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Annotatsiya. Maqolada statik noaniq ramalar hisobi kuchlar usulining analitik va
matritsa usullarida bajarilgan. Statik noaniq ramalar hisobini zamonaviy komp yuter
texnologiyalaridan foydalanib bajarish matritsalar usulida qulay ekanligi ko ‘rsatilgan.

Kalit so’zlar: statik noaniq ramalar, kuchlar usuli, kanonik tenglamalar sistemasi,
matritsalar usuli.

PACYET CTATUYECKU HEOIIPEJAEJIEHHBIX PAM

Armomamm. B cmamuve 6vinoanen pacuem cmamu4yecKux HQOI’lpe()eJleHHblx pamv ¢
UCNOJIb306AHUEM AHAIUMUYECKO20 U MaAMPUHHO2O Memooo8 memooa Cuil. HOKCZB’aHO, umo
pacuem cmamudeckKux Heonpe()e/zeHHbzx Kadpoe y()06H0 6blNOJIHAMb C UCNOJTIb306AHUEM
COBPEMEHHBIX KOMNBIOMEPHBIX MEXHOTI02UL MAMPULUHBIM MEMOOOM.

Kniouesvle cnoea: cmamuueckue HeonpeoeieHHble CUCEMbl OmMcuemad, Memoo CUl,
cucmema KAHOHUYECKUX YPABHEHULl, Memoo Mampuy.

CALCULATION OF STATICALLY UNCERTAIN FRAMES

Abstract. In the article, the calculation of static indeterminate frames is performed using
the analytical and matrix methods of force method. It is shown that it is convenient to perform
the calculation of static uncertain frames using modern computer technologies using the matrix
method.

Key words: static uncertain frames, method of forces, system of canonical equations,
method of matrices.

KIRISH
Qurilishda asosan statik anigmas ramalar qo’llaniladi, chunki statik anigmas sistemalar
statik aniq sistemalarga garaganda bir gator afzalliklarga ega, jumladan bu sistemalar tejamli va
mustahkam bo’ladi [1-3].
Magolada statik noanig ramalar hisobini kuchlar usulining analitik va matritsa usullarida
bajaramiz. Statik noaniq ramalar hisobini quyidagi misolda ko’ramiz.

q Bu chizmadagi parametrlar uchun quyidagi son
(1111114 . .
hl o i . iAN giymatlar olingan: L1 =8 m, Lo=4 m, h1 =3
. mz,; m, h, =2 m, P=10 kN, q =8 kN/m,
J1132=2;
L L L Lo |
1-shakl

Berilgan ramaning statik anigmaslik darajasini aniglash uchun quyidagi ifodadan
foydalanamizz n=3-k _Cr =3-2—3=3. Ma’lumki, kuchlar usulida asosiy tizimlar
variantlari cheksiz ko’p, biz quyidagi asosiy tizimlar variantini tanlaymiz:
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q Tanlangan asosiy tizimda berilgan statik
RERERWE| . . . .
nl p o, A aniqmas tizimda olib tashlangan bog’lanishlar
. Xi;w yo’nalishi bo’yicha Xi, Xz, X3 noma’lum

kuchlar qo’yilgan.
X2

2-shakl
TADQIQOT METODI VA METODOLOGIYASI
Berilgan rama uchun kuchlar usulining kanonik tenglamalar sistemasi quyidagicha

bo’ladi:
Oy Xy + 0%, +015% + A =0,
Oy Xy + 0pX, + 0% + Ayp =0, 1)
03X + OpX, + 03X + Agp = 0;
Kanonik tenglamalardagi (&, ) koeffitsiyentlarni aniglash uchun tanlab olingan asosiy

tizimda noma’lum kuchlar yo’nalishlariga mos birlik kuchlar ta’siridan birlik eguvchi moment
epyuralari quriladi (3-shakl).

q 3 3
HHH 5 [T .
h: P X3h2 AnHe=1
X _ . M, l\/c=3/4
sz Xi=1 Vs=3/4
2
2 Wmh\‘
AHe=1
M; X3%L l\/c=1/2
[VB=1/2

3-shakl
Kanonik tenglamadagi (A,;) ozod hadlarni aniglash uchun yuk epyurasi quriladi, buning uchun

asosiy tizimga mos ramada tayanch reaksiyalari aniglanadi va rama uchastkalarga ajratilib ichki
kuchlar hisoblanadi:

Tayanch reaksiyalarni aniglash:
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> X =0; —P+H,=0; H, =P =10kN;
>My=0; —P-05+0q-4-2+H;-2-V,-4=0;
_ -10-05+8-4-2+10-2 79

V. = =19.75kN;
4 4

> M. =0; P-15+V,-4—q-4-2=0;

~10 -1.54+ 8-4-2 449 —12.25kN

Tayanch reaksiyalarni tekshirish:
dY=0; —q-4+Vy+V, =0, -8-4+12.25+19.75=0; 0=0;

Vg =

Rama uchastkalari bo’yicha moment tenglamalari quyidagicha:

M, (z,)=0; 0<z <1.5m;
M, (z,)=P-(z,-1.5); 1.5m<z, <3m;
M, (z,)=0; 0<z,<2m;
M, (z,)=P-15 0<z,<8m;
MV(25)=VC-25—q-z5-Z—24; 0<z,<4m;
Yugqoridagi tenglamalarga ko’ra Mp epyurasi quriladi (4-shakl).
q=8kN 15 q=8kN
EERRENER R RN
) Ji AHE10 e T =10
hi|, P=10kN ha) 3, P 154 15 P
1, V19,75 P=10kN Ve=19,75
Vo ad MP Ve
Ve=12,25 Ve=12,25
L Li=8m | L=4m |

4-shakl
Kanonik tenglamalardagi noma’lum koeffitsiyentlar (J, ) va ozod hadlari (A,;) 3- va 4-

shakllardan foydalaib Vereshagin usulida aniglanadi, bunda J, =2J,: J, =J,;
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VERYI 3-4 2 3-3 2 51
511=(M1Ml)/EJX=383+T§3)/EJ1+(T§3)/EJ2=E—JX1

YRV 8-8 2 8-4 2 128
5,=(M2-M>2)/EJ, =(-—-2.8+2".2.8)/ EJ, ===
22(22)x(23 23)1EJX

YRV 2-4 2 2 2 16
S =(M3-M3)/EJ =(=2-2.4)/E), +(52-£.2)/EJ, =——;
33(33)X(23)1(23)23EJX

VRV 8-8 8-4 2 64
5122521:(M1'M2)/E\]X:—(T'3+7'§‘3)/EJ1:—E—JX,
I 2.4 2 4
513=531(M1°M3)/EJX=(T'§°3)/EJ1=E—JX;
YIRVi 2-4 2 32
8y, =0,=(M2-M3)/EJ, =—(5=-2.8)/EJ, =———;
2 =0p=(M: 3) X (2 3 ) 1 EJ,

YERVI 4 15-4 2
AlP:(MlMP)/E‘]X:_(1583+8E]'5+T53)/E‘]1_
_(15-1.5‘2.5)5]2:_270.125;

2 EJ,

— 3 .

Ay =(Mz-Mp)/E], =(15-8-2.8+.8. L .4, 124 2 gy ¢y _ 4053333,
3 12 2 3 EJ

X

VIRV 4 15-4 2 41.3333
ASP:(Ms‘MP)/EJX:—(S'E'].‘FT'E'Z)/EJ]_:— EJX ;

Aniglangan koeffitsiyentlar va ozod hadlarning giymatlarini tekshirish uchun go’shimcha

M, epyurasi hosil gilinadi. Bu epyuraning ordinatalari barcha birlik epyuralarning

ordinatalarini algebraik yig’indisiga tengdir (epyuralarni qo’shish usuli). So’ngra satr tekshiruvi
va universal tekshiruv o’tkaziladi.
Satr tekshiruvi:

Sy +6,+0;,=(M1-Ms); 8, +0, +0:,=(M2-Ms); 8, +8, +6,=(Ms-Ms);

Universal tekshiruv:
Sy + 6y + 05 +2(0p + 05 +5,5) =(Ms -Ms); A +A,, +A,, =(Mp - Ms).
Odatda, universal tekshiruvni bajarish bilan ham cheklanish mumkin.
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3 [ 2
5
Ms
=8kN
=l e
i il
P=10kN Ve=19,75
M T
Vs=12,25
5-shakl
Ms - Ms :(3 82,,992 ﬁ.g.g)/ EJ, (Q.g.g_,_ﬁ.g.g)/ EJ, :ﬂ;
EJ, 3 3 2 3 3 2 3 2 3 EJ,
Kanonik tenglamalar sistemasini yechib natijalar tekshirib ko’riladi:
51x, — 64X, +4x, —270.125=0, X, = 3.7486,
—64x, +128x, —32/3x, +405.3333 =0, X, =~ —1.057,
4x, —32X, [ 3+16x,/3—-41.3333=0, X, ~ 2.8246;
51-3.7486+64-1.057+4-2.8246 — 270.125 =0, 0=0,
—64-3.7487 -128-1.057 —32-2.8246 / 3+ 405.3333 =0, 0.002 =~ 0,
4.3.7487—-32-1.057/3+16-2.8246/3—41.3333=0; 0.0001~0;
Aniglangan Xi, X2, X3 lardan foydalanib natijaviy eguvchi moment epyurasi quriladi:
N
iz rage N — Woe13,41225
3,7486 X5=2,82464m

lXF 1,057 Va=19,64475

6-shakl
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Deformatsion tekshiruv o’tkaziladi:

% 5
Ms

7-shakl
A=(Ms-Mz)/EJ,
A=(Ms-M2)/EJ, :{_10.351-0.652.3.255 8-0.2772 1 £ 8375281 1 o
2 2 12 2
, 375428 47018 8 1
G3-3h 08 62 s 1
2 3 3] E]
,[56492:2 2 , 5622915 2 . 5622909 ,, 3754206 ,.] 1 _
2 3 2 3 2 2 EJ,
L (—33.0899 + 33.0168) = — 0'0731;
X E‘]X
. 0.0731
Xatolik = 1009 =0.229%.
33.0899 % %

Ichki kuchlar M, Q va N epyuralari quriladi:

234



SCIENCE AND INNOVATION

INTERNATIONAL SCIENTIFIC JOURNAL

g=8kN

P=10kN
X1=3,7486

lx2=1,057

X3=2,8246

i s3,268
A

TVB=13,41225

b

Va=19,64475

8-shakl
18,58775
6,2514
51,057 11,057
6,2514 33,7486 £ 13,41225
2,8246
KkN) 2
3,7486 QUkN)
6,25 14 [ s 3,4286
N(KN ==
(et 19,64475
1,057
9-shakl
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3,7542
N
6,2514
3,7542
N
6,2514

4,7018 10,351

1,057iﬁ?3 18,58775

5@9§Q
T 19,64475

10-shakl
TADQIQOT NATIJASI

Statik anigmas ramalarni kuchlar usulida matritsalar yordamida hisoblaymiz. Buning uchun
yugorida tanlangan asosiy tizimda rama oraliglarga ajratilib, xarakterli kesimlar belgilanadi.

g=8kN
@ RN ERRR T
@ © 9@ 40 /),
C}, P=10kN ®)
® d
7® JTTTTHTTTT
g=8kN
e =0
il g
P=10kN Ve=19,75
Mo i
Vs=12,25
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3 3
5 (AT
AHe=1
E M l\/c=3/4
Xi=1 Vs=3/4

11-shakl
Birlik eguvchi moment epyuralaridan Lwm ta’sir matritsasi va tashqi yuk eguvchi moment
epyurasidan Mp matritsa tuziladi. Ramaning moyillik matritsasi B ramaning yugorida

ajratilgan oraliglar uchun yozilgan bi moyillik matritsalaridan tuziladi. Bu yerda LTVl
matritsa Lm matritsaning transponirlangan matritsasi.
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152 1 1 |3 15
b1_6EJX 1 ZH_GEJX 15 3|
152 1] 1 |3 15|
2 6EJ, |1 ZH_GEJX 1.5 3”
221 1|8 7,
b3_6EJX 1 ZH_GEJX 2 4”’
0 00 0
-15 0 0 0
15 0 0 0 s |t 00 2 00
3 00 15 ST [ =l I
0 0 0 0 001 00 2
L,=0 0 0 My =| 0 |
3 00 15
3 80 15
-3 8 -2 15
-15 4 -1 23.5
0 00 0
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3 15 0 0 00 O0O

15 3 0 0 00 O0O

0 0 3 150000

0 0 15 3 00 0O

0 15 -15 3 00 3 3 3 1500 0 O O 4 200
L,xB=[0 0 O 0 00O 8 8 4 00 0 0O 0 2400
o 0o o 0020 0 -2 -1 00 0 0 O O0OTZ8 4
0 0 0O O 0O 4 8

0O 0 0 O O0O0OOCO

0O 0 0 0 O0O0OOCO

0 0 0 O O0O0OOCO

-225 45 -9 -1125 0 0 -36 -36 6 -12 O
= 0 0 O 0 0 0 32 64 16 32 O
0 0 O 0 4 8 O O - 8 0
MUHOKAMA

Yugorida aniglangan matritsalar yordamida A; birlik ko’chishlar matritsasini hisoblaymiz:

225 -45 -9 -1125 0 0 -36 -36 -6

A =L,-B-L, = 0 0 0 0 00 32 64 16
6EJ,
0 0 O 0O 48 0 0 -
0 00
-15 0 0
-15 0 0
-3 00
0 00 306 -384 24 oL 64 4
0 00 =5 ElJ -384 768 —64=EJ —64 128 —3—32;
—2:8 *I'24 64 32 X4_g@
- 3 3
-3 8 -2
15 4 -1
0 00

Ne 3

O O N O O O O O o o o
O 00 O O O O O o o o o
N O O O O O O O O o O

-12 0
32 0|
-8 0
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Tashqi yuklardan hosil bo’lgan A, ko’chishlar matritsasini hisoblaymiz:

0
0
0
15
225 45 -9 -1125 0 0 -36 -36 —6 -12 0Of | 0
AP:LTM-B-MP:é 0 0 0 0 00 3 64 16 32 00 |=
o o 0o 0 48 0 0 - -8 015
15
15
235
0
~1620.75 —270.125
=5 ElJ 2432 || = 4053333
x| 248 X -41.3333

Noma’lum X1, X, X3 larni aniglash uchun A, matritsani teskari matritsasi A" = A; /Det A,

ni aniglanadi, bu yerda D, = Det A;, A§ = (—l)i+j |\/|ij bo’lib, quyidagicha aniglanadi:

Sy O, Og
Dy =[0yn Opn Oxn|=01102053 + 01505303 + 030,03, — 05,0 213 —ou0 223 — 030 212 =10581.33333/ (EJX)S;
Oy Oy Og
32 32
M. 1)t 128 3| 56889, (DM o4 3| 29867,
CTE 2 18] (B T E)], 18| G
3 3 3
—-64 128 64 4
(- 1| 17067, _CDMD 29867,
. (E‘]x)2 4 T A (E‘]x)z’ “ (E‘]x)2 A A (E‘Jx)2 ’
3 3 3
51 4 51 -64
(~1)2*2 256 (-3 288

“TEy)e 2 TE)

=" (EJ,)|4 —%:(EJX)Z’
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(=2t —64 4 _170.67 . (—1)%? 51 4 288
BU(BI)?|128 -2 (BEJ)*T 2= (EJ.)’ |-64 _32|= (EJ )?’
X 3 X
568.89 298.67 170.67
w, D51 64 5492 At-Lloog67 256 288 |
¥ (EJ)*|-64 128 (EJ)* D, !
170.67 288 5492
568.89 298.67 170.67| |-270.125 |3.7486
X=—AAy=ro (20867 256 288 |405.3333 = |-1.057);
' 170.67 288 5492 | | -4.3333| |2.8246
XULOSA

Noma’lumlarning qiymatlarini asosiy tizimga qo’yib, hosil bo’lgan statik aniq rama hisobini
bajarishga o’tish mumkin.
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