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Annotatsiya
Ko‘pgina o‘quvchilar trigonometrik ayniyatlarni va tengsizliklarni isbotlashda qiynalishadi. Ushbu
ishda ba’zi trigonometrik ayniyatlarni va tengsizliklarni isbotlarga doir misollar keltirib o‘tilgan.
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Abstract
Many students find it difficult to prove trigonometric expressions and inequalities. In this work,
examples of proving some trigonometric expressions and inequalities are given.
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1-misol. Agar « >0, >0, >0 bo'lib, a+p+y = % bo'lsa,
tga -tgp +1gp - tgy +tgy - tga =1 ayniyatni isbotlang.
Isbot. Ayniyatning chap gismidan o‘ng qismini keltirib chiqaramiz:
tga -tgB +19p 19y +1gy -tga = tga -tgB + gy (g +tgp) =
=tge - tgf +tg(% —(a+ ,B)j(tga +198)=tga -tgB + ctg(a + p)tga +tgB) =

l1-tge -tgp (t

+1 =1.
tga +tgp ga gﬁ)

=tgo -tgf +

2-misol. Agar — arcsin% <a<rm- arcsin% bo‘lsa,

Ja-3sin? o +2sin 2a =sina + 2cos & ayniyatni isbotlang.
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Isbot. Ayniyatning chap gqismidan

J4-3sin? o+ 2sin 2a = \/4(sin? & + cos® a )-3sin? o + 4sin a cos & =

= \Jsin? & + 4sin . cosa + 4¢0s° & = +/(sin  + 2cosa ) =|sin & + 2cosal.
sin ¢ +2cos« ifodaning ishorasini aniglash uchun quyidagi formuladan foydalanamiz:

acos wt +bsin wt =va’ +b? sin(wt + @), (1)

buyerda ¢ =arcsin
a’ +b?

2.5

(1) gako‘ra sina+2cosa = \/gsin[a +arcsin TJ
Berilgan — arcsinz?5 <a<srm- arcsin& shartgakora 0<a+ arcsin% <7 bo‘ladi. Bunga ko‘ra

Sin(a +arcsin ?} >0,ya'ni sina+2cosa >0 ekanligi kelib chiqadi. Demalk,

lsin & +2cosa| =sin & + 2cosa bo'lishi kelib chigadi.

sinasin f
cosa +Cosf

3-misol. Agar tgy = (2)

bo‘lib, bunda
27K <y < %+ 27K,

272'm<}/<%+27zm, (3)

27zn<y<%+27zn,

bo‘lsa,
y a, p
tg-=tg—tg = 4
92 9292 (4)

bo‘lishini isbotlang.

Isbot. (2) tenglikning ikkala qismini kvadratga ko‘tarib, ikkala qismiga ham 1 ni qo‘shamiz

Litgly =1+ sin®asin’® g
(cosa +cos B)*
va bundan
1 cos’a+2cosacosB+cos’ B+sin’asin’ B
cos’y (cosa +cos B)° ’
cos? y = (cosa +cos )’

COs? & + 2008 C0S 3 + c0s” 3 + (L —cos? ax JL—cos? f)’
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cos? y = (cosa +cos B)° |

(1+cosacos g

yoki
cosy| = cosa +cos f3

[1+cosacos |’

(3) shartlardan cosy >0, cosa >0, cosg >0, ekanligi va bundan
cosy = Cosa +Ccos B ’
1+cosacosf

bo'lishi kelib chiqadi.
Proporsiyaning xossasiga ko‘ra
1-cosy _1+cosacosp —(cosa+cosp3)
1+cosy 1+cosacos/f+(cosa +cosf3)
1-cosy (1-cosf)-cosa(l-cosp)
1+cosy (1+cosp)+cosa(l+cosp)’

yoki
1-cosy (L-cosp)l-cosa)
1+cosy (1+cosp)1+cosa)’

(4)

(5)

1-cosx = 2sin® g, 1+ cosx = 2¢os? g, formulalarga ko‘ra (5) tenglikni quyidagicha yozish mumkin:
ta2 L =tq2 ﬁt 2 &
J 2 J 2 J 2
bundan
4 Bl &
tg —| = [tg —(tg —
‘gz‘ ‘g 2ng‘
et i R B a
bo‘lishi kelib chigadi. (3) shartlarga ko‘ra tg 7 >0, tg > >0, tg > >0,
Demak,
Y _1qPiq &
tg-=tg=tg—
J 2 J 2 J 2

tenglikga ega bo‘lamiz.

4-misol. Agar o + f+ y =mbo’lsa, cosa +cos 4+ cosy < g tengsizlikni isbotlang.

Isbot. Tengsizlikning chap qismidagi cosa +cos £ yig'indini ko‘paytmaga keltiramiz,

a+,3cosa;,3

2cos + CcoSy

a+p m-y
2

Bunda cos va ifodalarni e’tiborga olsak,

ﬂ<1
2
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2cosa;ﬂcosa B +cosy < 2cos7[;7 +COoSy = 2005(%—%) +cos;/=23ing+c057/
C0Sy ni yarim burchak formulalaridan foydalanib

Zcosa+ﬂcosa_ﬂ+cos;x§25ing+c057:23in%+1—25in2%

Bu yerda sin % =y belgilash kiritsak, —2y? + 2y +1 funksiyaga ega bo‘lamiz. Bu kvadratik

funksiyaning eng katta qiymati % ga teng. Bundan esa isbotlanishi talab etilgan tengsizlikka ega

bo‘lamiz.
4

5-misol. sin® a(l+ ctga)+ cos® a(l+tga)< m+1

tengsizlikni isbotlang.

Isbot. Biz bilamizki m® + iz > 2 tengsizlik o‘rinli. Demak, biz
m

sin® (1 + ctgar) + cos® a1+ tgar) < 2
tengsizlikni isbotlashimiz kerak.
sin o + cos o s Sina+cosa
T st =
sin cosa
- 2 - 2 - - - 2 2
=sin? a(sin @ + cosa) + cos’ a(sin & + cosa) = (sin & + cosa)sin? a + cos’ &)=

sin® a1+ ctgar) + cos® a1+ tga ) =sin® «

=Sina +CcoSa = 2cos(a—Zj<2

Tengsizlik isbot bo‘ldi.

6-misol. Ayniyatni isbotlang.
1 1 1 2sin 9x

+ +...+ = .
COSX-COS2X COS2X-C0S3X €c0s9x-cos10x sin 2x-cos10x

Isbot. Tengsizlikni isbotlash uchun sin x =sin(nx — (n —1)x) ifodadan foydalanamiz, ya’ni berilgan

ifodaning chap qismiga sinx ni ko‘paytirib bo‘lamiz,

1 ( sin x . sin x . sin X j:
Sin X\ COSX-COS2X  COS2X - COS3X c0s9x - c0s10x
_ 1 (sin(Zx—x) s sin(3x — 2x) R sin(10x — 9x) j:
Sin X \ COSX-C0S2X  COS2X - COS3X €0s9x - c0os10x

qo‘shish formulalariga ko‘ra

10| Page



Uzbek Scholar Journal

Volume- 37, February - 2025
www.uzbekscholar.com

1 sin 2Xc0S X — c0S 2xsin X N sin 3XC0S2X — sin 2X oS 3x N
sin X COS X - COS 2X COS2X - Cc0S3X
N sin10x cos9x — sin 9x colexj 1

=~ (tg2x — tgx + tg3x — tg2x + --- + tg10x — tg9x) =
sin x

€c0s9x - cos10x
1 (sin10x sinx 1 sin10xcosx —sin xcos10x
=~ (tgl0x —tgx) = — - = =
sin X sin x\ cos10x cosx /) sinX c0s10x cos X
B 2sin 9x
sin 2x cos10x
Ayniyat isbotlandi.
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