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ANNOTATSIYA

Ushbu maqolada trigonometrik funksiyalarni geometric ta’rifidan farqli bo’lgan
qatorlar orqali ta’rifi o’rganilgan. Turli matematik tushunchalarning ekvivalent
ta rifi bo’lgani sababli, trigonometrik funksiyalarning boshqa ta riflari ham mavjud.
Geometrik ta’rifidagi xossalari qatorlar orqali ta’rifining xossalari ustma-ust
tushishi ko 'rsatilgan. Xuddi shu kabi tgx,ctgx;secx va cosecx funksiyalar uchun ham
qatorlar orqali ta’rifni berish mumkin.

Kalit so’zlar. Trigonometrik funksiyalar, Teylor gatori, formula, xosila, integral,
funksiyaning analitik ko rinishlari,darajali gatorlar.

AHHOTAIUA

B mpex cmamuvsax usyuaemcs onpeodeieHue mMpuUcOHOMEMPUYECKUX (OYHKYULL
pAaoamu, omaudHoe om eeomempuyeckozo onpeoeieHus. I1ockonvky cywecmeyrom
IKBUBANICHMHbIE — ONpeOeNleHUsl  PA3IU4HbIX — MAmeMamuyeckux  onepayutl,
cywecmsyrom u opyaue onpeoenenus mpueconomempuueckux ynxyuu. Ceoticmea
2e0MempuiecKkoeo onpeoeieHus: YHUKAIbHbL mMeM, 4mo OHU NepeKpblearomcs co
ceoticmeamu  onpedeleHuss uepes  JUHUU.AHANO2UYHO onpedeneHue  HYHKYuUil
tgX;Ctgx;Secx u COSECX moocem Obimb 3a0aHO Yepe3 TUHUMU.

Knwuesvie cnoea. Tpuconomempuuecxue @ynkyuu, pso Tetinopa, ¢hopmyna,
npousgedeHue, yeavie QyHKYUU, anarumuiecKue npedcmasieHus, cmeneHuvie psovl.

ABSTRACT

In this article, the definition of trigonometric functions through lines, which is
different from the geometric definition, is studied. Since different mathematical
concepts have equivalent definitions, there are other definitions of trigonometric
functions. It is shown that the properties of the geometric definition are superimposed
on the properties of the definition through lines. In the same way, the definition of the
functions tgx;ctgx;secx and cosecx can be given through lines.

Key words. Trigonometric functions, Taylor's series, formula, product, integral,
analytic representations of the function, power series.
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KIRISH

Matematik tushunchalarni o’zlashtirish ko’p faktorlarga bog’liq. Ana shu
faktorlardan biri tushunchalarni har xil ta’riflarini o’zlashtirish va muayyan ta’rifga
asoslangan holda unga mos nazariyani o’zlashtirishdir. Muayyan tushuncha uchun
mavjud bo’lgan har xil talginlar uning mohiyatini, mazmunini va hajmini
o’zlashtirish imkonini beradi.

Ma’lumki, trigonometrik funksiyalar geometrik tarzda ta’rif berilgan. Biroq
fanda geometriyaga bog’liq bo’lmagan holda trigonometrik funksiyalarni o’rganish
zaruriyati vujudga keldi. Matematik analiz kursidan ma’lumki bu funksiyalarni
darajali qatorga yoyish mumkinligi haqida gapiriladi, ya’ni:

_ x3 X
sinx =x —— +— —

3! 5!

x? x*
cosx=1——+——"-

21 4!

Ammo mazkur tengliklarning o’ng tarafidagi qatorlarni asos qilib olgan
holda trigonometrik funksiya tushunchalarini Kkiritish va shu asosda uning
nazariyasini rivojlantirish mumkin.

Ta’rif. Analitik cos x va sinx funksiyalar deb, quyidagi formulalar bilan
berilgan funksiyaga aytiladi:

2 x4
e T
x3 x5

Mana shu ta’rifdan kelib chiquvchi c(x) va s(x) funksiyalarni asosiy xossalarini
keltiramiz.

1. c(x) va s(x) funksiyalarni aniglanish sohasi barcha haqigiy sonlar
to’plamidir. Huddi shuningdek c(x) va s(x) darajali gator, x ning haqiqiy
o’zgaruvchili qiymatida yaqunlashadi. Bunga ishonch hosil qilish uchun
Dalamberning absolyut yaqinlashishi prinsipini qo’llash yetarlidir. Shuning uchun
c(x) gator uchun

x2(n+1)(2n)1
2(n+ D]'x2*| noeo(2n+ 1)(2n+ 2)
2. c(x) funksiya juft , s(x) esa toq , ya’ni
c(—x) = c(x), s(—x) = —s(x)
3. c(x) va s(x) funksiyalar uchun qo’shish formulalari:
c(x —y) = c(x) c(y) +s(x) s(y)
s(x+y) =s(x) c(y) +c(x)s(y)

Up+1(X) _ |x|?

0, () | moven

lim

n—oo
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Bu formulalarni isbotlash uchun qatorlar ustida amallarni bajarib ko’rsatish
mumkin.

Natija:

1) y = x bo’lsa, c?(x) + s%(x) = 1 ni hosil gilish mumkin.

2) y ni —y ga almashtirib ,

c(x+y) =cx)c(y) —sx) s(y)

s(x—y) =s(x) c(y) —c(x) s(y)

ni hosil gilamiz.

4, Ko’paytmani yig’indiga almashtirish formulalari:
() c(y) = c(x+y) ; clx—y)
50 s(y) = c(x—y) ;C(x +)
G0 s(y) — s(x +y) ;S(x +y)

S. Yig’indini ko paytmaga almashtirish formulalari:

c(x) + c(y)=2c (x+y) c (ﬂ)

2
c(x) — c(y)=-2s (x+y) S (xz;y))
s(x) + s(y)=2s (x+y) c (ﬂ)

2
500 - s0)=2¢(2) s ()
6. Ikkilangan argument va yarim argument formulalari:
s(2x) = 2s(x) c(x), c(2x) = c?(x) — s%(x),

’1+c(x _ =i ’1—;(3{}

c(x) va s(x) funksiyalarning hosilalari:

x3 x°
c(x}——x+—+—+ = —s(x)
xz :\545T
s'(x) = 1—5 T = c(x)
8. s(x —y) = s(x) c(y) —c(x) s(¥)
c(x —y) = c(x) c(y) + s(x) S(J’}
formuladal) x =0, y —;—r 2) x = 3)x = ;—r y = 0 giymatlarda.

s(-3)=—53)=s@s(3)-c@ S@
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c (—g) =c(0)c (g) + s(0) S(g)

s(0) = s*(x) c*(y) — c(x) s()=0
c(0) = ¢*(x) +s*(y)

s(@)=5E) cco-c(l) so
e()=c(Z) e+ (Z) s

T

bo’lib, s(0) =0, c(0)=1, s(2)=1, ¢(Z)= 0 lami hosil gilish mumkin.
s(x +y) =s(x) c(y) +c(0)s(y)
clx+y) = cx) c(y) +s(x) s(y)

formulaga y = (;—r) deb olsak.

s (x + ;—r) =c(x), c (x + ;—r) = —s(x) ni hosil gilamiz.

Bundan , s(x+m)=c (x - ;—r) = —s(x),

c(x+m)=—s(x+7)=—c(x) kelib chigadi
9. s(x) va c(x) funksyalarning davriyligi
s2rn+x) =s[g+ (mr+ x)] = —s(m + x) = s(x)
cm+x) =cmr+(m+x)] = —c(m+ x) = c(x)

10. s(x) vac(x) funksyalar uzluksizdir.
Ax Ax
s(x + Ax) — s(x 2s( = )c(x + =
tim ) =S™ _ i (2) ( 2)=0
Ax—0 Ax Ax—0 Ax
Ax Ax
c(x + Ax) —c(x —25(5)s|x + -
tim & ) =™ _ iim (2)( 2)=0
Ax—0 Ax Ax—0 Ax
XULOSA

Shuningdek, boshqa trigonometrik funksiyalarni xossalarini o’rganish mumkin
va sinx, cosx funksiyalar aynan s(x), c(x) funksiyalar bilan ustma-ust tushadi,
ya'ni sinx = s(x), cosx = c(x).
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