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8-nji SYNPDA OWRENILEN
TEMALARY GAYTALAMAK

Eziz okuwgy! 8-njisynpda ,, Algebra“dan alan bilimlerinizi yada salmak
maksadynda Size birndce goniikmeleri hodiirleydris.

1. 1) y=2x+3; 2) y=-3x+4; 3) y=4x—1; 4) y=-2x-15
funksiyanyn grafigini ¢yzyi. Grafik haysy cédryeklerde yatyar? Grafigin Ox
we Oy oklar bilen kesisme nokatlarynyni koordinatalaryny aydyn.

2. y=kx+b funksiyanyn grafigi 4(0; —7), B(2; 3) nokatlardan ge¢yir. k we
b-ni tapyn.

3. Goni ¢yzyk A(0; 5), B (1; 2) nokatlardan gegydr. Su goni ¢yzygyn
derlemesini yazyn.

4. Deilemeler sistemasyny ¢oziifi:

Tx+4y=29; %) Sx—4y=13;
5x+2y=19; 2x—y=4.

5. 3 ata we 4 sygra bir giinde 27 kg iym berilydr. Bir giinde 9 ata berlen
iym 5 sygra berlen iymden 30 kg kop. Bir ata we bir sygra 1 giinde
ndge iym berilydr?

6. Kitap bilen depderii bilelikddki bahasy 5800. Kitabyil bahasynyni 10%-i
depderin bahasynyi 35%-inden 220 som gymmat. Kitap we depder ayry-
ayry nidce som?

7. Detisizligi ¢oziin:

1) 3(x—4)+5x<2x+3; 2) |5-2x<3; 3) [3x—4|=2.

8. Deirisizlikler sistemasyny ¢oziii:

) [4@-0>7-5x ) [26-20>8-5x,
15— 4x<3; 10— x> 2.



9.

10.

11.

12.
13.

14.
15.

16.

17.

18

19

3x+4 1-x 7x-3 3-—x
— < —

5 3 5 densizligin i1 ki¢i bitin ¢dzliwini tapyi.

Hasaplan:

) 121-0,04-289; 2) ,/5%.33; 3) (32 +8).

Y 6nekeylesdiriit:

7

1) (8463 +3v28 - 5V112): 247 ; 3) \/1—12+3+\/ﬁ_2;

" 4,1 +3\E'
3-5 2-5 4

2) (1541,2 +§\/270 —2430;

Denleméni ¢oziin (12-14):

D|7—x|=-7; 2)|x+6|=x+10; 3) J(x—9) =x-9.

1) x¥*~12x+11=0; 2) x*~15x+56=0;

3) 6x2+7x-3=0; 4) 16x*+8x+1=0.

1) x*~10x*+9=0; 2) 10x*+7x*+1=0.

240 km aralygy bir awtomobil ikinjd garanda 1 sagat tizrik gecdi. Eger

birinji awtomobilnini tizligi ikinjisiniil tizliginden 20 km/h artyk bolsa,
her bir awtomobilnini tizligini tapyn.

1) Iki sanyn tapawudy 2,5-e, kwadratlarynyn tapawudy bolsa 10-a den.
Su sanlary tapyn.

2) Jemi 1,4-e, kwadratlarynyn jemi 1-e deni bolan iki sany tapyi.
x>-8x+3=0 deiilemsnii kokleri x, we x, bolsa, 1)xf+x;;
)X +x3 3)xix, +xx3;  4)x? — x2-ni tapyi.
. Sany yiizden bire ¢enli tegelekldn. Tegeleklemegini otnositel yalilyslygyny
tapyn:
1) 6,7893; 2) 5,6409; 3) 0,9871; 4) 0,8245.
. Sany standart sekilde yazyi:
1) 437,105; | 2) 91,352; | 3) 0,000 000 85; | 4) 0,000 079.



1 BAP. KWADRAT FUNKSIYA.
KWADRAT DENSIZLIKLER

1-§. KWADRAT FUNKSIYANYN KESGITLEMESI

Siz VII synpda y=kx+b ¢yzykly funksiya we onuni grafigi bilen
tansypdynyz.

Ylmyn we tehnikanyn diirli ugurlarynda kwadrat funksiyalar diylip at-
landyrylyan funksiyalar dugyar. Mysallar getiryiris.

1) Tarapy x bolan kwadratyfi meydany y = x* formula boyun¢a hasap-
lanyar.

2) Eger jisim yokary v tizlik bilen zyilan bolsa, onda ¢ wagtda ondan
, 2
Yerin iistiine ¢enli aralyk s = —%ﬂ/t +s, formula bilen anyklanyar, munda

so—wagtyii =0 baslangyc wagtdaky jisimden Yerif iistiine ¢enli bolan aralyk.
Bu mysallarda y=ax?+bx+c gorniisddki funksiyalar garaldy. Birinji
mysalda a=1, b=c=0, lytgeyjiler bolsa x we y-ler bolyar. Ikinji mysalda

a =—§, b=v, c=s,, liytgeyjiler bolsa ¢ we s harplary bilen belgilenen.

0 Kesgitleme. y=ax*+bx+c funksiya kwadrat funksiya diyilyir,
munda-a, b we c — berlen hakyky sanlar, a+0, x—hakyky iiytgeyyji.

Meselem, asakdaky funksiyalar kwadrat funksiyalardyr:
y = x7, y=-2x2, y=x’-x,

y=x*-5x+6, y=—3x2+%x.



1-nji mesele. x = -2, x = 0, x = 3 bolanda
Y(x)=x*-5x+6
funksiyanyn bahasyny tapyn.
A Y =2) = (-2 = 5 - (-2)+6 = 20;
»(0) =0* - 5-0+6=6;
y(3)=32-53+6=0. A
2 -nji mesele. x-in ndhili bahalarynda y = x* + 4x—5 kwadrat funksiya:
1) 7-4; 2) —9-a; 3) —8-¢; 4) 0-a dent bahany kabul edyér?
A 1) Serte gord x>+ 4x—5=7. Bu deilleméni ¢oziip, asakdakyny alarys:
x* +4x-12 = 0,
Xip= 2-V4+12=-2-4, x,=2, x, = 6.

Diymek, y(2) =7 we y (-6) = 7.
2) Serte gord x> + 4x — 5 = -9, mundan
4 +4=0 x+22=0 x=-2

3) Serte gord x> +4x — 5 =—8, mundan x* + 4x + 3 = 0.

Bu denlemini ¢oziip, x,=-3, x,=-1 bolyandygyny tapyarys.

4) Serte gord x*+4x-5=0, mundan x =1, x, =5.A

Ahyrky yagdayda x-ii y = x> + 4x — 5 funksiya 0-a def, yagny
¥(1)=0 we y(-=5) = 0 bolan bahalary tapyldy. x-inn seyle bahalaryna kwad-
rat funksiyanyn nollary diyilyér.

3-nji mesele. y =x*>~3x funksiyanyfi nollaryny tapyi.

A x*-3x=0 defileméni ¢dzip, x,=0, x,=3 bolyandygyny tapyarys. A

Goniikmeler

1. (Yatdan.) Asakda gorkezilen funksiyalardan haysylary kwadrat funksiya
bolyar:

1)y =2x*+x + 3; )y =37*-1;, 3)y=>55+1,
4y y=x+Tx - 1; 5) y = 4x% 6) y = 3x* + 2x?

2. x-in seyle hakyky bahalaryny tapyn, y = x> —x—3 kwadrat funksiya:
1) =1-e; 2) —3-e; 3) —? -e; 4) —5-¢ deni baha kabul etsin.



3. x-in ndhili hakyky bahalarynda y = —4x*> + 3x — 1 kwadrat funksiya:
1) -2; 2) -8; 3) -0,5; 4) —1-e den baha kabul edyéar?

4. -2; 0; 1; /3 sanlaryndan haysylary asakdaky kwadrat funksiyanyti nol-
lary bolyar:

1) y=x*+ 2x; 2)y =x*+ x )y =x*-3;

4) y = 5x* — 4x — 1; 5) y = x*—x; 6)y = x>+ x —2?
5. Kwadrat funksiyanyn nollaryny tapyi:

1)y =x*—x; )y =x*+ 3

3) y = 12x* — 17x +6; 4) y = —6x* + Tx — 2;

5)y =3x* - 5x + 8 6) y =2x* —Tx + 9.

6. Eger y=x’+px+g kwadrat funksiyanyn x, we x, nollary milim bolsa,
p we g koeffisiyentleri tapyn:
1) x, =2, x,=3; 2) x,=-4,x,=1,
3) x,=-1, x,=-2; 4) x, =35, x,=-3.
7. x-in y=x*+2x—3 we y=2x+1 funksiyalaryni deil bahalary kabul edyin
bahalaryny tapyn.
]

2-8§. y = x* Funksiya

y=x* funksiyany, yagny a=1, b=c=0 bolandaky y=ax*+ bx +¢ kwad-
rat funksiya garayarys. Bu funksiyanyn grafigini gurmak {i¢in onun
bahalarynyn jedwelini diizyéris:

—4 ) =2 -1 0 1 2 3 4
x* 16 9 4 1 0 1 4 9 16

I =

Y

Jedwelde gorkezilen nokatlary gurup we olary tekiz egri ¢yzyk
bilen utgasdyryp, y = x* funksiyanyn grafigini alyarys (1-nji surat).
» = x* funksiyanyii grafigi bolan egri ¢yzyga parabola
diyilyir.
y = x* funksiyanyn hdsiyetlerini garayarys.
1) y=x* funksiyanyn bahasy x#0 bolanda polozitel we x=0 bolanda
nola den. Diymek, y = x* parabola koordinatalar baglangyjyndan gecyar,
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1-nji surat. 2-nji surat.

parabolanyn galan nokatlary bolsa abssissalar okundan yokarda yatyar. y =x?
parabola abssissalar okuna (0; 0) nokatda galtasyar, diyilyar.

2) y=x* funksiyanyn grafigi ordinatalar okuna gord simmetrik, ¢iinki
(—x)*=x. Meselem, y(-3)= y(3) = 9 (1-nji surat). Seylelikde, ordinatalar oky
parabolanyn simmetriya oky bolyar. Parabolanyn 6z simmetriya oky bilen
kesisme nokadyna parabolanyn wjy diyilydr. y=x* parabola ii¢in koordina-
talar baslangyjy onun ujy bolyar.

3) x>0 bolanda x-in uly bahasyna y-in uly bahasy layyk gelyér.
Meselem, y(3) > y(2). y = x* funksiya x >0 aralykda artyan, diyilyér (1-
nji surat).

x < 0 bolanda x-in uly bahasyna y-in ki¢i bahasy layyk gelyér. Meselem,
Y(=2) < y(-4). y = x* funksiya x <0 aralykda kemelydn diyilyér (1-nji surat).

Mesele. y = x* parabola bilen y = x + 6 goni ¢yzygyn kesisme
nokatlarynyil koordinatalaryny tapyt.

A\ Kesisme nokatlary y=x°,
y=x+6

sistemanyi ¢oztiwleri bolyar.



Bu sistemadan x* = x + 6, yagny x> — x — 6 = 0-y alarys, mundan x;
= 3, x, = —2. x; we x,-niil bahalaryny sistemanyn denlemelerinden birine
goyup, y1 = 9, y, = 4-1 tapyarys.

Jogaby: (3; 9), (-2; 4). A

Parabola tehnikada gin gerimde peydalanylyan engeme ajayyp hésiyetlere
eye. Meselem, parabolanynl simmetriya okunda parabolanyn fokusy diylip
atlandyrylyan F nokat bar (2-nji surat). Eger bu nokatda yagtylyk cesmesi
yerlesen bolsa, onda paraboladan sohlenene &hli yagtylyk sohleleri parallel
bolyar. Bu hésiyetden proZektorlar, lokatorlar we basga esbaplar tayyar-
landa peydalanylyar.

y = x? parabolanyn fokusy [O; i} nokat bolyar.
Goniikmeler

8. y=x? funksiyanyn grafigini millimetrli kagyzda ¢yzyn. Grafik boyunga:
1)x=038, x=15 x=19;, x=-23; x = -1,5 bolanda y-ifi ba-
hasyny takmynan tapyn;
2)eger y =2; y=13; y =45, y=6,5 bolsa, x-in bahasyny tak-
mynan tapyn.

9. y =x? funksiyanyn grafigini gurmazdan: 4(2; 6), B (-1; 1), C(12; 144),
D(-3; —-9) nokatlardan haysylarynyn parabola degisli bolyandygyny
anyklan.

10. (Yatdan.) A(3; 9), B(-5; 25), C(4; 15), D(\/g; 3) nokatlara ordinata-
lar okuna gord simmetrik bolan nokatlary tapyn. Bu nokatlar y = x2
funksiyanyn grafigine degisli bolarmy?

11. (Yatdan.) y=x* funksiyanyii bahalaryny

1) x = 2,5 we x=3%; 2) x = 0,4 we x = 0,3;
3) x =-0,2 we x = —0,]; 4)y x = 4] we x = 5,2
bolanda denesdirin.

12. y = x* parabolanyn:

1) y =255 2)y =5 )y ==x
4)y = 2x; 5) y =3 - 2x; 6) y =2x - 1

goni ¢yzyk bilen kesisme nokatlarynyn koordinatalaryny tapyii.



13. 4 nokat y = x* parabola bilen
1)y = —x -6, A(-3; 9); 2) y = 5x-6, A2;4)
goni ¢yzygyn kesisme nokady bolarmy?

14. Tassyklama dogrumy: y = x* funksiya:
1) [1; 4] kesimde; 2) (2; 5) interwalda;
3) x > 3 interwalda; 4) [-3; 4] kesimde artyar?

15. Bir koordinata tekizliginde y =x? parabola bilen y=3 goni ¢yzygy ¢yzyn.
x-i néhili bahalarynda parabolanyi nokatlary goni ¢yzykdan yokarda
bolyar; pesde bolyar?

16. x-ini ndhili bahalarynda y = x* funksiyanyn bahasy:

1) 9-dan uly; 2) 25-den uly didl; 3) 16-dan kigi dal;
4) 36-dan ki¢i bolyar?

|

3- 8. »y = ax’ Funksiya

1-nji mesele. y = 2x* funksiyanyn grafigini ¢yzyn.
/\ 'y = 2x* funksiyanyii bahalarynyii jedwelini diizyéris:

x =3 —2 =1 0 1 2 3

y=x? 18 8 2 0 2 8 18

Tapylan nokatlary guryarys we olar arkaly tekiz egri ¢yzyk gegiryéris
(3-nji surat). A

y=2x* we y=x> funksiyalaryn grafiklerini denesdiryéris (3-nji surat).
x-int sol bir bahasynda y=2x* funksiyanyn bahasy y=x* funksiyanyn ba-
hasyndan 2 esse artyk. Bu y=2x* funksiyanyn grafiginifi her bir nokadyny
y=x? funksiyanyn grafiginin edil seyle abssissaly nokadynyn ordinatasyny
2 esse artdyrmak bilen almak mimkinligini ailadyar.

y=2x* funksiyanyn grafigi y=x* funksiyanyn grafigini Ox okundan Oy
oky boyuncga 2 esse sozmak bilen alynyar, diyilyér.

2-nji mesele. y:% x> funksiyanyii grafigini ¢yzyf.

A y:% x> funksiyanyii bahalarynyii jedwelini diizyéris:
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3-nji surat. 4-nji surat.

x -3 -2 -1 0 1 2 3
y= %xz 45 2 0.5 0 0,5 2 4,5

Tapylan nokatlary gurup, olar arkaly tekiz egri ¢yzyk geciryédris (4-nji
surat). A

y=%x2 we y = x? funksiyalaryn grafiklerini denesdiryéris.

y=%x2 funksiyanyn grafiginii her bir nokadyny y=x? funksiyanyn

grafiginiii edil seyle abssissaly nokadynyii ordinatasyny 2 esse kemeltmek
bilen almak miimkin.

y=%x2 funksiyanyn grafigi y=x* funksiyanyn grafigini Ox okuna Oy
oky boyunga 2 esse gysmak yoly bilen alynyar, diyilyar.

3-nji mesele. y = —x* funksiyanyn grafigini ¢yzyf.

A y=-x* we y=x* funksiyalary defiesdirydris. x-ifi sol bir bahasynda
bu funksiyalarynn bahalary modullary boyunga den we garsylykly alamatly.

Diymek, y=-x* funksiyanyn grafigini y =x funksiyanyn grafigini Ox okuna
gord simmetrik orun iiytgetmek bilen almak miimkin (5-nji surat). A

Sufia menzes, y=—%x2 funksiyanyn grafigi Ox okuna gord yzéx2

funksiyanyn grafigine simmetrikdir (6-njy surat).

11



12

5-nji surat. 6-njy surat.

y = ax* funksiyanyn grafigi, munda a#0, hem parabola diylip
atlandyrylyar. @ > 0 bolanda parabolanyn sahalary yokary, a <
0 bolanda bolsa pese ugrukdyrylan.

1 C
= ax* parabolanyn fokusy [0; 4ar] nokatda yerlesenligini nygtayarys.
= ax? funksiyanyn esasy hdsiyetlerini sanap ge¢yéris, munda a#0:
1) eger a > 0 bolsa, onda y = ax* funksiya x # 0 bolanda polozitel
bahalary kabul edyir;

eger a < 0 bolsa, onda y = ax* funksiya x # 0 bolanda otrisatel
bahalary kabul edyir;

y = ax’ funksiyanyn bahasy difie x = 0 bolanda 0-a dei bolyar;
2) y = ax* parabola ordinatalar okuna gord simmetrik bolyar;

3) eger a > 0 bolsa, onda y = ax* funksiya x > 0 bolanda artyar
we x < 0 bolanda kemelyir;

eger a < 0 bolsa, onda y = ax? funksiya x > 0 bolanda kemelyir
we x < 0 bolanda artyar.



y=ax’,a>0

y=ax*,a<0
7-nji surat. 8-nji surat.

Bu dhli hasiyetleri grafikden goniiden-goéni gérmek miimkin (7-nji we

8-nji suratlar).

17.

18.

19.

Goniikmeler

Millimetrli kagyzda y = 3x* funksiyanyn grafigini ¢yzyn. Grafik boyun-
ca:

1) x =-2,8; -1,2; 1,5; 2,5 bolanda y-in bahasyny tapy;

2) eger y=9; 6; 2; 8; 1,3 bolsa, x-iit bahasyny takmynan tapyn.
(Yatdan.) Parabolanyii sahalarynyii ugruny anykla:

Dy =3x 2)y=%x2; Hy=—4h b yZ—%x?

Asakdaky funksiyalaryn grafiklerini bir koordinata tekizliginde
¢yzyh:
1) y=x* we y=3x% 2) y=-=x* we y=-3x%

3 y =3 we y=-3x% 4) y=%x2 we y=—%x2.

Grafiklerden peydalanyp, bu funksiyalardan haysylarynyi x > 0 aralyk-
da artyandygyny anyklan.

20. Asakdaky funksiyalaryn grafiklerinin kesisme nokatlarynyil koordinata-

laryny tapyii:
1) y=2x* we y=3x + 2; 2) y=—%x2 we y=%x—3.

13



21. Funksiya x < 0 aralykda kemelydn bolarmy:
Dy=dk 2 y=-ix Hy=-SA 4 y=—
22, y =-2x* funksiyanyn:
1) [-4; -2] kesimde; 3) (3; 5) interwalda;
2) [-5; 0] kesimde; 4) (-3; 2) interwalda
artyandygyny ya-da kemelyéndigini anyklan.

2
23. Dertizlenyén hereketde jisimini gecen yoly sz% formula bilen

hasaplanyar, munda s—yol, metrlerde; a — tizlenme, m/s*-larda; ¢
—wagt, sekuntlarda 6l¢enydr. Eger jisim 8 s-da 96 m yoly gegen bolsa,
a tizlenméni tapyn.

|
4-§. y = ax’ + bx + ¢ Funksiya

1-nji mesele. y=x> — 2x + 3 funksiyanyn grafigini ¢yzyn we ony
y = x? funksiyanyn grafigi bilen denesdirif.
/Ay =x — 2x + 3 funksiyanyii bahalarynyii jedwelini diizyéris:

X =3 9 -1 0 1 2 3
y=x*-2x+3 18 11 6 3 2 3 6

Tapylan nokatlary guryarys we olar arkaly tekiz egri ¢yzyk gegiryéris
(9-njy surat).

Grafikleri denesdirmek {icin doly kwadraty bolmek usulyndan peydala-
nyp, y = x> — 2x + 3 formulanyn sekilini calgyryarys:

y=x-2x+1+2=(x-17+2
Ilki y = x* we y = (x — 1)* funksiyalaryn grafiklerini denesdiryéris. Eger
(x,; y,) nokat y=x* parabolanyn nokady, yagny y, = x/ bolsa, onda (x,+ I;
y,) nokat y = (x—1)* funksiyanyn grafigine degisli, ¢linki ((x,+1)-1)*=
x; =y,. Diymek, y=(x—1)* funksiyanyn grafigi y = x* paraboladan ony saga
bir birlik siysiirmek (parallel orun liytgetmek) netijesinde alnan parabola
bolyar (10-njy surat).
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y+2
Y i
y=(x—1) 2
x, x+l O1 x x+1 01 X
10-njy surat. 11-nji surat.
Y y=(x~1y +2
y=x
2 y=-1y
1
x .
9-njy surat. o 1 12-nji surat.

Indi y=(x—1)> we y=(x—1)*+2 funksiyalaryn grafiklerini denesdiryiris.
x-if her bir bahasynda y=(x—1)?+2 funksiyanyn bahasy y=(x—1)? funksiyanyn
degisli bahasyndan 2 san artyk. Diymek, y=(x—1)>*+2 funksiyanyn grafigi
y=(x—1)* parabolany iki birlik yokary siiysiirmek bilen alnan paraboladyr
(11-nj1 surat).

Seylelikde, y =x*-2x + 3 funksiyanyn grafigi y = x*> parabolany bir
birlik saga we iki birlik yokary siiysiirmek netijesinde alnan parabola (12-nji
surat). y = x? — 2x + 3 parabolanyn simmetriya oky ordinatalar okuna parallel
we parabolanyil ujy bolan (1; 2) nokatdan gecen goni ¢yzykdan ybarat. A

y = alx — x,)* + y, funksiyanyn grafigi y = ax* parabolany:

eger x, > 0 bolsa, abssissalar oky boyunga saga x;-a, eger x,<0 bolsa,
¢epe |x l-a siiyslirmek;

eger y, > 0 bolsa, ordinatalar oky boyunga yokary y-a, eger y <0
bolsa, pese |y, -a siiystirmek yoly bilen alynyan parabola bolmagy suia
meiizes subut edilyar.
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Islendik y=ax*+bx+c kwadrat funksiyany ondan doly kwadraty bolmek
komeginde

2
v+ 2 _b 4ac’
4a

2a

y=a

yagny y = a(x — x))* + y, yaly gorniisde yazmak miimkin, munda

)= 7(b274ac) .

b
xoz_za Yo = Y(x, 12

Seylelikde, y=ax*+bx+c funksiyanyn grafigi y=ax*> parabolany
koordinatalar oklary boyunca siiysiirmek netijesinde emele gelyin pa-
rabola bolyar. y=ax*+bx+c defilige parabolanyn denlemesi diyilyar.
y=ax*+bx+c parabolanyfi depesinifi (x; y,) koordinatalaryny asakdaky
formula boyung¢a tapmak miimkin:

b 2
Xo :_Z’ Vo = ¥(xy) =axy +bx, +c.

y=ax*+bx+c parabolanyni simmetriya oky ordinatalar okuna parallel
we parabolanyn depesinden gecydan goni ¢yzyk bolyar.
y =ax* +bx +c¢ parabolanyn sahalary, eger a >0 bolsa, yokary ugruk-
dyrylan, eger a <0 bolsa, pese ugrukdyrylan bolyar.
2 -nji mesele. y=2x>—x—3 parabolanyn depesiniii koordinatalaryny tapyn.
A Parabolanyni depesinini abssissasy:
PR
2a 4
Parabolanyii depesiniil ordinatasy:

yozax§+bxo+c=2-%—%—3=— é
Jogaby: [i; —3;]. A

3-nji mesele. Eger parabolanyn (-2; 5) nokat arkaly ge¢megi we onui
depesi (—1; 2) nokatda bolyandygy milim bolsa, parabolanyn defilemesini
yazyi.
A Parabolanyn depesi (—1; 2) nokat bolany {i¢in parabolanyn defilemesini
asakdaky gorniisde yazmak miimkin:
y=alx + 172+ 2.

16



Serte gord (—2; 5) nokat parabola degisli we, diymek,
5=a(-2+ 17+ 2,

mundan a = 3.

Seylelikde, parabola
y=3x + 1) +2 yada y=3x>+6x+5

defileme bilen berilydr. A

24

25.

26.

27.

28.

29.

Goniikmeler

Parabolanynt depesiniii koordinatalaryny tapyn (24-26):

. (Yatdan.)

Dy=@-37-2 2)y=(x+47+3

3) y=5(x +2) -7, 4) y = —4(x — 1)> + 5.

1) y=x+4x + 1; )y=x*-6x-17;

3) y=2x* — 6x + 11; 4) y = 3x> + 18 — 7.
1)y =x>+2; )y =-x*-5; 3) y = 3x* + 2x;
4y y=-4x*+x; 5 y=-3x+x 6) y = 2x* — x.
Ox okunda seyle nokady tapyn, yagny ondan parabolanyn simmetriya
oky gecsin:

Dy=x+3; 2)y=(x+2)%

3) y = 3(x + 2 + 2; 4)y = (x — 2)* + 2;
S5)y=x>+x+1 6) y = 2x* — 3x + 5.

y=x*—10x parabolanyn simmetriya oky: 1) (5; 10); 2) (3; =8); 3) (5; 0);
4) (-5; 1) nokatdan gecyarmi?

Parabolanyni koordinatalar oklary bilen kesisme nokatlarynyn koordina-
talaryny tapyi:

1)y =x*—3x + 2; 2) y = -2x> + 3x — |

3) y=3x* - Tx + 12; 4) y = 3x* — 4x.

30.

Eger parabolanyn (—1; 6) nokat arkaly gecydndigi we onun depesi (1;
2) nokatdygy milim bolsa, parabolanyn dernilemesini yazyn.

2 — Algebra, 9-njy synp ligin 17



31. (Yatdan.) (1;-6) nokat y=-3x? +4x—7 parabola degisli bolarmy? (~I;
8) nokat nhili?
32. Eger (—1; 2) nokat: 1) y=kx*+3x—4; 2) y=-2x*+ kx—6 parabola degisli
bolsa, k-nyn bahasyny tapyn.
33. y=x? parabolanyn iilniisinin komeginde funksiyanyn grafigini ¢yzyi:
Dy=@&+2)7 2)y=(x—3); 3)y =x" -2
4) y=—x*+1; 5) y=—(x -1)*-3; 6) y=(x+2)*+ 1.
34. y = 2x* paraboladan ony:
1) Ox oky boyunga 3 birlik saga siiysiirmek;
2) Oy oky boyunca 4 birlik yokary siiysiirmek;
3) Ox oky boyunca 2 birlik ¢epe we soit Oy oky boyunca
bir birlik pese siiysiirmek;
4) Ox oky boyunga 1,5 birlik saga we soin Oy oky boyun¢a 3,5 bir-
lik yokary siiysiirmek netijesinde emele gelen parabolanyi denlemesini
yazyi.
|
5-§. KWADRAT FUNKSIYANYN GRAFIGINI GURMAK

1-nji mesele. y=x>—4x+3 funksiyanyn grafigini ¢yzyii.
A 1. Parabolanyni depesinifi koordinatalaryny hasaplayarys:
X = —74 =2,
Vo =22-4-2+3=-1,

(2; —1) nokady guryarys.

2. (2; —1) nokat arkaly ordinatalar okuna parallel géni ¢yzyk, yagny
parabolanyn simmetriya okuny gecirydris (13-nji a surat).

3. Su

X -4 +3=0

defileméni ¢oziip, funksiyanyi nollaryny tapyarys: x =1, x,=3. (I; 0) we
(3; 0) nokatlary guryarys (13-nji b surat).

4. Ox okunda x = 2 nokada gord simmetrik bolan iki nokady, meselem,
x = 0 we x = 4 nokatlary alyarys. Funksiyanyn bu nokatlardaky bahalaryny
hasaplayarys: y(0)=y(4)=3.

(0; 3) we (4; 3) nokatlary guryarys (13-nji b surat).

18



3;

o o o
a) b) ¢) 13-nji surat.

5. Gurlan nokatlar arkaly parabolany geciryiris (13-nji ¢ surat). A
Seylelikde islendik y = ax* + bx + ¢ kwadrat funksiyanyn grafigini
gurmak miimkin:

1. x,, y,lary xp = —%, Yo = ¥(xo) formulalardan peydalanyp hasap-

lap, parabolanyii (x; y,) depesi gurulyar.

2. Parabolanyn depesinden ordinatalar okuna parallel goni ¢yzyk —
parabolanyn simmetriya oky gecirilyér.

3. Funksiyanyt nollary (eger olar bar bolsa) tapylyar we abssissalar
okunda parabolanyn degisli nokatlary gurulyar.

4. Parabolanyfi onuil okuna gord simmetrik bolan nihilidir iki no-
kady gurulyar. Munuii Gigin Ox okunda x; (x, # 0) nokada gord sim-
metrik bolan iki nokat almaly we funksiyanyn degisli bahalaryny (bu
bahalar birmerizes) hasaplamaly. Meselem, parabolanyil abssissalary
x = 0 we x = 2x, bolan nokatlaryny (bu nokatlaryii ordinatalary c-ge
denl) gurmak miimkin.

5. Gurlan nokatlar arkaly parabola gecirilydr. Grafigi has takygrak
gurmak {i¢in parabolanynn yene birnd¢ce nokadyny tapmak peydaly
bolyar.

2-nji mesele. y=-2x>+12x—19 funksiyanyn grafigini ¢yzyn.
A 1. Parabolanyni depesinifi koordinatalaryny hasaplayarys:

% =—%—3, Yy =—2-32+12.3-19=-1.
—1) nokady — parabolanynl depesini guryarys (14-nji surat).
19



° ° ° °
=3 y = 232+ 12x—19
x=3
14-nji surat. 15-nji surat.

2. (3; —1) nokat arkaly parabolanyni simmetriya okuny ge¢iryéris (14-
nji surat).

3. -2x* + 12x — 19 = 0 detilemini ¢6ziip, hakyky koklerin yokdugyna
we sonuil licin parabola Ox okuny kesmeyénligine g6z yetiryiris.

4. Ox okunda x = 3 nokada gord simmetrik bolan iki nokady, meselem,
x = 2 we x = 4 nokatlary alyarys. Funksiyanyil su nokatlardaky bahalaryny
hasaplayarys:

¥2) = y(4) = 3.

(2; -3) we (4; -3) nokatlary guryarys (14-nji surat).

5. Gurlan nokatlar arkaly parabola gegiryiris (15-nji surat). A

3-nji mesele. y = —x*> + x + 6 funksiyanyn grafigini ¢yzyn we su funk-
siya nihili hésiyetlere eye bolyandygyny anyklan.

A Funksiyanynn grafigini gurmak {i¢in onuil nollaryny tapyarys:
—x*+x+6=0, mundan x =-2, x,=3. Parabolanyn depesinifi koordinatalaryny
seyle tapmak miimkin:

2 2 2
1 11 1
=yl ==+ +6=6-.
Yo [2] 4 2 4

a=-1 < 0 bolany tligin parabolanyn sahalary asak ugrukdyrylan.

Parabolanyn yene birndge nokadyny tapyarys: y(—1)=4, y(0)=6, »(1)=6,
¥(2) = 4. Parabolany guryarys (16-njy surat).

Grafigin komeginde y =—x*+ x + 6 funksiyanyn asakdaky hdsiyetlerini
alarys:
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1) x-111 islendik bahalarynda funksiyanyn
bahalary 6% -¢ dent ya-da ondan kigi; -
2) —2<x<3 bolanda funksiyanyn bahala- e o

ry polozitel, x <—2 bolanda we x >3 bolanda
otrisatel, x=—2 we x=3 bolanda noladen;

° °
3) funksiya x< 1 aralykda artyar, x> 1

ra 2 2 1 o

aralykda kemelyir; x= 5 *

+

4) x=% bolanda funksiya 6% -e denl T

Il

bolan il uly bahasyny kabul edyér; . o
5) funksiyanyn grafigi x = 1 goni ¢yzyga

2 16-njy surat.

gord simmetrik. A

y=ax?+bx+c funksija x, =—% nokatda ifi kici Ya-da ifi uly ba-

halary kabul edydr; bu x; nokat parabolanyfi depesiniii abssissasydyr.
Funksiyanyfi x, nokatdaky bahasyny y, = y(x,) formula boyunca

tapmak mimkin. Eger a > 0 bolsa, onda funksiya in kici baha eye

bolyar, eger a < 0 bolsa, onda funksiya in uly baha eye bolyar.

Meselem, y = x> — 4x + 3 funksiya x = 2 bolanda —1-e den bolan in
ki¢i bahasyny kabul edydr (13-nji ¢ surat); y = —2x* +12x—9 funksiya x=3
bolanda —1-e den bolan in uly bahasyny kabul edyér (15-nji surat).

4 -nji mesele. Iki polozitel sanyn jemi 6-a deni. Eger olaryn kwadratlarynyn
jemi il kigi bolsa, su sanlary tapyin. Su sanlarynn kwadratlarynyn jeminin in
kici bahasy néhili bolar?

A Birinji sany x harpy bilen belgileyiris, munda ikinji san 6—x, olaryn
kwadratlarynyn jemi bolsa x* + (6 — x)* bolyar. Su anlatmanyn sekilini

calsyryarys:
X2+ (6 —x)F=x>+36 - 12x + x> = 2x*> — 12x + 36.
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Mesele y=2x>—12x+36 funksiyanyn in ki¢i bahasyny tapmaga getirildi.

Su porabolanynt depesinifi koordinatalaryny tapyarys:
b -12
= _ = _ " = = = O — -3+ =
e 3, vo=y(3)=2-9-12-3+36=18.

Diymek, x = 3 bolanda funksiya 18-e den in ki¢i bahany kabul edydér.

Seylelikde, birinji san 3-e def, ikinji san hem 6 —3 =3-e deii. Bu
sanlaryfi kwadratlarynyfi jeminifi bahasy 18-¢ den. A

Goniikmeler

35. Porabolanyn depesiniii koordinatalaryny tapyii:
)y=x*—4x - 5; 2)y =x*+3x + 5
y==x*-2x+5 4)y=-x>+ 5x — 1.

36. Parabolanyn koordinata oklary bilen kesisme nokatlarynyin koordinata-
laryny tapyn:
)y=x*-3x + 5 2) y = -2x> — 8 + 10;
3) y = -2x* + 6 4) y = Tx* + 14.

Funksiyanyni grafigini ¢yzyn we grafik boyunca: 1) x-in funksiyanyn
bahalary polozitel, otrisatel bolyan bahalaryny tapyn; 2) funksiyanyi
artyan we kemelyén aralyklaryny tapyn; 3) x-iii néhili bahalarynda funk-
siya il uly ya-da in ki¢i bahalary kabul edydndigini anyklan we olary
tapyn (37-38):

37. 1) y = x* = 7x + 10; )y==x*+x+2;
3)y=-—x*+6x-9; 4) y =x* + 4x + 5.
38. 1) y = 4x* + 4x - 3; 2) y = -3x2 - 2x + 1;
3) y=-2x*+ 3x + 2; 4) y = 3x* — 8x + 4.

39. Kwadrat funksiyanyn berlen grafigi (17-nji surat) boyunca onuf
hésiyetlerini anyklan.

40. 15 sanyny iki sanyn jemi seklinde, bu sanlaryin kopeltmek hasyly in
uly bolar yaly edip sekillendiri.

41. Tki sanyn jemi 10-a den. Eger su sanlaryil kublarynyi jemi il ki¢i bolsa,
su sanlary tapyn.
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42.

43.

44.

45.

46.

d a) b)  17-njisurat.
Oyiin diwarlaryna yanasyk goniiburgluk seklindiki meydany ii¢ tarapyn-
dan 12 m-li penjire bilen gursamak talap edilydr. Meydanyn olcegleri
néhili bolanda onun meydany in uly bolyar?
Ugburglukda esasy bilen su esasa gegirilen beyikligiii jemi 14 sm-e def.
Seyle ticburgluk 25 sm?-a defi meydana eye bolmagy miimkinmi?
Grafigi gurmazdan, x-ifi ndhili bahasynda funksiya i uly (int kici) baha
eye bolyandygyny anyklan; su bahany tapyn:

1) y=x*—-6x + 13; )y =x—2x — 4
3) y = —x* + 4x + 3; 4) y =3x* — 6x + 1.
Eger:

1) parabolanynl sahalary yokary ugrukdyrylan, onun depesinin abssissasy
otrisatel, ordinatasy bolsa polozitel bolsa;

2) parabolanynl sahalary asak ugrukdyrylan, onuil depesiniii abssissasy
we ordinatasy otrisatel bolsa, y = ax* + bx + ¢ parabolanyn defilemesinin
koeffisiyentleriniii alamatlaryny anyklan.

5 m beyiklikden kemandan 50 m/s tizlik bilen yokary wertikal yagdayda

nayza oklandy. Nayzanyn ¢ sekuntdan son yokary galan beyikligi metr-

2
lerde h = h(t) = 5 + 50t - % formula bilen hasaplanyar, munda g~
10 m/s?. Nayza nige sekuntdan sofi: 1) il uly beyiklige yetydr we ol
néhili beyiklik bolar? 2) Yere gagyar?
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6-8§. KWADRAT ]v)EN“SIZ"LIK WE
ONUN COZUWI

1-nji mesele. Goniiburglugyn taraplary 2 dm we 3 dm-e deni. Onun
her bir tarapy birmenzes sandaky desimetrlere seyle artdyrylypdyr, yagny
netijede goniiburclugyn meydany 12 dm?-dan artyk boldy. Her bir tarap
néhili tytgépdir?

A Gontiburg¢lugyn her bir tarapy x desimetre artdyrylan bolsun. Onda
tdze gontiburglugyn taraplary (2 + x) we (3+x) desimetre, onun meydany
bolsa (2+x)(3+x) kwadrat desimetre den bolyar. Meseldnii sertine gord
(2+x)(3+x)>12, mundan x*+5x+6 > 12 ya-da x>+ 5x — 6 > 0.

Bu dernsizligin ¢ep bolegini kopeldijilere dagydyarys:

(x + 6)x — 1) > 0.
Meseldnin sertine gord, x > 0 bolany {igin x + 6 > 0.

Deiisizliginn iki bolegini hem x + 6 polozitel sana bolip, x—1 >0,

yagny x > 1-i alarys.

Jogaby: goniiburglugyn her bir tarapy 1 dm-den kopriage artdyrylan.

x*+ 5x — 6 > 0 densizlikde x bilen ndmidlim san belgilenen. Bu —
kwadrat densizlige mysal.

Eger dernsizliginn.¢ep bileginde kwadrat funksiya, sag
bileginde bolsa nol dursa, seyle derisizlige kwadrat derisizlik
diyilyir.

Meselem,

2x*-3x +1>0, B2+ 4 +5<0

densizlikler kwadrat densizliklerdir.

Bir ndmélimli densizligin ¢oziiwi diyip, ndmélimin su densizligi dogry
sanly defisizlige 6wiiryédn dhli bahalaryna aydylyandygyny yatladyp gecyiris.

Densizligi ¢ozmek—onun dhli ¢oziiwlerini tapmak ya-da olaryn yok-
dugyny goérkezmek diymekdir.

2-nji mesele. Deisizligi ¢oziin:

x’—5x +6>0.
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A\ x—5x+6=0 kwadrat defileme iki diirli x,=2, x,=3 koke eye. Diymek,
x*—5x + 6 kwadrat tigagzany kopeldijilere dagytmak miimkin:
=5 +6=(x-2)(x-3).
Sonun ticin berlen denisizligi seyle yazmak bolyar:
(x—-2)x=3)>0.
Eger iki kopeldiji birmenzes alamata eye bolsa, olaryn kopeltmek
hasylynyn poloziteldigi aydyn.
1) Iki kopeldiji hem polozitel, yagny x — 2 > 0 we x — 3 > 0 bolan
yagdaya garayarys.
Bu iki densizlik asakdaky sistemany diizyér:
x—2>0,
{x -3>0.

>

: - x>2, .
Sistemany ¢oziip, -ni alarys, mundan x > 3.
x>3
Diymek, dhli x > 3 sanlar (x — 2)(x — 3) > 0 densizligin ¢oziiwleri bolyar.
2) Indi iki kopeldiji hem otrisatel, yagny x—-2<0 we x—3<0
bolan yagday garayarys.
Bu iki densizlik asakdaky sistemany diizyér:

x—2<0,
x—3<0.

x<2,
Sistemany c¢oziip, ¥<3 -ni alarys, mundan x < 2.

Diymek, dhli x<2 sanlar hem (x—2)(x—3)>0 deisizligin ¢oziiwleri
bolyar.

Seylelikde, (x—2)(x—3)>0 densizligin, diymek, berlen x?>-5x+6>0
denisizligin hem, ¢oziiwleri x<2, sonunl yaly-da, x>3 sanlar bolyar.

Jogaby: x < 2, x > 3.

Umuman, eger ax’> +bx+c=0 kwadrat deinleme iki diirli
kioke eye bolsa, onda ax* +bx+c>0 we ax’ +bx+c<0 kwadrat
densizlikleri ¢ozmegi, kwadrat densizligin cep bolegini kopeldi-
jilere dagydyp, birinji derejeli densizlikler sistemasyny cozmiige
getirmek miimkin.
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3-nji mesele. —3x*>— 5x + 2 > 0 densizligi ¢6ziin.
A Hasaplamalary amatlyrak alyp barmak tigin berlen defsizligi birinji

koeffisiyenti polozitel bolan kwadrat demisizlikler seklinde sekillendiryaris.
Munun ti¢in onun iki bolegini hem —I1-e kopeldyaris:
3+ 5x -2 <0.

3x?+5x—2=0 denileminin koklerini tapyarys:

_ 5425424 _ —5-7
2 6 6
1
X, =5, X, =—2.

3
Kwadrat ticagzany kopeldijilere dagydyp, asakdakyny alarys:

3(x—§}(x+2)<0.
Mundan iki sistemany alyarys:
xX— 1 0, X— 1o 0,
3 3
x+2<0; x+2>0.
Birinji sistemany seyle yazmak miimkin:
x> %,
x <=2,
bu sistemanyn ¢oziiwlere eye dilligi gorniip dur.
Ikinji sistemany ¢oziip, asakdakyny tapyarys:

x < %,
x>-=2,
mundan -2 < x < %
Diymek, 3(x— %)(x +2) <0 densizligin, yagny —3x*—5x+2>0 densizligin
cozliwleri (—2; %) interwaldaky &hli sanlar bolyar.

Jogaby: -2 <x<-. A

W | —
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47.

48.

49.

Goniikmeler

(Yatdan.) Asakdaky defsizliklerden haysylarynyn kwadrat deiisizlik
bolyandygyny gorkezin:

1) x> -4 > 0; 2) x> = 3x - 5 <0; 3) 3x + 4 > 0;
4) 4x - 5 < 0; 5) x> =1 <0 6) x* — 16 > 0.
Deiisizligi kwadrat detisizlik gorniisine getirifi:

1) x* < 3x + 4 2) 3x* -1 > x;

3) 3x* < x* — 5x + 6 4) 2x(x + 1) <x + 5.

(Yatdan.) 0; —1; 2 sanlaryndan haysylary

1) x>+ 3x +2>0; 2) x* +35x +2>0;

) —x—2<0; 4)—x2+x+%<0

densizligin ¢oztiwleri bolyar?

Deiisizligi ¢oztn (50-52):

50. 1) (x — 2)(x + 4) > 0; 2) (x = 1)(x — 3) < 0

3) (x — 3)(x +5) <0; 4) (x + T)(x + 1) > 0.
51. 1) x¥*— 4<0; 2) x**-9>0; 3) X2 +3x<0; 4) x> —2x>0.
52. 1) x* - 3x +2<0; 4) x> + 2x = 3 > 0;

)P+ x-2<0; 5) 2x* + 3x — 2 > 0;

3) X2 - 2x — 3 > 0; 6) 3x> + 2x — 1 > 0.
53. Densizligi ¢oziin:

2 2
1)2@—3 > 0; 2)7(%—% < 0;
3) 3x* - 3 < x* - x; 4) (x — I)(x + 3) > 5.

54.

55.

Funksiyanyn grafigini ¢yzyn. Grafik boyunca x-ifi funksiyanyn polozitel
bahalaryny; otrisatel bahalaryny; nola deni baha kabul edydn &hli ba-
halaryny tapyn:

)y = 2% 2) y=—x+ 1,53

) y=2x*—x + 2 4) y = 3x* —x — 2.

x, we x, sanlar (munda x <x,) y=ax’+bx+c funksiyanyn nollarydygy

milim. Eger x; san x, we x, arasynda yatsa, yagny x <x <x, bolsa, onda
a(axi +bx, +c) <0 deiisizligin yerine Vetirilyindigini subut edi.
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7-8§. _KWADRAT DENSIZVLIG“I KWADRAT
FUNKSIYANYN GRAFIGININ KOMEGINDE COZMEK

Kwadrat funksiya y = ax*+ bx + ¢ (munda a#0) formula bilen beril-
yandigini yatladyp gecydris. Sonun ti¢cin kwadrat densizligi ¢6zmek kwadrat
funksiyanynl nollaryny we kwadrat funksiya poloZitel ya-da otrisatel bahalary
kabul edydn aralyklary gozlemége getirilyar.

1-nji mesele. Deiisizligi grafigin komeginde ¢oziin:

2x* —x - 1<0.

A y = 2x*— x—1 kwadrat funksiyanyn grafigi— sahalary yokary ugruk-
dyrylan parabola.

Bu parabolanyfi Ox oky bilen kesisme nokatlaryny tapyarys. Munuil
igin 2x*> — x — 1 = 0 kwadrat denleméini ¢ozydris. Bu denleminini kokleri:

1148 _1-3
Yo T =3 TN
Diymek, parabola Ox okuny x :-% we x=1 nokatlarda kesydr (18-

1
=P
LS )

nji surat).
2x2—x—1<0 densizligi x-ifi funksiya nola
y=2x—x—1 deit bolan ya-da funksiyanyn bahalary otri-
satel bolan bahalary kanagatlandyryar, yagny
N N x-i seyle bahalary bolup, onda bu bahalarda
R R parabolanyil nokatlary Ox okunda ya-da su
okdan asakda yatyar. 18-nji suratdan gorniisi

yaly, bu bahalar [—%; 1} kesimddki &hli san-
18-nji surat. lar bolyar.

Jogaby: —% <x<1. A

Bu funksiyanyn grafiginden berlen defisizlikden difie alamaty bilen ta-
pawutlanyan basga deisizlikleri ¢6zende-de peydalanmak miimkin. 18-nji
suratdan gorniisi yaly:

1) 2x*— x — 1 < 0 densizligin ¢oziiwleri —% <x <1, yagny (—%; lj

interwaldaky &hli sanlar;
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2) 2x* — x — 1 > 0 densizligiii ¢oziiwleri x < _% we x > 1 aralyk-
lardaky &hli sanlar bolyar;

3) 2x*— x — 1 > 0 densizligin ¢oziiwleri x< —% we x >1 aralyklardaky
ahli sanlar bolyar.

2-nji mesele. Deisizligi ¢cozlin:

4 + 4x + 1 > 0.

A y=4x*+4x+1 funksiyanyn grafiginin eskizini ¢yzyarys. Bu parabolanyn

sahalary yokary ugrukdyrylan. 4x>+4x+1=0 denleme bir x = —% koke eye,

sonuil {icin parabola Ox okuna (—é; 0) nokatda galtagyar. Bu funksiyanyn

grafigi 19-njy suratda sekillendirilen. Berlen densizligi ¢6zmek iicin x-in
ndhili bahalarda funksiyanyn bahalary polozitel bolyandygyny anyklamaly.
Seylelikde, 4x*+4x+1>0 densizligi x-in parabolanyn nokatlary Ox okundan
yokarda yatyan bahalary kanagatlandyryar. 19-njy suratdan gorniisi yaly,
seyle bahalar x=-0,5-den basga @hli hakyky sanlar bolyar.

Jogaby: x # -0,5. A

19-njy suratdan gorniisi yaly:

1) 4x* + 4x + 1 > 0 densizligin ¢6ziiwi &hli hakyky sanlar bolyar;
2) 4x> + 4x + 1 < 0 defisizlik bir x = —% yoziiwe eye;

| —

y
o
y=4x*+4x+1 3

y=-x*tx-1

| =

19-njy surat. 20-nji surat.
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3) 4x* + 4x + 1 < 0 densizlik ¢oziiwlere eye dal.

Eger 4x* + 4x + 1 = (2x + 1)? bolyandygy hasaba alynsa, bu dersizlikleri
yatdan ¢ozmek miimkin.

3-nji mesele. —x*> + x — 1 < 0 densizligi ¢oziif.

A y=-x* + x — 1 funksiyanyn grafiginin eskizini ¢yzyarys. Bu
parabolanyn sahalary asak ugrukdyrylan. —x*+x—1 = 0 defilemédnin hakyky
kokleri yok, sonun {igin parabola Ox okuny kesip ge¢meyidr. Diymek, bu
parabola Ox okundan asakda yerlesen (20-nji surat). Bu dhli x-lerde kwadrat
funksiyanyn bahalarynyn otrisateldigini, yagny —x?+x—1<0 defisizlik x-in
ahli hakyky bahalarynda yerine yetirilydndigini anladyar. A

20-nji suratdan yene —x* + x — 1 < 0 densizligin ¢oziiwleri x-in hli
hakyky bahalary bolyandygy, —x*+ x — 1 >0 we —x* +x — 1 > 0 derisizlikler
bolsa ¢oziiwlere eye dalligi gorniip dur.

Seylelikde, kwadrat densizligi grafigin komeginde ¢ozmek iigin:

1) kwadrat funksiya birinji koeffisiyentinii alamaty boyunca
parabolanyni sahalarynyn ugruny anyklamaly;

2) degisli kwadrat denillemdnin hakyky koklerini tapmaly ya-da
olarynn yoklugyny anyklamaly;

3) kwadrat funksiyanyn Ox oky bilen kesisme nokatlaryndan ya-da
galtasma nokadyndan (eger olar bolsa) peydalanyp, kwadrat funksiyanyn
grafiginin eskizini gurmaly;

4) grafik boyunga funksiya gerekli bahalary kabul edydn aralyklary
anyklamaly.

Goniikmeler

56. y = x>+ x — 6 funksiyanyn grafigini ¢yzyn. Grafik boyunga x-iii
funksiyanyni polozitel bahalaryny; otrisatel bahalary kabul edyén ba-
halaryny tapyn.

57. (Yatdan.) y=ax?+bx+c funksiyanyn grafiginden peydalanyp (21-nji su-
rat), x-ift ndhili bahalarynda bu funksiyanyn polozitel bahalary, otrisatel
bahalary, nola deil bahany kabul edydndigini gorkeziii.

30



58.

59.

60.

61.

62.

63.

64.

a) b) d)

f) g)

Kwadrat densizligi ¢oztin (58—62):
1) x> = 3x +2<0;

3) x* + 3x — 2 <0;

1) 2x* + 7x — 4 < 0;

3) 2x*+x+1>0;

1) x> —6x +9 > 0;

3) 4> —4x + 1 > 0;

1) x> —4x + 6 > 0;

)P+ x+2>0;
5)2x2 = 3x + 7 <0;

)5 —x*>0;

3) -2,1x* + 10,5x < 0;

(Yatdan.) Desizligi ¢oziifi:

1) x* + 10 > 0;
Hx-1)Y+1>0;

5 (x + 1)y -2 <0;

Kwadrat densizligi ¢oztin (64—66):
1) 4x* — 9 > 0;

3)x2-3x +2>0;
5)2x2 —4x + 9 <0;

e)

h) 21-nji surat.

2)x*—3x-42>0;
4) —x* + 3x + 4> 0.
2) 3x> = 5x -2 > 0;
4) 4x* + 3x +1<0.
2) x> — 14x + 49 < 0;
4) 4x* — 20x + 25 < 0.
2) x> + 6x + 10 < 0;
4) x> +3x + 5 <0;
6) 4x> — 8 + 9 > 0.
2) x*+7<0;

4) -3,6x* — 7,2x < 0.

2) 2+ 9 < 0;
4) (x + 57 + 3 < 0;
6) —(x — 2> — 4 > 0.

2) 9x* — 25 > 0;
4) x* = 3x — 4 < 0;
6) 3x> + 2x + 4 > 0.
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65.

66.

67.

68.

69.

1) 2x* — 8x < -8; 2) x* + 12x > -36;

3) 9x2 + 25 < 30x; 4) 16x* + 1 > 8x;

5) 2x* = x > 0; 6) 3x* + x < 0.

1) x(x + 1) < 2(1 = 2x — %), 2) x2+2<3x—%x2;

3) 6x2 +1§5x—%x2; 4) 2x(x — 1) < 3(x + 1).

x-ift funksiyanyi noldan uly bolmadyk bahalary kabul edyén dhli ba-
halaryny tapy:
1) y=-x*+6x -9, 2)y=x>-2x + 1;

R I Y V.Y
3) y > ¥ 3x 42, 4) y 3* 4x —12.

1) x> — 2x + g > 0 densizligin ¢ > 1 bolandaky ¢oziiwleri x-ifi dhli
hakyky bahalary bolyandygyny gorkezin;

2) x* + 2x + g < 0 densizlik ¢ > 1 bolanda hakyky ¢oziiwlere eye
dalligini gorkezin.

r-in x* — (2 + r)x + 4 > 0 densizlik x-in dhli hakyky bahalarynda
yerine yetirilydn &hli bahalaryny tapyn.

8-§. INTERWALLAR USULY

Dersizlikleri ¢ozende kopleng interwallar usuly ulanylyar. Bu usuly

mysallarda diistindiryéris.

1-nji mesele. x-ifi ndhili bahalarynda x* — 4x + 3 kwadrat {icagza

polozitel bahalary, néhili bahalarynda bolsa otrisatel bahalary kabul edyin-
digini anyklan.
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A x* = 4x + 3 = 0 defileméniii koklerini tapyarys:
x =1, x, =3.
Sonun {igin x> — 4x + 3 = (x — 1)(x — 3).
x =1 we x = 3 nokatlar (22-nji surat) san okuny {i¢ aralyga bolyér:

« N e

1 3 X
22-nji surat.
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x<1;1<x<3;x>3.

1< x < 3 aralyk yaly x < 1, x > 3 aralyklara-da interwallar diyilyér.

San oky boyunga sagdan cepe hereket edip, x > 3 interwalda x* —4x
+ 3 = (x — I)(x — 3) iicagza polozitel bahalar kabul edydndigini goryiris,
clinki munda iki x — 1 we x — 3 kopeldiji hem polozitel.

Soniky 1<x< 3 interwalda su iicagza otrisatel bahalary kabul edyir we,
seylelikde, x = 3 nokat arkaly gecende alamatyny iiytgedyar. Bu yagday
sonufi {igin hem bolup gegyir, yagny (x—1)(x— 3) kopeltmek hasylynda x =
3 nokat arkaly gecende x — 1 kopeldiji alamatyny {liytgetmeyir, ikinji x—3
kopeldiji bolsa alamatyny iiytgedydr.

x = 1 nokat arkaly gecende iicagza yene alamatyny {iiytgedyér, ¢iinki
(x—1)(x—3) kopeltmek hasylynda birinji x—1 kopeldiji alamatyny tiytgedyér,
ikinji x—3 kopeldiji bolsa iiytgetmeyar.

Diymek, san oky boyunca sagdan cepe garap hereket edip bir inter-
weldan gonisy interwela gecilende (x—1)(x—3) kopeltmek hasylynyn alamat-
lary barha calysyar.

Seylelikde, x* — 4x + 3 kwadrat tigagzanyn alamaty baradaky meseldni
asakdaky usul bilen ¢ozmek miimkin.

x* — 4x + 3 = 0 denleménin koklerini san okunda belgileyaris:
x, = 1, x, = 3. Olar san okuny ii¢ interwal bolyédr (22-nji surat). x
> 3 interwalda x* — 4x + 3 {licagzanyn polozitel bolyandygyny anyk-
lap, tigagzanyn galan interwallardaky alamatlaryny barha ¢alysyan
tertipde belgileydris (23-nji surat). 23-nji suratdan gorniisi yaly, x
< 1 we x > 3 bolanda x*—4x + 3 > 0, 1 < x < 3 bolanda bolsa
X2 —4x + 3 <0. A

T N — T %
1 3 X

Yv

23-nji surat.

Garap gecilen usula interwallar usuly diyilydr. Bu usuldan kwadrat
densizlikleri we kdbir densizlikleri ¢ozende peydalanylyar.

Meselem, 1-nji meseldni ¢ozende biz aslynda x* — 4x + 3 > 0 we x?
—4x + 3 < 0 densizlikleri interwallar usuly bilen ¢ozdiik.
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2-nji mesele. x* — x < 0 defisizligi ¢oziin.
A x - x kopagzany kopeldijilere dagydyarys:
¥-x=xx-1)=x(x - 1)+ 1).
Diymek, densizligi seyle yazmak miimkin:
(x + Dx(x — 1) <0.
San okunda—1, 0 we 1 nokatlary belgileydris. Bu nokatlar san okuny
dort interwala bolydr (24-nji surat):
x<-I,-1<x<0,0<x<1,x>1.

= NN
-1 0 1 X

»  24-nji surat.

x > 1 bolanda (x + 1)x(x — 1) kopeltmek hasylynyii hemme kopeldi-
jileri polozitel, sonun tigin x>1 interwalda (x+ [)x(x—1)>0 bolyar. Gonsy
interwala gecende kopeltmek hasylynyi alamatynyn calysyandygyny hasaba
alyp, her bir interwal iicin (x + 1)x(x —1) kopeltmek hasylynyil alamatyny
tapyarys (25-nji surat).

— + N
-1 0 i X

\ A/

25-nji surat.

Seylelikde, densizligin ¢oziiwleri x-in x<—1 we 0<x<1 interwallardaky
dhli bahalary bolyar.

Jogaby: x < -1, 0<x<1. A

3-nji mesele. (x> — 9)(x + 3)(x — 2) > 0 denisizligi ¢oziin.
/\ Berlen densizligi asakdaky gorniisde yazmak miimkin:

(x + 3P — 2)(x — 3) > 0. (1)

Ahli x # =3 da (x + 3)? > 0 bolany ii¢in x # —3 bolanda (1) defsizligin
cozliwler toplumy

(x-2)x-3)>0 2)
densizligin ¢oziiwleri toplumyna gabat gelyir.
x = —3 baha (1) deiisizligin ¢6ziiwi bolmayar, ¢linki x = -3 bolanda

densizligin ¢ep bolegi 0-a den.
(2) densizligi interwallar usuly bilen ¢oziip, x < 2, x > 3-1 alarys (26-njy surat).
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< —
+ — +

-3 3 3 x> 26 njy urat.

x = =3 berlen deisizligini ¢coziiwi bolmayanlygyny hasaba alyp, ahyrynda
jogaby seyle yazyarys:
x<-3, 3<x<2 x>3 A
4-nji mesele. Su densizligi ¢oziin:

2

I, T
x2 2x-3 >0.
x“-3x-4

/\ Drobuii sanawjysyny we maydalawjysyny kopeldijilere dagydyp
asakdakyny alarys:

(x+3)(x-1)

San okunda drobuni sanawjysy ya-da maydalawjysy nola owriilydn —3;
—1; 1; 4 nokatlary belgileyiris. Bu nokatlar san goni ¢yzygyny béds in-
terwala bolydr (27-nji surat). x > 4 bolanda drobun sanawjysyndaky we
maydalawjysyndaky &hli kopeldijiler polozitel we sonuti ii¢in drob polozitel.

TN TV i YT - Vv >

O
-3 -1 1 4 X
27-nji surat.

Bir interwaldan sonikusyna gegende drobuni alamatyny {iytgedyir, sonufi
ticin drobun alamatlaryny 27-nji suratdaky yaly edip goymak miimkin.
x= -3 we x = 1 bahalar (3) densizligi kanagatlandyryar, x=—1 we x =
4 bolanda bolsa drob mana eye dél. Seylelikde, berlen deiisizlik asakdaky
coziiwlere eye:

x<-3, -1<x<1, x>4 A

Goniikmeler

70. (Yatdan.) x = 5 baha defisizligiii ¢6ziiwi bolyandygyny gérkeziii:

) (x = D(x - 3) > 0; 2) (x + 2)(x +5) > 0;
3) (x — 7)(x — 10) > 0; 4) (x + DH(x —4) > 0.

35



71.

72.

73.

74.

75.

76.

Deiisizligi interwallar usuly bilen ¢oziin (71-77):
D (x+2)x—-7) >0

3)

(x—-2)

1
X+ —
2

1) x2 + 5x > 0;
4) x>+ 3x < 0;
1) % - 16x < 0;
3) (¢ = D(x + 3) <0;
1) (x — 5>*x*- 25) > 0;
3) (x - 3)(x* - 9) < 0;

1)

4)

1)

x+5

3,5+x <
x=7 =

x2+2x+3
(x-2)

0;

— b

77.

78.

79.

80.
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1) (2= 5¢ + 6)2 — 1) > 0:
3) (x>~ Tx+12)(x*—x+2)<0;

<0

2)

5)

2)

4) (x+5) x—3% > 0.

2) x>— 9x > 0; 3) 2x2 - x < 0;

5) X2 +x - 12 <0; 6) x> - 2x — 3 > 0.
2) 4x* —x > 0;

x—4

2) (¢ ¥ 5)(x - 8) <0

4) (2 - 4)x - 5) > 0.

2) (x + X(x*— 49) < 0;
4) (x — 42 - 16) > 0.

xt3

2x+1)(x+2) -

(x+4)?
222 3x+1

Deiisizligi ¢oztin (78-80):

)

x2—x-12

x—1

> 0;

2)

5)

x-3 0;

> 0;

x2—4x-12 _
x=2

2 +5x+6
x+3

3)

0;

> 0;

x2—

3)

X

x2 4

> 0;

1,5-x
3+x

6) G2t -

3)

6)

> 0;

x+1

2
4) 9x“—4 <0.

x72x2

2) (x +2)(x*+ x — 12) > 0;
4) (= 3x—4)(x>—2x—15)<0.

2 +3x-10 <
24x-2

2

2
x“—8x+7 <0

x—1




| 9- §. FUNKSIYANYN KESGITLENIS YAYLASY

Siz 7-nji synpda funksiya diistinjesi bilen tansypdyiyz. Su diislinjdni
yatladyp gecydris.
Eger sanlaryn kibir toplumyndan alnan x-ifi her bir bahasyna
y san layyk getirilen bolsa, su toplumda y(x) funksiya berlen
diyilyir. Munda x erkli iiytgeyji ya-da argument, y bolsa erksiz
liytgeyji ya-da funksiya diyilyér.

Siz y=kx+b ¢yzykly funksiya we y=ax*+bx+c kwadrat funksiya bilen

tanyssynyz.
Bu funksiyalar {i¢in argumentii bahasy islendik hakyky san bolmagy
miimkin.

Indi her bir otrisatel dil x sana vx sany layyk goyyan funksiya, yagny

y=+/x funksiya garayarys. Bu funksiya ii¢in argument difie otrisatel dal
bahalary kabul etmegi miimkin: x>0. Munda funksiya &hli otrisatel dal

sanlar toplumynda kesgitlenen diyilyir we bu toplum y=+/x funksiyanyii
kesgitlenis yaylasy diylip atlandyrylyar.

Umuman, funksiyanyn kesgitlenis yaylasy diyip onun argumenti
kabul edilmegi miimkin bolan &hli bahalar toplumyna aydylyar.

Meselem, =1 formula bilen berlen funksiya x # 0 da kesgitlenen,
X
yagny bu funksiyanyn kesgitlenis yaylasy — noldan tapawutly &hli hakyky
sanlar toplumy.

Eger funksiya formula bilen berlen bolsa, onda funksiya argumentisi
berlen formula mana eye bolyan (yagny formulanyi sag boleginde du-
ran anlatmada gorkezilen hemme amallar yerine yetirilyén) dhli bahalar-
ynda kesgitlenen, diyip hasaplamak kabul edilen.

Formula bilen berlen funksiyanyn kesgitlenis yaylasyny tapmak —
argumentin formula mana eye bolyan dhli bahalaryny tapmak diymek-
dir.
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1 -nji mesele. Funksiyanyn kesgitlenis yaylasyny tapyii:
1) p(x)=2x*+3x+5x; 2) y(x)=+x-1;

3) y@=—5: 4) y)={%3.

X

A 1) 2x2+3x+5 atilatma x-ifi islendik bahasynda mana eye bolany ii¢in,
funksiya &hli x-lerde kesgitlenen.

Jogaby: x — islendik son.

2) Jx—1 anlatma x—1>0 bolanda mana eye, yagny funksiya x>1 bo-
landa kesgitlenen.

Jogaby: x>1.

1
3) ., ailatma x+2#0 bolanda mana eye, yagny funksiya x#-2 bo-

landa kesgitlenen.
Jogaby: x#-2.

4) 4% atilatma §i>0 bolanda mana

28-nji surat. o

e eye. Bu deisizligi ¢oziip, alarys (28-nji surat):

x<-2 we x>2, yagny funksiya x <—2 we x>2 bolanda kesgitlenen.
Jogaby: x<-2, x>2. A

Funksiyanyn grafigi diyip koordinatalar tekizliginii abssissalary su

yoee o

ordinatalary bolsa funksiyanyn degisli bahalaryna den bolan nokatlar
toplumyna aydylyandygyny yatladyp gegyaris.

Y y y
A
ﬂ//* \\\% //\*\
1 1 1N
0 1 x 0 I x 0 1 x
29-njy surat. 30-nji surat. 31-nji surat.
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N
A N
Z NG
1 3 1 v
x//\
3
0 1 2 X 0 1 2 X
-1
32-nji surat. 33-nji surat.

2 -nji mesele. y = |x| funksiyanyn kesgitlenis yaylasyny tapyn we onufi
grafigini ¢yzyn.

A\ Yatladyp gecyiris:

FE x, eger x*>0 bolsa,
—x, eger x<0 bolsa.

Seylelikde, |x| anlatma islendik hakyky x-da mana eye, yagny y = |x|
funksiyanynl kesgitlenis yaylasy &hli hakyky sanlar toplumyndan ybarat.

Eger x > 0 bolsa, onda |x| =x bolyar we, sonui {i¢in, x >0 bolanda y = |x|
funksiyanyil grafigi birinji koordinata burcunyi bissektrisasy bolyar (29-njy
surat).

Eger x < 0 bolsa, onda |x| =—x bolyar, diymek, otrisatel x-ler ii¢cin
vy = |x| funksiyanyn grafigi ikinji koordinata burgunyi bissektrisasy bolyar
(30-njy surat).

y = |x| funksiyanyn grafigi 31-nji suratda sekillendirilen. A

Islendik x tigin |-x|=|x|. Sonun {i¢in y = |x| funksiyanyn grafigi ordinatalar
okuna gord simmetrik yerlesen.

3-nji mesele. y =|x—2|—1 funksiyanyn grafigini ¢yzyn.

A y=|x—2| funksiyanyn grafigi y = |x| funksiyanyn grafiginden ony
Ox ok boyunga 2 birlik saga siiysiirmek bilen alynyar (32-nji surat).

y=|x—2|-1 funksiyanynn grafigini almak {icin y = |x—2| funksiyanyn
grafigini bir birlik pese siiysiirmek yeterli (33-nji surat). A
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81.

82.

83.

84.

8s.

86.

40

Goniikmeler

Funksiya y(x) =x*—4x + 5 formula bilen berlen:

D) y(=3), y(=1), »(0), p(2)-ni tapyn;
2) eger y(x) = 1, y(x) =5, ykx) =10, p(x) = 17 bolsa, x-in ba-
hasyny tapyn.

Funksiya y(x)zfc;j formula bilen berlen:

1) ¥(=2), 1(0), ¥(5). y(3)-i tapyi;

2) eger y(x) = =3, y(x) = -2, yx) =13, y(x) = 19 bolsa, x-ifi ba-
hasyny tapyn.

Funksiyanyn kesgitlenis yaylasyny tapyn (83-84):

(Yatdan).
1) y=4x>-5x+1; 2) y=2-x-3x% 3) y=23,
3
4 y=—7; ) y=Yo—x; 6 y= .
S5—x x+7
1) yzz—x; 2) y=\/6x2—7x+10;
X2 —2x—3
_3 2 . _¢/2x+4 . _ [3x=2
3) y=33x"-2x+5; 4) y 673—x ; 5) y Y

Funksiya y(x)=|2—x|—2 formula bilen berlen:

1) y3), y1), »(1), y(3)-i tapyi;
2) eger y(x)=-2, y(x)=0, y(x)=2, y(x)=4 bolsa, x-inl bahasyny tapy.

Funksiyanyn kesgitlenis yaylasyny tapyi:

— [x=2. _
D'y x+3° 2) y= 31—i-x

3) y=fa-D-2)(x-3);  4) y= 2=t

x+1

5) y=JEx+hHx-1)x-4); 6) y= §/x"+4x 5 :43 5.




87. (—2; 1) nokat funksiyanyi grafigine degisli bolarmy:

1) y=3x>+2x+29; 2) y=|4-3x|-9;
3) y=r3 4) y=|V2a=x-9-2°
88. Funksiyanyni grafigini ¢yzyn:
D) y=h+3[+2; 2) y==Nk; 3) y=2k[+1;
4) y=1-|1-x|; 5) y=lx[+px-2]; 6) y =l +1]-|x|.

89. y=ax*+ bx+c funksiya 4 (0; 1), B (1; 2), C (%; 1) nokatlardan
gecydr. 1) a, b, c-ni tapyn; 2) x-ifi ndhili bahalarynda y = 0 bolyar?
3) funksiyanyn grafigini ¢yzyi.

]
10- §. F UNKSIYANYN ARTMAGY WE KEMELMEGI

Siz y = x we y = x* funksiyalar bilen tanyssyilyz. Bu funksiyalar dere-
jeli funksiyanyn, yagny

y=x" (D
(munda r — berlen san) funksiyanyn hususy hallarydyr.
r — natural san bolsun, » = n =1, 2, 3, ... diyelin. Munda natural

gorkezijili derejeli funksiya y = x” -1 alarys.
Bu funksiya &hli hakyky sanlar toplumynda, yagny san okunyfi hemme
yerinde kesgitlenen. Adatda, dhli hakyky sanlar toplumy R harpy bilen bel-

gilenyér. Seylelikde, natural gorkezijili derejeli funksiya y=x", xeR iicin

kesgitlenen. Eger (1)bolanda r = —2k, keN bolsa, onda y=x 2k =x%

funksiya emele gelyédr. Bu funksiya x-ini noldan tapawutly dhli bahalarynda
kesgitlenen. Onun grafigi Oy oka gord simmetrik. » = — (2k — 1), keN

Qk1) _ 1

T funksiyany alyarys. Onun hésiyetleri size

bolsa, onda y=x

tanys yzi funksiyanyn hésiyetleri yaly bolyar. p we g — natural sanlar

we r=§ — gysgalmayan drob bolsun. y = Uxr funksiyanyn kesgitlenis
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yaylasy p we g-nyn jubiit-takligine garap diirliice bolyar. Meselem, y = %/x—2 ,
y =3/x funksiyalar islendik xeR bolanda kesgitlenen. y=‘\‘/x—3 funksiya

bolsa x-ifi otrisatel dél, yagny x > 0 bahalarynda kesgitlenen.

8-njisynp ,,Algebra® kursundan mélim bolsy yaly, her bir irrasional sany
cdkli onluk drob bilen, yagny rasional san bilen yakynlagdyrmak miim-
kin. Amalyyetde irrasional sanlaryn tistinde amallar olaryn rasional yakyn-
lasmalaryil komeginde yerine yetirilydr. Bu amallar seyle girizilyér, yagny
amallaryn, denliklerin we densizliklerinn rasional sanlar {i¢in hésiyetleri ir-
rasional sanlar tigcin hem doly saklanyar.

F\s Iys -y Ty ... Tasional sanlar 7 irrasional sanyi rasional yakynlagmalary
bolsun. Onda x polozitel san bolanda, x-iii rasional derejeleri, yagny x", x",
.., X"x ... sanlar x" derejénin yakynlagmalary bolyar. Seyle kesgitlenen derejd
irrasional gorkezijili dereje diyilydr. Diymek, x > 0 {i¢in dereje gorkezijisi
islendik » bolan y = x" funksiyany kesgitlemek miimkin.

Derejeli funksiya x-ii (1) formula mana eye bolyan bahalary tigcin kes-
gitlenen. Meselem, y = x we y = x* (r = 1 we r = 2) funksiyalaryn kesgitlenis
yaylasy &hli hakyky sanlar toplumy bolyar; y:% (r = 1) funksiyanyn
kesgitlenis yaylasy nola dei bolmadyk dhli hakyky sanlar toplumy bolyar;

y=+/x (rzé) funksiyanyn kesgitlenis yaylasy #hli otrisatel dil sanlaryn
toplumyndan ybarat.

Eger argumentin kibir aralykdan alnan uly bahasyna
funksiyanyn uly bahasy gabat gelse, yagny su aralyga degisli
islendik x,, x, iicin x,>x, deisizlikden y(x,) > y(x,) deiisizlik gelip
cyksa, y(x) funksiya su aralykda artyan funksiya diyilyindigini
yatladyarys.

Eger kibir aralyga degisli islendik x, x, ii¢in x,>x
deiisizlikden y(x,) < y(x ) gelip ¢yksa, y(x) funksiya su aralykda
kemelyin funksiya diyilyér.

Meselem, y = x funksiya sanlar okunda artyar. y = x* funksiya x > 0
aralykda artyar, x < 0 aralykda kemelyir.
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y = X" derejeli funksiyanyn artmagy ya-da kemelmegi dereje gorkezijisinin
alamatyna bagly.

Eger r>0 bolsa, onda y=x" derejeli funksiya x>0 aralykda
0 artyar.

O x,>x,>0 bolsun. x,>x, densizligi polozitel » derejd géterip, x) > x|
-1, yagny y(x,) > y(x,)-1 alarys. o

3
Meselem, y=+/x we y=x2 funksiyalar x >0 aralykda artyar. Bu
funksiyalaryn grafikleri 34-nji suratda sekillendirilen. Su suratdan y=\/;

funksiyanyn grafigi 0<x<1 aralykda y = x funksiyanyn grafiginden yokarda,
x > 1 aralykda bolsa y = x funksiyanyn grafiginden asakda yatyandygy
gorniip dur.

Eger 0<r<1 bolsa, y =x" funksiyanyn grafigi edil seyle hésiyete eye bolyar.

3

y=x2 funksiyanyn grafigi 0<x<1 aralykda y=x funksiyanyii grafi-
ginden asakda, x > 1 aralykda bolsa y = x funksiyanyn grafiginden yokarda
yatyar.

r>1 bolsa, y—x" funksiyanyn grafigi edil seyle hisiyete eye bolyar.

Indi »>1 bolan yagdaya garayarys.

0 Eger r < 0 bolsa, onda y= x" derejeli funksiya x > 0 ara-
lykda kemelyir.

y Y
3
y=x P
RN F
2 roNE 2
)= 1
1 -
1 h Jx
2
-1 0o 1 2 3 4 o1 2 3 4 b
34-nji surat. 35-nji surat.
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O x, > x, > 0 bolsun. x, > x, defisizligi otrisatel r derejd goterip, ¢ep
we sag bolekleri polozitel bolan deiisizliklerifi hisiyetine gord x, > x| -i,
yagny y(x,) < y(x,) -i alarys. o
1
Meselem, yz%, yagny y=x 2 funksiya x>0 aralykda kemelydr. Bu
X
funksiyanyn grafigi 35-nji suratda sekillendirilen.

|98}

1-nji mesele. x4 =27 denleméni ¢oziin.

3
A y = x4 funksiya x>0 bolanda kesgitlenen. Sonun ii¢in berlen detilleme
dine otrisatel dédl koklere eye bolmagy miimkin. Seyle koklerden biri:

3
= (3/33)* =3* =81. Deiileméniii basga kokleri yok, ¢iinki 1= x4

3
funksiya x>0 bolanda artyar we sonun ti¢in, eger x>81 bolsa, onda x* >27

4
3

x=27

3
, eger x<81 bolsa, onda x4 <27 bolyar (36-njy surat). A

x"=b (munda r#0, b>0) denleménin hemise polozitel x = b% koke

eyeligi, sunuil bilen birlikde, bu kokiin yeke-tékligi suna menizes su-
but edilydr. Diymek, y=x" (munda r>0) funksiya x>0 bolanda dhli
polozitel bahalary kabul edydr.

3
Bu bolsa, meselem, y = x4 (36-njy surat) funksiyanyn hayallyk bilen art-

magyna seretmezden, onuni grafiginin Ox okdan islendik¢e uzaklasyandygyny

0 81 x 36-njy surat.
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we y = b goni ¢yzygy, b-nii ndhili polozitel san bolmagyna seretmezden,
kesydndigini afladyar.

2 -nji mesele. y =x+% funksiyanyni x>1 aralykda artyandygyny subut
edin.

A x, > x, > 1 bolsun. y(x)) > y(x,) bolyandygyny gorkezyiris.
y(x,) — y(x,) tapawudy garayarys:
1

x

Y(x) y(x)=x, +
x, > x, x, > 1, x, > 1 bolany ii¢in x, —x, >0, xx, > I, xx, > 0.

Sonuit iigin y(x)) — y(x) > 0, yagny y(x,) > y(x). A

Goniikmeler

90. Funksiyanyn grafigini ¢yzyn hem-de artyan we kemelydn aralyklaryny

tapyn:
1) y=2x+3; 2) y=1-3x; 3) y=x?+2;
4) y=3-x 5) y=(1-x)} 6) y=(2+x)".
91. (Yatdan). Funksiya x > 0 aralykda artyarmy ya-da kemelyérmi:
3 3
1) y=x7; 2) y=x 4; 3) y=x V2; 4) y=xPo
92. x>0 bolanda funksiyanyn grafiginiii eskizini ¢yzyi:
3 2 3 2
) y=x2; 2) y=x3; 3) y=x 2 4 y=x3.
93. Derileminini polozitel kokiini tapyn:
1
1 1 1 -
1) x2=3; 2) x4=2; 3) x 2=3; 4) x +=2;
Bl _4 1 4
5) x6=32; 6) x 5=81; 7) x 3=8; 8) x5 =16.

94. Millimetrli kagyza y = Yx funksiyanyn grafigini ¢yzyn. Grafik boyunga:
1) y =0,5 1; 4; 2,5 bolanda x-in bahalaryny tapyn;

2) «4/1,5;3/5; «4/2,5;‘\‘/5 bahalary takmynan tapyn.
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95. Funksiyalaryn grafiklerinini kesisme nokatlarynyn koordinatalaryny tapyi:

96.

4 6
1) y=x3 we y=625; 2) y=x5 we y=64;
3 7
3) y=x2 we y=216; 4) y=x3 we y=128.
1) y= x+l funksiyanynn 0<x<1 aralykda kemelyédndigini subut edin;

2) y=
+1
lykda artyandygyny subut edin;

funksiyanyil x >0 aralykda kemelydndigini we x <0 ara-

3) y=x*-3x funksiyanyn x>—1 we x>1 aralyklarda artyandygyny we
—1<x<1 kesimde kemelydndigini subut edin;

4) y=x-2x funksiyanyii x>1 aralykda artyandygyny we 0 <x<1
kesimde kemelydndigini subut edif.

97. Funksiyanyn grafigini ¢yzyn hem-de artyan we kemelyédn aralyklaryny

tapyn:

x+2,eger x <—1bolsa,
D y=i,
x~,eger x >—1bolsa,

2= 2—x?,eger x> 1 bolsa,

x—1,eger x <—1 bolsa,

{x eger x < 1 bolsa,
3)) V= {

x? +1,eger x>— 1 bolsa,

x° eger x <1 bolsa,
4) y
—x% +2x, eger x> 1 bolsa,

| 11-§. FUNKSIYANYN JUBUTLIGI WE TAKLIGI

Siz y = x* we y = |x| funksiyalaryn grafikleriniii ordinatalar okuna goérd

simmetrikdigini (37 we 38-nji suratlar) bilyédrsiiliz. Seyle funksiyalara jiibiit
Sfunksiyalar diyilyar.
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y VA
_ 2 //\*“\
| y=x 14 3
0 1 X 0 1 X
37-nji surat. 38-nji surat.

0 Eger y(x) funksiyanyn kesgitlenis yaylasyndan alnan islen-
dik x iicin y(—x)=y(x) bolsa, bu funksiya jiibiit funksiya diyilyér.

Meselem, y=x* we yz% funksiyalar jiibiit funksiyalar, ¢iinki islendik
X

1 = L
(_x)Z x2 :

tigin (—x)*=x* we islendik x#0 ii¢in

1-nji mesele. y = x* funksiyanyni grafiginin koordinatalar baslangyjyna
gord simmetrikdigini subut edin we grafigini ¢yzyn.

A 1) y = x* funksiyanyn kesgitlenis yaylasy — @hli hakyky sanlar top-
lumy.

2) y = x* funksiyanyni bahalary x>0 bolanda polozitel, x<0 bolanda
otrisatel, x=0 bolanda nola den.

O Aydaly, (x,; y,) nokat y = x* funksiyanyn grafigine degisli, yag-

ny y, =x8 bolsun. (x;; y,) nokada koordinatalar baglangyjyna gord sim-

metrik bolan nokat (—x; —y,) koordinatalara eye bolyar. Bu nokat hem y =

¥’ funksiyanyn grafigine degisli bolyar, ¢iinki y, =x3 dogry denligin iki

bolegini —1-e kopeldip, alarys: —y, =-x ya-da —,=(—x,). @

Bu hisiyet y = x* funksiyanyn grafigini gurmaga miimkingilik beryér:
ilki grafik x > 0 Ug¢in gurulyar, sofira bolsa ony koordinatalar baslangyjyna
gord simmetrik sohlelendirilyar.

3) y = x* funksiya kesgitlenis yaylasynyn hemme yerinde artyar. Bu
polozitel gorkezijili derejeli funksiyanyni x > 0 bolanda artyan hésiyetinden
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we grafigin koordinatalar baslangyjyna gord simmetrikliginden gelip
cykyar.

4) x>0-nyn kébir bahalary (meselem, x = 0, 1, 2, 3) {igin y=x°
funksiyanyn bahalarynyn jedwelini diizyéris, x>0 bolanda grafigin bir
bolegini guryarys we sofira simmetriyanynn komeginde grafigin x-in otri-
satel bahalaryna layyk gelydn bolegini guryarys (39-njy surat). A

Grafikleri koordinatalar baslangyjyna gord simmetrik bolan funksiyalara
tik funksiyalar diyilydr. Seylelikde, y=x*— tik funksiya.

Eger y(x) funksiyanyn kesgitlenis yaylasyndan alnan islendik
x licin
y(=x) = —y(x)
bolsa, bu funksiya tik funksiya diyilyir.

Meselem, y=x°, yI% funksiyalar tdk funksiyalardyr, c¢linki islendik x
X
mm(ﬂﬁ=ﬂéweMmmkx¢oagn(if=—é.
Jiibiit we ték funksiyalaryn kesgitlenis yaylasy koordinatalar baslangyjyna
gord simmetrikdigini nygtap gecyéris.
Jiibiitlik ya-da tdklik hdsiyetlerine eye bolmadyk
funksiyalar bar. Meselem, y = 2x + 1 funksiyanyn
jubiit hem, tdk hem déldigini gorkezyiris. Eger bu
funksiya jiibiit bolanda-dy, onda &hli x iicin 2(—x)+
+ 1 = 2x + 1 deinlik yerine yetirilen bolardy; yone,
meselem, x = 1 bolanda bu denlik nddogry: —1 # 3.
Eger bu funksiya tdk bolanda-dy, onda &hli x {igin
2(=x) +1 = =(2x —1) denlik yerine yetirilen bolardy;
yone meselem, x=2 bolanda bu denlik nddogry: —3

# —5.
2-nji mesele. y=3/x funksiyanyii grafigini
¢yzyn.

A 1y Kesgitlenis yaylasy — &hli hakyky sanlar;
2) funksiya — tdk, ciinki islendik x {g¢in
f=x==x;

39-njy surat.
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3) x > 0 bolanda funksiya polozitel gorkezijili derejeli funksiyanyn

hisiyetine gori artyar, ¢iinki x > 0 bolanda 3/x =x3;
4) x > 0 bolanda funksiyanyni bahasy polozitel; y(0) = 0;

5) grafige degisli birndgce, meselem, (0; 0), (I; 1), (8; 2) nokatlary
tapyp, x > 0-nyn bahalary iicin grafigin bir bdlegini guryarys we sofira
simmetriyanyn komeginde x < 0 {i¢in grafigin ikinji bolegini guryarys (40-

njy surat). A

y=3x
40-njy surat.

1
y=3/x funksiya &hli x-ler iicin, y=x3 funksiya bolsa difie x > 0 iigin

kesgitlenenligini nygtap gegydris.

Goniikmeler

Funksiyanyn tdk ya-da jiibiit bolyandygyny anyklan (98-99):

98. 1) y=2x% 2) y=3x% 3) y=x*+3; 4) y=x*-2.
99. 1) y=x*  2) y=x73; 3) y=x*+x% 4) y=x* +x°.
100. Funksiyanyn grafiginin eskizini ¢yzyi:

Dy=x  Dy=xs Y=+ 4 y=Tr.
101. Funksiya jibiit hem, tdk hem dalligini gorkezin:

_xt2. — x> tx-1. _x—1

Dy=15 D y=tur D=
102. Funksiyanyn jiiblit ya-da tédk bolyandygyny anyklan:

D) y=xt +2643;  2) y=x-2xtl; 3) y=+x;

X
4) y=x* +1xl; 5) y=[x[+x% 6) y=+vx-1.

4 — Algebra, 9-njy synp tigin
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103.

104.

105.

106.

107.

108.

109.

50

Simmetriyadan peydalanyp, jiibiit funksiyanyn grafigini ¢yzyi:
1) y=x*-2x|+1; 2) y=x*-2x.

Simmetriyadan peydalanyp, tik funksiyanyn grafigini ¢yzyi:

1) y=x|x|-2x; 2) y=x|x|+2x.

Funksiyanyn hésiyetlerini anyklaii we onunl grafigini ¢yzyn:
Dy=vx=5: 2 y=Vx+3:  y=x't2 4 y=l-x
Funksiyanyn grafigini ¢yzyn:

3

_ xz, eger x >0 bolsa, _ x3,eger x>0 bolsa,
nY x’, eger x <01 bolsa; 2) 7

x?,eger x <0 bolsa;

_ |-x",eger x<0 bolsa, x*, eger x<1 bolsa,

3) ¥= 2 D y=

—x~,eger x >0 bolsa; —x~+2x,eger x>1 bolsa.
Argumentini n#hili bahalarynda funksiyanyni bahalary polozitel
bolyandygyny anyklan. Artyan we kemelyédn aralyklaryny gorkeziil.
y funksiya berlen:
1) y=x; 2) y=x*; 3) y=x*+x; 4) y=x*—x.
x>0 bolanda y funksiyanyn grafigini ¢yzyn. x <0 iicin su funk-
siyalardan her birinini grafigini seyle ¢yzyn, yagny gurlan grafik: a)
jubtit funksiyanyn; b) tdk funksiyanyn grafigi bolsun. Alnan her bir
funksiyany bir formula bilen berii.

Funksiyanyn grafiginiii simmetriya okunyn defilemesini yazyn:
) y=(+1)% 2) y=x*+1; 3) y=(x-1".

Funksiyanyn grafiginin simmetriya merkezinin koordinatalaryny
gorkezin:
1) y=x*+1; 2) y=(x+1)% 3) y=x-1.



12-§.  DEREJE GATNASYAN DENSIZLIKLER
WE DENLEMELER

Derejeli funksiyanyn hésiyetlerinden her hili denilemeleri we densizlikleri
cozende peydalanylyar.

1-nji mesele. x>>32 densizligi ¢6ziin.

A y=x> funksiya x-ii &hli hakyky bahalarynda kesgitlenen we artyar.
¥(2)=32 bolany iicin x>2 bolanda y(x)>32 we x>2 bolanda y(x)>32.

Jogaby: x>2. A

2 -nji mesele. x*<81 defsizligi ¢oziin.

/\ y=x* funksiya x < 0 bolanda kemelyir we x>0 bolanda artyar. x* =81
defileme iki hakyky koke eye: x,=-3, x,= 3. Sonuil {i¢in x*<81 deiisizlik
x<0 bolanda —3<x<0 ¢oziiwlere we x>0 bolanda 0<x<3 ¢oziiwlere eye
(41-nji surat).

Jogaby: —3<x<3. A

3-nji mesele. Funksiyalaryn grafiklerinin komeginde
defillemini ¢oziin.

= |w
I

=
[\)

+
[e—

Bir koordinatalar tekizliginde y=3 we y =x*+1 funksiyalaryfi grafik-
lerini guryarys (42-nji surat). g

A\ x<0 bolanda %= x? +1 detileme koklere eye dil, ciinki %< 0, yone

x*+1>0. x>0 bolanda bu defileme su funksiyalaryn kesisme nokadynyn

abssissasyna defi bolan bir koke eye. 42-nji suratdan gorniisi yaly, x =1,2.

Derleme bagga poloZitel kdklere eye dil, ¢iinki x>x, bolanda j = 3 funksiya
X

kemelyiér, y=x,+1 funksiya bolsa artyar we diymek, funksiyalaryfi grafikleri
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y:x y:x2+1

41-nji surat. 42-nji surat.

x> x, bolanda kesigmeydr. Edil su sebdbe gord olar 0 < x < x  bolanda
hem kesigsmeydr.

Jogaby: x ~1,2. A

4 -nji mesele. Deilleméni ¢oziin:

V2-x?=x. (1)

A Aydaly, x — berlen defileméninn koki bolsun, yagny x — seyle san
bolup, ol (1) defilleméni dogry deilige 6wiiryér. Denlemédnini iki bolegini-de
kwadrata goterip, alarys:

2-x*=x% ()
Mundan x*=1, x,=*1

Diymek, (1) deilleme koklere eye, diyip ¢ak edip, biz bu koklerin
diie 1 we —1 sanlary bolmagy miimkinligini bildik, indi bu sanlar (1)
derilemédnin kokleri bolyandygyny ya-da bolmayandygyny barlayarys. x = 1
bolanda (1) detileme dogry defilige dwriilyér: /2—1? =1. Sonui {i¢in x=1
(1) derileménin koki.
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x=-1 bolanda (1) defileménifi gep bolegi /2—(—1)? =+/1=1 -¢ def, sag
bolegi bolsa —1-e den, yagny x=-1 (1) denleminini koki bolup bilmeyar.

Jogaby: x=1.

Garalan meselede (1) denleme onui iki bolegini hem kwadrata gétermek
yoly bilen ¢oziilydr. Munda (2) deiileme emele geldi.

(1) denleme diie bir koke eye: x=1, (2) defilleme bolsa iki koke eye:
x,,=+1, yagny (1) deiilemeden (2) defilemd gecende del kokler diylip at-
landyrylyan kokler peyda boldy. Bu sonuni {igin hem bolup gegdi, yagny x
= —1 bolanda (1) defileme 1 = —1-dan ybarat nddogry derlige 6wriildi, bu
nddogry denligin iki bolegini hem kwadrata goterende bolsa 12 = (—1)*-dan
ybarat dogry denlik emele geldi.

Denleménin iki bolegini hem kwadrata goterende del
koklerin peyda bolmagy miimkin.

Denlemiini onun iki bolegini hem kwadrata gotermek bilen
cozende barlag gecirmeli.

(1) dedileme — irrasional denlemd mysal.
Yene irrasional denlemelere mysallar getiryéris:

V3-2x=1 x;Jx+1=2—-+x-3.

Birnédge irrasional denlemeleri ¢ozelin.

5-nji mesele. Deiilemini ¢oziifi: 5—2x=1-x.

/\ Deiileminin iki bélegini hem kwadrata goteryiris:

5-2x=x*-2x+1
ya-da x*=4, mundan x =2, x,=-2. Tapylan kokleri barlayarys.

x = 2 bolanda berlen denleménin ¢ep bolegi +5—2-2 =1-e den, sag
bolegi 1 —2 = —1-e deit. 1 # —1 bolanyandygy {icin x=2 berlen deileminin
koki bolup bilmeyar.

x=-2 bolanda defilemanif gep bolegi /5—2.(-2) =3-¢ deii, sag bélegi
1 —(-2) = 3-e den. Diymek, x=—2 berlen denlemdnin koki.

Jogaby: x=-2. A
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6-njy mesele. Denlemini ¢oziin: Vx—2+3=0.
/\ Bu defileméni x—2 =-3 gorniisde yazalyn.
Arifmetik kokiin otrisatel bolmagy miimkin dél, diymek, bu denilleme

koklere eye dal.
Jogaby: Kokleri yok. A

7-nji mesele. Deflemini ¢oziin: Vx—1+11-x=4.
/\ Defileménii iki bolegini hem kwadrata goterip, alarys:

x—1+2Jx—1-11-x+11-x=16.
Meiizes agzalary toparlap, defilemini seyle gorniisde yazyarys:
2Jx—1-\11-x=6 ya-da Jx—1-\11-x=3.
Ahyrky deilemédnin iki bolegini hem kwadrata goterelin:
(x=1)(11-x)=9 ya-da x2—12x+20=0,
mundan x =2, x,=10. Balamak 2 we 10 sanlaryndan her biri berlen
denlemdnin koki bolyandygyny gorkezyir.
Jogaby: x =2, x=10. A
8-nji mesele. Defisizligi ¢oziift: V5—x <7+x
A\ Detisizlik x-ifi —7<x<5 bahalarynda mana eye. Eger densizlik yoziiwe
eye bolsa, ¢oziiw su [-7;5] kesime degisli bolyar. Deiisizligin iki bolegini
hem kwadrata goterydris we toparlamadan soni x*+15x+44>0 densizlige
gelydris. Onun ¢oziiwi x<-11, x>—4 bolyandygy aydyn. Bu aralyklaryn
[-7;5] kesim bilen umumy bolegi —4<x<5, yagny [—4;5]kesim bolyar:
Jogaby: —4<x<5. A

Goniikmeler
110.Densizligi ¢oziin:
1) x'>1; 2) x*<27, 3) y*>64; 4) y*<125;
5) x*<16; 6) x*>625; 7) x°<243; 8) x°>064.
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111.1) Eger kwadratyn meydany 361 cm?-dan uludygy mélim bolsa, onuf
tarapy ndhili bolmagy miimkin?
2) Eger kubun gowriimi 343 dm’-dan uludygy mélim bolsa, onun
gapyrgasy nihili bolmagy miimkin?

112.(Yatdan.) 7 sany defileménin koki bolyandygyny gorkeziii:

D Vi-3=2; 2 x-13-y2x-5=3;  3) J2x+11=5.
113.(Yatdan.) Deiilemini ¢oziifi:

D Vx=3: 2 Jx=7: 3) 2x-1=0; 4 3x+2=0.

Denlemédni ¢ozin (114-117):

14.1) Jx+1=2; 2) Jx—1=3; 3) JI-2x=4.
4) J2x—1=3; 5) Bx+1=10; 6) V9-x=4.

115.1) Jx+1=2x-3; 2) Jx-2=3x-6,
3) Vx? +24 = T1x; 4) x? +4x = l4—x.

116.1) Jx+2=x: 2) Bxtd=x; 3) V20— x? =2x.
4) 0, 4-x"=3x; 5) JA-x=-1;  6) V26— =5x.

17.1) Vx2—x-8=x-2; 2) Jxl+x—6=x—1.

118.Dersizligi ¢oziin:

1) (x—1y°>1; 2) (x+5)*>8; 3) 2x-3)">1;

4) 3x=5)<1; 5) (3—x)*>256; 6) (4—x)*>8l.
119.Berlen deilleme ndme ii¢in koklere eye dilligini diistindirin:

1) Jx=-8; 2) Jx+x—4=-3;  3) J-2-x?=12:

4) JIx—-x*-63=5; 5) VX2 +7=2; 6) Vx—-2=x.
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Deiileméni ¢oztin (120-122):

120. 1) Vx® —4x+9 =2x—5; 2) Vx?+3x+6=3x+8:
3) 2x=1+x2+5: 4) x+13—dx=4.

121. 1) Jx+12=2+/x; 2) J4+x+Jx=4.

122. 1) 2x+1+3x+4 =3, 2) JAx-3+5x+4=4;
3) Jx—7-Jx+17=-4; 4) Jx+4-Jx-1=1.

123. x-in nidhili bahalarynda funksiyalar birmenzes bahalary kabul edyér:

D) y=da+vdr,y=v19-2x: 2) y=J7+Jx,y=A11-Vx ?

124. Densizligi ¢6ziin:

) Vx-2>3; 2) Jx-2<1; 3) V2—-x>x;
4) N2-x<x; 5) Vsx+11>x+3; 6) Jx+3<x+1.

I baba degisli goniikmeler

125. x-in y = 2x*> — 5x + 3 kwadrat funksiya: 1) 0-a; 2) I-¢; 3) 10-a; 4)
—1-e den bahalar kabul edyin bahasyny tapyn.

126. Deisizligl ¢oziin:
1) x* <5 2) x* > 36; 3) x* > 9; 4) x* < 8.

127. Parabolanyni koordinata oklary bilen kesisme nokatlarynyn koordinata-
laryny tapyii:

)y=x*+x-12; 2) y =-=x*+ 3x + 10;
3) y =8 — 2x + 1; 4) y = Tx* + 4x — 11,
128. Porabolanyni depesinini koordinatalaryny tapyii:
1) y=x*—4x - 5; 2) y=-—x*-2x + 3;
5
3) y=x*-6x + 10; 4)y=x2+x+2.
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129.

130.

131.

132.

133.

134.

135.

136.

137.

Funksiyanyn grafigini ¢yzyn we grafik boyun¢a onuni hésiyetlerini
anyklan:

) y=x*-5x + 6
3) y = =x* — 6x — 8;

2) y = x>+ 10x + 30;

4) y = 2x> — 5x + 2.
Goniiburglugyni perimetri 600 m. Goniibur¢lugyn meydany in uly bol-
magy tlicin onun esasy bilen beyikligi néhili bolmaly?

Eger y = x> + px + ¢ kwadrat funksiya:

1) x = 0 bolanda 2-4 deni bahany, x = 1 bolanda bolsa 3-e deni bahany
kabul etse, p we g koeffisiyentleri tapyn;

2) x = 0 bolanda 0-a den bahany, x = 2 bolanda bolsa 6-a den ba-
hany kabul etse, p we ¢ koeffisiyentleri tapyn.

x-in ndhili bahalarynda funksiyalar den bahalary kabul edyér:
Dy=x>+3x+2wey=17 - x;

2) y=3x* —6x +3 wey=[3x — 3|?

Deitsizligi ¢oztin (133-137):

) (x - 57)x - 172) > 0;
3) (x — 2,53 —x) <0

2) (x — 2)(x — 4) > 0;
4) (x — 3)4 - x) <0.

2. 2 2
3) 4 > x% D ezx
2) 2x*+ 9x — 4 > 0;
4) 2x*+ 3x — 2 < 0;

1) x* > x; 2) x* > 36;

1) 2x*+ 4x + 30 < 0;
3) 4>+ 3x — 1 < 0;

1) x> = 3x + 8 > 0;
3) 2x* = 3x + 5> 0;
5) x2 + 2x +4 <0

2) x> = 5x + 10 < 0;
4) 3x* —4x + 5 < 0;
6) —4x* + 7x — 5> 0.

D& -2)-9)>0;

2) (x* = 1)(x —4) <0;
4x%—4x-3

(3)(=5) _ . _x T . |
3) 1 <0; 4) (4-x)(2x+1) — 0; 5) x+3 2 0;

2x2-3x-2 . (x+1)(x—4)>0 . xtl <0
O =F—<0: D SRR e e M
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Deitsizligi ¢oziin (138-139):

138.1) %x ;‘x2 >1-x 2) %x(x+1)§(x+1)2;
3) x(1-x)>1,5-x; 1) %x sy - 1),
3x —5x-8 4x%+x-3 2+7x—4x*
——>0; = 2 <0 e
139- D 52755 2 5720, 3) 3x%42x-1 =
2+9x—5x2 P -5x+6 P +8x+7
—>0; > 0; <0.
4) 32 -2x-1 K +5x+6 ’ Px-2 T
140. Kater 4 sagatdan kop bolmadyk wagtynn dowamynda deryanyn aky-

my boyunca 22,5 km yiizmeli we yzyna dolanmaly. Eger deryanyn
akymynyn tizligi 3 km/h bolsa, kater suwa gord néhili tizlik bilen
yoremeli?

141. Funksiyalaryn grafiklerini bir koordinata sistemasynda cyzyn we x-ifi

142.

143.
144.

145.
146.
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nédhili bahalarynda bir funksiyanyn bahasy ikinjiniikiden uly (kigi)
bolyandygyny anyklan, netijini, degisli densizligi ¢oziip, barlaii:

1) y=2x% y=2 = 3x;
2) y=x*-2, y=1 - 2x;
3) y=x>-5x+4, y=T — 3x;
4) y=3x*-2x+5, y=5x + 3.

Funksiyalaryn grafiklerinin kesisme nokatlarynyn koordinatalaryny
tapyn (142-143):

) y=2, y=x’ 2) y=Ly=2x; 3) y=3xy=2.
1) y=+x,y=|x 2) y=Rx.y=1; 3) y=Vr.y=x.
Densizligi ¢oziin:

1) x<8l: 2) ©> 32; 3) x> 64 4) x<-32.
Deiilleméni ¢oziin (145-146):

1) V3—-x=2; 2) J3x+1=7; 3) J3-11x=2x.
1) V2x-1=x-2; 2) J5x—1+3x* =3x; 3) ¥2-2x=x+3,



147.

148.

Funksiyanyn kesgitlenis yaylasyny tapyi:

1) y=Yx®+x-2; |2) x=3Yx*+2x-15; | 3) x=V6—x—x%;

2 2
§ y=isr-n-i]9) - [ |6 o e

Funksiyanyn gorkezilen aralykda artyandygyny ya-da kemelydndi-
gini anyklan:

) y= 1 2,x>3 aralykda; 2) y= 1 x <2 aralykda;

(x-3) (x-2)""
3) y=3fx+1,x>0 aralykda; 4) y=—»__ x<—| aralykda.
y Y

.y = —x*+ 2x + 3 funksiyanyn grafiginin kémeginde x-in n#hili

. y=1-x* funksiyanyn grafigi boyunga x-in funksiya polozitel; otri-

. Denisizligi interwallar usuly bilen ¢oziin:
1) x(x—1)(x+2)>0; 2) (x+1)(2—x)(x-3)<0.
. Funksiyanyn kesgitlenis yaylasyny tapym:
D Y= 2) y=49-x?; 3) y=+4-2x.

. Denllemini ¢ozii:

Oziiriizi Barlap goriiri!
bahasynda funksiyanyn bahasy 3-e deni bolyandygyny tapyn.

satel bahalary kabul edydn bahalaryny tapyn.

1) y = 2x% 2) y = —-3x* funksiya n#hili aralyklarda artyar? Ke-
melyar? Su funksiyanyn grafigini ¢yzyi.

1) Vvx-3=35; 2) V3—x—x% =x; 3) y=\/32—x2=x.
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149. Funksiyanyn jiibiit ya-da tékligini anyklan:

1) y=x*-3x*+x*-2; 2) y=x-x*+x;
3) y=—1 _+41; 4) y=x"+x5+1.
)y o 27 )y

150. Densizligi ¢oziin:
1) Bx+1)*>625; 2) 3x*+5x)°<32; 3) (x*-5x)*>216.
151. Denlemidni ¢ozin:

1) J2x2+5x—3=x+1; 2) V3x2—4x+2=x+4;
3) Jx+1l1=1++ ;: 4) Jx+19=1+x.

152. Deisizligi ¢oziin:

1)\/x2—8x>3; 2)\/x2—3x<2; 3) V3x-2>x-2;
4 N2x+1<x-1; 5) V3—-x>1—x; 6) Va4x—x>>4—x.

I baba degigli synag (test) goniikmeleri

Synag goniikmelerinin her birine 4 sanydan , jogap“ berlen. 4
jogabyn “dine biri dogry, galanlary bolsa nddogry. Okuwc¢ylardan synag
goniikmelerini yerine yetirip ya-da basga pikir yoretmelerin komeginde ynha
su dogry jogaby tapmak (ony bellik etmek) talap edilydr.
1. a-niyn, y = ax? parabola bilen y=5x+1 goni ¢yzygyn kesisme no-
katlaryndan birinin abssissasy x = 1 bolar yaly bahasyny tapyn.
A) a = 6; B) a = -6; C) a=4 D) a = 4.
Parabolanyn koordinata oklary bilen kesisme nokatlarynyn koordina-
talaryny tapyn (2-3):

2.y =x>-2x + 4.

A) (=15 3); B) 3; 1); C) (1; 3); D) (0; 4).
3. y=06x>—-5x + 1.
1. 1, . 1) I, L, .0
A) (55 0): (57 0)’ (07 1)9 B) (_3, O)J (_55 0): (15 O))
1 1 C 1) L. 1, .
C) (07 5)9 (09 5)7 (07 1)3 D) (57 0)7 (_E’ 0)7 (09 _1)
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Porabolanyn depesiniii koordinatalaryny tapyn (4-5):
4.y = x* — 4x.

A) (0; 4); B) (4; 2); O (2, 4); D) (-4, 2).
5.y =x*+6x + 5.
A) (-3; —4); B) (-5; -1); C) (-1, =5); D) (3; 4).

6. Abssissalar okuny x=1 we x=2 nokatlarda, ordinatalar okuny bolsa y =

% nokatda kesip ge¢ydn parabolanyn derilemesini yazyn.

1 3 1 1 3 1
A) y=—x*-Tx+_; B) y="x?-2x+_;
)yzx 47 )y4x PR

C)y=x*-3x+2; D) dogry jogap berilmedik.

Parabola haysy céryeklerde yerlesen? (7-8):
7.y =3x* + 5x — 2.

A) 1, 11, III; B) 11, 111, 1V; C) I, I, 1V; D) I, 1L, IIIL, 1V;
8.y =-x*-6x— 11.

A) 1L, 1V; B) I 11, III; C) IL 1L IV; D)L IL

9. Iki polozitel sanyn jemi 160-a den. Eger su sanlaryn kublarynyn jemi
in ki¢i bolsa, su sanlary tapyn.
A) 95; 65; B) 155; 5; C) 75; 85; D) 80; 80.

10. y = x* — 4x + 3 funksiyanyn in ki¢i bahasyny tapyn.

A) —1; B) 1; O 7, D) -8.
Deitsizligi ¢oziin (11-17):
11. 2x*- 8 <0.
A) 2<x<2; B) —2<x; C) x>2; D) 0<x<4.
12.3x*-9>0.

A x<+3; B)x>+3 CO)x<—3,x>3 D)x>3.
13.6x*+5x—6>0.
A)x>§; B)x<%; C)x<—%,x>§; D)—§<x<§.
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2
14. x* Tx+10 <

¥ 3x 10 T

A) 2<x<2; B) 2<x <5; C) x# -2, x#5; D) -2<x<0.
15. —f” > 0.

—x“+6x-8

A) —2<x<3; B) x<-2; -1<x<1, x>3;

C) -1 <x<3; D) x#-2, x#3.
16. x*+6x+5<0 densizligin dhli bitin ¢oziiwlerinifi jemini tapyn.

A) 10; B) 9; C) -9; D) -10.

17.a-nyn néhili bahalarynda ax*+4x+9a<0 densizlik x-ifi dhli bahala-
rynda yerlikli bolyar?

A)a<—§; B)a>%; C)a<-1; D)a=>1.

18. a-nyn nihili bahasynda ax’—8x—2<0 densizlik x-in &hli bahalarynda
yerlikli bolyar?

A) -8<a<8;  B) a>$; C) a<8; D) a<-38.

19. Funksiyanyn kesgitlenis yaylasyny tapyf: y = v—-x" +3x—2.
A) 1<x<2; B) 1<x<2; C) x>2, x<I; D) —2<x<-1.

20. Funksiyalaryn haysylary jubiit funksiya?

D y=x+ Dy=x+hl 3) y-= 3+xi4; 4 y-2-2
A) 1, 2; B) 3, 4; C) 2, 3; D) 1, 4.

21. Funksiyalaryi haysylary tdk funksiya?
Dy=6x; 2) y=3x; 3)y=dx+7; 4) y=2x3-10.

A) 1, 2; B) 2, 3; C) 3, 4; D) 1, 4.



& Amaly we predmetara bagly meseleler

1-nji mesele. Yenil awtomobil hemiselik v tizlik bilen hereketlenyr.
Stop ¢yzygyna ¢enli 50 metr galanda swetoforyn yasyl ¢yrasy Oc¢iip yanyp
baslady. Sundan yarym sekunt gegenden soni siiriiji tormozlanyp baslady we
stop cyzygyna yetmezden saklandy. Yol hereketi kadalaryndan milim bolsy
yaly, v, =50 km/h tizlik bilen hereket eden awtomobiliii tormozlanma yoly
S, =23,5 m, munda tormozlanma yoly diyip tormozlanma baslanmagyndan
gutaryanca awtomobilini gecen yoluna aydylyar. Awtomobilnin swetofor 6¢iip
yanmagy baslagandaky o tizligini bahalan.

/\ Swetofor oclip yanyp baslanyndan tormozlanma baglanyanga awto-
mobil 0,5 v metr aralygy, sofi bolsa fizika kursundan mélim bolan kw?
tormozlanma yoluny gecydr, munda

Diymek, umumy gecilen aralyk, 50km/h tizligin metr sekuntlarda 13,88
m/s ekenligini hasaba alsak, 50 metrden ge¢meli dilliginden

0,50+ 0,120°< 50,
yagny
0,120+ 0,50 -50<0. (1)
/A Bu densizligi ¢6zmek tigin ilki 0,120 + 0,50 —50 ticagzanyn koklerini
tapyarys:
0,120*+ 0,50 — 50 =0,
mundan
120%+ 500 — 5000 = 0.

Dernleméni ¢ozyéris:

_ —50-/50" —4:12(~5000) _ ~25(1-+/97)
212 12 ’

1,2

—25(11;\/% we v =25(\/19?—1).

mundan v, = )
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Onda, (1) defisizligin ¢6ziiwi v, <v<v, aralykdaky sanlardan yba-
rat. Yone meseldnin mazmunyna gord, v>0, diymek, bahalanyan o tizlik

0<wv<wv, aralykdan dasary ¢ykyp gitmeli dil, yagny u§@z18,43

m/s ya-da 66,35 km/h-dan ge¢meli dal.
Jogaby: tizlik 66,35 km/h-dan gecmeli dil. A

2-nji mesele. Bazarda mélim bir gorniisddki harytlardan » sanysy bar
we olar bir sanysy p pul birliginde satylyar diyelin. Monitoringin gorkezisi
yaly, su haryda bolan talap artanda onun nyrhy artyar we getirilydn seyle
harytlarynn sany n = 40p formula gord artyar. Ikinji tarapdan, bazara girip
gelip, hyrydarlara hodiirlenydn harytlarynn sany » barha artyp baslamagy
bilen onuil nyrhy ters proporsional yagdayda peselyédndigi méalim:

150
n—40"

Bazara girip gelydn harytlar sanyna goyulyan sertni anyklan.

150
n—40

/A Meselede soralayan serti anyklamak {i¢in teklip edilydn nyrh

talap bilen bagly nyrh 4i0-dan kem bolmazlyk sertinden peydalanyarys:

150 Zi-
n—40 40

Mundan
n*—40n - 6000<0
denisizligi alarys. Onuil ¢oziiwleri —60 < n < 100. Meseldnii mazmunyna
gord bazara girip gelydn harytlar sany » natural san we ol 100-den ge¢cmeli
dal.
Jogaby: n<100. A
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3-nji mesele. Siz 7 metre 18 metrlik fx+ 18
bagyilyzyil iki tarapynda dasdan yoda
etmekgisifiiz (43-nji surat). Yone Siz
munuil iicin 54 kwadrat metrden artyk
bolmayan yeri 6rtmige yetyin serisde go-
berip biljeksifiiz. Seyle yodanyn ini kopi
bilen néhili bolmaly?

F—-—

43-nji surat

A Hany aydyi, meseldniii ¢oziiwini
tapmak ticin umumy meydan (x + 18) - (x + 7) kw.m-dan bagyn meydany
18 -7 =126 kw.m-i ayryp, netije yodanyn meydany 54 kw.m-dan geg¢meli
daldigini hasaba almalydyrys:

(x+18) - (x+7) — 18-7<54. (1)
Mundan
x*+25x—54<0 (2)

kwadrat deiisizligi alarys. x*+25x— 54 kwadrat tligagzanyi kokleri x, =27 we
x,=2 bolany ii¢in (2) deiisizligiii ¢oziiwleri —27 <x <2 aralykdaky sanlardan
ybarat bolyar. Yone meseliniii mazmunyna gord yodanyii ini x otrisatel san
ya-da nol bolup bilmeyér. Su sebédpli yodanyn ini 0 <x <2 deiisizligi kana-
gatlandyryan san bolup bilyér. Diymek, yodanyi ini 2 metrden ge¢meli dal.

Jogaby: yodanyn ini kopi bilen 2 metr. A

Meseleler

1. Yiik masyny v hemiselik tizlik bilen hereketlenydr. Stop ¢yzygyna
cenli 50 metr galanda swetoforyn yasyl ¢yrasy oOg¢iip-yanyp baslady
Sundan yarym sekunt ge¢enden son siiriiji tormozlanmagy baslady we
stop cyzygyna yetmezden saklandy. Yol hereketi kadalaryndan milim
bolsy yaly, v.=50 km/h tizlik bilen hereket eden yiik masynynyin
tormozlanma yoly S, = 28,9 m. Yiik masynynyi swetofor ¢iip-yanyp
baslanandaky v tlzhglnl 0,01 takyklykda bahalan.

2. Bazarda milim bir gorniisddki harytlardan » sanysy bar we olar bir sa-
nysy p pul birliginde satylyar diyelin. Monitoringinn gérkezmegine gord,
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su haryda bolan talap artanda onufi nyrhy artyar we getirilyén seyle
harytlaryin sany n =60p formula gord artyar. Ikinji tarapdan, bazara girip
gelip, hyrydarlara hodiirlenydn harytlaryil sany » barha artyp baslamagy
bilen onuni nyrhy ters proporsional yagdayda barha peselydndigi mélim:
60
n—40

Bazara girip gelydn harydyn sanyna goyulyan serti anyklan.

3. Kompaniya reklama umumy x (100 miifilerde) som sarplasyn we onun

netijesinde P peyda gazansyn diyelin, munda P(x) =20 + 40x — x%.
Reklama nidce pul sarplansa, netijede peyda in kop bolar?

4. Oniim 6ndiiryén kici kiirhananyn aylyk peydasy P = 250n — n? (miifi som-

larda) model bilen ailadylyar diyeliii, bu yerde » — 6ndiirilen we satylan
ontimler sany. In uly peyda almak {i¢in ki¢i kdrhana ayyna nige oniim
ondiirmeli we satmaly?

5. Giinorta Amerikanyn yagynly tokaylarynyn birinde seyrek gorniisdaki
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mor-mojek tapyldy we dasky gursawy owrenyédn hiindirmen mor-mojekleri

goralyan cdge gecirdi. Gegirilenden sonn mor-mojeklerin sany ¢ ayda
P(t) =45(1 + 0,60)(3 + 0,02¢)

kanunalayyklyk bilen barha artan bolsa:

1) t=0 bolanda moér-mojeklerin sany nédge bolupdyr?

2) 10 yyldan sonl olaryfi sany ndge bolar?

3) Hagan olaryn sany 549 bolar?



Taryhy maglumatlar

,Funksiya® so6zi latynca ,func-
tio*“ soztinden alnan bolup, ol ,,bolup
gecmek®, ,,yerine yetirmek* diyen many-
ny anlladyar. Funksiyanyil ilkinji kes-
gitlemeleri G.Leybnisin (1646-1716),
I.Bernullinin (1667-1748), N.l.Lo-
bacewskiynin (1792-1856) eserlerinde
berlen.

Funksiyanyn hézirki kesgitlemesini

Abu Reyhan Biruny  Dilmeseler-de, gadymky alymlar iiytgey;i

(973-1048) mukdarlarynn arasynda funksional bag-

lanysygyn bolmalydygyna diistinipdirler.

Dort  man  yyldan  onrédk

Mesopotamiyanyfi alymlary radiusy r bolan tegelegin meydany
tigin — yalnyslygy duyarly bolsa-da — §=37* formulany ¢ykaryp-
dyrlar.

Sanyn derejesi baradaky ilkinji maglumatlar gadymky
wawilonlylardan bize cenli yetip gelen yazgylarda bar. Hususan-
da, olarda natural sanlaryn kwadratlarynyn, kublarynyi jedwel-
leri berlen.

Sanlaryfn kwadratlarynyn, kublarynyn jedweli, logarifmler
jedweli, trigonometrik jedweller, kwadrat koklerin jedweli diile
mukdarlaryni arasyndaky baglanysygyn jedwel usulynda berlisi.

Beyik ensiklopedist alym Abu Reyhan Biruny hem 6z es-
erlerinde funksiya diisiinjesinden, onunl hisiyetlerinden peyda-
lanypdyr. Abu Reyhan Biruny meshur «Kanuny Ma’sudiy»
eseriniin 6-njy makalasynda argumentin we funksiyanyn o6zgeris
aralyklary, funksiyanyn alamatlary we in uly, inl ki¢i bahalaryny
kesgitleyar.
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I1 BAP. DENLEMELER WE DENSIZLIKLER
SISTEMALARY

13-§. IKINJI DEREJELI DENLEME GATNASYAN IN YONEKEY
SISTEMALARY COZMEK

1-nji mesele. Goniiburcly iicburclugyn gipotenuzasy +/13 cm-e den,
onufi meydany bolsa 3 cm® Ucburclugyii katetlerini tapy.
Ucburglugy katetleri x we y santimetre defi bolsun. Pifagoryii teorema-
syndan we goniiburgly ticbur¢lugyin meydanynyni formulasyndan peydalanyp,
meseldnin sertini seyle yazyarys:

(1)

Sistemanyn birinji defilemesine 4-e¢ kopeldilen ikinji derilemesini gosup,
asakdakyny alarys:

x*+y* + 2xy =25,

mundan (x + y)* = 25 ya-da x + y = £5. x we y-ler polozitel sanlar bo-
lany ticin x + y = 5 bolyar. Bu derilemede y -1 x arkaly anladyarys we (1)
sistemanyn denlemelerinden birine, meselem, ikinji defilemd goyyarys:

y=5-x, %x(S—x)=3.

Alnan defilleméni ¢ozyéris:
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5x—x*=6, x> -5x+6=0, x, =2, x, =3.

Bu bahalary y = 5 — x formula goyup, y, = 3, y, = 2-ni tapyarys. Iki yag-
dayda-da katetlerden biri 2 cm, ikinji bolsa 3 cm.
Jogaby: 2 cm, 3 cm. A

2-nji mesele. Denlemeler sistemasyny ¢o6ziin:
{x +y =3,
xy = —10.
A Wiyetin teoremasyna ters teorema gord, x we y sanlar
z2-3z-10=0

kwadrat defileménin kokleri bolyar. Bu defileméni ¢oziip, asakdakyny alarys:
z, =35, z,=-2. Diymek, sistemanyii ¢oziiwleri asakdaky sanlaryii jiibiitlikleri
bolyar: x =35, y=-2wex, =2,y,=5.
Jogaby: (5;-2), (-2;95). A
3-nji mesele. Denlemeler sistemasyny ¢oziin:
x% +4xy — 2y =229,
3x—y—-6=0,
/\ Bu sistemany yerine goymak usuly bilen ¢ozyéris:
y =3x -6,
x? +4x(3x - 6) —2(3x — 6)> = -29.

Bu denlemini yonekeylesdirip, asakdakyny alarys: 5x*>— 48x+43=0, mun-
dan x =1, x,=8,6. x-iil bahasyny y =3x—6 formula goyup, y,=-3, y,=19.8
bolyandygyny tapyarys.

Jogaby: (1;-3), (8,6;19,8). A

4-nji mesele. Denlemeler sistemasyny ¢ozii:

{xz -y =16,
x—y=2.
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A Sistemanyi birinji defilemesini seyle yazyarys:
(x=py)(x+y)=16.

Muna x—y =2-ni goyup, x +y = 8-i alarys. Seylelikde,

x+y=38,

x—y=2.
Bu sistemany gosmak usuly bilen ¢6zilip, x=5, y=3 bolyandygyny

tapyarys.

Jogaby: (5;3). A

Goniikmeler

153. Iki ndmélimli birinji derejeli defllemeler sistemasyny ¢6ziin:

1 2x—y =3, 2) x+5y=09,
2y +x =14, 3y—2x=-5;
) 3x+y+4=0, %) 2x-3y+8=0,
4y +8x—-4=0; 4x-2y+4=0.

Deilemeler sistemasyny ¢oztini (154-158):

y=x+6a xzz_ya X+2y: 5
154.1) § )1 3) R
Xt —4y=-3; y?+x =32 Xty =4
y—=3x=2, x=4-y, y—4x =35,
4) 2 A, 5) 2 — 1. 6) 2
x°—2y=3; x-+y=4; y +2x=-1
24 xy = 2 _ vy 2= x+y=I,
155. 1) x*+xy=2, 2) x*—xy—y =19, 3){2 2
y=3x=7; x—y=T7; x-+y =5
x4y =17, x-y=2, x+y=0,
4) y_ . 5) 2 2 — . 6) 2 2 _
x—y=3; x' =y =0 x*+y? =38
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+y= = +y=
156. 1) x+y=35, 2) xy =1, 3) x+y=12,
xy = 6; x+y=8; xy=11;
+y=— = +y=-—
%) X _y .7, 5) Xy 2_, 6) X _y 11,
xy =10; x+y=23; xy =18
X_y:7, X+y:3a x2— 2224,
157. )¢, ~ )y, o, 3) y_
¥ -y =14, ¥ -yt =15; x4y =4
x? —y* =8, xty=-3, X -p45=
Ht oy SR 6) 1"
x—y=2 e xt+ty=7
x*+y? =17, xy =10, xy =3,
158. n{* Y e R
xy =4 x*+yt=29; x* +y? =10;
A xy =5, 5) x* +y? =125, 6 x* +y? =50,
x* +y* = 26; xy =12; xy =17

159. Iki sanyn jemi 18-, olaryil kopeltmek hasyly bolsa 65-¢ deni. Su sanlary
tapyn.

160. Iki sanyn orta arifmetigi 20-4, olaryn orta geometrigi bolsa 12-4d den. Su
sanlary tapyn.

161. Denlemeler sistemasyny ¢oziin (161-163):

x+2y=-3, %) x+y=6, 3) xt—y? =21,

yi=2x=3; xy =-T7; x+y=7.
162. 1) xX=y=2, 2) x—y=23, 3) 2x° — y* =46,

xy =3; xy =4; xy =10;

N2 — 2 2 x-y=4
163. 1)V =% 2 ¥ 7V =0 3411

x+y=06; 4+ xy=0; ;“';_
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164. Gontiburcluk seklinddki ucgastogy 1 km uzynlykdaky diwar bilen
gursamaly. Eger ucastoguil meydany 6 ha bolsa, onunt uzynlygy we ini
néhili bolmaly?

14-§. DENLEMELER SISTEMASYNY COZMEGIN
DURLI USULLARY

1-nji mesele. Denllemeler sistemasyny ¢oziii:

x+y+2xy =10,
{x+y—2xy=—2.

A Sistemanyn derilemelerini agzama-agza gosup, alarys: 2x+2y=8, mun-
dan y=4—x. Bu aillatmany sistemanyi islendik, meselem, ikinji derilemesine
goyyarys:

x+4—-x—-2x(4-x)=-2,
4-8x+2x*=-2, 2x*-8+6=0,
¥-4x+3=0, x=1,x=3.
y=4-x bolyanlygyndan y =3, y,=1.
Jogap. (1;3),(3;1). A

2-nji mesele. Deinlemeler sistemasyny ¢oziin:
x-y* =3,
{xy2 = 28.
A Sistemanyn birinji deillemesinden y*=x—3. Bu aflatmany sistemanyn
ikinji defilemesine goyyarys:
x(x—3)=28, x*-3x-28=0,
Mundan x =7, x,=-4.
y*=x—3 bolyanlygyndan y-in bahasyny tapyarys:
1) Eger-de x=7 bolsa, onda y*=7 — 3, =4, mundan y=2 ya-da y=-2;

2) Eger-de x=—4 bolsa, onda y*=-4 —3<0, diymek, hakyky kokler yok.
Jogaby: (7; 2), (7; -2). A
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Eger-de birinji derilemede x -1 y arkaly ailadyp, ikinji defilemé goyulsa,
bikwadrat defileméni ¢6zmige getirjekdigini belldp gegmek yerliklidir.

3-nji mesele. Denlemeler sistemasyny ¢6ziin:

x+y=12,

1,13

x y 8
A Eger-de (x; y) — sistemanyn ¢6zliwi bolsa, onda x#0 we y#0.

x+y 3

8

Sistemanyn ikinji deiilemesini asakdaky yaly yazyarys:

Emele gelen deillemd x +y =12 bahany goyyarys: 5 3 i, mundan
8

Xy
xy =32.

Berlen sistemany ¢6zmek asakdaky sistemany ¢ozmége getirildi:

x+y=12,
xy =32.
Wiyetifi teoremasyna ters teorema esasan alarys: x =4, y =8; x,=8,
y,=4.
Jogaby: (4; 8), (8; 4). A

4-nji mesele. Denlemeler sistemasyny ¢oziin:

=y =17,
X’y —xy* =2.

A Sistemanyn ikinji defilemesini xy(x —y) = 2 gornlisde yazyp alyarys.
Hany aydyn, x#0, y #0, we x —y # 0, onda sistemanyn birinji defilemesini
ikinji defilemé boliip, alarys:

AL
2 b

2 2
Xy—-xy
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(x = +ay + %)
xy(x —y)

7.
27

2(x* +xy + y%) = Ty,
2x* = Sxy +2y* =0.

Emele gelen deilleméni x-e gord kwadrat deiileme hokmiinde garap,

koklerini tapyarys:
5y —4/25y% —16y°
Xio = 5
4
Sy -3y
X, = ———.
1,2 4

Mundan x =2y ya-da x, = g

Sistemanyn ikinji defilemesine x-inl y arkaly tapylan anlatmalaryny goyup,
alarys:
1) eger-de x=2y bolsa, onda 4)°—2)*=2, mundan y*= 1 we x=2;

3 2
2) eger-de x =§ bolsa, onda yj_% =2, mundan y*=-8, y=-2 we

x=-1.
Jogaby: (2; 1), (-1; -2).

5-nji mesele. Denlemeler sistemasyny ¢6ziin:
x?—2xy+4y* =1,
x’ +8y° =35,

Kublaryni jeminifi formulasyny ulanyp, sistemanyn ikinji defilemesini
asakdaky gorniisde yazyarys:

(x +2y)(x* = 2xy +4y*) =35,

Bu deillemidni sistemanyn birinji denilemesine bolup, tapyarys:
x+2y=3.
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Bu denlemeden 2y-i x arkaly afiladyarys: 2y=5—x we sistemanyn ikinji
defilemesine goyyarys:
x*+ (5 —x)*= 35,
X3+ 125 — 75x +15x* —x3= 35,
15x2—-75x +90=0,

X =5x+6=0,
x =3, x,=2.
Degislilikde y-ini bahalaryny tapyarys:
1) 2y=5-3, mundan y =1, 2) 2y=5-2, mundan y, = %

Jogaby: (3; 1), (2; §>.

6-njy mesele. Deillemeler sistemasyny ¢oziin:

§=t diyip belgilesek, \ﬁ=l,t>0 bolyar. Onda sistemanyn
X t

ikinji derillemesi -1 =§ gorniise gelydr. Bu denleménin iki tarapyny hem
t

t-ge kopeldyaris:

5
r-=t-1=0
6
5 25 5 13
Mundan ¢, = —— [—+1==—-—=, ¢ :3’ f =_2
12 12 127 1 27 2 3

144
. x 3 .x _ 9 9 o
t>0 bolany tigin \/:——yokl———, mundan x ==y, x lgin bu
yo2 y o4 4

anlatmany sistemanyn birinji deiilemesine goyup, alarys: %y—y =5,
%y =5, y=4, su sebipli x=9.
Jogaby: (9; 4).

75



Goniikmeler

Deillemeler sistemasyny ¢6ziini (165-175):

—-x+y=1, xy—=2(x+y)=17,
165. 1)1 TS0 22T
xy+x—-y=13; xy+x+y=29.
-Hy-1)=2, x=-2)(y+1) =1,
166. 1)1 )_(y ) 2)( )y +1)
x+ty=5; x—y=3.
2x+3y =3, x—y=5,
167 D422 —9y2 = 27, N - Jy=1
x°+y° =34, X+t =
168. 1){xy—IS 2) xy =12.

169. 2)

%

|

;
1){2x—3y=1, {x + )} =133;

N

|

-

2x* —xy —3y? =3; x+y=7;
; 2x* = 2xy* +x=-9, L +6xy +8yx* =91,
)2y 3x=1; )x+3y—10 0.
x* +y* =10, x?—xy+y* =19,
. 2
170 1){xy 3; )xy—15
x? +dxy + y? =94, xX* —6xy+
3) v+ 4) v+
xy =15; xy =1.
__|__=1 X+y:§
171. Dix y 2)ix-y 2’
xty=4 xy = 80;
x—y=3, x+y=09,
L1 g3 MNiiloygs.
X y X y
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-y=1, 2x*+y=3
172.1)xy = YT
x’y =18; x’y—1=0;
3)x—y =12, " x*—y? =21,

x? +y? =20; x*+y* =29

173. 1)

X +27y° =54,
174. 1)

{xy +x2y =12;

x?—=3xy+9y*=09;

x+y=41,

175. 1) g+\ﬁ=ﬂ. 2) ¥y =10,
y x 20 Jx + y =4.

15-§. IKINJI DEREJELI BIR NOMALIMLI
DENSIZLIKLER SISTEMALARY

x4y =28, {xy2 +x° =10,

1-nji mesele. Dersizlikler sistemasyny ¢6ziin:

x> =5x+6>0,
3x+42>0.

/\ Bu deiisizliklerden birinjisi kwadrat densizlik , ikinjisi bolsa ¢yzy-
kly deiisizlik. Birinji defisizligin ¢oziiwleri 6-njy paragrafdaky 2-nji meselede
gorkezilisi yaly x<2 we x>3 aralyklardaky &hli sanlardan ybarat. Ikinji

densizligin ¢oziiwleri bolsa x > —1% aralykdaky sanlardyr. Bir sanlar okunda
hem birinji, hem ikinji densizliklerin ¢éztiwleri toplumyny sekillendirelini.

77



Hany aydyn, sistemanyn iki densizligini hem bir wagtyn 6ziinde kanagat-

landyryan sanlar —1% <x <2 we x<3 aralyklardan ybarat (44-nji surat).

-1 2 3 X

W=

44-nji surat.

Jogaby: —1%£x<2,x>3. A

2-nji mesele. Deisizligi ¢oziin:
?—x—1[<1.

A I>—x—1]<1 densizlik iki taraplayyn densizlige dengiiycli bolyandygyny

bilyéris:
—1<x*x-1<1.
Bu bolsa iki deiisizlikden ybarat sistema dengiiy¢li:
X —-x-1<1,
xr—x—-1>-1.
ya-da
x> —-x-2<0,
x?—x>0.

[lki birinji densizligi ¢ozyidris: D=(-1)"-4(-2)=9>0, diymek,

— "3 _ 5 Mundan birinji densizligi kanagatlandyryan

1-3
X1 :—:—1, X2
2

sanlar —1<x<2 aralykdygy gelip ¢ykyar.
Ikinji densizligi ¢ozyaris: x>-x=x(x—1)>0. Diymek, bu densizligin ¢6ziiwi
x<0 we x>1 aralyklardaky &hli sanlardyr.
Iki densizligin ¢oziiwlerini bir sanlar okunda sekillendiryéris (45-nji surat).
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-1 0 1 2 x
45-nji surat.
Mundan sistemanyn ¢oziiwi —1<x<0 we 1<x<2 aralyklarda yatyan &hli
sanlardan ybaratdygy gelip ¢ykyar.
Jogaby: —1<x<0, 1<x<2. A

3-nji mesele. Funksiyanyn kesgitlenis yaylasyny tapyn:
y=v3x*—x—14 +-x.

/\ Kwadrat kok astynda duran sanlar otrisatel bolmazlygy sert bolany iicin
berlen funksiyanyn kesgitlenis yaylasy asakdaky defisizlikler sistemasynyn
¢oziiwinden ybarat:

3x* —x—142>0,
-x 2> 0.
Iki birinji densizligi ¢ozyiris. 3x*-x—14 kwadrat ticagzanyn disk-
riminanty D=(—1Y—4-3(-14)=169, diymek, x; = % -2, x, =1 +613 - %

sonun {icin we kwadrat ticagzanyn sahalary yokary ugrukdyrylany sebépli birin-
ji densizligin ¢oztiwleri X < -2 va x 2 g aralyklardan ybarat.

Hany aydyn, ikinji densizligi —1-e kopeldip, onuni ¢oztiwleri x < 0 aralyk-
dan alnan &hli sanlardan ybaratdygyny gérmek miimkin.

Birinji we ikinji densizliklerin ¢oziiwlerini bir sanlar okunda anladyarys
(46-njy surat).

ZRRRRK

o Q(

" .
0 7 X
3

46-njy surat.
Mundan sistemanyn ¢6ziiwi x < -2 bolyandygy gelip ¢ykyar.
Jogap. x<-2. A
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Goniikmeler

176. Densizlikler sistemasyny ¢6ziifi:

3 3x2+5x-2<0, 2) 3x?+5x-2<0,
4x+9>0; 2x+7<0.
177. Deisizligi ¢oziin:
1) |x*— 6x| <27, 2) |x*+ 6x| <27,
3) |x*+ 4x|<12; 4) |x*—4x|<12.

Deiisizlikler sistemalaryni ¢6ziiti (178-181):
¥ +x—-6<0, X+x—-6>0,
) 2)

178. 1
x> +2x+3<0; X+x+6>0.
2_3x+220, ’+x-6<0
179. 1)1°. "7 R :
x2=Tx+12>0; X +x-22>0.
Tx—x>>0, 8x +x* <0,
180. 1)1 " 2) (T
36— x2 > 0; 49— x* >0,
—x2+x+20<0, ?+4x <0,
8. 1)1 SR
XX —x-2>0; —x*+x+220.

182. Funksiyanyn kesgitlenis yaylasyny tapyi:

1) y=+-x*—6x-8+ /éx+2, 2) y=x—x? —J-x> +12x-35,

16-§. YONEKEY DENSIZLIKLERI SUBUT ETMEK

Dersizlikleri subut etmegin diirli usullary bar. Olardan kibirlerinin
ulanylysyna garap gecydris.

1-nji mesele. Iki polozitel a we b sanyn orta arifmetigi su sanlaryil orta
geometriginden kic¢i ddldigini subut edin:
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a+b2m (1)

2

A Deiisizligi goni kesgitlemd esasan subut edydéris, munda# —Jab >0
bolyandygyny subut etmek talap edilyar.
Bu deiisizligiil ¢cep boleginini seklini calsyryp, asakdakyny alarys:

a+h a+b-2Nab  (Na-bY
—+ab = = > 0.
¢ 2 2

2
(1) gatnasykda denlik belgisi dile a=b bolandaka dogrudygyny nyg-
tayarys. A

2-nji mesele. Iki polozitel a we b sanyn orta geometrigi su sanlaryn orta
garmoniginden kici déldigini subut edin:

ﬁEzTiT @)
—_ 4+ =
a b
A\ Bu densizligi on subut edilen (1) densizlikden peydalanyp hem-de
sanawjysy liytgemén maydalawjysy kicelende polozitel drobui ulalmagyndan
peydalanyp subut edyéris:

2 2ab ab ab
= = < = Jab.
T ae arn g VA
a b 2

3-nji mesele. Islendik polozitel a san {i¢in densizligi subut edin:

a+ls2 (3)

/\ Bu densizligi tersini ¢ak etmek usuly bilen subut edydris. Munda (3)
densizlik a-nyn kdbir bir polozitel bahasynda yerine yetirilmesin diyip c¢ak
edydris, yagny
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a+l<2
a

densizlik yerlikli bolsun. Deiisizligin iki bolegini hem a-ga kopeldip, alarys:
a*+ 1<2aq,

yagny a*+ 1-2a<0 ya-da (a— 1)’<0, bu bolsa nddogry densizlik, ¢iinki islen-
dik hakyky sanyn kwadraty (sol sanda (a¢— 1)* hem) otrisatel ddl. Emele gelen
gapma-garsylykdan (3) densizlik islendik polozitel a-da dogry deiisizlikdigi
gelip ¢ykyar. A

4-nji mesele. Satyjy almalary jamly terezide
cekydr. Hyrydar 1 kg alma aldy, sofira bolsa
satyjydan o6l¢énde almalar bilen daslaryn yerini
calsyryp ¢ekmegi hayys edip, yene 1 kg alma
aldy. Eger terezi dogurlanan bolsa, kim zyyan
gorer?

A Aydaly, tereziniil eginleri a we b-ge deni
bolsun (47-nji surat). Suratdan gdrniisi yaly,
a # b. Birinji gezek ¢ekende hyrydar x kilogram
alma aldy. Fizika kursundan mélim bolsy yaly,

47-nji surat.

x-b=1-a, mundan x = g. Ikinji gezek ¢ekende hyrydar y kilogram alma

aldy. Denagramlylyk sertinden y-a=1-b, mundan y—— Seylelikde, Z+é

kilogram alma satyn alnypdyr.

a b y . .. C e T
5 Ve - sanlaryn orta arifmetigi we orta geometrigi ticin deinsizlikden

peydalanyp, asakdakyny alarys:

2 Za

b
mundan <+2 > 2.
b a

Jogaby: satyjy zyyan goryar. A
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Goniikmeler

183. Islendik hakyky a, b, x-lerde densizliklerini dogrudygyny subut ediii:

2 2
+1 b” +16 2x 2x 1

| 2 >ph; 3 <1l; 4 <-
) 3 s ) 4 )X2+1 > )4x2+9 6

184. Eger-de ab > 0 bolsa, densizligi subut edifi:
1)ﬂ+922; 2) (a+b)(l+lj24.
b a a b
185. Eger-de a >—1, a#0 bolsa, deiisizligi subut edin:

2
MZ"Q""I
4

186. a>0, b>0 we a+#b bolsa, onda (va +b)Y we 2y2(a +b)Nab leriii
haysysy uly?

187. Deiisizligi subut edin:
(@t 1)(a+2)(at3)(a+6)>964%
bu yerde a >0.

188. Eger-de a >0 bolsa, derisizligi subut edifi:

+ +
a24+a29>5\/5.

189. Eger-de a, b, ¢, d-ler polozitel sanlar bolsa, onda

a+c+£§£2wka+ch+d)

2

denisizligi subut edin.

2
ac” +b

C

190. Eger-de a>0, b>0 we ¢>0 bolsa, onda > 2\ab bolyandygyny

subut edin.

83



1 1
191. Eger-de a>0, b >0 bolsa, onda (a+ b)(; + Z} >4 desizligiti dogru-

dygyny subut edin.
192. Eger-de a >0, b >0 we ¢ >0 bolsa, onda

1+—1+=—|1+—|>8
bc ac ab

densizligin dogrudygyny subut edin.

Il baba degisli goniikmeler
193. Berlen aflatmany bir iiytgeyji boyun¢a kwadrat {icagza gorniisinde
yazyn:
1)2y?—xy+3, eger-de y=3x+1;
2) 2xy+3x* -7, eger-de x =2y + 1.

194. Deilemeler sistemasyny ornuna goymak usuly bilen ¢ozin:

xt+y=-L X =3y =13,
DYoo R N
v =TTx=717; x—y=3.
195. Wiyetin teoremasyna ters teoremany ulanyp, denilemeler sistemasyny
¢ozin:
—+ = — = _
B x+y=-10, 2) xy = =30,
xy =21, x+y=1;
byp=— +y=
3) x+y=-6, 4 {x y=9,
xy = —16; xy = —10.

Deiilemeler sistemasyny ¢oztii (196—198):
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196.

197.

198.

199.

200.

201.

3.3
2){)6 + y° = 26,
x+ty=2.

Deilemeler sistemasyny ¢oziii (199-204):

(x+2)(y-3)=1,
1) yx+2 _ .
y=3
x_y_3
1)yqy x 6
xt—y? =5;
1yl 1
3)¢x 6
xX—y=235;
4 x—y? =6,
=T

2) yx+1 -1

2)yx2’
X

4)y1x y 4

(y-3)x+1)=4,



202.

203.

204.

205.

206.

207.
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_ =3+
1){x + 3% = 26, 2){)6 y,
x+y=2; X -y =
3 _
3) x4yt = 4) X’ +8y° =16,
xy(x+y) 2 2xy(x +2y) =16.
N 2x* —3x*y = 36, 2 3x* —2x*y =24,
3y? —2x*y = -9; 2y* —3x’y = 6.
x+y=10, x+y=5,
Vo -y =2 I =1,

1) Ikibelgili san 6ziinidl sifrlerinin jeminden {i¢ esse uly. Sifrlerinin
jeminini kwadraty bolsa berlen sandan ii¢ esse uly. Su sany tapyn.

2) Ikibelgili san oziinifl sifrlerinin jeminden 4 esse uly. Sifrlerinin

nin kwadraty bolsa berlen sanyi 5 bolegini diizyér. Su sany tapyi.
jemi

1) 1ki kwadratyn taraplarynyn gatnasygy 5:4 yaly. Eger-de her bir
kwadratyn taraplary 2 cm-e kemeldilse, onda emele gelen kwadratlar
meydanlarynyng tapawudy 2,8 cm?-a deni bolyar. Berlen kwadratlaryn
taraplaryny tapyi.
2) Goniiburclugyn uzynlygynyn inine gatnasygy 3:2 yaly. Eger-de olary
1 cm-dan ulaltsak, tdze emele gelen goniibur¢lugyn meydany birinji
goniibur¢lugyn meydanyndan 3 cm?-a uly bolyar. Birinji goniiburglugyti
uzynlygyny we inini tapyn.

Deiisizlikler sistemasyny ¢ozii:

P +x-6<0, 5 x2+x—6>0,
2x% +3x+2>0; x*+4x-5<0.
—3x? —5x+2>0, 2x* —2x+4<0,
31, Y.,
—x--3x-22>0; 3x° -3x—-6<0.



208. 1) Eger-de xy =9 we x> 0 bolyandygy milim bolsa, x + y-iil i1 kigi
bahasyny tapyii.
2) Eger-de ab = 8 we b > 0 bolsa, onda 2a+b-nini iil ki¢i bahasyny tapyii.

209. Anlatmanyn in ki¢i bahasyny tapyn:

1) 4x—}—ﬁ, (x>0)’ 2) w’x>0;
25x X
4y* — 7y +25 7+
DAL 20y )
y +1
210. Eger-de x+y=10 we x >0, y>0 bolsa, onda xy-inl inn uly bahasyny
tapyn.
211. Eger-de 2x+y=6 we x>0, y>0 bolsa, onda xy-in ifi uly bahasyny
tapyn.

212. Deisizligi subut edifi:
a*+ b+ c*>ab + ac + be.

II baba degigli synag (test) goniikmeleri

=+ =
1. Denllemeler sistemasyny ¢0ziifi: {x y=3,
xy =4.
A)x=—4, y=-1; B)x=1,y=-4;
C)x=4,y=-1; D) (1; 4) we (4; 1).
x+y=4,
2. Denilemeler sistemasyny ¢oziif:y
x*—y =8
A)x=3,y=1; B)x=5,y=-1I;
C)x=4,y=0; D)yx=1,y=3.

3. Iki sanyn tapawudy 3-e, olaryni kopeltmek hasyly 28-e deil. Su sanlary tapyii.
A)7wed; B)5Swe?2; C) 14 we 2; D) 11 we 8.
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88

. Goniiburglugyn perimetri 30 m-e, meydany bolsa 56 m*-a defi. Onun uzyn-

lygy ininden nige metr uzyn?
A) 1,2m; B) 1m; C)2m; D) 2,5m.

. 60 km aralygy bir welosipedg¢i ikinjd garanda 1sagat gijrak gecdi. Eger

birinji welosipedginin tizligi ikinjisinin tizliginden 5 km/h kem bolsa, her
bir welosiped¢inin tizligini tapyn.

A) 20 km/h, 25 km/h; B) 10 km/h, 15 km/h;
C) 15 km/h, 20 km/h; D) 12 km/h, 17 km/h.
+ + =
Deilemeler sistemasyny ¢oziifi: x+20y+10xy = 40,
x+20y—10xy = -8.
A) (0,6; 4) we (12; 0,2); B) (0,4; 6) we (0,12; 2);
C) (4; 0,6) we (12; 0,2); D) (4; 0,2) we (12; 0,6).
. X = yz B _37
Deiilemeler sistemasyny ¢oziii:
xy? = 54.
A) (6;4) we (4 3); B) (=3; 6) we (6; -3);
C) (6; 3) we (3; —6); D) (6; 3) we (6; —3).
Deiilemeler sistemasyny ¢oziin:
x—-5y=-20,
2422,
x oy
A) (-10; 5) we (2; 5); B) (-10; 2) we (5; 5);
C) (5; -10) we (-10; 2); D) (5;5) we (-2; 10).
Derilemeler sistemasyny ¢oziin:

{f — 64y° = 56,

x’y —4xy* = 4.
A) (4 3) we (-2 -1); B) (-2; 3 ) we (4 1)
C) (45 1) we (—4; -2); D) (=2;-1) we (2; 1).



10. Denlemeler sistemasyny ¢oziin:

o2 y*5 .S
y+5 x=2 6

x—y=12.

A) (-1:12); B) (12;-1); C) (=1:11); D) (115-1).
11. Densizlikler sistemasyny ¢oziin:

3x2+10x -8 <0,
2x+92>0.

A) —4<y<§; B)—4,5<y<§; C)x>-4,5; D) x<§.

12. Deisizligi ¢oziin: |x*+ x — 1] < 1.

A) 2<x<1, 2<x<3; B)-2<x<-1, 0<x<I;
C)-1<x<0,1<x<2; D)x<-2, x>1.
Vs Amaly we predmetara bagly meseleler

Mesele. Iki yiik masyny bilelikde isldp, yiiki 6 sagatda dasamalydylar.
Ikinji magsyn isin baglanysyna gija galanlygy sebipli, ol gelydnge birinji masyn

ahli yuktn % bolegini dasap boldy. Yiikiifi galan bolegini ditie ikinji masyn

dasady we su sebipli yiiki dasamaga 12 sagat wagt gitdi. Yiiki her bir masynyi
yeke 6zi ndce wagtda dasan bolardy?

A Yiik masynlary dasamaly bolan yiiki bir diyip kabul edelifi. Ahli yiiki
ayratyn 6zi dasamagy {icin birinji masynynl sarplayan wagtyny x sagat, ikinji

masyn sarplayan wagty bolsa y sagat arkaly belgildlin. Onda bir sagatda birin-

89



Bilelikde isldp, olar bir sagatda dhli yiikiin (l + l) bolegini dasan bo-
Xy

lardy we meselédnin sertine gord yiiki 6 sagatda dasan bolardy. Su sebépli,

(l + 1] -6 =1.
Xy
Yéne aslynda birinji masyn, yiikining % bolegini dasamaga 6z wagtining

% bolegini sarfladi, yiikiin galan bolegini bolsa ikinji masyn dasady we ona 6z

wagtynyn % bolegini sarplady. Munda &hli yiiki dasamaga 12 sagat gidenligini

hasaba alsak, ikinji defileméni alarys:
3 2
“xt+tZy=12.
57 NsY

Mesele asakdaky denilemeler sistemasyny ¢ozmége getirildi:

(1+1j.6:1,
Xy

3.2
“x+Zy=12.
5057

I1ki bilen sistemany yonekeylesdirip, son ony ornuna goymak usuly bilen
cOzydris:
6x+6y = xy,
3x+2y =060,
3x=60 -2y, 120~ 4y + 6y = (20—%)}))},
60+ y= IOy—éyz,
mundan, y*—27y + 180 =0,
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27 729 27 3 _ _
N2 = 7—\/7—180 N =15, y,=12.

x=-20- % y formuladan peydalanyp, alarys

x, =10, x,=12.
Jogaby: 10 sagat we 15 sagat — eger-de masynlaryn yiik géteris miimkin-
cilikleri diirliige bolsa;
12 sagat we 12 sagat — eger-de masynlaryn yiik goteris miimkingilikleri
birmenzes bolsa.

Meseleler

1. 1) Birinji tomasa zalynda 420 sany, ikinji zalda bolsa 480 sany oturgye¢
bar. Ikinji zalda birinjd garanda 5 ta hatar kam, yone her bir hatarda birinji
zaldaky her bir hatardan 10 sany oturgyc koprék. Birinji zaldaky her bir
hatarda nice oturgyc bar?

2) Gyzyl zalda 320 sany, gok zalda 360 sany oturgyc bar. Gyzyl zalda gok
zaldaka garanda 2 hatar kop, yone her bir hatarda gok zalyn her bir hataryn-
daka garanda 4 sanydan oturgy¢ kem. Gyzyl zalda nédce hatar bar?

2. 1) Iki nasos bilelikde islap 80 m® gowriimli basseyni kédbir wagtda dol-

duryarlar. Eger-de ondiirijiligini 13 esse artdyran birinji nasosyn difie 6zi

islinde basseyni doldurmaga 2 sagat kopridk wagt gerek bolardy. Eger-
de dirie ikinji nasos 6z ondiirijiligini sagadyna 1 m*-e kemeldip islinde

basseyni doldurmaga gidydn wagt 3% esse koprik bolardy (iki nasos bile-

likde islanddki wagta gord). Her bir nasosyn ondiirijiligi néhili?

2) Hiinarleri birmenzes diirli sandaky iscilerden guralan iki brigada de-
tallar tayyarlayarlar, munda her bir is¢i is giiniinin dowamynda 2 detal
tayyarlayar. Ilki dinie birinji brigada isldp 32 detal tayyarlady. Son ikinji
brigadanyn 6zi isldp, yene 48 detal tayyarlady. Bu islerin hemmesine 4
giin wagt gitdi. Sundan son bilelikde 6 giin isldp, 240 detal tayyarladylar.
Her bir brigadada nédgeden is¢i bar?
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3. 1)Oniimifi yarysy 10% peyda bilen, ikinji yarymynyi yarysy 20% peyda

bilen satyldy. Eger-de hemme 6niimi satmakdan diisen umumy peyda 12%
bolan bolsa, oniimin galan ¢iryegi nid¢e goterim peyda satylypdyr?

2) Sowda firmasy diikanlara harydy gosmaga nyrh bilen {ipjiin edyar:
harytlaryn % bolegine 5% gosmaca hak goyup, galan harytlaryn yarysyna
4% gosmaca hak goyup satyldy. Eger-de hemme harytlara goylan gogsmaca

hak 7% bolan bolsa, galan harytlaryn ikinji yarysyna géterim hasabynda
néhili gosmaca hak goylan?

4. 1) Iki maddanyn garyndysy bar. Eger-de bu garynda ikinji maddadan 3

kg gosulsa, onda onuni garyndysyndaky mukdary goterimlerde iki esse
kopelyir, eger-de baslangy¢ garynda birinji maddadan 3 kg gosulsa, onda
ikinji maddanyn mukdary goterim hasabynda iki esse kemelyér. Her bir
maddanyni baglangy¢ garyndydaky massasyny tapyi.

2) 1ki suwuklygynl garyndysy bar. Eger-de bu garynda birinji suwuklyk-
dan 8 litr guyulsa, onda onun garyndydaky konsentrasiyasy iki esse artyar,
eger-de baslangyc garynda ikinji suwuklykdan 8 litr guyulsa, onda birinji
suwuklygyn konsentrasiyasy bir yarym esse kemelyir. Her bir suwuklygyni
garyndydaky géwriimini tapyii.

5. Samolyot A-dan B-ge ¢enli semalyi ugrunda we B-den 4-ga semala garsy

ucup geedi, munda semalyn tizligi tiytgemedi. Basga sapar samolyot su
marsrut boyunca reysi semalsyz howada amala asyrdy. Iki yagdayda-da
samolyotyni motorlary birmenizes kuwwatda isledi. Haysy yagdayda umumy
perwaza kemrdk wagt gitdi?

6. Iki traktorgy yer ugastoguny p giinde siirlip bilyédrler. Eger-de birinji trak-
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IIT BAP. TRIGONOMETRIYANYN

17-§. BURCUN RADIAN OLCEGI

Aydaly, wertikal goni ¢yzygyn merkezi O nokatda we radiusy 1-e den
bolan tdwerege P nokatda galtagsyn (48-nji surat). Bu goni ¢yzygyi baslangyjy

P nokatda bolan san oky diyip, yokary ugry bolsa
goni ¢yzykdaky polozitel ugur diyip hasaplayarys.
San okunda uzynlyk birligi hokmiinde toweregin
radiusyny alyarys. Goni ¢yzykda birnd¢e nokady
belgilalifi: +1, 5, +3, =1 (n —takmynan
3,14 -¢ den bolan irrasional sandygyny yatladyp
gecydris). Bu goni ¢yzygy towerekddki P nokada
berkidilen ¢oziilmeydn yiip hokmiinde goz oiine
getirip, ony nyyalda towerege dolap baslayarys.
Munda san (okunynl) goni ¢yzygynyn, meselem,
1, %, —1, =2 koordinataly nokatlary toweregin,
degislilikde, seyle M|, M,, M,, M, nokatlaryna
gegydn bolup, PM, duganyii uzynlygy 1-¢ den,
PM, duganyti uzynlygy %-ge denl we baggalar.

Seylelikde, goni ¢yzygyn her bir nokadyna
toweregin kdbir nokady gabat getirilydr.

48-nji surat.

93



Goni ¢yzygyn koordinatasy 1-e dei bolan no-
kadyna M, nokat gabat getirileni iigin, POM, burgy
birlik bur¢ diyip hasaplamak we bu burgun 6lcegi
bilen basga burclary 6lgemek tebigydyr. Meselem,
POM, burgy %-ge det, POM, burgy —l-e dei,
POM, burgy —2-d dent diyip hasaplamaly. Burglary

49-njy surat. Olgemegin seyle usuly matematikada we fizikada

giiden ulanylyar. Munda bur¢lar radian dlgeg-

lerde dl¢enydr diyilydr, POM, bolsa 1 radiana (1 rad) defi burg diyilyér.

Toweregin PM| dugasynyfi uzynlygy radiusa defligini nygtap gecydiris
(48-nji surat).

Indi islendik R radiusly towerege garayarys we onda uzynlygy

R-e den bolan PM dugany we POM burgy belgileyéris (49-njy surat).

Uzynlygy toweregin radiusyna den bolan duga direlyin
merkezi burca 1 radian burg diyilyér.

Munda 1 radian bur¢un uzynlygy R-e den dugany ¢ekip duryar, diyyéris.

1 rad burgun gradus dlgegini tapalyn. 180°-ly merkezi burcun uzynlygy nR
(yarymtowerek) bolan dugany ¢ekip duranlygy ticin uzynlygy R bolan dugany
7 esse kici burg ¢ekip duryar, yagny

T

lrad = [@] .

n = 3,14 bolany {igin 1 rad = 57,3° bolyar.
Eger bur¢ o radiandan ybarat bolsa, onda onun gradus 6lgegi asakdaka den
bolyar:

T

lrad = [@a] .

(1)
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1-nji mesele. 1) 7 rad; 2) % rad; 3) %ﬂ rad-a den burgun gradus olgegini
tapyn.

A (1) formula boyunga tapyarys:
180 3n
T

1) 7 rad=180° 2) Trad=90 ; 3). 3—nrd =135 A

1°-ly burgun radian dlgegini tapalyil. 180°-ly burg n rad-a den bolany {igin

"= " rad
180
bolyar.
Eger bur¢ o gradusdan ybarat bolsa, onda onuii radian 6l¢egi
o _
o =1 8 780 * rad @)

-a den bolyar.

2-nji mesele. 1) 45°-a dent burguni; 2) 15°-a defl burgun radian 6l¢egini
tapyn.

A (2) formula boyunga tapyarys:

1) 45° =T .45rad=Trad;  2)15° =T .15rad = radA

Koprék dusyan burglaryn gradus olgeglerini we olara degisli radian
Olceglerini getiryéris:

Gradus 0 30 45 60 90 180
¢ T T T T
Radian 0 3 7 7 > T

Adatda, burcun 6lcegi radianlarda berilse, «rad» ady distirlip galdyrylyar.
Burgun radian 6lgegi toweregin dugalarynyn uzynlyklaryny hasaplamak
ticin amatly. 1 radian burgun uzynlygy R radiusa deni dugany ¢ekip duryanlygy
ticin o radian burg
[=aR 3)
uzynlykdaky dugany ¢ekip duryar.
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3-nji mesele. Sdherin kurantlary minut milinini ujunyn radiusy R = 0,8 m
bolan towerek boyunca hereket edyér. Bu milifi ujy 15 minudyii dowamynda
nége yoly gecyer?

A Sagat mili 15 min dowamynda % radiana denl burca gysaryar. (3)
formula boyunca o =§ bolanda tapyarys:
1=ZRr~ 3’14-0,8mz1,3m.
2 2

Jogaby: 1,3 m. A

(3) formula toweregin radiusy R=1 bolanda has yonekey gorniise eye
bolyar. Munda duganyn uzynlygy su dugany cekip duryan merkezi burgun
ululygyna den, yagny /=a bolyar. Radian 6l¢egin matematika, fizika, mehanika
we basga ylymlarda ulanylysynyn amatlylygy sunun bilen diistindirilyar.

4-nji mesele. Radiusy R bolan tegelek sektor o rad burca eye. Su sektoryni
meydany

2
S:RTa

deniigini subut edin, munda 0< o < 7.

TR’

An rad-ly tegelek sektoryn (yarymtegelegifl) meydany T, den. Sonuin

2
ticin 1 rad-ly sektoryit meydany m esse ki¢i, yagny % ;. Diymek, o rad-ly
2)

R
sektoryil meydany 73 deni. A

Goniikmeler

213. Graduslarda ailladylan burgun radian 6l¢egini tapyii:

1) 40°; 2) 120°; 3) 105°,  4) 150°;
5) 75°%; 6) 32°; 7) 100°; 8) 140°.
214. Radianlarda ariladylan burgun gradus dlgegini tapyni:
T, T, 2 . 3. .
1) go 2) 0 3) ch ’ 4) jna 5) 2)
6) 4; 7 1,5; 8) 0,36; 9) %n; 10) 4,5.
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215. Sany 0,01-e ¢enli takyklykda yazyn:

3 3
D3 D5m N A im 5

2
216. Sanlary denesdiri:
1) % we2; 2) 2n we 6,7; 3)mwe 31;
3 : T e 3 _3 -
4) 3m we 48; 5) -7 we =3 ; 6) -5 we —10.

217. (Yatdan.) a) defi taraply iicburclugyii; b) defiyanly géniiburgly
ticburclugyn; ¢) kwadratyn; d) dogry altybur¢lugyn burclarynyn gradus
we radian dlceglerini anyklan.

218. Eger toweregin 0,36 m uzynlykdaky dugasyny 0,9 rad-ly merkezi burg
cekip dursa, toweregin radiusyny hasaplan.

219. Eger toweregin radiusy 1,5 cm-e den bolsa, toweregin uzynlygy 3 cm
bolan dugasyny ¢ekip duran burgun radian 6l¢egini tapyn.

220. Tegelegin sektorynyn dugasyny %Tn rad-ly bur¢ c¢ekip duryar. Eger

tegelegin radiusy 1 cm-e den bolsa, sektoryin meydanyny tapyn.

221. Tegelegii radiusy 2,5 cm-e deti, tegelek sektoryn meydany bolsa 6,25
cm?-a defi. Su tegelek sektoryn dugasyny ¢ekip duryan burgy tapyn.

18-§. NOKADY KOORDINATALAR BASLANGYJYNYN
DASYNDA OWURMEK

Otiki paragrafda san géni ¢yzygynyt nokatlary bilen toweregifi nokatlary-
nyn arasynda layyklyk ornasdyrmagyn gorkezmeli usulyndan peydalanyldy.
Indi nddip hakyky sanlar bilen tdwereginn nokatlarynyil arasynda toweregin
nokadyny 6wiirmek arkaly layyklyk ornatmak miimkinligini gérkezyris.

Koordinata tekizliginde radiusy I-e deil we merkezi koordinata
baslangyjynda bolan towerege garayarys. Ona birlik towerek diyilyér. Birlik
toweregin nokadyny koordinata baslangyjynyni dasynda a radian burga
owiirmek diigtinjesini girizyéris (bu yerde a— islendik hakyky san).
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50-nji surat. S1-nji surat.

L (-1;0)

52-nji surat. 53-nji surat.

1. Aydaly, a > 0 bolsun. Nokat birlik téwerek boyunga P nokatdan sagat
milinifl ugruna garsylykly hereket edip, o uzynlykdaky yoly geedi, diyelini (50-
nji surat). Yolui ahyrky nokadyny M bilen belgileyiris.

Munda M nokat P nokady koordinata baslangyjynyni dagynda a radian
burga 6wiirmek bilen alynyar, diyyaris.

2. Aydaly, a <0 bolsun. Munda o radian burca dwiirmek hereket sagat
milinin ugrunda bolyandygyny we nokat || uzynlykdaky yoly gecenligini
anladyar (51-nji surat).

0 rad-a owiirmek nokat 6z ornunda galanlygyny anladyar.

Mysallar:

1) P(1; 0) nokady g rad bur¢a owiirmekde (0; 1) koordinataly M nokat
alynyar (52-nji surat).

2) P(1; 0) nokady —g rad burga 6wiirende N(0; —1) nokat alynyar (52-nji
surat).
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3) P(1; 0) nokady 3775 rad bur¢a 6wiirende
K(0; —1) nokat alynyar (53-nji surat).

4) P(1; 0) nokady —r rad burca dwiirende
L(-1; 0) nokat alynyar (53- surat).

Geometriya kursunda 0°-dan 180°-a ¢en-
li bolan burglara garalan. Birlik toweregin
nokatlaryny koordinatalar baslangyjynyn
dasynda owiirenden peydalanyp, 180°-dan
uly burglary, sonun yaly-da, otrisatel burg-
lara hem garamak miimkin. Owriim burguny
graduslarda hem, radianlarda hem bermek

miimkin. Meselem, P (1; 0) nokady %n bur-
ca dwilirmek ony 270°-a 6wiirmegi anladyar;

—g bur¢a owiirmek —90°-a owiirmekdir.

Kébir burglary 6wiirmegin radian we gra-
dus olgegleri jedwelini getirydris (54-nji su-
rat).

P(1; 0) nokady 2m-ge, yagny 360°-a
owiirende nokat ilkinji yagdayyna gaydyan-
dygyny nygtap gecyiris (jedwele garan). Su
nokady —2m-ge, yagny —360°-a dwiirende ol
yene ilkinji yagdayyna dolanyar.

Nokady 2m-den uly bur¢a we —2m-den

kici burca owilirmdge degisli mysallara ga-

T

5 burca

rayarys. Meselem, 97“=2-2n+

N
/ x| 30°
NIV
yﬂ
/ | 45°
NIV
Yy
A
f n 60°
N
yl\
/1\ . 90°
NVARE
yﬂ
f \ 180°
N
yﬂ
f \ 3. | 270°
N 2
yﬂ
f \ N 360°
|
Yx
/\ . _90°
Nl
Yy
@v -1800
x —-T

54-nji surat.
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P(1; 0)

P(1; 0)

55-nji surat. 56-njy surat.

a) b)
57-nji surat.
owiirende nokat sagat milinini hereketine garsylykly iki doly aylawy we yene
7 yoly gegyr (55-nji surat).
_Im
2
doly aylanyar we yene su ugurda % yoly gegyér (56-njy surat).

=2-2n —g bur¢a dwiirende nokat sagat miliniil hereketi ugrunda iki

P(1; 0) nokady 97n burga owiirende % burga 6wiirendédki nokadyn hut 6zi
emele gelyéndigini nygtayarys (55-nji surat). —9775 burga dwiirende —g burga
owiirendédki nokadyn hut 6zi emele gelyér (56-njy surat).

Umuman, eger o= o, + 271k (munda k — bitin san) bolsa, onda a burga
owiirende o, burga 6wiirendéki nokadyn hut 6zi emele gelyir.
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Seylelikde, her bir hakyky o sana birlik
toweregin (1; 0) nokadyny o rad burca
owiirmek bilen alynyan yekeje nokady
layyk gelyér.
Yéne, birlik toweregiii sol bir M no-
kadyna (P(1; 0) nokady oéwiirende M nokat
emele gelyédn) ciksiz kop o+ 2nk hakyky
sanlar layyk gelyir, k£ — bitin san (57-nji su-
rat). 58-nji surat.

1-nji mesele. P (1; 0) nokady: 1) 7m; 2)
—5775 burca 6wiirenden emele gelen nokadyn koordinatalaryny tapyn.

A 1) 7Tn=mn+2mn-3 bolany iicin 7n-ge dwiirende m-ge dwiirendédki nokadyn
0z1, yagny (—1; 0) koordinataly nokat emele gelyar.

Sn_ m 5m

2) =5 =—5 27 bolany iigin -5 -ge owiirende —g-ge owiirendiki

nokadyn 6zi, yagny (0; —1) koordinataly nokat emele gelyir. A

3 1
2-nji mesele. [?, 5] nokady almak {i¢in (1; 0) nokady dwiirmeli bolan
dhli burglary yazyn.
A NoM goniiburgly tigburclukdan (58-nji surat) NOM burg %-ge denligi

gelip ¢ykyar, yagny miimkin bolan éwiirme burg¢laryndan biri %-ge den.

Sonun tigin

g; %] nokady almak ti¢in (1; 0) nokady 6wiirmeli bolan &hli

burclar seyle anlladylyar: %Jr 27k , bu yerde k — islendik bitin san, yagny £=0;

+1;+2; .. A
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222.

223.

224,

225.

226.

227.

Goniikmeler
Birlik toweregin P(1; 0) nokadyny:
1) 90°; 2) -m, 3) 180°;, 4) %; 5)270° 6)2n
burca 6wiirmek netijesinde emele gelen nokatlarynyn koordinatalaryny
tapyn.
Birlik toéwerekde P(1; 0) nokady:

. T . 2. 3 .
1) Z, 2) —ga 3) _gna 4) Zna

5) §+2n; 6) —m—2m; 7) §—4n; 8) —§+6n

burca dwiirmek netijesinde emele gelen nokady bellik edin.

P(1; 0) nokady:

D2im 222 3 —?n 4 —?n; 5) 727° 6) 460°

burca 6wiirmek netijesinde emele gelen nokat yerlesen koordinatalar
ciryegini anyklan.

P(1; 0) nokady:
1) 3m; 2) -Tn; 3y Do a5
2 2
5) 540°; 6) 810° 7 -2x; 8) 450°
2

burga dwiirmek netijesinde emele gelen nokadyn koordinatalaryny tapyn.
1) (=1; 0); 2) (1; 0); 3) (0; 1); 4) (0; —1) nokatlary almak tigcin P(1; 0)
nokady owiirmeli bolan dhli burglary yazyn.

P (1; 0) nokady berlen:

D1;  2) 2,75  3)3,16; 4)4,95; 5)1,8

burca 6wiirmek netijesinde emele gelen nokat yerlesen koordinatalar
cdryegini tapyn.

228.

102

Eger:

1) a= 6,7n; 2) a=928m; 3) a=4%n;
1 _ 11 17

4)a=7-m; 5)a=—m,; 6) a=—"m
3 2 3

bolsa, a =x+2nk denlik yerine yetirilyan x sany (bu yerde 0<x<2m) we
k natural sany tapyn.



229. Birlik towerekde P(1; 0) nokady:
i T 2T 3n
T o L Y T 6m- _3n e,
Di-am ) -Toom 3)fo6m 4 ok
5) 4,5m; 6) 5,5m; 7) —6m; 8) —Tn
burca 6wiirenden emele gelen nokady ¢yzyn.
230. P(1; 0) nokady:
1) —37"+2nk; 2) THomk;3) 77“+21tk; 4) —97"+2nk
bur¢a (bu yerde & — bitin san) dwiirenden emele gelen nokadyn koordi-
natalaryny tapyn.
231. (1; 0) nokady:

1B NEN V2 V2 V22
D722 s D272 2 2 YT
koordinataly nokat almak tigin dwiirmek gerek bolan &hli burclary
yazyn.

]

19-§. BURCUN SINUSYNYN, KOSINUSYNYN,

TANGENSININ WE KOTANGENSININ KESGITLEMELERI

Geometriya kursunda graduslarda ailladylan burcuni sinusy, kosinusy we
tangensi girizilipdi. Bu burg 0°-dan 180°-a ¢enli bolan aralykda garalan. Islen-
dik burcun sinusy we kosinusy asakdaky yaly kesgitlenyér:

0 1-nji kesgitleme. o burcuri sinusy diyip (1; 0) nokady koordi-

natalar baslangyjynyri dasynda o burca owiirmek netijesinde emele
gelen nokadyii ordinatasyna aydylyar (sino yaly belgilenyir).
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0 2-nji kesgitleme. o burcgur kosinusy diyip (1; 0) nokady koor-
dinatalar baslangyjynyri dagynda o. bur¢a owiirmekden emele gelen
nokadyni abssissasyna aydylyar (coso yaly belgilenyir).

Bu kesgitlemelerde o bur¢ graduslarda, sonuinl yaly-da, radianlarda hem
afiladylmagy miimkin.

Meselem, (1; 0) nokady % burga, yagny 90°-a 6wiirende (0; 1) nokat alyn-
yar. (0; 1) nokadyni ordinatasy 1-e deii, sonuii {i¢in
sing =sin90 =1;
bu nokadyi abssissasy 0-a defi, sonuil {igin

cos% =c0s90 =0.

Burg 0°-dan 180°-a ¢enli aralykda bolmak bilen sinuslaryii we kosinuslaryn
kesgitlemeleri geometriya kursundan mélim bolan sinus we kosinus kesgitle-
meleri bilen gabat gelyandigini nygtayarys.

Meselem,

sin® =sin30 =1, cosmt=cosl80 =-1.

6 2’
1-nji mesele. sin(—m) we cos(—m)-ni tapyn.
A (1; 0) nokady —r burca 6wiirende ol (—1; 0) nokada gegyir (59-njy su-
rat). Sonun ii¢in sin (-m)= 0, cos (-w) = —1. A
2-nji mesele. sin 270° we cos 270°-y tapyn.
A (1; 0) nokady 270°-a 6wiirende ol (0; —1) nokada gecyir (60-njy surat).
Sonun {i¢in cos 270°=0, sin 270°= —1.

59-njy surat. 60-njy surat.
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3-nji mesele. sinf=0 defileméni ¢oziin.

A\ sinr=0 defilemini ¢5zmek — bu sinusy
nola deni bolan dhli burglary tapmak diymekdir.

Birlik towerekde ordinatasy nola deil bolan
iki nokat bar: (1; 0) we (-1; 0) (59-njy surat). Bu
nokatlar (1; 0) nokady 0, «, 2w, 3n we basgalar,
sonui yaly-da, -, —27nt, -3 we basgalar burclara
owiirmek bilen alynyar.

Diymek, #=kn bolanda (munda k—islendik
bitin san) sinf =0 bolyar. A

Bitin sanlar toplumy Z harpy bilen belgilen-

61-nji surat.

yazgydan peydalanylyar (,,k san Z-e degisli* diylip okalyar). Sonun {iicin
3-njimeseldnin jogabyny seyle yazmak miimkin:
t=rnk, keZ.
4-nji mesele. cost = 0 deflleméni ¢ozun.
A\ Birlik tdwerekde abssissasy nola defi bolan iki nokat bar: (0, 1) we (0;
—1) (61-nji surat).

Bu nokatlar (1; 0) nokady %, %+n, T +2n we basgalar, sonun yaly-da,

%— n,% — 27 we basga burglara, yagny §+ kn (munda keZ) burglara 6wiirmek
bilen alynyar.

Jogaby: ¢ = §+nk keZ. A

5-nji mesele. Deillemédni ¢oztin: 1) sin/= 1; 2) cost = 1.

A 1) Birlik toweregin (0; 1) nokady bire den ordinata eye. Bu nokat (1; 0)
nokady g-i- 2nk , keZ burga dwiirmek bilen alynyar.

2) (1; 0) nokady 2km, keZ burca 6wiirmek bilen alnan nokady1 abssissasy
bire deni bolyar.

Jogaby: ¢ = ® +2nk bolanda sint = 1,
2

t =27k bolanda cost = 1, keZ. A

105



0 3-nji kesgitleme. o burcuri tangensi diyip o. burgurn sinusynyri
onufi kosinusyna gatnasygyna aydylyar (tga yaly belgilenyir).
sinol

Seylelikde, tga = :

cosa

o
o sin0 0 T
Meselem, tg0 = -=-= 0,tg— =
cos0 1 4 cosz

Kite o burcun kotangensinden peydalanylyar (ctga yaly belgilenyir). Ol

ctga = Z?;g formula bilen anyklanyar.
Meselem, ctg270 = cos270 _ 0 _ 0, cth L . 1.
sin270 -1 4

tg% 1
sina. we cosa lar islendik burg ii¢in kesgitlenenligini, olaryn bahalary bolsa

sinQ

—1-dan 1-e ¢enli aralykdadygyny nygtap geg¢yiris; tgo = difie cosa#0

cosa
bolan burglar ii¢in, yagny o = %‘i‘ﬂ:k, k € Z-den basga islendik burglar {igin
kesgitlenen.

Sinuslaryn, kosinuslaryn, tangensleriin we kotangenslerin koprak dusyan
bahalarynyn jedwelini getiryaris.

L T T T T 3
a g 6 4 3 2 9 2n
0% | 30°) | @5°) | (60°) | (90°) | (180°) | (270°) | (360°)
1 2 3
sinOL 0 — J— \/— 1 O 1 0
2 2 2
3 V2 1
cosQL 1 £ — 0 ~1 0 |
2 2 2
1 , )
tgal 0 — 1 ) Yok 0 Yok 0
V3
, 1 ; )
ctgol Yok B 1 = 0 Yok 0 Yok
V3
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6-njy mesele. Hasaplan:
4sin%+\/§cos%— tg% .
A Jedwelden peydalanyp, alarys:

4sin%+\/§cos%—tgz24%4-\/5-@—1:2,5 A

Sinuslaryn, kosinuslaryn, tangenslerii we kotangenslerin bu jedwele girme-
dik bur¢lar ti¢in bahalaryny W.M.Bradisin dortbelgili matematik jedwellerin-
den, sonun yaly-da, mikrokalkulyatoryn komeginde tapmak miimkin.

Eger her bir hakyky x sana sinx san layyk getirilse, onda hakyky
sanlar toplumynda y=sinx funksiya berlen bolyar. y=cosx, y=tgx we
y=ctgx funksiyalar suna menzes kesgitlenydr. y = cosx funksiya &hli
xeR-de kesgitlenen, y =tgx funksiya x = §+ kkeZ, y=ctgx bolsa
x#mnk, k€ Z bolanda kesgitlenen. y = sinx we y = cosx funksiyalaryi
grafikleri 62-nji we 63-nji suratlarda sekillendirilen.

y=sinx, y = cosx, y = tgx, y = ctgx funksiyalara trigonometrik funk-
siyalar diyilyar.

62 nji urat.

63-nji surat.
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232,

233.

234,

235S.

236.

237.

238.

Goniikmeler
Hasaplan:
1) sin%n; 2) cos%"; 3) tg%’t ; 4) sin(~90°);

5) cos(~180°); 6) tg[—Z]; 7) cos(-135°);  8) sin[—sn].
4

Eger:

1) sin(le; 2) Sina:—ﬁ; 3) cosazﬁ;
2 2 9
4) cosa = —% ; 5) sina=-0,6; 6) coso = %

bolsa, birlik towerekde o burca layyk gelyin nokady sekillendirii.
Hasaplan (234-236):

1) sinngsin%n; 2) sin(—ZjJrcos;; 3) sinmt—cosT;
4) sin0—cos2; 5) sint+sinl,5m; 6) cosO—cos%n.
1) tgm+cosm; 2) tg0°—tg180°; 3) tgn+sinm;
4 —tg2m; 5) sinX—cos’; 6) ta * +cta ™ .
) cosm—tg2m; ) sin = cos 3 ) tg4 ctg4
LI T s - T Y Y T
1) 3sm€+2(:osg—tg§, 2) 531n8+3tgz—cosz—10tgz,
3 T _to Zlueosis; 4) sinTcosT—tag™
)(2tg6 th.cos6 ) sin 3 cos g,
Dernleméni ¢oziin:

1)2sinx=0; | 2) %cosx=0; | 3)cosx—1=0; | 4)1-sinx=0.

(Yatdan.) sina ya-da cosa:

1)0,49; 2)-0,875; 3) 2: 42 v2; 5 J5-1

-¢ deil bolmagy miimkinmi?

239.

108

a-nyn berlen bahasynda anlatmanyil bahasyny tapyii:
1) 2sino++/2coso, munda o, = % 2) 0,5coso— \/gsinoc, munda o= 60°;

b

T .

. o PR/ T
3) sin30—cos20, munda o = i | 4) cosz +sin =, munda o = 5



240. Denlemini ¢ozin:
1) sinx=—1; 2) cosx =—1; 3) sin3x = 0;
4) cos0,5x=0; 5)cos2x —1=0; 6) 1-cos3x=0.
241. Denlemini ¢oziin:
1) sin(x +1)=—1; 2) sin _é(x—l)—O; 3) cos(x+m)= —I;
4) cos2(x +1)-1=0; 5) sin3(x-2)=0; 6) 1—cos3(x—1)=0.

20-§. SINUSYN, KOSINUSYN WE TANGENSIN
ALAMATLARY

1. Sinusyn we kosinusy n alamatlary

Aydaly, (1; 0) nokat birlik towerek boyunca sagat mili hereketine garsylykly
hereket edyir. Munda birinji ¢dryekde (kwadrant)yerlesen nokatlaryn ordina-
talary we abssissalary polozitel. Sonun ti¢in, eger 0 <a < g bolsa, sina.>0 we
cos a.>0 bolyar (64, 65-nji suratlar).

Ikinji ¢éryekde yerlesen nokatlar ii¢in ordinatalar polozitel, abssissalar bol-
sa otrisatel. Sonun {igin, eger %< o <7 bolsa, sina>0, cosa < 0 bolyar (64,

65-nji suratlar). Suiia menzes, iictinji ¢dryekde sina < 0, cosa< 0, dordiinji
ciaryekde bolsa sina < 0, cosa > 0 (64, 65-nji suratlar). Nokadyn towerek
boyun¢a mundan soiiky hereketinde sinuslarynn we kosinuslaryn alamatlary
nokat haysy ciryekde duranlygy bilen kesgitlenydr.

Sinusyn alamatlary 64-nji suratda, kosinusyn alamatlary bolsa 65-nji su-
ratda gorkezilen.

64-nji surat. 65-nji surat.
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Eger (1; 0) nokat sagat milinini ugrunda hereketlense, onda hem sinusyn we
kosinusyn alamatlary nokat haysy ¢dryekde yerlesendigine garap kesgitlenyidir;
muny 64, 65-nji suratlardan bilmegem miimkin.

1-nji mesele. Burgun sinuslarynyn we kosinuslarynyn alamatlaryny

anyklan:
3n . 0. Sm
1) T 2) 745°; 3) -
A 1) %Tn burca birlik toéweregin ikinji ¢éryeginde yerlesen nokat layyk
gelyér. Sonuf iicin sin%’r >0, cos%’E <0.

2) 745°=2-360°+25° bolany ii¢in (1;0) no-
kady 745°-a owrlim etmige birinji cdryekde
yerlesen nokat layyk gelydr. Sonuti {i¢in sin745°>0,
cos745°>0.

3) —n<—57“<—% bolany ii¢in (1; 0) no-

kady —5% bur¢a 6wriim edilende ligiinji ¢ér-

66-njy surat. yekde yerlesen nokat alynyar. Sonun {icin

sin(—s—n)< 0, cos(—s—n)< 0.A
7 7

2. Tangensin alamatlary

sina
cosal *

alamata eye bolsa, tga>0, sino. we cosa garsylykly alamatlara eye bolsa,

Kesgitlemd gord tgo = Sonui ii¢in, eger sinot we cosal birmenzes

tga <0 bolyar. Tangensin alamatlary 66-njy suratda sekillendirilen.
ctgo-nyn alamatlary tga-nyn alamatlary bilen birmerizesdir.
2-nji mesele. Burcun tangensinin alamatlaryny anyklan:

1) 260° 2) 3.
A 1) 180° < 260° < 270° bolany iigin tg260° > 0.
2) 5 <3<m bolany iigin tg3 <0. A
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242.

243.

244.

245.

246.

247.

248.

Goniikmeler

Eger:
a=¢; 2)a=3";  3)a=210%  4)a=-210%
Sa=735% 6 a=848% Ta=7T: 8 a=3T.

bolsa, (1; 0) nokady o burca owiirende emele gelen nokat haysy
ciaryekde yatyandygyny anyklan.
Eger:

1) o=3z; 2)a=F;  3a=-3n; 4 a=-in;

5) a=740°; 6) a=510° 7) cx=—%”; 8) a=361°
bolsa, sina sanyii alamatyny anyklan.

Eger:

2. 7. _ - 2.
l)oc—gn, 2)a—gn, 3) a= T’ 4) a ST
5) a=290°; 6) a=-150° 7) a= 65—“; 8) a=-100°
bolsa, cosa sanyn alamatyny anyklan.

Eger:
Ha=2n; 2) a=12 3Ya=—3n; 4 oa=-3m;
5) a=190°; 6) a.=283°; 7) a=172°; 8) a=200°
bolsa, tga. we ctga sanlaryn alamatlaryny anyklan.
Eger:

3 7
1) <oc<37“; 2) 7T<0c< 4“, 3) %TC<OL<2TE;
4)2n<a<2,5m;  5) 37 <a<m; 6)1,51<a<l,8n
bolsa, sina, cosa, tga, ctga sanlaryn alamatlaryny anyklar.
Eger:

Ha=1; 2)a=3; 3)a=-34; 4)a=-1,3; 5)a=314
bolsa, sina, cosa, tga sanlaryn alamatlaryny anyklan.

0 <o <7 bolsun. Sanyii alamatyny anyklaii:
. [ m i 3 .
1) s1n(—oc}; 2) cos(+aj; 3) tg(n—aj; 4)sin(m—a.);
2 2 2
5) cos(a—m); 6) tg(a—m); 7) cos(oc—nj ;| 8) ctg(a—nj.
2 2
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249.

250.

251.

252.

253.

254.

Sinuslaryn we kosinuslaryil alamatlary birmeiizes (diirli) bolyan o sanyii
0-dan 2 ¢enli aralykda yerlesen &hli bahalaryny tapyn.

Sanyn alamatyny anyklan:

sin 2%

1) sin%‘sin%"; 2) cos%"cos% ;0 3) cos;—n ;4 tg%TnJrsin% .
Anlatmalaryn bahalaryny denesdiriii: )

1) sin0,7 wesin4; 2)cos 1,3wecos2,3.
Denleméni ¢oziin:

1)sin(5t+x)=1; 2) cos(x—3m)=0;

3) cos(inﬂcj =-1; 4) sin(grﬁxj =-1.

2 2

Eger:

1) sina+cosa=—1,4;  2)sino—cosa=1,4;

3) sina+cosa=1,4; 4) cosa.—sinat=1,2

bolsa, a sana layyk gelyén nokat haysy céryekde

yerlesen?

(Birunynyn meselesi.) Dagyn beyikligi A= BC we

o=/ABD bur¢ milim bolsa, Yerifi R radiusyny

tapyii (67-nji surat). 67 nji urat.

21-§. SOL BIR BURCUN SINUSYNYN, KOSINUSYNYN
WE TANGENSININ ARASYNDAKY GATNASYKLAR

Sinus bilen kosinusyn arasyndaky gatnasygy anyklayarys.
Aydaly, birlik téweregiit M(x; y) nokady (1; 0) nokady a burgca dwiirmek

netijesinde alnan bolsun (68-nji surat). Onda sinusyn we kosinusyn kesgitleme-
sine gord,

X = cosa, y = sino

bolyar.

M nokat birlik towerege degisli, sonun {igin onun (x; y) koordinatalary

x* + y* =1 denlemini kanagatlandyryar.
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Diymek,

| sin’o + cos?al = 1. (1)

(1) detilik o-nyii islendik bahasynda P(1;0)
yerine yetirilydr we esasy trigonometrik
tozdestwo diyilyér.

(1) denlikden sino-ny cosa. arka- 1/ c.c0 sing)
ly we, tersine, cosa-ny sino arkaly

anlatmak miimkin:
68 nji urat.

sina, = —/1—cos’a » (2)
coso. = —/1—sin’a, - (3)

Bu formulalarda kokiin ontinddki alamat formulanyti ¢ep boleginde duran
ailatmanyn alamaty bilen anyklanyar.

1-nji mesele. Eger cosa = —% we <o < 37“ bolsa, sina.-ny hasaplan.

/\ (2) formuladan peydalanyarys. n<0c<37“ bolany {i¢in sina <0

bolyar, sonuil {i¢in (2) formulada kokiin o6nitine ,,— alamatyny goymaly:
ino = —v1—cos’o = —/1- 9 =—4. A
sino I-cos“a 1 >3 s
2-nji mesele. Eger sina = % we =7 <a <0 bolsa, cosa-ny hasaplail.

A —% <a <0 bolany ii¢cin cosa.>0 bolyar we sonui {i¢in (3) formulada

kokiin oniine ,,+* alamatyny goymaly:

_ S 2 22
cosa—\/l—sm (x—\/l— T'A

1=
9
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Indi tangens bilen kotangensin arasyndaky baglanysygy kesgitleyiris.
Tangensiit we kotangensini kesgitlemesine goré:

_ sina _ cosa,
tga = cosa.’ ctgo = sinot
Bu denlikleri kopeldip,
tga. - ctgo =1 4)

denligi alarys. (4) denlikden tga-ny ctga arkaly, we tersine, ctgo-ny tga arkaly
aillatmak miimkin:

_ 1

180 = e ()
_ 1

ctgoc—tg—a. (6)

(4)—(6) denlikler o = %k, k € Z bolanda yerliklidir.

3-nji mesele. Eger tga = 13 bolsa, ctgo-ny hasaplan.

A (6) formula boyunga tapyarys: ctgo = tg% = % A

4-nji mesele. Eger sina=0,8 we §< a <7 bolsa, tgo-ny hasaplan.

A (3) formula boyunca cosa-ny tapyarys. g< a <7 bolany {i¢in cosa <0
bolyar. Sonuii ii¢in

cosa = —1—sin’a, =—1-0,64 =—0.6.

0 —sino — 08 _ 4
Diymek, tgo = S 6 "3 A

Esasy trigonometrik tozdestwodan we tangensii kesgitlemesinden
peydalanyp, tangens bilen kosinusyn arasyndaky gatnasygy tapyarys.

A\ coso # 0 diyip cak edip, sino + cos?o = 1 deiiligiit iki bolegini hem

tvns 2., 1sin2
cos’o bolydris: €% O = 12 , mundan
CoS“a COoS“QL
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Irigla= 1| A ™
COS

Eger cosa # 0 bolsa, yagny o # %‘l‘ﬁk,k e Z bolsa, (7) formula dogry

bolyar.

(7) formuladan tangensi kosinus we kosinusy tangens arkaly aflatmak
miimkin.

5-nji mesele. Eger coso = —% we §< o <7 bolsa, tga-ny hasaplan.
A (7) formuladan alarys:
20y = 1 —1= 1 — | = &
tgro cos2a ! (7;)2 ! 9"
5

Tangens ikinji ¢dryekde otrisatel, sonui ii¢in tgo = —% A

6-njy mesele. Eger tga=3 we n<a < 37“ bolsa, cosa-ny hasaplan.

A (7) formuladan tapyarys:

2. 1 _ 1
cos‘o = =2
I+tg2a. 107
n<a< 37“ bolany ti¢in cosa<0 we sonun {igin cosa = —/0,1 A
Goniikmeler
255. Eger:
1) coso = % we 371’ <o, < 2r bolsa, sina. we tga-ny;

2) sinot= 0,8 we % <o <m bolsa, cosa we tgo-ny;

3) cosa = _% we % <o < bolsa, sina, tgo. we ctgo-ny;

4) sino, = _% wem <o < 37“ bolsa, cosa, tgo we ctgo-ny;

15
8

6) ctgou = -3 we 3775 < o < 27 bolsa, sina we cosa-ny hasaplar.

5 tga=B wen<a< 3775 bolsa, sina. we cosa-ny;
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256. Esasy trigonometrik tozdestwonyn komeginde denlikleriii bir wagtda
yerine yetirilydndigini ya-da yerine yetirilmeydndigini anyklan:
1) sina=1 we cosa.=1; 2) sina=0 we cosa=-1 ;
1 = _i = _é . 1 = l = —l .
3) sino s Wecose =3 4) sino = 3 we cosa = —5
257. Deiilikler bir wagtda yerine yetirilmegi miimkinmi:
S S 7 _39
1) sino s we tgo ok 2) ctgo 3~ wecoso =5
258. Aydaly, gontiburgly t¢burglugyn burglaryndan biri bolsun. Eger
sino. = @ bolsa, cosa. we tga-ny tapyil.
259. Deryanly tigburglugyn depesindéki burgunyinl tangensi 22 i det. Su
burguii kosinusyny tapyii.
260. Eger cos*a —sin‘oa = % bolsa, cosa-ny tapyn.
261. 1) sina= % bolsa, cosa-ny tapy;
2) cosa = —-L bolsa, sina-ny tapyii.
J5
262. tga=2 bolyandygy milim. Ainlatmanyn bahasyny tapyn:
1 ctgattga 2) sino.—cosa . ) 2sino+3coso. .
ctga—tga ’ sina.+cosa ’ 3sina—5cosa ’
4) sinZo+2cos2a. - 5) 3sina—2cosa. - 6) 3sin oH—coszoc
sin2a—cos2o, 4sinotcosa 2sinZa— cos2oc
263. sinoc-l-cosa:% bolyandygy mélim. 1) sina cosa; 2) sin’a+cos’a
anlatmalaryn bahalaryny tapyn.
264. Denleméini ¢6zin:
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|
22-8. TRIGONOMETRIK TOZDESTWOLAR

1-nji mesele. a#nk, ke Z bolanda

1+ctg’o =1 (1)

sinZa

denligin dogry bolyandygyny subut edin.

/\ Kotangensifi kesgitlemesine gord ctgo. = o We sonuii Gigin

1+ CthOL —1+ cos?a — sinfa+cos?o — 1 )
sinZol sinZol sinZa.

Bu sekil calsyrmalar dogry, ¢linki o # 7k, k€Z bolanda sina#0. A

(1) denlik o-nyn miimkin bolan @hli (yerlikli) bahalary iicin yerlikli,
yagny onun ¢ep we sag bolekleri mana eye bolyan &hli bahalary iicin do-
gry bolyar. Sular yaly denliklere toZdestwolar diyilyidr, seyle denlikleri sub-
ut etmige degisli meselelere tozdestwolary subut etmidge degisli meseleler
diyilyar.

Indikide tozdestwolary subut edende, eger meseldnin sertinde talap edil-
medik bolsa, burglaryn yerlikli bahalaryny gozlemeydéris.

2-nji mesele. Tozdestwony subut edin: cos’a = (1 — sina)(1 + sina).

A (1 = sine))(1 + sina) = 1 — sin’a = cos?o.. A

coso.  — I+sino

3-nji mesele. Tozdestwony subut edin: s cosa -

/\ Bu tozdestwony subut etmek iicin onuil ¢ep we sag bolekleriniil
tapawudynyii nola dendigini gorkezyaris:

coso. _ l+sina — COSZQ—(I—Sinza) _ cos?a—cos?o — A
I-sino. ~ coOsQ coso.(1—-sina) coso.(1-sina)

1-3-nji meseleleri ¢6zende toZdestwolary subut etmegin asakdaky usul-
laryndan peydalanyldy: sag boleginde sekil calsyryp, ony ¢ep bdlegine

117



denligini gorkezmek; sag we cep boleklerinifi tapawudynyni nola dendigini
gorkezmek. Kéte tozdestwolary subut edende onunl sag we ¢ep boleklerinin
sekilini calsyryp birmenzes aillatma getirmek amatly.

. y . 1-tg2a .
4-nji mesele. ToZzdestwony subut edin: g2 = cos’o.—sin"a. .
I+tg=a
_sin’a.
1—t 2 2 20y _cin2 .
A g7a — cgsza:cosoc smcxzcosza_smza.
l+tg2a  148i0°0  cosZa+sinZa
cos’a

cos*a —sin*o = (cos?a—sin’a)(cos’a + sin’a) = cos’a — sina..
Tozdestwo subut edildi, ¢iinki onun ¢ep we sag bolekleri cos*a—sin’o
deni. A

5-nji mesele. Anlatmany yonekeylesdirin: !

tgat+ctgo -
A 1 - 1 _ _sinocoso.  _ A
== = = SINOLCOSAL .
fgoFeiga  sina, cosa  gin2g+cosla
cosa  sino

Trigonometrik anlatmalary yonekeylesdirmage degisli meseleleri ¢ozende,
eger meseldnin sertinde talap edilmedik bolsa, burglaryi kabul etmegi miimkin
bolan yerlikli bahalaryny tapmayarys.

Goniikmeler
265. Tozdestwony subut ediii:
1) (1—cosa)(1+cosa)=sin’a; 2) 2—sin*a—cos’a=1;
3) _sino — tgzoc ; 4) _cosa — Ctg o
1-sinZa 1—cosot
5 1 +sin‘a=1; 6) —1 +cos’a=1.
1+tg2a I+ctg?al
266. Anlatmany yonekeylesdirini:
1) cosa - tgo—2sina; 2) cosa.—sina. - ctgaL;
3 Sil’lZOL . 4 COSZOL : 5) thL cosa )

l+coso 1-sina sinZo
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267. Anlatmany yonekeylesdiriii we onufi san bahasyny tapyn:

020y — .
1 smocl’munda(ng, 2) 12 —
1—cos“o. 6 COS“0L

1,munda0c=%;

3) cos’oL+ctg’oL+sin’o, munda o = % ;
4) cos’a +tg?ol+sin’o, munda oL = % .

268. Tozdestwony subut edin:
1) (1-sin*a)(1+tg’a)=1; 2) sina(1+ctg’a)—cos’a.=sin’a.

269. o-nyn dhli yerlikli bahalarynda asakdaky arnlatma sol birmenizes bahany
kabul edyédndigini, yagny o bagly déldigini subut edin:

1) (1 +tg’a)cos’a; 2) sin’o(1+ctg’a);
2 .2 2 . 1+tg2OL 102
3) (1+tg ot — jsm ocos o ; 4)m tg o,
sin o
270. Tozdestwony subut edin:
- — 2y sino—1 — _ 1 .
1) (I—cos2a)(1+cos2a)=sin*2a; 2) os’e rsing

3) cos*a —sin*a = cos’a —sin’a;

4) (sin*a—cos’a)’ +2cos’asin’a =sin’o + cos’a;

5) _sina 4 I+cosa — 2 . 6) _sina  — l+cosa -
l+coso.  sina sina, 1—cosa. sina
7) L+ L =1, 8) tg2o—sin’o =tg2aisin’aL.

I+tg2a  l+ctgla
271. Anlatmany yonekeylesdirinn we onun san bahasyny tapyn:

(sino+cosor)? 2 T

: —(1+ =T.

1) e (1+ctg"al), munda o 39

(sinoi—cosor)?
cos’al

2) (1+tg’o) — ,munda o= % .
272. Eger sina—cosa=0,6 bolsa, sinocosa-nynt bahasyny tapyi.
273. Eger cosa—sina=0,2 bolsa, cos’a—sin’c-nyn bahasyny tapyn.
274. Deinlemini ¢oziin:
1) 3cos®x — 2sinx = 3 — 3sin’x; | 2) cos®x — sin’x = 2sinx — 1 — 2sin’x.
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23-§. o WE — o BURCLARYN SINUSY,
KOSINUSY, TANGENSI WE KOTANGENSI

Aydaly, birlik toweregiit M, we M, nokatlary P(1; 0) nokady degislilikde,
o we —a burglara 6wiirmek netijesinde alnan bolsun (69-njy surat). Onda Ox
ok M,0OM, burgy deil ikd bolyédr we sonuil ligin M, we M, nokatlar Ox oka gord
simmetrik yerlesen. Bu nokatlaryn abssissalary birmerizes bolyar, ordinatalary
bolsa difie alamatlary bilen tapawutlanyar. M, nokat (cosa; sina) koordinata-
lara, M, nokat (cos(-a); sin(-a)) koordinatalara eye. Sonufi ii¢in

| sin(—a) = —sino, cos(—0t) = cosda. I (1)

Tangensin kesgitlemesinden peydalanyp, alarys:

tg(—(l) _ sin(—a.) _ —sino _ —thLI

cos(—a)  cosa

Diymek,

| tg(-0) = —tgo. [ 2)

Suina menzes,
ctg(—a) = —ctga. (3)

(1) formula a-nyn islendik bahasynda yerlikli bolyar, (2) formula bolsa

o # % + 7k, k € bolanda yerliklidir.

Eger a # mk, keZ bolsa, onda ctg(—a) = —ctga bolyandygyny gorkezmek
miimkin.

(1)—(2) formulalar otrisatel burglar ti¢in

sinusyn, kosinusyn we tangensii bahalaryny

. tapmaga miimkingilik beryér.
sSino

Meselem:
® 6 6 2’
\COS(X
sin(-ot) cos(— %) = cos% = 72 ,
69-njy surat. tg(— %) =-1g 3 3.
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Goniikmeler

275. Hasaplan:
TN . 1+tg?(=30°)
1) cos(— g)sm(— §) +tg(=3): Tretg? (—30°)
in(— T _n — T +sin’ (= F);

3) 2sin( 6)cos( 6)thg( 3)+sm ( 4),

4) cos(—m)+ctg(— %) —sin(— % n)+ctg(— %) :
276. Anlatmany yonekeylesdirin:

1) tg(—a)cosa + sina; 2) cosa. — ctga(—sina);

cos(—a)+sin(—a) 5 - 5
— —o)+ —a)+

3) oo sinZe 4)tg(—a)ctg(—a) +cos*(—a) + sin“cL.

277. Tozdest but editi: _cos*a—sin’ | yo(_ —o) = _
ozdestwony subut edii prrm— +tg(—0)cos(—0o) = coso.
278. Hasaplan:
3—sin2[—@—cosz(—%)
D 2cos(_%) 5
2) 2sin (—E) N 3ctg(—£j +7,5tg (—n)+ Lecos (—3 nj :
6 4 8 2

279. Yonekeylesdirin:

| sin3 (—oytcos® —a) ) 1—(sina+cos(—a))?

) 1=sin(—a)cos(—a) ’ ) —sin(—a)
|
24-8§. GOSMAK FORMULALARY

Gosmak formulalary diyip cos(a = B) we sin(a = B)-lary o we B

burclaryn sinuslary we kosinuslary arkaly anladyan formulalara ay-
dylyar.
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T e o rema. Islendik o we [ iicin asakdaky derilik yerlikli
bolyar:

cos(a + ) = cosoacosP — sinasinf. (1)

O M, (1; 0) nokady koordinatalar baslangyjynyii dagynda o, -3, o +3
radian burglara dwiirmek netijesinde, degislilikde, M, M—ﬁ we MM nokatlar
emele gelyir, diyelini (70-nji surat).

Sinusyn we kosinusyn kesgitlemesine goré, bu nokatlar asakdaky koordi-
natalara eye:

M (cosa; sina), Mfﬁ3 (cos(—P); sin(—P)),
Mm+B (cos(a + B); sin(o + B)).
ZMOM, =2 M OM, bolany i¢in MOM  , we M ,OM, defiyanly ii¢-
bu.rgluklar den we, diymek, olaryi MM, ., we M ;M esaslary hem deni. Sonuil
ligin

(MM, ,,)* = (M M)

o

Geometriya kursundan mélim bolan iki nokadyn arasyndaky aralyk formu-
lasyndan peydalanyp, alarys:

(1—=cos(a+p))*+ (sin(a+ f))*=(cos(—B)—cosa)*+ (sin(—f) —sina)?.
23-§ dagi (1) formuladan peydalanyp, bu derligin sekilini ¢algyryarys:
1 —2cos(a + B) + cos’(a + B) + sin*(a + B) =
= cos’P — 2cosPcosa + cos’a + sin’f + 2sinPsino + sin’oL.
Esasy trigonometrik tozdestwodan peydalanyp, alarys:
2—2cos(a+)=2-2cosacosf+2sinasinf,
o mundan cos(a.+ )= cosocosp—sinasinp. @
1-nji mesele. cos75°-y hasaplari.
A (1) formula boyunca tapyarys:
c0s75° = cos(45° + 30°) =
= ¢0845°c0s30° — sin45°sin30° =

LB 1o A
70 nji urat. 2 02 22 4
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(1) formulada B ni —fB-a ¢alsyryp, alarys:

cos(a — ) = cosacos(—f) — sinasin(—p),
mundan

G cos(a — B) = cosacosP + sinasinf.
2-nji mesele. cos15°-y hasaplan.
A (2) formula gord, alarys:
cos15° = cos(45° — 30°) = cos45°c0s30° + sin45°sin30° =

2 B2 1 Vo2 A
2 2 2 2 4

3-nji mesele. Su formulalary subut edin:

T . . T
Cos (— —Otj = Sin—, SIn [——Otj = cosa -
2 2

o= % bolanda (2) formula esasan:

cos (E - Bj = cos % cosP +sin g sinf} = sinf,
2
yagny
cos (E N Bj = sinf}
5 .
Bu formulada B-ny o calsyryp, alarys:

T .
CcosS (— - O(,j = sina .
2

(4) formulada B = %— o diyip ¢ak etsek:
sin (n — oc) = cosQ. . A

2

2)

3)

(4)

(1)—(4) formulalardan peydalanyp, sinus iicin gosmak formulasyny getirip

cykaryarys:

sin(oc+6)=cos(f—(wﬁ)}cos[(f—oc}—ﬁ}
2 2

=Cos (E — ocj cosf} +sin (E — ocj sinf} = sin—cosf3 + cos—sinf3 .
2 2
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Seylelikde

sin(o. + 3) = sinacosP + cosasinf. Q)
(5) formulada B-ny —p c¢alsyryp, alarys:

sin(a. — ) = sinacos(—f) + cosasin(—p),

mundan
0 sin(a. — ) = sinacosP — cosasinf. (6)
4-nji mesele. sin210°-y hasaplar.
A\ sin210° = sin(180° + 30°) =

= sin180°c0s30° + cos180°sin30° = 0.§+(—1).% = —%. A

5-nji mesele. Hasaplan:

in 8T cos ™ —sin Ecos ST
Sin 7 Cos 7 —sin 7 cos =%
A <in 8 T . W 8n . (8t m . A
SIN =~ €0S ——SIN —Cos — = §in| ——— |=sinw = 0.
7 7 7 77
6-njy mesele. Deiiligi subut edin:
_ tgattgP
+B) = . 7
(e tB) = Soiep (7)

_ sin(a+P) _ sinacosB+cosasinf
A tg(a+p) cos(a+B)  cosocosp—sinasinf

Bu drobuii sanawjysyny we maydalawjysyny cosccos boliip, (7) formu-
lany alarys.

(7) formula hasaplamalarda peydaly bolmagy miimkin.

Meselem, su formula boyunca tapyarys:

o_ o oy _ tgl80°+tg45° _
1g225° = tg(180° +45%) = E A e = 1.

Goniikmeler
Gosmak formulalarynyn komeginde hasaplan (280-281):

280. 1) cos135°; 2) cos120°; 3) cos150°; 4) cos240°.
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281.

282.

283.

284.

28S.

286.

1) c0s57°30'c0s27°30" + sin57°30'sin27°30";
2) c0s19°30'c0s25°30" — sin19°30'sin25°30";

3 in LT i I o3 LITT .
) cos g COS gt — sin Lt sin =5
4 8n +sin3gin L.

) cos<L 7 cosL 7 sin 2L 7 sin 7

T .
1) cos| —+o |, munda sino.= L we0 <o <T;
3 V3 2

1
2) cos(a—z),munda cosoL = ——weE< a<Tm.
4 32
Anlatmany yonekeylesdirini (283-284):

1) cos3acosa — sinasin3a; 2) cosSPcos2f + sinSPsin23;

T St . T ) 5w

3) cos| —+a |cos| ——oa |-sin| —+a |sin| ——a |;
7 14 7 14
T 27 . i . 27

4) cos| —+a |cos| —+a |+sin| —+a |sin]| —+a |
5 5 5 5

1) cos(a+P)+cos (E—aj COS[E—BJ ;

2) sin(E—ajsin(z—ﬁj—cos(a—ﬁ).
2

2
Gosmak formulalarynyn komeginde hasaplan (285-286):
1) sin73°cos17° + cos73°sin17°;
2) sin73°cos13° — cos73°sin13°;

St Fd Fs 5T . 4 n T T n
3) sin 2 5 coslz+sm12 cos <7 ) sin‘ [ €085 — sm12 cos 7.
: T __3 3n .
1) s1n(0c+—),mundacosoc——Swen<(x<2,
6

. T
2) Sln(z—oc) munda sinot = £we§<oc<71:.
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287. Anlatmany yonekeylesdiriii:

1) sin(a+ )+ sin(—at)cos(—P); 2) cos(—a)sin(—f)—sin(a—f);

3) cos(z—ajsin(ﬁ—ﬁj—sin (a—PB);

2 2
4) sin(a.+B)+sin (E — ocj sin (—B)-
2
: _ 3 : _

288. Eger sina = —% , 5T <a<2n we sinfB= % , 0<p <% bolsa,

cos(a +PB) we cos(a — B)-ny hasaplan.
289. Eger cosa=0,8, - <a <m we sinf = —% , T<P< 377‘ bolsa, sin(o—f3)

-ny hasaplan.
290. Anlatmany yonekeylesdirini:

, 2 .
1) cos(%n—aj+cos(a+£) 2) sm(oﬁ—nj—sm(z—aj_
3 3)° 3 3 ’
) 2cosasinB+sin(a—p) | ) cosacosP—cos(a+f)
2cosacosp—cos(a—f) ’ cos(a—p)—sinasinf

291. Tozdestwony subut edin:

1) sin(o.—B)sin(a + B)=sin’a.—sin’p;

2) cos(a.—P)cos(a+ f)=cos’a—sin*f;

\/_COSOL 2COS( J COSO(,—2COS( J
3 =—V2t 4 = —/3t
) 2sm[“+o¢j —/3sina. 2 gas ) 2sm(oc——) —/3sina. \/_ 8
Lt 3
{g29° +1g31° tggn-tegm
292. Anlatmany yonekeylesdirini:1) % ; M
1~tg29 tg31 1+tgﬁntg%ﬂ:

25-§. IKELDILEN BURCUN
SINUSY WE KOSINUSY

Gosmak formulalaryndan peydalanyp, ikeldilen bur¢un sinusynyn we

kosinusynyn formulalaryny getirip ¢ykaryarys.
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Seylelikde,
0 sin2o = 2sinocosa. (1)

1-nji mesele. Eger sina. = —0,6 we n<a < 377‘ bolsa, sin2a-ny hasaplar.
A (1) formula boyunga tapyarys:
sin2a. = 2sinacosa = 2 - (-0,6) - cosa. = —1,2cosa..

n<a< 37“ bolany {i¢in cosa < 0 bolyar we sonuii {igin:

coso = —1—sin’a = —/1-0,36 =—0,8 -
Diymek, sin2a=-1,2 - (-0,8)=0,96. A

2) cos2a = cos(a + o) = cosacosa — sinasino = cos*a — sin’oL.
Seylelikde,

0 cos2o = cos’o.— sin’oL )
2-nji mesele. Eger cosa = 0,3 bolsa, cos2a-ny hasaplan.

A (2) formuladan we esasy trigonometrik tozdestwodan peydalanyp, ala-
rys:
cos2a = cos’a — sin*a = cos’a — (1 — cos’a) =
=2cos?a— 1=2-(0,3%-1=-0,82. A

sinoLcoso

3-nji mesele. Anilatmany yonekeylesdirin: .
1-2sin%a,

SInOLCoSOL — 2sinocosa _ sin2o _
1-2sin2a.  2(sin2a+cos?a—2sin%a)  2(cosZa—sinZa.)

— sin2a — 1 A
reos2q 2 1820

4-nji mesele. Eger tgo = % bolsa, tg2a-ny hasaplan.

A -
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formulada = a diyip cak edip (24-§ -a garan), alarys:
2tgo

tg2o = . 3
0 g I—tgor 3)
Eger tga :% bolsa, onda (3) formula boyunca tapyarys:
5.1
tQ2a=—2 =4 A
Hyr
2
Goniikmeler
Hasaplan (293-294):
293. 1) 2sinl5°cos15°; 2) cos*15° — sin%15°;
3) (cos75° — sin75°)% 4) (cos15° + sin15°)%
294. 1) 2sin EcosE; 2 2T _gin? T
)ZSlngcosg, ) cos g —sin® %
2
NG ( T n)
N Py T ——| cos—+sin—
3)s1n80038+4, 4) - 5 R
295. Eger:
D) sina=3 weZ <o <m; 2) coso=—¢wen<o <
bolsa, sin2a-ny hasaplar.
296. Eger:
1) cosa=4%: 2) sino = —% bolsa, cos2a-ny hasaplan.
Anlatmany yonekeylesdiriil (297-298):
297. 1) sinacosa; 2) cosoccos(g—oc);
2
3) cosda. + sin*2a; 4) sin2a + (sino — cosa)’.
cos2ot | sin2a, | sinZa, ) 1+cos2a
298. 1) 3cosar ) l1—cos?a. ’ 3) (sinotcosa )21’ 4) 1=cos2a. -
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299. Tozdestwony subut ediii:
1) sin2a=(sina+cosa)’*~1;  2) (sina — cosa)* = 1 — sin2a;

3) cos*a — sin*al = cos2a; 4) 2cos’o — cos2a = 1.
300. Eger:
1) sino + cosa = % ;  2)sino—cosa = —%; 3) sino —cosaL = %

bolsa, sin2a-ny hasaplan.
301. Tozdestwony subut ediii:

1) 1+ cos2a = 2cos’a,; 2) 1 — cos2a. = 2sin’aL.
302. Hasaplan:

1) 2cos?15°—1; | 2) 1-2sin’22,5°%; | 3) 2COS2%—1; | 4) 1—2sin2%.
303. Anlatmany yonekeylesdirifi:

1) 1 -2sin*5a; 2) 2cos3a. — 1; 3) %;
SIHECOSE
20
4) 2057, 5) 1 + cosday 6) 1 — 2cos?5a.
sin2o

304. Tozdestwony subut edin:

1) cos2a = ctgo.—1; 2) sin2a.—2cosa — —2ctgat ;
sinoicosa+sinZa sino—sin“o
o | 1-cos2atsin2a —
3) tgou(1+cos2a)=sin20y; 4) Lrooroising Ctea =1,

305. Eger tga = 0,6 bolsa, tg2a-ny hasaplari.

2tg 0 0
y 6tgls 4tg75
306. Hasaplafi: 1) g2} 2) 1=tg215° 5 3) 1=ig275° -
8

26-§. GETIRME FORMULALARY

Sinus, kosinus, tangens we kotangens bahalarynyn jedwelleri 0°-dan 90°-

a c¢enli (ya-da 0-dan % -ge cenli) burglar iicin diiziilydr. Bu yagday olaryn
basga burglar {igin bahalary yiti burglar {icin bahalaryna getirilmegi bilen
diistindirilyar.
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1 -nji mesele. sin870° we cos870°-y hasapla.

/A 870°=2-360°+150°. Sonun ti¢in P(1; 0) nokady koordinatalar
baslangyjynyn dasynda 870°-a 6wriim edende nokat iki doly aylawy yerine ye-
tirydr we yene 150° burca 6wrlilyar, yagny 150°-a 6wiirenddki M nokadyn edil
0zi emele gelyér (71-nji surat). Sonui iigin sin870°= sin150° cos870° = cos150°.

M nokada Oy oka gord simmetrik bolan M, nokady guryarys (72-
nji surat). M we M, nokatlaryii ordinatalary birmefizes, abssissalary bolsa

difie alamatlary bilen tapawutlanyar. Sonufl iigin sin150° =sin30° :%;
cos150° = —co0s30° = —g.
Jogaby: sin870° =1 c0s870° = —g. A
1-njimeseldni ¢dzende
sin(2-360°+150°) =sin150°, cos(2:360°+150°)=cos150°, (1)
sin(180°—30°)=sin30°, cos(180°—-30°)=-cos30° (2)

deiliklerden peydalanyldy.

(1) denlik dogry deilik, ¢linki P(1; 0) nokady o +27k, keZ burga dwriim
edende ony a burga 6wriim edenddki nokadyn hut 6zi emele gelyir.
sonuf ti¢in su formulalar dogry bolyar:

0 sin(o. + 27tk) = sino, cos(a + 27k) = coso., keZ. A3)

71 nji urat. 72 nji urat.
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Hususan-da, k£ = 1 bolanda:

sin(a + 27) = sina, cos(a + 27) = cosa
derilikler yerliklidir.
(2) denlik

0 sin(m — o) = sina, cos(m — o) = — cosa 4)
formulalaryn hususy haly hasaplanyar.

sin(m — o) = sina formulany subut edyaris.

O Sinus icin gosmak formulasyny ulanyp, alarys:

sin(m — o) = sinmcosa — cosmsina, =
= 0-cosa — (— 1)-sino = sina. o
(4) formulalaryn ikinji hem suna menzes subut edilyir. (4) formulalara

getirme formulalary diyilyér. (3) we (4) formulalaryn komeginde islendik

burgun sinusyny we kosinusyny hasaplamagy olaryi yiti burg ii¢in bahala-

ryny hasaplamaga getirmek miimkin.

2 -nji mesele. sin930°-y hasaplar.

A (3) formuladan peydalanyp, alarys:

sin930° = sin(3:360° — 150°) = sin(-150°).
sin(—a) = —sina formula boyunga sin(—150°) = —sin150°-y alarys.

(4) formula boyunca tapyarys:

[u—

—sin150° = — sin(180° — 30°) = — sin30° =— —7-

Jogaby: sin930° = —%. A
3-nji mesele. COSHTN -ni hasaplari.
A cos 3% cos(4rn 4) cos( 4) cos ;=3 A
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Indi islendik burgun tangensini hasaplamagy yiti burguii tangensini hasap-
lamaga néhili getirmek miimkinligini gorkezyiris.
(3) formuladan we tangensii kesgitlemesinden
tg(a + 27k) = tgo, keZ
denlik gelip ¢ykyar.
Bu denlik we (4) formuladan peydalanyp, alarys:
tg(a + ) =tg(a + m — 2n) = tg(a — m) = —tg(n —a) =

_ sin( —a.) _ _ sino —
cos( —al) —cosa = tga.

sonuil {icin su formula yerlikli bolyar:

0 ta(a + k) = tgo, keZ. )

4-nji mesele. Hasaplan: 1) tglln 2) tg
AT tg 3" e — =tgdn-5) =tg(-5) =—tgF =—V3.

2) tgl37t —tg(31c+“)—tg7E —1.A
24-§ -da (3-nji mesele)

0 sin(% —0L) = cosqL, cos(% — o) = sino

formulalar subut edilipdi, olar hem getirme formulalary diylip atlandyrylyar.
Bu formulalardan peydalanyp, meselem, sin§ = COSE’ cos § = sin% -ni ala-
rys.

x-ift islendik bahasy {i¢in sin(x+2m)=sinx, cos(x+2m)=cosx denliklerin
dogrudygy méilim.

Bu derliklerden gorniisi yaly, argument 2n-ge 6zgerende sinusyii we
kosinusyt bahalary dowiirleyin gaytalanyar. Seyle funksiyalaryn dowri 2n bo-
lan dowiirleyin funksiyalar diyilyér.
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0 Eger seyle T # 0 san bar bolup, y = f(x) funksiyanyn kesgitlenis
yaylasyndaky islendik x ii¢cin
fx—T1)=fix) =fix+ 1)
denilik yerine yetirilse, f(x) dowiirleyin funksiya diyilyér.
T sana f(x) funksiyanyn dowri diyilyér.

Su kesgitlemeden gorniisi yaly, eger x san f(x) funksiyanyn kesgitlenis
yaylasyna degisli bolsa, onda x + 7, x — T sanlar we, umuman, x + 7n, neZ
sanlar hem su dowiirleyin funksiyanyn kesgitlenis yaylasyna degisli we f{x +
Tn) = f(x), neZ bolyar.

= cosx deilik yerine yetirilydr. x = 0 diyip, cos7 = 1-i alarys. Mundan bolsa
T =2nk, keZ. T > 0 bolanyndan T asakdaky 2w, 4n, 67, ... bahalary kabul
edip bilydr we sonui {icin 7-nin bahasy 2n-den ki¢i bolmagy miimkin dil.

2m sany y = cosx funksiyanyn in ki¢i polozitel dowri bolyandygyny
gorkezydris.

Or>0 kosinusyn dowri bolsun, yagny islendik x tigin cos(x+7)=

||| y = sinx funksiyanyn in ki¢i poloZitel davri ham 2n ga den bolyan-
dygyny subut etmek miimkin.

Goniikmeler
Hasaplan (307-310):
307. 1) Singn; 2) sinl7m; 3) cos7m; 4) cos%ﬂ:;
5) sin720°; 6) cos540°; 7) sinl2,57; 8) c0s2025°.
308. 1) cos420°; 2) tg570°; 3) sin3630°; 4) ctg960°;
5) sin1367°; 6) tg%n; 7) tg585°; 8) CthTn'
309. 1) cosl50°; 2) sinl35°; 3) cos120°; 4) sin315°.
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310.

1) tg%t; 2) sin%t; 3) cos%";

4) sin(—ﬁj; 5) cos(—7—n); 6) tg(—z—nj.
6 3 3

311.

312.

313.

314.

315.

134

Anlatmanyn san bahasyny tapyn:
1) c0s630° — sin1470° — ctg1125°;
2) tg1800° — sin495° + c0s945°;

3) sin(~7m) - 2c0s 3% — tg 7%

4) cos(—9m)+2sin [— 49—nj —ctg (_ ﬁj .
6 4

Anlatmany yonekeylesdirin:

1) cos’(n — a) + sin}(o — 7);
2) cos(m — a)cos(3m — o) — sin(a — m)sin(o — 37).

Hasaplan:
1) c0s7230° + sin900°; 2) sin300° + tg150°;
3) 2sin6, 5 —+/3sin 197 ; 4) V2cos4, 25— L cos 01
) 3 \/g 6
sin(=6,5m)+tg(-7n) cos(—540°)+sin480°
) cos(—7m)+ctg(~16,257) ° tg405° —ctg330°
Anlatmany yonekeylesdirin:
T
sin(n—a}rsin(n_a) cos(rc—ot)+cos[2—aj
2 . .
D cos(n—a)+sin(2n—oa) ’ sin(n—oc)—sin(g—aj ’
sino-m)  tg(n—a) sinz(n—oc)—ksinz(n—oc]
Y tg(ot7) cos(g—a) ’ 4 sin(m—a.) fg(n—a)-

Ucburclugyn iki icki burguny jeminifi sinusy iiciinji burcunyfi sinusyna
deiiligini subut edin.



316. Tozdestwony subut edin:

1) sin(nJr—) = COS—; 2) cos(ﬁﬂxj = —sina. ;
2 2
3 . . (3
3) cos 2n—ocj = —sina. . 4) sin (Zn—aj = —COSQL _
317. Denleméni ¢6ziin:
1) cos Z—x) =1, 2) sin(mt—x)=1; 3) cos(x—m)=0; ;
4) sin (x— :) =1, S)cos(n-2v)=1;  6)sin (;ﬂcj =0,
27-8§. SINUSLARYN JEMI WE TAPAWUDY.

KOSINUSLARYN JEMI WE TAPAWUDY

1 -nji mesele. Anlatmany yonekeylesdirifi:

: : . T
(sm (Oc+n) +sin (a—n)) sin —
12 12 12

A Gosmak formulasyndan we ikeldilen bur¢un sinusynyn formulasyndan
peydalanyp, asakdaka eye bolarys:

sin(oﬁrn) + sin(oc—n) sin = =
12 12 12

. T . T . T . T . T
=1 sInocos — + cosOsIN — + SINQGCOS — — COSOsIn — |SIN — =

12 12 12 12 12
a 4 l. . l — o . E — l .
2s1n0Lcos 15 Sin {7 = sinoisin £ = = sinc. . A
Eger sinuslaryn jeminin formulasy
sino +sinf} = ZSinO‘TjLBcosocT_B (1)

dan peydalanilsa, bu meseldni yonekeyrdk ¢6zmek miimkin. Su formulanyn
komeginde asakdakyny alarys:
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. ) T
(sm (OHEJ +s1in (a—l)) sin — =
12 12 12

_ . 1 . L:l .
2s1noccos12 sin 2smoc.

Indi (1) formulanyn yerlikli bolyandygyny subut edyéris.

O OLTJFB x, 2 B = belgileme girizydris. Ondax+ty=a, x—y=0
we sonufl tigin sina + sinf} = sin(x + ») + sin(x —y) = sinxcosy +cosxsiny +
+ sinxcosy — cosxsiny = 2sinxcosy = 2sm—cos .

2

(1) formula bilen bir hatarda asakdaky sinuslar tapawudy formulasyndan,
kosinuslaryn jemi we tapawudy formulalaryndan hem peydalanylyar:

sinol —sinf} = 2sin TB oS 0c2[3 (2)
cosoL + cosf} = ZCOSLBCOS 2B (3)
cosa, — cosf} = —2sin OLTJrBsm TB 4)

(3) we (4) formulalar hem (1) formulanyn subut edilisine mefizes subut
edilyér; (2) formula B-ny —p calsyrmak bilen (1) formuladan alynyar (muny
ozbasdak subut edin).

2-nji mesele. sin75° + cos75°-y hasaplai.
A sin75° + cos75° = sin75° + sin15° =

= 2sin 750;150 cos 7505150 = 25in45° c0s30° = 2%@ = @ A

3-nji mesele. 2sino ++/3 ni kopeltmek hasylyna calsyryi.

3
A 2sino + \/5 = Z(Sinoc +£) = 2(sin0c +sin E) =

2 3

=4sin(g+zjcos(g—£j. A
2 6 2 6
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4-nji mesele. sino. + coso afilatmanyi il kici bahasy ~/2 -4, ifi uly bahasy

bolsa 2 -i defi bolyandygyny subut ediii.

/\ Berlen afilatmany kopeltmek hasylyna calsyryarys:

. . . T . T T I
sino. +cosaL = sino. + Sll’l(— - Otj = 2S1H—COS(OL ——j = \/ECOS(OL ——j o
4 4 4

2

Kosinusyn in kigi bahasy —1-e, in uly bahasy bolsa 1-e den bolany tigin

berlen afilatmanyii ifi kici bahasy v2-(-1)= —/2 -4, ifi uly bahasy bolsa

J2-1=+2 -4 deii. A

Goniikmeler

318. Ailatmany yonekeylesdirin:
1) sin(% +o)+ sin(% —a);
3) sin? (E+a)- sin’ (E-a);

319. Hasaplan:

1) cos105°+cos75°;

3 lr 5_717;
) cos 5 Cos3

5) sin /& —cos & :
)sm12 COS 125

Kopeltmek hasylyna galsyryi:
1) 1+ 2sina; 2) 1 — 2sinay;
4) 1 + sina,; 5) 1 —cosa,

320.

321. Tozdestwony subut edin:

1) sinotsinda — tg2o ;
. U b
coso.t+cos3a

322. Anlatmany yonekeylesdirifi:

2(cosatcos3a) |

: 2)

2) cos(% -B)- cos(% +B);

4) cos* (o — %) —cos?(a+ %) .

2) sin105°—sin75°;

4 Hr 5T
) cos 5 0S5

6) sin105°+sin165° .

3) 1 +2cosa,;
6) 1 + cosa;

2) sin2o+sindor ctga -
cos2a—cosda,

I+sina—cos2a.—sin3o

2sin2o+sinda

2sinZotsino—1
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323.

324.

325S.

326.

327.

328.

329.

138

Tozdestwony subut edin (323-324):
1) cos*or—sino +sin20 = \/Ecos(Z(x — EJ :
4

21 21
2) cosoc+cos(—+0c)+cos(——oc) =0.
3 3

NS _
1) sin2o+sinSo—sin3o _ 2sina. ;

cosa+1—2sin2 20

sino+sin3a+sinSo+sin7 o
2 = ctga .

coso.—cos3atcos5Sa—cos7a
Kopeltmek hasyly gorniisinde yazyi:

1) c0s22° +c0s24° +c0s26° + cos28°; 2) cos%+cos%+cos%".

_ sin(a+B) v o y.
tgaL + tgf cosct cosp tozdestwony subut edifi we hasaplan:

1) tg267° +1g93°;  2) tg%+tg% ;o 3)tg99° + tg81°.
Kopeldijilere dagydyn:

1) 1 — cosa + sina; 2) 1 —2cosa. + cos2a;

3) 1 + sina — cosa — tga; 4) 1 + sina + cosa + tga.

Il baba degisli goniikmeler

0<ac< % bolsun. P(1; 0) nokady:
Di-o;|Da-n;[3)F-as |4 Z+a:|5)a-T:]6)n-o

burca dwiirmek netijesinde emele gelen nokat haysy ciryekde yatyan-
dygyny anyklan.

Burcun sinusynyn we kosinusynyii bahasyny tapyi:

1) 3m; 2) 4x; 3) 3,5m; 4)

5.
PR

S5) nk, keZ,; 6) 2k+1)n, keZ, 7) 2kn, keZ; 8) 6,5m.



330. Hasaplan:
3n .

1) sin.’ﬂc—cos7 ; 2) cosO—cos3n+cos3,5m;
3) sinmk+cos2kn, munda k — bitin san;

4) cos @ —sin @ , bu yerde k£ — bitin san.
331. Tapyn:
1) eger sina = ? we %< o <7 bolsa, cosa-ny;

2) eger cosa = —g we T<a< 37“ bolsa, tgo-ny;
3) eger tgo = 242 we 0<a <% bolsa, sina-ny;
4) eger ctgo = J2 we n<a< 37“ bolsa, sino-ny.

332. Tozdestwony subut edin:
1) Ssina + tgacosa + Scos’a = 5 + sinay;
2) ctgasina — 2cos’ol — 2sinal = cosal — 2;

3) 3 =3cos’a; 4) —2 __=5sin’a.
1+tg2a l+ctgZa

333. Anlatmany yonekeylesdirin:
1) 2sin(—a)cos (E — ocj —2cos(—ot)sin (E - ocj ;
2 2

2) 3sin(m—ao)cos (E — ocj +3sin? (E - ocj ;
2 2
3) (I-tg(-o))(1-tg(n+a))cos’a;

4) (1+tg(—a)) (;j

1+ ctg2 (—a)
334. Anlatmany yonekeylesdirin we onuil san bahasyny tapyii:

. 3 . 3
1) Sm(—TE—(X)-FSln(—TH—O()’ munda coso, =

1.
2 2 4’

T 3 .
2) cos(—+aj+cos(—n—aj, munda sino =

1.
2 2 6
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335. Hasaplan:
1) 2sin75°c0s75°; 2) sinl5°; 3) cos*75° — sin*75°;
4) sin75°; 5) cos75°; 6) sin135°.

OZUNIZI BARLAP GORUN!
1. Eger: 1) sina =% we §<Ot<7t bolsa, cosa, tga, sin2o-ny,

2) coso.=-0,6 va n<oc<37” bolsa, sina, ctga, cos2o-ny

hasaplan.
2. Anlatmanyn bahasyny tapyi:

1) 4cos(—£j — th + ZSin(—Ej —COST;
3 4 6

—sin?

2) cos150°;  3) sinf%n; 4) tg%c; 5) cos®

n n
8 8

3. (Giyasiddin Jemsit al-Kogynyn meselesi.)
sin3a = 3sina — 4sin’a bolyandygyny subut edin.

4. Tozdestwony subut edin:
1) 3 —cos’a —sina=2;  2) 1 —sinacosactga = sin’a.

5. Anlatmany yonekeylesdirin:
1) sin(a.—B)— sin(g - on)sin(—B) : 2)sin’a + cos2a;

3) tg(m — a)cos(m — o) + sin(4m + o).

336. Anlatmany yonekeylesdirin:
1) cos? (Tc—oc)—cosz(g—aj; 2) 2sin(£—ocjcos(£—aj;
2 2

5 .2 2sin(n—a)sin[n—a)
3) cos” (2n+a)—sin” (o +27) . 4) 2

5

2cos(oc+2n)cos(;c—aj sin? (a—gj—sinz (o—m)
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Hasaplan (337-338):

337. 1) sin 42“ 2) tngTn; 3) CthZTn; 4) cos 2}1”
338. 1) Cos2in : 1Z7t; 2) SanSn‘ thOn

3) 3c0s3660° + sin(—1560°);  4) cos(—945°) + tg1035°.

339. Sanlary denesdirin.

1) sin3 we cos4;  2) cosO we sin5; 3) sinl we cosl.
340. Sanyn alamatyny anyklai:

1) sin3,5tg3,5;  2) cos5,01sin0,73;  3) ‘813 .

cosl5’
4) sinlcos2tg3; 5) sin2cos2; 6) tglcosl.
341. Hasaplan:
1) sin%cos%"JrSln%’tcos§ 2) sinl65°; 3) sin105°;
4)sin I : SHe%MDT;®2w§%-L

342. Anlatmany yonekeylesdirin:
D) (1+tg(-op)(1—ctg(-a) - MW, gy ceatista)  gCo)

cos(—a) ’ cosatsin(—a)  sino

343. Berlen: sina=£ we §<oc<n. cosa, tga, ctga, sin2a, cos2a-laryn

3
bahalaryny hasaplar.
Anlatmany yonekeylesdirin (344—346):
344. 1) cos’asina — sin*ocosa; 2) _sinotsin2a
I+cosa+cos2a
345. 1) sin2o—sin2a.cos2a. 2) 2c0s* 20 ;
4coso sindoacos4o+sinda
3) cos2a+sin20cos2a . 4) (cosoc—sinoc)2
2sin®0—1 ’ sin2o.cos20.—cos2a
2 ) 2
346. 1) %—sm(n—x); 2) %‘FCOS(LSR-FX);
.2 . -2
3) lsfcl—ogx—sm(l,Sn+x); 4) S0 +cos(3n—x).
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347. 1) Eger tga. = —% we tgf} = 2,4 bolsa, tg(a + B)-ny;

2) eger ctga =% we ctgf = —1 bolsa, ctg(a + B)-ny hasaplan.
348. Anlatmany yonekeylesdiriii:

1) 2sin(E + 20Ljsin(E - Zoc] ;o 2) 2cos(E + 20chos(E - 20() -
4 4 4 4

IIT baba degisli synag (test) goniikmeleri

1. 153°-yn radian 6lgegini tapyn.
17w 197 2n
A) = B) 2= C) 17m; D) =—.
) 20 b ) 20 b ) TE’ ) 9
2. 0,65m-nin gradus olgegini tapyn.
A) 11,7°;  B) 117°;  C) 116°, D) 118°.

3. Kopeltmek hasylynyii haysysy otrisatel?

A) cos314°sin147°; B) tg200°ctg201°;
C) cos163°c0s295°; D) sinl170°ctg250°.
4. Kopeltmek hasylynyn haysysy polozitel?
A) sin2cos2sinlsinl®; B) tg8°ctg8ctgl0° ctg\/m;
C) sin9°sin9c0s9°cos9; D) cos10°cos10cos11°cosv/11 .
S. (% %j nokada diigmek ticin (1; 0) nokady 6wiirmeli bolan &hli burglary
tapyn?
A) %+2nk,keZ; B) —%Jrnk,keZ;
C) g+ k| keZ; D) 2n + 1k, ke Z.
6. (1; 0) nokady 577: + 27k , keZ burga 6wiirenden emele gelyan nokadyn koor-
dinatalaryny tapyn.
A) (0; 1); B) (0;-1); C) (15 0); D) (-1;0).
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7. Sanlary artyan tertipde yazyn:
a =sinl,57; b = cosl,58;
A)a<c<b, B)b<c<a C)c<a<b;

8. Sanlary kemelyin tertipde yazyi:

¢ = sin3.
D) b<a<ec.

a=cos2; b=co0s2° c=sin2; d=sin2°.

A) a>c>d> b
C)b>c>d>a;

B) d>c>b > a;
D) ¢>d>b>a.

sinl136 -cos46 —sind6 -cos224
sinl10 -cos40 —sin20 -cos50

A) cos40°; B)O0,5; C)sindd°; D) 2.

sinl0 -sin130 —sin100 -sin220
sin27 -co0s23 —sinl57 -cos153

9. Hasaplan:

10. Hasaplan:

A) 1 B) -1; 0) L
11. Hasaplan: cos(—225°) + sin675° + tg(—1035°).

A) 1; B)-1; C) V2;
12. sina. = 0,6 bolsa, tg2o-ny tapyii (O <a< gj

. 3. 7.
A) 3,42; B) 35; C) 5

13. tgo = J5 bolsa, sin2o-ny tapyi.

345 . J5 J5
S0 By El

A) C) 5

14. tgo = V7 bolsa, cos2a-ny tapyil.

4
A)g

4 3
; B) -3 C 3;

p) - &
D) -2
_T.

24

D) 5.
D) -3.
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15.

16.

17.

18.

19.

20.

21.

Q2.

144

cos(E - ocj
2

Y onekeylesdirin: RO
A) —1; B) I; C) 0,5; D) -3.
Yénekeyle§diriﬁ: sin2 oL +sin(t—0ot) - coso
sin(E—Oc)
2
A) 3sina;  B) %sinoc; C) —sina; D) %cosa.
.4
tgo = /7 bolsa, 24sm & >— -ny hasaplai.
Ssin“a+15cos”a
A) 0,59; B) 0,49; C) -0,49; D) 0,2.

cosa + sina = % bolsa, sin‘al + cos*o-ny tapyii.

81 | (7Y, 49 . 32
) 8 B (1] X ; D) -122.

Hasaplan: sin 100° - cos 440° + sin800° - cos460°.
A) B B) 1: Q)1 D) 0.

sin3o n cos3a

sino. cosal

Y onekeylesdirin:

A) 4cos2a; B) —2sinda; C) sinday; D) 2cos2a.

8x2—6x+1=0 derileménini kokleri sina. we sinf} bolup, o, B-lar I ¢éryekde

bolsa, sin(o + B)-ny tapyn.

8 ’ 8 16 ‘

3

’ 16

6x* — 5x + 1 = 0 denleminin kokleri cosa we cosfp bolup, o, B-lar

I ¢dryekde bolsa, cos(a + )-ny tapyil.

A) 24/6-1. B) 1-26 . Q) 246-1. D) 1-2+/6
6 6 7 5




23. x-i tapyfi: 2(x ++/2) = cos (% - 20() + 2sin (%ﬂ + OL) -sin(w—a).

A 2 BVI; O I D) 242,

24. x* =7x + 12 = 0 denleménin kokleri tgo we tgf bolsa, tg(a+ B)-ny tapyn:

7 7
A) 1 B) 7 C) V3; D) -17-

2< Amaly we predmetara bagly meseleler

Mesele. (Birunynyn meselesi.) Gozegei deniz derejesinden 4,83 km beyik-
likdaki dagyn depesinde durup, okeanyii gori-
zontyna gysarma burgy 2,23° bolyandygyny
olcedi. Yerin radiusyny tapyi.

Orta asyrlaryn beyik ensiklopedist
alymy Abu Reyhan Muhammet ibn Ahmet
Biruny (973-1048) Yer sarynyn radiusyny
uly takyklykda 6l¢dn bolup, meseldnin
asakda getirilen ¢6zmek usuly ona degisli.

A\ Yeri sar diyip ¢ak edydris. r arkaly
Yerifi radiusyny, A arkaly dagyii depesini
we H arkaly 4 nokatdan ¢ykan goni ¢yzyk- 73-nji surat.
da yatyan gorizont nokadyny 73-nji suratda
gorkezilisi yaly belgililifi. O nokat Yeriit merkezi we B nokat A nokatdan ¢ykyan
we A perpendikulyar bolan gorizontal ¢yzygy nokady bolsun. ~4OH burcy
0 arkaly belgilélin.

A nokat deniz derejesinden 4,83 km beyiklikde bolany iigin O4 =r + 4,83,
Mundan dasary, OH = r. AB ¢yzyk A perpendikulyar bolany ticin 2OA4B=90°
we su sebipli 2O4H=90°—2,23°=87,77°. Yerii iistiini suratdaky yaly towerek
hokmiinde garasak, AH bu towerege galtasma we, diymek, AH we H
ozara perpendikulyar bolyar, netijede AOHA=90°. ~OAH burglarynyn jemi 180°
OH  r
04 r+4,.83°
10 — Algebra, 9-njy synp iigin 145

bolyanlygyndan 6 = 180°—90°— 87,77° = 2,23° . Diymek, cosf=



mundan

=c0s2,23° .

r+4,83
Bu derilemini r-e goré ¢ozyéris:

r=(r+4,83)c0s2,23°=> r—rcos2,23°=4,83co0s2,23°=>

_ _ 4.83c0s2,23° _
= = 52030 r=6372,91.

Suny aytmak yerliklidir, yagny alnan netije Yerifi asyl ortaca radiusy 6371

km-e gaty yakyn.

Jogaby: r=6372,91 km. A

Meseleler

1. Gozegei Yeriti hemrasy Yer meydanyndan s(km) aralykda tdwerek boyunca

146

hereket etsin. Cak edelin, d hemradan Yerin tistiinin gozeggilik etmek miimkin
bolan aralygynyn uzynlygy bolsun (74-nji surat).

1) Merkezi bur¢ 0 (radianlarda) we / beyikligi

baglayan denlemini tapyn;

2) gozeggeilik edilmegi miimkin bolan aralygyn d

uzynlygy bilen 0-ni baglayan derileméni tapyn;

3) d we h-y baglayan dernilleméni tapyn;

4) eger-de d = 4000 km bolsa, Yeriii hemrasy nhili

beyiklikde bolmaly?

5) eger-de Yerit hemrasy 100 km beyiklikde bolsa,

d néhili bolyar?

Basketbol sebedinden 5 metr aralykda duran 74-nji surat.
basketbolcynyn gozleri poldan 2 metr beyiklik

derejesinde, munda sebetjigin halkasy poldan

3 metr beyiklikde (75-nji surat). Onun gozlerinden sebetjigin halkasynyn
merkezine garama burgy nahili?



73-nji surat.

3. Markseyder (kénleri planlasdyryjy we olardan dogry peydalanmak boyunca

hiindrmen) dagyn beyikligini 6l¢emek maksadynda aralaryndaky aralyk 900
metr bolan iki nokatdan yokary galys bur-
claryny 6lgedi (76-njy surat). Netijede birinji
burg 47° we ikinji 35° ekenligi anyklandy.
Eger-de teodolitin (burgy 6lgeyji abzal)
beyikligi 2 metr bolsa, dagyn beyikligini
tapyn.

4. Woleybol oynunda yokary galys burcy 6

we baglangyc tezligi v m/s bilen zyiilan top

d= #sinZ(O) formula esasan d gorizontal 76 njy urat.

aralyg’a ucup baryar. Eger-de 8 = 60° we tiz-
lik 12 m/s bolsa, d-ni tapyi (77-nji surat).

77 nji urat.
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2 Taryhy meseleler

Abu Reyhan Birunynyn meseleleri

1. Guyy silindr seklinde bolup, onun diiybi guyynyn
agzyndaky A nokatdan o bur¢ astynda, guyynyn
diwarynyn dowamyndaky B nokatdan 3 bur¢ astynda
goriinyér (78-nji surat). Eger AB = a bolsa, guyynyn
cunillugyny tapyii:

Berlen:
«CAD=a, « ABD =3, AB=a.

Tapmaly: AC=7?
2. Minara yerddki 4 nokatdan a burg¢ astynda, B nokatdan
bolsa B bur¢ astynda goriinyér (79-njy surat). AB=a
bolsa, minaranyn beyikligini tapyni. 78-nji surat.
Berlen:
«CAD=a, « ABD =, AB=a.
Tapmaly: CD =7?
Giyasiddin Jemsit al-Kosynyn meselesi
3. Islendik a burg ii¢in

o O f1+sinoc
45 —I_;] - ) 79-njy surat.

bolyandygyny subut edin.
Meshur matematik Abulwepa Muhammet al-Buzjanynyn (940-998) meselesi

sin

4. Islendik o we B tigin

sin(aa — ) = \/sinzoc —sin”asin’p — \/sinzﬁ —sin’asin®B

bolyandygyny subut edin.
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Taryhy maglumatlar

Matematikanyn, hususan-da, trigonome-
triyanyn 6smegine beyik alymlar Muhammet al-
Horezmi, Ahmet Fergany, Abu Reyhan Biruny,
Miirze Ulugbek, Ali Gusey, Giyasiddin Jemsit
al-Kosy uly gosant gosupdyrlar. Yyldyzlaryn
asman sferasyndaky koordinatalaryny any-
klamak, planetalaryil hereketlerini synlamak,
Ayyn we Giintini tutulmagyny o6niinden aydyp
bermek we basga ylmy, amaly &hmiyete eye
meselelerin takyk hasaplary, bu hasaplara es-
aslandyrylan jedwelleri diizmegi talap edyardi.
Ynha seyle astronomik (trigonometrik) jedwell- Miirze Ulugbek
er Glindogarda ,,Zij“ler diylip atlandyrylypdyr. (1394-1449)

Muhammet al-Horezmi, Abu Reyhan Biru-
ny, Miirze Ulugbek yaly alymlarymyzyfi matematiki eserleri bilen
birlikde ,,Zij“leri hem meghur bolan, olar latyn we bagsga dillere ter-
jime edilip, Yewropada matematikanyn, astronomiyanyn dsmegine
saldamly tésir edipdir.

Birunynyn ,,Kanuny Ma’sudiy* eserinde sinuslar jedweli 15 minut
aralyk bilen, tangensler jedweli 1” aralyk bilen 105-¢ ¢enli takyklykda
berlen. Has takyk ,,Zij“lerden biri Miirze Ulugbekin ,,Zij“i — ,,Ziji
Koragany“dyr. Munda sinuslar jedweli 1 minut aralyk bilen, tan-
gensler jedweli 0°-dan 45°-a ¢enli 1 minut aralyk bilen, 46°-dan 90°-a
cenli bolsa 5 minut aralyk bilen 107'°-a ¢enli takyklykda berlen.

Giyasiddin Jemsit al-Kosy ,,Horda we sinus barada risala™ eserinde
sin1°-y oturdan sofi 17 6yjiik takyklykda hasaplayar:

sinl® = 0,017452406437283512...
Toweregin uzynlygy ona i¢inden we dagyndan ¢yzylan dogry 3-2”
— kopburgluklaryil perimetrlerinifi orta arifmetigine den diyip, »n =
28 bolanda Jemsit al-Kosy ,,Towerek barada risala® eserinde 2 iigin
asakdaky netijdni alypdyr:
2m = 6,2831853071795865...
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IVBAP SAN YZYGIDERLIGI.
PROGRESSIYALAR
v
d
d
d
d a,
a, |a, s

28-8§. SAN YZYGIDERLIGI

Giindelik amalyyetde diirli zatlaryn yerlesis tertibini gorkezmek ticin olary
nomerlemekden peydalanylyar. Meselem, her bir kogede yerlesen dyler no-
merlenydr. Kitaphanada kitap okyjylarynynt abonementleri nomerlenyér we
olary berlen nomerler tertibinde yorite kartotekalara yerlesdirilyar.

Bankda amanatgynyn hasap belgisi nomeri boyunga ondaky serisdanii
mukdaryny gdrmegi miimkin. Diyelifi, Nel hasap belgisinde @, som, Ne2 hasap
belgisinde a, som we baggalar bolsun. Netijede

a, dy, A,..., 4,

san yzygiderligini alarys, bu yerde N—&hli hasap belgilerinii sany. Munda 1-
den N-e genli bolan her bir natural n sanyna a, sany layyk goylan.
Matematikada tiikeniksiz san yzygiderligi 6wrenilyar:

A, Ay Ay A

a, — san yzygiderliginifi birinji agzasy, a, — yzygiderligini ikinji agzasy, a, —
yzygiderligin li¢iinji agzasy diyilydr we basgalar. a — sany yzygiderliginiil n-
(eninji) agzasy diylip, natural » sany bolsa onufni nomeri diylip atlandyrylyar.
Meselem, natural sanlar kwadratlaridan ybarat 1, 4, 9, 16, 25, ..., n?
(n+1), ... san yzygiderligi ti¢in a =1 yzygiderligii birinji agzasy; a =n’
yzygiderligii n- agzasy; a . =(n +1)* yzygiderligif (n + 1)- agzasy.
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San yzygiderligi koplen¢ umumy »-nji agzasynyn formulasynyn
1
komeginde berilyir. Meselem, a, = - (n=1, 2, 3, ...) formulanyn komeginde

l’ 3

1 1 . ..
s goees 5o SAN yzygiderligi berlen.

| —
W —

1-nji mesele. San yzygiderligi a =n(n—2) formulanyfi kdmeginde berlen.
Onun yliziinji agzasyny hasaplail.

A a,,,=100-(100-2)=9800. A

2-nji mesele. San yzygiderligi a =2n + 3 formulanyii komeginde ber-
len. 1) Yzygiderligii 43-e dent bolan agzasynyi nomerini anyklan; 2) 50 sany
yzygiderligiil agzasy bolyandygyny ya-da bolmayandygyny anyklan.

Al) Serte gord 2n + 3=43, mundan »n = 20.

2) Eger-de 50 sany yzygiderligin n- nomerli agzasy bolsa, onda 2n + 3=50,
mundan »=23,5. Emele gelen n-iii bahasy natural san bolmanlygy {i¢in, ol
yzygiderligin agzasynyi nomeri bolup bilmeyir. Su sebépli, 50 sany yzygider-
ligin agzasy dal.

Kite yzygiderlik seyle formula arkaly berilydr, yagny munda onun kébir
nomerden baslap islendik agzasyny ondan oiki bir ya-da birndge agzalarynyn
komeginde hasaplamak miimkin bolyar. Yzygiderligin seyle berilmek usulyna
rekurrent (latynga recuro— gaytmak) usuly diyilyér.

3-nji mesele. San yzygiderligi b ,=b  + b, rekurrent formulanyfi we
b, =1, b,=3 sertlerifi komeginde berlen. Bu yzygiderligiii bésinji agzasyny
hasaplan.

Ab=b+b=3+1=4.

b,=b,+b,=4+3=7.
b=b,+b,=T+4=11.

Jogaby: b =11. A
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349.

350.

351.

352.

353.

354.

35sS.

356.

152

Goniikmeler

Natural sanlaryn kwadratlaryndan ybarat 1, 4, 9, 16, 25, ..., n?, (nt1)?%,
... san yzygiderligi berlen.

1) Yzygiderligin ticiinji, altynjy, n-agzalaryny aydyn.

2) Yzygiderligin 4, 25, n*, (n+1)? -4 deil bolan agzalarynyn nomerlerini
gorkezil.

n-nji agzasynyi formulasy bilen berlen yzygiderligin birinji ti¢c agzasyny
hasaplan:

1)a =2n+3; 2)a =2+ 3n; 3)a =100 — 10n%
4) an=”;2; 5) a, =L, 6)a =—r.

n

(Yatdan). San yzygiderligi x = n* formula bilen berlen. Yzygiderligiii

100; 144; 225-¢ den bolan agzalarynyil nomeri néhili? 48, 49, 169 san-
lary su yzygiderligii agzalary bolarmy?

Yzygiderlik a = n* — 2n — 6 formula bilen berlen.

1) -3; 2)2; 3)3; 4)9
sanlary yzygiderligin agzalary bolarmy?
)a  =3a +1, 2)a =5-2a,

rekurrent formula we a, = 2 sert bilen berlen yzygiderligifi ilkinji dort
agzasyny tapyn.

San yzygiderliginiii n-nji agzasynyi formulasy a = (n— 1) (n + 4) bilen
berlen. Eger-de

1) a = 150; 2) a =104 bolsa, n-i tapyi.

a. = \/Z rekurrent formula we a, = 256 sert bilen berlen yzygiderligiii
birinji dort agzasyny hasaplan.
a =1 sert we

2
an .
1)a,.,= a3, Da,, =3

rekurrent formula bilen berlen yzygiderligin ilkinji alty agzasyny yazyn.



357. Sanyzygiderligia = a’ —a  rekurrent formula we a, =2, a,=3, sert
bilen berlen. Yzygiderligin bésinji agzasyny hasaplan.

358. n-nji agzasynyn formulasy bilen berlen san yzygiderliginin, (n + 1)-,
(n + 2)-nji we (n + 5)-nji agzalaryny yazyi:

n+2
1
1) a,=-5n+4; |2) a = 2(n-10); | 3)a=23"", |4) an=7,[5] .

29- 8. ARIFMETIK PROGRESSIYA

Asakdaky meseld garalyn.

Mesele. Okuwcy synagdan ge¢mek licin tayyarlanyp, her giin 5 sanydan
synag meselelerini ¢6zmegi planlasdyrdy. Her bir giin ¢6ziilmeli bolan synag
meselelerinin sany ndhili Giytgeyér?

Planlasdyrylan meseleler sany her bir giine gelip asakdaky yaly tiytgép
baryar:

1-nji giin 2-nji giin 3-nji giin 4-nji glin...
5 sany 10 sany 15 sany 20 sany ...
Netijede asakdaky yzygiderligi alarys:

5, 10, 15, 20, 25, ...

a arkaly n-nji giine gelip ¢oziilmeli bolan &hli meseleler sanyny kesgitla-
lin. Meselem:
a =5, a,=10, a,=15, ...
Alnan

a, a, a, ..d

1 72 T n "

sanlara san yzygiderligi diyilyar.

Bu yzygiderlikde ikinjiden baslap onun her bir agzasy o6nki agza sol
birmeiizes 5 sanyny gosulanyna den. Seyle yzygiderlige arifmetik progressiya
diyilyar.
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Kesgitleme. Egera, a,, ..., a, ... san yzygiderliginde ihli natu-
0 ral n-ler iicin
a. =a +d

(bu yerde d — kibir san) deiilik yerine yetirilse, seyle yzygiderlik arif-

------

Bu formuladan a , — a = d bolyandygy gelip ¢ykyar. d sana arifmetik
progressiyanyn tapawudy diyilyéar. Meselem,

1) Sanlaryn 1, 2, 3, 4 ..., n, ... natural hatary arifmetik progressiyany
diizydr. Bu progressiyanyn tapawudy d=1.

2) Bitin otrisatel sanlaryn —1, -2, -3, ..., —n, ... yzygiderligi tapawudy
d = —1 bolan arifmetik progressiyadyr.

3) 3, 3,3, .., 3, .. yzygiderligiii tapawudy d = 0 bolan arifmetik prog-
ressiyadan ybarat.

1-nji mesele. a = 1,5 + 3n formula bilen berlen yzygiderlik arifmetik pro-
gressiya bolyandygyny subut edin.

A a . —a tapawut &hli z iigin sol birmenzesdigini (n-¢ bagly dél) gorkez-
mek talap edilyir.

Berlen yzygiderligini (n + 1)-nji agzasyny yazyarys:

a. =15+3n+1).
Sonun ii¢in
a. . —a=15+3mn+1)-(1,5+3n)=23.

Diymek, a . — a, tapawut n-e bagly dal. A

Arifmetik progressiyanyn kesgitlemesine gord a , =a +d, a
mundan

=a —d,
n

1

a, ta
a, = n-1 n+1,n>1_

0 Seylelikde, arifmetik progressiyanyn ikinji agzasyndan baslap
her bir agzasy ona gonisy bolan iki agzanyn orta arifmetigine der.
»Arifmetik* progressiya diyen at sunuin bilen diisiindirilyir.

Eger a, we d berlen bolsa, onda arifmetik progressiyanyfi galan agzalaryny
a_. =a +d formula boyunca hasaplamak miimkindigini nygtayarys. Seyle
usul bilen progressiyanyi birndge ilkinji agzasyny hasaplamak kyngylyk doret-
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meydr; yone, meselem, a,  licin engeme hasaplamalar talap edilydr. Adatda,

100
munuf ii¢in #-nji agzanyn formulasyndan peydalanylyar.
Arifmetik progressiyanyn kesgitlemesine goré

a,=a, t+d,
a,=a,td=a +2d,
a,=a,+d=a +3dwehk.

Umuman,

0 a =a, +(n-1)d, 1)

clinki arifmetik progressiyanyn z-nji agzasy onui birinji agzasyna d sanyny
(n — 1) gezek gosmak netijesinde alynyar.

(1) formula arifmetik progressiyanyn n-nji agzasynyn formulasy diyilyar.

2 -nji mesele. Eger a, = — 6 we d = 4 bolsa, arifmetik progressiyanyn
yiizlinji agzasyny tapyn.

A (1) formula boyunca: a,,,=— 6 + (100 — 1)-4 = 390. A

3 -nji mesele. 99 sany 3, 5, 7, 9, ... arifmetik progressiyanyi agzasy. Su
agzanyn nomerini tapyn.

Aydaly, n - gbzlenydn nomer bolsun. a, =3 we d = 2 bolany iigin a =

a, + (n—1)d formula gord: 99 =3 + (n — 1) 2. Sonuil ligin 99= 3 + 2n — 2; 98
=2n, n =49.

Jogaby: n =49. A

4 -nji mesele. Arifimetik progressiyada a,= 130 we a,, = 166. n-nji agzasynyfi
formulasyny tapyn.

A (1) formuladan peydalanyp, tapyarys:

a,=a+7d, a,=a+11d.

a,we a,, -lerifi berlen bahalaryny goyup, a, we d-ge goréd deilemeler
sistemasyny alarys:
a, +7d =130,
a, +11d =166.
Ikinji defllemeden birinji defileméni ayryp, alarys:
4d =36,d=09.
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Diymek, a, =130 —7d =130 - 63 = 67.
Progressiyanyi n-nji agzasynyn formulasyny yazyarys:
a=67+9n-1)=67+9n-9=>58+9n.

Jogaby: a =9n + 58. A

5-nji mesele. Burcun bir tarapynda onun depesinden baslap den kesimler
boliinydr. Olaryni ahyrlaryndan parallel goni ¢yzyklar gecirilydr (80-nji surat).
Su goni ¢yzyklaryfi burg taraplarynyn arasyndaky a,, a,, a,, ... kesimlerinin
uzynlyklary arifmetik progressiyany diizyéndigini subut edin.

A Esaslary a_ we a_ bolan trapesiyada
onuil orta ¢yzygy a -¢ defi. Sonui ligin

a. = Ay tapi .
n 2
Mundan 2a =a_ +a  ya-da
n n—1 n-1
a —ad —4d—da ..
n—1 n n n-1

Yzygiderligiti her bir agzasy bilen ondan
onki agzasynyn tapawudy sol birmenzes san
bolany iicin bu yzygiderlik arifmetik progressiya bolyar. A

80 nji urat.

Goniikmeler
359. (Yatdan.) Arifmetik progressiyanyii birinji agzasyny we tapawudyny
aydyn:
1)e, 8, 10, ..; 2)7, 9, 11, ..
3)25, 21, 17, .. 4)-12,-9, -6, ....
360. Eger:

1)a =2 wed=5; 2)a,=-3 wed=2;, 3)a =4 wed=-1 bolsa, arif-
metik progressiyanyn ilkinji bds agzasyny yazyn.
361. n-nji agzasynyn formulasy bilen berlen asakdaky yzygiderligin arifmetik
progressiya bolyandygyny subut ediii:
1)a =3-4n, 2)a =-5+2n; 3)a, =3(n+1),
4)a =23-n), 5)a, =3-5n, 6) a =7+ 3n.
362. Arifmetik progressiyada:
1) egera =2, d=3bolsa, a,-itapyn;
2) egera, =3, d=4bolsa, a, -ni tapyn;
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3) egera, =-3, d=-2bolsa, a, i tapyn;
4) egera, = -2, d=-4bolsa, a-itapyn.

363. Arifmetik progressiyanyn n-nji agzasynyn formulasyny yazyn:
1, 6, 11, 16, ..; 2)25, 21, 17,13, ..;
3) -4, -6,-8, -10, ..; 41, -4, -9,-14, ...
364. -22 sany 44, 38, 32, ... arifmetik progressiyanyn agzasy. Su sanyii
nomerini tapyn.
365. 12 sany —18, —15, -12, ... arifmetik progressiyanyi agzasy bolarmy?
366. —59 sany 1, -5 ... arifmetik progressiyanyfi agzasy. Onuil nomerini
tapyn. —46 sany su progressiyanyn agzasy bolarmy?
367. Eger arifmetik progressiyada:
a =7a,=67, 2)a,=-4,a,=0; 3)a,=8, a, ,=64bolsa,
onunl tapawudyny tapyi.
368. Arifmetik progressiyanyn tapawudy 1,5-e den. Eger:
)a,=12; 2)a,=-4;, 3)a,=32,5 bolsa, a, nitapyn.
369. Eger arifmetik progressiyada:
1)d=-3, a, =20; 2)a, =-10, a,=-5,5;
3)a,=-1, a,= 17 bolsa, onufi birinji agzasyny tapy.
370. Eger arifmetik progressiyada:
1)a, =13, a,=22; 2)a,=-7, a,=18;
3)a,= 11, a, =29 bolsa, onuii n-nji agzasynyii formulasyny tapy.
371. n-in ndhili bahalarynda 15, 13, 11, ... arifmetik progressiyanyn agzalary
otrisatel bolyar?
372. Arifmetik progressiyada a, =10, d = 0,5 bolsa, n-iit ndhili bahalarynda

373.

a <2 densizlik yerine yetirilyar?

Eger arifmetik progressiyada:

1) a, =126, a,, = 146; 2) a, =64, a,=-50;
3)a,=-7, a,=3; 4)a,=0,35, a,=-2,5
bolsa, onun dokuzynjy agzasyny we tapawudyny tapyn.
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30-§. ARIFMETIK PROGRESSI)’(ANYN ILKINJI
N SANY AGZASYNYN JEMI

1-nji mesele. 1-den 100-e ¢enli bolan @hli natural sanlaryni jemini tapyi.
/\ Bu jemi iki usul bilen yazyarys:
S=1+2+3+...+99+ 100,
S=100+99+98+..+2+1.
Bu denlikleri agzama-agza gosyarys:

28 =101+101+101+...+101+101
100 sany qosulyjy

Sonun tigin 25 = 101-100, mundan § =101 - 50 = 5050. A
Indi islendik

a,a,..,a
arifmetik progressiya garayarys. S — su progressiya ilkinji n sany
agzasynyn jemi bolsun:

S =a +ta +..ta  +a.
n 1 2 n-1 n

£

0 Teorema. Arifmetik progressiyanyi ilkinji » sany agzasynyn
jemi asakdaka den:
5, =4, (1)
O S ni iki usul bilen yazyp alyarys:
S =ata+..ta +a,
§=a+a +. ta ta,.
Arifmetik progressiyanyn kesgitlemesine gord, bu deilikleri asakdaky yaly
yazmak miimkin:
S =a +(a+d)+(a +2d)+..+(a +(n-1)d), (2)
S =a +(a —-d+(a —-2d)+..+(a —(n-1)d). 3)
(2) we (3) derilikleri agzama-agza gosyarys:
28, =(aqy ta,)+(aqy +a,)*..+(a *a,)
n sany 100 qosulyjy
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Diymek, 2S = (a, + a )n, mundan S, = ! ;a" n. @

2-nji mesele. Ilkinji » sany natural sanyn jemini tapyn.
/\ Natural sanlaryn
1, 2, 3,4,5,6, ..., n ..

yzygiderligi tapawudy d = 1 bolan arifmetik progressiyadyr. a, =1 we a, = n
bolany ti¢in (1) formula boyunga tapyarys:

Sp=1+2+3+..+n=L0.n.
Seylelikde,

1+2+3+.+n="0"D A

3-nji mesele. Eger 38 + 35 + 32 + ... + (-7) jemin gosulyjylary arifmetik
progressiyanyn yzygider agzalary bolsa, su jemi tapyn.

A Serte gord, a =38, d=-3, a =-7.Indi a =a, +(n—1)d formulany
ulanyp, —7=38+(n—1)(-3)-1 alarys, mundan n=16.

S, = & ;a” n formula boyunca tapyarys:

Sie=225"16=243. A

4-nji mesele. Jem 153-¢ dent bolmagy iicin 1-den baslap néd¢e yzygider
natural sanlary gosmaly?

A Sanlaryn natural hatary — tapawudy d = 1 bolan arifmetik progressiya.
Serte gord a, = 1, § = 153. Ilkinji n sany agzanyil jeminiii formulasyny
asakdaky yaly tiytgedyaris:

_ a, tay o a;+ay+(n-1)d o 2a;+(n-1)d )
Sn=—3 2 " )
Berlenlerden peydalanyp, ndmélim n-e gord denileme alarys:
153 = w N,

mundan
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306=2n+ (n—1)n, n*+n-306=0.
Bu denlemini ¢6ziip, tapyarys:

, = —-1-+1+1224 _ -1-35
2

. 5

n=-18n,=17.
Gosulyjylaryn sanynyn otrisatel bolmagy miimkin dil, sonun {i¢cin
17. A

n =
Goniikmeler
374. Eger arifmetik progressiyada:
1)a=1, a =20, n=50, 3)a,=-1, a =-40, n=20;
2)a,=1, a =200, n=100; 4)a =2, a =100, n=50
bolsa, onui ilkinji #» sany agzasynyi jemini tapyi.
375. 2-den 98-e cenli bolan &hli natural sanlaryn jemini tapyn (98 hem jeme
girydr).
376. 1-den 133-e ¢enli bolan &hli tdk sanlaryn jemini tapyn (133 hem jeme
girydr).
377. Eger arifmetik progressiyada:
1)a,=-5, d=0,5; 2) q =%, d=-3;  3)a,=36, d=-2.5
bolsa, onui ilkinji on iki agzasynyn jemini tapyi.
378. 1)egern=11bolsa, 9; 13; 17;...;
2) eger n =12 bolsa, -16; —10; —4; ...
arifmetik progressiyanyi ilkinji » sany agzasynyn jemini tapyi.
379. Eger:
HN3+6+9+...+273; 2)90+80+ 70+ ... +(-60)
jemin gosulyjylary arifmetik progressiyanyn yzygider agzalary bolsa, su
jemi tapyn.
380. Ahli ikibelgili, #hli iicbelgili sanlaryii jemini tapyi.
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381.

382.

383.

384.

38s.

386.

387.

388.

Arifmetik progressiya n-nji agzasynyi formulasy bilen berlen. Eger:
1)a =3n+35, 2)a =7+ 2n bolsa, S -ni tapyii.

Jem 75-e den bolmagy {i¢in 3-den baslap nédge yzygider natural sany
gosmaly?

Eger arifmetik progressiyada:

Da,=10,n=14,5,=1050;  2)a =21, n=10, 5,=903

bolsa, a  we d-ni tapyn.

Eger arifmetik progressiyada:

1)a,=21, §=205;12)a,=92, §,=22;]3) a,,=65, S,,=350 bolsa,
a, we d-ni tapyn.

Gurlusykbap piirsleri saklanda olary 81-nji suratda gorkezilisi yaly re-

jeleyérler. Eger rejiniil esasynda 12 sany piirs duran bolsa, bir rejede
nége piirs bolar?

81-nji surat.

Arifmetik progressiyada a, + a, = 8. §, -1 tapyil.
Eger arifmetik progressiyada S,=65 we S, = 230 bolsa, onu birinji
agzasyny we tapawudyny tapyn.

Arifmetik progressiya ligin S, = 3(S, — §,) denligifi yerine yetirilydn-
digini subut edin.
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31-§. GEOMETRIK PROGRESSIYA

Tarapy 4 cm bolan den taraply dogry tighurgluga garayarys. Depeleri ber-
len tigbur¢lugyn taraplarynyn ortalaryndan ybarat bolan tigbur¢luk guryarys
(82-nji surat). Ugcburclugyii orta ¢yzygynyt hisiyetine gori ikinji tigbur¢lugy
tarapy 2 cm-e defl. Suia mefizes gurmagy dowam etdirip, taraplary 1, %, %

cm we basgalar bolan iigburgluklary alarys. Su

ticburgluklaryn taraplarynyn uzynlyklarynyn yzy-

giderligini yazyarys:
f 4, 2,1, L 1 1
2 L og g
Bu yzygiderlikde, ikinjiden baslap, onuil her bir
agzasy Onki agzany sol birmerizes % sana kopel-
82-nji surat. dilenine den. Seyle yzygiderliklere geometrik

progressiyalar diyilyar.

0 Kesgitleme. Eger
bND, b ..., b, ..

san yzygiderliginde @hli natural n iigcin

bn+l - bnq
derilik yerine yetirilse, seyle yzygiderlige geometrik progressiya
diyilydr, bu yerde b _# 0, q — nola deri bolmadyk kdibir san.

n+l _

b,
progressiyanyn maydalawjysy diyilyér.

Bu formuladan q bolyandygy gelip ¢ykyar. ¢ sana geometrik

Mysallar.
1) 2,8, 32, 128, ... — maydalawjysy ¢ = 4 bolan geometrik progressiya;
2) 1, %, %, % , ... — maydalawjysy ¢ :% bolan geometrik progressiya;
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3) - 12 , 1,-12, 144, ... — maydalawjysy g = —12 bolan geometrik progressiya;

47, 7, 7, 7, ...—maydalawjysy ¢ = 1 bolan geometrik progressiya.

1-nji mesele. b, = 7*" formula bilen berlen yzygiderligiii geometrik pro-
gressiya bolyandygyny subut edin.

n

A\ Anli n-lerde b = 7" # 0 bolyandygyny nygtap geg¢yiris. L pay ihli

n-ler ligin n-e bagly bolmadyk sol birmenzes sana deiligini subut etmek talap
edilydr. Hakykatdan hem,

b}’l+1 _ 72(}1"‘1) 72n+2

™ —a T 49,
yagny "” pay n-¢ bagly dil. A
Geometrlk progressiyanyn kesgitlemesine gora
_ b

bn+1_bnq9 bn— 2 7’7 5
mundan

b, =b, b, n>1.
0 Eger progressiyanyn dhli agzalary polozitel bolsa, onda

b, = b, b,,, bolyar, yagny geometrik progressiyanyi ikin-
jiden baslap her bir agzasy ona gonisy bolan iki agzanyn orta
geometrigine den.,,Geometrik“ progressiya diyen at sunuii bilen
diisiindirilyér.

Eger b, we g berlen bolsa, onda geometrik progressiyanyn galan agzalaryny
b,., = b,q rekurrent formula boyunca hasaplamak miimkinligini nygtayarys.
Yone, n uly bolanda bu kop ziahmet talap edyér. Adatda n-nji agzanyn formu-
lasyndan peydalanylyar.
Geometrik progressiyanyn kesgitlemesine gord
b2 = blq,
b,=b.,q=bq wesm.
Umuman,
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D b,= b, (1)

clinki geometrik progressiyanyn x-nji agzasy onuil birinji agzasyny ¢ sana (n—
1) gezek kopeltmek bilen alynyar.
(1) formula geometrik progressiyanyn n-nji agzasynyn formulasy diyilyar.

2-nji mesele. Eger b, = 81 we g = —1 bolsa, geometrik progressiyanyi
yedinji agzasyny tapyn.

A (1) formula goré:

7-1_81_1
=81-(}) -5=4 A

3-nji mesele. 486 sany 2, 6, 18, ... geometrik progressiyanyi agzasy. Su
agzanyn nomerini tapyn.

A Aydaly, n — gdzlenydn nomer bolsun. b, = 2, ¢ = 3 bolany ii¢in b =
b ,q"" formula gori:

486 =2 - 31 243 =31 35 =31,

mundan n—1=5, n=6. A

4-nji mesele. Geometrik progressiyada b, =96 we b, ,=384. n-
nji agzasynyil formulasyny tapyil.

A b =bg"" formula gord: b,=b q°>, b,=bq’.b, we b-ifi berlen ba-
halaryny goyup, alarys: 96=5b,q°, 384=5b,q’. Bu deiiliklerden ikinjini birinji-
sine bolydris:

384 _ha’
% b
mundan 4=¢* ya-da ¢*=4. Ahyrky denlikden ¢=2 ya-da ¢ = -2 bolyandygyny

tapyarys.

Progressiyanyi birinji agzasyny tapmak {i¢in 96 = b ¢° defilikden peyda-
lanyarys:

1) ¢ =2 bolsun. Onda 96 = b - 2°, 96=b,- 32, b,=3.

Diymek, b, = 3 we g = 2 bolanda n-nji agzanyii formulasy

b =3-2""

bolyar.
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2) g=-2 bolsun. Onda 96=0 (-2)°, 96 = b (-32), b=-3.
Diymek, b, =-3 we g =-2 bolanda, n-nji agzanyi formulasy
b =-3-(=2)"

bolyar.

Jogaby: b =3-2""ya-da b =-3-(-2)"". A

5-nji mesele. Kwadrat toweregin i¢inden ¢yzylan, onun iginden bolsa ikin-
ji towerek ¢yzylan. Ikinji toweregin i¢inden ikinji kwadrat ¢yzylan, onui igi-
nden bolsa ti¢linji towerek ¢yzylan we basgalar
(83-nji surat). Towereklerini radiuslarynyn geo-
metrik progressiyany diizyéndigini subut edin.

A n-njitoweregin radiusy r bolsun. Onda
Pifagoryn teoremasyna gora

2 2 _ 2
T+l +rn+1 =T
mundan
2 _ 1,2 ¢ _ 1
rn+l_§rn , yagny rn+l_\/§rn'
Diymek, towereklerini radiuslarynyn yzy-

1 .
— bolan geometrik 83-nji surat.
NG & /

giderligi maydalawjysy
progressiyany diizyér. A
Géniikmeler

389. (Yatdan.) Su geometrik progressiyanyii birinji agzasy we maydalawjysy

nidmi den:
1)8, 16, 32, ...; 2)-10, 20, 40, ... ;
3)4, 2, 1, ...; 4)-50, 10, -2, ...?

390. Eger geometrik progressiyada:
)b =12, q=2; 2)b =-3, q=-4;, 3)b =16, g=-2
bolsa, onun ilkinji bds agzasyny yazyi.

391. n-nji agzasynyn formulasy bilen berlen asakdaky yzygiderliginn geomet-
rik progressiya bolyandygyny subut edin:

Db,=3-25 2b,=5% b, -y Hb =
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392.

393.

394.

39s.

Geometrik progressiyada:

1) b, =3 we g =10 bolsa, b,-1;

2) b, =4 we q:% bolsa, b, -ni;
3)b,=1weq=-2bolsa, b, -i,

4) b, =-3weq :—% bolsa, b -ny hasaplan.

Geometrik progressiyanyil #-nji agzasynyn formulasyny yazyn:
1)4, 12, 36, ..; 2)3, 1, %, o 3) 4, -1, %, ol
4) 3, -4, %, ) 5)16,8,4,2, ...; 6)-9, 3, -1, %,
Geometrik progressiyada asagy ¢yzylan agzanyn nomerini tapyi:
1)6,12,24,...,192, ..; 2)4,12,36, ...,324, ...

3) 625, 125, 25, ..., 2%; 4)-1,2,-4,..,128, ....

Eger geometrik progressiyada:

1)b, =2, b,=162; 3) b, =128, b =-2;
2)b =3, b,=8l; 4) b, =250, b, =2
bolsa, onun maydalawjysyny tapyn.

396.

397.

398.

399.

166

2,6, 18, ... geometrik progressiya berlen.

1) su progressiyanyn sekizinji agzasyny hasaplan;

2) yzygiderligin 162-4 deni agzasynyil nomerini tapyi.

Eger polozitel agzaly geometrik progressiyada:

) by=g, b=81; 2)b=9, b=3; 3)b=3, h -1

bolsa, onun yedinji agzasyny we maydalawjysyny tapyn.

Eger geometrik progressiyada:

1)b,=9, b,=20;|2) b,=9, b,=4;|3)b, =320, b, =204,8 bolsa,
onufi bdsinji we birinji agzalaryny tapyn.

Amanatgy banka 2009-njy yylyn 4-nji yanwar giini 300 000 som
pul goydy. Eger bank yylyna amanadyn 30%-1 mukdarynda girdeji



berse, amanatgynynl puly 2012-nji yylyfi 4-nji yanwaryna baryp nége
bolar?

400. Tarapy 4 cm bolan kwadrat berlen. Onun taraplarynyn ortalary ikinji
kwadratyn depeleri bolyar. Ikinji kwadratyni taraplarynyn ortalary tigiinji
kwadratyn depeleri bolyar we baggalar. Su kwadratlaryil meydanlarynyn
yzygiderligi geometrik progressiyany diizyéndigini subut edifi. Yedinji
kwadratyn meydanyny tapyi.

|
32-§. GEOMETRIK PROGRESSIYANVYN ILKINJI
N SANY AGZASYNYN JEMI

1-nji mesele. Su jemi tapyn:

S=1+3+32+33+34+ 3% (1)
A Deiiligin iki bolegini hem 3-e kopeldyéris:
3§ =3 +32+ 33+ 34+ 35+ 36, (2)

(1) we (2) deiilikleri seyle yazyp ¢ykyarys:
S=1+3+32+3+3*+ 3%;
3§=(3+32+3*+ 34+ 3% + 3°
Yaylaryf i¢inde duran afilatmalar birmefizes. Sonuii iicin asakdaky defilikden
yokardaky deiiligi ayryp, alarys:
3§-8=30-1, 2§=3°-1,

Indi maydalawjysy ¢ #1 bolan islendik b,, b g, ..., b,q", ... geometrik
progressiya garayarys. S — su progressiyanyi ilkinji n sany agzasynyi jemi
bolsun:

S=b+bgtbg+..+bg. (3)

0 T eorema.Maydalawjysy q # 1 bolan geometrik progressiyanyri
ilkinji n sany agzasynyn jemi asakdaka demn:

by (1-gn
Sy = M. )

OE) denligin iki bolegini hem ¢ -a kopeldyaris:
167



qS =bq+tbqg+bg+..+bgq" (5)
(3) we (5) denlikleri, olardaky birmenizes gosulyjylary dagydyp, yazyp
cykyarys:

S =b+(bgt+tbg+..+bqg""),

qgS =g+ bg+bg+..+bqg")+bg"
Yaylaryf i¢inde duran aiilatmalar defi. Sonuii ii¢in yokardaky deflikden
asakdakysyny ayryp, alarys:
S —qS =b-bygq"

Mundan

S(1-q)=b(1-¢q), s, =2 g @

Eger ¢ = 1 bolsa, onda
Sp=bth+.+tbh=hn, yagy S =bn.
n sany gosulyjy
2-nji mesele. 6, 2, %, ... geometrik progressiyanyn ilkinji bds agzasynyi
jemini tapyi.

. 4 1 , S
/\ Bu progressiyada b, =6, g = 3- (4) formula boyunga tapyarys:

6 - {1_&]? ] 6{1-2%3) 62423 a2 A

1 2 2-243 27
3

S5 X
3-nji mesele. Maydalawjysy ¢ =% bolan geometrik progressiyada ilkinji
alty agzanyn jemi 252-4 denl. Su progressiyanyn birinji agzasyny tapyi.
A (4) formuladan peydalanyp, alarys:

Ty
252:—126.

2
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Mundan 252 =25, (1 —4), 252 = b-63 b =128 A

1 —

6 32 °

4-nji mesele. Geometrik progressiya ilkinji » sany agzasynyn jemi —93-¢

denl. Bu progressiyanyi birinji agzasy —3-e, maydalawjysy bolsa 2-4 deil. n-i
tapyn.

A (4) formuladan peydalanyp, alarys:

Mundan =31 =1-27, 2"=32,25=2"n=5 A
5-nji mesele. 5, 15, 45, ..., 1215, ... — geometrik progressiya. 5 + 15 + 45 +
... T 1215 jemi tapyn.
Bu progressiyada b =5, ¢=3, b =1215. Ilkinji n sany agzanyi jeminifi
formulasyny seyle calsyryarys:

S = b(1-q™) _ b-bq"q _ b -b,q _ buq—by
n 1-¢ 1-¢ I-¢ q-1
Meseldnin sertinden peydalanyp, tapyarys:

_1215-3-5 _ 3645-5 _
S, = === > - 1820. A

Goniikmeler
401. Eger geometrik progressiyada:
Dbh=1.,9=2, n=6 2)b=-2, q=3,n=5;

3)b, =1, ==L, n=4 4)b,=-5 g=-2,n=5
bolsa, onun ilkinji » sany agzasynyii jemini tapyi.

402. Geometrik progressiyanyn ilkinji yedi agzasynyi jemini tapyn:
1)5,10,20,..; 2)2,6,18, ...; 3) %, %,1,2,

403. Eger geometrik progressiyada:
1) g =2, S =635 bolsa, b we b, ni tapy;
2) q=-2, S, =85 bolsa, b we b,-i tapyi.
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404.

405.

406.

Eger geometrik progressiyada:

1)S =189,b =3,9=2;

2)§ =635,b,=5,9=2;

3)S =170,b, =256, g=-1;

4)S§ =-99,b,=-9,9=-2

bolsa, onun agzalary sany n-i tapyn.

Eger geometrik progressiyada:

1)b, =7, ¢q=3, § =847 bolsa, nwe b -i,

2)b, =8, q=2, § =4088 bolsa, nwe b _-i;

3)b,=2, b =1458, S = 2186 bolsa, n we g-ny;

4)b, =1, b =2401, § =2801 bolsa, n we g-ny

tapyi.

Eger sanlaryil jeminiil gosulyjylary geometrik progressiyanyni yzygider
agzalary bolsa, su jemi tapyni:

H1+2+4+ ... +128; 2) 1 +3+9+ .. +243;
3)-1+2-4+ ... +128; 4)5—15+45— ... +405.

407.

408.

409.

410.

170

Eger geometrik progressiyada:

1) b,=15, b,=25; | 2)b,=14, b,=686, | 3)b,=15, b,=375,4>0
bolsa, b ,we S, -1 tapyn.

Geometrik progressiya n-nji agzasynyn formulasy bilen berlen:

1) b =3-2""bolsa, S, -i tapyt;

2) b, = _2.(1) bolsa, S.-ny tapyn.
2

Tozdestwony subut edin:

x-DE ' +x2+..+t1)=x"—1,

munda » dereje gorkezijisi we ol 1-den uly natural san.
Geometrik progressiyada:

1) b, =135, §, = 195 bolsa, b, we g-ny tapyn,

2) b, =12, 8, =372 bolsa, g we b,-i tapyn.



411. Geometrik progressiyada:
1) b, =1we b, + b, =90 bolsa, g-ny;
2) b, =3 we b, + b, = 60 bolsa, g-ny;
3)b,~b,=15we b, ~ b, =30bolsa, S -y;
4)b,—b, =24 we b, — b =624 bolsa, S-i tapyf.

1
33-§. TUKENIKSIZ KEMELYAN
GEOMETRIK PROGRESSIYA

84-nji suratda sekillendirilen kwadratlara garayarys. Birinji kwadratyn
tarapy 1-e den, ikinjininki % -e, Uglinjisinifki bolsa 57 - deil we basgalar.
Seylelikde, kwadratyn taraplary maydalawjysy % bolan asakdaky geometrik
progressiyany diizyar:
1%2%21_3% (1)
Bu kwadratlaryn meydanlary bolsa maydalawjysy % bolan su geometrik
progressiyany diizyar:
1 1 1 1
1’2’4_2’4_3""’F""' )
84-nji suratdan gorniisi yaly, kwadratlaryn taraplary we olaryii meydan-
lary » nomerii artmagy bilen barha kemelip, nola yakynlasyar. Sonui {i¢in
(1) we (2) progressiyalara tiikeniksiz kemel-
yan progressiyalar diyilydr. Bu progressiya-

gecyaris.
Indi asakdaky geometrik progressiya
garayarys:
111 !
1,—§,3—2 _3—3 ceey 371—] (3)

1
3
agzalary bolsa b = 1, b=-1 b3=%

= _L
by 27 we baggalar. 84-nji surat.
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n nomerin artmagy bilen bu progressiyanyin agzalary nola yakyn-
la§yar (3) progressiya hem tiikeniksiz kemelydn progressiya diyilyar

0 Maydalawjysynyn moduly birden Kici bolan geometrik prog-
ressiya tiikeniksiz kemelyin geometrik progressiya diyilyér.

1-nji mesele. n-nji agzasynyn p = Si" formulasy bilen berlen geometrik
progressiyanyi tiikeniksiz kemelyén bolyandygyny subut edin.

b .
ASerte gord b, = 3 p=3=3 mundan q=-2= q|<1 bolany {igin
1 3 2

1
52 25 1 G o

berlen geometrik progressiya tiikkeniksiz kemelyén bolyar. A
85-nji suratda tarapy 1 bolan kwadrat sekillendirilen. Onun yarysyny
strihleyéris. Soiira galan boleginini yarysyny strihleyéris we baggalar. Strihlenen
goniiburgluklarynt meydanlary asakdaky tiikeniksiz kemelydn geometrik pro-

gressiyany diizyar:
1 11 1 1

2748716732
Eger seyle yol bilen alnan dhli gonuburgluklary strihldp ¢yksak, onda
bitin kwadrat strih bilen ortiilydr. Hemme strihlenen goniiburcluklaryn
meydanlarynyn jemini 1-e den diyip hasaplamak tebigydyr, yagny:
I+d+lily Ly =g
4 8 16 32 :
Bu deiiligin ¢ep boleginde ¢iksiz sandaky gosulyjylaryil jemi dur. Ilkinji n
sany gosulyjynyn jemine garayarys:
—1.1.1 1
Su=g gty ety
Geometrik progressiya ilkinji » sany
agzasynyn jeminin formulasyna goré:

n
| I_GJ ]
s, Sy -1-4.

85-nji surat.
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Eger n titkenikksiz artsa, onda L nola islendikge barha yakynlasyar (nola

271

ymtylyar). seyle yagday asakdaky yaly yazylyar:

n—wdal -0
2

(okalysy: n ¢dksizlige ymtylanda 2% nola ymtylyar) ya-da

lim-L =0

n—o0 Q"
(okalysy: n ¢dksizlige ymtylanda 2%’ yzygiderligin limiti nola dei).
Umuman, kibir a yzygiderlik {icin n—o0 da a — a — 0 bolsa, onda a,
yzygiderlik a sana ymtylyar (a  yzygiderligit n—oo -ddki limiti a-ga dei)
diyilydr we bu 1i_1>n a, = a yaly yazylyar.
n 00
n—o bolanda ZL” — 0 bolany ii¢in n—o bolanda (1 - L“j — 1, yagny

2
0 iici l+l+l+i+i+ 17 1 - 0
n— bolanda § —1. Sonuii {i¢in statetigtar ceksiz jem 1-e deni

diyip hasaplanyar.
Indi islendik tiikeniksiz kemelydn geometrik progressiya garayarys:
b,bgq,bq,...bqg"", ..,
bu yerde |g| < 1.
||| Tiikeniksiz kemelyin geometrik progressiyanyii jemi diyip n —
bolanda onuri ilkinji n sany agzasynyri jemi ymtylyan sana aydylyar.

n

S, = bl(ll_qn) formuladan peydalanyarys. Ony seyle yazyarys:

S, = b gn )

Eger n ¢eksiz artsa, |¢| <1 bolany ii¢in ¢”—0. Sonun tigin lé_lq -q" hem
n— bolanda nola ymtylyar. (4) formulada birinji gosulyjy n-e bagly dil. Diy-
b

mek, n—o0 bolanda § jem 7 sana ymtylyar.
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Seylelikde, tiikeniksiz kemelydn geometrik progressiyanyn S
jemi asakdaka den:

s="b
l-g

Hususy halda, b, = 1 bolanda, § = IL -i alyarys. Bu deinlik
-4

C))

adatda su gorniisde yazylyar:

tg+g®+..+gt v =L,
l+g+qg +...+q" +.. -
Bu denlik we (5) denlik ditie |¢| < 1 bolanda yerlikli bolyandygyny nygtap
gegyaris.

2-nji mesele. L 1 1 _ 1
] 2° 67 18" 354

progressiyanyi jemini tapyn.

tikeniksiz kemelydn geometrik

N~

/A b= %,bz = —% bolany ii¢in g = S = % formula boyunga.

3-nji mesele. Eger b, = -1, ¢ =% olsa, tiikeniksiz kemelydn geometrik
progressiyanyi jemini tapyn.

3-1
/\ n=3 bolanda b,= b q"' formulany ulansak, —1 = p, [%j , —1=0b 4%
emele gelydr, mundan b, = —49.

(5) formula boyunga S jemi tapyarys:

S 1 576.A

1-=

7

4-nji mesele. (5) formuladan peydalanyp, a= 0,(15)=0,151515... ¢éksiz
onluk periodik droby ady drob seklinde yazyn.

/\ Berlen ciksiz drobunl yakynlasan bahalarynyn asakdaky yzygiderligini

diizyéris:

= = 15 N
a, =0,15 100
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a, =0,1515= 100 ' Tog?

=0,151515=1 415 4+ 15
100 1002 100°
Yakynlasan bahalary seyle yazmak berlen periodik droby tiikeniksiz
kemelydn geometrik progressiyanyn jemi seklinde yazmak miimkinligini gor-
kezyér:

a=14+ L 4 15 4

100 100  100°
(5) formula gora:

15

=10 -5 A
100
Goniikmeler

412. Su geometrik progressiyanyi tiilkeniksiz kemelydn bolyandygyny subut

edin:

111, _
1) 1,2 g 2) 3290370 3)-81,-27,-9,...;

_ R _ . 4 8 . 9 27
4)-16, -8, -4, ...; 5) 3, 2, '35 900 6) 8, 6,55 g 2o
413. Eger geometrik progressiyada:

1) b, =40, b,=-20; 2)b, =12, bn:%;
3) b,=-30, b,= 15, 4) b= -9, b9:_21_7

bolsa, ol tiikeniksiz kemelydn bolarmy? Sony anyklan.

414. Tiikeniksiz kemelyin geometrik progressiyanyil jemini tapymi:

1) 1,3 rgo 2) 6,1 ’6’ 5 3)-25,-5,-1, ..;

4) -7,—-1 ,—7,...; 5)128, 64, 2, ...; 6)-81, 27, -9, ....
415. Eger tiikkeniksiz kemelyin geometrik progressiyada:

D q=5.b=qg: 2) g=-1, b=9;

3) q= g,bs—%, 4) q=-3. b=—3

bolsa, onun jemini tapyi.
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416.

417.

418.

419.

420.

176

n-nji agzasynyi formulasy bilen berlen asakdaky yzygiderlik tiikkeniksiz
kemelyédn geometrik progressiya bolup bilermi?

n—1
Db =3-(2y;  2)b =34 3) b,,=—2-(—§) :

1 n-1 1 n-1
Db -5(-1] o 9b=2- 6k =81
Tiikeniksiz kemelyin geometrik progressiyanyn jemini tapyn:
1) 12,4,4 3. 2) 100, -10, 1 ... ; 3) 98, 28, 8§,

Eger tiikeniksiz kemelydn geometrik progressiyada:

Dg=t.6=2.  2)g=B 5 =9 3g=2 p-4

bolsa, onun jemini tapyn.

Tiikeniksiz kemelydn geometrik progressiyanyn jemi 150-e den. Eger:
1) ¢=1 bolsa, b -i; 2) b, =175; 3)b =15

bolsa, g-ny tapyn.

Gapyrgasy a bolan kubun iistiine gapyrgasy 5 2 bolan kub goydular, onuii

listline gapyrgasy o 4 bolan kub goydular, soiira onui {istiine gapyrgasy

§ bolan kub goydular we basgalar (86-njy surat). Emele gelen sekilin
beyikligini tapyi.

yuj

86-njy surat. 87-nji surat.



421.

422.

423.

424.

425.

426.

427.

428.

60°-ly burca bir-birine galtasyan towerekler yzygider i¢inden ¢yzylan
(87-nji surat). Birinji toweregifi radiusy R -e defi. Galan towereklerin R,
R, ..., R, ... radiuslaryny tapyfi we olar tiikeniksiz kemelyén geometrik
progressiyany diizydndigini gorkezif. R, + 2(R, + R, + ...+ R + ...) jem
birinji toweregiin merkezinden burcun depesine ¢enli bolan aralyga dei-
ligini subut edin.

Ciksiz periodik onluk droby ady drob seklinde yazyn:

1)0,5); 2)0,09); 3)0,12); 4)0,2(3); 5)0,25(18).

1V baba degisli goniikmeler
Arifmetik progressiyanyi tapawudyny tapyfi, onunl dordiinji we bésinji
agzalaryny yazyn:
1) 4, 41,4%, 2) 34,3, 2%,

3) 1, 1++/3, 14243, ... 4 J2,J2-3, 26, ...

n-nji agzasy a =—2(1-n) formula bilen berlen yzygiderlik arifmetik pro-
gressiya bolyandygyny subut ediii.
Eger arifmetik progressiyada:

_ _1 3 — 1 — 1 ..
1)a, =6,d= 5 bolsa, a,-i;  2) a; = —3§ ,d= -3 bolsa,  a, -ni

3)a,=4,8, d=1,2 bolsa, a, ihasaplas.

Eger arifmetik progressiyada:

a =-1, a,=1, 2)a, =3, a,=-3; 3)a,=-2, a,= 6 bolsa, onuni
ilkinji yigrimi agzasynyil jemini tapyn.

Eger arifmetik progressiyada:

1)a,=-2, a =-60, n=10; 2) a = %, a, =25
bolsa, onun ilkinji » sany agzasyny1 jemini tapyn.

, n=11

N|—

Eger:

1) 38 + (-33) + (-28) + ... + 12;

)17+ (=14) + (-11) + ... + 13

jemin gosulyjylary arifmetik progressiyanyn yzygider agzalary bolsa, su
jemi tapyi.
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429.

430.

431.

432.

433.

434.

Geometrik progressiyanyn maydalawjysyny tapyn hem-de onuil dor-
diinj1 we béisinji agzalaryny yazyn:

D3 1L pl-Ll oo 93,40,
4) 5, -5V2,10, ...; 5 16,4,1,.; 6)8, 4,2, ...
Geometrik progressiyanyn z-nji agzasynyn formulasyny yazyii:

1)-2, 4, -8, .. 2) —%, 1,=2,...; 3)=27, -9, 3....
Eger geometrik progressiyada:

)b, =2, g=2, n=6; 2) b = ,q 5, n=4;

3)b,=-8, q =%, n=35 bolsa, b -1 tapyn.
Eger geometrik progressiyada:
1)b—1,q——4 n=>=; 2)b, =2, q——f,n=10;

3)b,=10, g=1, n=06; b =5 q9g=-1,n=9
bolsa, onui ilkinji » sany agzasynyii jemini tapyi.
Geometrik progressiyanyn ilkinji » sany agzasynyil jemini tapyi:

1) 128, 64, 31, ..., n=6; 2) 162, 54, 18, ..., n=275;
) 2 ces I’ZZS, ) 3 1 1 ves n=4.
3’ 2 8 47273

Berlen geometrlk progressiya tiikeniksiz kemelyand1gini subut edin we
onui jemini tapyi:

T S P YOS T B I !
D-1,-1 Loy L1 37

43s.

436.

437.

438.

178

Eger arifmetik progressiyada a, = 2 we ag = 23 L bolsa, onuf tapa-
wudyny tapyi.
Eger arifmetik progressiyada:
1)a =5, a,=15; 2)a,=8, a,=2; 3)a,=18, a,=14
bolsa, onun ilkinji bds agzasyny yazyn.
—10 we 5 sanlary arasyna bir sany, netijede arifmetik progressiyanyn
yzygider li¢ agzasy emele geler yaly edip goyu.
Eger arifmetik progressiyada:
1)a, =28, a,,=38, 2)a,=-6, a,=6; 3)a, =10, a, =0
bolsa, onufi on dokuzynjy we birinji agzasyny tapyn.



OZUNIZI BARLAP GORUN!

1. Arifmetik progressiyada: 1) a, =2, d=-3; 2)a,=-7, d=2bolsa, a,
-y we ilkinji onta agzanyn jemini tapyn.

2. Geometrik progressiyada: 1) b, =4, ¢q Z%; 2) b ,q=3 bolsa, 4,
6

1

9
-ny we ilkinji alty agzanynl jemini tapyn.

3.1) 1,%,%,...; 2) 128, 32, 8..., yzygiderligiii tiikeniksiz kemelyin geo-
metrik progressiyadygyny subut edinn we onunl dhli agzalarynyn
jemini tapyn.

439. x-i1l ndhili bahalarynda:
1) 3x, XTH, 2x —1; 2) 3x%, 2, llx; 3) x%, 10x, 25
sanlar arifmetik progressiyanyn yzygider agzalary bolyar?
440. Asakdaky sanlar arifmetik progressiyanyn yzygider ii¢ agzasy bolyandy-
gyny gorkezin:
1) sin(a + B), sinacosP, sin(a — B);
2) cos(a + B), cosacosP, cos(a — P);
3) cos2a, cos’a, 1;  4)sin5a, sin3acos2o, sino.

441. Jem 252-4 den bolmagy iicin 5-den baslap nédge yzygider tidk natural
sany gosmaly?

442. Eger arifmetik progressiyada:
1)a =40, n=20, S, =-40; 2)a, = %, n=16, § = —10%;
3)a,=-4,n=11, § =231 bolsa, a we d-ni tapyi.

443. Geometrik progressiyada:
1) eger b, = 4 we g = —1 bolsa, b, -y hasaplan;
2)egerb =1weq= J3 bolsa, b_-ni hasaplaf.

444. Eger geometrik progressiyada:

)b,=1%, b =16 2)b,=-3, b, =-8l;
1
3)b,=4, b,=1; 4 b,=-%, by =—153

bolsa, onun bésinji agzasyny tapyn.
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445.

446.

447.

448.

449.

450.

451.

4 we 9 sanlary arasyna bir poloZitel sany, netijede geometrik progressiyanyti
yzygider {i¢ agzasy emele geler yaly edip goyun.

Eger yzygiderlik n-nji agzasynyii:
)b =57 2)b = (-4 3) b, =23 4) b, = -2

3n+3

formulasy bilen berlen bolsa, ol tiikeniksiz kemelyidn geometrik pro-
gressiya bolup bilermi?

Eger geometrik progressiyada:

1)b,=-81, §,=162; 2) b, =33, §,= 67,
3)b,+b,=130, b,—b,=120; 4) b,+b,= 68, b,—b,= 60

bolsa, onun tiikeniksiz kemelyandigini gorkezi.

Dyng alyjy lukmanyn maslahatyna amal edip, birinji giin Giin s6hlesinde
5 minut taplandy, sofiky her bir giinde bolsa taplanmagy 5 minutdan

barha artdyrdy. Eger ol taplanmagy ¢arsenbe giiniinden baglan bolsa,
hepddninl haysy giini onuni Gilinesde taplanmasy 40 minuda den bolar?

Eger arifmetik progressiyada a +a,+a,=15 we a,-a,"a,=80 bolsa, onun
birinji agzasyny we tapawudyny tapyi.

Eger arifmetik progressiyada a, + a, + a, =0 we a’ +a; +ai =50 bolsa,
onufi birinji agzasyny we tapawudyny tapyil.

Sagat 1-de sagat 1 gezek, 2-de 2 gezek, ..., 12-de 12 gezek jan kakyar.

Sagat mili nobatdaky her sagadyn yarysyny gorkezende bolsa bir gezek
jan kakyar. Bu sagat bir sutkada néce gezek jan kakar?

1V baba degisli synag (test) goniikmeleri

1. Arifmetik progressiyada a, =3, d=-2. S, -i tapyn.

A) 9797, B) —-9798; C) -7979; D) —20009.
2. Arifmetik progressiyada d =4, S, =5000 bolsa, a, -i tapyn.

A) -2; B) 2; C) 100; D) 1250.
3. Arifmetik progressiyada a, = 1, a,,,=301 bolsa, d -ni tapyfi.

A) 4, B) 2; Q) 3; D) 3,5.

4. Arifmetik progressiyada a, + a, = 20 bolsa, §, -y tapya.
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10.

11.

12.

13.

14.

15.

A) 90; B) 110; C) 200; D) 100.
8-e bolanda 7 galyndy beryin yzygiderligii 5-nji agzasyny bellik edin.

A) 47; B) 55; C) 39; D) 63.

701 sany 1, 8, 15, 22, ... progressiyanyi nd¢enji nomerli agzasy?
A) 101; B) 100; C) 102; D) 99.
1002, 999, 996, ... progressiyanyi ndc¢enji nomerli agzasyndan baslap,
onufi agzalary otrisatel sanlar bolyar?

A) 335; B) 336; C) 337, D) 334.
Arifmetik progressiyada a, + a, = 44, a, — a, = 20 bolsa, a,, -1 tapy.
A) 507, B) 495; C) 502; D) 595.
Arifmetik progressiyada a, =7, d=35, § =25450 bolsa, n-i tapyf.
A) 99; B) 101; C) 10; D) 100.
Arifmetik progressiya a ,+a,,=20 bolsa, S, -ny tapyn.

A) 260; B) 270; C) 520; D) 130.

1 we 11 sanlarynynl arasynda 99 sany, olar bu sanlar bilen bilelikde arif-
metik progressiyany diizer yaly edip yerlesdirifi. Su progressiya {i¢in S, -ni
tapyn.

A) 172%; B) 495; C) 300; D) 178.

Arifmetik progressiyada a, =-20,7, d=1,8 bolsa, haysy nomerli agzadan
baslap progressiyanyn @hli agzalary polozitel bolyar?

A) 18; B) 13; C) 12; D) 15.
7-a kratny ilkinji nd¢e natural sany gosanda 385 emele gelyér?
A) 12; B) 11; C) 10; D) 55.
Geometrik progressiyada b, = 2, ¢ = 3 bolsa, S -ny tapy.

A) 1458; B) 729; C) 364, D) 728.

Geometrik progressiyada ¢ = %, § =364 bolsa, b, -i tapyn.
A) 2422, B) 81; C) 1214; D) 240.
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16.

17.

18.

19.

Geometrik progressiyada §, = 10%, S = 42% , b =% bolsa, g-ny
tapyn:
A) 4; B) 2; C)s; D) %

Geometrik progressiyada 6 agza bar. Ilkinji 3 agzasynyn jemi 26 -a, soniky
3 agzasynyn jemi bolsa 702-4 den. Progressiyanyfi maydalawjysyny tapy.
A) 4; B) 3; C) 1 D) 2./3.
Tiikeniksiz kemelydn geometrik progressiyada b, = 1 §=16bolsa, g-ni
tapyn. 4

1. 64 . 63 1
A) L B) 64; C) 83; D) L.

Geometrik progressiyada g = g , b, =2 —/3 bolsa, $-i tapyn.

A) 2435 B3 X3 b

&< Amaly we predmetara bagly meseleler

1-nji mesele. Erkin gacyan jisim birinji sekuntda 4,9 m, her bir sonky

sekuntda bolsa onkiisine garanda 9,8 m-e koprik gagyar. Jisim 4410 metr
beyiklikden nd¢e wagtda yere gagar?

/\ Meseldniii sertine gord jisim birinji sekuntda a,=4.9, ikinji sekuntda

a,=4,9+9.8, l¢iinji sekuntda a,=a,+9,8=a +2-9,8 we basgalar n-nji sekunt-
da a =a _ +9,8=a+(n-1)9,8 metr pese gagyar, yagny her sekuntda gagyan
aralyklar arifmetik progressiyany diizyar. Diymek, jisim » sekuntda yere ga-
cyar diysek, arifmetik progressiyanyi » sany agzasynyn jeminini formulasyna
esasan
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2a,+(n-)d
—— n =
2
2-4,9+(n—1)-9,8
= . n'
2
Mundan 4,97*=4 410, n*=900, n=30-y alarys.

Jogaby: Jisim 30 sekuntda yere gagyar. A

4410=a,+a, tay +..ta, =




2-nji mesele. Amanatcy b som puluny banka yylyna p%-den goydy we
n yyl gecenden son hemme puly gaytaryp aldy. Eger-de 5 =4 000000, p=38
bolsa, amanatgy iki yyldan son nédge pul alypdyr?

A Baslangyc goylan puly b som bolsa, bir yyldan soni amanatgynyn puly
by=b-(1+ &) som bolyar. Sonky yyllar iicin asakdaky wariantlardan biri bol-

magy miimkin:
1) Sorky her yylda goterim baslangyc pul b somdan hasaplanyar. Mun-

da ikinji yyldan son b, —pr1+ PP b-(1+2p] som we basgalar n-
100 100 100

nji yyldan son b, = b-(1+1n(i)j som bolyar. Géterimi hasaplamagyn bu usu-

lyna yonekey goterim diyilyar. Munda, eger b=4000000, p=8, n=2 bolsa,
onda b,=4000000-1,16= 4640 000.

2) Soniky her yylda goterim onki yyl yygylan puldan hasaplanyar. Iki

2
yyldan sont b, =, -(1+1§(J =b~[1+1§0) som we basgalar n yyldan son

100
¢ylsyrymly géterim diyilydr. Munda eger b =4 000000, p=8, n=2 bolsa,
onda b,=4 000 000 -1,08°= =4 665 600 som.

b,=b,, -(Hp) = b-(1+1§0j bolyar. Goterimi hasaplamagyn bu usulyna

Jogaby: yonekey goterim halynda b, = b-(l-i—ln(i)j som; 4 640 000,

cysyrymly goterim halynda b, = b-(l +1f)70j som; 4 665 600 som. A
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k.

Meseleler

. Erkin gagyan jisim birinji sekuntda 4,9 m yol ge¢yir, soilkky her bir

sekuntda bolsa onkiisinden 9,8 m artyk yol gecyér. Gagyan jisim bésinji
sekuntda nége aralygy geger?

Sirkin sektorlaryndan birinde her bir sofiky hatarda onikiisine garanda
bir sanydan oturgyc koprdk. Eger-de

1) birinji hatarda 8 oturgyg, hatarlar bolsa 22;

2) birinji hatarda 10 oturgyg, hatarlar bolsa 21 sany bolsa, su sektorda
nége yer bar?

Syyahatcylar derya boyunga 140 km y6remegi planlasdyrdylar. Birinji
giin 5 km, her bir sonky giin bolsa, ondan 6nki giine gord 2 km koprik
yoreyén bolsalar, olar syyahatda nice giin bolarlar?

Hamyrmayanyn Oyjiikleri her bir 6yjiigin ikd boliinmegi arkaly kopelyar.
Eger baslangyc yagdayda 6 oyjiik bolsa, 10 gezek boliinmeden soil
oyjiklerin sany nidce bolar?

Kalendar yylynyit dowamynda zawodyn isgérinin aylyk is haky her ay
birmenizes mukdara artdyrylyar. Iyunda, iyulda, awgustda alan aylyk is
haklarynynt umumy mukdary 9 900 000 som, sentyabr, oktyabr, noyabr
icin alnan is haklarynyn jemi bolsa 10 350 000 som boldy. Isgérin
yylyit dowamynda alan umumy is hakyny tapyn.

. Howa wannasyny almak yoly bilen bejerilmekde birinji giin bejerilme

15 min dowam edyir, soniky her bir giinde ony 10 min-dan artdyryp
barylyar. Wanna almak kopi bilen 1 sagat 45 min dowam etmegi {i¢cin
gorkezilen tertipde howa wannasyny almak né¢e giin dowam eder?

Saylanan elastik pokgi yere urlup yene yokary ¢ykanda her gezek oiki
beyikliginin 80%-e goterilse, onda 3 metrden taslanan pokginii asak
we yokary gecen umumy wertikal aralyklarynyn jemini tapyn (88-nji
surat).
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Z Taryhy meseleler

1. Birunynyn meselesi. Eger agzalary polozitel geometrik
progressiyanyii: agzalaryi sany tik bolsa, onda b, = b, b, ;
agzalary sany jiibiit bolsa, b -b,,,=b, - b, bolyandygyny subut
edin.

2. Ahmes papirusyndan alnan mesele (eramyzdan onki 2000-nji

yyllar). 10 6lgeg gallany 10 adamyn arasynda, bu adamlaryn
biri bilen ondan sornkusy (ya-da onkiisi) alan gallanyn tapawudy

% olgege den bolar yaly edip paylan.

L Taryhy maglumatlar

»Gadymky halklardan galan yadygérlikler® eserinde Abu
Reyhan Biruny kiistiifi agys edilisi baradaky rowayat bilen bag-
ly birinji agzasy b, = 1 we maydalawjysy g = 2 bolan geometrik
progressiyanyi birinji 64 agzasynyn jemini hasaplayar; kiist tagta-
syndaky k-nji gbzenege layyk sandan 1 sany ayrylsa, tapawut k-
nji gozenekden onki dhli gozeneklere layyk sanlarynl jemine denl
bolyandygyny gorkezydr, yagny

g-1=1+qg+q¢g+..+qg""
bolyandygyny subut edyér.
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V BAP. AHTIMALLYK NAZARYYETININ
WE MATEMATIKI STATISTIKANYN
ELEMENTLERI
34-§ HADYSALAR

Ahtimallyk nazaryyeti we matematik statistika totinleyin hadysalaryit
arasyndaky baglanysyklary, kanunalayyklyklary 6wrenmek we olardan gelip
¢ykyan netijeleri amalyyet meselelerini ¢c6zmége ulanmaga bagyslanan ylym-
dyr.

1. Miimkin bolmadyk, gutulgysyz we titéinleyin hadysalar.

Durmusda hadysa diyip bolup gecyédn ya-da bolup gegmeyin islendik pros-
ese aydylyar. Ondan dasary adamlar tarapyndan amala asyrylyan tejribeler
ya-da synaglar, gozegcilikler we 6lgemek islerinini netijeleri hem hadysalar-
dyr. Ahli hadysalary miimkin bolmadyk, gutulgysyz we téténleyin hadysalara
bdlmek miimkin.

Miimkin bolmadyk hadysa diyip, berlen sertlerde yiize ¢ykmagy miimkin
bolmadyk hadysa aydylyar. Miimkin bolmadyk hadysalara mysallar getirelin:

1) koliin suwy +30°C-da donyar;

2) taraplary 1-den 6-a ¢enli sifrler bilen belgilenen oyun kubigi taglananda
8 sifriniil peyda bolmagy.

Gutulgysyz hadysa diyip, berlen sertlerde hokman ylize ¢ykjagy anyk bo-
lan hadysa aydylyar. Meselem:1) gysdan soii bahar geldi; 2) oyun kubigini
taglananda altydan uly bolmadyk (0-dan tapawutly) sifr diisdi.

Totinleyin hadysa diyip berlen sertlerde yiize ¢ykmagy hem, yiize ¢yk-
mazlygy hem miimkin bolan hadysa aydylyar. Asakdaky hadysalar toténleyin
hadysalara mysal bolup biler: 1) 1-den 50-4 cenli natural sanlaryn arasyn-
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dan totdnden saylanan san 7-4 boliinyidr; 2) taslanan teitie gerb tarapy bilen
disdi.

2. Bilelikde bolmagy miimkin we bilelikde bolmadyk hadysalar.

Berlen sertlerde bir wagtda yiize ¢ykmagy miimkin bolan iki hadysa bile-
likde bolmagy miimkin diyilyér, bir wagtyn 6zlinde yiize ¢ykyp bilmeyén
hadysalara bolsa bilelikde bolmadyk hadysalar diyilydr. Meselem, ,,giin ¢cyk-
dy* we ,,giin sowuk* bilelikde bolmagy miimkin hadysalar, ,,giin batdy* we
,»glines ¢ykdy* hadysalary bolsa bilelikde bolmadyk hadysalardyr. Oyun kubi-
gi bilen bagly asakdaky hadysalara garalyn: 1) 3 ogko diisdi; 2) 4 ogko diisdi;
3) 3 ockodan koprék diisdi; 4) tice kratny ocko diisdi. Bu hadysalaryii i¢inde
asakdaky ti¢ jubiitlik bilelikde bolmagy miimkin hadysalardyr: 1-nji we 4-nji
(3 sany iice kratny bolany ii¢in); 2-nji we 3-nji (4 ocko 3 ockodan uly bolany
ticin); 3-nji we 4-nji (meselem, 6 ocgko). Asakdakylar bolsa bilelikde bolma-
dyk hadysalardyr: 1-nji we 2-nji (bir wagtyn 6ziinde ki diirli sanyn diismegi
miimkin dil); 1-nji we 3-nji (3 ogckodan yokary, yagny 4, 5, 6 ockolary 3 ocko
bilen bir wagtda diislip bilmeyar); 2-nji we 4-nji (4 sany 3-e kratny dél).

3. Dent miimkingilikli hadysalar.

Asakdaky yaly hadysalar toparlaryna mysallara garalyri:

Gerb tarapy Sifrli tarapy
89-njy surat.

1) tennédni bir gezek taslanda ,sifrli tarapynyn diismegi® we ,,gerbli
tarapynyn diismegi““(89-njy surat);

2) oyun kubigi bir gezek taslanda ,,1 ockonyn diismegi® ,,2 ockonyi
diismegi®,..., ,,6 ockonyn diismegi*;

3) bir tarapy gok, galan taraplary gyzyla boyalan kubik taslananda ,,gok
tarapy yokarda bolup diismegi“ we ,,gyzyl tarapy yokarda bolup diismegi®;
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4) i¢cinde 10 sany ak we bir sany gara sar bolan gutudan bir sar alnanda
onufi ,,ak sar cykmagy* we ,,gara sar ¢gykmagy*.

1-nji we 2-nji mysallarda hadysalardan kébirinifi yiize ¢gykmagy {i¢in hady-
salardan birinde basgasyna gora kabir tistiinlik bar diyip bolmayar (tenneler we
kubikler dogry bolsa elbetde). Seyle hadysalar defi miimkingilikli hadysalar
diylip atlandyrylyar.

3-nji we 4-nji mysallarda deit miimkingilikli bolmadyk hadysalara mysal-
lar gorkezilen. Hakykatdan hem, boyalan kubigini 5 tarapy gyzyl, bir tarapy
bolsa gara we, diymek, gyzyl tarapy diismegi {i¢in miimkingilikler gara tarapy
diismegine garanda koprék. Sular yaly, ak sarlaryn ¢ykmak miimkingilikleri
gara saryn ¢ykmak miimkingiliginden koprak.

Goniikmeler

Goniikmelerde sertler we bu sertlerde yiize ¢ykyan hadysalar
sekillendirilen. Her bir hadysa ii¢in (yatdan) onun miimkin bolmadyk ya-da
gutulgysyz, ya-da totdnleyindigini anyklan (452-456):

452. Mekdepddki okuwgylardan: 1) ikisinin ady birmenizes; 2) hemmesinin
boyy birmerizes.

453. Algebra dersligi totdnleyin acylyp, sag sahypasyndaky iiciinji soz ta-
pyldy. Bu s6z: 1) ,,ahtimallyk* s6zi; 2) ,,!* belgisinden baslanyar.

454. IX synp (onda gyzlar hem oglanlar hem bar) Zurnalyndaky sanawdan
totdnleyin bir okuwgy saylap alyndy: 1) ol gyz caga; 2) saylanan okuw-
cynyi yasy 16-da; 3) saylanan okuwgy 15 aylyk; 4) bu okuwgynyn yasy
3-den artyk.

455. Bu giin Samarkantda barometr normal atmosfera basysyny gorkezyér.
Munda: 1) Samarkantda yayayan ayalyn gazanyndaky suw ¢ = 70°C-da
gaynady; 2) howanyn temperaturasy —5°C-a diisende, liykdaki suw
donidy.

456. ki oyun kubigi taslanyar: 1) birinji kubikde 4 ocko, ikinjide bolsa 6
ogko diisdi; 2) iki kubikde diisen ogkolaryn jemi 1-e deni; 3) iki kubikde
diisen ogkolar jemi 14-e dei; 4) iki kubigiil her birinde 5 ogkodan diisdi;
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457.

458.

459.

460.

461.

462.

463.

464.

5) iki kubikde diisen ockolaryn jemi 12-dan uly dil.
Berlen hadysalaryn jiibiitliklerininn haysylary bilelikde bolyandygyny,
haysylary bolsa bilelikde bolmayandygyny gorkezii(457-459):

Sona bilen Sohrat oynan saska oynunda: 1) Sona utdy; Sohrat utuldy; 2)
Sona utuldy; Sohrat utuldy.

Oyun kubigi taglandy. Onun yokary tarapy: 1) 5 ogkony; 3 ockony; 2)
1 ockony; tik ockony gorkezdi.

Domino toplumyndan bir domino ¢6pi alyndy, onda: 1) sanlaryndan
biri 4-den uly, ikinji 6-a den; 2) bir san 5-den ki¢i dél, ikinji 5-den uly
ddl; 3) sanlardan biri 5, iki sanyil jemi 12-8 den; 4) iki san 4-dan uly,
sanlaryn jemi 9-dan uly dal.

Asakdaky: 1) ,gar yagyar®; 2) ,,asmanda yekeje-de bulut yok*;
3) ,,howanyn temperaturasy +37°C* hadysalaryndan miimkin bolan &hli
jubiitlikleri diiztip, olaryn arasynda bilelikde bolmagy miimkin we bile-
likde bolmagy miimkin bolmadyk hadysalar jubiitliklerini anyklan.

Asakdaky hadysalar: 1) ,,bahar geldi*; 2) ,,ders jedweline gord bu giin
6 ders bolyar®; 3) ,,bu giin 1-nji yanwar*; 4),,Daskentddki howanyn
temperaturasy +40°C*“-dan miimkin bolan &hli jiibiitlikleri diiziip, olaryn
arasynda bilelikde bolmagy miimkin we bilelikde bolmagy miimkin bol-
madyk hadysalar jiibiitliklerini anyklan.

Dort otlugdp gutusyndan birinifi i¢i bos, galanlarynda otlugpler bar.
Toténleyin yagdayda saylanan gutujyklardan biri acyldy. ,,Otlucdp
gutusynyn i¢i bos ¢ykdy* we ,,otlu¢ép gutusynyn ici bos dil* hadysal-
ary den miimkingilikli bolarmy?

Oyun kubiginifi: 1) 1 tarapy; 2) 2 tarapy yasyla, galan taraplary bolsa
gyzyla boyaldy. ,,Yasyl tarapy diisdi“ we ,,gyzyl tarapy diisdi“ hadysa-
lary dent miimkingilikli bolarmy?

Birden alta ¢enli nomerlenen 6 sany ak, 6 sany gyzyl, 6 sany gok, 6
sany sary sarlar bir halta salyndy we garysdyryldy. Haltadan towekgel
edip bir sar alyndy. Asakdaky hadysalar defi miimkingilikli bolarmy: 1)
,saylanan sar ak“ we ,,saylanan sar gok*; 2) ,,saylanan saryn nomeri 5
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we ,,saylanan saryni nomeri 4%; 3) ,,saylanan sar gyzyl we nomeri 2* we
»saylanan sar sary we nomeri 6°; 4) ,,saylanan sar gyzyl“ we ,,saylanan
sar gyzyl dal*; 5) ,,saylanan saryi nomeri 2-den uly dal* we ,,saylanan
saryn nomeri 2-den uly*?

|
| 35-§ HADYSANYN AHTIMALLYGY

Durmusda diirli hadysalar bilen caknysanda, kop halatlarda bu
hadysalaryn yiize ¢ykmagynyil ynamlylyk derejesine baha berydris. Munda
kéabir hadysalar barada ,,seyle bolmagy miimkin dal“ diyip aytsak, basga
bir hadysalar barada ,bu elbetde bolar ya-da ,bu hadysanyn yiize ¢ykj-
agyna ynam uly* ya-da ,,bu hadysa yiize ¢ykjagyna ynam az* diyip aydyarys.
Hadysalaryn yiize ¢ykmagynyn ynamlylyk derejesini bahalamak dhtimallyk
diisiinjesi bilen bagly.

XVII asyr fransuz alymlary Blez Paskal (1623 -1662 ) bilen Pyer
Fermanyi (1601 —1665) arasynda engeme matematiki meseleler boyun-
ca yazysan hatlarynda birinji gezek dhtimallyk bilen bagly meseleleri
¢ozmegin ilkinji gezek umumy cemelesmeleri sekillendi. Blez Paskal
1654-nji yylyn 28-nji oktyabrynda Pyer Ferma yazan hatynda sol sanda
asakdaky yaly ikirleri yoredyar:

,Oyungy kubigi taslanda nihili san diisjegini bilmeyir. Yone ol 1, 2, 3, 4,
5 we 6 sanlary denn miimkingilikli yagdayda diigjegini bilydr. Mundan dasary,
oyungy tejribe (kubik taslamak) netijesinde gorkezilen sanlardan kdbirinin
diigjegi bu gutulgysyz hadysadygyny hem bilydr. Eger-de biz gutulgysyz
hadysanyn yONeze ¢ykys miimkingiligini 1 diyip kabul etsek, onda su sanlar-
dan birinini, meselem, 6-nyii (edil seyle basga sanlaryn hem) ¢ykmagy 6 esse
ki, Yagny% -e defi bolyar*.

Ol ya-da bu hadysanyn istiinlikli yiize ¢ykmak miimkingiligini matema-
tikler hadysanyri dhtimallygy diyip atlandyryarlar we latynga probabilitas —
dhtimallyk s6ziinifl birinji harpyna degislilikde P arkaly belgileyérler.

Eger-de A arkaly oyun kubigi bir gezek taslananda ,,5 ocko diisdi* ha-
dysasy belgilense, onda 4 hadysanyn dhtimallygy P(4) arkaly belgilenyir,

P(A) = % gorniisde yazylyar we hadysanyn dhtimallygy é_ diylip okalyar.
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1-nji mesele. Birmeiizes kartockalara 1-den 20-4 ¢enli sanlar yazyldy (her
bir kartogka bir sanydan san yazyldy). Kartogkalar stola tersi bilen goyuldy we
garysdyryldy. Totédnden alnan kartockadaky sanyn 7 bolmak dhtimallygyny
tapyn.

A Kartogkalar 20 sany we her bir kartocka 1-den 20-4 cenli sanlar bir
gezekden yazylany iicin saylamak netijesinde 20 sany deft miimkingilikli
hadysalaryn yiize ¢cykmagy miimkin (tejribe netijeleri): 1) 1 sany ¢ykdy; 2) 2
sany ¢ykdy; ....; 20) 20 sany ¢ykdy.

Munda ,,kédbir san ¢ykdy* hadysasy bolsa gutulgysyz hadysa. Bu gutulgy-
syz hadysanyn dhtimallygy 1-e deit we 4 —,,7 sany ¢ykdy* hadysasynyn dhti-

mallygy bolsa 20 esse ki¢i, yagny P(4) = 2L0 :
L1
Jogaby: o A

Yokarda garalan elementar hadysalardan dasary ¢ylsyrymlyrak hadysa-
lary hem 6wrenmek miimkin. Meselem, 1-nji meseleddki saylanan kartogka-
daky sanyn diiyp san bolmagynyn dhtimallygyny tapmaly bolsun. 4 —,,20-den
uly bolmadyk diiyp sanyn ¢ykmagy* hadysasyna garalyi. Bu hadysa 8 yag-
dayda (netijede) yiize ¢ykyar —yagny 2, 3, 5, 7, 11, 13, 17, 19 diiyp sanlaryn
kébiri ¢gykanda. Su netijeler A hadysa tigin amatlylyk doredydn miimkingilikler
diylip atlandyrylyar. Miimkin bolan &hli netijeleriii (olar 20 sany) i¢inde 8
sanysy amatlylyk doredydn miimkingiliklerdir, su sebépli-de 4 hadysanyn
dhtimallygy

3
20

P(4) = %

0 Eger-de kibir tejribede » sany den miimkingilikli, 6zara
jiibiit-jiibiitden bilelikde bolmadyk netije bar bolup, olardan m
sanysy 4 hadysa iicin amatlylyk doredyin miimKingilikler bol-
sa, onda % gatnasyk A hadysanyii yiize cykmagynyr dhtimallygy

diyilyir we asakdaky yaly yazylyar:
P(4) =" (1)
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2-nji mesele. Oyun kubigi bir gezek taslananda tdk sanly ocko ¢ykma-
gynyn dhtimallygyny tapyn.
A -tk sanly ocko ¢ykmak* hadysasyna amatlylyk doredyidn 3 sany
netije (1-in ¢ykmagy, 3-iini ¢cykmagy we 5 ockonyn ¢ykmagy) bar, yagny
m = 3. Dent miimkingilikli &hli netijelerifi sany bolsa n = 6, su sebipli

Jogaby: 21 A

3-nji mesele. Gutuda 6 sany gyzyl we 4 sany gok sar bar. Olardan biri
totinden saylanyp, gutudan alyndy. Alnan saryn gyzyl bolmaklyk &dhtimal-
lygyny tapyt.

A Tejribénin 10 sany deni miimkingilikli netijeleri bar: 1-nji sar alyndy,
2-nji sar alyndy, ..., 10-njy sar alyndy, yagny » = 10. Amatlylyk déredydn
netijelerin sany bolsa m = 6. Su sebépli

Jogaby: 2— A

Gutulgysyz, miimkin bolmadyk we t6tidnleyin hadysalaryn dhtimallyklary
barada (1) formula esasan asakdakylary aytmak miimkin:
Eger-de A4 hadysa gutulgysyz yiize ¢ykyan hadysa bolsa, onda dhli netijeler

ofia amatlylyk doredyén bolyar, yagny m = n. Onda P(4) =2 =1.
n
Eger-de 4 hadysa yiize ¢cykmagy miimkin bolmadyk hadysa bolsa, onda ora
0
amatlylyk doredyan netijeler yok, yagny m = 0. Diymek, munda P(4) = — =

Eger-de 4 hadysa totdnleyin hadysa bolsa, onda onia amatlylyk déredyén
netijeler tigin 0 <m <n sert yerine yetirilydr. Su sebipli, seyle yagdaylarda

0<P(A)=%<1.
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465.

466.

467.

468.

469.

470.

471.

472.

Goniikmeler

Asakda getirilen yagdaylarda yiize ¢ykmagy miimkin bolan #hli ele-
mentar defl miimkingilikli hadysalary sanap gecin: 1) tefinie taslamak;
2) oyun kubigini tagslamak; 3) taraplarynyn renki ak, gyzyl, sary we
gok bolan tetraedri taslamak; 4) iisti 4, B, C, D, E we F arkaly
belgilenen 6 sany sektora boliinen ruletkanyn strelkasyny owiirmek.

Domino oynunyni doly komplektinden bir sanysy totdnden alyndy. Bu
¢copun:

1) 6 we 5 sanlary; 2) 0 we 1 sanlary; 3) birmeiizes sanlar; 4) diirli
sanlar ¢ykmak dhtimallygyny tapyn.

Gutuda 4 sany gyzyl we 5 sany gok sar bar. Totdnden bir sar alyndy.
Alnan saryn:

1) gyzyl; 2) gok; 3) yasyl; 4) gyzyl ya-da gok bolmaklyk dhtimallygy
néhili?

Gutuda 3 sany gok, 4 sany sary, 5 sany gyzyl sar bar. Totédnden bir sar
alyndy. Alnan saryn:

1) gok; 2) sary; 3) gyzyl; 4) gok dal; 5) sary dél; 6) gyzyl déllik &hti-
mallygy néhili?

Birmenzes kartockalara 1-den 12-4 cenli sanlar yazyldy (her bir kar-
tocka bir sanydan san yazyldy). Kartogkalar stola tersi bilen goyuldy
we garysdyryldy. Totdnden alnan kartogkanyn:

1) 5; 2) jubiit; 3) 3-e kratny; 4) 4-e kratny; 5) 5-e boliinydn; 6) diyp
san bolmak dhtimallygy néhili?

Nigara jorasynyn telefon belgisinin ahyrky iki sifrini yatdan ¢ykaryp-
dyr we ony totdnden yygdy. Nigaranyn 6z jorasynyin telefonyna
diismek dhtimallygy néhili?
Lotereyada 1000 sany bilet bolup, ondan 30 sanysy utusly. Bir bilet
satyn alyndy. Satyn alnan biletin:
1) utusly; 2) utussyz bolmaklyk &htimallygy ndhili?
Talyp synaga tayyarlanan mahalynda onda berilyén 30 biletini birine
tayyarlanmaga yetismedi. Synagda talyba bilyén bileti diismeginin dh-
timallygy ndhili?
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473. Tenne 6 gezek yzygider taslananda her sapar gerb tarapy bilen diisdi.
Tenne yene bir gezek taslansa, gerb tarapy bilen diismek dhtimallygy
néhili?

474. 52 sanylyk kartalar dessesinden bir karta totdnleyin yagdayda alyndy.
Su kartanyn
1) alty kerpic; 2) sekiz; 3) gyzyl reiikli walet; 4) sanly garahal; 5) tik
sanly kerpi¢ bolyandygynyn &htimallygy ndhili?

|
| 36-§ TOTANLEYIN HADYSANYN OTNOSITEL YYGYLYGY

Ahtimallygyn 6iiki paragrafda berlen kesgitlemesi dhtimallygyn klassyky
kesgitlemesi diyilydr. Klassyky kesgitleme synagyii ya-da tejribdnin hokman
gecirilmegini talap etmeyér: hadysanynl dhli defi miimkingilikli we amatlylyk
doredyén netijeleri nazary taydan anyklanyar.

Seyle kesgitlemd goréd tejribdnin elementar denn miimkingilikli netijeleri
sany ¢ikli we belli bir san bilen afiladylyar. Y6ne amalyyetde, yagny tebigaty
owrenisde, ykdysadyyetde, lukmangylykda, 6ntimgilikde we basga ugurlardaky
totdnleyin prosesler wrenilende seyle synaglar ya-da tejribeler yygy-yygydan
dugyar, olardaky miimkin bolan netijeler sanynyn 6z icine almagyfn miimkin-
ciligi bolmadyk derejede kop. Basga enceme yagdaylarda tejribeleri amalda
gecirmeyénce netijelerin deft miimkingilikli bolyandygyny anyklamak kyn ya-
da miimkin dal. Meselem, firma 6ndiiren kop lampockalary barlap gérmeyénge
,yaramly* ya-da ,,yaramsyz* lygu denn miimkingilikli bolsuny ya-da bolmaz-
lygyny goz oniine getirmek kyn. Su sebépli, klassyky kesgitleme bilen bir
hatarda, amalyyetde dhtimallygyn statistik kesgitlemesinden hem peydalanyar-
lar. Bu kesgitleme bilen tanysmak {i¢in otnositel yygylyk diistinjesini girizmeli
bolyarys.

Berlen tejribeler hatarynda A hadysanyri otnositel yygy-
lygy diyip, su hadysa yiize ¢cykan tejribeler sany M-in gecirilen
dhli tejribeler sany N-e gatnasygyna aydylyar. Munda M sany A
hadysanyn yygylygy diylip atlandyrylyar.
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A hadysanyn otnositel yygylygy W(A4) arkaly belgilenyir. Onda kesgitlema
gord

M
W)=+ (1)

1-nji mesele. Synpda 30 sany okuwgy bar. Gegirilen barlag isinden 6 sany
okuwgy 5 baha aldy. Synpda gegirilen barlag isinden alnan yokary bahalaryn
otnositel yygylygyny tapyn.
A — ,,5 baho alyndy* hadysasy bolsa, bu hadysa 6 gezek yiize ¢ykdy,
yagny M= 6. Umumy tejribeler sany N = 30, su sebipli

6 1
W(A)=%=§

Jogaby: % A

Fransuz barlaggysy Byuffon (1707-1788) tenifidni 4 040 gezek taslap
goriipdir, sundan 2048 yagdayda tenne gerb tarapy bilen diisiipdir.
Diymek, munda su tejribeler hatarynda gerb diismeginiil otnositel yygylygy

W(A) = % ~ 0,5069 -a den. Inlis matematigi Karl Pirson bolsa tennéni

24 000 gezek taslanynda gerb tarapy 12 012 gezek diistipdir. Diymek, tefitie

taglamagyn bu tejribelerinde gerb tarapy diismeginiii otnositel yygylygy
12012 ¥

W) = 32000 0,5005 -e den.

Bu iki yagdaydaky netijdni deniesdirsek, otnositel yygylyklaryil bahasy,
umuman alanda, belli bir tejribelere we olaryni sanyna garap iiytgemek miim-
kinligini goriip bileris.

Yone totanleyin hadysanyii otnositel yygylygynyi esasy ayratynlygy
sundan ybarat eken, yagny tejribeler sany artdygy sayyn otnositel yygylyk
barha durnuklasyp, kébir san towereginde yranyp duryan eken. Su san totén-
leyin hadysanyn statistik dhtimallygy hokmiinde kabul edilydr. Meselem,
tenifie taglanda bu san 0,5, yagny Byuffonyn tejribesinddki hem, Pirsonyn
tejribesindéki hem emele gelen otnositel yygylyklar 0,5-e 6rén yakyn sanlar-
dyr. Diymek, teiiie taslananda onun statistik dhtimallygy 0,5-e deri.
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Tene taslamaga menzes diirli hili prosesleri 6wrenmek boyunca uly san-
daky tejribeler diirli barlaggylar tarapyndan gecirilen we olaryn netijeleri esa-
synda sweysariyaly matematik alym Yakob Bernulli (1654—1705 ) uly sanlar
kanunyny esaslandyryp berdi:

Tejribeler sany uly bolanda hadysanyn otnositel yygylygy W(A) bu
hadysanyn dhtimallygyndan P(A) amaly taydan tapawutlanmayanlygy, yag-
ny uly sanly tejribelerde P(A) = W(A) bolyandygy baradaky delili gutulgysyz
diyip hasaplamak miimkin.

2-nji mesele. Bir yurtda dasary yurtdan gelen syyahatcylar we su yurdun

icinde syyahat eden yurdun rayatlary (icki syyahatcylar) barada asakdaky mag-
lumatlar berlen bolsun:

, Syyahat¢ylaryn umumy sany
Yyllar -
Dasary yurtly syyahatcylar sany I¢ki syyahatcylar

2014 610 623 403 989
2015 746 224 348 953
2016 822 558 316 897
2017 774 262 346 103
2018 811314 351028

Garalyan yyllarda yurdui i¢inde syyahat eden yurdun rayatlarynyi
sanynyn otnositel yygylygyny tapyi.

Yurduii icinde syyahat eden rayatlar sany:

M= 403989 +348953+316897+346103+351028=1766970,
dasary yurtly syyahatgylaryil sany bolsa: 610623 + 746224 + 822558 + 774262
+811314=3764981.

Umumy syyahatgylar sany: N = 1766970+3764981=5531951.

Onda,

Jogaby: W= 0,3194.
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Goniikmeler

475. Jedwelin ahyrky siitiinini dolduryn:

. N A hadysanyn ot-
Terip | mabe | TEler | gy (4 hadysanyi nosielyeyivey
=
1 Teine taglamak 150 Slffh targp 78
dusmegi
2 Sportey keme’mdan 200 Nysana degisi 182
nysana atyar
3 Oyun kubigi 400 4 diismegi 67
taslanyar

476. Bir sdherde 920 adamdan ise ndhili yetip baryandyklary soralanda
olaryni: 350 sanysy masynda, 420 sanysy jemgyyet¢ilik transportynda,
80 sanysy welosipedde, 70 sanysy pyyada baryandyklary mélim bolan
bolsa, 1) masynda; 2) jemgyyetcilik transportynda; 3) welosipedde; 4)
pyyada baryanlar sanynyi otnositel yygylygyny tapyn.

477. Tayyarlanan 5000 sany gaty diskden 70 sanysy yaramsyz ¢ykdy.
Yaramsyz gaty disk ¢ykmagynyil otnositel yygylygyny tapyp, ony
goterimlerde anladyn.

478. Yas basketbolgylar topary topy sebede diisiirmek masklaryny gegirdiler.
Netijeler asakdaky jedwelde berlen:

Sebede zyiilan toplaryn sany ()

10

50

100 | 250

500

Sebede diisen toplaryn yygylygy (M)

32

68 155

320

Sebede diigen toplaryti otnositel yygy-

lygy (W)

Jedwelin ahyrky setirini dolduryn. Toplaryn sebede diismeklik &hti-
mallygy P-niil bahasy barada nime diymek miimkin (ondan bire ¢enli
takyklykda)?
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|
| 37-§ TOTANLEYIN MUKDARLAR

Statistika diirli totdnleyin mukdarlar baradaky maglumatlary yygmak,
toparlamak, maglumatlary jedweller, diagrammalar, grafikler we basga
gorniislerde gorkezmeli suratlandyrmak hem-de bu maglumatlaryn analizi
bilen mesgullanyan ylymdyr.

0 Totinleyin mukdar diyip, gozegcilikleri ya-da tejribeleri
gecirmek dowamynda diirli bahalary totinleyin yagdayda kabul
etmegi miimkin bolan ululyga aydylyar. Seyle mukdarlar barada
olaryn bahalary totinlige bagly diyip aydyp bileris.

Meselem, kosmosdan mekdep howlusyna gagyan kosmiki bélejiklerin sany,
telefon stansiyasyna gelip diisyén jarilar sany, kdseddki ¢cayyn molekulalarynyn
tizligi, oyun kubigini taslanda néhili sifr gykmagy we basgalar totédnleyin muk-
darlara mysal bolup bilyir.

1-nji mesele. Iki oyun kubigi taslandy. Iki kubikden diisydn ndhili
ockolaryn jemi ifi uly dhtimallyk bilen bolyandygyny anyklamak miimkinmi?

Her bir jemin peyda bolmaklyk dhtimallygyny tapyarys. Umumy netijeler
sany bu iki kubigin diismeginden emele gelydn dhli jemler sany 6 - 6 = 36-a
den. Jemin ogkolar jedwelini diizyaris:

2-nji kubik
1-nji kubik

1 2 3 4 5 6

1 2 3 4 5 6 7

2 3 4 5 6 7 8

3 4 5 6 7 8 9

4 5 6 7 8 9 10

5 6 7 8 9 10 11

6 7 8 9 10 11 12
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Jedwelin komeginde her bir belli jem iicin amatlylyk doredyin netijeler
sany m-i anyklayarys:
m2 - m12=1’ m3 - mll - 2’ m4 - mlO - 3’

m,=my=4, m,=m,=35, m, =0.

Iki kubigi taslanda ol ya-da bu jemin emele gelmeklik dhtimallygyny
asakdaky jedwel gorniisinde afilatmak miimkin:

Jemi ogkolar 2 3 4 5 6 7 8 9 10 11 12

Ahtimallyk 1 2 3 4 5 6 5 4 5 2 1
(p=m) 36 36 36 | 36 | 36 | 36 [ 36 | 36 | 36 | 36 36

n

Jedwelden ogkolaryn jemi 7 bolmagy i uly dhtimallyk —3£ = % -e eye
bolyandygy gorniip dur.

Jogaby: i uly dhtimallyga eye bolan ockolaryn jemi 7. A

1-nji meselede iki kubigi taglandaky ockolaryn jemi — tétdnleyin muk-
dar. Ony X arkaly belgildlifi. Onda X, =2, X, =3,.., X =11, X, =12 san-
lary X totédnleyin mukdaryn bahalarydyr. X-ifi her bir bahasyna layyk gelyin

P, P,.., P, P, dhtimallyklaryn bahasy asakdaky jedwelde gorkezilen:
2 3 4 5 6 7 8 9 10 | 11 | 12
P L (2N DN A 28212412121
36 36 36 36 36 36 36 36 36 36 36

Bu jedwelinn komeginde, meselem, X mukdaryn birmenzes &htimallyk
bilen néhili bahalary kabul edyéndigini; X mukdaryn n#hili bahasy koprak
dhtimallyk bilen peyda bolyar we basga soraglara jogaby ansatlyk bilen
anyklamak miimkin. Bu jedwel iki kubigi taslandaky ockolaryn jeminden
ybarat bolan t6tdanleyin mukdara X-in dhtimallyklar boyunca paylama jedweli
diyilyar.
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0 Totinleyin mukdar X-ifn bahalaryny we her bir bahany kabul
etmek dhtimallygyny anladyan jedwele titinleyin mukdaryri dhti-
mallyklar boyunca paylama jedweli diyilyir.

Ahtimallyklar boyunca paylama jedwelleri, htimallyklary nazary taydan
hasaplamak netijeleri esasynda diiziilyér.

Amalyyetde, real tejribeler gegirilenden sofi, totdnleyin mukdarlaryn
bahalarynyn yygylyklar ya-da otnositel yygylyklar boyunca paylama jedwelleri
diiztilydr. Ondan soni anyk bolmagy ii¢in, paylamalar jedwelleri diagramma ya-da
yygyvlyklar poligony gorniisinde sekillendirilydr. Maglumatlary diagramma we
yygylyklar poligony arkaly sekillendirmek bilen Siz 8-nji synp Algebra kur-
sunda tansypdynyz.

2-nji mesele. Kompaniyalarda igleyén isgérleriii sanyny 6wrenmek maksa-
dynda 36 sany kompaniyadan olarda isleydnlerin sany boyun¢a maglumat al-
yndy we olar asakdaky jedwele girizildi:

23 30 24 25 30 24
32 33 31 31 25 33
23 30 29 24 33 30
26 29 27 29 26 28
29 30 27 30 28 32
31 27 30 27 33 28

Bu maglumatlary 1) yygylyklaryn (M) we otnositel yygylyklar (W) boyun-
ca paylamalar jedwelinin; 2) yygylyklar poligonynyn komeginde sekillendirin.

A 1) Jedwelden gorniisi yaly, isgdrler sanyny X arkaly belgilesek, ol totén-
leyin mukdar bolyar. Goniiden-goni jedweli 6wrenip, bu tétdnleyin mukdaryn
bahalary 23-den 33-e ¢enli bahalary kabul edydndigini goryiris we su san-
lary jedwelde nice gezek gatnasandygyny sanap, yygylyklar boyunga paylama
jedwelini diizyéris:

X | 23 24 | 25 26 | 27 | 28 | 29 | 30 | 31 32 | 33

M 2 3 2 2 4 3 4 7 3 2 4
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Yygylyklaryi her birini kompaniyalar sanyna N = 36-a béliip, otnositel
yygylyklar boyunca paylama jedwelini alarys:

23 24 25 26 27 28 29 30 31 32 33

W=£ 0,06 | 0,08 [ 0,06 | 0,06 | 0,11 | 0,08 | 0,11 | 0,19 | 0,08 | 0,06 | 0,11
N

Munda dhli yygylyklarynl jemi N = 36 we &hli otnositel yygylyklaryn jemi
bolsa 1-e dendigini yatladyp gegyéris.
2) Kompaniyalaryn isgirlerinini sanynyn yygylyklar poligonyny 90-njy
suratdan gérmek miimkin:
M Yygylyklar poligony

A

(= S > e o)
| —

»
I 1 gt |

20 25 30 35
90-njy surat.

Kébir mukdaryn &hli bahalarynyn jemini tapmakc¢y bolsak, L.Eyler tara-
pyndan girizilen ) belgisinden peydalanyarys. Meselem, eger-de M yy-
gylyk M, M,,...,M,_bahalary kabul etse, onda asakdaky yaly belgilemeden
peydalanyarys:

M+ M+ +M=3M.
Totidnleyin mukdaryn dhli yygylyklarynyni jemi tejribeler sany N-e defi:

Y M=N.

Islendik totdnleyin mukdar tigin onunl otnositel yygylyklarynyn jemi 1-e
den.

M, M M

N N N N

My +My+.+ Mg _IM _ N _
N N N
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Su paragrafda garalan tétdnleyin mukdarlar bir-birinden boliinen bahala-
ry kabul edyér. Seyle mukdarlar diskret (latyn dilinddki diskretus — boliinen,
tiziilmeli s6ziinden) mukdarlar diylip atlandyrylyar.

Eger-de totinleyin mukdar kdbir aralykdaky &hli bahalary kabul et-
megi miimkin bolsa, onda seyle mukdar idizniiksiz tétinleyin mukdar diylip
atlandyrylyar. jedwele totdnleyin mukdarlara mysal hokmiinde howanyn
temperaturasynyn liytgeysini, 0yden mekdebe ¢enli barmaga gidydn wagty,
Osyédn deregin boyuny, beketde garasylyan awtobusyn gelydn wagtyny we
basgalary getirmek miimkin.

Uzniiksiz totanleyin mukdarlar ¢iksiz kop bahalary kabul etse-de, olaryii
paylamasyny bermek miimkin. Munun {i¢in, {izniiksiz mukdar bahalarynyn
Ozgeris aralygy boleklere boliinydr we totdnleyin ululygyn her bir bolege
diismeginin yygylyklary (ya-da dhtimallyklary) hasaplanyar.

Meselem, okuwgy 100 giin sport zalynda bolandygyny we her sapar
magklara 1 sagat 15 minutdan artyk bolmadyk wagt sarplandygyny bellik
eden bolsun. Onda sarplanan wagtlaryil minutlarda [0;75] aralygynda bolyan-
dygyny hasaba alyp, bu aralygy, meselem, 5 sany deni wagt aralyklaryna
boliip, magklara sarplanan wagtlaryn yygylyklar jedweline girizmek miim-
kin:

T(minut) | [0;15) | [15;30) | [30;45) | [45:60) | [60;75]

M 1 4 12 20 63

Gontiden-goni yygylyklar jemini hasaplap, ) M = N =100 bolyandygyny
gormek miimkin.

Su jedweldédki maglumatlary yygylykiar gistogrammasy —basgangaklayyn
sekil gorniisinde sekillendirmek miimkin (91-nji surat). Munda her bir basgan-

cak esasy 4 uzynlyga eye bolsa, onda siitiinint beyikligini % , bu yerde M bu X
totédnleyin ululygyn degisli aralykdaky yygylygy. Onda seyle siitiinitt meydany
% -h =M -e, gistogrammanyn astyndaky sekilit meydany bolsa ) M = N-e
den bolyar.
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M A 63
60 T
40
20
20 T 12
1 4
0 | »
> X

[0;15) [15;30) [30;45)  [45;60) [60;75]
91-nji surat.

Eger-de yygylyklaryn kdmeginde otnositel yygylyklar anyklansa:

T (minut) [0;15) [15;30) [30;45) [45;60) [60;75]

W = M 0,01 0,04 0,12 0,2 0,63
N

onda olaryn komeginde ¢yzylan basgancaklayyn sekile (92-nji surat) totdn-
leyin ululygyn otnositel yygylyklar boyunca gistogrammasy diyilyar.

w3 W= 0,63
0,6 -+
0.4 -+
W,=0,2
0,2 -+ 4
w,=0,12
[0,15) [15,30) [30,45) [45,60) [60,75) x

92-nji surat.

Otnositel yygylyklar gistogrammasynyi her bir siitiin astyndaky meydany
W-nin degisli bahasyna deil bolyar. Onda gistogrammanyi astyndaky sekilin
meydany bire den bolyar (). W=1).
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479.

480.

481.

482.

483.

204

Goniikmeler

1) Yonekey oyun kubigi; 2) iki tarapynda 1 ogko, iki tarapynda 2 ogko,
iki tarapynda 3 ogko belgilenen kubik; 3) ti¢ tarapynda 1 ogko, iki tara-
pynda 2 ogko, bir tarapynda 3 ogko belgilenen kubik; 4) iki tarapynda
1 ogko, ii¢ tarapynda 2 ogko, bir tarapynda 3 ocko belgilenen kubik
taglananda diisyén ,,o¢kolar sany* — X totdnleyin mukdaryn bahalarynyn
P dhtimallyklar boyunga paylama jedwelini diiztn.

Stola iki tennie taglandy. Netije ,,gerb tarap® diisse sertli yagdayda 0
sanly baha, netije ,,sifrli tarap“ diigse 1 sany bahany beryéris. Teneler
diisende berlen sanly bahalaryn jemi — X totdnleyin mukdaryn P dhti-
mallyklar boyung¢a paylama jedwelini diiziin.

Granlary 1,2,3,4 sanlary bilen belgilenen iki tetraedr bir wagtda stola
taglanyar, munda tetraedrlerin stola degip duran granyndaky ocko hasa-
ba alynyar. Iki tetraedrden diisyén néhili ockolar: 1) jeminin; 2)kopelt-
mek hasylynyn in uly &htimallyk bilen bolyandygyny anyklamak miim-
kinmi?

Iki oyun kubigi taslandy. Iki kubikden diisydn ockolar kdpeltmek
hasylynyn dhtimallyklar boyunca paylama jedwelini diiziin.

Kafenin eyesi giinortanlyk wagtynda naharlanyanlara 6z wagtynda
hyzmat etmek, su wagtda hyzmat edijilerinn sanyny dogry kesgitlemek
we tayyarlanyan tagamlar sarplanyan harajatlary dogry planlasdyrmak
maksadynda onun kafesinde giinortanlyga gatnasyanlaryii sanyny 50
giiniin dowamynda jedwele bellik edyr:

20 27 23 27 26 18 22 25 26 23

23 25 28 26 23 22 21 19 21 29

30 27 26 30 29 22 18 29 22 26

28 27 29 27 22 29 26 27 21 19

25 29 29 21 18 26 20 24 19 27




484.

48s.

Su jedwelin kdmeginde kafede giinortanlyk edyénlerin sany — X totén-
leyin mukdaryin; 1) yygylyklar (M) we otnositel yygylyklar (W) boyun-
ca paylama jedwelini; 2) yygylyklar poligonyny diiziin.

Yapyk suw basseynine yiizmige gelen oglanlar we gyzlaryii sany bis
ayyn dowamynda hasaba alnyp, asakdaky jedwel diiziildi:

Ay Suw basseynine gelen cagalar
Gyzlar Oglanlar
Aprel 311 357
May 284 404
Iyun 278 417
Iyul 340 412
Awgust 322 406

Suw basseynine gelen oglanlar sany — X totédnleyin mukdaryn yygyly-
gyny, otnositel yygylygyny tapyn we yygylyklar gistogrammasyny
diiztin.

Bahalary asakdaky telefon belgilerinde gatnasyan sifrler bolan X totin-
leyin mukdaryn yygylyklar boyunca paylama jedwelini diiziin:

1) 916549695, 939749596, 949039391, 913229296;

2) 945539391, 931179396, 913749193, 919149494.

486. Paylamasy asakdaky jedwelde berlen X totanleyin mukdaryn yygylyklar

487.

poligonyny we otnositel yygylyklar poligonyny diiziin:

1 X 3 5 7 9 11
M 2 4 6 3 1
2) X 6 7 9 10 12
M 5 4 7 3 6

Jedwelde 16 sany 9-njy synp oglanlarynyni ayakgaplarynyn 6lcegleri

yazylan:
38 38 39 39 39 40 40 41
41 41 41 41 42 42 42 43

9-njy synpyi oglanlarynyn ayakgaplarynyn olcegi — X totdnleyin
mukdaryn yygylyklar boyunga we otnositel yygylyklar boyunca payla-
ma jedwellerini diiziin.
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38-§. TOTANLEYIN MUKDARLARYN SANLY
HASIYETNAMALARY

Siz 8-nji synp ,,Algebra® kursunyn maglumatlar deriewine bagyslanan
IV babynda bas toplum, saylanma, orta baha, moda, mediana yaly diisiinjeler
bilen tansypdynyz. Edil seyle diisiinjeleri totdnleyin mukdarlar ticin hem gi-
rizmek miimkin.

Statistikada maglumatlar toplumy hokmiinde totédnleyin mukdarlaryn sanly
bahalaryny, olaryn yygylyklaryny hasaba almak bilen, garalyar. Munda t6tén-
leyin mukdarlaryn dhli bahalary bas foplum diylip atlandyrylyar, olaryn saylan-
yp alnan kibir bolegi bolsa saylanma diylip atlandyrylyar. Saylanma reprezen-
tatiw saylanma diyilyir, eger-de saylanmada totanleyin mukdaryn bas toplum-
daky we dine ondaky bahalary gatnassa we ondaky bahalaryn yygylyklarynyn
gatnasygy bas toplumdaky yaly bolsa.

Mysal. X totdnleyin mukdaryn M yygylyklar boyunca paylamasy asakdaky
yaly berlen bolsun:

X =3 5 9 11

M 5000 2000 7000 3000

we bu totdnleyin mukdaryn dhli bahalary (lins berin, olaryil sany 17000) bas
toplum diyip kabul edilen bolsun. Asakdaky yaly ii¢c saylanma garalyni:

1-nji jedwel 2-nji jedwel 3-nji jedwel
X |35 (9|1 X |-3] 9 11 X| 3|S5 9 | 11
M | 5 2 |7 3 M| 5 7 3 M| 5 6 7 3

Paylamasy 1-nji jedwelde berlen saylanma reprezentatiw saylanma, ¢iinki
onda-da -3, 5, 9, 11 bahalar we diile su bahalar gatnasyar hem-de bas toplum-
da hem bu saylanmada hem yygylyklar gatnasygy birmerizes: 5 000 : 2 000 :
7000 : 3000 =5 :2:7:3.
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Paylamasy 2-nji jedwelde berlen saylanmadaky reprezentatiw saylanma
dl, ¢linki onda X totdnleyin mukdaryn 5-e den bahasy gatnagmayar.

Paylamasy 3-nji jedwelde berlen saylanmadaky hem reprezentatiw saylan-
ma dal, ¢iinki onda yygylyklar gatnasygy saklanmadyk: 5 000:2 000:7 000:3 0
00#£5:6:7:3.

Berlen maglumatlary, sol sanda, totdnleyin mukdarlaryn bahalaryny
kéte bir san bilen hésiyetlendirmek ya-da bahalamak miimkin. Bu san ber-
len maglumatlaryn diiziiminddki sanlaryn ya-da totdnleyin mukdarlaryn
bahalary merkezi tendensiyasynyn dlcegi hem diyilydr. Merkezi tendensiya
Olgeglerine mysal hokmiinde moda, mediana we orta baha yalylary ge-
tirmek miimkin.

Totdanleyin mukdaryn garalyan saylanmadaky yygylygy i uly bolan ba-
hasy moda diylip atlandyrylyar we M, yaly belgilenyiir.

Meselem, saylanma 8, 9, 2, 4, 8, 6, 3-dan ybarat bolsa, onda onuil modasy
8-e den. 5, 6, 11, 3, 3, 5 saylanmanyn modasy bolsa iki — M,=3, M,=5. Eger-
de 1, 3,7, 20, 6, 11 saylanmany garasak, onufi modasy yok.

Eger-de saylanma bahalaryny artyan tertipde yazyp alsak, onda saylan-
many berlenlerin sany taydan den ikéd bolyén san mediana diylip atlandyrylyar
we M yaly belgilenyir. Eger-de tertiplenen saylanmada berlenlerii sany tik
bolsa, onda mediana olaryn ortasynda duran sana den. Eger-de tertiplenen
saylanmada berlenlerin sany jiibiit bolsa, onda mediana ortada duran iki sanyn
orta arifmetigine den.

1-nji mesele. Totidnleyin mukdaryn bahalarynyn saylanmasynyn medi-
anasyny tapyn:

1) 8, 2,0, 5 -5, 4,8; 2)8, 5, 3,4, 17, 2.

A 1) Saylanma elementlerini artyan tertipde yerlesdiryéris: — 5, 0, 2, 5,
4, 8, 8. Berlenlerin sany tdk. 5 sanyndan ¢epde we sagda ii¢ sanydan san bar,
yagny 5 saylanmanyni orta sany, su sebdpli M =5.

2) Berlen 8, 5, 3, 4, 7, 2 saylanma elementlerini artyan tertipde
yazyarys: 2, 3, 4, 5, 7, 8. Berlenlerin sany jiibiit. Saylanmanyn ortasynda
duran sanlar: 4 we 5, su sebépli M, = ? =4,5.

Jogaby: 1) 5;2) 4,5. A
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Saylanmalary 6wrenmekde dhmiyetli bolan yene bir diisiinje — saylanmanyni
ginligi diistinjesi bilen Siz 8-njisynpda tansypdynyz. Saylanmanyn ginligi
diyip totdnleyin mukdaryn ini uly bahasy bilen i1 ki¢i bahasynyn tapawudyna
aydylyar we ol R arkaly belgilenyir.

Saylamanyn ginligi totdnleyin mukdaryn bahalarynyn nihili derejede da-
gynyklygyny gorkezyir.

Mysal. 21, 27, 22, 8, 9, 15, 19, 21 we 190, 187, 198, 189, 195,
190 saylanmalaryn ginligini denesdirin.

1-njisaylanmanyn i uly bahasy 27, in ki¢i bahasy bolsa 8. Diymek, 1-nji
saylanmanyn gifiligi R =27-8=19.

2-nji saylanmanyn il uly bahasy 198, i1 kici bahasy bolsa 186. Netijede,
2-nji saylanmanyn gifiligi R,=198-186=12.

Diymek, birinji saylanmanyn bahalary ikinji saylanmadaka garanda dagy-
nyk yerlesen.

Totinleyin mukdaryn bahalarynyn ortaca bahasy (va-da orta arifmetigi)
diyip saylanmadaky &hli sanlaryni jeminifi olaryi sanyna gatnasygyna ay-
dylyandygyny yatladyp geg¢yiris. X totdnleyin mukdaryn dhli bahalarynyn or-
tacasy X arkaly belgilenyir.

2-nji mesele. Yygylyklary boyunca paylama asakdaky jedwelde berlen
totdnleyin mukdaryil saylanmasynyi ortacasyny tapyii:

4-nji jedwel
4 5 7 10
1 2 1 3
§o33+4145:247.143-10_9+4+1047+30 _
3+1+2+1+3 10 '
Jogaby: 6.

Ahtimallyklary boyunga paylamasy milim bolan tétinleyin mukdaryn
saylanmasyny hisiyetlendirydn diisiinjelerden yene biri bu matematiki
garasylma diistinjesidir.

Eger-de X totdnleyin mukdaryn X, X, ..., X bahalary kabul etmek &hti-
mallyklary, degislilikde, P, P, ...P bolsa, onda

E=XP+XP+..+XP (1)
sany X totdnleyin mukdaryn matematiki garasylmasy diylip atlandyrylyar.
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Meselem, X totdnleyin mukdaryn dhtimallyklar boyunga paylamasy
asakdaky yaly berlen bolsun:

X 6 4 7 5

P E i

10 5

1

5

ulo v
|_.

—_
(e}

Onda bu totdnleyin mukdaryn matematiki garagylmasy:
1 1 2 1 1 6+8+12+14+5
E = 6-E+4-§+3-§+7-§+5-————4,5.

Totanleyin mukdaryn bahasy bilen saylanmanyn ortagasynyn arasyndaky
tapawut ortagcadan daslasma diylip atlandyrylyar.
_ Meselem, totdnleyin mukdaryfi bahasy X, =35, ortaganyfi bahasy bolsa
X =32 bolsa, onda X, -nifi ortagadan daslasmasy X, — X =35-32=3.

Saylanmanyn dhli bahalarynyn ortacadan daslasmalarynyn jemi nola den
bolyandygyny gorkezmek arsat:

X~ X))+ (XX )+t (X X)) =X + X+ +X)—nX =
X+ X+ 4 X,

n

=X +X+. A X )-n-

Su sebipli, totdnleyin mukdaryn bahalaryny hisiyetlendirmek {i¢in ortaga
daslagmalaryn jeminiil yerine ortaca daslasmalaryn kwadratlarynyn orta arif-
metiginden peydalanylyar. Seyle ululyk dispersiya (latyngadan dispersion —
sacylmak, yayylmak) diylip atlandyrylyar.

Eger-de X tétdnleyin mukdar N sany diirli bahalary kabul etse we onui
ortagasy X Dbolsa, onda onuni dispersiyasy asakdaky formulanyni komeginde

tapylyar:
D:(XI_X)2+(X2_§)2+”'+(XH_)?)2‘ (2)
Diymek, dispersiya — totdnleyin mukdaryn bahalarynyn ortacadan
daslasmalaryn kwadratlarynyn orta arifmetigine den.
Eger-de X toténleyin mukdaryfi X, X,..., X, bahalary degislilikde, M,,
M,,..., M, yygylyklar bilen gaytalansa, onda onufi dispersiyasyny

209



N2 N2 2
D=(X1—X) M1+(X2—X) M2+«..+(Xk—X) Mk. (3)
My +My+--- Mk

formulanyn komeginde hasaplamak miimkin, munda

My +My +---Mk

Meselem, 4-nji jedweldiki totanleyin mukdaryii ortagasy X = 6 bolyan-
dygyny anyklapdyr. Indi su mukdaryni dispersiyasyny hasaplalymi:

712 712 &
D:(XI—X) M +(X,-X)" My + (X = X) M
M1+M2+'+Mk

_(3-6)3+(@d-6)1+(5-6)"-2+(7-6)°:1+(10-6)* -3 _

3+1+2+1+3
27+4+2+1+48 82

= =22=8,2.
10 10

Eger-de toténleyin mukdar kébir dl¢ege (meselem, santimetr) eye bolsa,
onda onun ortagasy X we ortacadan daslasmasy X — X hem X mukdar bilen
birmerizes 6lcege (santimetr) eye. Daslasmanyn kwadraty we dispersiya bolsa
X mukdaryn 6l¢eginin kwadraty (kwadrat santimetr) dlgegine eye. Ortagadan
daslasmany bahalamak ticin X totdnleyin mukdar bilen birmerizes 6lgege eye

bolan ululykdan peydalanmak amatly. Su sebépli, dispersiyadan alnan kwadrat
kok, yagny +/D -nifi bahalaryndan peydalanylyar.

Dispersiyadan alnan kwadrat kok ortaca kwadrat daslasma diyilyar we o
arkaly belgilenyér, yagny o= D .

Meselem, 4-nji jedweldéki totinleyin mukdaryn dispersiyasy D = 8,2
bolyandygyny hasaplapdyk. Indi dispersiyanyni su bahasyndan kalkulyatoryti
komeginde kwadrat kok alsak, ortagca kwadrat daglasmasyny alarys:

6=+D = /8,2 =2,86.

Dispersiyany we ortaca kwadrat daslasmany statistikada totdnleyin
mukdaryn bahalarynyn orta bahanyn dasyndaky yayylmasynyn o6l¢egleri hem
diyip aydyarlar.

210



488.

)]
2)
3)

4)

489.

490.

491.

492.

Goniikmeler

Totédnleyin mukdarynn X bahalarynyn bas toplumdaky paylamasy
asakdaky jedwelde getirilen:

X 8 9 11 15 16
M 21 49 70 35 14

Berlen bas toplum ii¢in asakdakylardan haysylary reprezentatie saylan-
ma bolyar:

X 8 9 11 15 16
M 3 7 10 5 4
X 8 9 15 16
M 3 7 5 2
X 8 9 11 15 16
M 3 7 10 5 2
X 8 9 11 15 16
M 3 7 % 5 2
Saylanmanyin modasyny tapyii:
e, 17, 8,9, 5, 8, 10; 2)20, 11, 7, 5, 9, 11, 3;
3)4, 6,8,4,7,6,5; 45,7, 4,3, 7,2, 5.
Saylanmanyi medianasyny tapyn:
1) 18, 13, 35, 19, 7, 2)25, 16, 14, 21, 22;
3)5, 2,9, 14, 11; 4)16, 7, 13, 9, 15.

Saylanmanyn giiligini tapyii:

1)18, -4, 16, -3, 11, 5, 4, -5, 1, 3
2)26, 17, 4, 12, 2, 25, 19, 5, 6, 7.

Saylanmanyi ortagasyny tapyi:
1) 34, -10, 23, —18; 2)-3, 6, 19, —12, 1;
3)0,5, 0,7, 0,4, 0,7, 0,6, 0,4; 4)2,2, 2,3, 2,2, 1,8, 1,8, 2,3.
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493. Saylanmanyi modasyny, medianasyny we ortacasyny tapyii:
H4, -3, 2,0, 3, -2, 2)6,5 2,4, -5,0.

494. Yygylyklary boyunca paylamasy asakdaky jedwelde berlen X totin-
leyin mukdaryn bahalarynyn saylanmasynyn orta arifmetigini tapyn:

Dl x| 3]0 1 4 )l x| 3|1 5
M | 4 6 5 1 M| 5 6 3
| x| 5] 2 3 4| x | 2 1 2
M | 3 6 2 M| 5 4 3 2

495. Ahtimallyklary boyunca paylamasy asakdaky jedwelde berlen X tétin-
leyin mukdaryn bahalarynyni matematiki garasylmasyny tapyi:

| x| 4|2 0 1 3 )X |-3]-=21]0 1 2 4
NE R 2 (a2t
11 11 11 11 11 10 | 10 | 10 | 10 | 10 | 10
496. Saylanmanyn dispersiyasyny tapyn
1)9cm, 11 cm, 8 cm, 10 cm; 2) 18 kg, 16 kg, 15 kg, 19 kg;
3)8s,11s, 85, 95, 9s; 4HIm, 9m, 4m, 8 m, & m.

497. Yygylyklary boyunca paylamasy asakdaky jedwelde berlen X totinleyin
mukdarynl bahalarynyn toplumynyi dispersiyasyny tapyil.

DX 1}]2]3]5 ) | X[2])-1]1[2]3]4
M|l 2 |13 [3]2 M1 |3 [2]1[2]1

498. Saylanma elementlerinii orta bahadan orta kwadrat daslasmasyny
hasaplari:

1)4g, 5g 8¢ 3¢, 5¢g;
2)9cm, 12cm, 7cm, 10 cm, 12 cm.

499. Yygylyklary boyunga paylamasy berlen X totinleyin mukdaryii orta
kwadrat daslasmasyny tapyn:
NEIEIFEE ) [x]4[2]1]4
M| 31221 M| 14|32
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500.

S01.

502.

503.

504.

50S.

506.

507.

508.

V' baba degisli goniikmeler

(Yatdan). Asakdaky tejribede yiize ¢ykmagy miimkin bolan #hli ele-
mentar hadysalary aydy: 1) totdnleyin yagdayda yyldaky aylaryn ady
aydylyar; 2) iki tene taslanyp, diisyén taraplary synlanyar; 3) kéibir 50-
den kigi diiyp sana aydylyar; 4) totanleyin yagdayda ikibelgili 3-¢ kratny
sana aydylyar.

Gutuda 4 sany gara, 5 sany gyzyl, 6 sany gok sar bar. Totdnleyin yag-
dayda gutudan bir sar alyndy. Alnan sar: 1) gara; 2) gyzyl; 3) gok; 4)
gara dil; 5) gyzyl dil; 6) gok dil; 7) yasyl; 8) ya-da gara, ya-da gyzyl,
ya-da g6k bolmaklyk dhtimallygyny tapyn.

Towekgel edip 1-den 50-4 ¢enli bolan natural san aydyldy. Bu sanyni: 1)
7; 2) 7 dél; 3) 7-4 kratny; 4) 10-a kratny; 5) diiyp san dél; 6) 30-dan uly
déldiginin &htimallygyny anyklan.

Stola oyun kubigi bilen teiiie taglandy. Munda 1) kubikde 5, tentie sifrli
tarapy bilen; 2) kubikde ¢ykan san diiyp, tefindniii gerb tarapy bilen
diismegi dhtimallygyny tapyt.

Saylanmanyn ginligini, modasyny, medianasyny we ortagasyny tapyn
(504-507):

1)2, 6, 6, 9, 11;

2)4, 10, 13, 13, 19.

-7, -7, 4, 4, 1, 3;

2)-3, -3, 1, 3, 10, 10.

1)0,13,-5, -6, 14, -1, 11, -1, —=§;

2)5, -9, 14, 9, -5, -2, 0, 14, 5.

1)-4, -14, 13, -6, 9, 14, 0, —6;

2) 15, -3, -9, 9, 13, -7, -3, 10.

Saylanmanyn dispersiyasyny we orta kwadrat daslasmasyny anyklan:

16, 11, 8, 9: 2)9, 12, 8, 14
3)6, 3,5, 4, 4 4)4, 3, 2, 2, 6
5)1, -2, 2, -3, 4; 6)-3, 3, -4, -2, 5.
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509. Yygylyklary boyunga paylamasy bilen berlen Z totinleyin mukdary
dispersiyasyny we orta kwadrat daglasmasyny tapyii:

Hh [z]-1Jo]274 ylz]2]1 475
2 [ 1 [ 3] 1 [ 213

510. Saylanmalaryn dispersiyalaryny denesdirii:
14,5 7,5 9web6, 9, 7, 8, 2)-2, 2, 3we-3, -1, 1, 3, 4.

511. Ahtimallyklar boyunca paylama jedweli:
1) 2-1] 2|3 2) 3|20 1]3
P [02]03)]04]0,1 P |02]02)]03]02]0,Ll

bilen berlen X t6tédnleyin mukdaryii matematiki garasylmasyny tapyii.

V baba degisli synag (test) goniikmeleri

1. Birmenzes kartogkalar 1-den 15-e ¢enli sanlar yazyldy (her bir kartog-
ka bir sanydan san yazyldy). Kartogkalar stola tersi bilen goyuldy we
garysdyryldy. Tétdnden alnan kartockadaky sanyn diiyp san bolmaklyk &h-
timallygyny tapyn.
A3 B) £ O% Dz

5 5 5

2. Gutuda 3 sany ak we 7 sany gara sar bar. Olardan biri t6tdnden saylanyp
gutudan alyndy. Alnan saryi ak bolmaklyk dhtimallygyny tapyn.

A) 0,5, B)0,7; C) 0,3 D) 0,1.

3. Synpdaky 27 okuwgydan 15 sanysy oglan. Synpa bir oglan we iki gyz gelip
gosuldy. Munda oglanlaryni sany— X t6tidnleyin mukdaryn otnositel yygy-
lygy nédc¢é tiytgedi?

1 ) 1 .

A) 5 artdy; B) 5 kemeldi;
C) 2 -dartdy ; D) 2 -i kemeldi
45 ’ 45 ’
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4. Toténleyin mukdarynl bahalarynyi saylanmasynyn modasy bilen
medianasynyn jemini tapyin: 10, 4, 2, 7, -3, 6, 10;
A) 14; B) 17; C) 16; D) 13.

5. Totdnleyin mukdaryn bahalarynyn saylanmasynyn modasy bilen
medianasynyn kopeltmek hasylyny tapyn: 2, 0, 1, 4, -1, 2.
A)2; B) 3; C) 0; D) 4.

6. Yygylyklary boyunca paylamasy asakdaky jedwelde berlen X totinleyin
mukdaryn saylanmasynyin ~ ortagasyny tapyi:

X | -1 0 1 3 5
M| 2 1 3 1 2

A) 1%; B) 1%, C) 11, D) 1.

7. X totanleyin mukdaryn dhtimallyklar boyunca paylamasyna gord matematiki
garagylmasyny tapyn:

-1 2 7 5 7

1 2 3 2 1

9 9 9 9 9
25 26 . 29, 30
A) Fa B) 9’ C) 9’ D) 9 "

8. X totanleyin mukdaryn yygylyklar boyunca paylamasyna gord orta kwadrat
daslagsmasyny tapyn:

X —1 2 3 5 6
M 1 3 2 2 1
A)1; B) 1,5; C) 2; D) 2,5.

9. X totinleyin mukdarysi dhtimallyklar boyunga paylamasyna gord disper-
siyasyny tapyn:

X 2 3 5 7
P 0,1 0,5 0,3 0,1

A) 2.9; B) 2,09; C) 2,99; D) 0,29.
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&< Amaly we predmetara bagly meseleler

1-nji mesele. 5000 p.b. (pul birliginde) awtomobil, her biri 250 p.b.-
den 4 sany telewizor, her biri 200 p.b-den 5 sany el telefony utusly lotereya
oynalyar. Jemi, 7 p.b.-den 1000 sany bilet satylyar. Bir bilet satyn alan lotere-
ya gatnagyjysynyn arassa utusynyn paylama jedwelini diiziin we matematiki
garasylmasyny hasaplan.

X-Dbir bilete diisen arassa utus bolsa, onda onun bahasy:

yekeje-de utus ¢cykmasa, 0—7=-7;

el telefony utulan bolsa, 200 — 7 = 193;

telewizor utulan bolsa, 250 — 7 = 243;

awtomobil utulan bolsa, 5000 — 7 = 4993
pul birliginde bolyar. 1000 sany biletden 990 sanysyna utus ¢ykmazlygyny
we utuslar sanynyn 5 +4 + 1 =10 bolyandygyny hasaba alyp, dhtimallygyn
klassyky kesgitlemesine gori alarys:

X- totdnleyin mukdar

— 7 bahany kabul etmek &htimallygy % =0,990;
193 bahany kabul etmek dhtimallygy bolsa % —0,004;

243 bahany kabul etmek dhtimallygy ﬁ ~0,001.

4 993 bahany kabul etmek &htimallygy ﬁ =0,005;

Diymek, X — totdnleyin mukdaryn &htimallyklar boyunca paylama jedweli
asakdaky yaly bolyar:

X —7 193 243 4993

P 0,990 0,005 0,004 0,001

Paylama jedweli esasynda matematiki garasylmany hasaplamak miimkin:
E=(-7)-0,990 + 193 - 0,005 + 243 - 0,004 + 4 993 - 0,001 =0,
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yagny ortaca utus nola deni. Emele gelen netije, lotereya biletlerini satmakdan
diisen hemme pul utuslara gidyandigini anladyar.
Jogaby: paylama jedweli:

X =7 193 243 4993

P 0,990 0,005 0,004 0,001

we matematiki garagylma E = 0.A

2-nji mesele. Bir firmanyn terjimecilik isine iki dalasgér hereket edyar.
Olara birmenzes synag mohleti bellendi we 125 sahypaly birmenzes tekst ter-
jimé berildi. Olaryn her giin nége sahypa teksti terjime edendikleri asakdaky
jedwelde berlen:

Giinliik terjime edilen sahypalar sany
Hepdénin giinleri
1-nji dalasgér (X) 2-nji dalaggir ()
Dusenbe 24 25
Sesenbe 26 31
Carsenbe 29 27
Pensenbe 23 22
Anna 27 20

Is beriji jedwelddki maglumatlary deriiemek bilen, dalasgérlerin haysysyny
ise kabul etmegi makul goryar?

A Dalasgérlerin her biri 5 giinde 125 sahypadan terjime etdiler, diymek,
iki dalasgérin hem ortaga zdahmet ondiirijiligi birmenzes:

X=Y= 1275= 25 (sah/giin).

Iki tétdnleyin mukdar X we Y-ii hem modasy yok, medianalary bolsa
birmenizes (25 we 25). Dalasgirlerden haysysyny ise almak maksada layyk
eken? Munda dalasgérlerini zédhmet o6ndiirijiliginiti durnuklylygyny denesdirmek
arkaly amala asyrmak miimkin. Muny bolsa daslasmalaryn kwadratlarynyn
jemlerini ya-da dispersiyalary deflesdirmek arkaly amala agyrmak bolyar:
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L Taotanleyin mukdaryn Ortacadan daslasma Daglasmalaryn
He? dlan?n bahasy X =Y =25 kwadratlary
S X Y X-X Y-Y | —xp | (r-7)

Dusenbe 24 25 —1 0 1 0
Sesenbe 26 31 1 6 1 36
Carsenbe 25 27 0 2 0 4
Pensenbe 23 22 —2 -3 4 9
Anna 27 20 2 =5 4 25
Jemi 125 125 0 0 10 74

Gorntisi yaly, daslagsmalaryn kwadratlarynyn jemi X tigin 10, Y {i¢in bolsa
74, ya-da dipersiyalary hasaplasak:

X=X+ (=04 + (K- FP 10

D(X)= - i 2
D(Y)ZWI?Y) +(Y2*Y)5+"'+(Y5*Y) :§:14,8.

Diymek, X totdnleyin mukdaryn dispersiyasy Y totdnleyin mukdaryn
dispersiyasyndan ki¢i. Amaly taydan bu netije ikinji dalasgédrii zdhmet
ondirijiliginii durnukly déldigini gorkezydr: kébir giinleri ol miimkingi-
liklerinden doly peydalanmazdan isledi, basga giinlerde bolsa miimkingilik
derejesinden koprik islemédge calysdy, bu bolsa, elbetde, yerine yetirilydn
isint hiline erbet tésir etmegi miimkin. Gorniisi yaly, netijede is beriji birinji
dalasgiri ise almagy makul goryar.

Jogaby: is beriji birinji dalasgéri ise almagy makul goryar. A

3-njimesele. Iki kemangy nysana kemandan ok atanda alyan ogkolary — X
we Y totdnleyin mukdarlaryil dhtimallyklar boyunca paylama jedweli médlim:

1-nji kemangy ii¢in

X 0 1 2 3 4 5 6 7 8 9 10
P | 0,15 | 0,11 | 0,04 | 0,05 | 0,04 | 0,10 | 0,10 | 0,04 | 0,05 | 0,12 | 0,20

we 2-nji kemangy ii¢in
0 1 2 3 4 5 6 7 8 9 10

P 0,01 | 0,03 | 0,05 | 0,09 | 0,11 | 0,24 | 0,21 | 0,10 | 0,10 | 0,04 | 0,02

Kemangylardan haysysy kemandan nysana gowurak atyar?
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A Hany aydyn, kemangylardan haysysynyi nysana degyén ortaga ogkosy
koprik bolsa, sol yagsy nysana alyan diymek miimkin. Su sebépli, X we Y
totdnleyin mukdarlaryin matematiki garasylmasyny hasaplayarys:

EX)=0-0,15+1-0,10+2-0,04+-+9-0,12+10 - 0,20=5,36,

E(Y)=0-0,01+1-0,03+2-0,05+-+9-0,04 +10 - 0,02 = 5,36,
yagny, iki kemang¢ynyn hem nysana degyén ogkolary ortaga birmenzes.

Indi X we Y-laryn dispersiya we orta kwadrat daslagsmalaryny hasaplap
gorelini:

DX)=(0-5,36)*- 0,15+ (1 -536)*- 0,11 ++
+ (10 -5,36)*- 0,20 = 13,6,

o(X)={D(X) =3,69;

D(Y)=(0-536)*- 0,01 + (1 =5,36)*+ 0,03 +-+
+(10-5,36)*- 0,02 =4,17,

o(Y)=[D(Y) =2,04.

Seylelikde, nysana degydn ockolaryn orta bahalary deni E(X) = E(Y)
bolsa-da, ikinji kemangy {i¢in dispersiya birinji kemanca garanda kigirdk:
D(Y) < D(X), yagny ikinji kemang¢ynyn nysana degyin ogkolarynyi ,,merkez*
(E(Y) =5,36) dasynda yerlesis dagynyklygy birinji kemanca gord kigirdk.
Basgaga aydanda, onun netijeleri birinji kemangynyn netijelerine garanda
5,36 -dan uzagraga gitmindir. Diymek, ol birinji kemanca garanda yokarrak
netijeleri gazanmagy iicin nysana yagsyrak ¢cenédp, E(Y)-ni sagraga (yokarraga)
stiystirmage hereket etmeli.

Jogaby: kemancgylardan birinjisi nysana yagsyrak atyar. A

4-nji mesele. Yaryslar dowriinde futbol komandasynyii oyungylary tara-
pyndan bésdesin derwezesine girizen toplarynyn sany X-iil yygylyklar boyunca
paylamasy berlen:
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X 0 1 2 3 4
Y 3 3 2 1 1

Ahli girizilen toplaryi sanynyf ortaga bahadan orta kwadrat daslasmasyny
hasaplan.
A ki ortacany hasaplayarys:
o XM+ XMy 4t XM
Ml —|—M2 +...+M5

_03+13+2:243.1+4.1_0+3+4+3+4 _14

- =14,
3434+2+1+1 10 10
Soniky hasaplama netijeleri asakdaky jedwelde getirilen:
X 0 1 2 3 4
M 3 3 2 1 1
X_)? -1,4 -0,4 0,6 1,6 2,6
(X—)? )2 1,96 0,16 0,36 2,56 6,76
(X-Xyp M| 588 0,48 0,72 2,56 6,76

Onda, dispersiya we orta kwadrat daslasma asakdaky yaly hasaplanyar:

(X = X’ ML+ (X, = XM, + o+ (X5 - X)° M
M +M,+-+ M

D=

_5,884+0,48+0,72+2,56+6,76 _ 16,4
10 10

o=~/D=1,64~1,28.

=1,64,

Jogaby: o = 128. A

Goniikmeler
1. Kop yyllyk statistik maglumatlar esasynda 4 sany perzendli masgalalardaky
oglanlaryil sany — X totdnleyin mukdaryn paylama kanuny asakdaky
jedwelde berlen bolsa, onufi matematiki garasylmasyny we dispersiyasini
hasaplan.

X 0 1 2 3 4
P 0,055 | 0,235 | 0,375 | 0,265 | 0,070
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2. Tki gimnastgynyn sport yarysyndaky ¢ykysyna 9 sudya 10 ballyk ulgamda
goyan ballary asakdaky jedwelde berlen:

Gimnastgynyn Sudyanyi nomeri we goyan ballary
nomeri 1 2 3 4 5 6 7 8 9
1 8,7 1888989879289 ]9,6]88
2 9,0 19,1 19,0 |88 |85]89]90]90] 09,1

Her bir gimnastgy alan ballaryny, degislilikde, X we Y totédnleyin mukdarlar
diylip garalsa, olarynn matematiki garasylmasyny we dispersiyasyny hem-de
orta kwadrat daglagsmalaryny hasaplan we denesdirin.

3. Hyrydarlaryn ayakgaplara bolan talabyny 6wrenyén talyp iki diikanda
her giin satylan ayakgaplaryn sanyny 25 giiniin dowamynda bellik edyar.
Eger-de X, birinji diikanda, X ikinji diikanda satylan ayakgaplaryfi sany
bolsa, onda asakdaky jedwellerde getirilen maglumatlara esasan X, we
X, totdnleyin mukdarlaryfi matematiki garasylmasyny we orta kwad-
rat daslasmasyny hasaplan. Alnan netijeleri deniesdirip, diikanlardaky
ayakgabyn satylysyny denesdirin.

X, 1 2 3 4 5
Y 2 7 4 7 2 3
X, 1 2 3 4 5 6
Y 3 4 7

4. Silindr gorniisindéki polatdan yasalan tonnejikler partiyasyndan alnan yi-
grimi sany tonnejigin esaslarynyn d diametrleri iki diirli 6l¢eg esbaplarynyi
komeginde Olcendi. Birinji d6lgceg esbabynyni komeginde (1 mm-e ¢enli
takyklykda) alnan netijeler ¢cepdéki, ikinjide alnan netijeler bolsa sagdaky
jedwelde getirilen:

d | 58 | 59| 60 | 61 | 62 d, | 59 | 60 | 61 | 62

M 2 4 8 4 2 M 4 10 4 2

1 2

d, we d, totinleyin mukdarlaryni dispersiyalaryny defesdirin.
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IX SYNP ,,ALGEBRA“ KURSUNY GAYTALAMAK
UCIN GONUKMELER

512. Funksiyanyin grafigini ¢yzyi:
)y =x+6x-9; 2)y=x2—%; 3y =x>— 12x+4;

4)y =x*+3x—1; 5)y =x*+x; 6) y =x*—x.

513. (Yatdan.) y =ax?+ bx + ¢ funksiyanyii grafiginden peydalanyp (93-nji
surat), onun hésiyetlerini anyklan.

a) b)
93-nji surat.

514. Funksiyanyn grafigini ¢yzyin we hisiyetlerini anyklan:
1) y=-2x>-8x-8; 2) y=3x*+12x+16;
3) y=2x*-12x+19; 4) y=3+2x—x"

515. Funksiyanyn grafigini bir koordinata tekizliginde ¢yzyn:

1 1
) y=35" we y=-33% 2) y=3x* we y=3x"-2.

Deiisizligi ¢oziin (516-519):

516. 1) (x=5)(x+3)>0; 2) (x+15)(x+4)<0.

517. 1)x*+3x>0; 2) X2 = x5 <0; 3)x*—16<0;
4) x>-3>0; 5)x*—4x < 0; 6) x*—7>0.

518. 1) x*—8x+7>0; 2) X2+ 3x — 54 < 0;

1
3) 5x2 +0,5x-1>0;  4)5x2+9,5x—1<0.
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519.

520.

521.

522.

523.

524.

525.

526.

527.

528.

1) x*—6x+9>0; 2) x2-24x+144<0;

3)%x2—4x+8<0; 4)§x2+4x+1220.

Densizligi interwallar usuly bilen ¢6ztn (520-522):

1) (x+3)(x—4)>0; 2) [x—; (x+0,7) <0

3) (x—2,3)(x+3,7)<0; 4) (x+2)(x—1)<0.

1) (x+2)(x—1)>0; 2) (x+2)(x—1)2<0;

3) (x+2)(x—1)*>0; 4) (2—x)(x+3x)*=>0.

1) 3—_x20; 2) 0,5+x <0; 3) w<o;
2+x x=2 X

Trapesiyanyn meydany 19,22 sm?-dan artyk. Onui orta ¢yzygy beyikli-
ginden iki esse uly. Trapesiyanyi orta ¢yzygyny we beyikligini tapyn.
Parallelogramyii tarapy su tarapa gegirilen beyiklikden 2 cm artyk. Eger
parallelogramyi meydany 15 cm?-dan artyk bolsa, su tarapyi uzynlygy-
ny tapyn.

Deiisizligi interwallar usuly bilen ¢6ztn:

3x-1 + x=3 >

D @ +2)(x+3)(x - D(x+4)>0; DiaT sz

Eger x*+px+q kwadrat tigagza x =0 bolanda—14-e deti bahany, x=-2
bolanda bolsa —20-4 deni bahany kabul etse, su kwadrat ticagzanyn p we
q koeffisiyentlerini tapyn.

Eger y = x>+ px + ¢ parabola:
1) abssissalar okuny x = —% va x = i nokatlarda kesse;

2) abssissalar oky bilen x =—7 nokatda galtassa;
3) abssissalar okuny x=2 we ordinatalar okuny y =—1 nokatda kesip

gegse, p—g-ny tapyi.
Eger parabola abssissalar okuny 5 nokatda kesse we onun ujy

[23;101
4 8

nokat bolsa, su parabolanyn deiilemesini yazy.
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529. Teleskopyn (reflektoryn) serpiji aynasy ok y
kesimi boyunga parabola sekline eye (94-nji
surat). Su parabolanyn dernilemesini yazyi.

530. Eger y=ax?+bx +c¢ kwadrat funksiyanyn I
grafigi:
1) A(-1; 0), B(3; 0) we C(0; —6) nokatlardan

gEEeSC; 0 rx

2) K(-2;0), L(1;0), M(0; 2) nokatlardan
gegse, onufi koeffisiyentlerini tapyfi. 94-nji surat.
531. Islendik otrisatel ddl a we b sanlar ti¢in
1) a®+b*<(a+b) 2) a+b*<(a+b)
densizligin dogrudygyny subut edin.
532. Funksiyanyn grafigini ¢yzyn:

D)y = 2)y=|x=1|
3) y=+/x* —6x+09; 4) y=~/x* +4x+4.

533. Deiileminin hakyky koklerini tapyn:
1) x>—|x|-2=0; 2) x*—4|x|+3=0; 3) ¥*—x|=2;
4) x> +x|=1; 5) x*=21]=2; 6) x*-26|=10.
534. Kok ¢ykaryn:

[,19 4 810 1628
1) 3/7—=; 2) /5= 3)3 ,a=0; 4)4 ,y > 0.
7% IR Eveye ) \81, 4

535. Yonekeylesdirin:

1) G20 + 715 - 5): /5; 2) Q7 - 14 +3/56): 37;
3) 2\E+J6-3\E; 4) 7,12 -7 +0,5\343.

536. Ainlatmalaryn bahalaryny denesdirin:
\/g —-1/3 \/g —1/2
1) [?] va ?] : 2) (24/0,5)* va (24/0,5)°%7 .

537. Anlatmany yonekeylesdirini:

_3
1) ; ;o 3) (16at) 4 4) (271;*6)%.

_2
a?®
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538.

539

540.

541.

542.

543.

544

545

546

547.

548.

Kok belgisinin dasyna kopeldijini ¢ykaryn:

1) vV9a2h, bunda a < 0,b > 0; 2)+254%b°, bunda a >0,

. Kopeldijini kok belgisinin igine girizifi:
1) x\/g, bunda x > 0; 2) xﬁ, bunda x < 0;
3) —a«/g, bunda a > 0; 4) —a\/g, bunda a < 0.

y= B funksiyanyn grafigine:
X

1) A5; - 5V5); 2) B(=5v2;5v2);  3) C(0,1; 250)

b>0;

nokadyn degisli bolyandygyny ya-da bolmayandygyny anyklan.

y =+/1-2x funksiya grafigine: 1) C[%;%

3) nokat degisli bolmek ya-da bo‘lmasligini anyklar.

. W
; 2)D[ =

Funksiyanyn grafigini ¢cyzyn:
1) y=x*+6x+10; 2) y=—x*-Tx—6.

; E (4

P(1; 0) nokady: 1) 4(0; 1); 2) B) (0; —1); 3) C(—1; 0); 4) D(1; 0) nokada
gecirydn birndge dwriim burglaryny gorkezin.
sinZ + cosZ - th cosZ +sinZ —th
. Hasaplan: 1) ;‘ TS’ i ; 2) n4 2 ;‘ .
ctg— — sin—— cos— ctg— — cos-—sin—
6 6 4 4 73 G

. Sanyn polozitel ya-da otrisateldigini anyklan:
1) sin?sin%cosg; 2) sinacos(n +a)tga, 0 < o < g

. Berlen: sina = 0,6, sinf =-0,28, 0 <a < g,n <B< 3775

Hasaplan: 1) cos(a—p); 2) sin(a.+ B); 3) cos(a+ ).

Kopeldijilere dagydyn:
1) sin2a — 2sina; 2) sina +sin%;
3) cosa — sin2a; 4) 1 —sin2a — cos’aL.
o 8 .o . o5 o
Eger 1) cos3 =~z vasing < 0; 2) Sin— = —;zvacos> < 0

sina, cosa., tga-ny hasaplan.

bolsa
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549.

550.

551.

552.

553.

554.

S55S.

556.

557.

558

226

Eger
1) a,=10, d=6, n=23; 2) 4 =42,d = 5,n=12;
3) a,=0, d=-2, n=T; 4) g =%,d=§,n=18

bolsa, arifmetik progressiyanyii n-nji agzasyny we ilkinji » sany
agzasynyin jemini hasaplan.

Eger a, = 2, a = 120, n= 20 bolsa, arifmetik progressiyanyn ilkinji »
sany agzasy jemini tapyn.

1-2n
3
gressiya bolyandygyny subut edin.

n-nji agzasy a, = formula bilen berlen yzygiderlik arifmetik pro-

Eger geometrik progressiya tigin

1) b, =5 we g =10 bolsa, b,-i tapyn;

2) b, =-5000 we ¢ =—10 bolsa, b -i tapyn.

Eger:

1)b,=3,9=2, n=5; 2)b, =1, g=35, n=4bolsa, geometrik
progressiyanyn n-nji agzasyny we ilkinji » sany agzasynyn jemini
hasaplan.

Eger: 1) bl=%, q=2,n=6; 2)b = %, q =-5, n=35 bolsa, geometrik
progressiyanyn ilkinji » sany agzasynyin jemini tapyn.
Tiikeniksiz kemelyén geometrik progressiyanyil jemini tapyn.
D6 43 .5 D5-L5 . 3D,
Kok belgisi astyndan kopeldijini ¢ykaryn:
1) v20a*h, munda a<0, b>0; 2) J(a—1)*, munda a<1;

Anlatmany yonekeylesdiriii:

1) —V(a_b)z munda a> b; 2) —\,(a—b)z munda b>a,
a-b ’ a-b ’

. Maydalawjydaky irrasionallygy yok edir:

1

. 1 . .
Do 2% % Y5.n Y iEG




559

560

561

562

563

564

565

566

567.

568.

569

. Anlatmany yonekeylesdirin:

N Jab¥a  d* 4 o Na___Na | b-a
@+ Yap? aF -4 b+ab b-Jab| 2Jab

. Denlleméni ¢oziin:

) Jx—2=4; 2)Jx+3=8; 3)2x+1=+x-1.
Anlatmany yonekeylesdirin:

1 tgfo ) 1+ctg2(x. ) tgo—tgf
l+ctg?a’ ctg?o ctga+ctgp’

4) (tga + ctga)’— (tgo — ctga)’;  5) (sina — cosa)*+ 2sinacosal.
Denlemini ¢oziin:
1)1 —cosx—2sin%=0; 2)1 +cos2x+2cosx=0.

Tozdestwony subut edin:

) tg(a—P)+tgB _ cos(atp). 2) sin(atP)Fsin(a—p) _ .o
tg(a+p)—tgB  cos(a—B)’ cos(a+P)+cos(a—P) ga.
Tozdestwony subut edin:
1) 1+sina = 2cos? | = — Z|; 2) 1-sina = 2sin’ E—E].
2 4 2
Arifmetik progressiyada ¢ + a5 = g; aa, = %. Progressiyanyn ilkinji on

yedi agzasynyn jemini tapyil.

Geometrik progressiyada g= 3, S, = 1 820 bolsa, b, we b-i tapyn.
Tiikeniksiz kemelyén geometrik progressiyanyn jemi g— -e den, ikinji
agzasy —% -e deni. Ugiinji agzasyny tapyn.

Ailatmany yonekeylesdirin:

D V5+421;  2)Va+4T;  3)Y5+2V6;  4) 8+ 2415.

0(212

Eger: 1) tg% =-2,4;2) sin 2 T3 bolsa, sina we cosa-ny hasaplar.
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JOGAPLAR

2.2) x, =0, x,=1; 4) x-ifi berlen funksiyanyfi bahasy —5-e defi bolyan hakyky bahalary yok. 3. 2)

3 ,
% =13.5,=-1;4)x,=0, x, = %.4. 2) 0;4) 1.5.2) nollary yok; 4) x, :%, X, :%;@nouary

yok.6.2)p=3,q=-4;4)p=-2, ¢g=-15.7.x,=+2.9. B e . 12. 2) (\/g :5), (_\/§ :5);4) (0;0),
(2;4);6)(1;1).13.2) Hawa. 14. 2) Hawa; 4) yok; 16. 1) x <-3,x>3; 2) -5<<x<5;3)x<4,x>
4; 4)—6<x<6. 20.2)(-3;-4,5),(2; —2). 21. 2) Ha; 4) yok. 22. 1) Artyan; 2) kemelyén; 3) artyan;

g -

= 16] 27.2)x=-2;4)x=2;

4) artyan hem, kemelydn hem bolmayar. 23. 3 m/s%. 26. 2) (0; -5); 4) (

6) x = % 28. 2) Yok; 4) yok. 29.2) (1; 0), (0.,5;0), (0;—1); 4) (0; 0), G 0) . 30.y=x>-2x
+3.32.2)k=—-10.34. 1) y=2(x—3)32) y=22+4;3) y=20x + 2)> — 1:4) y = 2(x —1,5)>+
+3,5. 35. 2) (—%; 1741) . 4) @ %} £36. 2) (1;0), (=5; 0), (0; 10); 4) (0; 14). 40. 7.5+7,5. 41. 5
we 5. 42. Diwara parallel tarap 6 m; galan taraplary 3 m-dan. 43. Yok. 44. 2) x=1 bolanda y= -5
in ki¢i baha;4)x=1bolanday =-2 i ki¢i baha.45.1) a>0, b >0, ¢ >0; 2) a<0, b >0, c<0. 46.

1) 5 s-dan soii ifi uly beyiklik 130 m-e desi; 2) (5 + \/%)s .48.2) 3x* —x — 1 > 0; 4) 2x?
+x-5<0.50.2)3<x<11;4)x<-7,x>-1. 51.2)x<-3, x>3;4)x<0, x>2.52.2)
2<x<1;4)x<-3, x>1;6)x<-1, x> % 53. 2) x= % ; 4)x <-4, x>2.56. Polozitel
bahalar x < -3, x > 2 aralyklarda, otrisatel bahalar —3< x < 2 interwalda. 58. 2) x <-1, % >4
4) —1<x<4.59. 2) x< 7% , x>2;4)x<-0,25; x > 1. 60. 2) x = 7; 4) ¢coziiwleri yok. g1, 2)
Coziiwleri yok; 4) ¢oziiwleri yok; 6) x — islendik hakyky san. 62.2) x< —V7 , x> NGl ;) x<-2;

x>0.64.2)x< —% x> % ; 4) —1 <x <4; 6) x — islendik hakyky san. 65. 2) x — islendik hakyky

1 1
san; 4) x# 7;6) —3 <x<0.66.2) Coziiwleri yok; 4) —0,5 <x <3.67. 2) x =1; 4) x — islen-

dik hakyky san. 69. —6 < r < 2. 71.2) -5 <x < 8; 4) x<-5, x> 2; 72.2) x <0, x> 9; 4) -3
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1 1
<x<0;6)x<-1,x>3.73. 2) -5 <x<<0, x>735;4) 2<x<2,x>574.2)-T<x<7,
44 <x<4, x>4.75. 3<x<4,4)-35<x<7;6)2<x<-1, x>3.76.2)x<0,5, x>1;
2 2
4)x< —3,0<x< l,x> 3.77.2) A4<x<-2,x>3;4)3<x=<-1,4<x<5.78.2)x <2,

2<x<6;4)x<-3,-1<x<2,x>4.79.2) /15 <x<-3,0<x< /15 .80. 1)~8<x<—1;2)x<-5,

x>2; 3)-1 <x§—§ . 81.2)x=2bolanday=1; x=0 wex=4bolanday=>5;x=-1 wex=>5 bolanda

= 11,y(3)=4;2)

y=10;x=-2we x =6 bolanda y = 17. 82. 1) y(-2) = -1, (0) =-5, y[é

x= % bolanda y =-3; x =—1 bolanda y =-2; XZ% bolanda y = 13;x=% bolanda y = 19.

84.2)x<2,x>5,4)2<<x<3.8. DHy-3)=3y-H)=Ly1l)=-1,y3)=1;2)x=2
day=-2;x=0wex=4bolanda y = 0; x =-2 we x = 6 bolanda y = 2; x = —4 we x = 8 bolanda

y=4.86.2)x#-1;5)-1<x<1,x>4;6)-5<x<1,x>2.87.2) Hawa; 4 hawa. 93.2) x = 16;
.

243 °
99. 2) tak; 4) tik. 108. 2) x = 0. 109. 2) (—1; 0). 110. 2) x < 3; 4) y<<5;6) x <-5,x> 5. 111.
2) Kuburi gapyrgasy 7 dm-dan artyk. 114. 2) x = 10; 4) x =5. 115. 2) x =2; 4) x = 2; x = 7.

4) x= i; 6) X = 95.2) x = 32; 4) x = 8. 98. 2) tiik; 4) jiibiit hem, tik hem bolmayar.

16.2)x =4 4)x=02.117. x =T 18 x> 4 x<26)x<1,x>7.120. ), _ 5

4)x, =1;x,= 3.121.2)x=225.122.2) x = 1;4) x=5.123.2) x = 4. 124.2) 2<x < 3; 4) | <x

i
< £2,6)x>1.125.2) x, =2, x,=0,5; 4) x-ift seyle bahasy yok. 126. 2) x <6, x>6.127.
2) (5: 0), (-2: 0) ., (0: 10): 4) (1: 0), (_1_71; oj, (0: —11). 128. 2) (—1; 4); 4) (—%; 1). 130. 150 m
we 150m. 131.2) p=1,¢=0.132. ) x, =1, x,=-5;2)x, =0,x,= 1,x,=2.133.2) x <2, x>
4;4)x<3,x>4.134.2)x <—-6,x> 6; 4)72 <x< %. 135.2) x < l,x>4;4) —2<x< % 136.
2) Cozuwleri yok; 4) ¢coziiwleri yok; 6) ¢coziiwleri yok. 137. 2) x <—1, 1 <x <4;4)x < f% , 4<x

1 2 3
<7,6)x>2,—= §x<1.138.2)x§—%,x2—1;4)x= $.139.2) -1 <x < _%, 3 <x<2;

4)—% <x< S <x<2.140. 12 km/h-dan kem dél. 142.2) {_\/1,-_\/5], [_1-\/5] .

522 ’ \/E’

2
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143.2) (-1;-1); (13 1). 144.2) x> 2; 4) x < 2. 145.2) x = 16. 146.2) X =%,x2 =é‘ 147.2)

x —islendik san; 4) 2 <x<11;6)x <—-7, -3 <x<-1,x>3.148. 2) kemelyir; 4) kemelyér. 149.
2) ték;4) jubit hem, tdk hem bolmayar.150. 2) —2 <x < % A5 2)x =-1, x,=7; 4) x = 81.

152.1) x <—1,x>9;2) -1<x < 0,3 <x<4; 3) §§x<6;4)x24. 153.2) (4, 1); 4) (0,55 3).

154.2) (7;-5), (—4; 6); 4) (—1; —1), (7;23). 155. 2) (4;-3); (17;10); 4) (4; 1), (~1; —4). 156. 2)
(1;7), (75 1);4) (=2, -5), (-5;-2).157.2) (4;-1);4) 3; 1). 158. 2) (2, 5), (5:2), (-2;-5), (-5;
“2);4)(1;5), (5; 1), (=1;-5), (=5;-1).159. 5 we 13. 160. 4 we 36. 161.2) (7; 1), (~1;7). 163.
1) (4; 1) (=1;-4); 2) (2; 4), (4;2);3) (2;2). 164.300 m, 200 m. 165. 2) (4; 5) we (5; 4). 166. 2)
(1;=2) we (3; 0). 167. 2) (9; 4). 168. 2) (3; 4), (4; 3), (-3;—4), (-4;-3).169. 2) (2; 5) we (5; 2);
4) (13 3) we (19; -3). 170. 2) (3; 5), (5:3), (-3;-5), (-5:3x:4 (L7, (7; D, (-1;-7), -7;

~1). 171. 2) (20; 4) we (-20; —4); 4) (3; 6) we (6; 3). 172.2) (~1; 1) (1; 1) [ g;z], 2) [?;2];4)

(-5;-2), (=5:2), (5;-2).173. 2) (5; 1). 174. 2) (=5; —1), (-3;-5), (3; 5), (5 3), 175.(1;9) we

(9; 1). 176. 2) sistema yoziiwe eye ddl. 177.2) -9 <x <3; 4) -6 <x<2. 178.2. 0 <x <-3 we
2<x<+00.179. 3 <x<-2we 1<x<2.180. -7<x<0.181.-1 <x<0.182.2) &. 194. (-1;
—4)we (4;4);2) (2; -2) we (9; 5). 195. 2) (-5; 6) we (6; —5); 4) (—1; 10) we (10; —1). 196. 2) (6;
-2);4)(3,5;-1,5).197. 2) (-2; -3) we (2; 3); 4) (2; 6) we (6; 2). 198. 2) (—1; 3) we (3;—1). 199. 2)

(-3; 1) we(1;5).200.2) (-2; 1)we (2;1);4) (—1;4) we (24, 0,6). 201. 2) (4; \/g )we (4; \/5 );
4) (—6;-2), (-6;2), (6;-2), (6;2).202.2) (1;-2) we (2;-1);4)(2; 1). 203. 2) [_2 4\1/g,\/;] we
5 5
(_2 4\1/5; \/;] .204.2) (4; 1);4) (1005 4). 205. 2) 24. 206. 2) Uzynlygy 1,2 cm we ini 0,8 cm. 207.
5 5

2 5 7
2)-5<x<-3;4) 1 <x <2.208.2)8.209.2)27; 4) 1. 213. 2) 7“;4) %;6) %;8) 7"

(6] 0
720 324
214. 2) 20°; 4) 135°; 6) [] : 8) [] . 215. 2) 4,71; 4) 2,09. 216. 2) 21 < 6,7;
4n

T

4) 37“<4,8 : 6)—37“<—\/10. 218. 0,4 m. 219. 2 rad. 220.3?’t cm?. 221. 2 rad.

222. 2) (—1; 0); 4) (0; —=1); 6) (1; 0). 224. 2) ikinji ¢édryek; 4) dordiinji ¢éryek;
6) ikinji ¢aryek. 225. 2) (0; 1); 4) (—1; 0); 6) (0; 1). 226. 2) 21k, k=0, =1, £2, ...; 4)
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§+2nk,k:0,—1,—2,.... 227. 2) ikinji ¢édryek; 4) dordiinji ¢iryek. 228. 2) x = 1,8,
k=4 4) x=§n, k=3:6) x =2 n K=2.230.2) (0: 1);4) (0;-1).231.2) %+ 2k ,k=0,41,
12, . 4) 37“+2nk,k=0,i1,i2,....232. 2) —% -4) ~1;6)-1;8) $.234. 2)-1;4)-1;6)1.

235.2)0;4)-1.236.2) I 2

. 4) -1.237.2) x=§+ﬂ?k,k:0,il,i2,...;4) x:§+2nk )

1+2

k=0,%+1,42, ....239. 2) —%;4) .240.2) x=n+ 27wk, k=0, £1,+2, ...; 4) x=n +27nk, k=0,
+1, 2, ...; 6) xz%kn,kzo,il,iz,....241.2)x:2nk—1,kzO,i1,i2,...;4)x:kn—l,k:0,

+1, 42, .., 6) X = % +1,k=0,=1,+2, ...242. 2) ikinji ¢éryek; 4) ikinji ¢dryek; 6) ikinji

caryek. 243. 2) polozitel; 4) polozitel; 6) polozitel. 244. 2) otrisatel; 4) otrisatel; 6) polozitel. 245. 2)
polozitel, polozitel; 4) otrisatel, otrisatel; 6) otrisatel, otrisatel; 8) polozitel, polozitel. 246.2) sino
<0, cosa >0, tga<0, ctga <0;4) sino.>0, cosa > 0, tga.>0, ctga > 0. 247. 2) sin3 >0, cos3 <0,

tg3 <0; 4) sin(—1,3) <0, cos(—1,3) > 0, tg(—1,3) < 0. 248. 2) otrisatel; 4) polozitel; 6) polozitel; 8)

otrisatel. 249. Eger 0 < a0 < g ya-dam < a < 37“ bolsa, sina we cosa sanlarynyi alamatlary gabat

gelyir; eger— <o<m ya—da 5 < o, < 27 bolsa, sina. we cosa sanlary garsylykly alamatlara eye.

250. 2) otrisatel; 4) polozitel. 251. 2) cos1,3>co0s2,3.252.2) x = % + kT, k=0,£1,£2,..;4)x=n+

+2kn, k=0,£1,+2, 253, 2) ikinji ¢iryek. 254. hcosa .255.2) cosa = —% , tga = —§ ; 4)

Va1 Va1 |
cosa = — > tgo = ,Ctot——»6 sinot = ———, COSOL = —>— . 256. 2)Yerine Ve-
s 8 \/7 g ) o NS )yerine y
N W . T _9 2110
tirilyar; 4) yerine yetirilmeyir. 257. 2) yerine yetirilmeyér. 258. cosa, = I’ tgo = 5 259.
L' 260. COSOL=—§.261. sinoc=—— 262. 2)7 4)2.263. 1)— 2)— 264. 1) x=Tk,
3 4 \/g

k=0, £1, £2,...; 2) x=—§+2nk, k=0,£1,£2, ..;3)x=2nk, k=0,%£1,%2,...; 4) §+nk,
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k=0, 1,42, .... 266. 1) 0; 4) 1 + sina.. 267. 2) 3; 4) 4. 271. 2) \f 272. = 273 125 274, 1)

x=nk k=0,%+1,+2,..;2) x = % + 21k ,k=0,£1,%2,...275. 2) %;4) —3.276. 2) 2cosa; 4)

2.278.2)2.279.2) —2coso. 280.2) — L :4) — L 281.2) T 4)—1. 282.2) i .283.2)
cos3f; 4) —1. 284. —sino— sinf. 285. 2) f ; 4)1.286.2) — —\/—4 287. 2) —sina — cosf; 4)
sino— cosp. 288. cos(a+[?>)——; cos(a — B)— . 289. 2)—— 290. 2) 0; 4) tgo— tgp.

NERNE 1 N
293.2) 7 :4) 5 . 294.2) 5 :4)-1.295. 2) .296. 2) 297.2)5s1n2oc;4)1.298.2)
8 1 \f
2ctga; 4) ctg?a. 300. 2) 5.302. 2) NE 4) — .303. 2) cos6ba; 4) 2sm .305. - .306.2) f
O 6 IR A . o RN
307.2)0;4)0;6)—1.308. 2)\/—,4)\/5,6) \/5.309.2)\/5,4) \/— .310.2) 5 )2,

6) <3 .311.

2) —\2 ;4)—1.312.2) cos20.. 313.2) —#;4) % :6) 5‘2*5 314.2)154) ———

317.2) x:§+2nk,k:o,il,iz,...;4)x:n+2nk,k:0,il,iz,....318. 2) /2sin ; 4) sin2a.

319.2)0:4) Y0 1 6) V0 _320.2) 4 l—g]cos[£+g} +4) 25in[ T + “|eos| T - %) 322.2)
2 2 12 2 12 2 4
2sina. 325.2) 2\/—Sln By Sln— 326.2)0.327. 2)2cosa(cosa—1); 4) (sina +cosat)- |1+ ]
cosa

328. 2) ugiinji ¢éryek; 4) ikinji ¢éryek; 6) ikinji ¢éryek. 329. 2) 0; 1; 4) 1; 0; 6) 0; —1. 330. 2) 2;

5o, 2B
. 4) f

2 1 1
Ol 3L s A T 33323 g, 334.2) —5335.0) _73,

0> sin.
.336.2) sin2a; 4) 2. 337.2) 1: 4) — . 338.2) —£;4) —1— L 339 9" %0
2 2 N
i 1
340. 2) polozitel: 4) otrisatel. 341. 2) Y2(3-1): 4) J6-2 : 6) T 342.2) Ging (343.
4 4
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tgo, = _\f; sin2 = _ﬁ . cos2a = —%. 344. 2) tga.
9

REN

2
cosoL = —=; tgoL = — ;
3 g 2

1
345.2)?;4)_ 1 346.2) 1;4) 1. 347.2) -7. 348. 2) cosda. 350.2) 5,8, 11;4) —— |,

4o cos2a. 3

1
0, -, 6)~1,-8,-27.352.2) Boljar; 4) bolyar. 354.2) n=9. 360.2) -3, -1, 1,3,5.362.2) 79;

4) —42.363.2)a =29 —4n;4)a =6 — 5n. 364. 12. 365. Hawa, n = 11. 366. n = 11, yok. 367.2)
0,5.368. 2) —13. 369. 2) —100. 370. 2) a = 5n —17.371. n>9. 372. n <25.373. 2) a,= =57, d
=7;4) a,=—1,d=—15.374. 30. 375. 60. 376. 2) 10050; 4) 2550. 377. 4850. 378. 4480. 379. 2)

—192. 380. 2) 204. 381. 2) 240. 382. 4905; 494550. 383. 2) 2900. 384. 10. 385. 2) a,, = 15%

d= % .386.2) a, =88, d=18.387. 78 sany piirs. 388. 44.389. a, =5, d = 4.392.2) -3, 12,48,
| | 1 n-1 4 n-1
192,-768.394.2) 1 -3 4) o1 395.2) b, =3-[§] . 4) b, =3-[—§] .396.2) 5; 4) 8. 397.

2)3;4) —é.398. b,=2374,n=5. 399. b, =33, q= ( .400.b_=6, by =30§ ya-da

b= 6, B, = =302 . 401.659100 som. 402.0,25 cr’. 403.2) — 1; 4) - 275, 6)—400. 404,

2)2186. 405. 2)b =—1,b = 128.406.2) n="T;4)n=5.407.2) n=9,b,=2048;4) n=5,q=7.

131

408.2) 364; 4) 305. 409.2) b, = 4802, 5, =800. 410. 2) ~1 . 412.2)¢=5.b,=300 Ja-

dag=-6,b,=432.413.2) g =2 ya-da g = —2; 4) S,= 781 ya-da S.= 521. 415. 2) hawa; 4) hawa.

416.2)7,.2; 4) —8%. 417.2) %; 4) % 418. 2) yok; 4) hawa. 419. 2) 90%. 420.2) 6+ 44/3.

21.2) L 42220423 R =R 424.2)1:4) L 4252y d=-1 4=2, as —11 : 4)
) -1 30 2

d=-3,a, =\2-9, a; =2-12.427. —5— 428.2)—1080. 429. 143. 430. 2) —22. 431.2)

by=—L, b= Ly g=—2, b =-102,5,=20432. 2 b,=05- (2.

1.
64’
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433.2) b =12 434.2 =185 . 4)5=5.435.2)242;4) 5 436.2) _4 .437. 2441,
) b, < ) Sio 1256, ) S, ) )36 ) : 1
438.2) 14, 11, 8, 5, 2. 439. _%. 440. 2) a,, =0, a, = —108. 441. 2) X, =%; 4)x, = —4. 443.

14.444.2) a5 = —1%, d= —%. 445. 2) 27. 446. 2) —27; 4) —21—5. 447. 6. 448. 2) Yok; 4)

hawa. 450. Carsenbe giini. 451. =8 d =3 ya-daa, =2,d=3.452.a,=5,d=—5ya-daa = -5,
d=15.453. 180 esse. 453. 2) Miimkin bolmadyk. 454. 2) Té6ténleyin; 4) gutulgysyz. 457. 2) Bile-
. . 1 3 5 1

likde bolmadyk. 462. Dent miimkingilikli dal. 466. 2) 2_8; 4) T 467.2) ;; 4) 1. 468. 2) 5; 4)

3'6 ’ 469. 2 1'4 1'6 > 470. 0,01. 471. 2) 0,97. 472 "
4’)' °)2,)47)12' -,..),..

1 1
—. 473, = 474.2)—;
12 30 2 13

9 21 7
2) 5 . 476. 2) 4_6; 4) 9—2 - 477. 1,4%. 482. 2) Miimkin, 4 ogko. 488. 3 saylanma. 489. 2) 11;

303
4)5we 7.490.2)21:4) 13.491.2) 24.492.2) -5.4:4) 2.1.494.2) =3 4)=. 495.2) 0,1. 496.2)

2,5 kg?, 4) 6m?. 502. 2) 0,98; 4) 0,1; 6) 0,6. 503. 2) 0,25. 505. 2) 13, -3 we 10, 2 3. 511. 2) —-0,5.

516.2)—15<x<2:4)x<12,x>12.517. 2) 0<x< /5; 4) x<—+/3; x> /3. 518.2) 9 <x<6:

1
4)2<x<0,1;6)x< 5> x=2.519.2) x=-12; 4) x — islendik hakyky san; 6) ¢oziiwleri yok.

1
520.2)-0,7<x< 75 2)-2<x<1.521.2) x < -2, x = 1;4) x < —%, 0<x<2.522.2)-0,5<x<2.

523. Beyiklik 3,1 cm-dan artyk, orta ¢yzyk 6,2 cm-dan artyk. 524. 5 cm artyk. 525.2)x <=7,

1<x<2;4)-1<x< %,,x> % 526.p=5,qg=—14.527.2) p= 14, g = 49. 528. y = 22> +

+1lx - 5.529. y = = 530.2) a=—1,b=—1, c = 2. 531. Gorkezme. 1) %: A3, §= B,
r

2: c? yaly belgilip we ABC = 1 deiiligi hasaba alyp, berlen defisizligi 4° + B* + C* >
> 34BC gorniisde yazyn, ony (4 +B + C)(4* + B> + (> — AB — AC — BC) > 0 gorniisde
calsyryn. (4> + B*+ C* > AB+AC+BC detisizlik su 4> + B>>24B, A*+ C*>24C, B>+ C*>
>2BC densizlikleri gosmak bilen alynyar; 2) orta arifmetik we orta geometrik mukdarlara degisli
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densizlikleri gosuri: % + % >2c, % + 4 > 2a,
c

”c_b + % > 2b ; 3) densizligin ¢ep boleginden sag

bolegini ayryti we emele gelen drobuil sanawjysyny seyle gérniisde yazyti: (a + b)(a—b)* + (b+c¢)

(b—crt+(atcfa—c); 1)x,=42;2)x ,=+1;3) x, =43;3) x=—1,x,=2;4) X, = —5—

22
5)x,= 0, x,, = +2; 6) x,, = +4, x,, = +6. 534. 2) 2%;4) %.535.2) 3-32:4) 6J7. 536.

1 >3

2) @03y < @0.5)" . 537.2) Jx : 4) 9b+. 538.2) Sab b . 539.2) —3x ;4 V5a*

(03

, , . 3
. 540. 2) Yok. 541. 2) Yok. 544. —1. 545. 2) Otrisatel. 548. 2) —0,8. 547. 2) 2SlIlTaCOS 75

161
cosa = —

tog = — 240 B
759 - 80 = —Te7 . 549.2) a, = 475,

. 240
4) sino(sinot — 2cosal). 548. smo = 789

S,=537:4) a, = 11% S,,=108.550. 1220.552.2) b, = 5.553.2) b, = 125, S, = 156; 4) b, = 81,

>TI18

3 4
S,=61.554. 152 555.2) 4%; 4)1;6) —2 (1+5). 557.2)-1:4) - L .558.2) M :
X a —
1
4) 0,1(5-+/5)5++5. 559.2) —%; 4) vJa ++/b . 560. 2) x = 61. 561. 2) —5— . 562. 2)
Cos o

x =5+ x=n+2nneZ. 565 39%. 566. b, = 5, b, = 405. 567. é.561. 8,13, 18 ya-da

. 119
. 569. sina. = R

120
7 169°

cosa = —

20,13, 6. 568. 1) ﬁ}ﬁ; el
2

«Oziinizi barlap goriifi» yumuslaryna
jogaplar

I bap. 1.x,=0,x,=2.2.-1 <x<1bolanday > 0; x <1 bolanda y<0; x>1.3. 1) x>0
bolanda funksiya artyar; x < 0 bolanda funksiya kemelyir. 4. 1) x>1;-2<x<0.5.1)x# 1;2)
—3<x<3.6.1)x=28;2)x=1.

11 bap. 1. 1) cosaL = —%, tga = —g, sin2a = —%.z. D 1;2) _f :3) \25;4) -3

5

5) 72 . 5. 1) sinacosP; 2) cos’a; 3) 2sinat.
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IV bap. 1. 1) @,,=-25,5,,=-115.2.1) b, = L, 5, = 7%.3. 1 q=%,S=1,5.

10

Amaly we predmetara bagly meselelere jogaplar

I bap. 1. Tizlik 60,01 km/h dan ge¢meli dil. 2. n<30. 3. 2 mIn. 10 m. 4. 125 sany. 5. 1) 135
sany; 2) 17739 sany; 3) = 4,9 ayda.

IT bap. 1. 2) 20 hatar. 2. Birinji brigadada 8 sany, ikinjide 12 sany is¢i. 3. 2) 16%. 4. 2) 4 /
we 12 [. 5. Semalsyz howa.

I11 bap. 1.4)~=335,42 km; 5) =2243,3 km. 2. ~11,3°. 3. 1818 m. 4. =12,8 m.
IV bap. 1. 420. 2. 10 km. 3. 3072. 4. 39300000 som. 5. 27 metr.
V bap. 1. E(X) =26, D(X)=0,9964. 2. E(X)~ 8,94, E(Y)~= 8,93, D(X)~=0,07,

D(Y) = 0,03, G(X) = 0,071, o(¥) = 0,76. 3. E(X,)=E(X,)=3,36, o(X,) = 1,47, o(X,) = 1,41. 4.
E(d) =60, D(d)=1,2, E(d)=60,02, D(d,)=0,76.
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I bap. KWADRAT FUNKSIYA. KWADRAT DENSIZLIKLER

1-§. Kwadrat funksiyanyi Kesgitlemesi........c.ccvevverieriiiieriieieieciee e 5
2-8. U = X2 UNKSIVA....viiiiiieieiciietc ettt ettt ettt et ebeebeebenes 7
3-8, U = QX7 TUNKSIVA oottt ettt ettt ettt be s 10
4-§. Y= ax? T Dx + € FUNKSIVA....ciiviiiiiiiiiiciiciiciee ettt 14
5-§. Kwadrat funksiyanyn grafigini gurmak...........cccccoovvevieviinieriinieiecieeeeee e 18
6-§. Kwadrat densizlik We onun COZUWI .....cceevervieieriieiieiieee ettt ees 24
7-§. Kwadrat densizligi kwadrat funksiyanyn grafiginin
KOmMegInde GOZMEK ........ccuieiiiieiiiieieceee et 28
8-§. INtErWallar USULY ......ccveiviiiiiiieiieiiee ettt st ens 32
9-§. Funksiyanyil kesgitlenis Yaylasy .......cccoceriievierieiienieie ettt 37
10-§. Funksiyanyn artmagy we Kemelmegi..........ccooveierierienieiiieieie e 41
11-§. Funksiyanyn jubtitligi we tAKIIZi......c.covverviiieriiiierieeesieie et 46
12-§. Dereje gatnasyan denisizlik we defilemeler ..........oocooeivieiiieiiiiieienieieeee e 51
1 baba degisli GONTKMEIET .............c..ccveviiieeiieieeieeieeie et sae e enees 56
1 baba degisli synag (test) GONGKMELETI ...........c.cccevueveecieiieiieieieeeee e 60
Amaly we predmetara bagly MeSEleler ................ccuvvevveeeivieeiiieiieiecieeese e 63
Taryhy MAGIUMQALIAE ...........c..ccooeveiiiieeie ettt sseessesseessesseensesneeseneees 67

II bap. DENLEMELER WE DENSIZLIKLER SISTEMALARY

13-§. Ikinji derejeli denleme gatnasyan in yonekey

denlemeleri COZMEK .......coeiiiiieiiiieierit ettt ettt enees 68
14-§. Denlemeler sistemasyny ¢ozmegin
QUL USUIIALY 1.ttt sttt sbeesbesseens 72
15-§. Ikinji derejeli bir ndmalimli densizlikler
SISTEIMALATY ..ottt ettt sttt et e et e e eeta e b e esae b e eseenseeseeneenes 77
16-§. Yonekey detisizlikleri SUbUt €tmek ................oocoveeeeveeeeeeeeeeeeeeeee e 80
11 baba degisli GONTRINEIEY ................cccovieeeiiiieiieiesieeese e 84
1I baba degisli synag (test) QONGRMEIEET ...............ccoovecveeieieeieieeieeeeeee e 87
Amaly we predmetara bagly MeSEleler .................cooevvveeeiieeeeiieieeieceeeene e 89

I bap. TRIGONOMETRIYANYN ELEMENTLERI

17-§. BUurgun radian GIGEET ...eeureiuiieriieeiieiieeie ettt ettt veesiee e st e ebe e tae e e enaae s 93
18-§. Nokady koordinatalar baslangyjynyn dasynda dwirmek ............ccccoovenennincnncnnnn. 97
21-§. Burcun sinusy, kosinusy, tangensi we kotangensi

|G 11 5331 1S] (S o USSR 103
20-§. Sinus, kosinus we tangensin alamatlary...........cccceeeeeriieniiienieniieee e 109

237



21-§. Sol bir burgun sinusy, kosinusy we tangensi
arasyndaky gatnaSyKIar ...........ccoviiieiiiiiiiciceeeeee e
22-§. Trigonometrik t0ZAESTWOLAL ........cceeiiriieiieieie et
23-§. a we —a burglaryn sinusy, kosinusy, tangensi we
KOTANZEINIST .ottt ettt ettt et be e e eaeenaesaeesaesseessesseenseesaens
24-§. Gosmak fOrmulalary...........ccccvveciirrieiiiieiieieie e
25-§. Tkeldilen burgun SinuSy We KOSINUSY .....cc.covveviiiieriiiieiieieieeeesieeeesreeeesre s e e
26-§. Getirme fOrmulalary ..........cc.ooieiiriieiiieieieee et
27-§. Sinuslaryn jemi we tapawudy. Kosinuslaryn jemi
WE LAPAWUALY .. vveeneie ettt ettt ettt et et e et e ette st e esaeesate e beeenaeeabaesnseenseesnseenseennneen
111 baba degisli GONTKMELET ............cc.coveeeiiieieeiieieete ettt oes
Il baba degisli synag (test) GONGKMELETT ..............ccoccueviieeeieiesieecieiieiae s
Amaly we predmetara bagly MeSEIeler .................ccovvvvevieceniecrieieiieieesieeesie e
TAPYIY MESELELEY ...ttt sttt et e sae e e
Taryhy MAGIUMALIAY ............coooveeiieiiiiiieeeee ettt sttt e e ae et e saeenaee e

IV bap. SAN YZYGIDERLIGI. PROGRESSIYALAR

28-8§. SaN YZYGIACTIIZI ...vveviiiieiieiicieeiete ettt ens
29-§. ATITMEUIK PrOGIESSIVA....eiivieeiirieiiiitieiieiteeie et ettt ete e aesteebeseaesbeesseseesseseessesseenns
30-§. Arifmetik progressiya ilkinji 7 sany agzasynym Jemi ...........ccceeveeveerreeverreeeennennn
31-§. GCOMELITK PIOZIESSIVA ..uvieveerrierierieieieetesteetesteesesteesseeseessesseessesseessesseesseeseessesnees
32-§. Geometrik progressiya ilkinji 72 sany agzasynyi jeMi...........ccoeveeveerveeeerreeeenneennns
33-§. Tiikeniksiz kemelydn geometrik progressiya.......c.ccveeveeeerveeeenieeeesneeeenreeeesneennns
IV baba degisli GONTKMELET ..........coccooeveceiiiieiieieciceeeie et
IV baba degisli synag (test) GONUKMELETT ..............cc.ccuevieeeeieeeiieiesiieiesieeee e
Amaly we predmetara bagly MeSEIEler .................cccoveveevveceeiieiiiieiieieeieeeesie e
TAPYIY MESELELET ...ttt ettt et et sae e e
Taryhy MAGIUMALIAY .............cccoeeeieeiiieie ettt ettt ettt siae et e sae e e

V bap. AHTIMALLYK NAZARYYETI WE MATEMATIKI
STATISTIKANYN ELEMENTLERI

34-8. HAAYSALAT......cuieiieiieiieiieie ettt ettt et neere b eraenaeenees
35-§. Hadysanym Ghtimally@y......cccccoecveiiiieiieiiiieieceeiesteee e
36-§. Totanleyin hadysanyil otnosite] YYEYIYEY...ovviiieriiiieiieieieeiereeeee e
37-§. Totanleyin MUKAarlar.........c.oc.ooceeiiiiiiieiece e
38-§. Totanleyin mukdarlaryi sanly hésiyetnamalary ..........c.ocevveeieviieveenieceeneeieneenee.
V baba degisli GONTKMELICT ..............c.cccveeeiviieieiieieieeieeeee ettt
V baba degisli synag (test) gONTKMELCri ...........c..ccocoueevieieceiiieiieieieeeeesie e
Amaly we predmetara bagly MeSELeler .................cooovvvuevieceeiieiieiieiieieeie e
9 synp «Algebra» kursuny gaytalamak tigin gonikmeler..........c.ccovvveveviivieninciennnnn.
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Kirendesine berlen dersligin yagdayyny gorkezyin jedwel

T/n | Okuwgynyii ady, [ Okuw | Dersligiih | Synp yol- Dersligii Synp yol-

familiyasy yyly | alnandaky | bascysynyi [ tabsyrylan- | bas¢ysynyn
yagdayy goly daky goly
yagdayy

1

2

3

4

5

Derslik kédrendesine berlip, okuw yylynyin ahyrynda gaytarylyp
alnanda yokardaky jedwel synp yolbascysy tarapyndan asakdaky baha

bermek olgeglerine esaslanylyp doldurylyar:

Téze

Dersligin birinji gezek peydalanmaga berlendédki yagdayy.

Yagsy

Sahaby biitin, dersligiii esasy boleginden ayrylmandyr. Ahli
sahypalary bar, yyrtylmadyk, goparylmadyk, sahypalarynda
yazgylar we ¢yzyklar yok.

Kanagatlanarly

Kitabyn dasy yenjilen, ep-esli ¢yzylan, gyralary gidilen, dersligin
esasy boleginden ayrylan yerleri bar, peydalanyjy tarapyndan
kanagatlanarly abatlanan. Goparylan sahypalary tizeden yelmenen,
kéabir sahypalary ¢yzylan.

Kanagatlanarsyz

Kitabyn dasy ¢yzylan yyrtylan, esasy bdleginden ayrylan ya-da
biitinley yok, kanagatlanarsyz abatlanan. Sahypalary yyrtylan,
sahypalary yetismeydr, ¢yzylyp taslanan. Dersligi dikeldip
bolmayar.






