g Ustozlar uchun pedagoglar.org

O‘ZGARUVCHI KUCHLAR TA’SIRIDA MODDIY NUQTANING
HARAKAT DIFFERENSIAL TENGLAMALARINI ANIQLASH

Qodirov Anvar Gulyamovich

Toshkent davlat transport universiteti dotsenti
Abdurahmonov Ahmadulloh Kamoliddin o’g’li
Toshkent davlat transport universiteti talabasi

Annotatsiya:Ushbu maqolada o‘zgaruvchi kuchlar ta’sirida harakatlanayotgan
moddiy nuqtaning dinamikasi o‘rganilgan. Moddiy nuqtaga og‘irlik kuchi va elastik
(qaytaruvchi) kuchlar ta’siri hisobga olingan holda harakatning differensial tenglamalari
tuzilgan. Ushbu tenglamalarning yechimlari aniglanib, nugtaning harakat trayektoriyasi
ellips ekanligi ko‘rsatilgan. Shuningdek, ellipsning asosiy geometrik parametrlari,
harakatning davriyligi hamda fizik ma’nosi tahlil qilingan. Olingan natijalar nazariy

mexanika fanini o‘rganishda muhim ahamiyatga ega.

Kalit so‘zlar: moddiy nuqta, o‘zgaruvchi kuchlar, og‘irlik kuchi, elastik kuch,
harakat differensial tenglamalari, garmonik harakat, elliptik trayektoriya, tezlik, tezlanish,

tebranish davri

Annotation: This article studies the dynamics of a material point moving under the
action of variable forces. The motion of the material point is analyzed by considering the
simultaneous effects of gravitational force and elastic (restoring) force. The differential
equations of motion are formulated, their solutions are obtained, and it is shown that the
trajectory of the point is an ellipse. In addition, the main geometric parameters of the
ellipse, the periodic nature of the motion, and their physical interpretations are discussed.

The obtained results are of significant importance in the study of theoretical mechanics.

Keywords: material point, variable forces, gravitational force, elastic force,
differential equations of motion, harmonic motion, elliptical trajectory, velocity,

acceleration, period of motion.
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AHHOTauMs: B 1aHHON cTarbe H3ydaeTcss [OWHAMUKA MATEPUAIBHOM TOYKH,
JBIDKYLIEHCS O] IEUCTBUEM MEepeMeHHbIX cuil. C y4€TOM NEUCTBUS CUJIbI TSXKECTH U
ynpyroi (BOCCTAHABIMBAIONICH) CHUJIbI, COCTaBIEHBI IUdQepeHIalbHbIe ypaBHEHUS
nBikeHus. HaiiieHsl pelieHust 3TUX ypaBHEHUH U MOKa3aHO, YTO TPACKTOPUS JIBHXKCHUS
TOYKM MOpeAcTaBisieT co0oil ammunc. Takxke mnpoaHaTIu3UpOBaHbl  OCHOBHBIC
r€OMETPUYECKUE TapaMeTphbl 3JUIUINCA, MEPUOAUYHOCTh JBMXKCHHUS U €ro (PU3NYECKU
cmbica. IlonydeHHble pe3ynbTaThl HMEIOT Ba)XHOE 3HAYEHHUE TIPU  HU3YUYCHUU

TEOPETUYECKON MEXaHHUKH.

KirwueBble cjoBa: marepuanbHas TOUYKa, MEPEMEHHBIE CHUJIbI, CHUJIa TSXKECTH,
yopyrasi cuia, nuddepeHiaibible YPaBHEHUS JBUKEHUS, TAPMOHUYECKOE JIBUKCHUE,

QJUIUIITHYCCKAA TPACKTOPHUA, CKOPOCTh, YCKOPCHHUC, IICPHUOI KOJICOaHHS.

Mexanikada moddiy nuqtaning harakati unga ta’sir etuvchi kuchlar bilan
belgilanadi. Agar moddiy nuqtaga bir vaqtning o‘zida og‘irlik kuchi va gaytaruvchi
(elastik) kuch ta’sir etsa, uning harakati murakkab xarakterga ega bo‘ladi. Ushbu mavzuda
moddiy nugtaning harakat differensial tenglamalari tuziladi, ularning yechimlari topiladi

va nuqta trayektoriyasi aniglanadi.
Moddiy nugta nima?

Moddiy nugta -bu jismning o‘lchamlari va shakli hisobga olinmay, uning butun
massasi bitta nuqtada jamlangan deb garaladigan ideal modeldir.Ya’ni, agar jismning
o‘Ichami harakat masofasiga nisbatan juda kichik bo‘lsa, uni soddalashtirish uchun moddiy

nuqgta sifatida garaladi.

Dinamikaning asosiy qonuni (Nyutonning ikkinchi qonuni)ga asosan ta’sir etayotgan

kuch quyidagicha aniglanadi:
F=md
Bu yerda:

F-natijaviy kuch,
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m-massa,
a-tezlanish,

Tezlanish tezlikning vaqt bo’yicha hosilasga teng:

5> dv
a=—.
dt

Tezlik esa koordinataning vaqt bo’yicha hosilasidir:

> dv
a=—.
dt

Shuning uchun harakatning asosiy differensial tenglamasi:

-

d27
m
dat?

= F(t, 7, ¥) ko’rinishni oladi.
Agar harakat bir 0’q bo’ylab sodir bo’lsa (masalan, x 0’qi bo’lab), tenglama quyidagicha
yoziladi:

d?x
m—— = F(x,v,t).

Bu ikkinchi tartibli oddiy differensial tenglamadir.
Masalan:

1. Kuch vaqtga bog’liq bo’lsa:

d?x
mﬁ =F (t) .

2. Kuch koordinataga bog’liq bo’Isa(qarshililk kuchi):

d?x
m— = —kx.
dat?

3. Kuch tezlikka bog’liq bo’lsa(garshilik kuchi):

d?x
m— = —kv.
dat?
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O‘zgaruvchi kuchlar ta’sirida moddiy nuqtaning harakati ikkinchi tartibli
differensial tenglama bilan ifodalanadi. Tenglama ko‘rinishi kuchning qanday kattalikka
bog‘ligligiga garab farqlanadi. Harakatni aniglash uchun ushbu tenglamani boshlang‘ich
shartlar asosida yechish zarur. Differensial tenglamalar mexanikada murakkab harakatlarni

tahlil gilishning asosiy vositasi hisoblanadi.
1-misol. m=1kg, x,=0, z, = 10m, X, = 20m/c, z, = 0, ﬁzcr(?cow@gina),

R = —of, c=4H/m,  =2H*c/m. R kuchni hisobga olmasdan hamda uni e’tiborga

olgan holda nugtaning harakat tenglamalari topilsin.

Yechish. Moddiy nugtaga G og’irlik kuchi va ta’sir chizizg’i qo’zg’almas O

markazdan o’tuvchi R kuch ta’sir giladi (1-rasm).

R kuchni e’tiborga olmaymiz. R kuch M nugtani O markazga tortadi. Bu kuchning

moduli nugtadan qutbgacha bo’lIgan r masofaga to’g’ri proporsional.

Boshlang’ich vaqt onida (t=0) M nuqta z o’qining ustiga sanoq boshidan 10 m/s
tezlik beriladi.

Berilgan P, G kuchlar va boshlang’ich tezlik vectori v, XOz tekisligida joylashgan,

shuning uchun nuqtaning keying harakati shu tekislikda ro’y beradi.

Moddiy nuqtaning harakat tenglamalari quyidagi ko’rinishga ega:

MX=-crcosa, mz=-crsina-G

COSO=X/T, sino=z/r

mx=-CX, mz=-cz-G

%+k?x=0, z+k? z=-g (1)

k=/c/m, k=2 radlc.
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(1) Tenglamalar o’zgarmas foeffisentli ikkinchi tartibli chiziqli differensial

tenglamalardir. Ularning birinchisi bir jinsli, ikkinchisi esa-bir jinsli emas.
(1) tenglamalarning yechimi quyidagicha:

x=C;coskt + C,sinkt;

(2)
z=Cscoskt + C,sinkt — g/k?
x=—C; k sinkt + C,kcoskt.
z=—C3ksinkt + C,kcoskt. (3)

C;, C,, C5,C, integrallash o’zgarmaslarini quyidagi boshlang’ich shartlardan

topamiz:
Xg = O, Zg = 10,

t=0 da ()
).(0 = 20; ZO = 0.

(4) ni (2) va (3) ga qo’yib quyidagilarni olamiz:

xo = Cy; zg=C3—g/k
XO = Czk; ZO = C4_k.
Cl == 0; CZZX/k, C3 = Zy +g/k, C4_ =0 (5)

(5) n1 (2) ga qo’yib, pirovardida quyidagilarga ega bo’lamiz:
X=(Xo/k) sinkt = 10 sin 2t;
z=(zy + g/k)sin kt = —24,9sin 2t (6)

Ko’rilayotgan masalada nuqta treyktoriyasining tenglamasi olinishi mumkin.

Buning uchun (6) harakat tenglamalarni quyidagicha yozib olamiz;
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X/(Xo/k) = sinkt; (z + g/k) = coskt

=
Me Vg
4 A

. =y X =

o
M(z,2) [ T =
P
G -
Pt
b a o
1-rasm 2-rasm

Bu A markazi z o’qi bo’ylab koordinata boshiga nisbatan 2,45m pastga surilgan
ellipsning tenglamasidir. Ellipsning yarim o’qlari gorizontal a=10m; b=12,45m (2rasm).
M nugtaning ellips bo’ylab harakati davomida PvaG kuchlarning A nugtaga nisbatan

momentlarining yig’indisi hamma vaqt nolga teng bo’ladi.

Boshgacha paytganda PvagG kuchlarning teng ta’sir etuvchisi hamma vaqt A

nuqtadan o’tadi.
Nugtaning ellips bo’ylab aylanish davri:
T=2m /k=m=3,14c
Nugta radius — vektorning bir davr mobaynida goplagan yuzasi ellips yuzasiga teng:
F= mab=n(z, + g/K) Xo/k
Endi R kuchni ¢’tiborga olgan holda nuqtaning harakat tenglamalarini topamiz.
Harakatga garshilik kuch quyidagicha bo’lIsin:
R=-ar=-av=-a(Xi+y)
Moddiy nuqtaning harakat differensial tenglamalari quyidagi ko’rinishlarni oladi:
MX=-CX-ax mz=-cz-az-G*

X+2nx+kx=0,  z+2nz+kz=-g
90-son 2-to’plam Fevral-2026 Sahifa: 263



% Ustozlar uchun pedagoglar.org

2n=o/m, n=1c

Nugtaning treyktoriyasi A nuqtaga o’raluvchi

spiraldan iborat (3-rasm), bu nuqgtada P va G o’zaro

muvozanatlashishini tushunish mumkin bo’ladi. Moddiy

nugta A nugtaga asimptotik ravishda yaqginlashib borishini
ta’kidlash mumkin.

3-rasm

Moddiy nuqta T,=2 =/ k; T, = 3,63c ichida bir marta to’liq aylanadi. Bunda A
markazdan harakatlanayotgan nuqtagacha bo’lgan masofa har bir T, ¢ vaqt ichida 37,7

martta kamayib boradi.

MUHOKAMA: Ushbu mavzuda moddiy nuqtaning o‘zgaruvchi kuchlar ta’siridagi
harakati dinamikaning asosiy qonuni asosida differensial tenglamalar orgali ifodalanishi

va ularni integrallash yo‘li bilan harakat qonunlarini aniglanish masalasi ko‘rib chiqildi.

Masalada kuch vektori koordinatalarga bog‘liq bo‘lib, harakat tenglamalari ham vaqt
bo‘yicha o‘zgaruvchi ko‘rinishga ega bo‘ladi. Bu esa masalani oddiy doimiy kuch
ta’siridagi harakatdan farqli ravishda murakkabroq matematik usullar bilan yechishni talab

giladi.

Muhokama jarayonida shuni ko‘rish mumkinki, differensial tenglamalarni
integrallash orgali moddiy nugtaning koordinatalari, tezligi va tezlanishini vaqt funksiyasi

sifatida aniqlash mumkin bo‘ladi.

Bu esa nafagat nazariy mexanikada, balki muhandislik hisoblarida ham muhim
ahamiyatga ega. Aynigsa, qurilish mexanikasi, mashinasozlik va texnik tizimlarning

dinamik tahlilida ushbu usullar keng qo‘llaniladi.
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