
o 2 | IEE 32,5 .:?;?
: =g |
0 !
3 Lill L ——
5
| 6.49-njy surat T
6.50. Q, M we N epyurlary suratlarda getirilen. R0 oy
Kabul edilen esasy ulgam ti¢in kanoniki defileme X &  + A=0,
. l 2 2
LI Y% 0 IS B vy o | |
Bl 2 3 2El 2 3 3EI '|

6.50-nji surat
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6.51. Esasy ulgamii¢cin balkanyn kanonikidenlemest:

X0, +X,06, +4,, =0
X0, +X,05 +4,, =0

X, X, — ndbelli gaytargylar. Kanoniki defileménifi koeffisiyentlerini
Simpson—Karnouhowyt usuly bilen tapyarys:

s T 3
A, =——(2-1,5PL-£+0,5PL 1) =~ e
6El 12EI
A, =_—€(2'1,5P!?-2€+1,5Pf-£’+0,5]3€'+€+2+D,5Pﬁ?~ﬁf‘)—
’ 6EI |
3
0oL (5 .0,5Pe-£40,5P0.0,5¢) =~ 1°
48El
¢°
611:51
3 g
511:(2*?) = : II!!;Fla"ﬁlzzaf:n|= f (F*ZF-2+€-€):Hif3_
- 3Bl 0 3EI # BEI 6F1

Bu koeffisiyentleri kanoniki defileméa goyup taparys:

43 |
% eh K wP.
56 28

Q we M epyurlary adaty usul bilen gurlan.
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S M
1.5 ’ o §P

6.51-nji surat
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6.52. Matrisa defilemesi: X =—A-'-A . - o

0 p 4 8
Buyerde A;' = (MBM° )", A, =(M"BM, ). 2 6
Detilemi girVin matrisalary diizviris: o 20752 D 02040 &
efilemé girviin matrisalary diizyéris kia :(MGI -BM“): an _ | ps
’ 42000 0 3EI|22 26 22 16 0 0|0 2
Mﬂ] =3
8 6 42 0 0/ 0 0
e 2’ [64 160
] ) 62 ) ~ 3EL|160 468
4 8 3 b 210000 .
2wl 34 K4 1 00090 A
d Y | S patyis g : ‘"':Afz ;.
o o 0 4 M, =—qa’| 3 L 01400 0 Ters matrisany A ;' kesgitleydns: A de e
Ry 4 3E1{0 0 0 8 0 0 0 Y
0 0 2 000031 dctﬁr%[mo 4;8}33&-4352:&0
100 3 000002 | _
0 : i | Baglayjy matrisa:
. [Ay Ayl [468-160
A g
) ) A, A,| |-160 64|
2100 00 A =(1)"468 =468, A,=A, = (=1)"2160 = —160,
141000 Az: — {_1}2‘2, 64:64‘
| MUT.B:BE f 2 S 3 S]i e (ML g, 468 -160
‘ > Q) Fa 3EI(O O O 8 0 0 oo —435231 -160 64 |°
0000 31
(000000 2 ., a’[64 160] 3EI [468 -160
: Ap A= : =
a2 2 000 s 3EI[ 160 468| 43522°|-160 64
3EI[22 26 22 16 0 0 Barlagy 1 [4352  0]__
| 435210 4352

Birlik gityclerden ornuny iytgetménin matrisasy
Ters matrisa dogry hasaplanan.
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6.53-nji surat
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P

22 36 22 16 0

S X, 3F] | 468 -160 _E
Onda 160 K&

X,| 4352a°

X, =3,14qa, X,=4.93qa.

6.53. N = 1,06kN.
giEqt P, (=1

e _ 5q,¢° & P4
' 384El,° * 48EIL,’

e

¢ P 4 Sq, ¢ P,

3841, 481, 81, I’

g 1,
i )
5(; l2 = oy (2)*

(2)anlatmany (1) goyup alarys:

, S I
{=P.| 14=-=
; ( 5 LJ*

/ -

o Lk qe . _ 5-1
) 8 -1
L

4,

.l. . :
5. 1; 5 544-10°

A __a'f1012 2000
3EI 0
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0

5

qa-

9El

|

1764
5416

_ga’
9EI

s et s T AN
8 12,56-10° 4.7

|

=

{3.1 4

1764
6416

-4,93




3 | 6.57. P = 0,55kN. |
SR TET N B R T X8y +8,=0, 00 =3,

Goy, yokarky we asaky balkalar, degislilikde, P, we P, giiy¢leri kabul
edyiin bolsunlar, onda :

7 P P¢ 27\ —4P/¢’
P:P]+p3! (I}' ﬁlllz—{(ZI;*ﬁ_l__{i?J: 81
Balkalaryn ortasyndaky egrelmelerin deriligi tigin L8k P |
P PO P03 4 i
_— = oy X _— P = —P . I
48E1, 4881, (@) LS T2T |

o = Eg =2-10%10*=2kN/sm?,
: 150-12-3
3 - 1L_F:M ¥ 2:10 S aa ‘
8 | e | oy, 00 Ak I 81-4-12 |
(B1, e )

(1) we (2) anlatmalardan

P, =

41
Buverden P = %kN = 0,55kN.

6.55.P, = = 0,8
5.P,=0,19P, P,=081P . 3 |
P¢, P13 1 1 '
i — — f ZEJ ';'
CRAC R T T :}_L_ U (R |
Bu yerden P, = 0,19P, P, =0,81P M’ |

6.56. R_=30,32kN. W
p ¢ X,
' I; I l hl‘é“ PE’J\. MF

' M
6.56-njy surat %
‘ Durkuny iiytgetméinin bilelikdiki denlemesi:

~ o\ \3 2
f =f +A vya-da 5q(2¢) - Rg + R, (2¢) : 6.5 7-nji surat
“ " 384E] C 48E1

4 6.58.  Berlen carcuwa ii¢ gezek statiki kesgitlenmeyin. Carcuwany ok
Seql b KesVAr]
* n R =R_ . =— «=30.32kN . simmetriyasy boyunga Kesyaris.

i o 4(6EI +cf? ) Kanoniki defilemeler:
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Kanoniki defilemeler: Sal? ‘
sq¢* |

» f :
X0, +X,8,, +X,8,, +A =0 % " 24E]
X8, +X,8,, + X,5,, + Ay, =0 B nokatdaky R | giiycden egrelme ‘
LXJ‘SRI +X,0,, +X.8,, + ‘jEF — () F q?* |
HR - 3
* 6Bl
M?, M — simmetriyaly epyurlar, M? —ters simmetriyaly epyur. Onda B kesigi miimkin bolan egrelmest: |
Sonuf {igin hem 8;=8,,=0; §, = =35, =0. qr*
M E:p:’y‘ul' s:mmetnyajy, {:mda A, '-{} Iy = fuq - fmtl, - VARl |
Kannnﬂq denlemeler asakdaky yaly gdrniise gecyir: |
fu-’ru
{X 01 + X385 + A, =0 Bu yerden ¢etki direglere garanynda ortaky direg ;‘-tEI den ululykda
=4 asakda yerlesen.

6.60. R_ = 12,8kN.

I By Sm—=— i = B0
s Al TR ST

Kanoniki denilemeleri isldp
ﬂ.l.ﬂr}’S: XIZI 12911]31

X, =0,32qga’,
Boy we kese giiyclerifi we egme
momentin gutarnykly epyurlary 6.60-njy surat
suratda gorkezilen. i
6.58-nji surat DM, =q— —R +2,5=0, R, =128kN.
6.59. C_l_f’ R, =g4—R, =16 12,8 = 3,2kN.
i © 24EI Q we M epyurlary adaty usul bilen
Ortaky diregi ayryp, B nokatdaky egrelméini tapyarys: gurlan we suratda gorkezilen.
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VI bap
Cylsyrymly garsylyk

7.1, «=2528"; £=0,605sm; o, =—0,98kN/sm?.

t

Z

1 - h=18 on_._|

7. I-nji surat

Bitarap okun yagdayyny kesgitleyiris.

tgo=-Ctgp= 20 1240 o= 0476
[ 12hb° =" pas O F AT
o=25"2%'

Anokatda i1 uly gysylma dartgynlylyk bolyar.

- cos sing | P/
Gﬁh = _Mmaﬂ. —I_ ] M - T —
W W pe 4

Z ¥

P/{ 6cosqp 6sin@
O, =— —+ =—0,98kN /sm*
AT ( bh?  b’h J it
z we y oklaryti ugry boyunga ifi uly progib

3 3
R NI
YUA8BL N 4sE LT

286

. - 3 Pf'l-lh‘ : If:'Ij 08 ;
onda T =41, +1 = { -r.lntp) +{P Lﬂup] = (,605 sm.

48EI, 48EI,

Progibm ugry z ok bilen o= 25°28" bur¢ boyunga ugrukdyrylan.
7.2. o, =0,02kN/sm’, o, =1,02kN/sm’,
o, =0,02kN/sm*, & =-102kN/sm?, f=131sm.

| -1 )2
.02
! A i
002 Al 13 ,;I'“:
4
/ . —=—/
/
v
b .
| oL
: /
f
[ 1O

0,12

7.2-nji surat

Bitarap okun yagdayy

| h°
lga = I—’ -tgp = bl: tg30" = 1,38,

y

o = 57°42"

Iit uly egme moment M=P ¢
Kesign islendik nokadyndaky doly dartgynlylyk
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202 M[ o . ]

z y

012 in30".12
—9.4.200 mﬂﬂ _l___wsmf:'-ﬂ ,,]"-'z
12-20° 20:12°

= 0,052y + 0,083z

onda o, =0052-10+0,083-(=6)=0,02kN /sm”,

o, =0,052:10+0,083:6 = 1,02kN /sm”.
o =0,052:(—10)+ 0,083 = ~0,02kN /sm?,
6, =0,052-(~10)+0,083- (- 6)=—1,02kN /sm°.

Y okardaky hasaplamalary ulanyp, kesigiii normal dartgynlylygynyss

epyurlaryny guryarys.
Balkanyri erkin tarapynyn doly progibi

f | 4. AW )
f 4P cusi'{p sm:p 2.4 2 (10__) 3 y 1_4_ skl
Ebh| h b 10°-12.20 V4.20'  4-12
v + qf* _5-4°
7.3. Inulydolyegme momenti M__ =- 2 =+ ra =10 kNm .

Bas oklar boyunga egme momentler
M, =M, -c0s30° =8,66kNm, M, =M, -sin30°=5KkNm.

M. M,
: [o].

bocarti | O=—24—Lx
Berklik serti W W

X ¥
Ditie M _ tisirinden talap edilyiin garsylyk moment
M, 866 10

W = =54 sm’,
[U] S~ S

DOST 8240-56 boyunga N 12 sweller gabat gelyiir.

288

M , tasirinden |

5-10° 4
W, = e 31,2 sm” = N24 gweller degisli.
Diymek, sweller N24 kigi bolmaly dil.
Meseldni yzygiderli yakynlagdyrma usuly bilen isleyiiris.
Birinji yakynlasmada 24-nji belgili swelleri saylayarys. DOST 8240-56
boyunca W_ =242 sm’, W, =316 sm’.

W, = 242sm" kabul edilse, berklik sertinden

M, 500

W, =———=—""_ =403 sm’
[ﬁ]—M‘ & 598 >31,6 sm’
W 242

Ne27 swelleri saylayarys: W, =308 sm®; W, =373 sm’.
Barlayarys:

M, M, _ 866 500 :
o=—2 4+ —zlﬁkN!sm‘z[ﬁ],

W, W 308 37,3

Berklik sert1 yerme yetirilyir.

o s
7.4. b My+
Berklik sertinden
M, M KD kb’
S et 3 -, —
W wa W=t WD
oM, +6M k. 36(M, +kM, |

b

Ll i

o) s A dA 0 |
I1 ki¢i mevdan ag T |
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k = —
B +
; Vg
Konsolyn erkin tarapyndaky progibi denlemesinden,

'(,-3- > . 3 L,‘- 2
[f.]: P u:DStp L Pl "-:HH{)
3EI, 3EI,

Balkanyn kesiginifi meydanyny tapyarys.

144P2¢%(k* cos? @ +sin’ ©)  dA
A =4 s g e S
\/ ‘)k"Elf“J : dk sertden,
l
k=——.
Vv IgP
7.6. No22 ikitawra.
Gyya egilminin berklik sertinden alarys:
W, =—Pi COS (D + % sing |=58,75+ 21,38 v, ;
’ 4['5] W, W,

Yzygiderli gemelegme yoly arkaly kesigi saylayarys. W /W
' W

&

e

gatnagyk iki tawra balka ii¢in 6-15 aralygynda =06 kabul edyéris.

-

Onda W, >58,75+21,38-6 =185 sm”
W

Eger y, — 1> bolsa, onda W, > 58,75+ 21,3815 = 380 sm’.

':|rr

W, =184sm’® N20 ikitawra, W, =37Ism’ N27 ikitawra degisli.
N22 saylayarys, W =232sm’; W, =28,6 sm’

290

W. 232

L=——=811
W, 28,6
Bu belgidiki iki tawranyn 10 uly normal dartgynlylygy
O ax = iz COS( + 5, sing |=16,01kN/sm’ = [o]
4w, W,

Ne22 ikitawrany saylayarys.
7.7. 6, =16,64kN/sm?; o, = —1332kN/sm?; 6 = 4,33kN/sm’;

f =1,85 sm.
Burclugyi howply kesiginifi islendik nokadyndaky normal
dartgynlylyk

SN ¢ COS (P

ﬁ=Mmua[ '“—“2]2419“108’83 (1), p=45°.

l |

.‘r !I.

AAP "«
ok
‘. o h
T\
& ‘, 5 C
AW R . ¥
BIp 45° N’ N\
b
/ N (o 4 \
N b-2%
p N\ S
\\ 22

7. 7-nji surat
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Bu deiilemeden bitarap okuil ugruny kesgitleyiris:

tgoL = }F- 108,8 =) 26 = Eg(— ].4“33') ;
z 419
A.B we C nokatlaryn koordmatlary
b-2%, WAL
Ya =Y¢= \.-"'.2- L = 2.55m >
Zy =—Z; = b =5,66 sm
V2

Y =4, V2 ==3,15sm; Zn =0,
(1) deilemi govup alarys:

-

o, =16,64kN/sm”; o,=13,32 kN/sm*; o. =4,33kN/sm".

Burclugyii m uly progibi

- P/ cosg | (Iﬁi“fp

1+ — | =1,85 sm.
3EI, \.' [ cosg

%,

7.8. a) b=0,7h bolanda, h =21 sm,b=15sm. b) N20a

ikitawra.
Hasaplayys tormula asakdaky gérniise getiilyér:
af’
W = ia (cns @-+csin®);

4
wl

W

; i
Bu yerde W

:
goniibur¢luk tigm €= E; ikitawraiicin ¢ = 6... 8.

79. o, =-2t/m’; o,=-14t/m’

= Q + M.tns’.ﬂ-.e..

A W

o) — siitiinin esasyndaky dartgynlylyk

292

A nokatdaky dartgynlylyk, Q=v-fA; A =Im*:

W==m".
6

af? 0. R.52.
{Fl.i:_ﬁf'!ﬂ‘kq—:—l.,{:}'s-l- 0 6:_84_6:_21:‘;"12;
2W 2.]

B nokatdaky dartgynlylyk

G, =—YA w1 =—8—6=—14t/m".
2W
710. o, =889%t/m’; o,=245t/m".
Diwaryh Imuzynlygyna seredyiris.
Diwaryn esasyndaky kesikde in uly we i ki¢i dartgynlylyk asakdaky
formula boyunga kesgitlenyir:

h-d®m

A L]

;
i

7. 10-njy surat
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_N+M.

8] i .
TIHAK
mif A W

|
N=Q,+Q, Q= ;h(b —a Jyf = 4,86t — diwaryii Im uzynlygynyi
ticburcluk bélegimn agramy,
Q, =ha -yl = 6,48 t —diwaryil Imuzynlygynyii prizma boleginiri
agramy. -
Diwaryn esasynyii merkezi okuna gérd egme momenti

Mz :Ql(ﬂ + pa H%]"’Q_v(g_ﬂ]"_ﬂﬁﬁg‘ =215 tm.

3 a9 2
A=bl=2m? W, = ﬂ; = 0,67 m?*:
11,34 2.5 :
()Hdﬂ ﬁmax = " 5,6? T 3,22 t.n"(l'l'l_ s

min 2 X 0.6? i

Buyerden, 6 =0, =889t/m* we o

1ax

e =245t/
7.11. Diregim kese kesigindaki normal dartgynlylyk asakdaky formula
boyunca kesgitlenilyar.

Z 27
D‘——E{I—J— y.zij - ];

1, 1y

E

bu yerde A =bh=300sm’: P=-90kN;
Y, =2,= 3 sm.

L, 8 733 0. 5 L1 b 100

Z

17 = te = ——8m~; 1, =—2= —
U 12483 s e 124 3
Onda o©=-03(1+0,09y+016z) (1)
Soriky derilemiini nola defilép, bitarap okun yagdayyny
kesgitleyiris.

1+0,09y, +0,16z, =0:
294

Eger 2z, =0; a, =—1L1sm. (M nokat) ||

Yo =0; 8=~ 5re="0:23SM. (K nokat) |

Bitarap ok M we K nokatlaryn {istiinden gecyir.

23

"*.'l

7. 11-nji surat

A, B, C we D nokatlardaky dartgynlylyklary kesgitleyéris. Bu
nokatlaryi koordmatlaryny (1) denlemé goyup alarys.

o, =0,33kN/sm? (siiynme), o, =—0,21kN/sm” (gysylma),
g ~0,93kN/sm” (gysylma), G, =—0,39kN/sm" (gysylma).
Bu dartgynlylyklaryn bahalary boyunga ¢yzgyda epyurlar gurlan.

7.12. 6 =0,6kN/sm”.
Ucburcluklarynn menzesliklerinden

295




=— =0, =30, =3-0,2=0,6kN/sm’

7.1 2-nji.surat

P( bt U ] 6/f
713. O=——|cCoso+—smaf tgo =—
d q 9

Berkidilen kesikde N =Pcosa. M = Pfsina

(33 ) marloosa+ o
Onda 0=—-—+— |=——| COSO+—SmMA |

A W, a° a

Y okardaky afilatmanyii maksinumyny tapyarys.

do Y 6l | 6/
— =—| sina, +—cosa, |=0=>tga, =—

dﬂ. =0, o d d
P ms(ﬂ il )

onda =~
a

COSaL,
7.14. 26-njy belgili sweller.

Zynjyryn dartuwy P = Q, onda bu giiyclerin dentésiredijisi
blogun okundan gecyir we dargadylandansonn N =T = Q = 40kN
balka gysylma we egilmi sezewar bolvar.

[lk1 bilen gysylmany hasaba aliman, swellerifl belgisini kesgitleyiris.
M 40-140

[o]

W= = 700 sm’

296

Gosmaca gysylmany hasaba alyp, garsylyk momentifi bahasyny
artdyryp alarys.
N26 ikisweller degisli.

W, =2-388=776sm’; A =2-4995=9985 sm’
N 40

yvsvlima darto o, =——=———=—04kN/sm"*.
Gysylma dartgynlylyk O, A 09.85
Egilmediki dartgynlylyk
M 4[_] - I"I' }
g, =t—=i% _—Q:i"f'lkNr’sm”.
W 176
In uly dartgynlylyk c,..=-04-72=-76KkN/sm’.
[fikigi dartgynlylyk o =-0,4+7,2=6,8 kKN/sm”>.
Bu dartgynlylyklar serti kanagatlandyryar.
| M, |+ M, |
7.15. Birinji gomiisli kesik ficin Oy = WI ,
ML, MME +M?
Ikinji gérniisli kesik ficin = 0, = W :

X

Dartgynlylyklaryi balkanyi uzynlygyna yayraysy:

uﬁ?{fnn:}
,--'"h"'
r 4
oyt f - B 4 ] ¢ 1 [M-i‘ H.,,}
u’bd'-..'nn }

7.1 5-nji surat
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7.16. Xy = 1 - — giperbolany defilemesi.

2
Direglerdiki gaytargylar
R,=R;=H-: l; :

Takmynan alnan nokatdaky dartgynlylyk

| e
b Heooy RH[Z—KJ-:V

g S RS & IR
A I [
B Jind
buarilatma 6 =0, 1= A goyup alarys H}’=]2hf’.

Bu asimptotlar ox we oy deii bolan defigapdally giperbolanyii
derilemesi

Bu egri¢yzgyda punktir bilen gorkezilen.
117. 12%

Yiik takyk goylandaky dartgynlylyk

P
U“ e
bh ,
Cyzgyda gérkezilen yiiklenme boyunca

P 6P¢ P ( 6{")
Oy =—+—F=—0/I14+—1]
bh bh bhi h

d, (A G 6-0,1

o, h 5
ya-da 12% dartgynlylyk artyar.
7.18. 4" =13]1sm, d" =128 sm.

T —berklik sertinden
Hasap moment

M, = /M? +M? = /12,5 +12,5° =17.625kNm.
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32M,, _ [32-17,625-10°

- d =2 | —— -
onda 1) \“I T[[ﬁ] \I' 31]43 ]351 ST, | ‘

[V —berklik sertinden |

M,, =412,5% +0,75-12,5% =16,53 kNm. | ‘

;'! 2 3 % 1
'Lin.' :1.3 l—ﬁ— ﬂ{} =128 sm. | ‘
\ 3148

119, o, =12,73kN/sm"; o, =15]18kN/sm”. | ‘
1) Sterzenm berkidilen kesiginde egme moment “
M,=2P-40=2-1-40 =80kNsm. |
|

Towlanma moment M, =0,

M, 32M,

e

v _ 32:80
onda | W Edj 3’14+43

F

=12,73kN /sm?*:

2) Haysy hem bolsa bir giiy¢ ayrylan yagdayynda
M, =P-40 =40 kNsm,
M, =P-100 =100 kNsm,

—_———

onda M i RM: +- {j?q—M: =4/ 40° + O.?g-_l [i]ﬁ =954 kNsm.

M ... 32:-954 |
=t & P . =15.18 kKN /sm".
W, 314.-4
7.20. ©; =451 kasmj; a4 =—0,56 kasmz_; oy =4,67 ka’sml;

o = 3,06 kN/sm?: o =481 kN/sm?.

we O,

M, =38-20=760 kNsm; M, =20-30 =600 kiNsm.

— m;i_ﬂ’_ 314-125°

,, -=191,6 sm’
32 32
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o= it = 00 =397 kN/sm”:
W 1913

¥

M, 600
2W, 2:1913

T =1,57kN/sm”
Bas dartgynlylyklary belli formula boyunca kesgitleyiris.

f = 4 3...[]? 1 | _= g,
o =Ei—1- VO« +41" =———397 +4-1,57" =1,985+ 2,53
1,3 oy \ 9 \

onda o, =451 kN/sm’; o, =-0,56 kN/sm”.
[I - berklik nazaryyeti boyunca

G, =06, —uo, =4,51+0,3:0,56 = 4,67 kN/sm".
[11 - berklik nazaryyeti boyunca

=

Oy = NG +413 = x.-';ié?:“;:—_il--l,i?z = 5,06kN /sm”.
[V —berklik nazaryyeti boyunga

6 =G +31° =4/3,972 +3-1,57° =4,81kN/sm>.
Ti21l. d=0635m
Denagramlylyk sertinden
R 10
Py =2 P =_5-5=2kN: onda M, =P,R, =5-10 = 50kNsm,

-+
.

Howply kesik D kesik bolyar. M. = 240 kNsm; M, = 50 kN sm.

[11- berklik nazaryyeti boyunga

M, =M +M? =1/2407 + 507 = 245 kNsm,

32 M,, _ [32-243

3 L P i s d — _'ll' - - — E
Walyri talap edyéin diametri \ 1 [G] \f 314-10

= 6,3 sm.
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7.21-nji surat

1.22. d=6sm

Wala tésir edyin giiyelerin diiziijilerini gorizontal we wertikal tekizlikler
boyunca dargadvarys.

Gorizontal tekizlikde H. = (6+3)cos30° = 7,79kN;
H, =3+15=45kN.

Wertikal tekizlikde R . = (6 +3)sin 30° = 4,5kN,
Gorizontal tekizlikde ifi uly egme moment A kesikde

MY =7,79-20 =155,8kNsm (surata seret).
Wertikal tekizlikde

MI™ =R, -20=4,5-20 = 90kNsm,

Wl R * SD R il 20
Mp™ =- ”4 +———— =135kNsm.

Towlanma moment M, =(3-1,5)- 40 = 60kNsm

—
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155,80 kN sin
450 kN

135,00 kN sin
90.00 kKN sin

7.22-nji surat

D kesikdiki jemleyji egme moment

M. = \/155,83 +90° =179,9kN -sm
I —berklik nazaryyeti boyunga D kesikdiki hasaplayjy moment

M, =(179.9) +60? =189,6kN -sm,
Walyni diametri

.53 L | 85,0 =5.97sm =~ 6sm.
o]

LE23. O=85m

Towlanma moment

| 500
M, = 71622 = 71625

n 1000

= 358,1kNsm.
M, = P;r, =P,r, ablatmadan P, = 60kN; P, =30kN.

Bu giiycleri wertikal we gorizontal tekizlikler boyunca dargadyp
alarys:

P,y =P cosa, =424kN; P, =P sina, =42,4kN.

P,, =P,cosa, =259kN; P, =P,sina, =15kN.

Bu giityclerden ayratynlykda wertikal we gorizontal tekizliklerde
cgme momentlerin epyurlaryny guryarys (surata seret).

Hasiyetli kesiklerdiki jemleyji egme momentler

M, =My ) + (M2 ] = /4187 + 2957 = 510kNsm:

M, = (M2 ] + (M2 =/3987 +31.5° = 400kNsm.

Howply kesik 1-nji kesik we M, =/M? +0,75-M? = 600kNsm .

Walyn diametri

2M ... :
d=; ¥ =3 R = 8sm.
31412

303




P. =036P=228kN; P, =0,28P=1,78 kN.

Suratda wertikal we gorizontal tekizhiklerde gurlan egme
momentlerifi epyurlary gérkezilen.

Jemleyji egme moment howply kesik ti¢in

e

M oy = M2 + M2 =31,94% +31,75% =37 kNsm.

P] ' IV —berklik nazaryyeti boyunc¢a
E . - -
: Py My, = M2, +0,75M? = /377 +0,75-146* =133kNsm,
W
32M ,, 32-133
w @=pliasir s = 6,99sm =~ 7sm.
SRR \/ :rl:[cr] \j3,14*4 :

7.23-nji surat

7.24. Kwadrat kesik 6% tegelek kesikden yeml. jilbe, :
Tegelek kesikli piirs ticin . Qé—‘._: e
g = 2 E %‘—C/L\ r
i y Mj x| 3 H ohe
(.::.-‘” )1 = 321\23 +4(]6N£‘ ] =33,8— 4o b
teg md nd’ i :;_,::;TEH ___';l_;
Kwadrat kesik {i¢in L Z 1
By M 2 M ‘ e . iy
W a° 0,2083 Akw R T s
-’ RFE T ST !
A Ay, - tegelek we kwadrat kesiklerin meydanlary. \ |
Y okardaky dartgynlylyklary defegdirip alarys: | o
A =094A,, diymek, kwadrat kesik tegelekden 6% yetil. |
B, WL L % & 'Hh-l.i'llﬂ
7.25. d="7sm. — { .+,___:_.
Walyii geciryin towlanma momentini kesgitleyaris. |
¢ N T e
2 ]
M, = QTBEE =073,8- I— =146 KNsm. Lﬂm
' " n 80
2M,  2-146
Towerekleyin tisir edyin giiye P = 5 e 6,35kN. 7. 25-nji surat

Wala radial we ok boyunga tisir edyin gliycler
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VIII bap

Gysylan sterZenleriii durnuklylygy

8.1. P, =124kN, o, =4,05kN/sm’.
22-nji belgili iki tawra licin

o =157 sm*, A=30,6sm? i =227 sm
W 1-3500 N
sterzenin getirilen geyeligi A= T meE 220> A =100,

min

Sonufi figin hem Eylerin formulasyny ulanyp bolyar.

Bl 3,147:2:10*.157

P, =——m - =124 kN;
N T (1-500)
P, 124 :
T P g, =—= :4-{]5ka5“1._.
Kt‘ltlkl dﬂl‘[g}'fﬂy@k kr A 30,6 ;

8.2. P, =145kN, o, =0,604 kN/sm’.
In kici gatylygyndaky tekizlikde

¥ . 4. ]
o = 28RO G, j = [~ :\f £550 _ 35400
12 A 12-20
Sterzenin seredilyin tekizlikdiki geyeligi
o |
Y
Irm'n 3"46
ig 2 3
21 14°-09-10" - 2880 :
Onda Piu=— o o 21400 ; 50 _ 208.6 kN

()’ (0.5-700)
[1 uly gatylykdaky tekizlikde

= / 0
] = 20 12 =8000sm”. 1= 800 =57 sm,
12 240
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_3,147-0.9-10° 8000

P q ~
" (1-700)

Kabul edydris P, =145 kN:
IKnitiki dartgynlylyk

P 145 - X
.= }:F = =0,604 kN /sm"*,

e * " tor

30 : d

— =06, bu yerde o =— =08
= SEN L S, d,

bu yerden d=0,6d_,

L, =0.1d} (1-o* )= 0,0594"

Il

t'h.l F-_.

\ n’El,, - (uf)? _0,01296d; o/
I]tlu (“'fj }1 ; TEJE[ far 0‘“59{'1:1- 1 |
8.4.Tegelek kesik 2.4% ceye.

+

" d-
bger A; =A_ bolsa, a“ = S we a = (0,886 d,
' _:'51_4 i s md”
12 32

Onda kesigin inersiya radiusy

b \/Iz \/ (0.886d)'  0,886d

= D56
A, V12-(0,866d)} 2.3 ’

d*.
|“—-H|£ ?:(—izﬂ,25d
64nd” 4

( cyeligm gatnagygyny tapyarys
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A, i, 0,256d

—

X i, 0,254

8.5. [P,]=1785 kN.
Iki tawranyii berlen belgisi boyunga tablisadan alarys:

=1,024

Im'" =260 5]]’]4_’ in’-in - 2:63 sm, A= 3715 Sﬂ'lz-
_opdl "1320
Sitiinin eyeligh M = =7 3 122.

mam

Polat 3 iicin Eylerin formulasyny ulanmagyn asaky ¢agini tapyarys.

2 2 A 1n? iy
T ‘@:\/3.14 210%_ 1
20

A, > A, , sonufi ligin hem Eylerin formulasy boyunga kritiki giiyji

hasaplamaga rugsat edilyér.

E 2 > 4 .
p =7 Elu _3147-2:10°:260 _ o0
< F (1-320)°
P 500
Rugsat edilyan ik [Pa]=—*=22=1785kN.

d

8.6. d, =20sm, d, =17 sm.
[1ki Eyleriit formulasyny ulanyp, sofi barlap goryaris.

n’E nd’ 1'—{1'1)_
SN E

64[Pdlnd 'HEFE |
: d. =4 =193 sm kabul edyiris.

d, =20 sm, d,=085-d,=17sm

pe L ds 5
Barlagy: A=, 1= 5 vi+a® =757 sm_ onda
|

Ay
e 97.5 .
7.57

S(tiinm materialyna Eylerm formulasyny peydalanmagyn asaky ¢édgi

n’E  [3,14:2:10°
e, X% 122

Saylanan siitiinif ¢ceyeligi bu cdkden yokary, sonuiilicin hem Eylerin
{formulasy dogryulanylan.
8.7. [P,]=144 kN.
Tegelegin inersiya radiusy
d 20 1-270

4
i=—=—=5sm, onda A= p - =54.
4 4 ] 5

Eylerm formulasyny ulanmagyn asaky ¢éigi

=812.

. _ |7’ _ [3142:10-10°
' \ O, \ 2.1

L ylerm formulasyny ulanyp bolmayar.
Boy egilminin koefhisiyentini komegi bilen hasaplayarys. Tablisadan

=TLE.

). = 54 ceyelikddki diregim koeffistyentinin interpolyasiyany ulanyp
lapyarys.

A=350 = @=08,

A=60 = ¢=0,71

AL=10 Ap=0,09,

A=54 = @=08- &81'—00‘-?1 (54 —50)=0,764.

Durnuklylyga rugsat edilydn dartgynlylyk
lo,]=9|c]=0,764.0,6 = 0,458 kN /sm".
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3. 20°

Direge rugsat edilyin giiy¢ [F'{l ] = A[n:r J]z = 0,458 = 144 kN.

88. d, =52sm.
Eylerif formulasyny ulanyp, nurbatyr igki diametrini kesgitleyiris,

-5

a A '64 P[HLI@ g |f67_50_ 4 '_(3 ‘ 90)

| = 4] = 5,04 sm,
o B \ 3,14%.2,1-10

Buyerde p = 2 -nurbat birtalﬁpy gaty berkidilen direg gorniisinde
seredilen.

Kabul edyiris: d =5,2sm, bu bolsa dasky diametri d=6 sm we &dimi
t=0,8 mm (9484-60 DOST boyunga) trapeseidal hyra gabat gelyir.
Y okarky hasaby barlayarys.

iziii:lj sm, onda L:EEIZ-E{Q:HR}% =90 (polat 30).
4 i 1,3
Sonui ii¢in hem hasap Eylerin formulasynyi ulanylyan ¢iginde gegirilen,

8.9. P=81kN, [c], =025 kNsm®’, ¢=0,25.

; 8 I

Kwadrat kesik iigin 1 = 55 = 53 =5,28M gnda

£ 1:-600
A= l': a 59 =115>100 we kritiki giiyji Eylerin formulasy
boyuncga kesgitleyaris:

2 A 3 ; 4

p _WEI_ 3147100180

(ne ) 12-600°

itiki dart Wk o, = P o iy — (0,75 kN/sm’
S LR e I T T ik
Onda 6], = T = (—}%5 =0,25 kN/sm®,
n, .

310

ol =81 kN.

p
|I’}.| =k =
”d

Rugsat edilyéin dartgynlylygy azaldyan koeffisiyent
)

0 o)y oDl 0.25

o] 1 |

B.10. d=19.75 sm.
Ulgamyi deniagramlylyk sertinden N = 238kN — soyegdiiki boy
livy.
2! . . f
Inerstya radwusy 1= 4
Meselini cemelesme yoly bilen isleyiris.
|-nji cemelesme @, =0,5,

lo], =0.5-1,1=0,55kN/sm*.
238

N X
Kesigiii meydany A= o] = 055 432,7sm".
d 3
l4A T
Buyverden d=,— =23.5sm —>i=—=587sm,
\ = 4

ul  1-291.5

= = 50 * .
i 587 — tablisadan ¢, '= 0.8,

o], =0.8:11 =088 > 0,55kN/sm” — kesigi kigeltmeli.

o." 5
BT WO s
2 2

6], =0.65-1,1=0,715kN/sm?,

J-nj ¢emelesme 0,

Hasaplardan alarys: A =332.86 sm*; d = 20,6sm;

1=5.15sm; A =56.6
Interpolyasiyany ulanyp alarys.
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A=50->0¢0=0_8 A=60—071

onda ¢,'=08— 01_[(]]'9 -6,6 = 0,7406,

[o], =1,1-0,7406 = 0,815 > 0,715kN /sm?.
Kesigin dlcegi yene-de uly
?; ;_% _ 0,65+ §4ﬂﬁ ~ 0,6953

o], —0,695311 =0,765

3-nji¢cemelesme @, =

A=31111sm*: d=19.93 sm: 1=498 sm; A=585

drt]

0,09
onda ¢,'=0,8- 0

8,9 =),7235

o], =1.1-0,7235 =0,796 > 0,76 5kN/sm”*.

[-p1+(pﬁ :0?1

4-nji gemelesme ¢, = S

o], =0,71-1,1 = 0,78kN/sm’,
A =305 sm”; d=19,74 sm; 1=493 sm: L =59

P,'=08— 5}[? 9=0,719,

o], =1.1.0,719=0,79 ~ 0,78 kKN /sm’
Diymek, d =19,75sm kabul edyiris.
8.11. [P], =689kN; a=124 sm,
Tablisadan alarys: 1 =2330 sm®; I, =187 sm’;

A=288sm*; y, =2,46sm.

312

[n ki¢t inersiya radiusy

whely f = e
boin =1, =q4— = J——— =899 sm_
y A 2-28.8

[-500 557
8,99

e
:

—
—

Stitinin geyeligi M =

min

Interpolyasiyany ulanyp, tablisadan tapyarys ¢ = 0,749
Rugsat edilyén yik [P], = Ag[o]=28,8-0,749-16 = 689kN
swelleriiaralygyny I, =1, sertdenta pyarys.
2:2330=2(187+b-288} b=8,64 sm

onda a=2b ~2y. =2-846-2.246= 1236 12,4 sm.

8.12. a)23,1m; b)23.7m: ¢)20.2m.
Sterzenui kritiki uzynlygyny kesgitlemek licin Yasinskiniti formu lasyny
peydalanyarys:

( F‘] A HEE[miu ; 2
Qb e = (1o} bu yerde p=1,12; q=7A
1)

s _ T BhL. n°End’ -4 3.14%.2.10* .10

I = il

YAR®  64-ynd’ -1 16-80-10-°-1.12

- =0,0123-10"

b 10°3/12300 =23.1:10%sm =23.1m:

: 3,14°.0.7-10% 102
Nl == =0,0132-10" = ¢, =23 7m:
) 16-26-107" .1,122 S .

kt

;3147107 -10° ;
3 &= -=0,00822-10" = ¢, =202m.
SR T T e ol

813, 140%140x9 burcluk, A =247 sm-: 1, =4,34 sm;
N, = 1,95
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|

Fermanyn gaytargylary R, =231 kN: R, =269 kN:

N, = —A —352 kN.

' sin

' S enith F"F—é-i - = 5,31m; A——N -
sinf3 =0,657; sterZeniii nzynlygy ° =T A olo]’

cosPp =0,753.
Boy egilmiinin koefTisiyenti boyunga hasap geciryiris.
A

l1-nji cemelesme @, =0,6; onda A = 36,7sm’; A= > ~ 18,4sm”.

et

DOST boyunga 100x 100x 10 burgluk A, =19,2 sm*;
=3,05 sm; A =174.

I min

0,26—0,23
(P|': 0126 =~ 10 = 0.,248.. P = O,G—dﬂn knp
tapawutlanyar.
¢, +¢,
2-nji cemelesme @, = 2 ps P _ 0,424

A=519sm’; A =26 sm’
DOST boyunga 125%125x12, A, =289 sm*; i, =3.82 sm;

_ 53}
3,82

A =139; ,'=0,36.

P, ;‘P.z_ =0,392; A =562 sm’;

3-nji gemelesme @5 =

A, =281 sm”.
140 x 140 x 9 bur¢hagy kabul edyiiris.
A, =247 Sm”: 1. =434 sm.

314

N 52 3 531
onda O = T ETY =7.12kN/sm*; A = mz 122;

| L)

= 0,44,

¢|}

Tkl

1ol =0, ‘[0]=0.44.16 = 7.04kN /sm”>.

Asa yiiklenme 1%-den hem kop dil. )
Kabul edilen kesigin 6l¢egleri boyunca durnuklylyga itiyaclyk
koeffiysiyentini kesgitleyiris.

o, = —t;— A > A, Eylerii formulasyny ulanyarys J

_n'E  3]14%-21-10

Oy - =13,9kN /sm”;
| e (22 <IN /sm ‘
13.9
ng=——=1.195
7,12
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IX bap

Dinamiki we dowamly yiiklenmeler.

9.1.3.58 sm; 3,74sm.

N . + 2h 29
Yiiki galdyrmagyn tizlenmesi 2 = e =2m/s”,

Urganyn hususy agramyny-hasaba almazdan berk bk sert

Als]= [{Hi]_

bl

I o

P a 50 2
’ A=-——|1+—|=—] 1+ Iﬂ!)?qm
Bu yerden [n']{ gJ 6 [ 9. 81]

4A 4.10,03
. dz,/—z —— =3,58sm
onda 3 \/ 314

Urganyn hususy agramyny hasaba alarys:

P( HJ { HJ
[::r]=—— L+ =Pl 1+—|
Al 8 g
Bu yerden
a i
F(H } | 50(1+
g 9,81 i

’  §
[q]—yﬁ(u‘—i-l 6-70-10"° 2 :

-60-10
1411
d=_[—— =3,74sm,
Onda 314

9.2. [n|=1090ayl/min, A?= 0,251 mm.

0-0 okdan x uzaklykda uzynlygy dx elementi béliip alyp, onun inersiya
giiyjiini kKesgitleyiris:

316

vyAdx
— (1) X

u
mn kesigm sitiynme dartgynlylygy

P, f (72 fge
g P fdpl 0 I ym* xdx _ Yo ( Lt
A A o 2¢ L - :
In uly stiynme dartgynlylyk x = (0 den bolanda bolyat:
is® 3
B = I [E‘F]:‘l’- [m] = Sg[ﬁl :rr:_[p] [n]— 1090ayl/ min -
8g ,f * 30

| lzynlygy dx bolan sterZzenmiuzalmasy

il 1 2
dAl = avdx —— o —KI dx -
E 20E\ 4

Sterzenin uzalmasy

£ /2 ¢ 2 2 ‘
(2 {
A =2 “d‘_zj L ( -xz]dx=
S | B o 2eE| 4
Yo pz k _F_T[znzﬁ.

— 51 =0.,0251sm = 0.251mm -
12¢E  12.30 .oF

$3.d, =31sm, d; =3.93sm.
Inersiya giiyj gosulanda garsylyk agramyn boltlara tésiri

P =pl1+?]=a2l 1422 |=4842 kN
d g 9,81

P 48,42
A boltlaryn kese kesiginii meydany A= 2[;] = .39 =7,56sm’ (1ki
bolt).
. 4A,  [4-7,56 i
()nda onun diametri \ " \. 314 J,15m.

317

—E— e — —_—




B boltuii kese kesiginifi meydany

P 48.42 "
Ay =+5=—2"=12108m" (ili becrmea’
B ['t] 5.9 (ikikesme).
4-1210
dy = " — =3,93sm
3.14 :

94. ¢ . =0,149kN/sm*, o . =2.56 kN/sm".

MaAX iy

Balkanyfi agramy G = yA/l =24-10° - 20* - 600 =5,76kN,
Inersiya gliyjiinden balkanyti dinamiki viiklenmesi

p =["T+3]G ~1.6:5.76 =9.2 kN
d g

P, 92
Balkanyti 1 metrine diigyin yitklenme q = Td e 1,53 kN/m

55 5

2

9.4-nji surat

Balkanyn egme momentlerii kesgitleyiiris.
Urganyn berkidilen kesiginde M, =0,77kN - m
Balkanyn ortasyndaky kesikde M, = —1,83kN-m
Balkanyi maksimal dartgynlylyey
M, P, 183-10° 92

=0, +0, = + =
W 2A 1333 2400

X

b’ I
Buerde W =-—=133%m’, A = b’ - 400sm’

318

=0,149 kN/sm” .

V2P, /2.92 vy
Urgandaky dartgynlylyk O, = 4A] Y 57 2,56 kN/sm*.

9.5. 1=10,9kN/sm".
Den hayallanyan hereketde mahowigin burc tizlenmesi
e=w"/20=754"/2-2-20-3,14=22,6rad/s’.
lowlandyryjy momenti
M 5 mie = 200-0,6-22,6 =2716 Nm = 2,716 kNm .
Cinltagma dartgynlylyk * = % = lﬂ; = = 10,9 kN/sm?,

p

bu yerde W, =0,2-5" = 25sm’.
6.0 =2178kN/sm~.

m _ 3,14-2800
30 30

Normal tizlenme a =mr=293%.0,075 =6441m/s>.

Kriwosipin burg tizligi © = = 293 rad/s,

siatunyn kese kesigmin meydany A =2-30-4 +32-4 = 368 mm? :
Inersion yiikiin depgini

] 4
*"IIH'I'I.EL"L :?Aa“ ;Z?Rl{) 9 ‘3,686441'102 'alg—lz

=0,188kN/sm =1,91-1072 kN/m
Situnyn 1 uly egme momenti
_9max?’ _ 1,91-107.0,25
15,6 15,6
esigii inersiya momenti
30-40°  26-32°
12 12

M

=0,75kN -m.

| =89sm*,

319




Kesigin garsylyk momenti

| 0

W, =-X%.2= 8‘—-2 =4.45sm”.
b 4,0

In uly dartgynlylyk

Mid . “ae. s 725 065:30
max e == + —— -=21,78kN/s 2.
W. A 445 368 -

9.7. n=106ayl/min, f,"=2,4sm.
Sterzen BC aylananda, merkezden das lagyan inersiya giiyjiini P,

tdsirinden egilyiir. -~
2= &) . . Pi"f-'lJ :

= g WT buyerde r=a +f o e -;EI_ — B C sterzeniii P,
giiyeden 1 uly progibi.

bh"
buyerde | =— .
u yerde 3

-3

P = 1.P I St P¢
o L 28 £ 20

g g 30°g 3EL.
Pa
Bu verd P, =— = b d
ayeracn ry BOLg py’ ( }
t°n®  3EI
M AP .
BC sterzenin berklik serti &, = — ™ = "4 < [ﬁ] W= = .
W A% 6
W
Onda P, giiyjiifi airygék bahasy P, = Lﬁl— (b)

(ﬂ] we (h) afilatmalary defesdirip alarys:

320

30 | " ggp?
T L

| ~ AL
i ; 6P¢ y: +: e
\ll [G‘] 3Eh

s~ = 106ayl/min

H( sterzemil mi uly progibi
p.e (% 2o}’ 18- 40°
£ _lolwer 2s]* - 2:.18-40% o

4 IR L3EI 3Eh 3.2-10°-04

0.8. |w]=324rad/s.
Dendleegh aylawda merkezden daslasyan inersiva giiyjiin depgini
ugikdaky yaly bolyar.

|

2 '_Y. '_1_,
DE bolekde 9, = Mo [ = - O

(D bilekde noldan (C nokatda), q.,(D nokatda) genli ¢yzyk kanuny
esasynda yayrayar.
- — ‘ = L-[in (
Direglerdaki gaytargylar R, = 5 Ry =g, ¢
Statiki kesgitlenyén tekiz carcuwanyii egme momentinisi epyury
suratda gorkezilen.

-

l I]}}“l-dall MIT‘I.’-J."\. —: qt]] . tﬂ"

AB bolegim berklik sertinden il uly rugsat edilyin bur¢ tizligini
K t‘hgi[ lﬁf}:’ﬁriﬂi

¥ ms : nd?
(%] ‘;:PJ;H < [ﬁ]:} [M I“EIF.]: [G]W - [ﬁ] i 2
1 3
10- 202187 smn N .sm
32

Basga tarapdan

A . _ﬁ'i .1.82
M :ﬁ]!—lzﬂzf“'j:?8—]E i

ax g 981-_4 '

321

30° @ =0,545-10 2?2 .




Onda 0.545.107 [mF = 5,72, Buyerden [m]:32,4md/’5;. 4

Dinamiki durkuny tiytgetme A?, =k, Al =2- =T 0,0765 sm.
%11 A, =483 mm.
R~ L R, oh
B Urguda dinamiki koeffisiyent Ks =1+ 1/1 BT,
{ sy - = ﬂ-‘“
;
5 It_“ SRS el PR A SO
E Bu verde h =1mm :ﬁ,l = 2mm we 4§ =1+ e ’
. . : A 5
SFe Gpom =
Ao =k, A, =241-2=483 mm.
9.85nji surat 9.12. d=2,53sm, d'=2,26sm.
1 2 |<[o]
9.9. 6. =10kN/sm?. |) Takyk ¢oziiw Oq = Oy| 1+ l+ﬁ— S|0
st
Oka tésir edyén giiye
> 2h [s]) . [o] 2h
p 2H 2r [‘“ ==l =20 =14 28
P =P+ 2 :P+—-2gH=P[I+~—J:P(I+2 'J: | (\/ J (G ] e il
r I.g | r | T | sl &l
= =1.2
0,25(1+4) =1,25 kN IH [ _hEA do e
Mayatnigiti okunyii ifi uly egme momenti B o e = S 2T,
PL 1,25:2%5
M, :? = — Z = 7,8kN - sm, 2h o
2) ‘r"’akyn[ammlan ¢cOziw G4 % R [G]
32-M_ 32:7.8 > st
g = = = — = 10kN/sm*
ﬂﬂdﬂ max n_dj 31]4 - 23 -

2.10. o, =10,2kN/sm*, A¢, =0,765 mm.

st

[ﬁ]]z :ﬂ:[[n}.af 2hEA

=—"— — A =4sm* =d'=226 sm.
8] A T P Pf

Birdenkd goylan giiye sterzende k 4 = 2 denibolan dinamiki giiyyi 9.13. 6, =1543kN/sm?, ¢ =16.7 kN/sm?
136, =15, A .

doredyir, yagny P, = 2P. |) Urganyn agramyny hasaba almazdan. lebyodka birden togtadylan

i 8P 8-25 > v’EA
1 Oy = —— = —— = —~=10,2kN/sm* TR S | -
[i uly dartgynlylyk O . A nd’ 314.25° ; vagdayynda k; =1+ Y onda
322

323




p 'Iv EA | 50[,  [160%-2-10*.10
[Td — Gb‘-l . kd = 1 | = | +
| gPe \ 981.50- 24000
bu yerden 6, = 15,43 kN/sm".
2) Urganyi agramy hasaba alnan yagdayynda

ki =1+ II \"IEA tetil (“)m}_r TA (
L T T e _— —
! \| gP o1+ B) P — urganyi goterilen massasynyi 3 3
VAL
uryan jisimiit massasyna P /g bolan gatnagygy P = '3P = (},125.

ot

Urganyn hususy agramyndan déreyin dartgynlylyk GHL =y,

Lebyodka togtadylandaky dartgynlylyk o 3 - S kl, .
§ oo it 0L P | v’EA
Gd—ﬁst-i‘ﬂ'd =yl 4+ [I+ i ]
A Pl +
- \ gPe(1+p)
=1,87 +14,83 = 16,7 kN/sm".
— : q = :
9.14. I‘Et 0,355sm _ oot 5,87 kN/sm”~.

Gliyg duydansyz goylanda dinamiki koeffisiyent k, = 2, 14-nyi belgili
balka ligin T_ = 572sm*, W_=81,7sm".
Statiki goylan gitycden balkanyn in uly progibi
D L
“ "3RI 3-2-10*-572
Dinamikiprogib f, =f, -k, =0,1775-2 = 0,355 sm.
Dmamikidartgynlylyk M =Pf=1,5-1,6=2,4kN-m.

max

=(,1755 sm.

2
M. 2.4 )
0; S0, ‘K, =—— k. = A -2 =5,87 kKN/sm~
| W 81,7
324

9.15. T =9kN/sm?.

TN

Walyn kesigindiki towlanma momenti energiyanyi balansyndan tapyarys.

Birden togtadylanda T = U

. L& Lo '
P _'-’—? - —hereketin kinetiki energiyasy

M
20

/

=3

U =

— durkuny tiytgetménin potensial energivasy

e

P

[(w® M/ -Gl
—=—% M, =0 =
2 3G, ¢

QD s
l, = » — diskift massasynyf inersiya momenti

() — diskm agramy.

k H Il
(n Tmr-. = = ﬂ],
nda ) 1”' /A

J I, = *" 16° DE
Hu }fﬂfdﬁ w; 32 (T[d) Tﬂd" A Q

2 2
=S SO e

8¢  8.98]
3,14-15 :
() =—— = 410:15,?5'-
30 30 ‘
nd”  3,14-10°
A= =200 o 98.5sm?,
4 4
21,G 2. .8.10° :
L =@ =m-\/ S Bkl =9 kN/sm~.
Imnax ﬁA _'}_I_SU . ‘]’3_‘5

9.16. v =117sm/s.

325

= (0,88 kKN :




Balkanyn statiki progibi, 5 kN giiyeden

: Py s
i, = ‘-fd:i-2=0,2225m
P, 45 ?
0 k fd 2 {_} k ] ,l 1"-2 'l.}
nda g == =3 one = 1+ —=3
£, 0222 Y V' ef,

Bu yerden v = \/|(9~1)" —1]-981-0,222 =117sm/s.
917. h=4 sm.
16-njy belgili iki tawra balka {i¢in

o

[,=873sm”. W_=109sm".

P’ 2: 30[3!1t

Balkanyn statiki progibi { =0,0644 sm.

48[:1 48 2.10*.873
Balka yiikiin gagyan yerinde pruZinifi ¢okmesi

A e 257 .10
QS B 4PR{ LA =0,3125 sm.
2 2.Gr*-2 12.8.10%.14.2

Balkanyi berklik sertinden

T4 =04 'kd E[G]::}I B k _[U]

]

| + —

: . ; ¥,
kd:4wx[cs]jl+ 1+,,2_h_41n9 L 2h
P/ £, 2300

Bu yerden h = 3,586 sm.

Pruzinii berklik sertinden t, =t -k, <[],

2PR 2:2-5
2-7r° 4 9.314-F

k

=20=k,

d

1+ |14 <8 -=6,28= h=4sm.
{}3]2‘5

326

0.0644 °

0 % - - a
L18. £ =925sm, o, =37 kN/sm~.

y P¥E
Balkanyi egrelen okunyi defilemesi ¥ =

El

L4
Ik gezek integrirlip we hemiselikleri kesgitlip alarys:

P? ( x FES g3 | 3 19

"Bl IL_-r‘ X+ _J [y= L l,5sm,
21 ol B 2 2EI, 9.9.10%.5.23
- >

Y= hE SR
PE

Balkanyf kinetiki energiyasy

. 3 P g fi" X 4 P}'f : ) {‘“ & PF‘“ I

| = j}— V, £--T1—-)—clx =—V, j—( X) dx =—V, =
- -‘}:}_1 f lg 0 F. jg S

Massanyn getirilen koeffisiyenti k = 0,2.

Balkanyn agramy Q = 2x100-78,5-10" 6 = (0,0393 kN.

I
1

Dinamiki progib

r =51
=
I | — f:.;,j ]‘i’ / _h — —=-
Ihr-,i (l - kQ]
N s
! 2-20 £
l..h'" I'l‘ - - = — : = j” !
/ <[ (. 0.2-0,0393 AR
3 1 +
a Lagemr
$) ™ 4
hyr‘m:xﬁlﬁ ]!} q ’-}5
Oy ===Se== =37kN/sm”.
¢ I[Hl




9.19. 41% dartgynlylyk képelyir.
\/'Zlﬁu

'l} ld:}"sl‘kd:ﬂzhlﬂl ’kd: A H :

-1

P 2bA, P-42h A, P2h
ﬂ'dzﬂ '1{{] = —- - som *

J A A, A bl TR

st

2) Eger meydany iki gezek azaltsan
2P+/2h

&

ﬂ—g, }”51 _z_JP{?'EA —i—lq_l
Onda ., \ EA-2P¢ 2 -

9.20.1) ®, =2194s ™', t, =0,028635;2) 5 =21935"!.

t, =0,02864s .
|) Diregin agramyny hasaba almazdan, yrgyldynyi yygylygy

P/ 100 - 80 -
AL ’ 2 4'1 =0,0204 sm
© ‘EA 210" -314-5°

" g gEA gl:"m:d2
L pa— p— p— e
ONAL P{ -y 4P¢

Jersn 2.10% .314-5

=219.4s"";
4. 100 80
2t 3,14.2
. T == = (0,02863s.
onda period ‘o = 219 4 >

4]

2) Diregiil agramyny hasaba alyarys:

328

A\ =Al + 1’5_ - 0,0004+ 15 10” 80° =0,02;
<k 2-10%
| e 4
onda o, = ,_g ol 219,35
Vae, V0,02 ;
2 2.314
, == =222 = 0,02864s
®. 2193

9.21. 1,=0,048 s, » =131s".

9.22. 9.21 meseledenm,, = 131!

Mejbury yrgyldynyn yygylygy
mm 3,14-1300

W=—= ——— =136,2s "
30 30
Yreyldynyfi 6sme koeflisiventi
|

i:r 5 _———I——|2ﬁ35

o) 4 [1;’:(}2]_ o

0 L5300

0 H 80

Dinamiki koeffisiyent Ka =1+ ﬁ: ld 5B Son 1235= 298,
oy H |
h{‘, 6 , bu - dwigatelm yarym agramyndan kro nsteynm statiki

deformasiyasy.
0, -mejbury giiyjiin yarysyndan kronsteynin statiki deformasiyasy.
In uly dartgynlylyk AB piirsde doreyiir.

P _ 10-2,98

O =2k, = -=0,298kN/sm?.
“ A Y 10410 :




9.23. Aw=357%,174,72kN/smv’, A =10,8 mm.

9.24. m=234s".

Magynlaryn agramy bilen balkany yiikleyiris. P, = m,g = 5kN,

P, = m,g = 15kN . Direglerdiki gaytargylary R , =8 3kN ,

R, =117kN kesgitkip, berlen gliyclerden egme momentmi M,
epyuryny guryarys (surata seret).

Giiygleri goylan nokatlaryna birlik giiycleri goyup, birlik giiyglerden M,
we Tu_rf[: momentlerin epyurlaryny guryarys (surata seret).

Epyurlary kopeltmek usulyny ulanyp a?*we a , omuny tiytgetmeleri

kesgitleyiris:
1|1
a 2—{—+2-16,6*§+v] -.’2*16,6--]—9+l-2-'-..'f.:?l,-f-l-§+1-2-23.._~‘-l-i .
El| 2 9 2 9 2 9 32 9
onda 4, = 6—4-& =17.03-10 "' m.
El
. * | [l - ' Sonuri yaly-da
E-F
:%J -t j‘ a, =-6-?:13‘2-10"‘m.
- El
b : !*Hl'-
W : a, we a, bahalaryny Releyir
v formulasyna goyup alarys:
Nt
. 43 0 = \/ZIHIHL e 23..4S_|
2ma;
"‘\l/{”&""
43

9.25-nji surat

9.25. », =16,4, ®=99,5s L diymek, rezonans hadysasy bolmayar.

Birlik momentden walyn towlanma burgy

L A T

Gl, G-nd
Walyti erkin yrgyldysynyn periody
t =211, 6 =2-3,14,/31-3,05-10° =0,061s.
Waly erkin yrgyldysynyi yygylygy
l l

(£} — :_—- — 16?45_I;
v % 0061
Walyn mejbury yrgyldysynyn yygylygy
o mm 3.14 -950 _ 99 55~ :
30 30

> @, ; rezonans hadysasy bolmayar.

9.26. v,, =117km/sag.

4PR"n
Pruzinin ¢cokmesi A = — =1,53sm.
Gr
+S 50+35
Buyerde P = QS e 10,62 kN.

Wagonyn erkin yrgyldysynyi periody

B 6.28,] L33 _ 0,247,
: g 081

Onda yrgyldynyn yygylygy

1
UL S SR Iy ek

° Tt 0247 min




D

®-60/ 243-60-8

Wil = = 117km / sag. | -
“ 1000 10’ = Tmin =675 = _85ka /sm?
9.27. ¢=0,255sm, o =1265kg/sm". Tax =390+ 675 = 1265kg /sm?.
Q 21‘!00 =5 S8k 2y 2.28. = 302
Dwigatehint massasy ™ = — = JIKE S /sm, : <
igatelin Y g 981 K{*-ru-..lrtlkr-:lyun}ﬂi statiki progibi
Birlk giiycden yiikiin asagyndaky balkanyn progibi Rpt= P¢ £ ___001- 20° -12
¢* 1-350° = 3R i o =108-1072
0 = 28, ; -=891-10"sm/kg, - " 82210 0,37 -5 .
48E1 48-2-10°-5010 OnStruksiyanyf yyeytygy
Erkm },frgxr’[dynyﬁ yyeylygy [ e
() = l!_E_ . ’___ ggl '%H") 1 |
| _, — 2N
W, = - =606,55 4 \[Jal \ LOS .10~ 2 |
me J2.55-891-10° i |
, w o=
Mejbury yrgyldynyii yygylygy ‘Zdilifﬂq + 1=0,00587s, n,, =10223ayy/min |
YR yrayldysynyn ,
oo _314:540 oo kesgitleyiiris }f}fwlywwasakdakymk},k formula boyunca |
30 30 !
Mejbury yrgyldynyn amplitudasy oW = E;_ / El. g
rl"_' L]
=2 l o l = 0,255 Satunvii kesio \ P
R i o2 — 2 " 255 ' (ﬁﬁ:,ﬁ“‘ =BG - 2535 sm. »alunyn Kesiginir Inersiya momenti
Bu amplituda ekwiwalent statiki giiyc degish - 2_ _bi 3 ht:f n 1]3“ t - ( —Et)%
; 9 9 ——— =
P === U — = 2860kg = 28,6 kN. e D 12
o0 891:10” 3.0 53 o
Bu giiyjiifi egilmeden doredyéin dartgynlylygy 23— I_"_ +3.05.2 952 U4 4’ 1737
. - R (5 _ t¥2ism I
M P ¢ 2860-350 5 g y 12
G = —=675kg/sm~. '|
W 4W  4.371 114z o -y |‘
Dwigatelm agramyndan doreyin dartgynlylyk Onda ® = :*_I4 F I[}4 |7' "‘?7 I~3'31 - 1070 |
— g
M_Qt_2500:350 oo . 2 ol \J 0,035
g = W . 4W T g/sm” . Lu UNYyTi IlllbLIS}’ }q*g}f']d}’ﬁ}myﬁ Ij:u;-.]'i{].d};1
Normal dartgynlylyk asakdaky cikde tiytgevir, ' =0,00587s " :

Dwigatelii kritik; aylaw sany

332




— ]Tn[-;[ -
o, =—==1070,

30

-

107030
r 3.14

9.30. M =300 kN -sm.

A

i =10223ayl/ min.

G—i

g o g Cj'r =
Sayyn ¢cydamlylyk ¢éigi © 1 s

oy, =1+ qloy, —1) - konsentrasiyanyii hakyky koeffisiyenti,

&, - konsentrasiyanyii nazary koeffisiyenti,
q- materialyti yerli dartgynlylyga duygurlyk koeffisiyenti,

o, = L5 bahasyny %; = 0,125 baglylykda tablisadan alyarys,
q=0,36 bahasy ¢, = 45 kN/sm’ baglylykda grafikden alynyar.
Onda o, =1+0,36(1,5-1)=118.

o, =156 - masstab koeffisiyenti, walyil diametrine baglylykda

grafikden alynyar. '
Ohidid O+ = . =11,95kN /sm°
o Al T e

: L] o 1,95 .

Rugsat edilyin dartgynlylyk [Gf.ﬁ]= l"'“ =1 — =5,97kN/sm"~,
<
_ _ ¢ | nd’ : .8°

Berklik sertinden M, = [ _IHJZR = 227 j-;m : = 300KN -sm,

93.3L.n, =4]1; n, =15.
Hasapda kabul edilen: y, = 0,06, a_ =2, $=092.

o

sayyn konsentrasiyasynyn effekt koeffisiyenti Kos = ef

334

9.32. n=21,1, =35

S e " : =15
Gatnasyk /',ff:[ =0,05. Grafikden (Ko )Ij—-z =19, [kTJ?—.: g
D S
-=—=125 {icin
d 40 i

LI

k, =1+ (k,)o _ -|]:1+U,35[1,9-|]:1.??;

K. =148 (kt}n::,__ —|]:I+O.S[I,S—l]:l,4.

Grafikden e, =¢_ = 0,85

Normal dartgynlylyk boyunca ¢ydamlylyk ¢iiginifi berklik koeffisiyenti

il ﬁ_lk = 22! A
yo.+—o 0050+-—-5
: gl 0,85
Galtagma dartgynlylyk boyunga
n=- T"k ~a b ¥ =17,3.
YT, +—1, 0,05:0+—-]
il 0.85

( ydamlylyk ¢égi boyunga dtiyaglyk koeffisiyenti
e N1
Jn; it i I8 \/2,2" +7,3

Nn=

Akyjylyk ¢igiboyunca étiyaclyk koeffisiyenti,

. 30
n_=- i — =6 n_= “ak :1—8-:4,5;
GH] —l_ ﬁ:l. :} -' L TrI] T Tu 4
6-45
. N =— " =3
Onda \/ﬁj +4$52
335




9.33. n, =129, n, =2,13.

3 ] 3 ] - ﬂ ¢ .
a,, =l +l)=(_‘ 4%6_001 .0,04(1 +0,28)=
[11 uly tizlenme . 30
=2,02-10"m-s*
Satuny dartyan inersiya giigji P, = (m, +m__ }-a,_ =14,1kN.
Gazyi basys giiyji
_ 314-78°
P, =F;-A, =5,5- 4?8 = 26270N = 26,27 kN.

Bu giiy¢ satuny gysvar , sonuii iicin hem tersin bahasyny alyarys. Satuna
tasir edydn ok giiyn P, =14,1kN; P =-2627kN .

Assimmetriya koeffisiyenti P = Pmi“ =—1,86.

X

Dartgynlylyklary kesgitleyiris (A = 1,555sm? )

Foe 141
Q.. == =9 [}?I{Nz‘am
A 1555
P ~ 26 )
o = Dmin _ 26,27 _ _1689KN /sm?.

e 1,555

o] : 5
Sikliii hisiyetleri: Amplituda &, =—— ~m—12,99kN/sm?,

O + ..
Orta dartgynlylyk o, = —=2 > min — _3 91kN /sm>.
Atiyaclyk koeffisiyenti

8]
n, = = — = <0 —=1,29 < [ﬂ]._,
k.o, +v.|o.| L11-12.99+0.286-39]

336

k 1,27

| o o kﬁ - ~ e - ].,l [:r
u yerde k, -k, 088-13

Polatiigin _,_ = 20kN/sm’, ¢, =36kN/sm’, 6, = T0kN/sm".

& 20
a Y, =—==—=0,286,
(Onda Vs ;1 70
Statiki berklige dtivaclyk koeflisiyent:
tj'L'I. 2{}
iy = ‘ﬁ ke 16.89 =213 _ rugsat edilyér.

J’/Mﬂy
/ Lz
%
[
9.33-nji surat |
9.34.n = 1,54.
I uly normal we galtasma dartgynlylykiar
M, 1
I i ~=6,4kN /sm~;
W 0)-§
M, 64 : >
L = — = ——— = 2,56kN/5m>. |
W, 02-5
Normal dartgynlylyk boyunga dtiyaclyk koethisiyenti
9, |
n_= Cih i = - . B = 1,6).
. G-:II]'.!.J-'. kﬁﬂ ' Em ﬁmu_ﬁ 1?8 i ]‘38 : l-"(’]? ) 6'-"4

337




Buyerde k_ =18, =1,07, ¢ = 1,38 (tablisadan).
T, we T, kesgitleyiris:
T, =0,586_, =0,58-28 =16,25kN /sm>.
T, =0,580, =0,58-35 = 20,3kN/sm?.
Towlanmada gydamlylyk ¢igi (simmetriya sikli)

gy . 16.25
kK. &, B 18138107
Pulsirleyji siklde towlanmada ¢cydamlylyk ¢égi (k= 1)

_Tpll+k)  6(1+1)

= 6kN /sm~.

Tp =

= 11,4kN /sm*(S = 120);

Tr[} =
Lp 0 ;
—=+1 == 41
S 120
Galtagma dartgynlylyk boyunca dtiyaclyk koeffisiyenti
0, = L =445
T 2D

Berklige umumy itiyaclyk koeffisiyenti n=1.54.

GOSMACALAR

|-nj1 gosmaca
Materiallaryn fiziki-mehaniki hiisiyetnamalary

Mayyseakiyk | Shygme dlIkI'Efli}f Udel
, moduly moduly | .. A ,
Maternial .5 4 | Gytgetmanin agram,
e, 10, koeffisiventi, | y kN/sm’
MPa MPa sl -
H
Polat:
Uglerodly 20...2;1  [80..81] 0.24..033 78.5
Legirlenen B 8,0..8,1] 0,25...030 [ 77.5.. 78,5
(‘al coyun 0,78 ... 1.5 4.4 0,23 ...0,27 68 ... 76
Brilngh 0.75 ... 120 ! 032..035 | 87.6..882
galayy
Sozulan mis 1,0 ... 1,1 43 0,28 ... 0,34 894 |
Garyndylar:
| Alyumin 0,69 ... 0,71 2,7 0,33 26.4 ... 28,0
Magniy 0,39 ... 0,44 - (0,34 17.6 ... 18,0
Berkhk ¢iigi
20 MPa | 0.182...0,232 - 0,16 ...0,18 -
g Ty 0.09..0.15 | 0,055 - sl
suyumine (sosna)
Tekstolit 0,04 ... 0,06 - - 13... 14,5
| Winiplast 0,03 ... 0,04 - 035..037 | 13,8..14.3 |
0,045 ...

Kapron U.{ilj{ .. 0,020 0.048 035..038 | 11.0..114
Ayna siiyiimi 0,35 - 0,29 17.0 ... 18,0
Poligtilen ND | 0,005 ... 0,008 - 0.39 02..97
| Kauguk 0.00008 ar 0,47 -




2-nj1 gosmaca —_— —. X
Materiallaryn mehaniki hiisiyetnamalary - 2-nji gogmacanyn dowamy
- 1 2 3 4 5 6 7
Berklik ciigi Akgégilyk Otnositel| - Cydamlylyk ¢agi, MPa Mg
Material ; ' uzalma A —
ou, MPa Oy, O, 5. % 8 3 3 20H 720 ... 850 | 400 ... 650 12 - K 170...230
MPa : 3% le O-1t 380
2 : 4 5 40H 30 . 105 - 240 ... 320... " o
! 3 6 7 730 .. 1050 | 650...900 | 155 24D o | 210..260
Adaty hilli uglerodly polat 45H | 850..1060 |700..950| 9 : | 250
- 310... | 46
St2kp | 330..420 |200..220] 30..33 10HN | 1000...1450 | 800..1300 | - _Eu I ’
St 2 ps _ 120...160[170..220 | 80...130 B 8350 . ' 48 |
340 ... 440 20 22950 A 30 HGS. 50 ... - .
St 3[55 370 ... 470 220..240 | 24..27 " 25() -~
60 G 710 420 ¥ iy : C
Sézi;s 380..490 |230..250 | 23..26 |'20:--160]170..220 100...130 ~ 2L
Stdps | 410..520 |240..260] 22..25 Tomlant | Cal we yokary berklikdiki coyun
SLAPS | 420540 |250..270| 21..24 S & 2o CCI8-36 | siiynme : : 35 90 :
(sp) 5 180
SUOPS | 500 640 |270.. 290 17..20 | 170,220 |220.300| 130..180 I Eglime
_(sp) i o _ [ 360
i 600 300...320 | 12..15 |190..250 |250..340| 150..200 : (ysma
(sp) - 250 |250... 50..2 r = o
" CC 24-44 sitynme : = 65 120 100
Hili yokarlandyrylan uglerodly polat (kadalasdyrylan) L 240
_ _ Egilme L ]
1200 | 160 440
10 340 ... 420 210 3] 4 g | 80120 | e e
, 20.. | 170 1000
20 420 ... 500 259, 25 160 70 100,130 CC 21-40 Silynme . - L 00 80
210
-
30 | 500..600 | 300 21 il e I TEY Egilme
180 | 230 - i
40 580 ... 700 340 19 240 | 30g | 140--190 Gysylma —
s | 610,75 360 16 190... | 250.. [ o0 500 S T
¢ g 250 340 b AC 45-5 Silynme 330 5 . 13{} "
- 2
50 640 ... 800 380 14 i Sl T | 450580 |
204) 350 Egilme
20 310 o
60 690 ... 900 410 12 2‘_‘,’ | e | 188220 . 650 ... 750
280 380 i Gysylma |
! 1800...2000
340
341




2-nj1 gosmaganyn dowamy

2-nj1 gosmacanyi dowamy

_ i - 3 R d 5 6 7
1 2 3 4 5 6 T ' : .
AC 50-2 Siynme 180 5 : 300,220 | 170210 Metal diil materiallar
500 .. 600 Agag: )
__Egilme - 1 e _ =
on0 ... 1000 sosna hg};ﬂ me
5 Gysylma l‘lév
| 700...1800 i .
- : Egilme
Durkuny itytgedyiin alyumin garyndylary 74 ... 88 - - - - -
AMLI 100 50 20 : 50 twi};ma 3
ﬁim = Dub | Siiynme i v
i 140 70 13 : 90 130
onelismek Egilme
o b 200 150 8 - > - BT 95 - - s - -
onelismek | ] Gisstes 1
AM r5 270 120 15 ’ 110 3 57
AM r6 320 160 15 - 130 - Tekstolit Siiynme |
- 280 i 90 ... 77 ¢ 3 : N
16T 400...430 300 10 - 115 u 100 v ;
T
Mis garyndylary e — El:’i:jm{" p———
Latun L 1 150
68. _ Gysylma
Yumsak 300 ... 230 ...
| 380 ; i : Lzl : 250
Craty 440 ... . 10 (50 - Winiplast Stiynme
550 ; : ‘ 40 ... 60 : 10 ... 25 - - -
Bliriing: Eglime
bp.AMu | | &80 ...
9.2 480... - 50 12 . \ d | 120
550 Gysylma
bp.AxMu 80 ...
10-3-1,5 60 - 12 - - - 160
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2

2-nj1 gosmacanyn dowamy

Kapron

Silynme

4

5

6

7

50 ... 60

Egilme

90 ... 100

Gysylma

85 ... 100

Epoksid
smolasy

Sitynme

70 ... 80

Egilme

120 ... 130

Gysylma

145 ... 155

Ftoreplat -3

Sﬁjfnme

30 ...37

Egilme

50 ...

70

60 ... 8O

Gysylma

30 ... 60

344

Ikitawraly balkalar DOST 8239-72

3-nj1 gosmaca

‘7 | Kesi- ' Spraw:u-;rndidk U-IIJ-].}"E]_-EL!I_}-“ -
Gl : E
% | h L_m’! £ XX y-p
2. | % b, | s L, | mey- =
E’ oy || mm | mm di:w B 1 antl Welt S_u.,_1 J:‘,,_I w"’i L,
= . I P~ sm s sm s sim
R s i :am““”"' V "/
10 [100] 55 | 45 | 72 ] 12.0 [946]| 198 [39.7] 406 [23.0]17.9] 649 1.22
12 |120] 64 | 48 | 73 | 147 [11,5] 350 [584] 4,88 [33.7[279[8.72[1.38
14 |140| 73 149 | 75 [ 174 |137| 572 [81,7] 573 |468|41.9]| 11.5] 1,55
16 [160] 81 | 50| 7.8 | 202 [159] 873 [ 109 ] 6,57 [623]58.6[14.5[ 1,70
18 [180] 90 | 5.1 [ 8.1 [ 234 [184] 1290 | 143 | 742 814|826 184 1,88
18a {180 100{ 5,1 | 83 | 254 | 19.9] 1430 | 159 | 7,51 | 89.8 | 114 [ 228]2.12
20 J200]100] 52 | 84 [ 268 [21,0] 1840 | 184 | 828 [ 104, [ 115 [23.1[2.07
20a {200 110] 52 | 86 | 289 [22,7] 2030 | 203 [ 837 | 114 | 155 | 282232
22 220110 54 | 87 [ 30,6 [24,0] 2550 [ 232 | 9,13 | 131 | 157 [ 28,6 [ 227
22a (220 120] 54 | 89 | 32.8 [258] 2790 | 254 | 922 | 143 | 206 | 343 2.50
24 [240[115] 56 | 9.5 | 34,8 |27.3| 3460 | 289 | 9.97 | 163 | 198 | 34,5| 237
24a [240[125] 5,6 | 98 | 37,5 |29.4] 3800 | 317 [ 10,10] 178 | 260 | 41,6 | 2,63
27 1270{125] 6,0 | 9.8 | 40,2 |31.5] 5010 | 371 [11,20] 210 | 260 | 41,5]| 2,54
27a [270]135] 6,0 | 102 | 432 | 33,9 5500 | 407 | 11,30] 229 | 337 | 50,0 [ 2.80
30 [300[ 135 6,5 | 102 | 46,5 | 36,5 | 7080 | 472 | 12,30] 268 | 337 [ 49.9 | 2.69
30a [300]145 6,5 | 10,7 | 499 | 392 7780 518 |12,50] 292 | 436 | 60,1 | 2,95
33 [330]140] 7.0 | 11,2 ] 53.8 422 9840 | 597 [ 13,50] 339 | 419 [ 599 2,79
36 [360]145] 7,5 [ 123 [ 61,9 [ 48,6 13380 | 743 [ 14,70 423 | 516 | 71,1 [ 2.89
40 [400]155] 83 [ 13.0 [ 72,6 [57,0]| 19062 | 953 | 162 | 545 | 667 | 86,1 | 3.03
45 [450/160] 9.0 [ 142 | 84.7 | 66,5 | 27696 | 1231]18,10] 708 | 808 | 101, | 3.09
50 [500[170[10.0] 152 ] 100 |78,5] 39727 | 1589] 19,9 | 919 [ 1043] 123,323 |
55 |550]180[11.0] 165 | 118 [92,6]55962 |2035] 21.8 [ 1181]1356] 151, ] 3,39
60 [600[190]12.0] 17.8 | 1380 | 108 | 76806 | 2560] 23,6 | 1491|1725 182, | 3.54
345




4-nj1 gosmaca

Sweller DOST 8240-72

i

&

Zih

1,16
1,24
131
1.44
.54
1,67
1,87
1.80
2,00

|

1.94
2,13

2,07
2,28
221

h',—

242
2,67

=

-l

-

2

yy

“?}'!
sm

Iy, sm
(0,954
1,080
1,190
1,370
1,530
1,700
1,840
1,870

2,010

2,040

2,180
2,200
2,350

2,370

2,600

r-\_-
|

2.730

2,840
2,970
3,100

3,230

DOST 8509-72

5-nj1 gosmaca
Sozma polatdan yasalan deigapdally burc¢luk

2,75
3,68

8,52

11,0

13.3

13,8

16.4
17.0

200

242

25.1

31,6
37.2

37,3

43.6

61,7

734

5,61
8,70

12,80 | 4,75
20,40 | 6,46

31,20
45,40
57,50
63,30

78,80
86,00

105,0

1390

151,0

208,0
254.0
262.0

327.0

4100 | 51,8
513.0
642.0

L ET

Sprawognik ululyklary

X=X

339
9.00

20,4

29.6

40,8

45.1

W
.,

4.1

9.4
69,8

76,1

87.8

85,9

110,

139,

1

1,

3

178,
2

24,
81,
330,

2

b

I, SIM
1,92
2,54

3.99

78
5.50
5,66
6.42
6.49
724
1.32
8,07
8,15
8.89

4,

9,73
9,84
10,9

LA

14,2

15,7

3

sm

9.1
15,0

34.8

50,6

70,2

77.8

93,4

103
121,

132
1

e
P

167

192

-l
e |

4
265
308
387
dk4

601

61

7

I, sm"

48.6

174,0
304.0
491.0

545.0
747.0

823.0
1090,0

1190,0
1520.0
1670,0

2110,0

2900,0

180.0
4160,0

..
a

38100

7980,0

0820

15220

Massa

1m, kg

4,84
5.90
7,05
8.50
10.40

I

i

|

13,30

14,20
15,30
16,30
17,40
18,40
19,80
21.00

24,00
25,80
27.70
31,80
36,50
41.90
48,30

Kesi
meydany
, sm’

6,16
7:51
8,98
10,90
13,30

15,60
17,00
18.10

19,50
20,70
22,20

23,40
25,20

26,70

28,80
30,60
32.90
35,20

40,50

46,50

53,40
61.50

7.0

7.4
7.6

5.1
8,1

5,7

8.4
9.0

8,7
9.3

9.0

9.7

9.5
10,2

10,0

10,7
10,5

11,0

14 P

4.4

4.5
4.8

4.9

4.9

3.0

5.0

2.3

5,2

e
W

54

5,4
5,6
5

6.0

7.0

¥

40

46

52

58

64

68

74
16

80
82
87

90

95

05

100

105
iR

115

h,

mmn | mn (| mm | mm

63

80
100

120

140

140

160

160

180

180
200
200
220
220

240
24)
270
300
330

360
400

Swellerm

belgisi

s

10

14
14a

16
1 6a

18
1R8a
20
2{0a
22
22a
24
24a
27

30

33

Profi- Ke.:lsijh B sprawognik ululyklary P
g gin -rx oy s XX
|1 B, d, oty - = f 84
belgi- | mm | mm | Al (B0 4§ G| | K | dyy | Zusm | 1o
it any .| e’ : MIX, =" Hn, SR sy k
A, smi| M R 1 S X, §m R I £
I & 3 4 5 6 7 ] 9 10} Ll 2 13
2 20 | 3 | 1,13 (040 059] 0,63 | 075 007 | 039 | 0.81 | 0,60 | 0.89
4 146 | 0,50 | 058 (| 078 | 0,73 | 022 | 038 | 1.09 | 0,64 | 1,15
25 [25 1 3 [ 143 [o81]075] 1,29 [ 0,95 [ 032 [ 045 | 1,57 [0.73 [ 1.12
4 1,86 | 1,03 /1074 ] 1,62 | 093 | 044 | 048 | 2,11 | 0,76 | 1,46
2.8 28 3 1.62 | 1,16 ([O85] 1,84 | 1,07 | 148 | 0,55 | 2,20 | 0,80 | 1.27
3.2 32 3 1,86 | 1,77 (097 ]| 2,80 | 123 | 0,74 | 0,63 | 326 | 0,89 | 1.46
4 243 1226 (096 ] 3,58 | 1,21 | 0,94 | 0,62 | 439 | 0,94 | 1,91
3.6 36 3 210 12,56 [ 1,10] 4,06 | 1,39 | 1,06 | 0,71 | 4,64 | 099 | 1.65
- e 275 13291109 521 [ 138 | 1,36 | 0,70 | 624 | 1,04 | 2.16
4 40 3 233 1355 (1,23 563 | 1,55 ] 147 | 0,79 | 635 | 1,09 | 1,85
4 3,08 | 4,58 [ 1,22 =0 1153 | 190 10,78 | 853 | 1,13 | 242
5 3.79 | 5,53 | 120 | 875 | 1.54 | 2,30 | 0,79 | 10,7 | 1.17 | 2,97
4,5 43 3 265 | 513 [139] 813 | 1,75 | 2,12 | 089 | 904 | 121 | 2.08
4 348 [ 6,63 | 1381050 1,74 | 2,74 | 0,89 | 12,1 | 1,26 | 2.73
5 429 | 803 13711270 1,72 | 3,33 | 0,88 | 153 | 1.30 | 3.37
3 St 3 226 | 1P 155 111301 195 | 295 | 100 | 124 | 1,33 | 232
& 389 1921 11,54 1460 1,94 | 380 | 099 | 16,6 | 1,38 | 3,05
3 4,8 111,2]11,53|17,80] 1,92 | 463 | 098 | 209 | 1,42 | 3,77
3.6"] 56 4 | 438 1 12,1 | 1,73 1 20,80) 2,18 | 541 | 1,11 | 233 | 1,52 | 3,44
5 >4l | 160 ]1,72 12540 2,16 | 6,59 | 1,10 | 292 | 1,57 | 4,25
6.3 63 A 496 | 18,9 11,95(2990 | 245 | 7.81 | 1.25 | 33,1 | 1.69 | 3,90
5 0,13 | 23,1 11,94 | 36,60 244 | 952 | 1.25 | 41,5 | 1,74 | 4.81
f1 7,28 [ 271 11,93 14290 243 | 112 | 124 | 500 | 1.78 | 5.72
7 145 | 620 12901216 46,0 | 292 | 12,0 | 1,39 | 51,0 | 1,88 | 4.87
5 6,86 |31,912,16] 50,7 | 2,72 | 132 | 1,39 | 56,7 | 1,90 | 5.38
b o4 | 37,6 12,15 | 596 | 2,71 | 155 | 1,38 | 684 | 1,94 | 6,39
) 942 1430 (2,14 682 | 269 | 178 | 1,37 | 80,1 | 1,99 | 7.39
8 10,70 1 482 | 2,13 | 76,4 | 2,68 | 20,0 | 1,37 | 91.9 | 2,02 | 837

346
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5-nji gosmacanyn dnwamy_

Su:ﬁ | gosmacanyrti duwam§ |

Pl 1= 4 - 16T 3 8 o | 10 ] 1 12 | 13
I8 | 180 | 11 | 388 [1216] 560 1933 | 7.06 | 500 | 3,59 [2128 | 4,85 | 30,5 |
12 | 422 [1317]559] 2093 | 7.04 | 540 | 3.58 | 2324 | 4,89 | 33,1
20 | 200 | 12 | 470 |1823[ 6,22 ] 2896 | 7.84 | 749 | 3,99 [3182]537[37.0
= 13 | 509 [1961[621] 3116 | 783 | 805 [ 398 [ 3452 542|399
14 | 546 [2097]620] 3333 | 7.81 | 861 [ 397 [3722[ 546 | 42.8
16 | 62.0 |2363]6.17 ] 3755 | 7,78 | 970 | 396 |42.64] 554 | 487
20 | 76,5 |2871]6,12 | 4560 | 7.72 | 1182 | 3,93 | 5355 | 5,70 | 60,1
25 | 943 [3466]6,06 | 5494 | 7.63 | 1438 | 3.91 | 6733 ] 5.89 | 74.0
30 | 111.5 [4020] 6,00 | 6351 | 7,55 | 1688 | 3,89 | 8130 [ 6,07 | 87.6
22 [ 220 | 14 | 604 [2814[ 683 ] 4470 | 860 | 1159 | 4,38 [ 4941 [ 593 [ 474
16 | 68.6 |3175] 6,81 | 5045 | 8.58 [ 1306 | 436 | 5661] 6,02 | 53.8

] 2 3 4 58 7 8 g 0 | 11 2| i3
7,5 175 | 5 | 739 [395[231]| 626 | 291 | 164 | 149 | 69,6 | 2,02 [ 580
6 | 878 [ 466 [ 230 730 | 290 | 193 | 148 | 839 | 2.06 | 6,89

7 [1og0]533 (229 sa6 [ 289 [ 22.1 | 148 [ 983 | 2.10 | 7.96

8 [ 11,50 598 (228 949 | 287 | 248 | 247 | 113 [ 2,15 [ 9,02
9 | 12,80 | 66.1 [2,27 1050 286 [ 275 | 146 | 127 [ 2.8 | 10.1 ]

8 80 | 5,5 | 863 | 52,7.1247] 836 [ 3,11 | 21.8 ] 1.59 [ 93,2 [ 2,17 | 6,78
6 | 938 |570[247] 940 301 [ 235 [ 158 | 102 [219]736

7 [ 1080 [653 2451040 3,00 | 27,0 | 158 | 119 | 2,23 [ &.51

8 12,30 [ 73,4 [244 [ 1160 | 3.08 [ 303 | 1.57 | 137 [2.27 | 9.65

9 90 | 6 | 1060 [282,1]278] 00| 350 | 340 | 1,79 [1450] 2.43 | 8.33
7 [ 1230 [943 (2771500 | 3.49 | 389 | 1.78 [169.0] 247 | .64

8 | 1390|106, |276 [ 1680 348 | 438 | 1.77 | 194.0] 251 | 109

v | 1560 | 118, [2775| 186.0 | 3.46 | 486 | 1.77 |219.0] 2.55 | 12.2

10 | 100 ] 65 | 1280 [ 122, [3.09] 1930 388 | 507 | 1.99 [214.0] 2.68 | 10,1
7 11380 [131, (3082070 388 | 542 | 1.98 [231.0] 2,71 | 108

s | 1560 147 3,07 2330 387 | 609 | 198 |265.0]2,75] 12.2

10 [ 1920 | 179 [3.05 [ 2840 | 3.84 | 74.1 | 1.96 |333.0] 2.83 | 15,1

12 [ 2280 | 209 303 331,0] 381 | 869 | 1,95 [402.0] 291|179

14 | 2630 | 237 [3.00 3750 3.78 | 993 | 1.94 [472.0] 2.99 | 20,6

16 | 29.70 | 264 [ 298 [ 4160 374 [ 1120 1.94 [5420] 3.06 | 233

11 o] 7 (1520 176 3402790 429 | 72,7 | 2.19 [3080] 296 [ 11,9
8 [17.20] 198 (3393150 | 428 | 81,8 | 2.18 [353,0] 3,00 | 13.5

125 [ 125 | 8 | 19,7 [ 204 [387] 467 | 487 | 122 | 249 | 516 | 3.36 | 15.5
9 [ 220 [ 327 |386] 520 [ 486 | 135 | 248 | 582 | 340 173

10 | 243 [ 360 [385] 571 | 484 | 149 | 247 | 649 [ 345 [ 19,1

12 | 289 [422]382] 670 | 482 | 174 | 246 | 782 [ 3,53 | 22.7
14 | 334 [482°[380] 764 | 478 | 200 | 2.45 [ 916 |3.61 | 262

16 | 378 | 539 (3,78 | 853 | 475 | 224 | 2.44 | 1051 | 3,68 [ 29.6

14 [ 140 | 9 | 247 [d66 [434] 739 | 547 | 192 [ 2,79 | 818 [3.78 [ 19,4
10 | 2723 | 512433 814 | s46 | 211 | 278 | 91t | 3.82 (215

12 | 325 [ 602 [431] 957 | 543 | 248 | 2.76 | 1097 | 3.90 | 25,5

16 [ 160 | 10 | 31.4 | 774 [4.96 [ 1220 | 625 | 319 | 3.19 | 1356 | 430 | 24.7
11 | 34,4 | 844 [495] 1341 | 6,24 | 348 | 3,18 | 1494 [ 235 [ 27,0

12 | 374 [ 913 [494 ] 1450 | 623 | 476 | 3.17 [ 1633|439 | 294

14 | 433 [1046]|492 | 1662 | 6,20 | 431 | 3,16 [ 1911 ] 4,47 | 34.0

16 | 49,1 [1175]4.89 | 1866 | 6,17 | 485 | 3,14 [ 2191 | 4,55 [ 38,5

18 | 548 [1299]4.87 | 2061 | 6.13 | 537 | 3.13 (2472 463 | 43.0

20 | 604 [1419]485] 2248 | 6,10 | 580 | 3.12 [ 2756 | 4,70 | 474

348
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[GE

Sozma polatdan yasalan den diil gapdally burcluk

DOST 8510 - 72

6-njy gosmacga

e Sprawocnik ululvklary
o 2 -
E ﬁ .Eﬂ =X ¥=¥ X=X V=¥ 1y 11
) e =
2 |B)bld) B g | E Agyrlyk Agyrlyk
g |mim{m| = % & :
i : ‘ y _ merke- nerke- ;
E |mlm|m| B<| 84| i | B} i | el 0 R ,ﬂﬂa u " | Yapgyt
= . = F e 4 Zmin 4l ZImn | min, | min,
£ 7 = | Ssm | sm | sm | sm|sm sm 3 burgy
v, aralygy aralygy | sm | sm
Yo, SIM & Xy SID
| e I 5 6 1 & 9 10 11 12 | 3 14 15 16 17
2.5/1,6] 25| 16| 3 .16 0,91 1 0.70] 0.78 | 0,22]| 0.44| 1,56 (.86 043 042 0,13 | 0,34 | 0,392
3,22 [32[20] 3| 149 | 1.17] 1,52] 1,01] 0,46]055] 326] 1,08 [082] 049 | 028 | 043 0382
4] 194 | 1,521 193] 1,00] 0.57] 0.54] 4.38 1,12 11,12 053 | 035] 043 037
4/2.5 | 40| 25| 3 1,89 1,48 | 3,06| 1,27 0,93| 0,70| 6,37 1,32 1,58 0,59 0,56 | 0.54| 038! |
| 4] 247 | 194(393] 1,26 1,18/ 0,69] 853 1,37 [2.15] 063 | 071 ] 0,54] 0381
4.5/2,8| 45| 28| 3 2,14 | 1,68 441| 143 | 1,321 0.79| 9.02 1,47 2,200 0,64 0,79 | 0,61 [}*3327
4 2.80 2,20 1 5,68 142 | 1,69 0,78] 12.1 | 1,51 [2.98 0,68 1,02 | 660 0379
i 1
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| 5§/32 | 50| 32| 3 2.42 1,90 | 6,17| 1,60 1,99| 091| 124 | ,60 3,26 0,72 LI | 0,70 | 0,403
| T 4] 307 [249]798] 1,59]2,56]090] 166] 165 [442] 076 | 1,52 069] 0,401
5,6/3.6| 56| 36| 3.5 3.16 248 | 10,1 1,79 3.30| 1,02{ 20,3 | 1,80 3,43 0.82 1.95 | 0,79 ] 0,407
i . 3.58 281 | 11,4] 1,78 3.70] 1,02] 23.2 1,82 1625 084 2,19 | 0,78 | 0.406
! 5 4.41 346 | 13.8| 1,77 | 448 1,01 29,2 1.86 191 0,88 266 | 078 | 0404
6,3/4.0 631 40| 4| 404 3.17 | 16,31 2,01 | 2.16| 1,13] 33,0 2,03 8,31 0,91 3.07 | 087 | 0,397
5 4,98 3.91 | 199 2.00| 6,26 1,12] 414 2,08 10,8 095 3,73 | 0,86 | 0,396
6 5,90 463 | 23.3| 1,99 7,28 1,11| 49.9 212 13,1 0,99 4,36 | 0,86 | 0,393
8 7,68 6,03 | 29.6| 1,96 | 9,15| 1,09| 66,9 2,20 17.9] 1,07 558 | 0,85 0,385
7/4.5 | 70| 451 4,5 5.07 398)253] 2,23 | 825| 1,28] 51,0 2,25 13,6/ 1.03 488 | 098 | 0407
5 309 4391 27.81 223 9.08| 1,27] 56,7 2,28 15,2 1,05 534 | 0,98 | 0406
l ]
1.5/5 | 75| 50| 5 6.1 479 | 34.8| 2,39| 12,5]| 1,43] 69.7 2.39 20.8 117 7.24 | 1,09 0436 |
6 1,235 5,69 | 40,9| 2,38 | 14.6] 1,42| 83,9 244 12521 1,21 8,48 | 1,08 | 0,435
| 8 .47 743 | 52,4 2,35| 18.,5] 1.40| 112.,0 2,52 34,2 1,29 1090 1,07 0430
I
8/5 |80 50[ 5| 636 | 499 [416[ 256]12,7]1.41] 846| 260 [208 113 | 758 1.09| 0387
f 7,53 592 | 49.0( 2,55 15,8]| 1.40]| 102.0 2,65 25.2 = 888 | 1.08 | 0,386
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1 21 3] 4 5 6 7 8 9 10| 11 12 13 14 15 16 17
9/5,6 | 90| 56| 5.5 7.86 6,17 | 65,3] 2,88 ] 19.7] 1,58] 132 282 1324 1,26 118 | 1,22 | 0,384
6| 854 | 6,70 ] 70,6| 2,88 | 21,2| 1,58] 145 283 | 352 1,128 12,7 | 1,22 0,384
8| 1,18 | 877 |90,9| 2,85] 27,1] 1,56] 194 304 1478 136 | 163 | 121 | 0,380

10/6,3]100 63| 6| 9,59 | 7.53 | 98,3] 320/ 30,6/ 1,79 198 323 [499 142 | 182 1.38] 0,393
7] 11,1 | 8704 113] 3.19[35,0]1,78] 232 328 587 146 | 208)|-137| 0392
8| 12,6 | 987 127] 3.18] 39.2] 1,77 266 332 [676] 150 1 234 136| 0391
10| 155 | 12,10] 154 3.15| 47.1| 1,75] 333 3,40 [858| 158 | 283 | 1.35| 0,387
O :
[ 3
11/7 |110 70| 6,5 11,4 | 898 | 142 | 3,53 | 45,6/ 2,00] 286 355 |[743] 158 | 269 1.53| 0402
7] 123 | 9.64 | 152 3.52| 48.7| 1,99] 309 3,57 [803] 1,60 | 288 | 1.53| 0402
8| 139 |1090] 172] 3.51 | 54,6/ 1.98] 353 361 [923] 164 | 322 1,52] 0400
12,5/8(125 80| 7| 14,1 | 11,0 | 227 | 4,01 73.7| 2.29] 452 401 |119] 180 | 434 | 1.76| 0407
8| 160 | 125] 256 4,00 83.0/228] 518 | 405 [137] 184 | 488 1,75 0.406
10] 197 | 155 312 3,98 | 100 | 2,26] 649 414 |173] 192 | 593 | 1.74| 0404
12| 234 | 183 365 395 117]2.24] 78] 422 |[210] 200 | 695 1.72] 0.400
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| 2 3 4 5 6 7 8 9 10 11 12 13 4 [l 16 |17 |
149 | 1401 90 | 8 | 180 ] 141 | 364 | 449 [ 120 [ 258 | 727 | 449 | 194 | 203 | 703 | 198 | 041l
10 | 222 [ 175 ] 444 | 447 | 146 | 256 | 911 | 458 [ 245 | 212 | B5S | 1.96 | 0409
60 1160 1001 9 229|180 | 606 | 5,15 | 186 | 285 | 1221 519 | 300 | 223 | 110 | 220 | 0391
10 | 253 | 198 | 667 | 5,13 | 204 | 2,84 [ 1359 | 523 | 335 | 228 | 121 | 2,19 | 0390
12 13001 2361 784 | 511 | 239 | 2,82 | 1634 | 532 | 405 | 236 | 142 | 2,18 | 0388
14 | 347 | 273 | 897 | 5,08 | 272 | 2,80 | 1910 | 540 | 477 | 243 | 162 | 216 | 0385
n [&/11 | 180 | 110 | 10 | 283 | 222 | 952 | 580 | 276 | 3.02 | 1933 | 588 | 444 | 244 | 165 | 242 | 0375
S 12 | 337 | 264 | 1123 | 577 | 324 | 3.0 [ 2324 | 597 | 537 | 252 | 194 | 240 | 0374
SOM25 | 200 | 125 | 11 | 349 | 274 | 1449 | 645 | 446 | 3,58 [ 2920 | 650 | 718 | 279 | 264 | 275 | 0392 |
12 1379 | 297 | 1568 | 643 | 482 | 3,57 | 3189 | 654 | 786 | 283 | 285 | 274 | 03%2

14 | 439 344 | 1801 | 6,41 | 551 | 3,54 | 3726 | 6,62 922 2.9] 327 1255 | 1‘].391?#!
16 | 498 | 39.1 | 2026 | 638 | 617 | 3,52 | 4264 | 6,71 1061 299 367 | 2,72 | 0,388

55716 1 250 | 160 | 12 | 483 | 3790 | 3147 | 807 | 1032 462 | 6212 | 797 | 1634 | 353 | 604 | 354 | 0410
16 1 63.6 | 400 | 4091 | 802 | 1333 | 4.58 | 8308 | 814 | 2200 | 369 | 781 [ 3,50 | 0,408
18 | 711 | 55.8 | 4545 | 7.99 | 1475 | 4,56 | 9358 | 823 | 2487 | 377 | 866 | 349 | 0407
20 1785 | 617 | 4987 | 797 | 1613 | 4,53 | 10410] 831 | 2776 | 385 | 949 | 348 [ 0405




7-nj1 gosmagca

Boy egilmiinii koeffisiyenti

Adaty hilli polat Yokarlan-
Ceyelik dyrylan
A polat 1, polat hilli oolat . e
2, polat 3, Polat 5 bpolat) ke B
i o.> 320
o MPa
0 1.00 1,00 1,00 1,00 | 1.00
10 0,99 0,98 0.97 0.97 0,99
20 0,96 095.. | 096 0,91 0.97
30 0,94 092 0.91 0.81 0,93
40 0.92 0,89 0,87 0,69 0,87
50 0.89 0.86 0,83 0,57 0.80
60 0.86 0,82 0,79 0.44 0.71
70 0.81 0,76 0.72 0.34 0.60
80 0.75 0.70 0.65 0.26 0.48
90 0,69 0,62 0.55 0.20 0.38
100 0,60 0,51 0.43 0.16 031
110 0,52 0.43 0,35 5 0.25
120 0,45 0.37 0.30 ; 0.22
130 0.40 0,33 0,26 : 0,18
140 036 4+ 029 0.23 5 0,16 |
150 0.32 0.26 0.21 2 0,14
160 0.29 0,24 0.19 ] 0.12
170 0.26 0.2] 0,17 : 0,11
180 0.23 0,19 0.15 - 0.10
190 0,21 0,17 0,14 : 0,09
200 0.19 0,16 0,13 - 0,08
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