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usullari yordamida mexanizmning maxsusliklari topiladi

Tekis mexanizm, erkinlik va shu maxsuslikning lokal atrofida mexanizmning
darajasi, maxsuslik, Nyuton harakatlanish traektoriyasi hisoblanadi.
ko’pyoqi, qisqartma konusi. Mexanizmlarning maxsus holatga tushishini bartaraf

etish uchun ularning strukturasini to’liq o’rganishga
to'g’ri keladi. Ushbu ish shu muammoni o'rganishga
bag’ishlangan.

Robototexnikaning ko’pgina mexanizmlari yuqori erkinlik darajasiga ega. Bu holat esa
0’z navbatida mexanizmning harakatlanishi natijasida maxsus holatlarning paydo bo’lishiga
olib keladi. Maxsus holatlarning paydo bo’lishi mexanizm xususiyatining o’zgarishiga, yani
uning buzilishiga olib keladi. Shuning uchun yaratiladigan robotexnik mexanizmlarning holat
funksiyalarining maxsusliklarini o’rganish dolzarb masaladir.
Misol tariqasida to'rtburchakli gidrosilindirik mexanizimning maxsus nuqta atrofida
asimtotik yechimini qaraylik. Bunda 4, 0, B, C nuqtalar quyidagi koordinatalarga ega: 0(0,0),
A(xq,y1),B(x3,v,),C(a,0) va AB = dy, BC =d, (dy,d, > 0) o’zgarmas kattaliklar, L- musbat
o’zgaruvchi kattalik.

)% No—b
000,0) C(a,0)

Qaralayotgan mexanizmning holat funksiyalarining bog'lanish tenglamalarini quyidagi
ko’rinishga ega:
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def

g Exi+yi =17
92 (6 —x)*+ (2 —y)?=d* (1)
g3 ¥ (@a—x)* +y; =dj
(1) sistemada 3 ta tenglama, 5 ta noma’lumdan iborat, bundan ko’rinadiki, n = 2 erkinlik
darajasiga ega, ya'ni 2 erkinlik darajasiga ega bo’lgan mexanizmdan iborat.
(1) sistemaning quyidagicha 3x5 tartibli yakobi matritsasi ko’rinishga ega bo’ladi.

X1 V1 0 0 —L
]=2<x1—x2 Yi—=Y2 X2—X1 Y2—W1 0)

0 0 X, —a Vs 0
Matritsaning 3-tartibli minorlari quyidagilar:
X1 V1 0 X1 V1 0
My =8|X1—X2 Yi1—YV2 Xp—Xi| M, =8[X1—X2 Yy1—Y2 Y2—Y1i| M3 =
0 0 X, —a 0 0 Vo
X1 Y1 —L X1 0 0
8lxp—x; y1—y, 0 My=8|X1—%X2 Xp—X1 Y2—)1
0 0 0 0 X —a Y2
X1 0 —L X, 0 —L
Mg =8|x;—x; x3—x; O Mg=8|x;—x; y,—y; O
0 x,—a 0 0 Vs 0
V1 0 0 Y1 0 —L
M, =8[y1—Y2 X2—X1 Y2—V1 Mg=8|y1—=Y2 Y2—y1 O
0 X, —a Vo 0 Vo 0
V1 0 —L 0 0 —L
My=8|y1 =Yy, x—x; O Myy=8|x2—%1 Y—y1 O
0 x,—a 0 X; —a Y2 0
Bundan: My = 8(x; — a)(xzy1 — x1¥2), Mz = 8y, (xz2y1 —x1¥2), M3 =0 M, =
8x1(x2y1 —x1y, ta(y; — 3’1))' Mg = 8L(x; — x1) (%, — a), Mg = 8L(x; — x1) Y2,

M; = 8y, (xz2y1 — %1y, + a(yz — y1)),
Mg = 8Ly,(y2 —y1), Mo =8L(y, —y1)(xz —a),
M, = L(x1y2 —y1x; +aly; — J’Z))-
Teorema. To'rtburchakli gidrosilindirik mexanizm ikkinchi tur maxsuslikka erishmaydi.
Isbot. Shartga ko’ra mexanizm ikkinchi tur maxsuslikka erishishi uchun V i lar uchun
M; =0 (i = 1,10) sharti bajarilishi zarur. Lekin bunday holat yuz bermaydi, chunki
aniqlanishiga ko’ra x; #x,, L>0.
I A

(4-chizma) L B (3-chizma)

v

Mi=Ma=Ms=Mg=0 Mi=M2=0
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My=Ma=Ms=Mg=0 gm0
A
a
A
‘- & B )
5 (6-chizma) % & (S-cliizun)
& L A ¢
0, lt » -6‘ . ‘ >
M= M= Me=Mg=0 Mr=0
) f
A (8~chizma)
L (T-chizina)
e L
i | — g &
‘ & » -q A B r
Ma= Ms= Me=Ms=0 M=M= M;= Mi=Mg=Mr= Mz= Ms=M;p=0
A
A
L di
B
M= Mg= Mg =0 M= Mz= My =0

Endi Nyuton ko’pyogqliklari usuli yordamida P° maxsus nuqtaning kichik atrofida (1)
sistemaning parametrik yechimlarini izlaymiz. Bunda P°(x?, x?, 0,0, L°) (8- chizma.)
(1) sistemada quyidagi koordinatalar almashtirishni olaylik.
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(x1=xf+zl
_ .0
Xy =Xy + 2,

Y1 =123 (2)
Vo = 2y
L= LO +Zs

Bu yerda z; (i = 1,5) lar P° maxsus nuqtadan kichik chetlanishdir. Bu giymatlarni (1)
sistemaga qo’yib quyidagi sistemani hosil gilamiz:
g1 2 (%7 +2)? + 25 = (Lo + 25)°
g2 2 (0] + 2, —x) —2)* + (24— 23)% = d,’ (3)
g3 2(a—x) —2)*+2,°= d,”
Tegishli hisoblashlarni bajarib hamda (1) sistema shartlarini hisobga olib, quyidagi
sistemaga kelamiz:
712 +2x%z, + 22 — 2Lozs — 22 = 0
z2 +2(x) — xNzy — 2212, + 2(xd — xD)zy + 22 + (24 — 23)% = (4)
z2+2(x) —a)z, +2z2 =0

Nyuton ko’pyoqliklari usulini qo’llab (3) sistema uchun quyidagi qisqartma sistemani olamiz.

2x0z, + z2 — 2Lyzs = 0
2(x3 — x7) (2, — Z1) + (24 — 23)° =
2 —a)z, +z2 =0

Bu sistemani yechib:
1 2

Z1 = Zy — (24 — Z3)2
2(a-x3) 2(x3-x39)

Zy = zi
2 2(a xz)

0 0

X1 2 X1 2 1 9
Ze = Z Zy — Z + —2z3.
5 2Lo(a—xg) 4 2L0(x‘2)—x° ( 4 3) 2Lg 3

Topilgan z; (i = 1.5) larni giymatlarini (2) sistemaga qo’yib (1) sistema uchun asimptotik

yechimni olamiz:

xp=xV+z,=x) + —— ! z2 ;(24—23)2+~--
Z(a_xz) 2(x§ —x7)

— 20 _ 0 z3
Xy =X, +23 =X, +2(a—x§)+ )
Yi1=23+ -, (5)
Y2 =24+,
L=Lo+2zs=Ly+— 72 +—24 (24— 23)2 + —22 + -

0745 0 7 219(a-x9) % T 2Lo(x9-x0) V4 73 2Ly 3 ’

(1) sistema uchun topilgan (5) yechimlardan ko’rinadiki (8-chizma), mexanizm bunday
maxsus holatdan har xil yo'nalish bo’yicha harakatlanishi mumkin va ularni bilib zarur
hollarda maxanizmning maxsus holatlarini yo’qotish mumkin, ya’ni mexanizmning
parametrlarini o’zgartirib maxsus holatlarga tushmasligini ta’'minlash mumkin bo’ladi.
Misol-1. Uchburchakli gidrosilindirik mexanizimning maxsus nuqta atrofida asimtotik
yechimini qaraylik. Bunda A, 0, B nuqtalar quyidagi koordinatalarga
ega: 0(0,0), A(xq,x;),B(a,0) va OA = | o’zgarmas kattalik.


http://sjifactor.com/passport.php?id=21990
file:///D:/Work/Innovative%20Academy/Innovative%20Academy%20journals/EJAR/Main%20documents%20-%20Asosiy%20fayllar/www.in-academy.uz

A(le xZ)

0 B(a,0)

Qaralayotgan mexanizmning holat funksiyalarini algebraik shaklda yozamiz:
{ fi e x?t+x2=1% (10)
fi (g —a)® +x5 = x5
(10) sistemada 2 ta tenglama, 3 ta noma’lumdan iborat, bundan ko’rinadiki, n = 1 erkinlik
darajasiga ega, ya'ni 1 erkinlik darajasiga ega bo’lgan mexanizmdan iborat. (10) sistemaning
yakobi matritsasi quyidagicha ko’rinishga ega bo’ladi.
J=2 ( X1 x, 0 >
X1—a X, —X3
Matritsaning 2- tartibli minorlari 3 ta bo’lib ular quyidagilardir:
Bundan M; = ax,, M, = —x; x3, M, = —x, x3, ekanligi va M; = M; = 0 minorlarning nolga
aylanishi mos holda mexanizmning maxsus holatga tushishini anglatadi, ya'ni erkinlik
darajasini yuqotishdir. Aga x; = 0 shart bajarilsa 0,4 va B nuqtalar bir to’'g’ri chiziqda
yotishini anglatadi. x, = 0 bo’lganda birinchi tur maxsus holatni ifodalaydi. Osongina aniqlash
mumkinki barcha M; lar bir vaqtda nolga aylansa ya'ni M; = 0 (i = 1,3) shartlari bajarilsa
berilgan mexanizm ikkinchi tur maxsuslikka erishadi.
Misol-2 Yana bir To’rtburchakli gidrosilindirik mexanizimning maxsus nuqta atrofida
asimtotik yechimini garaylik. Bunda 4, 0, B, C nuqtalar quyidagi koordinatalarga ega: 0(0,0),

A(x1,v1), B(x3,0),C(x,,v,), va OA=a, OC=b, BC=c (b <a<c) o'zgarmas
kattaliklar, L- musbat o’zgaruvchi kattalik.
A
A(x1¥)

C(x22)
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Qaralayotgan mexanizmning holat funksiyalarining bog’lanish tenglamalarini tuzamiz:

def

(91 % x} +y7 =a?
4 g2 % (0 —x3)> + 3,2 =17
g3 & (x —x3)* +y7 = c?
9a ¥ X3 +y; =D
(11) sistemada 4 ta tenglama, 6 ta noma’lumdan iborat, bundan ko’rinadiki,
n = 2 erkinlik darajasiga ega, ya’'ni 2 erkinlik darajasiga ega bo’lgan mexanizmdan iborat.
(11) sistemaning quyidagicha 4x6 tartibli yakobi matritsasi quyidagi ko’rinishga ega bo’ladi.
X1 Y1 0 0 0 0
J=2 X1 —X3 M1 0 0 x3—x;, -L
0 0 X —=X3 Y2 x3—x3 0
0 0 Xy V2 0 0
Matritsaning 4-tartibli minorlari quyidagilar:

(11)

X1 Y1 0 0 X1 Y1 0 0
_ X1 —X3 N 0 0 _ X1—X3 N1 0 X3 — X1
Ml =16 0 0 Xo — X3 Y» M2 =16 0 0 Xy — X3 X3 — Xy
0 0 Xy Vo 0 0 X5 0
X1 Y1 0 0 X1 yi 0 0
_ X1 —X3 Y1 0 —L _ X1—%3 Y1 0 x3—x;
M; =16 0 0 Xy — X3 0 M, =16 0 0 Y2 xs—x,
0 0 Xy 0 0 0 Y2 0
X1 yi 0 0 X1 Y1 0 0
_ X1—x3 Y1 0 —L _ X1 —X3 Y1 x3—x1 —L
Ms=161" o 5 5 Me=161"0" 0 x—x, 0
0 0 vy, 0 0 0 0 0
X1 0 0 0 X1 0 0 0
_ x1 - X3 0 0 x3 x1 _ x1 - X3 0 0 —L
M7 =16 0 X =X3 Y2 X3— X My =16 0 X —X3 Y2 0
0 X2 Y2 0 0 X3 Y2 0
X1 0 0 0 X1 0 0 0
_ xl - x3 O X3 - x1 —L xl - x3 0 x3 - x1 —L
Mo=16( ) e o Mo=16[" BT
0 Xo 0 0 0 B 0 0
V1 0 0 0 V1 0 0 0
_ V1 0 0 X3 — Xq _ V1 0 0 —L
My =16 0 x—x3 Y2 x3—1x, Mz =16 0 x—x3 y2 O
0 X2 Y2 0 0 X3 Y2 0
V1 0 0 0 V1 0 0 0
_ Y1 0 X3 —x; —L _ yi. 0 x3—x, -—L
Ma=1600 o e o Mu=16fg o PT0T
0 X5 0 0 0 ¥ 0 0
0 0 0 0
My, =16| ° 0 x3—x -L

Xp—X3 Y2 x3—x O
X2 Y2 0 0
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Bundan: Ml = _16X32y1y2; Mz = 16x2X3y1(x2 - X3), M3 = 0,

My = 16x3y,1Y,(xz — x3); Ms = 0; Mg = 0; M; = 16x1x3Y,(x; — X3);
Mg = 16x1x3y,L; Mg = 16x1x,L(x3 — x3); Myo = 16x1Y,L(x3 — X2);
My = 16x3y1Y,(x1 — x3); My, = 16x3y,1Y,L; M3 = 16x,y1L(x3 — X3);

M;, = 16y1y,L(x5 — x3); Mys = 0;

Teorema. To'rtburchakli gidrosilindirik mexanizm ikkinchi tur maxsuslikka erishmaydi.

Isbot. Shartga ko’ra mexanizm ikkinchi tur maxsuslikka erishishi uchun V i lar uchun M; =
0 (i = 1,10) sharti bajarilishi zarur. Lekin bunday holat yuz bermaydi, chunki aniglanishiga

korab #cvalL >0

2-chima
A 1-chizma
B
S - . . >
- __5,_. C —

Miy=M,=My=M,=M;=M;=M, =M, =

7= Mm = Mn =M,=M:=M,=M:=0

M,=M,=M,=M; =M, =M, =M, =
=My=My; =My, =M, =M;5=0

5-chizma

C
M3=M5=M5=M7=M11=M15=0

Endi Nyuton ko’pyogqliklari usuli yordamida P° maxsus nuqtaning kichik atrofida (11)

G-chiema

——»

-, T e >
. -

P
My=M,=M;=M, =M;=M; =My, =
=My =Mz =My = Mys =0

sistemaning parametrik yechimlarini izlaymiz. Bunda P°(x?, x0, xJ,0,0, Ly) (2-chizma.)
(11) sistemada quyidagi koordinatalar almashtirishni olaylik.

(X, =x2+ 74
Xy, = X3+ 2z,
) x3 = x3 + 23
V1= 24
V2 = Zs
\L =Ly + z,

(12)
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Bu yerda z; (i = 1,6) lar P° maxsus nuqtadan kichik chetlanishdir. Bu giymatlarni (11)
sistemaga qo’yib quyidagi sistemani hosil qilamiz:
Ifgl 2 (x) +2))?% + 22 = a?
492 2 (x7 + 21 —x3 —23)* + 25 = (Lo + 26)°
g3 2 (X3 + 2, — x3 — 23)* + 25 = ¢?
L‘h 2 (x5 +2,)% + 252 = b?
Tegishli hisoblashlarni bajarib hamda (11) sistema shartlarini hisobga olib, quyidagi
sistemaga kelamiz:
(2,2 +2x%2,+22=0
(z1 = 23)% + 2(x) — x9)z; — 2(x) — x3)z3 + 2§ — 26> — 2Lozs = 0
(22 — 23)* +2(x —x3)z, — 2(x3 —xz3 + 25 = 0
Lzzz +2x2z, + 22 =0
Nyuton ko’pyoqliklari usulini qo’llab (13) sistema uchun quyidagi gisqartma sistemani

(13)

(14)

olamiz.
Ifole +2z2=0
4 20 —xDzy — 2(x0 — xz5 + 22 — 2Loyzs = 0
2069 —xDz, —2(x) —xNz3 + 22 =0
LZszZ +z2=0

Bu sistemani yechib:

2
Zy
Z = ——%
1 2x9
Zy = 252
2 2x2
0

_ X3 2

Z3z = 0,.0_-0: 25

Ze = |\ ~0Z4 02 _o0 OZS

2
0 0,0_,.0
1 (x3 2 _ X1X3—X3 2>
- 0

2L \x1 X3 —x3x3

Topilgan z; (i = 1.6) larni giymatlarini (12) sistemaga qo’yib (11) sistema uchun asimptotik
yechimni olamiz:

Z4
Xy =x) +2z; =x) ——5 4+,
2x;
0 0o_ 7
X=Xt 2y =X — 5+
X2
0 0 x3 2
X3 =x3 +23=x3 + zZg + -
3T T oA B '
Y1 =24+ (15)

Y2 =25+,

2
1 (2 x0x9 — x9
3 1X3 — X3
L=Lo+zs=1L o P et By ) [V

ot o 7
2L 0% _ ,.0,.0
0 \*1 Xy — XyXg

topiladi.
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