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ANNOTATSIYA
Ayrim tenglama va tengsizliklarni elementar usullarda yechish ancha
qiyinchilik tug‘diradi, yoki bu usullarda yechish imkonsiz bo‘ladi, bunday hollarda
o‘zgaruvchini almashtirish usuli yordamida masalani sodda ko‘rinishga keltirish
mumkin. Ushbu maqgolada ayrim tenglama va tengsizliklarni o‘zgaruvchisini qutb
koordinatalariga o‘tib yechish haqgida so‘z boradi.

Kalit so‘zlar: Tenglama, tengsizlik, qutb koordinatalari, burchak, masofa.

AHHOTAIUA
HexoTopble ypaBHEHHs U HEPABEHCTBA JJIEMEHTAPHBIMU METOJAMU PELIUTH
TpyZAHee, 1100 pelnTh UX STUMHU METOJaMU HEBO3MOKHO, B TAKUX CITydasix 3a/iauy
MOXHO YNPOCTUTh, UCHOJIBb3Ysl METOJ 3aMEHbl IEPEMEHHbIX. B naHHON cTaThe
paccMaTpuBaeTCsd PpELICHHE HEKOTOPBIX YPaBHEHUM UM HEPABEHCTB IIyTEM
npeoOpa3oBaHus IEPEMEHHOMN B MOJIIPHBIE KOOPAUHATHI.
KiroueBble cjioBa: ypaBHEHHE, HEPABEHCTBO, MOJIIPHBIE KOOPAMHATHI, YTOJ,

paccTosiHUE.
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ABSTRACT
Some equations and inequalities are more difficult to solve by elementary
methods, or it is impossible to solve them by these methods, in such cases the
problem can be simplified using the change of variables method. This article
discusses the solution of some equations and inequalities by converting a variable
into polar coordinates.

Keywords: equation, inequality, polar coordinates, angle, distance.

Matematikani o‘rganish davomida ko‘plab masalalarni yechish tenglama yoki
tengsizliklarga keltirilib shu tenglamaning yechimi gidiriladi. Matematikada tenglama
va tengsizlarni yechishni ko’plab usullari mavjud bo’lib bunday usullardan matematika
fanini o’rganish davomida ko‘p marta foydalanamiz. Bazida shunday tenglama va
tengsizliklar uchraydiki ularni yechish biroz qiyinlik tug‘diradi. Bunday tenglama va
tengsizliklalarni  yechish uchun biz matematikaning boshga elementlaridan
foydalanishimizga to‘g‘ri keladi.

Ushbu maqolada bir necha tenglama va tengsizliklarni yechishda qutb
koordinalaridan foydalanish hagida so‘z boradi.

Tekislikda qutb koordinatalari quyidagicha kiritiladi: tekislikda O nugta, OP. nur

va OP nurda yotuvchi OE =i birlik vektorni belgilaymiz. hosil gilingan geometrik

obraz qutb koordinatalari sistemasi deyiladi. Uni (O,T) ko‘rinishda belgilaymiz. O

nugta qutb boshi, OP nur qutb o‘gi deyiladi. M nugtaning tekislikdagi vaziyati

ma’lum tartibda olingan ikki son: biri OE birlik kesma yordamida o‘lchangan
p:\o—M’\zo masofa, ikkinchisi i nur OM nurning ustiga tushishi uchun surilishi
kerak bo’lgan OP va OM vektorlar orasidagi ¢ burchak bilan to‘la aniglanadi. (o, ¢)
qutb koordinalaridan (X, y) dekart koordinalariga o’tish x=p-cose, Yy=p-Sing

almashtirishlar orgali, aksincha, (x,y) dekart koordinalaridan (p,(o)qutb

koordinalariga o‘tish p=x* +y*,p= arctg% almashtirishlar orgali bajariladi.
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i X*+y*=r’ . - .
1-misol. . , tenglamalar sistemasini yeching.
4xy(2x —-r ): r

Yechish: Sistemadagi birinchi tenglama aylana tenglamasi bo‘lib, uning qutb

X=TrCcosg

y = rsin ko’rinishida aniqglanadi. Hagigatdan, ko’rish mumkinki bu
= ®»

koordinatalari {

almashtirishlar cos® ¢ +sin® ¢ =1 ayniyatga ko’ra birinchi tenglamani qanoatlantiradi,

. 2 .2 ) - _ X=TrCoS¢
a’ni(rcos +(rsSin =r"= Cos"@+sin“p=1. Endi ]

yani(rcosp)” +(rsing) +sin‘e {y rsing

almashtirishlarni ikkinchi tenglamada qo’llaymiz:

axy(2x* —r*)=r* =4rcosprsing(2r’cos’p—r?)=r*

= 2r'sin2p(2cos’p-1)=r*
Bundan ZSiHZgo(ZCOSZ(/)—l):l ga ega bo’lamiz.  2cos’p-1=cos2p Va
2sin 2pcos 2¢ =sin4g ekanligidan, 2sin2¢pcos2p =1 = sindp=1 4go:%+27rn neZ

X =rCoS¢
y=rsing

demak (p:£+ﬂ—n:>go1:£;(p2:5—”;(/)3:9—7[;@4:13—” ga ecga bo’lamiz.
8 2 8 8 8 8

X, = cos— X =
ekanligidan 8

yl=rsinZ y, =
8

har bir ¢ uchun bu tengliklarni bajarib

quyidagi yechimlarga ega bo’lamiz; (% \/ 2++/2; %\/ 2 A3 j,

(—2\/2+\/§;—%\/2—\/§j,(—£\/2—\/5;%\/2%/5}, (%W—%WJ

4x% +4y* + xy?
x*+y*+16

2-misol.

>1 tengsizlikni yeching.

Yechish: Yuqoridagi tengsizlikda x=r-cose,y=r-sing  almashtirishlarni
amalga oshiramiz. U holda

4r?(cos® ¢ +sin® @) + r* cos® psin® ¢ — r*(cos* ¢ +sin* ) —16 S

0.
r*(cos* ¢ +sin® p) +16
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sin2p+cos’p=1 dan va 2singcosgp=sin2¢p dan va (sin®@+cos’ @)’ =1
= sin* ¢ + 2sin® pcos® ¢ + cos* ¢ =sin* @ + cos* ¢ + 0,5sin* 2¢ lardan

sin* @ +cos’ ¢ =1-0,5sin*2¢p

Tengsizlikdagi kasrning maxraji r va ¢ ning har ganday giymatlarida musbat
giymatlarni gabul gilganligi uchun r*(3sin*2¢—4)+16r>—64>0 tengsizlikka ega
bo’lamiz.

Bu tengsizlikning chap tomoni r ga nisbat bikvadrat ifodani tashkil giladi.

Shundan kelib chiqib, diskriminantni manfiy bo’lmasin deb olamiz.
D =256 + 256(3sin” 20— 4) = 768(sin’ 2 —1) =~768c0s’ 20> 0

Bu tengsizlik esa cos2¢p=0 (ya’nisin?2¢p=1) bo’lganda bajariladi. Bundan
3 5) 7
2¢=i%+27z3¢1=%;¢)z=7ﬂ;¢3—7ﬁ; :
Demak, sin2¢p=1 ni e’tiborga olsak, —r*+16r°-16>0 yoki (r*-8)*<0.
Bundan r=+2+/2 kelib chigadi. X=r-coS¢, Y=r-sing munosabatlardan (x, y)

sonlar sifatida (242;2v2) , (2v2;-2+/2), (-2+/2;2+/2) va (-2+/2;—2+/2) larni olish mumkin.
Bu kabi misollardan foydalanish nafagat o‘quvchilarning matematik tayyorgarligi
oshishiga, balki fan ichidagi ichki alogadorliklarni o‘rnata bilish ko‘nikmalarining

shakllanishiga xizmat giladi.
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