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pinluridn a'lim sifating osairish va nlarning mamickatda emalga

celuntlayotgan keng gamrovh islohotlarda Gaol ishiirekiod 1o minlash

boylchn gotshimeta chora-tadbiclar ta’plisida¥gi PQ-1775 qarorida

W hdlngen, oy 'lim muassasalarida wwhm sifating oshirish, u'im
juavonien ilg'er pedagugik  usellae,  axboror  komunuonikaisiva
wxnologivalact, elekiron ta'lim resurslard va multimediyz tagdimotlarini
kenp tarbig etish va buring uchun zavur shart-shoroitturni varetish
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Ma'lamki, bugungi kuoda oliy o'quy  yurtlarimng  barcha
mntaxassislikiacida oliy matematika (watematike) feni o'gitimoyde.
Talabalzeni matematikadan chugue bilim, ko’nikiza v melakelares cpa
ho'lishlarida o’quv adabivotlarining, aynigsa daviat tlida vozilgan
go'llanmalarning  jumladan  matematikadan  vozilgan  masalalar
' plarining o' rod begivesdir,

Hozirgi kunda oliy marematika va malemistih analizdun masalalar
to'plami va ularm yechish bo'yicha bir ganche adahiyvotiiar mavijud. T7ar
LA Maren muallifligidagi = Dilferensialnoe § intepralnoys ischisienic v
primerax § zadachex™ nomh, LA, Kaplan muallifligidagi “Prakticheskiye
zanyaliva po visshey mutematke™ nomli, Pl Danke, A.GG. Popov,
T.¥Ya, Kojevuikovalarning “Vishsava malemabks v ucprajneniyax i
zadachax" nomli, ¥V.P, Minorskiy muallifhigidagn “Oliy mutemetikadan
masalalar  go'plami”  nomli, GM.  Zaporojets muellifligidagi
“Rukovedstvo k reshenivu zadach po malematicheskumu anulizu”™
nomli. E.F. Fayzibovey va N.M. Sirmirakislar muallitligidagi “Integral
xisob  kursidan pmally mashgolotdar” nomli, L1 Lyashke, AK.
Boyarchuk, Ya.G.Gay, G.P.Golovacklar muallifligidaps “Matematiches-
-kiy gnaliz v primerax i zadach™ nomli, A. Sa’dullayev va boshqalarning
“Muatewatik  anuliz  Kursidan  misel va masalalar to'plami™  wva
xokazolardir.

Bunday qo'lianmalar ko’p bo'lishiga garamasdan  ularning
aksarivetl matematk analiz famican hamda daviac tilids emas. Bundan
tashgard bu go'lanmalarda masala va musoller Gzimli berilmegan va

alamni yechish uchun kerak bo'ladigan nazany muleriallar  yetard:

At berbimngaa, Muallifiae tomenidan vozilgen nshby qo'llanma
il kamehiliklarni bastarat gilishga qaretilgandir.

Ul o'quy qollamma oliy matematika {matemutiba) uchun
Sentigin sont eng ke'p bo'lgan yo'nalishlarga o' lialiangan bo'lishiga
giurmastan, undan ahy matematika (matemutikis) uchun eng kam sval
alvatilan yo' nalishlamiog, talabalari ham foydalanishluri mumkin,

Luhbu o' guy go’llanmaning go’lyvzmasing o'gid chigib v'zlarining
qinmutll mastehatiaring bergan fizika — muematxa faolari deklor
| Arsiguioves, tm.lo R.Azimevea va Andijon mushinasozhk instiouti
Ay motematika Xafedrasi dotsenti T.ADjeliluvaga mualliflar o'z
pnnetdorehitiblaring bildiradilar.

Mualliflar




1 BOB. TO'PLAMLAR
1-§. To'plam tushunchasi, To'plamlar sstida amallar
To'plam  matemalikening  poydevorida  votgan boshlang'ich
tshunchalacdon bivi Bo%lgant  uchun v 1a’ciflanmaydi. To plam
deyilgands hicor bir xususiyai ho'viche umimiyiikka e ho’lgan
obyvekilar myjmuasi mishuniludi. Masalan | Lurs aahalari w0 plams,

gesmedapl  ouyialar 'plami nutemetikadsgi  ragamlur e’ plami,

! bog'dagi mevali daraxtlar w'plami va xoluzo. To'plamlar ABC.D....
t kadi bosh hurllar bilar balgilanedi. To'plamea kiruveai obvektlar uzing

clementlari ceviladi va kabi harller bilan bolgilanadi. Agar

“w

a” element A wiplames togishli bo'lsy, uni kubi, tegishli
‘ bu'imasa a € A yoki kabi vozilaxdi. Elementlari d holzan
Awiplam A = (a, b, ¢, d} kabi voziludi.
Biresta ham elemenrga egs bu'lmagen o plam bo'sis to’plasm deb
araladi va @ kabi belpilanadi,
Masala, weaglumening  iidizlas  o'plami, kvadeali
‘ manfly  son  bo'ladipan  hagigiy  soolac  w'plami, 2
tenglamaning ildizlar: o’ plami bo’sh (o' plardan iboral.

Agar A to'plamga wegishli har bir element B to'plamga ham

teishli bo'lsa u holda A w'plam B to'plawsing gismi deyiludi va
kub: belgilanadi.
Masulun. bo'g"dagi mevalt daraxtiar to’plamini A. harcha deraxtlur

w'plamini B deb elsak, unda A © # ba’ladi

]

. ¢ ginay o
w'nldon Ac A va lasdiglar doim w'g'ri ckanlig: Kelib

Chadi
Aper A va B w'plamlar uchun bir vagrda 4 2 va B « A shartlar
B, b e plamlar teog o plamiar deviladi va # kabi yoziladi.
Musnlen, 4 ={-=1,1} va B={x* tenglama  :ldizlar
o plon ) ba'lse, uw holéa A = & bu'ladi.

A v B ow'plamaar birlashmasi (yig'indisiy deb ularmy barcha

Slementlasidan mzilgan € oplamee eytiladi va uni ‘cahi
yoriiedi
Masalan, i H L 1 bhalse.
I ]
o' plamla: birlashmasi uchon va(AuB)u
n L) hamda po'lganda

munnsadatlar o' vinlid,
A va B o' plamlarning kesishmausi (ko' paytmasi) deb vlarning har
kkalusiza tegishli bolgan elementlarden mzilgan W'plamea aytilad: va

i £ = AN 8 kaot yuziledi.

RS EEHIETR { bova { 1 bo'lsa,
[ ] bo*ladi.
| Toplamlar kesishuwast nehun guyidagilar o'nali:
l.
2.( M (o %
3 ( O=(@ gula O
4. va bn’lsa 5.




A va B w'plunluming gpirmesi éeb A to'piamga tegishli. amme B
lo’plamga “epishli bu'imagan elewmentlurcan washkil wpgan L' plamza
aytiladi va uni AN 8 kshi voziladi.
Masalan, A = (L2345, Tva 8 = [1,3,79 bo'lsy, A\ B = {2,45},
R\ A= (7.4} bo'ladi,

T plumier avirmasi uchun

ANA=0, A\D=A 0\A=0

va A B be'lsu, 45\ B — ¢ nsusabatlar ofrintidiz,

Agar qaraliyoigan barcha 1o'plalami hivor Q t0°plumning qism
to’plamlun deb qarash numkan bo'lsa, unda £ ni wniversal to'plam deb
ataladi.

Masalan, barcha senli to'plamlar uchun & = [~ Len) o'plam
universal o plumdir.

Ager A w'plam Q vaivesal to’planwing gism: bo'lsa, unda 1Y A
1o’ plicu A fo planining fo ldiruvehici deyiladi va C{A) kal beluilanadi.

Masalon, Q={tumandagi barcha fermerlasi, A—} rejani bajargen
fermerlar) bo'lsa, unda C{A¥={rejani bejsrmagan fermerlar) to’plami
bu'ludi.

A va B t'placalarning Dekart ke'payemsasi deb A x 0 kabi
Belgilanuvehi  va (ryi(x € 4.y €R) ku'rinishdepi  juilliklardan
tzilgan vann o' plampes aytiladi.

Masalan, 4 = {0,2} va 8 =(0,1) bo’lsa, uholda AxB =
={{0,0),{0,1),{2,1),(2,00} Ho’ladi,

To'plamlar chekli, eheksiz va bo’sh ho®lishi sunkan.

Aper A we'plamning elementlun bilan natural sondar 'plami N
alip dastlabks birer m ta elementlen orasici bir giymatli meslik o'rnaut
o, unde A chekli to’plum deviladi.
Musilan, A= zbekisiondagt bazcha odamlar}, B={Kitnbdamn
cimeglae), C={Matematikadugl  cagamlack, D={letin  alitbosidagt
Bl kabi o' plawdas chekli bo’ladi.
Chek)s ho’lmagan A w'plam chehsiz to’plam by ladi.
Masalon, catural sonler w'pleed N ={123, ..., ..5L4 = {{0: 1]
hesmadagi  nugalar w'plami}, R={ cosx = a (jal = 1) lenglsn
Uilieluri), D={tekislikdagi berchy w'e'n chizigiary Kabi o'plamisr
cheksiz w' plamlardir,

Agar A va B to'paambar orasida o zave bir givimazli moslik o™vnalin

S lsn, b to’plamlar ebvivalent to’plamlar deyiledi v uni A ~ B kabi

voziluds

Masala, A={toq sonlary. B={jull suzlur} bo'lsa, unda A~ 8

e ladi,
A=1123) va B = {24} to'plamlur berlgan, DBu teiplamlar

uchun A L2,
AnB, ANE, AaDB vaAxE Jar tapilsin.

2. A= {12345} va B=1{24,68} ho'lsa, AU, A0D, A\B,
fi % A lar wopiism.

1 A={1,2345) v H=(1379) beilsa, ANE U\A lar
lopilsin.

£ A= [02]vag — [U1]bo'lsa. A X B va B x A larwpilsin,




S A= a-Zn—1lan+l}wuld—Mm—1n+1n+2

ni3n+d)wisa AUB, ANR, ANE, 8\ Alar fopilsin.
SAd=n-3nt1]vaB=Mn~1n-5 bu'lsa, AUR, AND,
ANG, BY A lar topilsis,

-

. A={n=-3,n-2n-1} e B=|'n,n+‘1,n+2,rz+3}

t'plamiar barilgan, Llar uchun 4 X B va lf % A lar wpilsin,

(L o AN 35 G T3 AERT
8. F={L2345} va F={L3.325} mipladar berilgan. Ru

to’plamiar ekvivalent bo’la oladimi? Nime uchun?

2 E={2488} va F={24.6810} to'piamlar berilcen. Ru
lo'plumlur ckvivalem bo'la eladimi?

1. M = {1,2,3) wplam herilgan. Uning bsrcha to’plam ostari
wazilsin,

1A = {12} va I = {12345} to’plemlar herilgan, A w'plamni
B to’plamga ro’diruvchi wplam topilsin.

124 = {=11} ro'plam Dbilan {x —~ 1)°(x + 1} = 0 wenglamuuing
barcha Tldizlaci 1o plami 0”7aro teag bo'le oledimi?

13 x*=1-0,22-2¢+1=0, ¥*<x+1=0,|x|+x=0
tenglemalar vechimlar to’plamini yozing.

4. A w'plam x* < 3x 4+ 2 = U tenglama ilcizleriden ol va
2= {2 be'lsa. AUE, AN, AN\Z, 8% Alarwpilsin,

15, A = [0, 6, c} wplamning w'plam ostari vozilsin,

2-§. Soali to’plamiar, Hagigiy sonning absulyut giymati
Llementlari sonlardan iborat bo’lgan o' plam sendl 1o 'plam deyiladi,
Quyidagilar eng asosiy souli 1o’ plamlardir:

Natural sonlar to'plawi: N = {1,23,...,n,.. 1

Mt sonlar to’plami: £ = R R K =2, =10 123 4,5 My bt

N » . T = )
fatcional sonlar wplami @ = {;‘. mezZ ne h}:

[rrsional  senlar  woplami: [ = {chuksiz, Gavriy ho'lmagan,
P h b

u'nll kascland

Hpgigiy senlar e’ planiR =4 U J

Haqiqiy soalarmi geometric msviclash uchun hagiyiy sonlar o gi

vkl isgecha senlur e’gd mshunchast Kuitiladi. Buzting uchun biror {

{011 chiziz olinadi va quyidag ishiar hajariladi:

Bu g’ chizigda chapdan o’nge tomon yo'nalishui usbat

vo'nalish dek elinedi

Hu 10'g'n chizigda ixtiveriy nugia olinadi vu uni senfar o yining

haoshi deyilact,

Bt g chizicda hir birlikn fodalavehi masshiab kivitiiadi.

Chekli @ ve b {n < ) sonluri weloo @ < x < b qe’sh enpsikin:

qunoatlantivuvehi barcha x sonlar to'plams wrerval (asaly) el atalad

vy nai (a, b) kabi yoziiads.

o=x<h qosh tengsizhknl qanostlentiuyeli barcha x soulas

o’ plami segment ¥oki kesmu ceb ataladi va uni [@, &] ¥ahi vozilad:.

gexeobveesy=bla yauim oraliglar deyiladi va ularni

w, b)) va (@, b] kabt yoziiadi.

u va b chegaralasdan hirortest @ (—oe yoki oo}, va'm (v b),

(@, =),

(=m0, b, Ta, o2} be'lsa, u holda wlarm yarim cheksig oruliglar Jdeb

ataladi. (—ue; =) ni csa chehsiz orglig deb alaladi.




bo'isaki, ixtivoriy 2 € X uchun x < M (yold x > m) shart bajarilss, X

vugoridun tquyidan) chegaralangen to'plam deyiladi. Agar X ham

yuvidan hem yuqoridan cheperalangsn ya'™ni m =< x < M bo'lsa, u
chegaralpun fo plam deviled.

Har gqanday x € K sonning absolpwt giymaeti (moduli) deb shu
sondan sonler o' gluine O boshigecha bo’lgan masotaga avriladi.

Berilgan x € R sonning sbsolvut giymasi |x] kabi helgilanadi va

ta’ritgs asosan,

formule bilun uniclunadi. Masalen, |4 =4, |-3] =3, |0| =0,
Senning shsolyut givmas quyidagi xossalarigs ega:

L. Her gandey x € & uchun |x| = 0.

(o5

. Her gandey > € K uchun |-x| = |x|

3. Har qanday x € % uchun |x] 2 x vaxz = —|x|.
4. |x| = 0 tenglik x = 0 depina o'rink.
5

.Hacqanduy x € R, v € R uwchun |xy| = Ix] - |¥].

(=2

L

X
/L

-Harqanday x € R, ¥ € R uchun |x + | = |x] + |-

Margandayx € R, 0 & v R uchun !

)

S.Harganday x € R, vy € & vchun |x —y| = |x] — |yl
I. Hisoblang:
13 |=71 + |-3] = |-9; 239 = -3 - -7k

3) [s=i=al=1-31]] . 4y Al=l3 5t 03
3 -ol+]-3] ' -651+1-3.5] °

Berilgan X sonli to’plam uchun shunday M (yohi wm) soni mavjud

'O zgaruvehining ko'msatilgan giymatlanda quyicup: ifodalarming

gy it wopilsin

- PR 17 ilol | SPEC SRS o
] ""_‘,lni.\"‘?.dai ,-_)lg_r\nlx—ﬂﬁﬂ,
2at 3x=7 ax : s
Nl o, 2 : = 1du
1) |.' ..,l nx=4 dd; 5) Ix2=7 ‘52"1‘2 mx

|+ ning qanday giymatlarida rengsiziklar o'rinti ho'ladi?
IyIx =3 <2; =1 <3 NBx-7F<H
Mlx+ 1> 3;: 5113¢ -6] =9, 6)105x—3.5] = 25
4. x ning ganday giymatlarida quyidagi ifodalur  hagiqiy

qlymatlarza ega bo'ladi?

GI=TE NS Do ANTE— 7 4NZE ey
5, Quyidagi tenglamalar yechilsin.
y[3x—6l=4; 2x*=3x|-40=0; 3) |x% = 2x] = 22 — x%;
ale? 4 5xl =6; S2=3x]=|5-2x]: 6} |3 =12+ | = 1
1y |x¢ = Bx + T| = ~7 + 8¢ —x* §)|x— 112 -8 =2|x—1l
g)lel = a2 +x—4 100 42 +ixl - 2| = 4.
6. Quyidegi tengsizliklar yechilsin.
1) 2% — 3] = 63 3 xé = 2|x| < 3
A x =1 =2 A xt —3ix| = 4
Tl =11 <|x+3); B+ =g~ FAR 9y 1=y — 2] < 3:

Ay il ]
N+

2) |x% = 5] < 4

Silr=-3l=6—x

\0) 100
e oo Y
7.Quyidagi tenglamalur yechimga ega ho’ laduni?

: =% o S
igi=x+5 Nxl=2-5; ) |sinx| = siny + 1

8. x ping quaday giymatlanda guyidagi tengliklar o’rink bo'ladi?




r— v-1
L |‘;:- Sk

2y |x* = Sx 46| = —{x” — 31+ 6);
N+ dx+49) 6 (20 =3 = |2% = 4 = 9] | |22 =3
HIF? =) =2+ D = | -4 = x>+ 2),
3-§. Kampleks sonlar va ular ustida amallar

Kvadrad -1 g2 teag bo'igan soan mavxum bivlik deb steladi va uai
¢ bilen belgilinadi.  Demak i = 1 bo'lib, undan = v—1 kelii
chigadi. Mavxum biclikai kivitilisti b:len mentiy sonlandan kvadrar ildie
chiyarish wusmkin be’ladi,
Masalen, V=36 = (36 - (=1) = V36 - V=1 = i;

_— e —

-~
o\

LA . =1
ik 1) Jiv-l=g3i

D -

Awmalda szavhum hivlikuing darzjalardaa fuvds aniladi,
Quyida ularni keluramiz

= {-

v AT LIS SRR 2% S 5) ; :
RBulardan 1§ 1 =i, { =1, iM% — i ekanliging

aniglaymz.

0 ovi b hagugiy sonlar harda ¢ masxum birlikdan hosil gifingan
01 b ko riisheug soulasga kompleks sonfar deb arsizdi. Bu yenda &
Lonpleks sonining kagigiy gived, b1 kampleks sonniug mavxuenn gismi
b mnvxm gistinizng koeffisienti deviladi. o = 0 bo'lsa b kompleks
Gl saf mavaum son deyiladi. Agar b = 0 bo'lsa, u holda kumpleks son
0o tene ho'lib und agigiy sen deytledi. Agar a — b = U bu'lss, o
ol kompleks son B 4 0 - £ bo’lib nelge leng bo'ladi.
o b ko nnistidags yoruv kempleks sonning algebrak shakl
deviladi.
0 b va c+di kompleks sondar teng bolish uwchun g = ¢, 0 = d
b0 hishi kerak.
0b b va o — bl korinishdagi kempleks sonlarga e zece ge’shunid
kompleks sonlar deviladi,
Algehraik ko'rinishdagt kempleks sonlar ustida go'shish, ayirish
v ko'paytisish amallan ko'phedior vstida batariladigan awallar <ab:
bhojasiladi, Ular quyidagich:
(a+ &)+ (c+di) = a+c)+ (b d)i
i@+ bi)—i(c+di) = (a—c)+ (b —d)i;
(a4 D{e+ di) = {ae = bd) + (ad + )i
a4 i)+ (u—bi) = 2a;
(o = hi) — (e — bi) = 2b1;
(@ + bid(a— hi) =« +b%;
Kompleks sonni Kompleks senga bo'lish nehun bo'luvelil va
bu'linuvehi kampleks sanlarni bo’luvehi kompleks sonming go’stunasisa

! puy'ﬁ riladi.

1%




@t hbi  (a=bi){c-di) (ac+hd)+ (be — ad)i
cdi (c+di){e—di) ct 4 d?

a+ ih kompleks sonining peomenik tasvit bosihi O{0,0) nugrada va
oxiti M@, ) nugrada ho'lgan M vekrordan iborat ( 1-chizmu).

Aytavlik 7= a +ib kompleks son boshi O(0,0) nuglada, oxirt

M{w, &) nugrada bo’lgan ¥ vektor bilun wsvirlangsn bo'lsin{2-chizmz).

4~ «+ib kamplcks sonning medell deb 7 vekloming wzunligiga

avtiladi, Toni [F] = a2 © b (1) dan ropiladi,
v! ]
‘ Miz, b} Min, by

1= ¢ltizenas

2-chizma

7 ovektoming Ox o’gind musbal vo'nulishi bilen hosil qilgan
burchagige kKompleks sonning  wrpmerenti  deyiladi. ¢  hurchakni
qiymaani cose = :_—’\-'a sing = g i2) formulalardan topiladi.

Ccosg = 5:- va  sing =g lardan ¢ = reosu ve b = rsing larni
toparniz. @ va f laming b ifodalavini kompleksi son vozuviga go’vib
Z=ua+bl = reosg + Hirsing = v{cosy + (sing) ni hosil gilamiz
Z =r(cosg +ising) ga Kompleks sunning tngonometrik  shaklai
deviladi.

cospe | ising = e ga Fyler farmulasi deviladi. Z = re™ ga
kowpleks senming ke'rsutkichli shakli deyiladi

i 4 = ncosw, +ising,] va Z, = ry(vosg; + ising;)

b e o holda guyidagilar o' tiplidir:
Fods ey leos(yy + ga) 4 isindey @)l
A '

'_l lcostqpy — @l ixinio, — )%

£, ey cosngy + isinrgn )i

42k 3 Byt ENT
‘5%— b isin 2 ~—}

W7, = \ri(cos
ni— I‘l‘-ahl 3
‘ RSN 1 | (g ¥ (=g § e ooy i
At & = el Bolsy, u hoida 27 = ey Yy = Yre T« bo'ladi

| Ihsoblang:

1193, 43 137, L 43y AR L 364 4 145 _ 1O 71,
[} (86, {193, 216, {137 21T 0T I i

1y (19 4 125 4 (17 & ) B Y
IR S A o i | (AR S B
) Quyidagi renpliklardan x va ¥ lar tpilsin.
1) 3y + 5xi = 15 — 7(; 23(2x 4 3 + {x—y)i = T+ 68
Wi2e L y)—i=54+{y—x)ii 4 (@i — 1x + (2—3i)y~2 - 3L
Gy 2+ 3ivaz,=5—Ti kompleks sonlar herilgan:
0z + 73 b) 2y = Zai
¢) 2y ° Zat ) :—. la topilsiu.
4z = 3+ Tivazy =9 —4i kompleks senlur berilgan:

%3 e
4) 2y + 720 by zy — 73 Cy 7y Eyt dl 5 lar topilsin.

5. Ouyidagi herilgan misellarda bo’lish amaling 1kki hil usulda

hejaring,
3-i 3=71 < 5=T0, a2
a7 Ay T . ;
i rer, “lase T ]Et.“fat-v~—:....\,7. "
B

. Amallari bgjaring:




1 2 £+g£. ay B30 _Z+3.' - St

D= M’ Y3 awn Vi 5
. 14112 1.n'?
B el fax - i 4+
2)4) A-n} + (I n} : S (1—=0°+(1+ i.)a:

7. Quyvidem tenglasmalar vechisin:
Dxé—0x 113 =0: 2)9x" = 12x+29=0; 3)2.52% + x4+ 1=0,
8. Quyidagi berilzan kempleks sonlami tekishikde tasviclang:
Nz =3 2) 7y = —131I; 3}za=342i
Yzy=5-2i; S5yz,=-3+ 2i; Gl zg =—1—5IL.
9. OQuyida berilgar kowmpleks sonlarni trigonometdk  shakldi
Yozing:
Ne=1+5 Dz= -2+2235 Pz=-3i; 4)z=-343(
Nz=22-26 Hz=-10; Tiz=06i 8)z =5,
10 Quyida berilpzn komplegs sealami ke'rsatkichs shaklde
vozing,

1)z = iT- JCi .'_'_1 . ¥ ad
}z ?(cu.s S I isin 2). ?,)z=3(ms-:--'—isin';'):
317 =3 -303; Nz= 3T+
Iz = 3{e0s330% | isin330°) va 7, = 2{cos60® - sin6l)
kempleks sonlur berilpan, Quyidagilar topilsin:

Az, 2zt ») 2L Yz * ) 25 fa
12 D) 2] ey’ di 7Y, e) {7 ) 47,.

12.2:3(13-"5—“ X 4
| cos — + isin z va 2, = 5(::05-2-4- e‘sin'}'-)
komnpleles sonlar berilgan, Quyidagilar topilsin:
)2y 2y; 2 3y 7% 7)
1" 23 2} a3 3y 7 DR

»

13, Ouyidagilar hisohlagsin,
L B T3

a) ¥v—-16: by ¥71; <) V=1: dy ¥=27.

s

I BOR. CHIZIQLI ALCEBRA
1-§. Matritsa va ular ustida amallar
Sty M . Apy
T s i I
\dm1 Wenz -~ Gmn
it setr va ot ustundan ihoral fo'g s burchekl matriisa deyiladi.
Hu atritsam ba‘zan A = [a.‘-,-} ko'rmishida ham yoziadi. Bu yevda

w12 ;) = 1200,

‘afull (?.:2 Q\:

i ‘KuZI Qa2 . 'a:g." (z)

Oy Uz o Bun
i - tarmhli kvedeat matriisa doviiodi.
Flemantloti Myq, tgu o Gnqn B0 lgan divganal asosiy dlpganal
clementlarn pppe o iy D0 'gan  dioganal  yordomchi digganal

clemrestiori Jeb ataladi.

0:[1 0 "o ()
N 32 n

1 05 dpn

marisaza diagonad matritse Geviladi.




Agar dioganal matritsada a,, = ayy = -
uni skalyar mairitse deviladi,

Agar skalyar matritsa bosh Jivganelining burche elementiari 1 ga

= (lyn bo'lsa u hnlda

teng ho’isa, n helda uod blrlik malritsa Geyiladi ve E bilzn belgilanadi,
U gquydepicha voziladi:

10.. 0
go|01..0 )
00 . 1/
Kusvsiy holda 3-tartibli birlik matsisa qusidagichs voziladi:
100
E= (u 1 u) (3]
001

Agar Ay, 27 Durchakli malrtsada m = 1 5a’lsa, u holda v
satr matritsa deviladi va u quyidagicha yozilads.
A=y @1z . Qi) (%)
Agar Ay W0'e'n burchakli matritsada » = 1 be'lsa. u helda uni

ustun sratritsa deyilad: va u quvidagicha yoziladi:

Q11
e (.
M1,
0o..0
a= 00..0 (8) o pel matritsa deyiladi.
\00...0

A va B matrirsa bir hil tartibli v ularming mos clementizri o'zaro

reng, botlsa, va'ni ay; = by; bo'lsw uw holda ular teng matritsalar

Pl

Aoyl

v

A ve b mawitsalar tengligi A-B yoki

[ntehida yorziladi.

() = (by)

\ i
411 [P O a'ﬂ?\. ].’l'l bld e
1 Qpy Qaz o Lan £'21 b?.l "
v . : we ses eme B4R ARE Twe eun

\any M o Bund byy Bra -

Ly e o hotda quyidagilar o' rinlidic:

ga

1
fag. byt T8z e G LG

Q2 4 E‘?-] iiyz _t h)z w fAn + b"v“

“l:' l 8 = e ess 488 wes ssa sed GNE WWS ses sas BAN AP 0w
Aty Gz bz - oy T 0an
huyy kasp . RKilgn®
kﬂ-“ .‘.'(13;: N ka._»,,.

kA = 5 J

kum_ kﬂy‘z e kann;’
+ Quplay - Ryt Qb =
[ PR PO

g Byy +0q2By
Q2 by + B2207; —

\ cem wee Al 1% s :
.l\"".'»"lbll T ’.‘“2")"1 ) Mo

= a.,t, ~,..
Nlaisitsalar ustida amallar quyidagi nossalarza ega

VA+B=B+A:

NA+D=A;

3)A(BC) = (AB)C;

1) AB + BA;
6y (A + BIC = AL +

yy M2 - fn
Uzy @3z w0 P2n
detd = 14| =

e AN Sew mae baa

My, Qpz - Unn

A rutvitsaning detenninant deyiladi.

321"'ln ! a??i’11| G S

A “'l.'xb.‘ﬁ’l R
+ Qabin

Gy bt Ayalan + 0 andlin/

DAr+C=a4+(8+C)

RC.

detd — 0 bo'lsa, A malristsa  mMAXSUS, detd v 0 ba'lsy,

naxsusinas mulritsa deviladi.

el




Arar A kvadrst matrisa maxsusmas ho’lsa, u helda A4 =
=A71A = F weagliknd conoatlantinedizan yapons A~ matritsa mavjud
bo'ladi va w A\ watrilsaga feskard mutritsa deyiledi.

Teskari mattisa quyidagichs asiglenadi:

f:‘:l )421 " ‘1-".1\'

1 11;2 .“lzz e -'1.'12

~ detd

1

I ézn Alm"
A matritsaning rangi deby, uning noldan fargli minorarining eng
katta factibiga evtiledi va rung (A) kebi belgnlanadi.
Quyidagi  almashtivishlar  mabdsala ustida
elmasharishlar deviiadi:

elementar

o) [ugut nollarden thoral satr (ustunim o chirish;

b ikkita salr {ustun) aing o'rinlarint almashtinsh ;

¢y bie selr Qustunning barcha elementluring oiror songa <n’paytirib
bashca sate{ustunining mos elementlarips qu'shish;

d) sam{ustonning barcha elewewlarind 0 dan fargli bic hil sunpe
ko paviirish.

8 = (by) matritsa A = (@) matrisaning  transponirlangani
deyiladi agar € va j indekslarning barcha mumkin bo'lzan givmatlarida
@y = by shart hajarilsa,

A mulritsaning transpomrlenganing A7 kabi belgilanadi.

I, Quyida berilgan A va D malrisalar vie'indis va ayirmasi top:isin.

I}A;(2_4), s (—1 3)

-1 3

b-G 4D 16 ¥ D)

»

g 1. 3 -5 3 16\
WA ((l 0 0). B:-(ﬁ n o

| 3 8 7 ]ﬂ 0 /
2 =1\ =8
A (.‘l i )- B- (2 4 8 )
0 —8

' el ABC matritsalar uehun (AABYHC AHBAD zengliknl
i g 0 dsbotiansin.
-3 @0 1 s 1 2 ‘Z':—l
A . .~k 3\. B=(3 0 ?..L=0:; -3 -
£ 2 0/ 7 =305 n 2 4/
L Qnyida berilzan mutritsalwmi ku'rsatilgan sonlargs ko’ paylinast

oplsin,
¢ 2 -1 4
|,,1,t0 ; -3) mk =3z
-2 1 0
/43 -21
;3|3=\§ ; ::-); 2 ik = dga.
43 =2 1

e - LI - -~I 9 . '.., ]i [Q itlg.
1, Berilgan A va B matmisalarga ko're 24 -30 va 3B HIA MG

2 -4 0 + -1 =2

A=1-1 § 1 ); R=|0 =3 & |
0 3 =7 2 U -4

perilean A v B matritsalas ko' paytmasi tenilsin.

I)A—(}.l _21} : B"(; 1)
2 0

AN

3




)

sA—13 2 1 o S
s (o 5 5) B—(z 0).
~3 1

Nar = (2 - =
O, Agar 4 - (l'l 31) va B —.{57 _43) bo'lss, € = 42 + 201
Llopilsin,

T. Al B wpilsin. Ru verdy

1 2.1y 4 1 1
A=(2 1 z). B-s('t 2 0)
1 2 3 i 21
Z 1 0 0
8 Apar & = 5 W =
acd=( 6)@E=[0 1 0]ho'lu AE tapilsin.
¢ 0 1
T (1 0 o 2 1
SAmrf =0 1 U)vsﬁl=(—1 £ | on'ls
;5 s 20 Lsu, B4 tapilsin,
10, Quividag; matilselarga teskar: mairitssiar topilsin,
: a :
A= 2\ . 4 3 4
: 230 = ;
(3 a4/ 2 (5 7)'
L 2 b 7
3 = .
)¢ (u )5 4)A=(6 3 4);
3 =2 -3
- ST I 1 1 1
d={2 -3 1) ga={l 1 -1 -1
il 1 =] 0 Uy
L O i =%

2-§. Determinantlar

A= (0‘“ al‘:) -
(- s l‘lmlnt‘agu nis kl‘:.’ﬂ,ﬂu ik_kinch" tartihii

determinunt deb 1@z =~ D67 sONZA avtiladi,

A

ke bl detersivant quyidagicha yozlaci:

Gy 2

() = detd = | | =g Ry — Gy

U7y Mz
Qir Gup M3
A=[Ra @z M3
O3y @3z (33
Sl e mos xelgan uchinchs wrlibli detesminane del:
Wty b gy + G Ra303) — Axalye iy = Gl dyy — 21032033

po avtiladi, L oguyidagicha yoziladi:

a i 4y
A "'.n fan o Uax| = gty + S S50y b R1pA03%3) T Ryt
Uy Wan o byy

Wyalagtdyy = Mg Qaalys .
[ Jetorminantlar bir gater xussalaraa ega:
|y Determinantnine salfnd uegs mos ustuni bilan simashiisilea o
Dol uning givmull o' zgacmavdi,

|0-1 ulzl I (45 54 “nl
Gzy M2z By Azl
1) Determinanming ikkite sutel (ustoniini o’zaro almashuzilsa uning

(lymati garame-gurshisigs o zzaradi.

I“n “lzl
dzy Gz

dzy 2
a3y Mz

1) Sawr (ustuz) elementiariden umumiy Xe'paytovching Seterminant

ol thga chugpacish mumxin.

|“'.l f:au

i |‘In @2
rE kﬂzz

fly Gz

4 Ikkila sawi {ustuni) elementact bie hil ba’lgan deswerminuniing
giyuati 0 24 teng.
53 Ikkita satr{usiun) elementlar Proporsienal bu’lzan

determinantning qivimali ucles feng.

-
-




6) Agar determinantming biror satnfustun) clementlariga boshaa hir
setrfustun ) slementlarini biror sonpe ko’pevtirib go’shilsa, 1 holda

wiing giymali v’ zgarmeaydi.

ary + fays a,3| ) Ian r‘17:|

Ty + Ky, @5 tz) 42

7) Determinantning  bosh dioganali ostida yoki ustidagi barcha
elementlari polza teng bo’lsa, o helda uming  givmet  Jdiopwroal
clementlari xo’pavimasiey teng bo’ladi:
llu ﬂ 0
(121 024 0
31 G32 @33

gy @iy M3
0 @y ay;
0 0 T4y

= Q32 035.

= |a‘-‘.|dcncrminamning yy clementiga mos kelgan My, minaré
deh, shu clement turgan satr va ustun clementlarini o’chirishdan qolgan
clementiandar tzilgan dererminantga aytilads,

Masalan |

Wiy dyz 3
Qzy Ogz dzz
Q3 Myz Mg

D=

. @y 0,
ho'lsa, nhelda My, = | a;l a:-;l
S1

D = |ay| determinarming oy elementiga  mos  glgebraik

to ldiruvehi deb (~ 11" ishora hilan olingan M: ; rinerga wyiiladi Uni
Ay = (=1 My ko’rinishda yoziladi.

L} determinaniming ixtiveriy satr {ustun) elementlarini vlarga mos

algebruik  w'ldicuvchiluriga ke'paytmelorining  vigtindisi shu

detesminantning qiymariga leng.
D=a g +ouds + -+ apdn  voki
D= ayjlyj+agidz it o+ tangdy,
1. Quyidag ikkinchi tartibli determinzantlar hisohlansin:

26

L o o ok E el
IS e R

" |” ,'.nh o X bl'

' Ouyidagi uchinehi tastibli determinantlar hisoblansin:

e

ey 1 1 2 3 3 4 =5 f 3 —4 .
Big 5 3 4 5 6\; e 7 -2 45 6 7
A 3 7T 8 9 2 -1 g g 0 3

Z ’
O 0 z 0 0 a —ia @ ' xz ): i
gl 2 ol 60 5 0 e @ --'1:8})'? y 1
n 7 -1 0 0 -4 a —a —d ze 2 -4
| beosa 1+sina 1 s@u E&u rossne 1
uill ~sina 14cosa 1 10y {sin2a cos2a L.
1 1 1 sing coso 1

{, Quyidagi tenglamalarcen ¥ topilsin va ildizlurni delerminaniaa

'y 1 '\U.\'Sllil:»'lﬁ;l!li

o4 9 xt 3. 2
il 2 3 =0 23l -1 1 ={.
H W | 0 1 4 »
4. Quevidaps berilgun determinenilarning barcha minorlasi yozilsin.
12 0 3 2 4.
Bp=\|3 Z:=15 Hb=|-2 0 -3
5 4 2 5 =3 4
1 2 3 4
y =10 -1 5 2}
Jhctmt T R
1 4 =3 2

<. Uehlari  A(2;2) Bid-1] va C(6:57 uuatalanda  bo’lzEn

pchhurchakming yuzt Loplsims




6. Uchleri W) A(13) va B30 neqialarda bo'lgun
sehburchakuing yuzi topilsin:

T Ucklen 000;0), A(h 43, 0{4:6) v € {71 2) augualarda bo'lgan
to'rimrchakming vl lopilsing

R AT BiZ37 ) va CP35) muspeler bir o’y 'rt chizigde yoadimi?

V00 Ceyiyad va (egiyads D (2331 va (10 5) miqtalardan o tuveki
w'g'ri chiziq tenglamasi uchinchi tacibli determinant  verdamidy
vozilsin,

10. Quyidagi deterinaztlar sodidalashtivilsin va hisablansin:

24 A8 72 2(.03.22_‘ Sl 1

v 2)1-12 18 24

L. g
nls - s i
T 53 20052-‘3 sing 1|

1 u i

1. Quyidagi dererminantlasai ikki xil veulda:1} nehburchak coidasi

5
¥’
-3 1Z -12 4 -3 =2

bilun: 2) bivinchi setr elementlari o yicha vovish vrgali hiseblansing
6 4 3 -3 2 1 -4 -2 -1

iz -3 2¢; 211-2 4 =3|; DB 228 Ok

3 0 4 3 R 0 4. =3 2

12. Quyida o rtinehi tartibli detecminantlar bisoblsnsia:

2-114 23 -3 4

110 =12 1], 1‘J?.l-l?t

3 -1 2 3 il - 1 e B K

3 —-1:5 1 258 08

13. Quyida benlgan determinantlamni vehburchak shakliza kelticib

Aiznblane.

2: 3 =3 4 1 -2
2:°1 =1 2] zlE =3

Jo1y48; )20,

]

L4 Ouidael determinantierni oldin soddulashtirib. keyin hisoblang:

et oax 1
bl b of ay 1

] '
$*fhnt az 1

L0 Dk v weh nomalomli chiziqli tenglnmalar sistemasi. Kramer
qoidasi. Gauss usuli
(0 Xy T apXz = by
iazx X gy < b
g fkkl noma'lumdi kkie chizigh lenglamalar sistemast deviladi.
ULy, @y vty lar koo(Tisientlar, By va 05 lar veud hadlar deviladi.
[ clstemadan quyidagi determinantlami luzaniz.

iy (}-2‘ i I -‘0.‘- bll
¢ In‘,v. azl' “F 7 by wpl’ T o b

0 sistemaning asosiy determinanti, D, va Dy, lur sistemaning

b, @], e

Cordamehi detertninantlart deyiladi.
Aper D # 0 bo'lsa, sislems yaguna vechimge ega bu'ladi ve u
[ onmer goidest ba’yicha quyidag formuladan topiladi

. .
. SR
X n ' A2 0

Aper D = 0 va Dy D, lardan agslis bittasi polga leng b lroesie,
datema yeohimgs s cmus.

Ager D=1, =Dy, =0 bo'lsa, u holda sisema cheksiz ke'p

yechimga ega bo'ladl.
Ueh neme Tumli uchta ehizigh wnglamsler sistemast




o e— —

e —————

Q%) = gk T ayaay = b
iaz,x. .‘znxz 4 0.2-31) — bz
Quy Xy = GapXy + Qagury = by

schus ham quyidagi detecnaantlari tuzish mumbin:

Qo) Wy 3 by wpz ws
D= 21 Gz Wzgl; Ny, =k a3 @3
@z 03z By Dy MMy, gy

@y by oy
Az B3 ip3; D =
0.3. ba lI:,}

Dy, =

»

Gy @ By
My a3 By

Bu yerda ham @ asnsiy determinant, Dy 0., D lar yocdanchs

My a4z btl

dewerminantlar deviladi.

Agar J 0 ho'lsa, sistema vagona vechimga ega bo'ladi va u
Kramer geidasi bo"vicha quvidagi formuladan ropiladi:

1'3 Ux. J
s b QAR Y o [ — A
Xy D' -7 o' X3 T

Agar D =0 va B, ,0,,0, lardan ayalll billasi nulga leng
bo'lmese, o holda berilgen sislema yechimee epp bo'lmaydt ve i
hirgalide bo Tmagan sistrma Jeyiladi

nta nama’lumli nta chizigli tenglamala sistewmisiod 1 ning Xalla
(n = 4} givmatlarida Kramer goidasi bilan vechish givinchilildargs olib
keludi. Bunday hollarda sistemani Gauss usulidan foydalan’h yechish
qulay  bu'ladt. DBunde neme’lumlar ketmu-ket  ya'gotilih, sisema
uchburchaksimon shakiza Xeltwiladl, Ager sisiema vchburchaksimon
shaklgs kelsa, u yagons vechimga ega bo'ladi va uadagl noma’lumior
oxirgi cenglamacen bashlal wopiladi.

L Quevadagt chizigh tenelumalar sistemasini Xramer usuli hilan

veching,

e

. RAT =] Z‘FS},:?-
Ne ) Ay =12 - 2x — 3% ll: i) ivl.x -8y = A
H‘ | y w7 | “N6x =9y = 33 1
"4 ’ ‘__3"_—_
by =7 o fBET =t 61{0‘. s
) e L0 i?x 4 Ay =8 ay =2y =1
b - Gy = 40 3

Iy 42y +2z=3 Sx = 8y+~z=24

'\ :-~,‘z=3; 8}£3x—2}'-rbZ'-‘—'.';

Aip ‘.) ':—-—2 Jx+y—x= "9
/ Wy ¢z == 2x—3¥ 4 z--"l'.

) : | 4y &2z =-1; l[l)‘x-i—?:y--iz:—:,

| \ 4y =—2 x4 Y372 =T

) v 2= =% dpr Ay —x =13

R4 oy e b2y +3z2-3,

2x — 3v+z=—u

blar 1) (3,-1): 2) siswema chelksiz ko'p yechimga €23;
Javoblar: 1} LS.—7=2)= =

v [5,1): D (L -12): 81 (=320%
|'.l”,'ﬁ‘|; -’.](5,—-4.-}: s 0.2 0)(‘:.1). JE &
ny i, l'{](l‘.z,—l):

ar s 0 Ganss usul bilan
v (uyidagi chizigli tenplumaiar $ISTCmAsiy {auss wst

voching

3x, 4 5¥z — %3 = L

—iE, A, T X3 = 1
)
XNz T Axa = 3

%, +2X5— =2
| ‘,\ 20y T Xy Mg = 94.3
s =2t ¥ xy— 2XatXa” -3
3x, —xz— 2X3 =1 .
9 2x, txy—2x3 =X =1
X, F3x,—2xa— 24 =

Bxy + 2%, —X3 = 4

2y — Xzt 3xa=1;
g - 2%z % 222 =3

1
}

2y —Xat Xy T i
2y — X I = :
35y — X3 T xy -3
2%y + 2xz — L%y H 8% T -6

Javoblars 11125 15 -1 DG 0 1)

4-§. Chizigli {englamplar sistemd

4
—

\qini yechishniog matritsalar usuli




anomaumli n ta chizicli tenglamalar sistenasi

fyixy | Dyuidy A .--+(21nxu - b'_
3932 = WXz + ... — QX = bz
Mg Xy an2x2 LR 3 u“”x\' = L\l

ni matritsi ko'rinishida AX — R deb vozish mumicin, Du verds

Bz e oy Ty “h

Uz azz v U gm , X ».
2 N o e S A= : ; B=|"?

i@z e lyy e Wb/

Agar det A 3 0 bo'lsa, © bulda by sislemaning matrissa shuklidsg]
yechimi X = A7 ko'rnishda bo'ladi. Bu yerds 41 matrisa A
matrilsaga teskarl maltrisa.

1. Quyidug® chicigli englamuler sistemnasini matrisalar usuli hilzn

veching,
: {3:{—5}‘_13_ 2\'{.'-1:(—4:/—«—6_ 4 (0x | y=12
2x+ 7y =81° 3x+dv=10" 4 X—y=T7"
O -2x,=10 ¥, = 3xy +uy = -7
4] 3-1’-1"21'2“"‘13:23; S)le'i"“;l'z‘i-?.){!-—-—']:
Xa ol 2x3 =14 x, -—‘l-,\'.‘. = =5
. 5x1+HXJ+X5=2 RXI-I;! |'X-5=12
& 3’—.1 —sz 4- ﬁx'_n = - 7, --‘} {xl + sz + 1’33 =& .
26y T X3 =2y =5 Sty Xy + 2wy =3

( 36, -2 +x, =5
831 2.‘(-‘ + 3x; + 13 =1

2xy +xy | 3xg =11,
Javoh: L} (16:7); 2)(2;3) 2(3; =14 A (43;5): 5)(-1;1;-2);
OK-3;2: 1) D0;—=7:5): 8) (2;-2; 3),

11O, TEKISLIKDA VA FAZODA ANALITIK GLOMETRIYA
| 4 To'y'ri chizigdagi va tekislikdagi nuqraning koordinatulari.
bl mgta orasidagi masofn va kesmani berilgan nisbalda ho’lish

[ o'gdagi Alx) va Blxs) nugalar orasidagi mesofa  quyidig
ol orgali topilada (L=chizma):

ad=|xz—=x | = Jixz- x ) ()

|
A

tchzme azhizm
Jchizmadn tekislikdagi te'g'sh burchukli Dekart kaordinatular
Jtemesi msvirdangan, Bunda Ox- absisselur o'qi. Oy- ordinatular 07qi,
O g koendingts boshi. @ va B Jar M nuspening kvordinamalari (o — M

uataning absissasi, b — M nuglaning ordinaiasi).

3




o d = .l‘fgl“,z - \."(:Q fr Y J;l)z + (}') o }'1)2 (2}
tekdslikdog thkits auqla orasidagl masofan

M, kes o 15 ‘i
1%y kesmani TP A nisbatle bo'luvehi ¥ T Lani

Ltapish formulisidiy
ng koordinalalari

Xy b Ax
e Sl W G
1+ YT 1z @

formulada: lopiludi.

A er i
| Agac N nugta .0, kesmaning o’nasi bolsa, o holda A = 1
bolib, (3 formula

X TX g
et S O | )
< I Ny, = 5 {4)

Ko'rinishea Xeladi va uns P
isnea Xeladi va uns kesmant o' rasing topish formelusi devilad:

1. Ording ‘i k

Irdinatalar o qidy koordinatalur boshidin A(—Z; 5) nuolda;
ik = 4 &y - AL |
baravar wsoglikda furgaa nogla topilsis, Tavohi{0;2 9;

<. Absissalar o'qida A=2;3) nuarsdan 343 birlikka wza
nugta lepilsin. Javob: B(4; ()]

3. Uchlani (-3 =1}, R(5: 3}, C(6: ~4)

wehburchaklia tashqi chiz;

qlashgan

nugralarda  Bo’lgun
]f-'.alk cnicani .

3 AN miarkazl va radiust omedler
Tavol: 0(2; <13, 8 = iust 1opilsin.

34

obondinntalar 1wo'g'n chigglida A{S) va B(—10) rugtslar
gl masota topilsic. . Javaeb: 13,

LA A nugradan B{—10) nuqtagachs musola 6 ga teag ho’isa, A
b koocdinatasi ganday do’ladi?  Javely: 4,(—4),4,(—16).

0 boordimsdar w'g' chiedg’ide A(=5), 8{+4),va {—2) nuglalur
Bl v A, B va AC kesmalarning vzuanlikiari 2opilsin, A8 +
o AL ekanilg rekshiritsio.

Clchla A(2) ve B(=5) nugtalarda ho’lgan AB kesmant 3:]
prebitdn bo'luveli N nugraning keordinatast topilsiz, Javol: N (- ;—1)

b Mugtning  koendinatelai x4y — 0 shari cancallazlin,
Mo, y) nugta qayst koordinalalar ¢horagida bo'ladi?  Javeb: 1 yoki V.

U AL=1; 2)oeqa hilar keordinat beshi orastdugi masala topilsin.

Involhds

[0 Ox w'yida shunday M nugta opilsinki. v nuguadan A{2; &)
nuglagacha masofa 10 ga teng be'lsing Javoh: M (10;0), M,{—6;0).

I, A{5: 1) va B{~1; 7) nuqtaler berilgan, AB kesmani 1:2:3 nisbatds
ho'ling.

12, Parsllelogremmmning  uchiaridan nchtasi A(3;—-3), 4{-1; 1)},
(1: 6y nugtalarda joylesheen. Uning tortinchi 1 uchi topilsin.  favob:
D{S:2).

13. Uchburchakning uchlati A(3;6), 8(-1:3) wa C{2;—1)
anialarda joylashgan. € uchidun wshiclgan balandlik uzuniigi topilsin.

14, A(=2; =1),8(~1;1) va €(1;5) nuctalarni hiv ta’s'n chizgdes

yotshi iskollansin,




15.
schbwichak vasalsia ve o
1:5(2 +Z),90¢, 157,

i6. Uchlari A{-3;~2),R {0;

uehburebalanng to’g' i burchalli ckantigi ishor gilinsin.

17. Al—4;0), B(—1: 4) nuylalar hamda (y o'qua nisbalan ularga

mes  ravished:

trzpelsivaning peremetri uniciznsis,

18 £ nugla birinchi koordinatalar burchagiving  bissckiiritsesigy

nisbatan A{4; —1) nuqrags simmetsk. A8 Kesmaning, uzunligi topilsin,
J: 52,

19, Uchlasi A(4; 3}, R(—3; 2) wa C(1;=8) nugralards bo'lesn
uchburchakka tsshai chizilgan doirening markaz va radiusi wepilsiz. 1
(1 -1), R =15.

2. Tekislikda A(=70) va B(D; 1) nugtalar  hemda  biriochi
koordinarzlar burchagiving hissekUrissasiga nishatan wlergs simmotiik
bo'lgen Ay va 8; nuqralar vasalsin, ARR A,

eniqlansin. J: 182,

Tapelsivaning peremeltri

2L AZ3) va BU10;11) nugudernt  bireshticovehi keswani
AL CR = 3: 5 nisbutda ho'luvchi (7 nugeaning koardis

alulari topilsin,
F C(5; 6).

22, A(—3;-2) va A{4;2.3) auytalarni - birlashtiruvehi - xesmani

Al MY NR = 3:4: 2 nisbawda bo'luvehi w@aming  kooalinatalas
topilsin. I: M{—2: —0.5), N(2;1,5).

]

Uchlari A(—4;2),R(D; -1 Jova C(3;3) nuaralanda [ [

perfmels va burchaklari aniglasin,

p1) v €0=2;5) nugralurdy bolgen

@ simwetrik bo'lgan Ay B, nugtalar vasalsin. ABR, A,

e i i birtasalusoveht aesma 2 La teng
S0 AL ) v B 26 augtalami B

b'ﬂl e bolndt, Botlinist nugtalar kvordinatelari  topilsin.
i LA LT ! -

BRI L), DiBA —3,6), £(96 —44); F{10.8 -5.2) .

oA 21 va B3 6 nuquiarni birlashtiruvehi AC kesmian
ANINI 1 edshatda ho'luvehi M (x; ) nugta tooilsin. 1 N(L D). .

LA L) va #(3:6) nuglalar beriigan. AR kesma N nugla hﬂan‘
NN - L2 nisbutds he'lingan bo'lsa, W augtaning keordinaralart
sl 1 N1 L6) -

W el A(2i=1)L8(43) va C(-2:1} nuglatarde  be'lgan
Ll bk tomontarining o' rtalan snigiansio

O Uehtari 0@ A0 va B(0;6) sugtalarda he'lgan
Gl bakning 0C medianus: va OO bisscklirisaal wzuoligh loplisin.

ave

I 500D = s

W Uchlar A(2:0),B(5:;3) va C(2Z;6) nuqtalarda  helgan
o bhurchakning yuzt lisoblansin. 3: 9 kv.h. .

10 Lchlar A(3:1), B(%:6L0(6:3) va D{5; =21 nuytalarda be’lgan
W fibnechakning yued hisoblansin. 1o 13 kv.b

i Uchlari A(3;2),  B{(~1;—=1) va c{1; -G} nnqtalanta he'lzan
eliburchakring peremetrt bisoblansin. -

| Uchlan POO:W), O(3:1) va C(157) onqtalanda bo'lzan
Jehbuschakning to’g'n burchakli ekanligin ishotlung,

12,y ping canday giymatlarida uchlac A(1;3), B(2:=1). C{di )
muueleeds ho'lgan uchburehak teng yanli bo'lad. |

13, AMuntzzas elfipurchakning Tkkita A, (20} va A2(5; 3190 shni
uehilanni bilgan holda, uning markasini topLUE.

A



3. Berilgan uchta A(2: 2), 8{—5: I va C(3-3) muqlalardan
berobar uznqglikde bo*lgan nugTen tnping,

35 Lichlari AQ4;2), {571 va €(-3;4) nuylalacda  ba'lgan
uchbuechek har bir medians stnung wnnliging oping,

6. Apar A(—2 2) va B(1; —1) nusptalar Kvadraming ikkita gqo’sha
uchi bo'lsa, golzan uchlari kovrdinatalaring topg. I € {5; 1), 0,(2; )
va CZ(—I-};—S],DQ(—G:—I).

37 Apar A(3:2) va C(-2;5) miglalar Kvadratniog qarema-garshi
uchlaci bo'lsa, uning golesn ucklari koordinatalari topilsin, J: 8(2; a),
2(=1;1).

2-8. Chiziq reuglamasi. To’gri chizig va wning turli xil tenglamalari

Chizig tenplemasi doh shunday #{x, 3} =0 (1) tenglamaga
uytiadila, uni shu chiziyda ¥otgan 241 yanday nugezning kooedinatalas:
qunoatiantradi, unda YoOMagan  augtaning  koosdinstalan ey
Qanoatlaztirmaydi.

Yy=lkx+b (2) lenglamews W' g chiziguing  burehak
Roeffitsientli tenptamiosi deyiladi. DBu yerduwi ¥ paramelr 0°g’n
chiziguing (% o'qr bilan hosil qilgan burchiagining Lungensiya tang
Bothb, nod o7z chuziquing burchak koeffitsienili deviladi (1-chizma),
Detnak, k& = (ge (3), b esa w’a’rl chizigning boshlang'ich ordinatasi
dexiladi (2-chuzma),

. -

—L /l -/
< /_t 5
i —

| A
4 I
I Lzlhieme s

i

‘giri chizigni i ey
Wby e 0 (1) englanagas legm chizigning U
A '

i i ! d hl‘d
‘ { l'ﬂ"l\ﬁ Bu verds A va I} k\')lﬁ.[:iSlCa.‘ll&l, L ozo
m TS T A Rl ’

Wag! Mishi mirmkin
et andn guyidagt hollar ko' lishe mitms

0 bo'lse, Ax+ By =0 ho'lib, bu hatda 07’ chizig
L o lss, 1 |
sl boshidan o'radi. T
E il ho'lsy, By + € = U ba'lib, bu nolda wig'vi chizig Os
A o sy, A
b ladi. '
B A ny # e TR S
o0 po'lsa, Ax+C=0 po'lib, bu helow wign enray Uy
1 ) D S, 41
el boladi, .
SN O allel ba'la | o
F @ =0,F=0%Ils Ax =0 na'lib, {(x =0) bu holda t’g
S Oy e'go bilan ushng-ust wishadi, - holda wigiti
| = 0.0 =0 bu'lsa, By =0bohn, (¥ = 0} ba ho
gNA=00= ”
e Ox o'qi il ustmi-ust tushadi.

oo oo O S 2N
v+ G =0 {8z0) tenglamadan  orchuk keelfizendl
Ax B+ L= -3 :

“aladic A i+ (=0, By =-Ax—C,
fonplunngs  quyidagicha o uladic Az + By + y
3 =5 w=kx+h
- - - b ) ) {
" 7:‘:)' 2, o . ; C £ ) ho'lsa, u holda
\x + Bv I € =0 tenglamada A = ny=00#0boIsa )
é O - & : {: . i
- 23 Bl_'l x;.l:-: '_;=a._;_”
undan Ax + By ==L, = L o Wi - S

v +- ! .i bl I II( qll 7. B | ICRE: IlllaL’L'. l‘) ﬁ'.l
’ - 1 ~ ) ltlb an&ull bll FA I [t h"‘ - -
"

Ru verda a v & lar

vl

i l -~ ast Cb'h-dl.
"/I] l'l:. s [ <

' ‘ I . mealdart lJJ a).




it I
I F-zliny
xeosa + ysiia ~p = 0 (6) lenpla:
englamusi deviladi
B yerda n aidic v

ektor ve uning, koordinzalari cosa va
bo’ladi, y

: _ sl
& w{ense; sinn ), Bundan ashyari [0 |

= p (dchizma).

Copbizi

Azar toge umiy i
24 tenglama umumiy tenglama ko'rindshida berilean ho

holdi uni b, 4

u= ﬂt—,—.i— {7
VAT 87

normallovehi ke’paviuvehiva ko' paytirib norogg) englamagy Keltiri]

" z Tadi,
MaZg, 22} nugraden o'laveli va vo'naltiny

a=mi4nf Gmn) &0 ho'lgan 'y’ chizigning renglansi
b XU

Y™
n = il (8)

ba'lib, unga to'g ri chiziquing Awronik Lengiamasi Jevilodi
Bu tenglanudan

T SERL TN py= ot

IR E-an=mrt o=+t €€ mitm) (9

chi vektar

nagy 'e'n chizguing hormal

Ol ilamiz Bu tepglamags w'p'ni chizigning  pureeretrik

m‘““".h'\clml.

Lo by = xg) (10)  renglamaga Malxpp)  nusgladan
L g e chizdglar dastusining fenglamasi deyiladi.

Poctlpnn ikkita My{ng, ) vin M0z, y5) nuctalardan o'tuvebi

™ Nialy tenplamasi —= = 2=
" " DA BT AP B { ML =
) \ AL ] | < P o

{117 termuladen weiladi,
Agar thkita w'e'n chizik) ¥y =y b ova ) T hex by
S bnmaiar bilas berilzan bo'lsa, n holda ular oras:dag burchik
¢ REC
=—— |
9e 1+ f(lllfz -

frdndan tepiled

bk (13 bolse, w0'e'n chiziglar purellel, &, = —"— (14} ho'lsa,

2
o w i ehiziglar perpendikul yar boladi.

Apae to'p'n ehizglar Aix + Oy + 0y =0va A x 4 Bry + 6 =0
gy tenglamalar bilan berilgan bo'lsa, 1 holde ular crasidagi
Bitre hak

AAs 24,

<

CosY = ——— =
\M;Z + Ry \nA,_z I 8,%

formuledan lopiiadi,
’;:'— = % {16} ho'isa, tn'g'ri chiziglar pacellel, A.A4; + ByB; =1
g -2

(17 be'lsa, w'p'ri chiziclar perpendikuiyar bo’ladi.
Mo(Xa ¥0) nugadan Ax+ By + 7 = 0 wyg'n  chieiguacha
hey' Lggan masola
d = '—A-%.'-}f‘;':—:ﬁ (18}  (d = |xprosu + yesing —pl) (19)

A




fermuladian topiladi.
l, 7 . , .
: AC1:3), B(2:2), c(2:=-2), n(3:-3), E(0; -5) nig
evsilart x — p = 1) egel i
gevsilar . ¥= 0 euelema bilan berilgen chizigea voluds.
22—y +3x -4

tegushli bir nechea nugtani wping

7 " ;
Cuvidagi tenglamelsr hilun ganday rugtalar w'plami aniglunadi?

PV e
Jlami chizmada ko'rsaring:

Lz 4 7=0; 22—a4=0: Ny+3=0;

6x2_ v = 0 | Py
) ek Txi-yro0; 8ry=0,

' > ')))rﬁ-u -0.
i) x*—8x = : : |
I B A1 =0 INYESy a0 12)y = |z
4. Ushbu reoglarslarsa mos chiziglar:i yassng
Dy=x% x? fyt=- . |
) | ye=; Ny=x% :
; W=t dly=(x-1)%4 2,

50 Quyidagt engl: b i
¥icagt weoglumalar bilar berilgay Oguralarning  kesis

uugealan wonilsio, b

Yyl ’
2449y =32 va x- y=0:

D=2y 4x -3 =0 va Sr—4yp—1 =

B e b § Tay =0 wva x=0:-
‘I'Jl’z-r'yz—21+8.y+}‘ =0 va }'"ﬂ'
DXy —Ux 110y + 40 =0 xi-:_yz 4
61 e+ y' =36y —x = (- T
Nrtry =6dvay it x=0.

6.y o'qd = 3K jruli
¥oegdan b= 3 kesms ajrutib, Ox v'q bilan 1)45%; 2) 135¢
huschak hosil gituechi 1078’ b : .

i7iglerning tenglamalar tuzilsi
- ¢ tenglamaluri tozilsin va ular

talardun

= teaglema bilan acviglamivehi figaragh

d)x =0, 5 ¥=0;

2y o gdan b s =3 kesma ajratib, Ox 0'q hilas 1) 60% 2) 120°

i‘uumb Boll giluyehi to'g' chizinlarnivg, tenglaralari mzalsin va ular

-”hm

B ondinutalar boshidan vt A{~2; 3} nugradan o tuyehi el

Sy s asalnin va tenglames: wzilsin, 1y = —1LOX.

W1y Ay =3y =6 2)2x 3y =0; 3y= —d: 4) §+%’ =1;
Wiy )2y =7=0; §)2x—3¥+ & = 0 (o'l chizaglarning har
Lt b ovi b paremerlar aniglansin,

(0, 11 9x + 4p=12; 2)3x—4y=0, 3) 2x - 5-0; 4 2y+5-0
W ehlziglar yasalsin,

1, 1) 2x =3y =6 N3x~2y+4=M bx—3y +r11=0

Wl chizig tenglamatari kesmalar bn’yicha tenglamu ko'rinishida

sofiliin
2, ALRS), BT €= -3) v

Jy—1 to'g'ri chizigda yotadimi. Yo gisha to'grl chizgsdan

D=2 —6) rugtalar

v
yuqonirogda™  yoki “quyirnada” joylashganmi? J. A va ¢ wgn
Chsgda votadi. B unden “yayoride™ D esa Squyida” yotadi.
LNy=3x+1 2y~ 3x+1: N2x+y-4z0
4y 2x 4 ¥ — &« D tengsizliklue qanday ma'negd c?
|4, Nugralurining koordinataleri ushbe 1)y <2 —X, 2= - 2,

y>-2 y22=x,x<h ¥l }:'71‘{'*'%{ e
¢ = —4 engsiziiklami gancatlantivuyehi sehalar yasalsin.

15, 3x—3y+1 =0 g chiziqoi Ux o'gl bilan hosil ¢ilgan

purchagi topilsin. I :




16. 22~ y+4=0g 'e’n chizigning

kesishish natiiasida hosil bo'f gan uchburchekning vz topilsin, I- 4

l”. ke S K > Tl ! oegd 2 : -
£ Quytdagi o'g'ri chiziqlar orasidag? burchaklus topilsin,

{y=2a—3 5

8] 1 2){ X=y+7=0 2x +y =
Cod _ ) y=10
iy i 2x—3y+1=y¢ ”{y=3x_¢

x4 2y =0 } “i2
4){. ¥ . sy (3 -Ay—6-0 R
Gr+dy+9=01 Dlgyig, j1-0¢ 642 y
S+T=
{ s - H o a
7) (x+4y ~6=0p 8) {y-:—'\_-}x-l- 1-
Y=43x-5

8. 32~ 29 47 =1, 6x—

4Y=9=10, x+4y—-5=
' ., Y —=5=1{,
x+3y—6=0

5 e shrrero b e
e chizqlerdan  parallel vq perpendikulyar
bo’ganiari ko’esutilsin, '

19 .'E.| Y= | : J
9. — va =Y - to'v’r T
3 s y=zx-1 g chisglar  o'zarg

perpendikulyarmi yo ro'qmi?
20. Kuordinatalar hoshidaz: o’tib, p =4 -

2% Wwg'n chiziq bilag
57 burchuk tashicil giluvehi 0" g'ri q

chizig tenglanisi vozilsin,
Ey=3xwvu y= ;.r

21 A(-1;1) nugtadan o’tily, 2x

T 3Y = 6108’ chiziq bils "
" 3 ' n 45
burchak hosi? yiloschi o' ri ;

CRIZi) tenglamasi iz
Lx—5y+16=0; Sx4y =4,

22, Uchbureluk tomonlari X+2y=0, x +4y—g=0 X—4v-q
£ £ - -V, — v -~
tenglamaler hilan berilgan. Uniug ichki -

burchaklari tapilsin, 1- 38+
12730 va 139°31y. pusin, 1 28 .

kverdinsta o’gluri bilyy

n Ciolilant AC-2;0),8(2;8) va (4 2) nuqtalarda  bo'lgan
“hm Bk g 20 balandligh va 26 medisnasi o'tkazilgan AT tomoen,

.. Wil v 100 balundlikning tenglamasi tuzilsing J:x — 3y + 2-0;
BN e Xy =12

O Ouvidagt nuglalasdan o'mevehi w'g™n chizig  wenplumalar
Wailain

LAC-1:3) va B(4; =2): 2)A(2:3) vu B(3;5)

Iy AL 3:2) va B{& =70 £)A(—=2;-2) va B{4 1)

AL 3) nogtadsn o'tuvchi  wo'g'ri chigiglar  dastasining
Wiptimnsl vozilsine Shu dastaden Ox o'q bilan: [) 457 2) 60%; 3} 1357,
000 harchak tashkil emvehi w0’e'n chiziglar yasalsin va ularing
gt lan wzilsia,

o lr =5y —10=0to'gri chizigning kvondinuta o'glad Lilan
Conhgen nugtalasidan bu mgri o chizigga  perpendikulyariar
o'thuzilgan. Ulaming lenglamalari tuzilsin. I Sx 2y +4=10:
Sy ok 2y = 248,

27, Koordinatalar boshidan otib, ¥ = 4 — 22 to’g'ri chizig bilan
10" burchak tashkit etuvehi to'g'ri chiziy tenglamast yozilsin, It y = 3x
vy =—=x.

’ 3

28. Uchburchak twmonlari y = - j + Xx=3, x=2+3~0

jenelamelaer bilas berilgan. Uning uchlari va burchaklun tepiisin,

(3 =), (3:3), (~3: 3} 450, 7103, 63726




29 ltomoplari x+y=4_, 3Ax-— y=0.

izl Lepilsin,

30. Uchlari A(—4;2), B(2;-5) va C(5:0) auglalarda Holean

Rt

vchburchak  mediunslerining vu balandliklerizing kesishgar  nugass
topilsin. I: (1; -1, G —2).

3 {-46) nugudan  ofwvehi 1078 chizig  kuvordinatalar
burchagidan yuz: 6 kv birlicka teng uchburehak wratadi. Bu lo'gri
ehiziq lenglamasi vozlsin.

32 N3x -4y —20=0; 2)x fv=3I=0 Ny=kx b
4 — e >l 3 1,2 St mt >
) =5y +7=0 g chiziglaruing tenglamalari  normal
ko rindste keltivilsin,

33. Normal uzuniigi p =2 va unjng Ox o'qai og’ish horchegn
8:1)45% 2) 135% 3) 225% 4)'315 bo’lzan to’e'n chiziqlar vasalsin,
Bu to'g’i chidiglerning tenglomalar? yozilsin.

34, AC% 33, 8(2;1),€(1; U) nuqialardan 3x + Gr—10=0 'gri
chiciggacha ho'lgan masofalur topilsin, Nugealar v w'g'ri chizylar
yasalsin,

3%, Roordinaralar boshidan 12x — 5y - 39 = O ta"g'ri chiziggacha
bo'lgan masofa topilsin,

3.2 =3y~ 6 =0 vudx — 6y — 25 = ) w'g'n chiziglar parallel
eRanliet ke rsatilsin va ular orasidagi masuli lopilsin,

Woy=kx+3 wgri chidq koordinutular boshidan & = %
wisoleda belsa, & topilsin,

X—3y—-8=1{
tenglamalsr bilan bersigan uchiburehak yasalsin, naing burchsklarl va

W Ulohlur AG=3:0),8(2;5) va €(3;2) nustelada ho'leen
S bk i Salandligining nruntis wopilsin.

W Al=4—-3), B(=5:0) €{x:6) va DM nuylalar
W tvaning uchlari bo'lisha ekshirilsin va uning kalundligi topilsic,

(4 b2y =5 = Dw'e' chizigdan V5 ga woe nzeglikds be'lgan
Wt peemetrik o'mining renglamis? tzilsin.

| 2x—3y+5=0 va 3x+y-T7=0 ®gn chiziglarming
Lol nuglasi M(x, y) nuatadan o'tuveh: vy = Zx o'yl chizigge
Jerpesdikulyer ot g chiziq englaasi vozilsin, J: 11x + 22y — 7470

{4 Uchburehak A umonining lenglamesi ¥ — 3y +3 =0 va AC
Winonining wenglamasi x = 3y + 3= 0 hamda AD balandligining 2505t
- 1:34) bo'lsa. uchburchak ichki burchzklarind toping. T 36°52
| D PR P AR

41, Nugtelerining keordingalari:
jg =2<y<Ovax>0y —2=vELER
W 2e2e+y<8 x>0 vay>=10 wenpsizliklami quooatlantiruveti
sohilar vasalsin.

A4, AG: T nuga va x+2¥ -4 = O g chizig berlgon, A
pugtamng beritgas 0"’ chidydagh proyeksivasi & topilsin.

15. Chizig z = Rcost, ¥ = Rsint puramatrik englama bilan
berilzan, Chizig ienglamasini ikki o' ggaruvehiy tenglama ko'nnishiegs
kelieing. J: 22 4+y% = R%,

4G6. Chiziq x = 2cost, ¥ = 3sint (0= t=2r) paamatnk

englama bilay benlgan.  Chizy tenglamasini ikki u'zgaruvehill

= ; xR
lenglema ko' rinishiga keltinng. It rey iy L

g
-



wchii o'l chizie htlun
M) v N (L =7) nuquelatdan o nveh

7. Uchlar: A(=5: 33, B(3; 7), €{4; -1} auylalarda bo®lzaz AR
) nugalardan o ‘wveht w'EM chizglar ori sidagl

vehhuichak AD belsndligining tenglas: wzilsin, It ¥—By =29 =8
48.  Uchlari  A(2;2), B{3;3), L(%2), B(3;-1) nuau Lardy
bo'leen reixb diogenallacining tenglamalari tugilsin, J: x -3 =()
Yo = (K
49. Uchlsri A(1:1), B(4, 2y, (5 -1, vz —2) nuylalacdy
Bo'lzan Kvadrat tomonlasining tenelamalart wizilsin, It %-3y- 2-0(ARY
X=3y=8-0(CD), 3x+v~14=0 (BC), 3x+y—4=0(40).

3. A(2; &) va B(3: —7) nuqralumi birlashtiruvehi kesmening o'ty

0 v N6
b lpllaln, Do g = arccos 0.6,

. g - - LAY - .+
2 Camontarining tenglansalan 1Ry ~ Gy —17 = 0, 14z Ty

e C) 10y~ 9= 0 belgan uchburchekning urchaklar:
~ Ya

1 l o

Bl ) 48T, 90 s
W Liehlar A(=6;—3) R{4:;7) va C(2:-1) nuipalards bo'lean

e hikning hurchaklarsi wpilsin, I2 arceas 0,006 ; avccos 0,9162;

R

perpendiXulvari tenglamasi tezilsin. I+ T — 11y =27 =0, E 3-8, Tkkiochi tartibli egri chiziglur. Ayluna

51 Uchlari A(S5; 2Y, D(~1;—4) va C{~5; =3) mgularda bo'lpan Ax *'. + 2Bxy + Cy* + 2Dx + 2E¥ HE=1
ABC wehburcakning B uchidan AC tomoniga parallel yilih o “thuzilgan e bilan bevilgan wehislikdagi chizigler ikkinehi tureihli egrs
W8’ chizig tenglamasi tezilsin, J- v — 2y —-7=0. shlghylar deyitads.

52. Uehlar A{2; 1), R{1:4), C(3:6) va D{A; 5) nugralards bo'lgsn Wy verda 4,8, € Loetiisientlardan kunsida biltasi neléan farghi, ¥a'ni
apesiva u'rta chiciy'i tenglamasi tozilsio, J: v — y+1=1q. Wb it e G 2 0 shart bajarilistd keruk.

33, Uchlari A{-1; 2).8(5:3) va C(& =2} nugralurda bo’lgany Berllgan Cla,b) nuyiadan bx NI, fy e i°"1'*§hgz::

unda

uchburetak o’na chizig'ining tenglamas wzilsin, I 10y — 2y — 15=0. kst mugratas toplamsi (geometrik o'ru) gxfana deyiladh.

54, A(2;3) nuqtaden o'luvehi  va A+ 3y—12=0 t0'g'rd :' ::' I nugta sy lananing pr markazi, R soud ay Aapaning codinsi deyiladl.
chizivga perpendikulvar b gan Wk chiziq wenglanusi tuzilsin, Markazi C{a, &) anqiada radiusi £ o'l AR IR
13— ay+6 =0, (x—rx32+('y—b}z=nz {2)

3. A(-1:3) nugntadun o’tuvchi va Sy — 3y +7 -0 wghi o' rinishida be'ladi.
chizigus pecpendikulyer bo'lesn Lo’ Eri chiziq fenplaroasi tuzilsin, Agar avlenaning marhazt R e L S
3x+5y—-12=1. it-||g;ﬂ:wbi ‘

22 +y* =R (3)
ko rzishida ho'ladi.

a8 «




Agar{l)englamada A=C=1, B=0, D==-24, £ =-28 w
F =A%+ §* — R* bo'lsa, u holda (1) rengfama avlanand ifodalaydi.

1. Markazi C{a; b) nugtsda va radiusi & bo'lzan aylaoa tenplor
uzilsin:

NEC3=2) va R="5 210(=2—5) va R =3,
3N C=50) wR=3; 4C{0;=7) va #H = 2

2. Quyidagi teaglamalar bilan berilgan aylanelerning mazkazlari v
ruddiuslan topilsin.
N2 +y? +ox—4y-3=0;

3)1’2 f y’

Mt +yi+Ux+7 =0
3. A(~4:6) ruqta berilgan, Diswelr: 04 kesmedan iborat aylana
tenglumasi wzilsin, J: 22+ + &x ~ 6y = 0.

Mx+9=0

4. 2% y* 4 32 =0 aylana va x = y = 0 10'e'n chiziq yasalsin va
" ulamingkesishish nuqtalact topilsin. J: Q(0; 0), M{—25; 25).
5, A(1; 2) vugtadan o'tuvchi va koerdingta o'qlariga nmauveli
aylana tenglamasi tuzilsin,
| L{x—10+y—-1)¢=1yoki (x = 5%y ~5)" =25
6. Diametrining uchlari A(3; 2) va 8(-1:6) nuqtalarda joylashgan
aylananing tengiamasi turilsin. ) (x — 1)*4(y—4)* =8
7 Murkazi C(1; 2) nugteda bo'lgan va , Ax + By — 15 =0 w'e'n
‘ chizigga urinsdigan aylananing tenglamasi yesalsin.

= 1Py -2 =
LRSI H 1w’

8. Koordinstalai quyidagi shartlard qunostlenticuvehi nuogtalar
lo'plumi tekislikde cunday figurani aniglavdi?
DXy 2212 +y =% N -1+ G+ 21
o

(=3P + -3 =4t

Ay <0 )
A N %=V

" ‘.. | I| -

kesishgan
\ Ax -

)y Gy =0 ayluoniug fly o'y bilan
| ) - | o
W*' J 0 i Lgan radiuslart orasicegl hurchalk topiisin.
2, a= 112°37".

(1), B{0;2) va c(1;—1) nuqralardun ¢'tuvent aylani

g
1Al
Mg larman tuzilsing

y A FREVIE S 3
R & e 1 i natiariy
) ko'rimishda yogib, wndagl % vy lar o'mnigs qiyt

i xFHytamxt
avluna tenglamasil x5ty

ey

'y i, wo"ngra T, 1 plur ropiladi.

t 4 - < } - X -
L

o'fuvehi aylane tenghamast

1o en chizig kesishean pugtadan
) i

2 4 y? —8y=
wiellsin, ) xc4y Sy

2 g | i sonasi aniglanib,
b ' ari chizi tovipshish sohast an
(2 y=v—x* —4x® ezt chizigning jo

Jiakli chizitsio e
13, AL —2) gen—1)va C(—=3 1) nuqalardan © tveht avienaga
b, AL T ' e

. | | A\'. > RelE ll .a -~

=0, 15248y =10 - »
‘ 1. A{3; U} nuyia 2 Fyl—dx+2y T 1 = 0 aylana ichide yousm
14. - qra x

i angiamast
ki inuvchi vatar fenglan
o A nugada teng ixkige ho'linuve

ki rsatilsin

vozilsio.

- I p ¥ 1 dl L

avlune merkazi, X F ¥ = i

4-§. Fllips




Fokuslar deb ateluvehi berilgan ikkila F; va F; nugalargachs
maselularming vig'indisi o'zgeemas 2a songa teng bo’lgan tekislikdagl
mjtalarning geomelik o rniga effips deb ateludi( 1 -chizma).

v

Lo M)

P L

tAc Uy

rimcm |

lacter=u

|[F M|+ 1M = (e + 2 +yi+ Jiz— )2 v y¢ =2a (1)
{1y renglikni soddalashtivib va a®—c? = &4 (2) (2)belgilash gilib
o2 53
2}- 1 '?;-'7 =1 (3)
ni husil 'Qilumiz. Bunge cllipsning  kanpnik tenglamasi deviladi,
Koordinulalar: {3} tenglamant qenoatlantiruvehi nugtalaming geometrik
o'rni 2-chizmudy berilgan
Af; = Za ga ellipsning kalta o'q), B8, = 2b pe cllipsning kichik
o'l deyiladi @-ellipsning Xalla yanm o'y, b-ellipsning kichik yanm
¢’ i deyiladi. c-ga 2llipsning fokusi deviladt,
Ellipsning fokuslari crasidagi 2¢ masofani uning katta o'qi

wzenbg 2a ga nisbau ellipsning eksenrrisiteri deyiladi va uai € bilan
belgilanud:, Demak,

A 2 ceeccicnt
Wiipeing  istivoriy  M(x,y)  nuqEsican wning By 2
2| = Asais iPSIang
R bogan (R M1 =T K, 1] = rp masofalar ellipsuing
Wl st deviladi. .
= 5) formulalar
Pkl radivsian uchun ry = @ +&x, ¥ = a—&x (3) tou
Mn ionh

? ~l 11 ~ S ITILY
i 2 englamaler bilan berilgan wgn chiziglar eihpsning
1 < lenglamal

Wit falart deyiladi (2-chizmal.
|
|
T
|
I

: Bl A I S
| Quyidagi lenglamalar bilan berilgan ellipsiarmog fokuslari,yan

Wb Vi cksentrisitetiari topilsin

: 2 -_r_:, -}-'2—=l‘,
" rlj;-_-=1; 2)’-_.‘1-}—--1; .1],‘.1-_

G 511622 + 25y = 400; 6] 2%k 2yt =18,
). Quyida berilganlarga asosan eliipsning tenglarmasi Lwzilsi:
n2c=8 b=3% 2a= 6, £ =05

na=05 ¢=48

1) 2e* ¥t =132;

dJa=5c-4
5 ¥ iy
1 Koordizata u'qlariga nisbatan simmetrik bo'lgan elips M2V 3)

i M nugladan
v B(0; 2) nuglelardan o'tadi. Using tenglamast yozilsin va M mugl

2 y? 33
 pd =1, E=0

fuluslecgacha be'lgan masela topilsn. TR 2

r- = 4- \"31 7'454"*'\"3-'-




4. Fokuslari Qx o’qda yetuvehi eflips koordinata o qlariga uishata

v d e T X o 3 v ool ol
simmetsike be'tib W(—4; —v21) nugradan o'tadi va £ = 7 elsenteisitel )

2ga, Ellips tenglamasi yozilsin va M nuqtasing fokal racdiuslari wpilsiy

2

L
Jr—
b4t

).2 ) 5 -
-{-E—- 1, iy =11, 1 = 5.
5. 9x% 4 25y = 225 ellipsda shunday M(x,9) nugta topilsiokl
wxlan o'ng tokusgachs bo'lgan masofa chap tokusgacha ho’lgan

~ o 15 %
masoladan 4 merta katta belsin, J: (— rapk i;- L

6. 2% 4+ 2y% =18 ellipsning o’glari orasidagi burchakoi teng ikkige

bo’luvehi vatar weunligd topilsin. J: 343,

7. Ellips fokuslarining biridan katta o’gining uchlarigacha bo'lger

- ; ? Sais » ¢
masofalar 3 va | ga teng, Uning tenglamesi yoalsin J:-;--i-?;---l

2 2
x ¥

74—-’—-:1.
v

-

8. Koordinata o’glariga nishatan simmetrik ellips M(2v3;v6)va

A(6; 0) nugralardan o’adi. Uning tenglamasi vozilsin, eksentrisiteti v

2 ? 0
M mugtadan fakusizrgacha masoralar topilsin. It :‘—t+% =1, a==

n=3n=9

5-§. Giperbala
Har bir nugtuasidan fokuslar deb azaluvehi berilgen ikkita ¥yva &
nequalargacha masololarning avirmasi o' zearmaes 28 sonee kene bu'lganv

nugealarning geometrik o’ rniga giperbola deb ataladi (L <hiama),

L b Y
o n CH
\

' jchiama

[ i psosan

T} (e 22\ ..vi: Za (1)
SR R s 4
IR L R ER ) yi=e

i v P —? = b (2) almastticish
Wil yozamiz. Lol soddelashoirib va €

Wi

x 2 3,2
J! = -}7 o k { ]
JE . - pv 4 E !E! IA 1
' X

| ot . - * . - . . !

LA S q L b bU;UIlﬁu lk '.(-‘y‘ab-lf,a{l
Heyiin Lr a ‘ll

\'|"l‘|-.l| (Q—'Chl?.‘al@). : |

{ |> ').‘l' IIM]“'L’ S\ ll\uh},\['l Qt 1 aﬂl -t I s L[U I ‘E . ll\[lq q

i *.9 - b as! ‘ £ 2 I 0' INE ! ) 1 oyl

| L e 'S5 " l|)l3 t'O il o SC ll‘ y l\%b L'l & b'ld“

hotpitrnadt, Demak, o

—S L he by 7
2 '_c_\'a +0 =J1"(") (4')
R a

B

i aning He i deyiladti.
A (-a,0) va A5, 1) nugtaly giperbolaning uchlari deyili :
S 1 gigiy 0’4 diadi. BBy masota
|A Az = 24 mesofa giperpulaning hagigiy_ o'yt dey itad 4
. l g
piperbelaning syl o’gi Jeyilads.



b
Y=1~1 tenp is i i
G ¥ eaglamsiar bilay Periigun chiziglar gipe
asimptotalurs oyiluds, ;

[Unpl('.l"'d[ :Ti - &
>, ETl x + ‘ll]. 1 1 -] v
L. L lg'dn lkk" bl @

giperholaning direfirivular deyilac,
Giperbolaning & (%3 ¥} nucuasidan
bo'lgan |F, M| va M| mesofs
deviladi,
Fokal radins)ay

bilan ifudalansd;.

n=datax), =20

Ager {3} kanonik lenglumida @ =~ § hp*
yanli deviladi.

wicda ol
. Quyidag ugiamslar bilen bey

lzan gi : %
: FAL Biperbolaning thkuslast
}'d:l(]_l n'q]ari Vs ¢k$e = ]\u. ldn|

ntrisitetlari topilsin,

y2 2
]);(-—f:r l; "]ﬁ—.ﬁ — x* 3
¢ 25 “ee g L N~ e=1
%22 92 ‘

4'. 2 - '.?._ ¢ s 2 ¥
IR =yt = 1 Sha—ayt <6,

M) Yxd — I5u2 -
2 Quyida hord 3y? = 225,

3
(eenlaren as i i
o 20 850880 giperho)an Wy tenglomasi tyzlsin

ic=46; £ = 1.5; 2) 2a =4vE, =23
2':

312¢ = 10, 2a = B
Za = B Nou=2v5 ¢~ V1,7,

3, -2_ Ny .
X" =4y = 14 g'perbola yg uning

) asimplotslari  yasylsf
1] *Olani T 1 : :
Giperholaning lokuslact, eksantrisijet

. y AT va asimptolular neusilagi
ourchak topilsin, J: & = ";"-: 308",
(L Z e e, b 5
T =4y = 16 wperboluda CTdingras:

| 4 leng M i
' . 2 M nuqia n)
undan fokislsrigacia Po’lgan iy e

wsofulay Lopiisin, I =y =9

35

cix)lanink
by chizigle

ning Fy va K, fokusiarigachy

g e g
W gmperboluning  fuka? raditistar
=2} tenglamalar

{sa, u hold giperhola feng

0 Upeebole keoardéingta o'glarige  wisbeten  simmeink  bo'lib

ml SV negdan oftadi ba b =2 mavhun varinse o'Guya e

L enplemist vozilsio hamda M ougladan (ekuslorigachy bo’leen

p o2 —_—
B tpilsin "::_3_14'= 1, 233 va 6v3.

2 .2
i Lehinr ;‘, t f) = 1 ellipisning fakuslarida, fokuslari ess uning
)

! 3 ook g . - B x
St balgan zipecbolaning tenglamast yuzilsin, J; W m

Lot oAy =16  giperbolage  A(0:—2) nugteda otkazilgan

T
Sunmlaming englapalan voelsin, )y + 2 = i-_‘fz'
N Wor nehidan fokualarigacha masafalard & va | ga teng bo'lgan

2 2
: : -y oy
pipeibolaning xaronik tenglamasi yozilsin, I = — — = 1.

1 9

0 Markazi 2% — 3p? = 12 giperbelacing v'ng fokusida bo'lgan va
boodinetzlar  -bashidan o'tuvehi  avlanma  bilan  shu  giperbula
wimpretalarining kesishgan ruatalan wopilsiz, o {0; 0),{6; 243},

0. M (6; f v‘?} nugtodan o’tuveki va koordinata o’glenps nishatan
sinmetrik bo’lgan giperbalaning hagiqiv yarim o'gi a =4 ga leng.
Ciperbolamng chap tokusidan asimptotzlariga nzshirilgan
perpendizulvarivming lenglomalar: vealsin, Jmy = & 3 (x + 5).

I1. Fokusiari Ox o'qida votuvehi va oialaridagi masofn 1002 gu

fene bo’lgan @mperhola ssimprotalarining, teaglamalari v = TIZ dan

{borat. Giperbolunt kanonis tenglamasi yazilsin, J: :7 5 1.

12. Fekuslari Ox a’gida va M4, —-2) nugradan o'tuvehi  feng

2

tomunil giperbolaning tenglamasi tuzilsin. J: x* — 3% = 12.
3




13, Fokuslari Ox o'yids bo'lib M(—10: 8) nuatadan v mvehi sl soddalashticib - ¥2 = 2px (2) ai hosil gilamiz (2) eo

tinonli giperiolaning teagiemasi tuzilsin, J: % — v = 36,

Wl hanonik  tenglamast deviladi.  Bu  tenglamam

12, Fekuslaci Oy o'yids bo'Tzan va C(1; =3) nugtadan o' tuvely

i ve i nogtalaming geomelrik o' parabeladun ihorul

reng temonli giperboluning tenglamasi wzilsiy, J: 2 — v — g

I

L3, Quyidue tenglomalac bilan berilg IM(| = d va [MF] =7 (foke! radiug) deh belgilasek, ta’rifiz as0san

£n gipcrbelu!um:’-qg markazl
va varim u'glaring loping, 1

¢ 25y ' =0 o Y poladh, Parabola nehun eksentrisitet L = 5 = 1 pa'luh
l} Jxe — ZS)r‘ — 1dx — lun}f - 316 = 0; J: C(l; ..2}' @ = S, b=13 “

| Ouyideps englemalar hitan barilgan parebolalaming fokuslar

e N - .
2) 5%~ 6y* 4 10x — 12y =31 = 0; |- (—1; —1)u =6 b =§

3x? ? S va Jlrekinsalarning englumatar wzilsin,
22X —4},' &z't"-']ﬁy—?_:o;

LC(~1:2). a=2 h=+8

k! .= o < 2= -
Lot oyt = 2yl =12z 3pE o2k X 32y;
3% -y 4+ 12y 4y —7 = .

J: .(:(—2: ‘2]' a = 2. b —_— 2\"?‘

“

TR () x* = —4y.

1) (0, 0) va (1; —3) nuqtalardan o'luveli va (Fx 0'qoa nisbatan

Ummetrik; 2) (0;0) va (2—4) nugtalardan otuvehi va Oy o'gga

-§. Parabola

Spmias R
) Lbntin simmetrik ba'lgun pavabela tenglamasi. ilsin S y© = 93
Fokds deb wlwhovehi berilgan ¥ nugla va dieektrisa deb ataluvehi
! L [0 -y % el

tmign chiziygacha mesofiler o zoro teng ho

y - -yt
|t y? b4y =10 aylame va X+ Y= 0 o'l chizigning

Joan tekislicdagi
nugralaming geometrik o'rniga garaboly deb ayiiled) (| <hwzma),

. Y : 3 ; ik bl
Louihpan nugtaleridan o'tip, dy oqqe pishalan smunpetrik bo'lgan

- . vy _ AR
"' T i parabolaning renglomasi yozitsin Iy = — -
—_— Mixy . -
' | \\ L /\/""‘ ¥ 4w = fx purabnlada foka: radius- vekterd 1,5 ga tenyg ho'lEzan
A 3 sgite - 1A
- A, SO | 5 = uatn topilsing 3z (31 342)
' ‘ Fé:u: | : m%:o) ; 5 Koordinalalar boshiden va % =4 wign chiziydan leng,
ik o roind usi tuzilsin. Bu epri
K | I Aeiirm wroglashgan nugralar genmielrik o7Tuning lenglamasi P

B B L . - .I a . r- - - "_. . a’-'i lo. ilsin \."' cm
1erifgu asosan M) = [MF]| yoki (rizigning kovrdinule 0 glasi bilan kesishgan nuytal p

chiziq vasaisin., J: 7% = B(2 - %),

o Brr s D
AE= ks xds 0




6. y=x to'g’ni ching bilan x7+y? + 6y =0 ayluaning

kesishgan nugqralaridan o tvehi v O v'yqa nisbulen simmetrik bo’lgan
2 14

parabolaning tengiamasi vozilsin. J: ¥* = ~3x.

7. Uchi xoordinutelar boshida va direktrisasining, tenglamist

2y=T=0 bo’ldan parabolaning renglamasi tuzilsin, J: x° = 14y,
8. Uchi koordinatalar Hoshida va dircksisasining, eaglamasi +3=0

be Idan parabolzning tenglamasi wzilsin, I: v® = 12 |
9. Quyidegilarge  asoslumb, parabolaning  kanonix  tenglamasi

tzilsin:

1) Folkusdan parabolaning uchigacha bo’lgan maseta 2 ga teng,

2) Fokusdan direktrisagacia bo'lgen masola 6 ga teng:

1) Parabolaning velidan direklrisagacha bu'lgar musola | ga weng.

J: 1) %4 = 8B, 2y = 12x, 3)y* = ax.
10. Quyidagi perabululumning tenglemalarini snddsrog ko'rinishes

¥eltiring va uehlurint loping.

Dyl —2y-2x-5=0; 2)y*+2x+2y—-1=0;

NxZF—4x =2y +10=0; Hx2+4xr—v=4=0

ENy-0=2+3),4(-30): 2+ 1F=-2k-1)

C(L =1) 3){x—2) =2y 3)0(%3) 4) (x +2)%-» C(-2:0),
7-8. Quth koordinatalar sistemasi

Tekislikda quib deb ataluvchi O nugta va quib o'qi deb staluvehi
QP nur berilgan bo®lsin {1-chizma),

U sl fekistikdags M nuqraniog o mi

||y = £MOP quib burehagt; | . ot

1 oe OM radius vekor bilen aniqlunadi, ¢ bilan rl { b;
Wit Lastishin o' rgangandsa. quib kourdinataluri @ va r har qF.—m.L.a} ;:::;uk
L iy giymarlar ganul giladi deb quealadi. Bunda mazfy § ; ®
il streikasining hutakati boyicha hisablansa. manfiy r.- t.mrrlnn'g u :
fi yvichy emas  halki, quibning ikkichi tomoniga ya'm. .cmomf\:
Agar quiom Dekart koordinatalay sislemasining bushi,

bl gilsak, v halda M nuglaning Dekar

|uv|n'.!niﬁ‘.1\rh.

Ol auth o' ai esa, Qx o' deb qu . . g

Loordinatalay sigremasidag {x: ¥) koordinaatari bilan uning (s )y
oord s A% 54

orlisatalar sistemast orasidagt bog'lamsn

v = roosq, ¥ = TSing (1)

e ¥
r=Jx24ys Q=7 (2)

(enpiamalar bilan ifodalanadt.

1l i ‘g1 esd
sear ellips, siperbola parabola fokusiu auth deb olib, quib AL <
Ag . siperbola. '

= u ) yere ety | e .',an }v
(uibga eng yaqin uchiga garalilgan Yo paiishgn 18K

holda bu egn chizgilarning quib

o naltirilgan

(okal stmmetriya agin vlsak. u

. - i l )
LIS ‘&)l‘ Sie ) d‘lo l l(] 1-r i:u




«o'riishda bo'ladi. Bunda & — elsentrisitel, £ = pacammetr, Ellips o

2
wperbola uchun p — =
[

1. Quib Yourdinstalac sistemasida 440, 3) HG,'Z). (.'(E}';'J )

P 3
Dim: 2), & (;,‘%} nugeaian tasvirlansis,
2. Qutb  kvordinarzlar  sistermasi z; =
g sistermasida .4(-2-,—2), B{— 2-;3)"
J S, S P 9 L
C ( 5 -4-), D(-j-: —SJ rugtalar aniglansio,
L1 =2+ 2cosy chiziq yasulsin.

A Ushbu 1} 27 —y2 = g% 2 +yt-af 3 v=

A

4) xeose - ysing ~ p = 0;

Nty =an 6 (x7pyé)? =

N 7 e ST AYARE (PR : .
a={x® —p%)  chiziclsming lengiamlari antd  konrdinatalaridagr
tenglumslari bilan aleashtivlsia, |

Ko'rsatma: x = prose, ¥y = psing lami becitgan tenelemalargy
qo’¥ib soddalashiirilsin, |

3. Ushou Dyreosp = a; 2)r = 2asing; 3) risin2g = 2a%;
4) rsin (;p - ;)I =ay?;, 5)r= a(l -+ cosg)

chiziglarning lenglamalor Dekrl koordinalaluridagi tenglamsler bilan
almashrirslsin.

Ko w [, : 4
0 st 0 < x4y g -% formulalardan foydalanilzin

6. Quvidagi: Dr=r——; Nr=—=_ Fjr=_2

f—aoasq 4 Sppse! A= L=cooy

kkinch tartibli carf ehiziglarnin & i
1ibli cgri ehiziglarning kannnik lengiamalar yorilsin,

: E4 y
J: 1\5— L_—‘. s x2 _‘ H
i RS %9 U 31y? = éx.

ve)

a Q -
. = ' " H 5] =
' ‘ “'|'H| l ) T . \'.’af.l'-.iw . ) f "l_"'gfﬂfw ’ ’ d=Lrusy

Wbl e chiziglarning kanonik tenglamalan yogiisin.

(P '.' byl =13 2155-}""— 1 Ny ==x

L Dhan koordinatalar sistemaside berilpan guyidagi nuglakarni

Foondinatalarini woping: 13 (=1:43), 2 (z:v2), (T LT

U Dehurt konvdinatalar sistemasida M{=1;1) ve Ma( 1:3/3)
W plar berltgan, Ulgri quib keerdinatalari aniylansin.

Alipsm larasioi {x=acns6 (=0 = n < »)
I i penizg  fenglanasial y = bsind AL

L b vozish noumlcindiging isbotlang.

|| r=3—=2sin2p; r=2+cos3p; r=1—s3y chizigler
.u-ull'nll

Ko'rsatma. O Timax Y@ Lpge dorod  beradigan burchaklar

sl lansin,

§-5. Fazodagi analitik geometriyaning asusiy tushunchalari va
musalalari

\aashtab binigi bilun ta'mintangan o'zary perpendiulyar harmda

it @ nugada kesishuvehi Ox, Oy, 07 to'g'ri chiziglar bilan hosil

glingan sistema Tazodegl s’ burchakli Dekant  kvordinatelur

stemasi deyiladi (1ciizws



2 x I
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// i} /',/
T A 7
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> 0 e
7 ¥
v
1~
iy
-y -ty % Sutipmy

@ nng% kvordinaralar boshi, Ox - absissalar o qi, Oy - ordma
o°ql, Oz — epplikatalar o°gi deviladi,

lazodagi M ouquning  holuti  wni Oz, Ov,0z o’glazg
preyeksivalai — (x, ¥, 2) uealik bilan aniglanad: (2-chizma), (% y
uchlik M suglaning kourdinatalari ceb ataladi va uni Mix &) ka
yuztiadi. Ny ‘

Fazoda Dekait  koordinatelsr  sisteriusi ya My ey, vy z{ 3
M (6 ¥z, 25) nuglalar herilgan bo'lsa, u holds ular orasidagi ..;.l

quyidagl Tormula bilen hisoblacadi:

MM, — \"'(-'fz —x)* = (¥; e+ (7, — 2)? (1)

Fazoduwt Ms ey 22), My(25, v, 2,) ooqtalami - titashtirovel
MM, Kesmani 2 (biror som) nishatda bo'luvchi N nugtaning

kourdinatalari

_x -!.\;. _h +}.}f_z &t iz
1+ YT ¥z T @

furmalalacdan topiladi,

N

Y

Agar 2 =1, va‘ui oy = 1 be'lsa, u holda

e

b Ny Y1+ ¥ 7y T Z
N . s '\._D'_/-l—zﬂl Ny = '., ‘ (3

. -

Wi fmulalacps kesme o'rtasining koordimatalasiad topisit
S ey iadi,

- U ACRUR E Ma(=Zad): M3 —h4):
R M (20 ). (3 & —4) nugtulumi tasvirlang.

L sl berilpan nuaaler oresidagi masofalar tepilsi;

M,2;3:-3)

3 5.

..“.l;’, li"l\’& l"‘{z(ﬁ:{!;é}}
WM =3) va M (6;9:3); J: 36
WM =0, —6) va My(6; —4; —6). 19,

| Onyide berileen nugrslard bivlashtirpvehi kesmakae 0 rasining

. Lottt topilsin.

)M L6045 8) va My (8:6;10). )N (7:5;9):
M (A —6;0) v 8 (6;0; —10). S Ng(1; -3:-5);
M0 0; 7) va My(6; 10;=3). T V3(3: 5; 2)
A A2 1;=3) va B{A;~9:3) ructalemi Dirlashiazuvehi kst
C 1 plhnda o' laveni € nugtaning kuondinatalari topilsin,
I (3.6; =3 —06).
o Ulehlerd A(2: —1;3), B(1; ;1) va £(0; 0; 5} nuglalacda ho' lgun
A pehburchakning perimetn va yozi topilsin, f2 6 F W2 A5
(. Parulelcgrammoiog, ketma-ket uchty A1 —=2;3),B{312:1) va
((6 4 4 uchlari benigan, Uning to'itinehi vehi 7 topilsin. J: 2(4;0:6).
7 Uchlast A(2;3: 13, B(0; 0;0) va £{4 —1;3) migtelanda ba’lgan
| Lburchal womoniarinize wmlik i topilsin. J: ¥714: v26; 246,
k, ZOX tekisligida shunday nuyia topilsinki, wndan A(Q;0: 1),

P22 2) va £{0; 2; 1) nugelargacizy bu'lean masulalar teng Bo’lsin.
B8




:0(30 ).
9-§. Tekislikda vu fazoda vektorlar

Yonaltirilgan kesma vektor ceviladi ve u AR voki @b

belplanadi (- chizmu).

E
A

lcar=a Zelhizang

Yo'naltiritgan AR kesmaning A nuguasi vekioming boshi, £ o

axdri deyilaci. AR kesmaning uznnligiza vekeormning rzunligs deviladi,

Boshlang®ich va oxirgr nugealaci ustma-ust tushean vekior ol

vekior deyiladi va u O kabi helgilanad:.
Bitte to'gri chizigda yoki parullel g’ chiziglarda  yulgan
vektorlar Aellinear vekivrlar deyiladi.

Yo'nalishlar bir xil va vzualikiari teng bo’lesn ikkila @ va &

vektorlar feng vehtorlasr deyiladi va d = b kabi yoziladi,
2-chizmude d= b, d= & F= &
Bitta yold paraliel tekisliklarda joylashgan neh va undan oni;j
vekiorler komplanar vekuorlar deyiladi.
d vektorni Z songa ko'paylmasi deb, quyidagi uehta shartni.
Ganvatlantirovehi yang: bir ¢ vektorze aytiladi:
Lo |t = 2] - |al;

2.cll 4

00

' L0 b lganda @ va ¢ vektorlar bir hil yo'nalgan, A=< 0dacsa
bl garama- garshi yo'nalgan boladi.

Vobtornl songa ko'pevumasi Ad kabi yoziladi wve u quyidagt
TR AR
L ALl = f1(Ad). 2. (A £ fld= Ad £ ga.

(Il vekior & vekrorga guruna-garshi vektor deyiladi va —i
hld bt
il va b vektorfu igindisi deb ABCD parallelogrammning

S chiguvehi dioganaliden husil gilingan AC vekzorgy pytiladi va

3.0:d@=0.

'K I kb belgilanagi(3 - chizma).

/o

i 34HIM
_— n
A 3

Vektoslar vigtindisind bu nsulda aniglash paralietograsmm qoidasi
Soy i Bu vigtindint welbwrchah qoidasi deb ataluvechi quyidagi usul

il ham topish mumkin. Bunda dastlab parallel ko'chirish orgali &

'I\’n

wltorning boshi a veklorning uchi ustigs keltriladi (4 — chizma)
L' npra 4 beshidan ¢higid, b ni uchids tugavdigan vektor hosil gilinadi
Wi+ b yigtinding ifodalaydi.

Ikkite & v B vektorluruing vig“indisiod ropishede hae ikiala useldan

fovdalanish ruookin.

av
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-P.# '

£
- -
s

-

dchzin

frchems

(0. 23,0y vekeoraruing vie’indisi
2.3 racuing g indisi parallelogramam qoidasing kel
[ ok ialikidn d velktor hamda Ox va Oy koordinata o’glurida musbat

A cpn va vzunliklart Uirga leng © va ] {ortlar) vektorlazo

Waiie (0 chizma).

té

eltorlarmi gorshish wmali quyidam hassalargs oga:

Li+b=5htd =)
fz+b...;la. 2.(rx-:-b}+c'=<’z'+(5+é’).
3.4(@+ D) = A + 4B, 1.8+0 =4,

-t
@ vat ot . . yochi
B "G}J(Jﬂan'lmg avirmasi deb @ va =h Vck’.(‘rla:ninf )‘iu'indis}"i hizne |

aviilud:. )
ay va fy vektorlar a vekioming Ox va Oy e'glardayi

a" .'"l_b‘ Ay 3 o S T ! - - ' - a .
a o vektorlarming ayiemasi 4 — b kahi belgilanadi va u by provehsivalari deyiludi @y v Ay proveksiyalarm o, = +|ug |7 va

veklorlardasn  hosil  ailing: .
2 25 esil qilingan ABCD parallelogrammning & uchidar i, = dla|f deb yozish mumkic. Bunda 4 = @y + @y = (Flayl)i +
chiguveh o P . v
pyuvehi B diuganaliden thorat bo'ladi (6 chizma), (»-L|Q:/‘]}j'= svar )
(1) englik @ veklormng ortlar bo'yicha povibmasi, x va y sonlar |
csa uning kovrdinatalar deyiladi.

Fazods w'g'rt burchakh Dekarl keordinatalar sistemasi va unda M |

suqtant yaraymiz Bu nuyaning sading vektori OM =7 nizg o gladag)




OM; = x, OM, = v va OMy = z proyeksiyeleri nuglaning voki OF = ¢
vekioming kovedicatalart deyilodii 8- chizma).

”ﬂ Mmu
costi + costB T costy =1 (8

- . .0 ar
cosfi va rosy laf ro’Mltu'mwm kosinus!

Demak, rix, ¥, z) deb vozish mumkin.

Wi yenla cosa,

A
4,

"pay i dep shu vekiorlar
Wbt va I vekorlarning skatvar ko'paytmisi ded s

s bilan ko' paytmasiza
W laiining wlar arasidegi urchak kosinusi bilan ko'pay

il

L‘\ 'M‘V"Iﬂl n b M.’l e glua“a(ll. [ Cl[h‘k, @al Ll md.n
'd. -

&b =alpl -cose (7

by kn'||:\)".ﬂ‘.i1ﬂ‘. Lashguehi,

Rctermm

ab=a npsh= be-nppa (8)

- ". ."”"hlt" Lam ‘L‘;.'bh l"'."“k"l J < Lll'ﬂlﬂa'l
\ 1 ! | (‘

V= \o').'z +_}"z +zt (2}
tormuiz bilan aniglanadi. Koosdinata oglaridagi ©7, & biclik vebitorlar

ortlar deyiladi. Radins-vektor ortlar argali quvidagicha anigianadi.

r=al+yf ek (3)
Boshi A{x;,¥,7,) va oxiri

u=AR vektor koordinata

quvidagicha ifodalanadi.

llyar ko' paytma guyidagi xussularga ega

-

yrey -7 o 2 = db +ac.
R, v..2,) nuglaacda bu'lgzm:, | ik = b 2. a(b"’*) b -+

o'glacidagi  proyeksivelen

ko' vichy

-

al b ueiv hotda d@d = jal*.
. Agara fi bbo’lsas an = +ial \b\ Kususiy

b 5 1 1 b hotlsa, db = 0.
1 A(db) = (Ad) .b=a(abp), 3 Asrd 1 bbo'lsa, d

. Iy g v 4."__. ? i"'-"2=1'
U= AB(X; —xuY,— Y% —7) (1) £=1 i=1

-

—
-~

P7 P k=0, k=0
6.1 7=0. J-k 0, 1t

Apsr i — A8 vekor koordinata o'glari bilan &, f va y burchaklar

A==kl =1
(i,7 .l —virlik vektorlar va 11l = =kl =1
tashkil etsa, v holda '

x
cosa =;. cosﬁ -

=

N B 14 o A . b L LSEL u 41
e Ay"l a{ﬂ ,arl. ag] Vi b{D ,bv [} {a] olda

(5)

“IN

dh = aghy + a)b) +aybz (%)

i




[‘ o 1 . N e 123 H -
Kki @ va & vekior erusidagi burshek:

1,2 4 2 |
v =Ty haE B
Tkki vektoruing rerallelik shani:
o= madvokile Y _ b
i qy OJ = ﬂ’; =m (11)

Ikki vektorning porpendikulvarliic sharti:

b =0 yoki Qb + by +0,b, = (12}

@ vah vekwrlaming vekior ko' paytimasi deb

Qanustlantivuvehi uchineh; & vektorga avoladi:

1 2 . :
)¢ vekrorning wzunhigi 4 vap

purailslogranunning Yuziga teny bl

bilan topiludi (10 - chizma),

1 cihamn

2) € vektor @ va b e
) or @ va b vektorlar yotean parelielo

. 2emn reldslisios
perpendikulyar, ya'ni d ¢1b. 9

» 6 . . ’ 1 -
31 & vektoy shunday vo nalganki uning uchidan Qaralganda @
veklordan § veklorgs eng qj ili :
2 g qisga burilish s ili i ]
o sh sozt mi)j narakatiga Leskari

quyidagi shartfam)

vektorigrga yurilean

I€] = Jéf)et) - sing t‘ormuln

Fibior ho'pastma d X b kubi wovzilad:.

L obion ko' poavima quyidagt xosselarga esa:
Ll hw b xa. Liax(B+c)=dxbtdxd

L A D botlsa, d X B0 Xususiy hulda i x d =0,
|1 aetlarming vektorial ko’ paymmalari quyidagicha:

(w)wh fxk=1 Ixk=} JFxk=—f kxj=-—i

A ey, oy, a3 va bby, be Bl bale, u il

-

4. G .
axb=|a, ay ay| {13}
by by b
(v b vektorlarda yasalgan parailelogrammning yuzi:
§=|axb|
d va b vektarlerde yasalgan uehburchakning vuzi:

.

= lax

i, bval vektorlarning aralash ko'payunasi deb dastlabki ikkita
veklordarning  veklor  ko’paymmasini uchinchi T vektorga  skalyar
b paytmasiga, va'ni [@ x 5| % € ga aytiladi.

Aralash ka'paytma GBE kabi belgilanadi. Demak, abe = [& X f‘ﬂc‘

Aralash ho'paytma guyidag! xossalarga ega:
|. Aralash ko'pavtmaning  istalgan  ikkita  ko'payluvehisinung

o' nindart o zare almashitivilsa, ko pevomaning ishorasi o’ zgaradi:

(@xB)e=—(ax&b=—(¢xh)d.




2. Armlash berilgun nehta vekiordan ikkitasi o' zarn teng yoki par "
bo’lsa, uralash ko’ puytima nolea teng b iadi.
3 Arelash ko’paytmada vellorial ve shalvar ko’paytma  amal
ornin: almushtirish mumkin, ya'ni (G x b)E = a(h x 2).
4. Aralash ko’pavtnmda Ko'paytuvehilar o’caini sout miliga tesical
yonalish bo'yichs doiraviy ravishda almashiirilsa, uning qiyml

o zeermaydi, ya'm
dhé = ¢db = be i = abe

Agardfay, ny,u,} b, by, b} va E{cy, ¢, ¢} bo'lsa,

o |87 %
ahe=lo. a, o (14
be b, b,
d, b va ¢ vektorlurds vasalgan parallelepipedning hajmi:
B I
V= ’&hl’,"l =fla;, a, a, (15)
by by b,

d, b, & veklorda yesslgan piramidaning hajmi;

Y ey 1 & 7 £
o =Egdbi= Lol @ uwl o (16)
bJ‘ br bz

Chizmada berilgan & va & vektoclar yig'indisi

: i va b vektorlur yig'indisi
; “ Chizgmada berlzan d vah vektorler ¥ig

' ;

1
i ; L
L4 lemandn berilgan vektorlar uch

n - N g { '-n,
P ida 47 -4 1.5¢ vekeorlar yaselsi
. ! vek sosida 40, -405 1,00 Ve
N\ san ¢ vextor asost
| Benia

: & vektor
Eass 1l rilgan @ va b vekturlar bo'yicha 3d + 28 ve
; il

A ~

TTRIEH N
i
2 : i 3h
o8 = 2+ 3bh—
g Chizmada beriigan velctorlorpa asosan d = 2a

0 vektor yasaisuy

i AB,AC, BC
d i berilgan A8 AC,
'3 . A C(0:3) pmgtalar
7. A{3;2),B(—1;5) va
vektorlarming kovrdinatelar lopilsin.

— T el * ) — a- b mu’pils.ln-

s '{3' '.J} b{z: l_} bo'lsa, &+ h a— b; Aa; 0,5 l

9- .—' ' ; S ’ M ) s ay 3(14_ va ..; az ar
o { 24} az{. . 1} bo:‘-'a, aq az ' a1 2}

wpilsin,




va B veliorlar orasidag

W Al 0), B{=1:3), £(5:7) tar berilgan AL, AB. BE. Ali- I Counliklnr 2 ve Tge teng be'izan

—_— _— _— — ¥ s 4 e 14 ~ . 1r ri-
A8 - BC. ™ = —34R + 2BC - 51T ar topiisin, 5){d +36) wopilsin. I: 34+ 159

b i teng, (3 |
- Y " B P 1 " .idds'
Y ooa teng polgan  va b vokterkye arasidag

3 Wy 1 ve ey oy nhik 1 NEN ] 1 X
15 Quaidagi vekterlsrniage uzvndikiur Topilsin. l b punliklan) § w3

1) d{5: 28 23 B{—3:7); 3) -6 B); Aya{7; -7} B ionz (o Byttopilsin. J: 3% 6.
(2. 48 vektomming weunliai lopilsin: 1) A(5: 2). #(8: —2); 2) A3:8)
50330, 3)4(6:8), Rid;9); ) A(NZIT), B6vZ; 042).

13. A(3;0).

loan 4 va b vexlurlar oresidagi
| s P o halean @ va b we
0 Upunliklar 3 va 4 Za teag Fo'les

Wik unteng, (a b%(3 2h) repilsin.

B(=33), (3 —8) muguador berilzan, AR, BC, Al vie b vektorlarning skalyar ho’payimes)

veldorlarniog canliklari topilsin,

1 Ouyide berilpan

il _ ol 0 ppmint >
ol Y BC oy mar FRCOY mak ¥ 7k

= Nl 3k
Ly By mag ¥Ry @al )l #
! S vk
| Quyida hesilgan @ v B vektoglar orasidagi purchak Lopiising

SR af 12k
VOB ¢ L

4. a{l; =3 -2}, B(36;—-1) bo'lse. &+ B, i— b 23455 1
otlsin.

15, Bnsti A(3;5; 7} va oxiri B2 3, 1) nugteda bo'lgan AR ve
benigan. 348; —0,548 lar topilsin,

_ e o > ' 1| % ;
16. A(3:5:7), #{-1;4,2), Cl=3;5), n(6:-7;8) G Ladar | - y afi b bl 2%
herilgun. A8 -0 AC- ne; ZAR; —300; 3H+ZB—€- 44D ll) f

4 i T T ' ) < . bd""
‘ LLIN

. — : : (g axins botloan [ angtasivg woordinamalazt 1opilsin,
17, ajs: -3; V2, b{—2:3:1), #0:12 5), d{—5:7:2) vextaclurming B o e edS s rnlgen puzélelogramm
a Ny i = T A L = "
wruniibler wopilsin. ; qoi T One
o Jfuponallast ozasidagi Surchak wpilsin, T 9%,
18. Tomoni 6 ga teng bo'lesn ABC reny lomontl uchhuiciuk herilepn:

P fLT4 2k va b=—]+4k vektoriee bonlgan. npyd VA
—_— _ - - 17 = ), g
@) AR va AT, B)AR va BC vekolurning, skalyar Xo'pavtiaiun Loy

P R Pt AT lar wpilzin. n A o

tupilzin. T: [&: -0 5 e 1y va i oaro 30° buzchak Luskiil elyvehi biclik vektlerar
9. Karerlar 3 gateng bo'lzan teng von'i ie'a'l burchukli uehbure sak 2311 m ) & 2.3 b=+ va ular
. DN woghy LE e s po'lsa, (4 m)? hizoblapsing 2} apgar @ = 2ve

hecilgun. Awar £€ = 90% bo'lsa, AC va AF, TZ ve 0B vekiurizrning F

TR — 571 hsoblansin. T2 17 244,
skalyar ko' payimasi wpilsin, J: 25: 0, orasidagi hunchak 1357 o hU R

RN




i

%0 E VB D0t d—-5)? ifodalardag

eamelink ma‘nosi an qus

b(id — EY%=2a% + 2b *-parallelograaun dicganallazining aussasi,

J: 1207,

d=—61+3V3 1 & vektar

yonalishidegr  lidlik  vekl
koardivalalari topilsiz. ): 6, = {-— ': s %; -E]

ifedaning givmati topilsin, J: 234,

11

-~—

teng bo'lsa, 7 ni toping, J: —

34, Qu_vidagi vckmrlac Qrasidaai burchakni hiselﬂslkg;

1) @{1; —1;3} va b{—3: ~1: 4}, . &0,
1) B0 4; =2} ve q{2; —3: 5). Jicosa = —%
Da=20—F+kvab=0]+28 12 60°,

burchakui loping. J: cos

e
'i

36, ARCDEF tomoni 2pa leng b'lgan muntazam oltiburchak AR va
oo veliorlarning skalvar ko' paytmasi wpilsin, J: -2

Qaavale
vH
cehilsin va haosil bo Ir,an ifodaiaming ‘

1]

0 mova w lar o'zare 120° burehak tashkil etuvehi birlik vekior u

bo'lsa, & — 2m +4n. H =m - » vektorlar urasidagi burchak topilsiy

32.66;1; -4}, U{3;: 2. —1) ve {5;5; 0} bo'lse, 207 — 385 + ﬂc[l

33.a{1;-3; 2} va b{S; 4; 3} veklorlaming skalvar ko’paytmast & gl

35 Lehleri A{=9; =3; 0}, B(—4;2: 1), C(—2;8:-1) nuqlulard;i
bo'lgen uehburchakning B toroni hilan AL wedianasi orasidagi

= N b va § = | 5 vektorlar orasidagl burchiak topilsin.
i\l

y relorlar. b -
nla 1 va i ozaro perpendikulyar birlik velic -

LIRS

. usl Topiisiz, J: -200,
Ll vehoslaring skalvar ko paytmasi TopLsic, I: =200

2, ~4) va 5[6;—3;2} vektorlar  berilgan. 2@ — 36 va

W2 ~3;a] va 5{3;1:2] vektorlar @« wa f§ nping  gamiay
| ’ . 2

Siminida kollenivar ho'ladi? It & = —-f,1 = 3

W0 Lehlan AQ1;=2;8),.8(0; & 4y va £(6:2;0) nugtalardy bo’lgan

» ' i . ' . w =
i . 'r'i'\ (:" 3 \J.ZI' v ‘; 1 n 7 ';('b L. J. j\-.’
“..l u 'l'l\' i Sls.ll. ‘2g N

b D =
vekworlarda  yaselgan

=5 =3 v

oW —_— .yt
WAl =@+ va AD=ii-3r

iy
H 1 S -. J o ’r
pulelogrammuing,  yuzi topilsin. Dy yerda ||

v
J: =
2

"

el

1 3 HEY 1 A
S hhrehakning yozi topilsin. b

.

d=T—f b=(+kvac=]-
wpllsin. J; —i—7.
1| = 4 |B] =

15 Ouyidugi veklosar vekoor Lo pavtmasining koordinatalarint va
" lc ’

2, (a"u* = - bo'lsa. o % 0| moeping. ) 4

pledniind woping:

d . 2 Sy —1_— SO ;-2 -
I) 1)d=T+2f—k va B[L0:5). & axb=P{1; -6 —2}

| = 0.

g =3i—2j 4 kvab—]+k L

-

dx BB, i- 1330 [Pa) = 323

™



r

4. Agar 1) d =3Tva b = 2%: Nd =1 Fivab=1~7 314 =9

v‘ ' '
, b(’ ls‘ ed C= Q * b \'ck “ R aniq'a":‘ln 1ra v s

il yotlshi ko rsatilsi

i B 25+ 6
. —9f-3f -4k va E=—=3(+1
e . :
Har bir hel uchun berilgan vektorlarda vasalgan parallelngrammnl) Bt 4]+ 2 2k 7= 23]~

' ‘ ; wnar ckenligth ko' rsatilsin,
yuzi topilsin, J; 0 '*6]. S1=6;2) -Zk. S =6 3) 6?-—4}‘.’.‘.' i o zare kompisnar ok

.'. "‘.l“ |( """,, B‘(’ .;'u) '.'u D Il Vi D 2 -; U\' ’-ual
/ Loy VM . PR ¢ « I ( FRLSS dk“d:
' - } ¢ -; J ! ) ‘

=222,

47, Uchlari A(7;3;4), B(1:0; 6) V& C(4:5—2) nuqtalarda sl

; - 14.H = 14,
) 1l hisohl n LK i1, H W
e 22 5 e gan hlundbg nisohians

SR N o larning,
oA - . v =30 - 3} 4 4k vektor "
B et - .. iR, b=T—-2vac
48.4=2f{+k va & =/ + 2K veltorlany parallclogramm  yasuly O R Y L
hamda uning vuzi va belandlie amiglansin. I V21 kvob, h = VE2,

49, Ushbu ifodalar soddalashrivilsin.
DEIX(J+E) =X T+ E) + Ex (T4 +7).

i komplanar ekanligt isbotlansin,

V) Ouvideg vektorlaming aralush ko' payimesi tepilsin.
o -2 1; 119
ot 3L b -3:4), é1- 2:1: 0.
b 1 0; - AU,
dls-1;08 Bl=2i3:1h &1;0:3) I | i
2: 1; "’j B{3:0;2) va &ixd 21 wektorlurning  arais
W, d{=2;1:5

1200 — 1),
2)(&+5+C)x€+[d+5*6)x5+(5—6}x6. T 2d % é,
3).(26+5}x(€~d}-&(5+8}x(&+5). Jdx ¢
Y I) 437 ((x B) + K- (Ex]). A
50.d = 3k - 27,

LA '.l‘ Ihiks 1 (4 (. ’ [ l l

i h ui'-’lg
{4 =34 -'3} B3 —6; b3} va 0L % 21 vektorlur by
' LU N " —
b= —Ziva C=dxk vektorlar \'asalam 4

vektoring moduli hamda d va b velclor landa yasalgan vehburchak
hisoblansin. I: 2477, § = -'L'a—lz kv.h.

guiday qiymatida g oedol :ldli 1), Pi2:1;5)  nuquilarmng bir
—1 J)ﬂ(
fild, A 1 —2 U)JBks

fulo ik youshin isbotlang.

va E=274+5k vekiorlarda
parallelepiped vasalsin hamda uning hajmi hisohlansin. J: ¥ ~ 51 kub b.‘
52. Ucklari 2(0:0;0), A(5; 2; (), 8(2:5;0) v

bo'lgan piramida yasalsin hamda uning, hajmi,

oo rsotilaci.
0 = 0 ekantigi ko'rsy

Ko rsafma: ABAC A X ralleiepiped

|, Oirrsleri quyidegi vekiorlanden ipurdt R
il
a0(1;2;4) nugtalanda.
ABC vogiining vozi va
s yogge tushirilgan balandlic] wpilsia, J: ¥ = 14, 1 — el

[y ynin toping: e
1) (s 3-2), h(n-42) HlEL 4y =¥ i
s — LR =1L

2] Taid 3i—-1h Ppi2;1; 2} 623 2; 5]




(. L] on )l £ ( o U )) ( 2 4 )' ( » }
@ ! } bee W o

63.1) i A(Z;
. chluri A(2Z; 0;0), 8(0; 3: 0, (% 0;6) va D(2:3: 8} nugu
U . . . e .
gan preamida  yssalsin,d  hamda uning hajmi va ABC 4
Y - }10‘

tushirilgan balendligt hisollansin,

10-§. Fazoda tekislik ya uniog tenglamasi

M. (x- ;
Mi(xu .2} nuy@adan  otuvehi ve N{A,B,C)

perpendikulyar bo'l sh
¥ gan tekislik tenglamasi quyvidaei
2 L quyidagichs{ L -chizma):
& il
l,/ LA L)
."‘\/
R TR e
- 0 -P.-/ —:

lchezea

:l(x—x:)+b‘(y—y.)+€(z -z =0 (1).

helgilash
quyidag tenglama hosil yilinadi:

Ax+By+Cz+D=0 (2)

Bu yerda A% 4 B¢ 4 (-2

A' Rl C. D
bo®liski munkin:

# 0 (3} shart bajarilishi kerak,

vektor

Az t i
dr bu tenplamadagi gavslami ockib v =Axy — By, - ¢ D
y = Czy =1

ils R
jusak. u halda rekislikning umumiv wenglamasi deb ataluvch|
A S uven

lm.n' 3 e P
‘wming  givinatlarige garab tekislik nulicha holuida

L0 ho'lse, Ax +Ry+Cz=0 bo'lib, tu tenglama bilan

ek alik kowrdinaia heshidan o'tzdl.
3 A«D bo'lsa, Byt+Cz +D = 0ho'liv, bu holde tekislik ox

B piatiel bo'ladi.
4H e 0 he'lsa, Ax Cz+ D=0 ba’lib, bu holda tekislik QY

s parallel ho'ladi
{ w0 bo'lsa, Ax+By+D =10 wo'lib, bu holda tekisiik 07

W parltel b ladi.
LA 0D=0bolsa, By +Cz=10 bo'lik, bu holda tekislik OX

B gidan o't
0,0 =0 bu'lsa, Ax +C7 = 0 ho'lib, bu holda tekishik v

Wt

RTAE o' i,
)€ =0,D=0ko"sa. Ax v By =0 ho'lib, bu helda wkislik OZ

W o tadi

W A=0R=00bola Cz+D= @ ou'lib, bu hulda wekislik XOY

(b lipiaa paratlel bo'ladi,
9 A=0,C=0bolsa, By+ D=0 bo'lib, bu holds tekishx X0Z

(b o ipa parallel be’ledi,
11.B =0, € =0 bo’lsa, Ax+ D=0 bolip, hu holda wekislix

{07 tekisligiga parallel bo'tadi
1. A=0,8=0D~- Obolsy, Cz=0(z=0) ho'lib, bu holda

whighik XOV tekishig bilan ustmi-ust tushadi.
12. B =0, € =0, D=0bulsa Ax =0 (x =) bo’lib, bu helda

(ekislik ¥ 07 tekisligt bilan vstma-ust tushadi.



wiladan topiladi,
Moty Faze) ougadan Ax By + Lz U= 0 tekislikxachs

h' I asols

iekislik XOZ lekisiigi bilan usima-ust tushudi.

Agac (Z) umumiy tenglamads 4 0, 2 = G C=0 2x0

ho’lsa, u holda (2) englemani
i |4z, + By + €2y + D} (7
\,"m}‘ + L¢

tEreel 3

ko'rinishga kelarish mumkn. Bu yerda, a = ==, h - -2 . y
- ) T

o
(3 tenplemani rekislikning kesmalar ho? yicha tcnglaumu deviladi

(2-chizma).

Lonudndon topiladi.

“t'l'ilg.‘ln uchla I.J*' (xl, Va7 ) 3 l‘fg (x'z, Y. 42) v -“’g (Xa, Y 23.)
Sl ardan o' tuvehi tekislik t2nglamus!
X=Xy ‘WY £
=% Ya—¥ L—nL|=0 ()
Xy=X; Yz Z3—%

epule yordamida teiladi.

o S Nl
/ Y ceosy + yoosf = zeosy —p = G (9} fenplamiga tekisliknirg
e O
4 *‘ v * Hormnl lcnnlaunm devilusi. Bu yerda « ¢ lar tekislibka normal

veltorming koomumm o'giart hilan bosi) gilgar burchaklard p nermal

solinening texistikkacha bo'lean qism: uzintig (3-clhizma).

2<livms

AZAT Mx+ By +Ciz+ Dy =0 va Ayx = By | 2+ Dy =08 Apar tekislik tenglamasi nermal ba'lmess, nolda tenplamant

teXislikiar barilgan bo'lik, ular uchun
4 _B_C
oy v
bo'lsa, selislikler parallel

anrallovehi ko' paytuvehi deb ataluvehi
1

=
’ VAT R

pin ko payteriladi.
Alllz i B:Rz + (:f_ {:} - 0 (3)
bo'lsa, tekisliidar perpendikulysr ba'ladi.
tkki tokislik orasidagl burchak
cosQ =— - A‘LAZ + B| B? + CLCz (6)
VAR L BT+ (2 AL+ B2 1 (2 '

B



o ML 1 3) nugrdar ohvedl va kourdinala o'glardas eog

I eatuovehi tekistik englamast vozilsin. Lx 4y 1z -4 = UL

COM % 0 4) nugtadan o'tib, OX v OY eofglardan a=4 va h=3

i aeatovehi exisiikaing wenglumast yozilsiog
Py 4y 6z 12 = 0.
b M1 —3;5) nugtadan o'db. O va OZ o glurden 0X o'ydugidan

’/‘ Ivhzoa

1. Quyidapi tekisliklar Yiasalsin:
152 —2y+3>-10=0p

N3x+2y -z -0 4)3x ¥ 22 = Q- S2z2-7=n
6)2x —5 = NxAz=1;

‘n'm (0 marta kaza kesme gretuvelit lekishik tenglawasi mizilsin.

x4y +~2—4-0.

O Quvida berilzan wekisliklar orasidag? hurchaklar topilsin:
JJr -2y =22—=8=0vax+z— =10 1455,
Nr+2e—6=0vax+2v—1=1, 12 78300
frdy—=3=0v2x—2z+1=0, i 6.

2}2x+;l“2'.-6=0;

: Blx+z-=1
S 2xA 3y 62—12-0 tekishik  vusalsin g
vektoming koordinarg o

noge  yeny
Qlari Hilun tashkil eigan burchiklasg

llopllsm,J Mér—y+3z=0vaxtdy—0z=1. J:LOS‘(J:—. =

.t

-

cusnl =3, cusf —~ mq}.=}

(5 1; =13 nugladen ¥ — 2y — 27 + 4 — () tekislikkache balgan
3 ’Wl(o:—lz.;) vl

o'aivehi vy N =

ol woptlsiz 03,
I M1 =152 M,(2;1;2) va M3(1;7;4) nugmalardan o’tuveni

M2 {15 3:3) nuqralur bertigan. M, i lacdin.

M., vektnrga perpendikuivar tekislik lenglamas

Yuzilsia, H . 0§ o
: ' oo kning wenglemast wzilsin. 12—y + 2 —-5=1.

12, &x+3y—52—-8=0 vu x+3y—52+12=0 paralle!

lx+4y—22-2=0

(o lar orasidag masola topilsin, 1o 242,

1 M{a;2:0) nugraden o' tuvel; vie OM vexlorgs perpendlkuly
tekislik wnglumasi vozilsin, 7 x ty—2u=10

52x-2

13, (2:;2;-2) nugladan o'tevehi va x — 2y —3z = 0 wekislikka
ptellel bolean tehaslik englamast fezilsin, I x — 2y — 37 — 4 — L
4. 2x ~yv1z—4=0 x—y—2—2=0,2x—y+37-6=10

¥z 6= 0wkislik yasalsin va ungu nojmal vekoorning

kourdinata o'glari bilag ashiil ergan burchakler topiisite. 1: cuse =2

==,

ehsliklaning Hir mmqtads kesishishini ke'ryatne. J0 My (2 2; 1),
15, 13 M,(3; —2; §) nuqradan o'tid, 2x — y —z + 3 = U lelislibka;

2
cns - -3 cosy =;1_

2} koordineteler boshiden o'tib, © — y + 3z — 5 — D eekislikka;

%

I



HMy(L:—1:3) nugludan o'k, 2Zx—y+2z+ 0 =0 tckislik i

paralle! ba’lpan tekisliklarning tenglamalari tizilsin. It 11 2¢ — y -if
3=hNu—-y~-32=0

Wrxz—y=0x+y—2z+1=0, 2x+ 2z — 4 — 1 tekishiklaming
kesishgen nuqtasi hemda M(Z:1; 7} va O(0; 0; 0} nugtalardan n’tg‘.

tekishix cenglames: tuzilsin, J: 39x — 29y - 7z = (.

17, Koordinuta bushidan tekishicku tushirigan persendikulyaring

asost M(=1; 2;=3) nuglacs, Shu tekislik  tenglamast  uzilsin, '
x—=2y+3z+14=0
18. M(1:2;—-1) nugadan o'wvehi wva N(1;1;2) vektorga
perpandikulyvar bo’lgan tekislik englamasi wzilsin,  Fxly 2z-4 -0, 1
18, AXx+3y—52—-8=0 va 4x+3y—52—12=0 porallel
tekisiiklar orasidagt masofa wepiisin.
20, kx—2y=5z+10=0 vu bx—{1+i)y+10z—2=0
tekisiiklar K ning ganday iyvmatida parellel bo'ladi.
21, gx — 5 V- ;z — 2 = 0 tenglaa normal tenglama ko'rinishigs
1

—..Z——r_;-.{].

keldrilzin. It ‘—:%x - \—%y T

22. x — 4y — 8z + 5 = O wekislikdan 4 birlik masofada yotuvchi va
unga purallel bo’laan lekislik lenglamasi tuzilsin,
Jix—4y-82—-31=0, x—4y—-8z2+41=0.

2362 =3y + 2z — 14 = 0 rebaslikdan 3 birhk musefada yotuvchi
nugladar W'plumining englamest taglsing J: 6x —3y + 22 - 35=0,
ox —3y+2z+7-U

2. 2x -y 13z -9=0x4+2y+22-3=0va3x+y—4z+
+6 = 0 wekisliklarning kesishgan nuqtasi topiisin, It (1; —1; 2).

8%

i api w0pT  chizigrin nonik
e thorst, Bu tenplamani [azodagi WET chizigning Ko :
: o chi
| deyilad vektor to'p'ri chiZigqung ¥ naltirin
’Wllm!!-‘" eyiludi. Plm P} [0

.l b deyiladi {1-chizma).

11-§. Fazoda to’g’ri chizig va uning tenglamas)
“tuvehi ektorga
P arodops Malxo, Yo 7 ) nugladan & uvehi va Plm.n, p} vektorgs
Wil bo'Sgan to'g'ri chizig tenglamasi
x—=Xyg ¥—Yo_Z"2%

SR = )

m n P

‘1

Fim, npd

(1) tenglamadagt nur lir nisbatii diror t paramerrgd tenglalb.

[ycdien X, 3 va z larmi topib quyidag rengliklarni hosil guamiz!
placiitn X, 2 lar A

i =ml T X

y =t ¥y {2)
7=pt+ 7

iziyni Y i deviladi.
[\ lenglamaga ™' g1 chizigning parametrik tenglumast Ge -3
Fugnduei ikkita Mq(x, 1.7y va Mo (Z V2. 22) mugtalar vrqali

o tovehi to7 g vl chizig lengiamast
x—=x; Y=—N _ZT7&4

—— D,

Ta—=Xy Y™ 73— 7

(3)

[armula vordamida tuzitadi.




Fazucep: o'g'ri chizgni ikkite tekishikning kosishish chizighi
ular parallel ho’linasa) deb qarash mukin. Ba lo'pr chiziqu: ushbn
I.41.t'+ Biy+Lz+0, =0
Aax + Ryy + Cpz+ Py = 0 (1)

sistemaning yechimlari 1" plamidan iho

j 1311 yekwrga parallel
400y nugradan o' maveld va P{-1;1;1} vekworga pa

x-4 -3

€
i Lley V —t P— e
0 ehlzdg tenglamast tugnsit. e e

‘wavchi ' ' clizig lenglamajar
Bl berilgar nuglalardaz: o tuvehi w’'g’m ¢lizig Leug

al deb gurash mumkin,
(4} sisteca bilan aniglaggan tenglamage fazodegs 1o'y'ri clizignl
urnumiv tenglomasi deyilad, )
AR oY _kn | X%yl sex

"y ey " My W P

teagiamalar bilan berilgan Gazod

. A1) 2 3) va (2 6 —2);
| AL Ld)va 0(2:4:3):
W) AN 5) va B{-6=2 ~10).

i reksivalar
i e chizi nalarini: 1) proyeksiya
L Uyt berilgan e’ chizig lenglas

agi W’g ' chiziglar orasican burchak

msry | F Ll 20 kenonik ko' rinishii vozilsin: o
Ml PR ] waBr—16 =
R e e i (S by +3z-13=0. o @EFyVEEEIODE,
ymy =i pis dm?4al = pi

LY 3 2: —yr2=0"
"lhov'! tz—14=1 XY =

| yl"Z:Z-’4=°
"‘l\ .3,-—525—3‘0

N - o v l ]
L ML -2;1; 1) nugladan oveli va P{1;—2; 3} vektorga pare le
\ e Ay

[ormuladan topiladi.

Agar w'e'ri chiziglar o 7ano pempendikulyar bo’lse, u holda

Lo’ ladi.

U Lgan 1o’ ' chizig tenglamast yozilsin. e
- e ohiziy gquvidapl uommiy  tenglama \
Agar l'g'ri chiziglar peralle] bo*7sa. u halda | Vazodagi wigiri chiziy quyicagt ¥ 2
ik et alari yuzilsin,
i, Llarning Kanowis< wenglamalar yugllsin

= x—=2y+3z—-4=0
x‘)'l'Zzl‘l—(J: 2}[' P
H;.Ih'f-y- cz—H=10 34 2y — 5%

myomp {?)
2o’ ladi.

1. My(—=2:1; =1) nugladen o'tuvehi Ni1; =1:2) veklorgs puraliel
Do'lgun to'g'n chiziyning, |

(x+2y+z—-1=1U
% kunenik va parametik ten elimasi tuzlsing

1) \ T=0
e I &
G e ey alamaluci
b Ouvidagi nupalardan oluvent chiziglarzing tenzla

“

e

Ma(=1;3: 1) nugtadan o'tih, T(3; 1; —2} vekeorgy paralel bov lgany
&'l chiziquing kanemk va sarameirik Tengzlamasi tuzilsin.

EEL_yad oz {":3"‘1

; yozilsin S AV

= M D A MG =Z) DML 68) va M (236
R S St ¢ PR n.7.9Y,
1y (=2 =4 —6) va M {2145 6): ) My 5: 7) va M, {5: 7, 9)

4. Quyida berilgan o' e'ri chiziglar orasidag burchak Lepilsiy
.’ = -

¥=—=t-3.
Z2= =2 +1




X=¥+z—-4=0
X+ y—2z4+5=10
20 —y4+7 =0
Zr—z4 5=10
10 Uchlar: M. (3; 6; —7), M, (-
botlgan  uehbure

X+ty+z—4=1
2x+3y—-z-6=4

2=2y+8=10

5:2;3) va M(%; 7 - 2) nuquall
lakning My nugtasipgen o'kazilgin  medianasin
t=04t+4

PErametril tenglamasi fuzilsin. J- {y ==11t =7,

”(x—y-4z—5=U

Tex+y-2z-4=g " AR

2% + 2y + 9z~ 1 = o E'T chizly
oresidagi @ buschak Losinusi toniisin. J: cosw - +— |
12.1) {;‘jf_’ 5 ve2) hizigiarnice 40
& KO teldsliklordag! izlari Lopilsin.
Ko'vontma; Tu'p'ri chiziyning teglsmalarida Dz=0; 2)y= ﬂvd‘
faraz qilish kerak, It DiS4mvacno

2) 2 (0; -4; My v (2; 0: 2.
3.5=2-2

w'e'n chiziqning » =z Ly=1—z

chizigga pecpendibulyar ekanligt ko®esetiisin,
. g X=2y+z=4
14, {—4; 3; jlad; i va gL
{(—4:3; 0) nugladan o'tuvchi va {Zx R e

parallel bo'leen w'g'vi chizig tenglamasi yuzilsin, J: 5;—‘ =

2¥ =y 4z 3=0 'l clizicond
%+ 3y —z-1=0 "0 8" cliziggk

241 17e'n chizigning purametrik tenplamasi ezilsin

IS, Ma(1;—3: 4) nuquadan o', [
paralle] bo'l

¥y=3-3.
=Tt 4

(3:2; L=11) va
yrr L =0 mekislik bian M5 2; 00, Mplh ) :
) . - R h i
| lardan oftuvehi lekishkoing kesishisnidan  hes

A LY R x—y;’z-’.]:o-
B A rL chizag enplurmasi yuziisin It [x —2y—4z+1=0

| 12-§. Fazodagilo'g'ri chiziq va telislik

K

y=¥s _T% ot chizig va Axtiy! CzD=0
gl === T *

S orsddupl burchak guyidagi formuledan topiladi:
Am+ Ern+{p

—— (1)
ging = '\r’iz B2k c* -.""'n‘lz Fator p?.

i J y holda
"m W' ehizig va tekishi o 7ane paraile! bo'lsa, u b
b fin o Cp = n @ tenglik vrinki bo’ ladi, -
Ul X . o calvar ho'lsa, u
Apir to'p'T chizig va rekislik o zaro perpendik Ivia
A )

i

A1 &2 @
1 4

m

-

11k o'nzli ba'ladi.
ik oncli ba : ' oy ==
bIs ilean Malxy, Vo Zp) nudtadazs o wyeht va 1y bamda (; W0°2
el ’!un o LR L A €\
' o dia g
Wil erea parzilel he'lgan tekisiik lenglamasi quyidagu
PlzigiaEa para s
x=Xg ¥Y-'¥» Z—%

M, n, I3 =0 {4}
ms Tz Pz

ilelizt serpendiliulvar bo'lgar
7 (2y, Vi, £y) NULadan ortuvehi | elizigea perpeadilu!s
.'r;] Ty Va- £ WE < '
wkislik tenglamasi quyidagt ko rinishda baludi: !
: e :
i — xp) 7 nly =l + 27 - 2y)

Gerilogn L u'g'r chizig va p wekislikning kesishish nuglast
erilour

ui




AX+ 8y +Cz2+D -0
X=Xp+ml

¥ = vy +ni ®
Z =4y |- pf
sisremzdan wopiladi
s S e SRS L TR o O Lol IR o
" iy 1 o m, = Vit = -
to’p'ri cluzglarni bir tekislikda yotish shart: quyidagicha:
FL=X V=X 2y~ %
m; L M (=0 (7)
my n Pz
x—ar4 2
L 3x+2¥—52-1=0 tekislik bilun y=-3dt+2 w
z=2t+1

chiggning, kesishish nigtusini toping. J: (6 -0 3.
SO e R

O'l —2 o 3
h:,llkmng Resishish nuglasi topilsin,
S »=3x—

tokislik erasidagi burchak twpilsin. J: sing = —

FS Rl -
F PN o ) e o O a2

3 — = ’p..n (...lllq 2x +y - = U mkl%l[[\ku lmm _:

ekenligini isbotlang,
3. x—2t-).

bilan kesishgan rugquasi topilsiv. J: {5: 5: 2).

(A vl O m
DR t'g'ni chiziquing x + 2y 4+ 32 -29 -1 telisli »'

bilan kestshish nuglest topilsin. I {6; 4: 5).

z=1 t'gri ching bilan 2x -5y fz -1 =0

L 2z=-3x+2 wyri chidiq bilan 2% ez fof)

Foukd zelew0’glti chiziqning 2x-2p z-3=0 wekishil

) .l.{ + ] " - 4 0 B . :
P lymw3t—2 v& {Zx i —y - _: :i 0 te'n chiziglaming,
| OL 41

pedikulyariigi isbotlansin.

RN, P43 ) 2 s 2R ohetrd chiziglar ovasidagi
| 4 -2 5 - -2

(e nasofani lop]ﬂg,.l' 13,

AL SO whin chiziglar [ ning

3
ity givmatlarida kesishadi? It L

y=2t-'1 e
(0 v=¢+2 weT chizigning 3x — 2y + 2 — 3 = O tekishix bilas
g=1=1t

N

Foofihigan nugtast topilein, J: (5, 5 -2
_ (x=3z-4%
b y=2z+14

23 pia x4 t'g'ri  chiziglarning
2 1

Lolvehn ehasligi o' rsatilsin v kesishish augtest Lepilsin.

= -3 _‘r-n va yt+i y-l.‘!_f:ﬁ.
[}, Kanonik “tenglamulari — = — = B e e

-3 Z a
Wl et chiziglar a paranetming - ganday guymatienida o7 7Er

porpendikulyer bo'ladi? I: 2,

ornsidagi bu;chak tupilsin. J: 307,

wighri chizig nonwg, qanday  givimnalids

¢~ 3y F Gz + +7 = 0 tekislikka parallel ho'adi.



=i 41 z
16. —"T' —

i ; ' si reng bo’lgan
* 3 Wi eizig va 3x — 2y +Cz +1 = 0 tekil W e markazt 0(0;0; 0) nugtada va radiusi K ga teng g

- . —p- - . a A 4 y . 2 -‘-..‘. a ;
o'zaro perpendikulyar bo'fishi uchun m va & ganday givmatlarni qaly wiglsmosidis (2<chizmea}

qilishi kerak?  Lim = -6, €= g
7. '%- = 247‘ — %;to'g'rl chizighbilaux + v + 22 -4 = 0 tekisl
orasidugn burchak topilsin

x-Z +1  7-5
18, —==2

= . = wig'ri chiziq bilan 3x+2y+Cx 4 =

wkislix m va ¢ parsmetdarning  genday  gaymatida

perpendikulyar bo’ladi?

ozan

2 - .7 Ww'e'm chidy bilaw Ax 8y +2z—5=1

“: 1-chizmu /x
ekislk A va B peamerdaming  canday qiymarida  o'zan

15 "¥ic 15
Glerant o'zare perpendikulyar uchta yo'palish bo’yicha tek
perpendikulvar bo'ladi? )

Qe trmatsiyalash (cho'zish va sigish) natjasida hosil i i

20 I+I Y- _ 2+3 s oy s . .- . : al
©T3 T T 7 wern chizig bilan x—3y+6z+2=1 Alipond deviladi (3-chizmal.
tekiskic  n purametraing qanday giymalida ozaru perpendikulyu

I:\lipsoidning kenonik tenglamas)
bo’lach??

po3
o

ipsnidning verim o’ qiari deyiladi
L rhishda bo'ladi. @, b, ¢ soalar ellipsoidning yarm o qirt dey

13-§. Ikkinchi tartibli sirtlar
Axé + By? + €42 | Dy FYHEXZ+ vz + G+ Hy + Kz VL =40 (0 | 1 [llipsmd koordinata o’gluriga msbatan sirrunatrikdic,
teaglamuee ikkinchi turtibli sirtlarning wamundy tenglasmasi deviladi, By G &
verda A, B,C. D, E,F. 6, H,K,L lar qandaydir berilgen sonlar va

AR DI E2 42 2,
(-ef + (-0 +(z—c)=R* (2)

tenglama smarkazi C{a; b; ¢) nuglads va radiusi 8 £ leng bo'lgan steen
tenglumasidir (1- chizma).

7°. Ellipsoid koordinata v'ylarini A 0;0) , Ay(=m0:0) .
N - N~ 1 'b
W0 b 0, B0 = 0), €(0;0:¢) va C{0;0; —¢) nuglalarda kesi

o'tndy | r |
3. Ellipsoidning 7 = R wekislik bilan kesimi ellips bu'lib, uung

3 4R w2 s
i+l o1—-= (5) boladi,
wnplamasl = T4 = =3 (5)

2ryir =Rt (3)



N/ wekislikda x? = 2pz, 3 =0 (8) lenglama bilan borilgan
Wl Gy o'yl aizufida aylaprivishdan hosil bo'lgun sint parebeleid
. botbad) (o-=chiema). U quyldag! tenglama bilan aniglenadi:

{9}

X% Ay =2pz

Quyidagi

tenglama bilan aniglangan sirt hir padlali giperholoid deb sralyd
{&-chizmz). Quyidagi

82 v

bt =t {10} tenglama bilan anigluneen st effiptik
Jurnboloid deyiladi.

FiETE=l M

tenglama bilan aniglangan s kA7 padiali_giperboloid deh yialadl
(3~chizma). 1

2 =
22 = :_:"}E {11y rtenglama bilun woiclengan st giperbolik

putholoid deyiladi,

o b ¥t = 2pz wnglama bilan berilzan sylanme puraboloid 0z

0l mesbatan stcaetdk bo'ladi.

2 -" . - . . . .
22 = :‘? | i, wnelema  bilan  berilgan  cllipuk  perabuloidui

[ = N o= 0] rekislik hilan kesish zalijasida

2 g2
2n — -é-i |- h_i
Wips hosil bo”ladi.
) R A gy e i S o % oo
=== piperbolik paruboloidni |2 = h rekislik bilan kesilse,

- <
hesimda 28 = =5 12 giperbulis hosil bo'ladi.

"

o3




Matkan £0=1;3;v2) nuqrada va radiusi r = 5 bo’luen sferuning

Onvidy X o
TR E@tema=o ay
leng.'ama b;fs“ ul‘li |‘i .
‘ Auran sl e e 4 ot
| ran s flm L@L’EJCh d[ﬁlud! l?-chiZma) 1 |“,.||;_"~_._
L Mukosl €2 0;=05) wneglada va A4x—4w 4 224 17 =0

hi urunuveh: sfora tenglamesi yoeilsia, I (x - 2) 0 p* )

I\ J
b)) =16
uyidng: 1N2x—6y +37—49 —1{);
Ay 2y 2z + 6 = 0 tekisliklarning her bin x% + % + 2% = 49

2) 4x — 3y = 101 = {;

L nsbiten qunday joylashganing aniglang,
‘ma: Stera markazidan tekislikkacha masofani sfera vadiusi
Woolishtiving, J: 1y urinadi; 2) kesmaydi; 3) Kesadi.
bt b y? 4 2® = 9 sterage A(Z; —1; 2) nuglada widuyehis
o4 D2 (=22 +2+2)¢ =49 sferaga A(5: 5 4]

[. Quvidaa; . S0 ;
Nustdagi- tenglamaisy Pilan  berlzan steralacnis : Sl urinuveni tekialik englamasini yozing.
radinsing wping, A mackeglig Au'pyitfma:_ Sfera radivsi CA wrinma  tekisliikka A rugtade
L2 y? 4 52 _ 4, " ppendikalyar, 3 1y 25 — p + 22 -9 =0: 2)bx+3y L2-53=10.

; DA+ (3= 2)? 452 1 ! Uuyids berilzan tenglantalar ganday sinod ifedalashisi aninlang.
: ot oL 'Y
4o T ‘ . ) r 'L_ - -1
2) x5+ 1 + 16 1:

3]1’2~}-[y_2)2+ e i
CED=L 02274 a0 gyt

PEFD - 1P 4 (222 =y
2. Chavidas; 1
Chusidagi sfera tenglamalazing kaponik Ko'ritiishiza kelfisg
Ly x* TR ) ' mng.
} 2+]’ N2 4”‘"6}'_221'-13:[].
23 - PP d -
V&
1 simga (-b; 20 6) nuylada vrewgvehi tekislik

e P B 0:

wnplnmasing tuaing,
XXy, ¥Fu g Ty
24224 4 dan

4) x2 4 y2 442 3
: i~ 3y = .
S)Ae® 4y 4 452
’ TR A — T~ 4y = 8z + 17 = @ Ko'rsatma: Lrinma tekishs tenglomasi  —
OVAF +yda 2 _ 4 : Ao rsatma; =
3 A4 12y - 27441 = (borut. LAz =12y 492 -6 = ().
N x” VS, \ z 3
dli et +10=0: 7 % 4 :-2- — 2% = 0 konusning (4: -6; 4 nuqrasiga urinuvehi urinma
-
wkeskil tenelamasiand uziog, J: ¥ —2y ~ 42— 0.
Ko'rsatma: nrinma wkislik tenglamas %’- —+ % + %‘5 = 0 ba'ladi

1




IV BOB. MATEMATIK AN
. ANALIZGA KIRIS
1-§. Ozgaroychi va o’zgarmas mi e | L o gsarish yoii gigmarlar sohosi deyiladi. Aniglanish sebisi
Fuyar it sonli givinat qr:)ulnl "lld:rlar' m"ks‘)at“ﬂlunc | ), )y matlar solasi E{f) Wian belgiluvadi.
al giladigan katteliklar ' : x
migdoriur ceyiludi, o cyars VY koodinete  tekistimidagi (e = (x. fix3). xcD{f}
(%) fuzksiyauing

Fuelt sondl givmutier qabu giladigan  kattaliklar o’zeur il nugtalamivg  geomatrik Ol =S
0 AL

‘ \'.l'y“nldi.

Higdoriar deyiladi.
. . . . e '. na '
O'zganivehi  miydorning gabul  giladigan  givmatlad 1 [ ks iya anaiitl, jadval, graCik va w'ot nsutlaride beviladr.
! 1? y O 5 !
Apnr x arpwnent  bo'yierhn bajeriladigen  mateatik ammallami

0°zguruvely migdurning v’z
garish sohast devilad:.
PO s ol imn Boilular orcali berilsy, @ holds Stnksivam gpalitik ysutda herilpan

ey i,

iyrratla:

Qiymatlani gabul gilss, v holda wai « = ¥ < b voki xela, b] |

yozilud: vi vui kegma deyiladi. Apar v oo cganuvehilar orasidem bog lanish jadval ko' rinishida
Lol lgan bo'lsa, u holda funksiyani jadval usulidy herilgan deviladi.

(R 4
< b tengsizlikni  qa watlsntinedigan  z  sonlsr (o “plan
interval (pratig) deb ataladi va usi ¢ (7o) Kabi voalads,

Srehwgeay rovd i :
| . = <08 lar yarim vopiq ozuliglar deyiladi va (o8
va [a,8) Kabi voziladi. |

Apir x va ) 0 7gacuve chilar orasidagt bug’lanist wekislikdag: birar
| chizia argall herilse, u holda [unksivowi grefik uswlde berilgan

ey i
Toref usulida funksive yiymatiod aniglash quoni usi ta‘riflash

0

—N T AT v gy
' 4o lar cheksiz  yurim  jmtorvally
}'unm lnl"’ 4 - . . . -
e Gl beriladi, Masaian: Dirixie funksivasi deb amaluvehi va na

{onlinler) devilad)
gratik

{comada aniglangen D{x) furksiyuod analitik, jJadwval yoki

—ea < g <l % choksiz interval | 3
" rval [oraliy) devilad:,
b o' lmavdi. Bu finksiva giymactiari fa’rif bo’yicha

L' piishlarde ifodele

A« v o
as x ozgaruvekining bivor sonli D 1o ‘plamga tegishil hur
I | -
1y ldegicha anigleoadi:

giymaticz ma’lum bir aor
goney yeida wsosida y o' zgaruvekinis o bironil . t l ¥
: 4 ,  agar x ratsional son bu'lsa

1o'nlamga tepishli ya b
o zgurivehi J.'.o’zg‘ } g<;rta.hu wymal mes qo'vilgan ha'lse, nnda Dix)= {0 agar x ratsional sun bo'lsa
aruvehitng fienksivoyi deviladi :
¥ o'zguruvely x ol : hi e Berlgan v = fix) funksiva hirer D < D(f) svhaga tegisili
. zzeruvchinin
& funiesiyusi. ckanligi ¥ {x), Ixtivoriy X%, xz €D va X < x, amatelar  uchen Flxg) < flxs)

Y= F(.X}, V. —q)(z) y=
alx)
(0 3 = h(x) va hokazolardan bir bl ((ry) = fixz)] shari gancailantitsa, 1 holda funksivani D sulada

belgilanadi. Bu verd
# X ekl o'zgaruvchi yuki arg £
8 L gtgument, v esa erksiy o'suvchi (homaymoyehi) deyiladi
P v ) 'suvchi (hamaymovehi) deyiladi
fvehi woki funksiva deviladi, 1 — furksiyaning  uniglomish
lzgrnivehi Sy . uniglamish

02



- —

Berilpan y = £(x) fuuksiys birer Do (f) sohaga tepgl

iyoriy  xy,3, ¢l ova x, <X nugueler Cheparotangan  funksiya Jeyiiadi Aks lolda » = f{x)

i ‘1'
uchun  flx, ) >
: e . ' | il
TF(x) = f(x,)] shari yaroatlantirsa, u holda funksivan shy sol
famayavehi (o smovehi) | unksiva deviladi. | |
O'suvehs

| hewntenmagen deviladi.

b v = (X3 furksiva hiros £ suhamng har bir x nugrasida

Wk £ sonps teng bo'lsa, u holda fupksivani /2 sohada o zgarmas

Pa vold  kamaymavehi, Kamexrchi - voki  a’smoy

Awksiyalant monoton funksiviar deyiledi, :
\n' ! - or B 4

h i I? ﬁ'tU?h sohast I f) nol nuqlags sisbasan simmetik ho'll

sobadegd  ixtivoriy 2 uchuog fl=x)=f(x) F(=x) = =5 )A‘

. - ' = ): : ‘

bejarilsa, u holdz funksiyari juft ftog) deviiadi S

" ey iladi.

p oo f(u) olib. o'z vaqada 11— @(x) be'lsa, u holda y = flo(x)!
Wl tunbsivani murakkab finksiye volol fusksijpantng funksiviast
U

yoo flu) bo'hb, u= p(x) va x=¢ (t) bu'lsa. u holda

e bk, by Sinksiva hatn murakkad Fanksiva butiadi.

& .Aeja: y.- S {x) finksiya uchun yuquridagi skarlar baiarilmess.
ldy tinksiyani juft Bam, g ham emas deviladi, N
Ag'm- F(x) va g(x) jufi funksivalur ho’lsa wEning  numi
umqla:u.s:h "st.rtwsi D da f{x) +g(x), fxy- a0 vaj oix} ';
 bu'luenda 25 imksivalar hum jufi boladi, !

\(ihgiemish sonasi D{F] va aivmatlar sohast L[f} be'lgan y = =)
Wkaiva  nchun  hat pir  yel{f! soniga Fx)y =y shatni
gunnutlantiradigen yagesa vel[f} sorini mes ga'yadipzn X — wl(y)

Pudiya mavied bo'lsa, U herilgan [ funksiyaga teskari funksiva

AR T () va g(x) toq funksigalar ho'lsa, u bolda £ (%) + g () tog
S(x) g(x) va ;_f:! .

.
3
’

deviladi,

funksivalar o, . .
sialar Jull bo'ladi. [ funksivaga teskarl Tuaksiyd £ 1 kabi belgilanadi = % degar:

Apar Fx) i va g0x) log funksi
‘ (x) tog funksiy ) -
i ) tog fusksiys bo'lss, v holda f(x) - g(x) VA

o 4 Cunksiyalur boladi.

fi nom bildirmayat).

Odatda argument x, tunksiya ¥ wiaali belgilengani uchun, ¥ = F{x)

(siyuga teshasi x = @) fanksiya ¥ = @(¥) kabi voziladi

Quvidapl funksivalar asosiy elementar funtsivaler deyiladi:
11y — x%, ael Jarajah flnksiyas

Apary = fix) lunksiva uchun shunday 7 = 0 son mavjud ho’leaki,

vx . ” : % ) AX)

c2{f fuchan i+ YeD{f) bolganda Fx 1 1) = S (=) shart hajerilss,

u o holds fusksivasi  deveiy funkelve doyiudi. Du i
o S

qanoatiuntimvehi eng kichik ruushat T sons fundisiyani davei deviladi "
. y— . .v a (.

Berilgan ¥ = () funksive wehun shunday M = 0 soni topilsuki,

ixtiyoriv xe uehue |f(x)f "

Ny=0* a> 0, a7 1 %o matkichl funksiva;

Ny =loggx, a={ axl lugaritmik finksiys;

4y y=3nx, Yy =0SX. y=Igx, y-=ugx. P= 50X,

g . 10]‘.‘41 fll sivani
(R | 1yahk ¥y = COSeC X lar uig"n“m: i tksiy i 3

B




. 3 - 'I’L
i i x wng o' zoarish oraliglar: yasalsi
1k i gonnatlantiruyehi X LGN o 22T

A AT RN = areol E—
d¥ T ANSIAX, ¥ T arccesx, 3 arcigxy, ¥ are o .

¥ = arisecy, ¥ = qrecosec x lar teskeri trigenemelnk finksivalan l“ (1 sarnvehilarmizng [-3:3k (05 [-

Asesiy elementar funksivalardan chokii sondagi erifimetik apull Akl orgali yozilsin va yasaisut.
yordamics 2izlgen murzkicah {unksiyularga clementar [mxknra[gg
atzladli,

el s x<3; Dexah ~2<x=3

’ s
i o'l 3L bundagt
2 orzaruvehining o zgarish orangs amylan

" - . . - J 0 - 1
" .“ kh'ni‘\ '.0 A.lllL‘.ﬂ] I.a' \];,{(I(.a\- (l]'f"la-l" H!b.’l k,!ll{d; - _“.\ -
L - 3 5

=1 yiymatkar gubi

L Matemutik mavamikeing kichik tobranishlas davri T = |
2 +l o zgaruvelining Ay oty ¢
J.2=x=3.

formula bilen hisublanadi, bu verda { - mayamikning uzu ligi, g .

. ks - . | - i iqlarsin.
s tezlanishi. Dy formulags  kimveli mindorlardan  gaysil g o 'sgncish osalig'i aniq

~2), (1),
' a perilgan. f(2), f-2)
ubsolvul e'zgacuas migdur, qaysilar pacamatr va goysilari o gl ) f(x) = 3x% —2x—1 [unksiy

B, fla+ 23 v f (=) lar lopilsin

| f) =73 fl-a =15 ) =
. - s . . AR I = ’ . = = 2 R zz = ‘.
ifodalanishi ma‘lum, by yerds P-gazuing bosimi. V—u cpallys iy 2 bWl b +10a LT f(ox) =32

: {= Fo2
é - e )a -.- B 2 23
Lajm. Bu fermuladeg o' zeermas va o’ zeeruveld migdoclurni ko' rssting, 0. FGi= S gt b z—1 fusksiya berilgar f u)

migaor ?

0: flU}=~1; flu+2)-
2. lzotermik jurayonda Boyl—Marivol LDV <= £ R h:( “

3. Bo'shligda erkin mishuyotpac ismeing bosib o'tzan 5 yoll G i
b fi=1). £(5). va 7 {55 tar ot

2
=% pfimula bo’yiche hisublanadi. By formulues kil . L
: ' = (B ==L r@=13 (=0 =-% I
'\e &

miycorlaring gaysilari absolnn o° A Gakadee, paramote Sl

i i I_ta'+au=5
o’7gacuvehi bu'ladi? a

) = “amr

I, flx)= ST kst tva berilgun, flu)f (—7} F(2)va fi0
AV T s

4. Kesilgan koaosning rajmi

we
St 3 R+ Rr+1?)
L tooilaing

formula bo'vicha i soblunadl Bu favmuladagd miqdorlardan yaysilan

P Lot Y ‘}__ A E-
iari - fia) = au’-Takz, . f (12) 0, .':';-:u_; f(2) = =4 fo)y= :
: 45 “
absolyut o'egarmes miqdor, qaysilart o'zgeruvchi migdor va qusilast e

cn F =3 Lap mopikein.
paramets be'ledi ? 12, Fx) = 5;_.‘ funksiva berilpptl. F(2) va =3} lawop
Tl 2 xt ey, 3l -1 < 2; IE - fED =g
H-1T<x-3=2; S5}xt =0 6) (x —2)* < 4.

N
¥ T




P 41 :
fx)= o hoksive herilgan.  F(3x), [, 3f [xj' axt +1, X2

3;
[fi2)] xartupnl-uu 00 %' 3 ex<d
R N s
X G . . P € frm—— Py
[f(x))3 = 125 v sy R e berllgan. fVZ), F{V8), f(ylugz L0241} lay topitsin.

e b
1. f(x) = 4x — 22 ho'lss, Fla4 1) = fla - 1) nj

3 24x x>0
15, Filx) = {5,

L) =247, f(»")--;—, F(,/Tng; 1024) = 15,

‘0Pl W Apr fi=4) — & va f(3) = 4 bo'lse, f(x} chizgli Juaksivani

X =1 funksiva berile; = " ' n
2.{. - 0 weri Dm fk 2]) f(o)' :‘” ’ i ‘(—2) i 10 ", )“(1) s "S bot]m f(x] ch-nqﬁ
¥s f{3) Jar topilsin, b Agar 5 T e '
B f=z) <2 ; halyani yozing.
- S A =5 f) =y f(3) =5, 1 Aper f(=3) =2 va f{6) = U bo'lse, f(x) chizigli tunksiyoni

Ixz 1<x<n
16. f{¢) ={ —2x+1, 0=yl
2

Lasix. L 5 xe

Aper [{0) = 15; f(2) = 30; fi4) =90 beflsa, (X)) = a+

Lo (e funksiyem yozing,

funksiya bectigan. £ (- 3}; 70y, 73 (2) e vapitsin, M. Agar {03 =5, f(-1) =10, (1) = 6 don'lse, fx) = ax’ +
Eff{=2) =12: It ) ¢ kvadra: funksivant yozing.
( } 5 f0) = If() Of()-un— )= B~ 20k S
() =

w5y ks becilgaa, (1), fla+1), fla)= 1) 25 Ager f(L1=3, F(-1) = 1 f(0) =1 ba'lss, f(x) = ax® =
b oo svedrat fonksiyani yozing.

I f(-1) =0, —__as2 | Y -
fi=1) flad 13 e Fla) A 1= csw- L)y =xt+x+1

ST-L =1=%x<g0

topilsin,

26, Quyidagi funksivalarni aniglanish sohalaci topilsin.

18, fe) ~ § &3, O<xax Wfix) === DI =VI-¥% 3)flx}=57;
funksiya beril #  NS¥SE B@ =8 M =55t T
unksj &
yi e L), ‘((2) f(4l- FL6Y lar topilsin, 0) fix) = = :—, THf(x) = vz +4x—=5:
I f(-1) =
f=D=g, f( )“ L f(“—) V3, i) =- f(6) = __. 81 £(x) = zx 9y fx) = l,.fa—u
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M) =% +2-+T=x; Myf=vZ-1- ____1?
0=
DR =" —T-VE=2%  fea=-

la{z-x-x”\

14} f(x) = arcsin t:—’ + arcens -2‘—"2"1,

¥ “(“"’ ) “’") (=22 3) F(x) = (==

VL0 Gl 4) (e =3] 0 ES; ey 5y (~i ) (53]

300

U (Zteak 0 [Likendy 7 (mon—8] U 1; 4 on);

u{-8:2 N{L+oe); 10} [-2;1;
ult; 4) 12) 6; IB}(—z =tles i )U( L+E 1)

8) (—o0; —6)1

U (2; 4w); 11 (—e; =1 )4

L [_- z]

E7. Qusddagi fin b)»alartldn Jaysilari jofl, quysiari (e, qaysilg
Tt bam emas, tog ham emas ?

~ - x ) : '
Nf(x) = oy T00) A f(x)=4—-2x7+ sin?y (i“ﬁ.];f

NpE)=x+2x - 1 (jult haw teq ham emss);
) filx) = = ¢:

(o 3) flx) =

61 f(x) = ln“_;;t itogql;  7) flx) —

prases . (tog);

J|3X

{tog:

B FO) = g, 15 (ol 9) F(x) = Jx¥ = Taflogy 4% (jufl)
1 () = 1,"'1"{-\' o 25 (jull ham lug ham emas);

12) fix) =

U -glox
sy

7 ok

(ll!lw. ham., ..

hum emaz).

28, Quyidagi funksivalacui chegaralangan voki cheguralammgamﬁgt
aniylansin,

l] ry= Scus3x = 2Zxin3x (chegarala’ng‘m):

[ty

W)y = 2087 +

hy

Gy U (hegaralangan);
P Fex-1
b))y = xsinx {chegaralaniaganly

Isinx  (chepuralangasn

Ly 2sinx 4 cusx  (chegaralangan)
2, 2
. 21:-1 {hegaralangan )
X

oy ‘—T; [erepnalanmagan).

W Ouyidagi fuksivalasing davidart topitsin.

) fx) = tg2x {'E} N flxy= t:tyi (230):

4) filx) = sinx +cos'x G},

&) f(x) = sinx + cosx + tydx (2x):

1 f(x) = sinZrx (1)

) 1 (x) = |eesx) (nh
1) fix) = 2sindx + 3xin2x (2); RB) fix) =sinx+ cos'zx (2w):

Uy fix) = {sinx| + leosx) (ks 10y (%) —t_g— Lot g L (am):
1) fix)= sin'§+ ms%+ Fg2e (40

12 1 (x) = sin%— cosg U]

Wk Quyiddag fusksivalazning gratiklart vesalLin.

Ny =xf  Hy=hl Hy=le-2k
NP =0x): 8707 ~1xk

Iy = x*;
1 I
Sr=- Oy=T4

' = 0 ba'lsa
: agar x i
10}{'\7] -{?‘,_’ 1, agar;‘(ﬂbﬂlsa

2, agarx = 0 ho'lsa,
| —2, apat x < 0 bo'lsa’

S ek
"'J,y—m:

X7, agar x < 0 ho'lsa,
My = {

2y =

x, agarx = 0bo'isa’




2%+ 2,3gar 0 < x = 3 bo'lsa,
ABAr3 = x = 6 ho'lsa, -
agar x = 6 bo'lsy;
d2aT x < =1 bo'lsa,
P A8AT — 1 = % <1 bo'lsa
agar x = 1 ho'lsa;
3gar ¥ = —1 ha'isa,
x+43, agar — 1 SEx=0hu'lsy,
“¥+3, agar0 <y bo'lsa,
agar © = 1 bo'lsa.
a S 200
31 Quyidaygi fimksiyelarge teskas fanksiyalar vozilsin
Ny =3x-1;

14) y — ¢ \-'m?

Ry =TArE i
DY=T7H3 Ny=1gf s

.. S
Axsing (3 Zx53) 8y = Sarctax (—on < x < o)

8y = cus’x — sin?y.

Ey=2% 252 3y =3
- =2x— 3}y =35-10%; 4_iy=35iux';

53}”—‘[,*;5; 6)y = 2341

1gx
DY =109 (0 < 1 = 4o
By= iarccosx(—l sSx=1),

32, Murakkab 1'unksiyaiiuga misollar kelticing,
Insinx bolsa, urelig o’ zganvebing ;vozing (u=
34. ¥ = 18X bo'lsa, oriliq o'zp

aruvehini yozing (-7
33 Quyidagi funksiy : =

darning o'zgarish sohasing topine,
16—=x+ - [0:3);

? ; Ny =3cosx~1 I |4
)y =37F

2-§. Ketma-ketlik vy uning limiti

W b bir e natoral songa hiror gonun goida asosida ma’lum

W gy son mos go'vilgan bo'lsa, n holda xy, X2, X3, . X

| hetma-kedlik deb aalach. x, sonli ketma-ketlikning uzmiy

Wy tlndl Sonli ketma-ketlikni aisqacha {xq } kabi yoziladi,

Ao shunday M (yeki m) soni mevind bo'lsaki, {1 ketma-

Wik g barcha hadlan uchun x, = M (yoki xy = m) shart bajarilsa,
Ao b ketma-ketik yugoddan (quvidan) chegaralongon deyiladi.
Ham guyidan,  ham  yugoridan  chegaralangan  ketma-ketlik

rgan ketma-hettih deyviladi.

[xliyory M = O son uchun {4, ) ketma-ketiikning kamida bilta hadi

) M oengsizlikni guncatlanticsa, bu ketma-xetlik chegaratunmagan
*\’ﬂml:

Apir bar ganday melv natural son uchun Xy,q = Xn (X4 < %)

ik najarilsa, {x,} ketma-kethk o'suvcli (kamayuvehi) deyiled:.

Pt o'suvchi voki kamayuveht ketma-kellik monoton ketma-ketlik

dovilndi,

Humma hadlari bir xil 6 soniga teng ho’lgen ketme-ketlik

o wpurnras ketma-ketlik deyiladi,
Agar istalgan & > O son uchun shundsy N = N{g]) = 0 son mavjud

by iseki, barcha n > N lar uchun 1x, — al < & wenpsilik bajarilsa,

~ 0'zeanhas o son (X} ketma-ketlixning Umedtd deyiledi ve u quyidagicha

yozladi: limy, ., , ¥4 = 2.
Agar [r.} kemma-ketlik limitga ega bo'lsa, u vaginfaskuvehi, uks

holda wzoglashuvehs deviladi.

THar ganday chepgaralangan va monoton ketma-kellik limitga ea.
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Ixtiyorniy M =0 sen uchun hu songa hoglig shunday N,‘ "
topilaaki, { %, | ketma-ketlikning # = Ny sherlni cancatlantion
Lareli hadlari uctwn |x,] = M lengsizlik bajariise. 4 holda bu kel

hetlil. elieksiz lnmitea cga deyilac ve u limx,, = Foa kabi yoziléd;;— 5

Agar {xn i va { v, | ketme-kerliklarming, ikkalasi ham yaalasho

LR S UL S SR R

i hemma-
[uudlabkl bir nectia Ladlari bilun benlgan quyidagi

Ll iy nadi vezilsin

25
'l
u l.a'l 3'-" J —

va limx, = 4, limyy, = # ba'lsa, u holda quyidazi sengliklar o'y
N
b ladi:
limixn £y =limxy £limy, =4+ 8
limxg ) = limx, *limy, = A4 8;
Ga) _Bmixe & e o
lim e =0 (imy, =R £0),
Kelma-kethxlami Smitini hisoblashds ajopth Hmir deb ataluve
quyidue: tenglik muhimdiz:
v n
rc) =3t

.. irratsional son bo’lib u matematkad
juda ko’p qo’lianiladi. Masalan, wsest e bo'lgen lopsnfin patur
ngarifie deh staladi va e hilan belgilanad:,

lim (’l P=] =& S . o 1: 272

i wvesdagl @ soni @ =32, 71828

I Lmumiy hadi bilan herilgen quyidagi  ketma-ketliklarni s
i bi : 1 Xl
dastiabhi bir pechis hedlurl yozilsin: : avsiluri
ot 0y ‘V&llk‘.ﬂ
B an 1 3 ida berigan keta-ketiiklanian quysiat monwion, 0
Nxp=m; DXy =—= Nx,=— JXn =1 5, Quyida Lena-ketiklar bo ladi?
: - o TS a yaysilan chegarglangan s
N¥e =25 Oxa=uk Txa=5  8xy= Pl Bl J: Mounton kamayuvehi va chegaralutias:
0)Xp = et 0} %y = gmliu'- L1)x, =Lt i J; Chegaralangat
T an=tiant)’ " w* An 203
: ; : Cheguraiangan
1L 2,3, 408, 00 Dit b mELEE "
: 1°4'5%4 1'477"10 £ O zrurmast
D050 e D =2—4,—8,—16,..: 611,203, 41
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. | Rz iy ketlikmng Timatd | ge
3 =1, =4, -9,-16,..,—n?, .. s J: Monataon kama;.-u\-qm B Uiy nadi %, = == ho'lgan kerma-ked 2
9)2,4,%,16...2", .,.. I: Monoton osuvehi

i, P
12344 =t 3 ay'loan ketma-hellikning limin 2 22
! |’2‘3'4's' oA =y 3 Uiy hadh X = 79 U ST
R} -1.2,-3,4.-5,6,..,(-1)"- 7 I

i,

a y R : e g leotlikuing Bt 1 ga
4, Ay 1-ko ’ oy i ; _ =1 Nenn kema-kethkuing
On = 37 sunli kKewna-ketlikning, quvi va rugort cheeeraliy 1) Uiy hadi %a = 3—3 bo'lun Kem

ke‘rsuting, J: 0y |,

I 2% .3
S Quyidagt ketma-hetlixlanian gaysilari chegaralzngan? s 3R oan ketme-ketlikning Timit 5B
| Ay Uhwimy 934t Xy — T E;
. T R (=" (nd—y
n? 4 3% (1) n); {tr)C 0%, {—-r }; {—} I {—--
£ n 3 nd

' p pHgin
6. 7y = =~ ketma—ketlikni " suveh; ckauligins i shatleng, iy

po’lean ketme-ketlikaing imili & ga
Ent=% =

(0 Umumiy hadi X, =
7. Umumiy

- n < 2 e
hadi xp; = s Po'lean keuna-ker)iin:

MO
kamayuvehi eXaznligini isbatlang,

Wy omnosigint ishotleng, |
Kkemma-ketlikning limitgu ega ewashigl

8. Umumiy bsdi x, ~—"r; keema-Xellikni  monnton o suvell Bt
: : ks, Whotlngin, iklami cheksi
) ! 3 PP A - Klam ¢heksie
exanliging ishellang. 4 Unumsis hadi bilan erilgen quyidagt kelwa-kels
. : 3 . XA
Y. Umumiy badi 2, = ﬁ ho’lgun ketma-ketlikng cheparalangan vy

Lol ) ekanliging sbutlang.
maneton o°suvehi ekanlig? iskotlansin

e 1 L 2 E
VT gy = =y |(Zn—1)
Dx, = —lv(n[( = [’:IZ 2) Xn = —,-;-"-‘ 3) L nb' [[ Z_l
I n . ..
i . i i i W = 0 ckendisi ke'rsatiladi,
10, Umumiy hadi x, - 2:1 bo’lgan ketma-ketiikni chegaralanzin Ko 'rsaroma: M Xn = 0 ckendig! ke'rs e
1 . . p dloerr auvidasd wotms-ketliklarmn n—»- .
vamoncton kamayuvehi ekanligio ishatlung. 6. Unumiy nadi bilan berilgan Guyidagi
!]. [.Iml.m'liy hadi x.-= = .:f——::; bo'lgau kCﬂIM-LL‘CKkni o' suvel U

exanligt ishotlansin,

[ helesiz katta ekanlig isbotlsnsin,

g =3V Dxy=7"
12, Ketma-kethkning (imiti ta'=ifidan [oydalanid guyidagilarni iseor

_\ar topilsin. va jadvalias bila
x2
atling:

% . B -
13, BiMyagen 73 ¥ Himyvz-o

tshuntcilzin, Io 4 @ va —@.

s

pons
-d




18 limy g4y 2*

va lim,_, 023 lar topilsin vy Jadvallar
fushuntivilsin. J: oo g .

M| AT — 3

i N[ — nte ) 22 ey 1 — 1%+ )
-

Hny

-

19 Quyidgi 1) % = 0: 2)2 = e,

N3 w; g 3-»"7
SHgl = - vy ity ‘ = g
) I = +o0 ‘sharsli® )f‘nzm'lsudng ania ma’ W Ml (W2 +3 —yn— 1)y 25 l'lll‘l(;..;o—““,———";._ o
lushunsrilsin, Yty
RS Yatian
24, (Jl)}'zdagl limitlar; hisublau@_ “"l" vn T—;;
1) “1)] -;-—:m:zi 21 Intpun. 3 - | ' 1. By i.
a g . 4 K e I TS —j .
Dtg 1ok Mttty T Dlimyy, 5
. ) it L
3 10y —=4; 11)9: 12} 23
4
1 442
I TR e] 2 ’ 2 : 19} _} !
"L“n_.,' Vﬁ"} s l;) “n’u-..o - ' 2 03£-& -4 ».,2 . b l s” ‘ i (5
. Fet4ney LU P Py
b ¢

T T s 3-§. Funksivaning limit
Ve ney” H) hm“—'“ N ipe1 ] 9] Iimn-mr ( S

5n2 T 12 Apar oidindan benlgan ixtiyociy € = 0 son uchun unga bog'lig
1M lim,, .. {143V > _ 73
=40 ( I n) ( 2 J (.n_: =

Sindey @ = 0 son topilsaky, (2 —al < & shactai qacoattantinveht har
!

U 10 kim,.., 35,
1)1 1}‘—“ : Cnday x€D() va binr A sen uchun |f{x) —A| < tengsielik
)i, |, - ’ . —_— gy
T, (’-f : (3) linmg ¥+ 2 — va): Wfotiss, A sonioy = f{x)  fuphsiyaniog x — a ho’lgandagi limiti
14) lift oo (VA3 = - eastcon .
" Vi - 13; 15) ["m?:-‘no ‘..’!(\',m:’ oy indi.
V) 'a’rildagi tasdiq

[ e H
16) lim,_,,, S+2 T lim f(x) =
) e bl bl - l.,) "m)l-nc Yo pan - XK=

§ p— =
= Y=z Lo rims sda voeiladi,
et

lir
R \ UR bt R Agar har qandey kaua N > 0 son uchun shusduy & = G(N) = 0 son
- mevind be'lsaki, |x — @| < & shartni qannatienoruveh: ¥acD{f} uchiun
] sn . . . - -
%) hm""“(y'-tm P20 lim, L S22 [f{x)] = N tonpsizhik bajurilse, v holda y — f(x) furksiya x—@

\"1141ﬂ4u|‘-] . . - ' '
b landa cheksiz limisga (b yuki—eo) 2ga deyiladi ve u quyidagichu

S vozaladi:



Af )= £o0 it () funisiya uchen Loy, a0 (x} = 0 snart bajarika, v holda

Agar hur gaoday kichik € > 0 snn uchun shunday hatts i = M ki o -+ i bolganda cheksiz kickik funbsiya deyilladi
son meviud ho'lsaki, |x) = M sharni o jenoatlantirnvehi hacehe xr L - ho'lganda afx) va fix) cheksiz kicnik fnksiyalar
vie bivar chiekli A soni uchun [f(x) — 4| = # tengsizlik bajaciise. u | 1 [ [ () esa intyory heparalanga finksiva ho'lsa, n helda x = a
7 ) ki 1 ool chekll i cqu acyiad) () £ 6(3) €l B, £l ), aalx) (¢~ agarmas
u quyidagichs yuziladi: | Wiheiyaier bam cheksiz Kichik furdksiyalar baludi,
llm fio)=A s bo'leands @fx) va f(x) cheksiz  kichik migdurlar

T 4= bo'lse. o holda a(x} funksivax = & b iganda

Ager bar ganday kalla & = 0 soni yehun stunday M= M) u L[

s MMk i s ptieinoli- tarchy G Pir) pu nishatan yuyoti tarlib}i chehsiz kichik funksiva deyiladi va

nehun [f{x3] = N wengsizlik o rindi bo'lsa, n hulda y = £ () funk, Ly = D)) kabi yoziladi, Agar A+ 0 ¢hekli sen he'lsa, u hulda

X =t be'lgacds cheksiz liitga eva deyiladi v limy o PG W va B Lar bir ) tarcbli chelsiz kichik funksivalar deyiiudi.

+ra kn'riaishida vozilad:, -1 bo’lsw, v halda a(x) v 50 jar ckvivalent cheksiz Kichix

Al 4

Apac x o bo'lganda ¥ = [{x) funksiya limitga ega bolsa, [k sivatar deviladi va e{x) = f#(x) kabi yvoziledi. Agar A =+ bolsa.
helda ou limse vagons ho'ladi. 1 lm'u;u w(x), x = a bo'lpanda f#{x) za nisbatan quyt waxtibli chehsiz
AAc = ) fonksiva argamenti x chekli a soniga fagst chiy ik funksiva deyiladi
(x<a) yoki fagar o'ng (x> a) lmonden yayinisshib  horgands Arar F(€) Tupksiya ushuz:
(X 28— 0 yokix = ¢ +0 Kabi helgilenadiy funksiya fimif bicur 4y | T

yoxi A. g A=l
2 SONER leng e isa, bu SOnEu "uukﬁ}'anwsa nuqta.dael chap O Pl a(z\ funksiva x = @ ‘ou'lgallda Q‘M

vokio'ng (imiti deviladi, ho'lsa,

. PO
Ular lien,, , B funksipa deyilaci. e
¥ o= f(x) f(ll‘ 0)= Ay voki l-lﬂ'lz “u=3 f(r) f(d e Agar ,f(x} > g(x) ri-.n!\-.;i}'alar c—a bu"lgf.m'w cheksiz kalla

0) 4z ko'ninishda voziladi. it e
lunksiyalar bo'lss, u halda x -» a s quyidagiter o’ rinkidic:

L IFx - lgix) va () X chelisiz katte bo'ladi
n(x) # 0 bu'lsa, u halda £(x) - k(x) va F’uhbkbll

Biror & muglads v = F(x) tunksiva x = a he' [gandy chekl) A

Lmitea eea bo’lishi uchun ning shy o mqtadagi chup va u'ng Jmitlar

OzAre teng o fla—Uy=f(a+0)= A shan bajaritishi 7zamur va :
vetarlidir. Latte bu'ladi.

Apur limy_g



A Ixliyeny ¢ o'zgarmes son va chegaralangan f{x) funksive o
cf () va alx) - f(x) funksivaiar cheksiz kata bo'ladi.
Agar fix) fuﬂks}ya X = a bu'lgenda cheksiz katta | .V

ba'lsn, u holda —— chelsic kickik (unksiya bo'ladi va aksinclu,

funksiya x = « bo’lpanda chcksiz kichik  funksiva ba'lsa, u ‘*ol J
cheksiz katta fnksiyz ho'ladi,
¥y = f{x) funksiva x » a ho’lganda chekli A liitga ega bo'l
uchimu f(x) = 4 * a(x]} ko'rinishda bo'lishi zavur va velacliic,
Lim:tlermi aisoblashda quyidsgilar efrintidir: )
Apar x = o bo'lzanda [{x) va @(x) Smksivalar chekli 4 va
Tmitlacga ¢ga 20’14, u holda:
linlgaalf G} £ wlx)] = limy o F{x) £ lim, ,0(x) = A+ 8
limy ., Cf(x) = Clim, . f(x) =CA:
lim_, O o) = N, f(x) - limy @) = A8

‘ : ; 3 limgeg P
limysg @(x) #U bo'ls e
imysg @(x) #U bo'lsa, limy o =25 Tty @i

y&  ag

A

leug]jjg'

Syt
¥
a’rinlidie
Agar x = a nuqraning bicor alrolide @(x) = f(x) = g(x) qo""
tengsizilk ofvinli bo'lib, x = @ da @lx) v y(x) funksiyaluming chekll
limnitlari mavyued va s
:l"-T; plx) = litn g(x) =
shart o'inli 0’133, v helda z — a du [(x) lunksiva uchun ham ch X ‘I},
lioodt wavjud, ya'ai Bmg, f(x) = 4 bo’ladi.
Agar x = @ nustemng biror strofide y = f(x) fanksiva o"suvchl"
(kameyuvchi) bo'hlt yugoridan {(quyidan) bicor M (m) soni bilan

 pod

e

'”“. W f
L IIR2R

g idagtlur ishoilansin,

Chup v O'LE lirnitin toping.

» —» g limitga ¢ga va umog

Lo iea, o hotda bu funksiya Tl
i ngsizlik u'rinti bo'ladi.

< M (iMyaa Fixyz=myw
arning nitind hisoblashda mu

Lhan
I o S (2

Wil Tnk dyal
v Lenglikiardan foyda.auﬂadl-

Wy« ber [1 + )

hign liomtlar dets

Ik oy e

= limyen (1 + ;';}" =

ulel;

2t ia 3
m
i~ mx,_ o - Ii x’O )

‘"". {

(A (] -1
. . B .3= . SRR | l .
' e \ier 't' " A 8 » 1 1 { .dl h
‘ "wn Niva uhll "n.-g & -lll\ ag‘ 1 :l“(ﬂ“l Qs atl

J¥+1 = i.
(3"_ l:!) = "5; A h—n sz 32+Q B
| iy L9X -
- A liMg 082X =* (e 2
e = T2 1
U TR s )t ,
ey 6. fim,_rsinx = 3
0N e QYCERN =70 ="

li =1 .2,

g iy 55 ™

.'.lim,_.-'\?:x—Z]=1 o

inx =0 lo.umx..ot.osx=1'.

0 Nimy. pSIX = o, .
3x—1 @ v

% fupksiyeming X = 1 auqtecegi cb
2x+ L 1

bt
! X =

in: toping. - thaj il 2, o'ng kit 3.
liritarind toping. & chap h ,ao'ng

(3N
LY Sl +

x4 fupksiyamng * = -0 nngladugl
x>
I: ¢hap limwit -1 o'ng tmit L

f n--Sin X,
4 flx) = Ll -

[nitind toping.

<D ksiyaning x = 0 nugtaiag 0702
b o




3. Quyidsm tunksiyalami ko rsanlzan nuqtalazdagi bic tome ‘ I

ltmitiunint toping.

-2x+3  agarx =1 po'lsa
3 )=
1} f(x) {31_5 agar x = L bu'lsa

Joehap limit 1, o™ng lumit -2,

38
2 fx)= Ii_—" tiox = 1 nuctadagi:
= @ nl x = 0 rugtadagi;

T chap il —yZ: o'np limit+Z,

4 fix) = - "Z'J 20 x — 2 pugtadagi;
L _fx+1, agard = x < polisa
SELEER {3.\’ +2, ogarl =

Iz chap limit 2, o'zg limit 5.

6. Quyvidagi Tmitlar hisvblansin.

1y iy, —7x 1 4); 2) ity 5 (2x% — T +
2 {i= .
3 limp G —x 4 2) 4) lunx..g
Fi-x=1
s T R ey
g ¥*-f x4 12
G lim, . T flimy T
sxt-gx’ .
9) ].mx..oq m. 10} llm_,.._
=11+
123 llm W 1% Imu’——— 143 1
i ) s lm(
v T
) i Wbr-l Vx2:5-3 -
1 )m—'x - lﬁ)hm—z = 13 \hm

x=3i X-3

= 3 bo'lsg M = 1 ougradeyl

8 lim,, 4

R o
T s =05

L
lx,l,

itx yit21 & oS PRl |
yhtx=2 ]9,\ llm vy Lk 201 2
"' “III. .r!-"—-" -2 x=+1 L=3
GABOT gz fim(Vx— 2 - VK
! I = Lim
— VIR,
- 3. BF a. T _.
I mx(vxé + 1 — %)% 24 h:g: S

[ sy 3 — v
2 x* 4 2=x).
W) mivxEi+x T l- NPT A B 246) }zp;i‘vr

'R

S 8iaiE i Bk 9%

) 1) 8 3)-2; ) 30 4"!,,3, 50 - 3 6y 12: N3 8]3. ) -6y
Fig | 2. ! -1 !:

Loz L ey By 165 110G 185 19
il
L 35y 2 2 1311 24) 1 251 2600
) ")\z‘ 2) 0, 12

I, — ¥ Jimitni qullashga doie misollar.

7, Qgvidagt lumickar hisehlsnsisn.

SNy,
siz2 2 Hm, =
' ) Illllg \0_';—' } u X0 L

1gd
S

mét
121

“"\| 1 H

1- -nso"
L"Y ,‘ ||mg-:“

" \ “lnyao Slll‘x

W2,
0y g0~ >

1={05 X |
e 1-cuzdX Ry limyee =77
N imen=,7 -

Ry
N limgwo—/"5

tgx—sinx
1—sin ¥ Ly Nimeay— 3
) luu,_,_ iz’

i 1-LeiZx,
\ =1
P e oo~ Thn

an:..l)(‘ —J.a]_ 15
dndx A lim_, : 3}
[ 3} 1y 7= Toiots 14) Tl

sindx |
1M UrFi-1’



16) lim, _, YI2052% |
Y ?

N 2500 = . A 7 T B
AT |1m,._,,,m bbler 13eS; 2)e’ T et dje?; Sye ™t 6 P

= -cn'zn.x

18) lim,_,~ )
) st .0}—13-; Myed: 12015 13— et 15)e%;
D2 g\_. 33 3 5?2 © 13

' ) Mg 62 1) i6; 8|-. 913 10

UJ-, 123213642, 14)—- L3} 8, 16) =2,

4-8. Funksiyaning vzloksizligi
Spar v o= () fupksiya x = @ nugtaning airor atrofida awiglangan

17 4 18) -i"'i._

s

limeo (142} =3 1

8. Quyidagi limitlyr hisublansi.

1) lim,_ (14 ;)x 2) i g, (1 =l

lim f(x) = [ (@)

Ve, v holde funksivani x = a nugteda vzlubsie deyiladi, Bo ta'rif

Lo 4 nzluksizlik shartim o'z ichiga oladic
1) f(x) funksiys o nuguaning gandaydic atrofida aniglangan
Wkl Kerak.
1) Cheledi 1y -0 F12) va limy g0 f (2] lintitlar mavjud ho'lishi
herak,
1} Bu chap va o’ ng limitlar bir kil bo'lshi kerak;

. 1 x;
g llll]x. ol 2005 | 3} lituy, wil—= '('K)lzf

2z
fim [ )
el | '

7Y limy ofcos Xyt
23
SR

.I
9 lim (i;}* ) lim ""’)

Yo AIN=]

(sinx = @ deb oling); &) ]im.‘_m.( g

Iy Bu himitlar f{a@) ga teng botiishi kerak:
Agar fiunksiya |@, b] kesimaning har hir dchks nuglasida weluksie

1) lim 1)

bo'lib,  uming  chegarslirida 282 limy.opn /) — f{a) va

3¢ ‘q?_.‘)::gz.c:
Wity £ ()= {B) bo'lsa, v holda funksiyam shu kesmade selubsic
12 limpo(l4 Segixyient 13) lim (L) e Heyiladi.
14 lim (:-%)X, Apar x nucte %p nugta atrofidan olingun  bu'lsa. 2 — xg ayinna
A=+
prpument  ordinmasi deyiladi va Ax bilan belgilanedi Bu holda
15) " (:.7 Zrid ) ] 3 ’ )
xﬂ) i 16} lm,_o(cos )9 f(x)— p{xa) evirma  funksiva ormrmasi deviladi va u A f yoki
=0l 3
P' Ay ergali belgilanadi.

170 dim [(2528) #
Yo \3542




Agar x = xg bo'lsy, v heldu Ax — D bo’ladi. Bundan z = yg

i yozish mumkun. Bundan foydalanib uzluksiziik shartin

Bmay a f (3o + 4%) = fxy)

ko'rinishida yozish mumkun, Rundan 47 - xg )~y + 42) ,l |
ckanligidan taydalanily,

Iy =0

ni yozish mumkun. Depak, fO) fusksiya uzluksiz bo'lishi W

argumenming  “kichik” Ax oftirmasigs  funksivaning "‘kichlllr.

ortirmasi mos keiishi kerak clkan,

Barcha asosiy clementar  finksivalar  o'zlarining  anig

sohasidegi har bir x, rugtada uziuksizdir,

Agar f(x) va gix) funksivalar xy nugtada ueluksiz bo'lsa, u \

FO3 2 g, flx) glx) va ;;[—:) {g(x) = ) lar ham hu o ..

uzluksiz bo'ladi.

Agar v = @(x) [unksive x5 nuglada uzluksiz. ¥ = f(w) fu '
Uy = 9(xy) nugada veluksiz bo’lse. u helds y = Flp(x)] murekk
funksiya ham x; nuagtada weluksiz bo'ladi.

¥ = f(x) [uoksiye biror x = @ nugada aniglangan ho’lib, :‘.
nugeada uning o'ng (chap) Hwil mavjud va

B, g £} = £ (0 +0) = £(a) Qittipmgoy [(x) = fla~0)
fla)) .
tenglik  o'rinli bo'lsa. u heldn  f(x) funksiyva a nugtzda o'n adan
(chapdan} uzluksiz deyiludi. .

R

wzluksiz kotlisl uehun bu

ax=a nugleas
1z bo'lishi zarut vé

fix) funksiy
o' nydan uziuks

4 hiam chapdan, ham

| ! iya 3 smada a’Zining
B} hesmada wzluksiz ¥ = flx) fonksiyd shu kesmada

. ¥ (¥ 4 | % .
kichik Tt glymatizd erishiady, ya'ni bu leesiadn

y eng ki vmatiE . § .
alende flx) =M va

il M e e
v xg nuaalar tepiladixi,

B Ditiadan X4
Jom tenglikler o rinli buludi.
T f(x) funksiya [a. b}

mailarm gabul

kesmada uzlvksiz v uning
ailse, yani f{) fRY0

1 ishorali giy .
i ) nugla maviud po’ludikl,

M i holda kamida biva Jhunday ce{a. b

TIGES 0 bo' ladi.

iy = () fenksiva uehun
wopilseki, hiror B < u{f}

ixtiyoriy £ > 0 soni bo'yieha

ot o

uhtay 0 = &) =0 sorl

vl < i shartni qanoatlanlirny

x . IR mﬁ

Wl 1 G —flx)l <7 :cngs'u.m'. i
fuksiys D sonpda tekis wzluksiy Jeyiladt

Aoar funksiya @ nesgladan chapda va

nugtada uzluksizlikmng 5 1@ shariid

= g bo'lganda urzilishga cga bo

chi ixtivorly Xo va X nuqtalar

avilsa, u heldz ¥ = L(EH

o'ngda aniqlangan b lsy,
wu auail nittast bajarilmasy,
R . Hadi. Unlishlar
J holda fLx) funksiya %

ki targa ajraladi. -~
ada y = f(x) funksiya aniq | 3
i o'zare teng, yat Jlxe — 0}

antng vo'gotiladigan wailish

anmagen. bireg st nngladeg
Wi tomenlama limittar mavjnd  va

[ixe + 0 ho'lsa, %p ME funksiy

pugrasi deyiladi



Agar x = awugla ¥ = (%) lunksiyaning ualish nugtasi bo' u‘f
nuglads funksiyening chap f(a — 0) va n'ng fla + 0) Timitlasd o
hamda chekli sonlardan iborat ho’lsa, w holda 2 = o nugua fuuks il

I-tur ngilish _nuqras! deviladi, Bunda 4 = fla+0) — fla—=0) )

ini malar  lilidsgi  t@'nldan
(unkeya  urluksizligining orttirmalar  Lilidagi 1@

: e kL
il uvidag funksiyalarm uzlulsizlikia whshising

4 f(x) =5x? =6z +2 funksiyani Dxtiyoriy & nugtads,

4 [ x) = [unks:yam x = 3 nugtada:

Funksivaring @ vzilish auglasidog sakrashi deyilads.

L ,J‘llg X a llll.']}" n 3 - | A . r ’ q 'J

; 4 flx) =cosx funksiyani ixiayorly X nuqtada;
o'ng limidaridan kamida bittasi cheksiz yoki mavjud bo'lmasa, vy

0 Quyidagi funksivelari uzlulsiziiicka tekshiring.
x = « nucty tunksivaning 2-tur ugilish nugiasi deyiladi. !

1. fix) = 3x7 —4x + 5 funksivaning (-o0; = o) omhqda,gl
yarkduy nuqtada uzluksizligi ishotlansin.

an: agary # 0bolsa
1) ¥ = { 1. agurx =0 bolsa,

1
(x)= s)n"
2. filx) = 3x* 4+ 527 + 2x? + 3x + 4 Tunksiya x ning har gun i/

giymelide uzluksiz bo’lishi isbatlansin,

[(x}_[znl. l/lﬂlk,s 1 '_
o xz_ l, )‘>! D l'fﬂlli ).-— nllqkm che ll

1 N =55

id 53123 2, : () da ucluksiz va
{1y x ning burcha giymatlarias uzluksiz; 23 x ¥ (Gaa u

4 53 agar* <l 0 flﬂ !5“
1 f{\) [Zﬂ ~x, agarx =0 ho' lSG,

uzluksiz, o'ngdon est uzluksiz emusiioni ko'rseting,

= .
4 fla) = [22?-11'. " Tksiyani x=3 mugda ol

uzluksiz. chapden eas uriuksiz emasligini ka’rsating,
1, x>0

5. sign{x) = iﬂ, r =190 [unksiyami x = 0 nuqiada a'ngdal
-1, x<0@

ham, chapdazn ham ucluksiz smueshigini ko'rsating.

i s
G.yf{ X, x#E0

A, va 1 = 0 nugleda uzilishga ega:
y oo e 2- oy uziiishen egay ) funksiye x g

| funksiva  x = —lda uzilishge ega

[, Quyidag funksivalarni wzilish muglalas maviea bo'lse, ular

Jo g va bar bir weilisn nugiasicagl funksiyzming sekrashi topilsio

!
) o3 3y flx) = wrectg 3
1) fy(x) =—1-—. 2 L0 =Tz 1£5( =

YA ES —', Sy f5(x) = ta(x® + 3x).

funksiya n'ngdan ham, chapdaz: him ueluksis : ol i mayjud bo'lsa, ular
0, x=0 ¢ v i 11, Quyidagi tunksiyalaml uzilish nuqalart e hi> i
S ; T ¥ R ivani : astu topill
ewasligini ko'rsating, opilsin va har bir wzilish nuquasidegl funksiyaning seke P
f( ] . aInCan- 5

oy funksiye x ning qanday giymadarida uziuksis
2o’lishi amglansin, J: (—w2) U (2:4) U (4 + o).
L3y

[unksiya grafigl yasplsin.




ey
NEx) =1 2% dgarx= 2 be'lsa, . I \ s : oS
)Rx) [ ; : . Cunksiyening uzilish nuglost korsatilsing e, 2-u ¥

agar x > 2 bo'lsa,

g Vet Yy lac topilsin va & = —6,—% -3, =102

.)\"§ -d -
ol gar < x =1 ho'lsa
Zigplx) =4 ¢ —2x, Agar L« x < 2 ha'ls s iy viche grafigh yousa'sin.
2 - 4 0‘.\(2' % - ¥
X - - -
» AW 2H X< o, L) da 2-mr uzilish limy, g-o¥ = F%,liMeaz gy =

3) f(x) ~ [zx:' % ¥ - <x < —lholsy,

70 @Har -1 = x < 4o bolsa,

' “"‘| AL f" = l

2. x=0va x=+2bolsy,

W yela—xt D<|al=2 boise funksiyaning  gradg
4 Ix] = 2 so'lsa,

12. Quyicagi funksiyelaming  uzlubsizlik va wniqlanish sol

S -1 1eht wnlei e >
ustmi-ust tshishi voki mishmasligi aniglanaio, -
v uzilish nugtalan ko'rsaiilsin. Uzilish nuyialaride uzluksizlik

Vy=x*~2; Dy=yxm

A o y_ \fx: 3 - y < . - « .
)y oy 1) y=cosd e qaysilar bajariladi va gaysilari hajasiliaye.

Vo0 bollganda  uwduksizlikning  fagac wirtinchi  shar

i g =42 bo'lgenda uchinshi va to'rinehi  shactlar

13. s -~ = /
sinx —x+1 = 0 renglama vechimpa ega voki vechimag 8
emasligi aniglensin, J: Yechimga cpa. '

4.%7 = 18c + 2 =0 englama [—1;1] kesmada yechimga ol

I: chllimgu i, . - ¢ iy 2 : J
W0 OQuyiceg: funksiyalaming uziiish gl e ularning Lurlari

Rl lansio
1y = 2 J- x = 3 ikkinchi tur uzibsh nugtes

v

15, [=2;2] Xesmuda (%) = z x* = 2,ugar —2 < x < 0 bo'lsy,
—{x* +2), apar 0= x =2 L' J,

funksiya berilgan. Bu kesmada f{x) = 0 holudi gan nuyla maviudmi?,

1 Ye'q, 2 = 0 nuggluda uzilishea cga,

»

r=1 . - . -_.‘. -l..lﬁ.-q‘ HH
DY = mhiiey v = 0 1:—3; 3 Jar ikkinehi wr vzilish

X7 X )
16, I(I) = T—'S"'-' nx+3 funks}}'a ['”‘2;2] kesina ichida 2' N ““\'“["n;
3.

2 i Moo
¥?, agar x = 0 ho'lsa S
B 0 4 1 = {0 biriuchi tur wziisn

lene givmatn gabul giladimi? J: Xa. Yy = [
—1, apar x < 0 bo'lsa,

®
. : 2 +. lx, agar—1 = x <0 ha'lsa,
Lo fla= Pv amar x=10 bolsa, fuztksiya
28 —1, agar b= x = [ ho'lsa, :

Mgt

Ay = snn:x. I: x = 0 yo'yotilacigan uzilish coqta:

[=1:1] kesmada aniyk o
) PXtpespan v chgdalangin Funksiya bu kes U'(i 1= = 0 ixkinehi tur uzilish nuyla;

; o \
- - ) 5) ¥ = sin—.
EUg <ata giymatga ham, eng kichik givmutga ham epa bo Tzaslintnl =

X 3y < ==
ko' csuling, fv = ”T_.f,.'. 1 x = 3 vo'getladigan uzilish nugia.



4,

¥ BOB. HOSITA v
‘A DIFFERENSIAL
v orsinoast Ay ning avginernl arttirmast A g nishad =

I-§ a4
8. Argument va fanksiya orttivus. Losila va vai hisobl,

X nucla favinla
I ALEUN ¢y nudian: nz, biror alrotida yaneehi "\'

nuors bo'lsa, u
. o, a0
b &y i argumet artliermes: &z wa msbarmng

¥ =Xy ayirms unmnuentning P l Pty ontomesi
J W nemesi relea ntilgandagl liwid wopiladi.

wrttivinesi deviladi ve Ax ki

»1ac ve Ax bilan belgilunadi, Deonk :

X=Xyt Ax. v Donink, dv < "".’ 1 j deyilads
E bt - kerlika hosiland hisoblash elporitmi deyilad.

Flx) = f(xy) = .
~ L) = v 14 - = (2 wyizmaga i ksiva ond M »=f (%) Pmksiya x nugrada ¢heki Flix) hostaga egd

devitadt  va v
<! N Y, g g oge
Ay = f( 3 \J 4y ¥oki A £ biten belpilinad: ..I. b tugtace Jl{[‘erenﬂ'aunnmx.h:dej.fllam
QY = Xp T Ax =) el ' . } 3 ;

s %) 1 o () funksiyamig hosilasini topwsh amali differensiatlogh
doyiind:

{ y = f{x) hmksya x nugquada differensizllaw avely  bo'lsa, ¥

)’=f(’(ﬁﬁln L etk
) kﬁl}ﬂn!(@ XO uumml-de.-i DrlLe s A nine u_.‘ 4

H a ‘ ‘ ‘

¥ = f () tunksiyvanis
ing ¥y nugradugi b Avsiasy deyilasd:. i vrlussiz hu'lad

nbsiva (2 6 ) oraliguing  bar bir x ruc lasiae

¥ = PO furksivaning fosilasi 3% F0re ), 2 2 \ardan bivt b g
et . T -'—. 7 an --4 i ‘ |
belgilunadi, L el mlm-uwi:-.llunwch-. bo lsa, 1 bolda v shu oraligda differensiatlanevehi
* -—f(x) m[lk"ii)"ﬂlin hicilasa Aol
siyanimg, lwsilast wing o 7gur o gyl
’ — g 0o zgunsh terigin ifi ol
va hy hosilauing mehanik smanosi deviladi gurish tezpin ifodulayd y o= fx) faksivaning, hos'lasiod dilferensiallush geidalen &b
Y= 1) fuoksivaning, hoslesi vog e Sluvehi quyidagt goidelor 3 vordanida hisublanadi:
= My(xa, fi(xa)) "“l]'.a.si;‘a n'lkazi 7 oren MLl ") | () = 06 =T zgarmis sl (L (Ccfy = €
ariigan  urangnin : e ; LS5
e hizeh ' - ' . [ - (e
0(fLg)=FfLg- Vo) = et gt f

E\O‘Sﬁfls‘icnﬁm N e
Hodalayel vis uni hosiliuing geometeik munosi de i
¥y =f{x nost dey 1
F{x) furksivanug hosilazig Wik i
gmelpe ashiriladi widagt keti-kotli ;4,
Bedilgn » = fix) Tuaksiya o nuaguaning B
Bundas asayari y = f(x) funksivz bu X

- f{x) = 0 bniism. Fu shartlunda

iror amelda gat'iy

- ¥ =X foaksivanin
Ang X argumentips Ay ortimna ?.\enia ' oo 78 iRy

Bunde y funisiys Ay ortirms oladi, :
nueda dilrensiallanwvehi e ¥’

2. Pusnksiva artiirm
R 251 Ay = < \
¥={x+a3) = f(x) topiladi. ¢ = (Hy) leskari funbsiye MRy Jud va differensiglanuvehi o'k,

uing hesilest uehuw

T34




-1 f= —1-.
U =
formwlo o rindi bo'ladi.

Berilgan y = f{u) murakkeh funksivads tashai fiu) va i<:l:l:f‘J

funksivelar arpumentlan bo’vicha differensisllenuvehi ho’lsin. Bu lio

f{u) murakkab funksiva x bo'vicha differensiallanuvchi he'fih, uy
hositest & (u) = fi(a} - w5 formuladan topiladi.
Agar y = ulx) > 0, v = v{x)} csa ixtivoriv funksiya ba'lsu,

holds v = uf{x) ™ = ¥ ko’rinishdagi  murakkal funksiya derofil
ko rsathichli Tunksiyva deyiladi.

v=ulx) va v= () lunksivalar differensiallanuve
ko'rsetkichli
dillerensiallanuvehi bo'ladi va uning hosilas quvidagiche topiladi:

¥=u" Iny=viny, 'i')" =u'lnu +"T’- v =y(v‘ Inu +;‘;-u']

=u” (v’hm + Eu') =uInu- v + et e

Demak. ¥ = u™inw- v+ vu

Barcha clementar funksivalar «o’zlarining  aniglanish gg},”i

differensiallanuveii bo'ladi. Ularni hostlalarim quyidaet jadsalds

i = (=, )
) =3x8,
! 1 vy ¥
) =~ (VB =
(a%'=a"lnaa > 0,0= 1

(efy=oX, (10%) = 1% 10

0% = qu® 7w, w=ux)
)= 2un’, (@3) =3,
(?li)' = - v (VA

HudY=a% ma- W

-l

(%)= e" -y

————

— | ——
— — —

[ e o
16 Ggut'= i 18T T

\ ,- N
o (RS " e

— —— ——

e~ — —

L e ctye®

oclar va ularming nishatlart mos ravishds
L B :
" : i i Inerpolix tanpens vi pipesbotil
} "mlm‘.-.ls cpans. giperhelik koainus, BIpe hl
m ishdz i, thx vaclix let
}muu\-uslar deviladi va ular mos ravishda shx, <hx, !

hun lwl_u,ilm:adi. Dermak, Lo T,
e § gF g™ o3
A SHQEPCTSL i SR e o=
A "- ] B o
i . . B . - .'::
Ciperholik funksiyalar uchun quyidagilar o rinlidi

g — o2y 31ch2x = 2shy - ohix;
yohix —sh®x=1: 2) chéx + shéx = chix; 31 ¢

Wio=0:  Scho=1 6 (six) = chx;  T){chx) = Shx:

: N s
ithx) = :;27: : G} (einxY = oy |
A 2 iyaning orttirmast
=7 01 b0’ lsn, ¥ = x° funksiyaung
CoAparx =24, AX 0.
opilsin. 5 0AL

1 3
3. Agar x=3, 8x=001 bo'lsy, y=3x%°  funksiyaning

S

st o O AR
irrnest topilsin. J: 0,030 g LI
f Aparz =1, dx=01 ba'lsa, y=3x"+x—1 Funksivoning
5, Agarx = 1, =,

rttirash topilsin. & 1,0u3,



A, Agar x =5, Ax = 0,1 be'lsa, ¥y = x*
orirmasi tapilsin, 1; 0,05

S, Agar x=2, Ax = ~U2 bo'lss,

feoksiyaning vritirmasin tepilsin, 1: 03388,

—7x? +8 funksiyl

¥ =3x* + 5§

6. lo'g'ri chiziq ba'ylah §=r?

1 ein 4 + 4 00s X
gonuniyat ba‘ R = A i My = X COS XL
2 eps x4 X SIDYG
harekatiunayotgan moddiy nugraning t=— 2 sckunddagi wezligi mpi )y = x Ccos¥ T 16)y = i
> T operd’
7..8= %qonuniyd! bu'yvicha lekis leclanuvchan haraket gilayol T T

moddiy nugtaning ihtiyoriy 1 pevidagi vat= 3 sekund payidag) 1 ’(

A
18.} .v =~ e;‘.'.'
topilsin. J: 29.¢ %

"'E* 1
l“l ¥ x* 1' cOSX
S 2 g 4 : o soter sl MDY= Trsina
3, Nuga S= ;05 —3t+2 qonuniyal bo'yicha lo'g'si chig e cus¥ < 1z
sy ’ - -}'r x 1_‘:5
bo'ylab harakal gilmogda. Vagtning ¢ = 3 sckunddagi  tezlign topilsin ‘ JF )Y =15~
WY = 3%
10 xNx ' a
- < 2 : : = rl 2 lr z funkb-l)ll bcri‘gal'l > f’(_o)- f (1) AY
9. Hosilaning t@'rifidan fovdalanb, quyidagt  funksivalaro %) f=5"X
hesilalari topilsin.

') ar hisoblansit.
Dy=x%  2)y=x%

51y = vx; 4y =sinx

{ 1 1 1
i o)s'-—' Ny=25 Ny=iga Ny=g5

i X -f'=2
| aieie beg: @ T

26 =% —7%7 Sunksiva
Sty =

ﬁ\lml'.\l.n'.sin.
Wy = 4x% — 2;

My=vZe+1; I1y= k‘w

. . . A .0]
f(x)= i fuirsiya  perilgen: 001 oo
27) x) =

By =v1+x% 14y = sin 2x.

[ |wohlinsin. I -' o
gy fx)= _*_ funksiya herilgan: e, f 2y va [
2 T oax

10, TTositani hisublash geidalan va hostlalar judvaliden l'uydulani’
quvidagi funksiyalaming hosilalari topilsin,

[\l subiansin.

. jsnblansin.
ly=7—2x%+4x-5; ) F0) = S 05X o nksivi be (

y==—x>+49x%—x+2;

3)y=x—s-g£+ -1)}'=('l-§)2;

ay o = =3x% F18x =1
Jus'oblar.'-)}/-‘x —qxya DY = 3x
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Ty 81 ¥ = veosdx; 9) y =+2x —sinda:

'n'l | costy: 1Yy = sin®x % + cos?x;

: P Rt e
! tgx + 3x: 13y = V14 eosex;
Ny =3(g-%)  (oy=ifi_2 i 5
Vo RS ¥ = v ‘,__T._ .{T‘r]. J'| | "“;."K Y (= 5in 2% 151y = sy
13y =1-3cosy — 43y 12 ] & sty L2y
s sihx; By LR P i B PR, L4 = — 193 St
M ik W eusan)™ ) y=ay 18y =S ¥ 1msmax
13) }'-.’-‘ 3XCUSX—.\'2 Si“x A si"x; 14] }’ COSY—dxmn: - "
2 T : j - §in 2y = eas* (7 -5k
PI¥Smmm 0 y= i =i :
8 1 T < . Jx ¢ fonksiva beriigan.  ¥'(1) topilsin,
18) v'= - e 19) v'= - - 2 I —
mi(m”z CrmaE 0= e |1 costiE Turksiva beriigan. y'CF) topilsin.
21} v'= — 22) y' —Ltsine . o S : - .
‘:::.*’ T Dzsing® B)y= ol vobine: 1) 6(cos 6x —sin6x); ) -bsm(a ::‘I).- )
Miysgew  BIL0&L 26825 27—, Bltcon s - sin i 4)=20(1 = 520% 5 izt O Ty Do
Zqrsd; oA e 2sin’y ; 2 cin2xsinfx—=2);
281 =1; 2 TIs 29) 2. Jpdxy/cos #x; ) @%ﬁ; 10} —5indx; ll}v.i-ﬂnz,\sm(x o

1. Quyidagi furksiyalaring hosilalari topilsin. 4o 13y ~5in2y 14y +( VI3 sinzx - v1-sin 2}
IR ITRE S ; —"=445'..H,,5x, .

) ¥ = xinx: e TTORE 4 : ; -
AY=TT Ny=lese gy=m —5 L lhora cos2x >0 boYganda, =" ishura cos2x <0 da,

31 v = xng; 6)y = x? + 3% Ny =22, et . ; i
’ i

i : gy Lus e
pi A =0 bo'lgands ¥’ hosila muviud emas] l-)-“—,‘,-,. v
¥ = e"(sinx + wos x).

sueinAx gy 18] sin (14 sec®x):
Javoblar: 1) inx+]: 27 = 2. ) o R e ’ .
) ,, J 320 3)x[n10 4] +.-+?’J‘,. Ssz(S!nx+l. (1+ecosex) sinss |—
¢ = mw
6) 2x37n3: e . : q0052x 5’" . N icosx: 22};' 23yt~

12, Adau . R g . &
Quyidag: berilgen murakkeb tunk:.xyalammg hosilalari topilsin, '3, Quyidagi fan ksivalarning hosilalari topilsin:
13 ¥ = sin 6x + cos 6x; " 5

2

2}y = costa — 5
¥ (e bx)’ 3)}" = Sﬂ'l " ﬁOS"' Iy = !7[(1'2 + 21), Ay= !n(i + cosx): v = [n;%;

z’
Dy =(1-5x), Sy = 3J(4+ 327 6y =—'—

"l x‘]""

14



it -r"

4oy = ln ) y= x
. = : n ol B2,
iey? ty( ¥k
?:\ y= tn{o\ + l, d) 8) - ccn ¥
" y=in ' 3
lntg-;,

D) Y= e 1y 5o

4 Y= in !—“

eﬁx 1

[‘JI y_ ‘n ' '.'!?l?r
Yy -s'na.c

161y = V1 =22 + aresing.
18}y = arceos{l - 2x
21} ¥ = arceos —:

Wx

o PR L i
223 () = ANCxIn—= funksiva herilgan; P(3) topilsin

Javoblar; |y 26420, ) : 2
fromreny b =g 7 3) J_T_;;;:
5y 2. 80 2y
)msx 6) 1-45" o7 ;ﬁ 8~ zfrfr—x'
10) 2x(1-x)e ™%, 11) 2 ¥F() 4 2 ,
) Dl S A 1) ze%% (] ol 12) <2e Fyim g
2 . v o= A=lnx =
141 e 47 V3) &% PG 16)-'—1—;"'5" ]n"?‘l'—’
: (= Va—dy7
- i p oy a3y
2aovsz—1" 2oy o7 22) 15"

14 Quyidugi ﬁmksg-eiaming tosilaleri topilsin,

b — ). -
Ny =sh’y; 2y = x— thx; Ny =0Thx—1.
41§ = thy + crie Jy= ——,-.
i WY =x - uthy: 6) y = Zhox
}‘ .C'I E

Ty = elaltgx) — thicigx): Byy = sh%x 4 chiy.
i = bX T 7 -
%)y :k2+cb.5, 100y =1+ yi?qy;

1Dy = e™{(chbx + shbx):

y= !nt_q:; + Insh ;

6) y = tn {1124

9) 3 = il

12} v = ¢ {sinx 4 cosk

Ity = artsin-.."1 —x:

W= arcﬂg — 2 y= ardn\-Gx-

9) @ cos in

13) 28

\ 1-2¢'

15; ¥ ..-f

"a" »
Wty

4)

e St £

O TS oy T 1P (Nt G
21th4x: yveha+ 1 4 T

Jvoblar: 1) sh2x:

secix

Ny G TS St W = I T A — _l:giuizf___
Wh'x;  6)Schbx chJ+3sh.>.t shs 0 s figa) | eh s
W lashae® + +chx? sthz); 9] 3 (r:h; t sk f): 10y 4shdx;

12) —— + 2cth .
YingG

N(u | b)v{“'b;‘”; 5

[0 Querdapl fupksivatarning hesilelan wpilsin,

by = x" x> 0) 2yy = (sfnx)*¥; )y = (cosx)¥R¥;
.' y o I.c!nx: 3) y= xcasx; H)y = (co_,..x:.xmzx;
fy« V¥ By=2x"

; y nefx
2} (Sinx)" ™ - (=i (RCost +—
Yo

lavobler: 1y 2= (lnx + 13 i

4y x*5% . (cos xinx +

1) (Cosx)*  (cos xin cosc — tgx sinx) ;

\ .'!L'A}:

L)

8y =xME . (=siaxing + ?]; 63 2cos2xincosx — 2sinéx:

ye « A 1
HVx: .‘ni; ®) Py {;-‘.— nx 4 Inzx}.

-8, Oshkormas funksiya va uniog hositasi, Purametrik shaklda

berilgan funksiya va uaing hosilasi

v o'zzaruvehimng v funksivasi oshkormas shakida Flx, y} =0

fendama  hilan berlgun bu'lsa. v helda ¥ hosilani topish uchun

Vv, ¥y = 0 tenglikni ixkale gistmini x bu'vicha differensizllab se'ngra

y' ki nisharan hinsil bo'lgan chir.iqli fenglamadan hosilam tepish ceral.

[ kinehi va undan vugerirog tactibli hosilalar Tam shi tarabde topiladi.

Agar ¥

furksivaning x vrewneniga bog’ligligt

{x = @{l)
y=f(




tenglama bilsn beriigun ho'lsa, u Balde funksiyani paramelrih shal

- gonanny ‘ " | Rrew o cEnd 21—t
herilgan deyiiadi. B Cunksiyening hosilasi b heZetge 2)etg 5 53—1 4 — o ‘) U e

v =ksing | sinkt
Vo decast 4 vos i

" o
¥ = ;J?_’. funksiva berilgen ¥ vi r=0 da
P

formuiadun topiladi, Mang, J- 1.

X = sin 2t . Lo ) 1
) I)' — sints Conlisiva becilgan . nir =, dahisablang. J: 2

- Ostikocras shklda berilgan quyidagi tunksiysiarming hosilaly
lopilsin:

DX 497 = g4 Vs 5 § =277

A }. PAY =lpx Be2a xy 3% =6 ] A [uztksiva berilgan v, ni ¢ = %dx hischlang.
N ryé—ay=up; 5}2‘3+'V3-36L7-'Jr’-—0- y=:r.‘ 1
6)52% +3xy - 2y? 4 2 = g, ). 0,833,

3-§. Yugori tartibli hosilalar

: I "-,ﬁ-: 2) i{: i) - }sz ) Lol 5 5) xi-ay '3 l:lx-sg’.-
=2y -2y VPR s . T ' ' ‘e '
: . : ¥ a=1y ax—y2 ) 2y-34 " v = f{x) funksivaning ‘kkinchi wartibli hosilasi deb uning bifinchi
2TV = a5 fiankciva bu . ‘ST - 1
T3 kY3 = @t funksiya berilgan. ¥'(a) wnilsin J: A7 Bl hosiasidan olingen hosTaga, ya"ni {3")" ga aytiladi.
Vs

Ikkanehi Lartibli hosila quwdagilardml biri bilan helgilanadi:

n’l
Uchinehi tertibll hoslla deh uning ikkinchi tardblt hosilasicun ,

3- ). - 35— | e . ' 3 ‘
er i xv = e furksiya benle_,ﬁtn. Yxmi. 1 augtadagi vl
mpilsin: 1 —2
e

4. %7 siny — gos ¥+ 0os 2y = 0 funksivy berilgan x = = I.-u lga
¥ hisoblansin. J: +2.

olingan hosiluga, ya'oi (") ga avtiladi.
Lchizeh? ttibli hasila quyidac? iardan biri bilan belglanaedi:

3. Parametrik shaklde benlgan auyidagi (unicsiyuiar ing hosilel

Ar 'l .1 }l
topilsing Y =% ey
1 {x = acost 5 { X = aft - sint) it = f{x) funksivaning ne-fartibli fsilasi deb oning, (7 — 13-tarchli
y=bsint? Ty =a(l- costy 3 s i hosilasican olingan hosiloga aytiledi va u quyidagilardan biri hilan
ke help:lenadi:

asing

4] e i heoss X =2 x=22 Lz
; - = .o el »
— _crogt b 8 )[ 3i e  ALLORE il ) PO
S g y = ‘3' 6) 202 ’ Tl

T I+dcost p=—




4

. < S aalarnine

) ' ‘ P anip quyidagi funksiyakumog

F(x,y) korinishidagi oshkormas  finksivani  ikkinghi. .,.f 4 Leyboits formulasidan foydatantt
hosilasini topish uchun birdacki tortibli hosila 3 ni & bo')

ditferensiallaymiz.

[’; : ?Eg tenglemeler bilan herilgan tunksiyaning 1kkinehi ta

L et hosilalar tupilsia:

2 &
= s i. ’i}y:x sinx,
|y = e*cosxs Dy = wxS

| ) - 2etsinXxs 2) xa (¥’ mfa +oxing F6):  3)3sinxd

A - 4 sinx,

hwosilosind topish uchun ¥, hesiludan, va'ni

—-' N e dalanih lu)-:_dagi_ funksiyalaming
fl' dEn Yane { bO‘ .‘ . l."'-\":)n:.l:t [omu‘asldu_n [\\) ddla'l' l l
-.‘ Al

hosila olemiz: {4t 1l tartibli husi [alart topilsin.

ay =l - Py =XCOSX, 41\-—x Sll‘l- |
rx ’..‘ '1~ ’:LL.";U!_{ 'V - “Cnsx‘, 2)}0 =x l'ﬂx' -’})
Y x‘a') X' s

1. Quytdag funksivalarming ikkinchi tertibli hesilalasi topilsin:

el X N - 1 L 2 - s 3 0% -
I) 2 ' | ) e (Sl[lx + COS x). -) b J] x blux s SA.
y S!u x. ‘.')y = ro:l: x

§ Ny ' ¥ 2 lar
siy=tgx: &y=vI+al f 1(x‘\=ax-rsan-‘ funksiya berllgan. f2). £ va T2
¥= : = ,' L) a
3) 2tg X sectr, &) —

U
2. Quyidagi funksivalarning uchinchi tactib)i hosilalan tnpilsin:

T:1)2cos2x; 2} —4sin2x:

fprinin: J: 5 Ter 36"

t aptirishi
\=0 ui ganeatlasting
oy= excosx funksiya ¥+ 4)

1}y =cos®x: 2)y= ;1;

)y =xsinx; djy=xlnx Whotlansin.

: g (A— 2 «
Sy = arclyg i: 0)¥ = \x S )

L
i

: o
funksiva Ayt =xy ¥ = 0 ni ganoatlantivisn
unksiy ; )

1 5 ».
7 = et - -
DYy = 8y =xe 't

b ryatilsing
JD4sin2x; 2)—=;

¥ L i funksivalaming ikkinchi
B-(reosx +3snr =g 0. Oelikormas holdn budlgan quyidagi fusksiyslaring

2a(3x?—u’] Ay, 135 - 2 TR T ilalan toptlsing
Nowan . Ome Nomap  HeTO-M jrtibli Rosilalari top

3. Quyidagi fusksivalaruing ni- tartibli hosilalart topiisin:

. . -y = HxTyt=1
]\K""-}'e =a“; ‘l,ax+bjf )

- Ry =M
Vet = el 6]1’3":! Jaxy-=t.
2 : Marctgy =% +¥ Syt xp YT R s ¥
Ny== 2)y = cosx; Ny =sinx; n! o 2y, w;.;:]y‘ 2 ..1):; 5) G
4)y=th' S)y:c-i; 6)}'- )= (r-12 nhx

! : 3 b
LNt ,:", — 2} cos(x + :2"'); 3} sin (x + "—:),

?n’.&}r
0=
(=1)" =13

. (.:r-j!z]*'

" sdawi funksiyalarming ikkinchi
L 1 shakida berilgan quyidag
ey Setr Gatinle, 10. Parametrik s .
{astibi hositalar wpilsin:
145
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A =acost X =t = a{l — si /
bt P 3ﬁx SRR i
(sin y=s-t ¥=a(l—cust) ™
: \
¥=2¢cost  _ ( x=¢% x=e* .
4}{}.=Sm‘ 5 3}{}'.;t+tg- 6'{}'—8“' ;!,,.
{x = argsiatl \‘ /}/w; Ye)
y= \?ﬁ' e & -.:‘.. ot
e/ \%-w-f// "/\
S s N 1. o dnil AN R
-1 '.smst T A 4nsinis” Ve 15 *"' 'l \\\.
Rt . X
N -vT =7 4 ¥
Gl T AT, ) i ; N
4-§. Hosilaning geometrik ma’nosi l-chizma
¥ = F(¥) e chizigning (zg; y,) suctasida o'tke zilgan urinmanly I | v - 2x¢—2 parabolaning absissalari mos mavishda xy =1,
burchak kowlTitsienti £{x) runksiye host ‘asiing (X, ¥y) nuqtad y, o2 va xy =0 bo'gun nuqgalariga oetkrligins clrimaliaming

qiymariga teng, ve'ni rchok kestfisentlar topilsin. - (k- = 4: &, = Bl = 0).

k=199 = f'lxn) = ¥l (1) 3y =+%% parbolaning absissasi ¥ = —1 bo'lean nuglasiga

Bu k son behzan chizigning, (xy:va) nigtedagi 03’“3"[@--‘3-"
deyiladi, Cgn chiziquing (g0 y7,) augtasida o thazilzan uﬁnmmlingq
chizma) tenglumesi:

o (ka7 gan urinmaning burchak kostisienti tapilzin. (=27

1y =" 5x—2 epri chidyning (1:4) nugrasiga o'tkaziigan
grinma eg'ish burchepning tangensint Oping. (Lg v = S04

4, ¢ =x% pamabolaning AC:TL BE-L:1) va D00 nuatzlenge

4 g . o A DL TSy VA
Skazilean  vrinmalaming  lenglamalan yuzilsing { = 2X 1:

Y=¥o=ki{x—x) (2)
nocmalning tenglamasi

Y=Ya=—7 (k=3 () by=—2x - 1; ya=0)

TA = yoctg o AN = yozg @ Kesmalis mos vishda urinsi ol 5, Quyidegl opri chiziglargs ko'rselilgan nugularda o tkazlgan
ve morgf osti deyiledi, MT v MN kesmalaming uzunlildar esa

rinma va normael uzunfiklari deyiladi.

prinmalarning tenglarmulal mzilsin,

1y =x?+1 gaabsissusi ¥ = —1 bu'lgan nugtade. {71y = —2xY;
Ny = —2% ga OO nugteda; (¥ = XU

31y = sinx ga Aq_('iﬁ 1) wiqrada: (J:y = 1)

Ay =% —3x +4 g A3 4) nugada; (Joy =3xSk

B H) 4y




x3
S})'—-? gar= <] nuq.*an.la; (]:_)’ ’—X'f"i‘);

S

)y =xtpaux = 0, % = 1 nuqgtada; J:y-0.y = ;ti{Sr -
5 (3x

M1y =sinx 81X =7 nugtada: (I y = — x),

6. Quyidagi cpii chiziglarga  o'tkuziipan

urinma  vao ooy
englamalari tuzilsin: "

1y =x" -3z + 2 0gi chizigage A(2; 4) nugads;
LS9 —y~14=0 ya X+ 9y—38 =0

b —
PR =a 4307 — 16 euri chizigga uning y = 3x% pacabola hil
kesishean nuytalarida;

A 4‘4:)( - ?6.

Ly= y=4x-76  y=Llixiz) .1

y= —f"('(-'Z)"' 12,

- 2 . .
Ny = xf—4x pursbelaga absissasi x = 1 holgan nugtada

LZ2rty+1=0 Wwx-2p-7=10
7. y=23-

3x+5 egn chizigda stinnday  pugts wpmgkz.
nuytada otka'alg,an urinma: 8] ¥ = —2x

o' g chizique pacal
byy == lu i chizigya perpendikulyar bu isio,
Fay M {——= '-3+-u"1 A =) 6
. ( ) 4‘( ¥ ]
Ma(2; 7).

b} My (~2:3)

V3’

8. ¥=0(+DV3=x emi chizigga shsissasi Xo =
nutada o' thazil pan urinme va normal Leng,

=1 bo'lgn

lamasing tuzing.

Py =¥t w y=-Ziern).
\l

9.

)I _—u_

Tir  CBN chizigga absissasi x, =2 bo'lgan nugtads

witkazilpan urinma vu nosnal tenglamasi mizilsin,

18

Iy -§+2 va y =2x—3.
1 Ouvrdagt chiziglaming kesishish burchaklur topilsin:
Ly = 4 —=x w'g’r chizig bilan y = —“% parabalani;

v sin sinusotda bilan v = cosx kesinusvidani;

I’ 1 4y? = 4 cllips bilan 4y = 4 —~ 5% purabolani;

1)y =8—x” va y = x” paraholalarni;

1) 2y = x% va 2y = 8 — «% parzbolalami,

I 1y @y = 45° va @y = 18,5% 2)@ = arctg 2vZ; Do = 2%
Ay = arctg (—3) Va (s = arctyg ;; 3@ = arceg ;.
(x=¢t*+3t-8 7 AR RS
I, U —2_gf—5 °8U chiziqning MW(2; =1} nuqrasigs
ozl gan urinmaning burchek kosMisient wpilsin, J: & fg
12 ALl el chizigning 51 nuqualarip
2; =12 4+1 sErl chizigning  quysi  nuqualarips

o tezilgan uriezlar: 1y OX o'giga, 2% +y+3=0

T DALAS), (30T

o'eg'n
Chizigga pacallel bo'ladi? 23 10:-10), (-2;12).

va [ R o s g e e S
13 { g ellipsning ¢ = bo'lgan nuytasiga o kazilgan
nrnma va normal lenglamast topilsin. L x+y =40 —y = 2.

3
X = aces °t il x . .

4-{ ; a 1 r ==ba'lgan nuqtasiga o’ikazilgan
Vi avadt stroidaning 7 bo'lgan nuqtasige o’tkazilg

urima va normil tenglamas? wpilsin. B2 +y) =@y =2
{& [;: = u({—sinl)

sikloidags ¢ — -nu tada o tkazilgan urinm
=a(l —cns t) q 4
tenglamasi yezilsin.




. ‘ : '~ 224 % 3 ‘wicha xarakal giladi
16. 4x3 — 3xy” = 62 — Sxy — By? +Y9x + 14 = U ear chig Mutorial rugta § =262 =617 | 4L goaam b vick

b

e
S . . - -y A . 0 - . . - .4) .
Mi{—2: 3 nugeada o'tkezilgan urinma va normal enyrlamas] lupllsu;,: L -sclund exiridugt tezlanishni toping. J: 24 o

Ly= —‘::(x +2} 3 vy ’-"3‘(.'( +2) +3. Vool e 2e? gonun  he'vicha  xsruketanayotgan - marerial
1725y —2xpy =g epsi chizigga M(1; 1) nuglads o’lkaz(

trinma va normal %aglemesi pilsin, Tx+y -2=0 va y= X

‘ Ry
Ll 1 seknnd oxirdag! tezlanishi topilsin. T 22 .
B llam x = :— 2e7 b 3L qonunga asosan to'g'ri chizic bo'yicha
S-§. Hosiluning fizik tathiqlari 3 SRR
§ ; ; ah it alladi, Herakal tezligi va tezlanishi uniglansin, e =27 - &
Nuge OX 0% bo’yichn xarskat yilib, vagiaing ¢ puyiida § = f( .

' isi i idagi fexis 2t —4
koordinataga epa bo'isin, y holda vaguuing ¢ peyidagi fezlik: o

ir ki iy recksiye nulijasi il gilinadigan jism
= - & av o 10 Oendaydie kimyoviy reaksiye nelijesida hostl ¢ ; &
” ’ | o e idagi “lanish x = A1 — ™M) rengluma
oy et T SO e s Wdurt x bilan £ vagu arasidagi bog'lanish x = A(L —e™" ) reng
b ladi.

il 1 X = Ake™H,
i Sl Hodalanadi. Reaklsiya rezligs lupilsin. Yo
L s § = (%~ ¢4+ 3 qouan bo'yicka W'8si chizigl aceket qiid]

6-§. Aniqmasliklar va Lopital yoidalari
Harukat hoshlangandan 2 sek. keyingi tezlik topilsin. 1: p = 3.

Avar x — o (a- chekli voki cheksiz sun} bo'lganda [{x) va glx)
2 Jism S =30*—2t-4 qonun- bu'vicha  avrakatlasccddd R S R R
5 S Laumog Wb iyalar cheksiz kichik Cinksivaiar, ya'ni
beshincty sekund oxiride Jismaing, xarakst teelizi ganchi? J: 28, liMpny S} = 0, My m gl =0
3. Nugz §=20%20% 4 qonunivat bo'vicha t0°3’si chizig|

: n s e o
i PX Lighai x > w bo'lganda = ko'minishdagi
bo'lsa, ulaening ey nisbail X > 4 I =

unlqnasiik deyiladi. | |
Avar x = @ (a-chelli yoki cheksiz son) be'lganda [{x) va a{x)

- e g
- qomipivat  bo'yichs funksivalar cheksiz katta funksivalar be'isa, yu m. :
X . \idaci ' i ) = lim (x} — xw
sarakatlasiayorgan jismiaming tezliklari gachon teng ho'ladi? J: ¢ = 35, liMyag f(2) = Loz, liMyag @

¥arukar qilali. Nugtaning ¢ = 4 sek. dagi tezligi wpilsin. 1. 104,

4. 5 =6t — % quaun Lo'vicha Xarakatlangyolzan auylaning tezlig
Quchen nolga teng bo'ladi? J: { = 3.

6. Mussasi 8 kg bo'lyan jism § = 2024 36— 1 qonun be' vicliy
lrgiei chiaghi Xerakar giladi. Jismning Xarakat hoshlengandan so'ng
uchinehi sekund o' lgandag kinetik enerisvasi topilsin, T 900 1j.

-

i Topndy  — ‘rinishidagi
hi'lsa, wlarning ’—L nisbuti x » u bo'lgands  —  ko'rishidag
B e

unigmasﬁk deviladi.

X oigunaslikning x - @ dagi Jamitini
= yukl = ku'rinishdegi == ) anig:naslikaing

opish anigmasiikni achish deyiladi.
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Lopitalning lgoidasl: [(x) va #(x) funisiyaler x = g |

wtrofida zniglangaq, differensiallanuvehs va 20x) =0 bo'lsin B |

fix} g '{X.J

§-~ag(x) = i Q"

lnshqari. f[x) v (%) i‘unk‘siyu]ar x—a sharida sheksiy U Aga iy g ‘f{,\’) =9, limg.; g(x) =m ha'lsa, f{.‘) ; Q(x]
migdorTar bo'lsin, ve'ni

S ¢+ @ ba’lganda - o0 ke rinishdap: anigmasiik deyiindi,

lime_o (2} =0, timge.,g(x) - 0
bu'lsin. Bu holda, agar

' =% e FOEYEEN)
Ar  Jimyy flO=1 . limyag g(x) =20 bo'lsa, [

4o 0) oda x—a hoiganda 1% ko'rizishdagt  avigmaslik

lim r.ﬁ i1
egix ey v afx) Tunksivalar uchwn lisiz., F(XY =0 va
mavjud bolsa (etiokli yoki choksiz), ¢ holde Agar ) ve glx) ik % 4
WD yokd limgy f(x) = va lim, ap gix) —= o> ho'isa,
. flx) = A , A ol s nef Lotrinisdusi
.1-'—135{_5 hioldn Hx}”m (flx) = 0) ifoda x » du 12 yobd 0o ku'rinisixdug]

b mavjud bo'ladi ve quyidayi tenglik o'rinli bo’ladi: Smnslik deviladi,

g . 'y &1Th - N S X)) — o« P
limyey e 2 i £005) Apor fix) va g(x) fumksiyala: schun  Jimyy, f{X)
x-.cy iy L, o

<+ !.apflalnmg H-gotdasi: () va g(x) funksiyeler x = nu

A, o pixy = bolsa, unda f{x) — g(x) ayirma x - a da - @

b rinkshdagt anfqmeslik deyiled.

etrofida wniglangan, ditferensiallaquveri v £'(%) # 0 ho’lsin. Rundey

tashgari f(x) va giz) lunksiyalar x — o da cheksiz Katta migdgn
bo’lsin, va'ni '

Beon, 19, 04, 0%, o2 — o ko'rinishdegi anigrmaslikler ham Lopital

qoldalariga keltrish orquli ceniludi (Fransua Lopital 1661-1704 yillarda

P izan FrENSUL maternatizil.

ﬁmx..,,f[x) = o0, li

mk-vc y{x} =
bo'lsin. B hulda, agur

Anigmasliklarm vehish uchun Lopital yojdasini bir nechs mari

' lish momkin, yatni

ml 2 TR TG i T
X Gx) fim —— = lim == = lim —— T
i : 9 x—agix) ieg (x) a-org {,\) r—mg (x
mavind bo'lsa {chekli yoki cheksiz). 1 holdue 1. Quyidag linvidar topilsie:
I(x) . a5, o
**qux; I llm,._.uﬂ"—-. 2) imyao - 3) I, p2aélnx: ]

hiatn mavjud bo'ladi va quyviday englik o'rinli bo™adi:

Fl=yi21axr+d
l'vly v ‘_...'4 -




‘f‘ SAn,

3)lim == o

Nt
Gilim Ly, — = J 7) biny o x_;-:‘::
lim, ,0‘—‘1"‘_5

?

2) r{)'} =2x"— Ot —=24x1 7;

2x% —=lnx;

Gt = 21x7

1 f{n)
H/x) =4

ML - nx o
9\’ lhux “ g lO,l ]lm)-OI:IT 11) I'mx-xr(f' _x)tgi;

lim, x22%
x~3 3 lg3x

< L=QritQ x : -3 s
13) ||I'I'|x-0ll —— 14} l'm . “.1 ﬂ, lqs ]. |-lq.r
o Cus3x C Aim o
NP V€08 2%

W) = JxE =0y 6 ) =cosx =i
1) [Lx) = x*e7*; L) = ™55

W) =0 =24y ) = {1 = 2va);

H)H.\')=1-—2>'im;,0£x~;52.'z:

16} lim,, wil— 92()(;[.(; e 34 173 lim ., Jax |
- -x 1]

Iim;(-o:e- > oy

s £
9t (1215 20} timya(sinx”.

1 1 -
: = 2)= S § ) . s. X
L= 2)5 3 = 5) 3 6% w];ﬂ_’: 8)%; 9) 15
HE'S b i O vyl 1 ) y
IR A2 )5 W I8 16-% 1m -}

19)e3; 2001.

7-8. Funksivaning o'sish va kamayishi
Agar y = f(x) funksiva biver (2. b) oraligda amiqlangen va b

oraligqa tegisnli ixtivory kit ) < x, muqularda FOr) < Flng)

(F(x1) = F(x23) tengsizlik bejarilsa, v holda v shu oraligla o "suvedi
(kamezruvehi) deyiladi.

Funks:vaning o'sish va kanayish aaligaring birgslikda monotonlik
craliqlart deyviladi.

Differensiallanuvehi 3 = £(x) fonksiva  bicor (a,0) oraligds
kamesuvehi a7 stoveni) bu'lss, o helda bu nreliyds uoing hnsnLusx-
F(x) 2 0 (F(x) < 0) shanni Qanvutisnricadi.

1.Quyidagi furksiyalaring monutonlik vzaliglariog toping:

50

2 flx)=x®—=5x* +557 4 1

I (U; -3) da ksmayacl, (-:-uo) da a'sadii 2} (-1 U

o) da o’sadi, (—=1:4) da kamayadl; 3} (—fn; §} U3 w) i

0 A, G 3) da xumavadi; 41 (—ou:4en) da wsadi; 5) (—enp-3) da
bamayadi, [=3i+) da atsadic 6 (—ee: bee) da kemagadi;
(e 01 U {2; +20) da kamayadi. (0; 2) de o'sadiz 8) {—on; oo} da
Wadis 93 (=10} du o'sadi, {0;7) de lemayadi; 10) [0 +w) da o'sadi;

- LS 19y (—cue
I (—'7“) da o'sadi, IU;.) ( : 2t da keroayadi; 123 (e 02 U
(0 1) 0 £3; 400) da w'sadi, (1 3) da kemayadi,

8§, Funksivauing chstremumlari

[feriigan ¥ = [(x) funksiya X3 nuga va uning biror atrofic
aniglazngan bo'lib, u pu arrofdugl xtivoriy ¥ nuglade ey = flxd
[f(xpy = F(x,}] shartni qaroatjawirsa, ¥ shu Xy mqtady  Iokal
ki (ininumga) e deyiludi.

Fenksivaning lokal malsimum va ninimur pngtelun birgalikda

wring lokal ekstremumlart aeviiadi.




AL . .
: v o 22 oradiadias
"' y windxy — 2% W ( z'z) g

differewsallanuvelii v lokal ehstremungs ega bo'la, u holdy Wy o 2+ ctg % oh (O ) vratigdil )
mwplada funksivantog husilasi [ (x,) = 0 sharint ouncallantiradi, iy =g x— @

Ferma _feoremast:  Agar ¥y = f(¢) [unbsiye xy  nug

My »x areclg 28

Fupksiyauing  hosilasint nolge  aylunbindigan  voks  mavk i LRy = l'%i—:
. : itk = o1 e ! e N
aibmaydigan nugtalac shu lucksivaniog Arith nugtafers Jeviludi R~ = —_— any=1- AL —x7).
Lokai ckstrem birinchi yvefurli shoartiz: Acer ¥ = [ {9y y = VL —cos X 225 5y =
= 1 -3 3N 'J"mﬂx{ S 3§

- i « - o gamm - v - o} ¢ q- il T e _-) =
funksiya x, kritik nuqaning hiron atofida differansiallenuvehi ba'll 1) Yoy =4 2 imie

i i ymy(_S) - 675 T -1[1-2) = —4,
10, Yin 4} = 8: 6} }'min':-g) = =05 d; mi. P( 11=12
- W, Yiir e Vs X ¥
bu () = 0; LY )'mur(o) = )’min(]} =-1: 93 ¥onax
R
'm.,l\l =-{;
W villv'h‘iz] =(.1"'h]2].' e
my 83y (-’—’) s WYl =z )
14 Yinox (;) RS Mt T ' .
; T) = 257, % I?“-]::S.’F:
Vo r (E)-‘:‘?}: 'S)ylniﬂ (;) = L0 rmnd .

4 S V=3
\1) -31=86 )’mu-(—'l) = 2; 18) Yimiax ()= 3 Yk 1
Yipms™ 2 S

b kritik ooqraci chapdan o’uga qarab bosib o'tishda f'(x) husil'i:.
ishovesim muskbatdan {manfiydan) manfiyia {mushatga) o’zganmivu,

helea funksiye x, nuytada maksimumga (mnimumga) ces be’ladi,

[ 3 . 0,6;
]0} }'mln(-n = —,‘_r',? }.'vnax(.1) = 0,6

12 Yo = 0 Fmial3) =~

Ager y = f(x) funksive nosilasi g keitik nugtaning t:h;ip vi o'l
atrofida ishorasin: o’zgastirmesa. bu nugtada fnksiva ekstremumga B;
B0 Imaydi. |

fokal -ekwémumning il;kinehz yetarli sharti: Agar  x; ke
muqtada f'(xg) — 0, f"(xg) £ @ va chekli bo'isa, unda bu nugradi

.

¥ = fix) funksiya lokal ekstrernutnga ega bo'ludi. Jucnladun, [ )
(FCrg) = 0) Loflsa, f(xy) Qunksivoning lokal moksimumi (lokal

minimumi) ho'ladi.

Neuds 0% Waxl0) =T
‘U\ (Z'rn) = ﬂ )'m“y(':zn |'1)Jl.l -\)‘1 —rO) ;.W(
b Vi = U,

1. Quyidagi furksiyalarming ckstremumlari topilsin: Yl 1) = 0 S
: 2. Quyidagi fanbsivelani 2 -tartipli hostls Yor

bz Yy=x+2x-3 Ny=T+1x% G

: wkalurilsin.

5.
. w2 + 1 5_12 p e vy =X
4y = + 62+ Ux; Y =73 6)y — x* 1-%-; nv-'=l-x—xz'~ 2)}"-;-“" " 2% &

. X = 2 -
: o 1y 2 ey pbcosdn MiT]i ERREAe,
y=%-2h Hy=m-3¥k  gy=2L =3~ 84 5yy=x+woszn | d

2 gy =3¢t -t

2 =120,
0y —xe" z; Myy=x~2lnx; ll}y-xf[x—SJ; '-'})""2"‘3*6’( pe
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%

3 1) Y2 = 4 D) Viman (@) = 5y B3 =3 3) okl

3} Fmax (%_):.'1'13; 6) Yintn (D) =0, Ymos(Z)-42 % T }'mﬂ?(l)_ ',

Ymas(—3) = 1747 B) ¥min(1) = —1. yinax(0) = 0.

9-§. Funksiyaoing kesmudugi eng katta va eng kichik giy

[a, 6] kesmada uzluksiz ho’lgan funksivaniug eng kana v
kichik givmatlarini topish uchun quyidagi ishlac hajariladi:

L f{x) lunksiyaning |w, b| kesma ichida votuvchi barch it

augalani va hosiland wavjud gilmaydigen neqiaien woptleds.

2. Bu nuqtalarda funksivaning givmatiari tepiladi,

topiiadi.

4. Topilgen barcha qiymatlardan eng kaasi va eng kichigi ajratilad)

Eslamma. Agar £(x} funksivaning keitik nuglalas [, 6] kesmug

tegishli ho'lmasa, u holda f{a) va FB] lar wopiladi.

eng kichik giymatlari topilsin.
Ny =1x*—20% = 2% + 2ni | -2 4] kesmadegy;

2w =x%—3x%+3x + 2 ni |2; 5] kesmadapi;

3y y= J5;; - 5; « 7x? 4 24x + 1 ni [-5; 2] kesmadagi;

Ay y =x* +8x? = 16x° ni |—3; 1| kesmadagi;

5)y = :—E—i ai [0 4] kesmadagi;

Gy = arctg-i—:_i; i [0 1] keswmadug;

150
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mn‘ju‘i cmas: d) )'mlnc—z) =-16, ymax(o) =0, yr.'l.‘.':(z) -

3. a, bl kesmaning chetki nuglalerideg Tenksiyuning iy .'

1. Quyidagi funksiyalarning Xo'rsatilgan hesmelandagl eng kata

L g [0;1] Kesmadag

|hr-xt :
b My F1- 37— 1 ni [0: 1] kesinadagy
Wiy -yt 2yx i [0:4] kesmadagh
Wiy = x = 2Inxni [1; ¢] kesmadagi;
» gy i 10: Z| kesmadegls
iy Zsinx £ cos2ant lD. 2] kesmadeg!

| 1)) (~2) = = ong kattz., f(3) = ~E eng kichik: 2) F2) =4

Lohik, F(6) =67 eng lava 3 y(2) =2 eng ko
Jo4) =~ 25 cog Kichik: i) =0 er:; wichik, y(1) = is ;n:,
W 5106 eng kafta, -1 eng kichiky 6)7 °ng katta, O eng KIChik;

-

ichi ra 32 enp kichiks 918 eng
|1 eng, katte, 0.6 eng kichik: 8) 2 eng katia, N 2 eng

- kichi =1en
L, 0 eng Kiekik: 10} Fe2) = 2(1 — 1 2) eng kichik, f(1) =71 €08
gl ) DG RUAEE: o

Ml Y1} (%) = % eng kana, ¥ (’;’) = ] eng kiehik.

i i bi
k katln vo ¢ng Kichik giymatlarm (opishya olib keluve
ng

fasnlalar

ilovehi soatilsinki, vlarning
ikkia go' ien ajratilsinkt, o
[ 20 somi shunday ikkita qo'shiluveniga &)

o pastmasi €02 Katta ho'lsin, §: 10 va L0.

ikk ‘ehiluvehiga  ajratilsinki, ularning
1 g soni shusday ikkita aqo sh;lu»c ga 4)
| paytmas) eng katta bo’lsin. Jo5 va 5 | 4 e
3, Uzunligi 129 metdik panjera bilan bir tumom.gn t.x;-kma :
(hegaralangan Sng At yuzagd Spa we'n lo‘rlhun.:ha!.\ sua: idaps
mu;dou o'vab olinishi kerak. Bu may dorning o lchovlast aniqlansit

1- 30 x 60,

%0




4. Asosj 60 sm va balandligi 20 sy bo'lgan ueabuschakka iy Juby kvadat shaklida, xajmi 32 o Y s
yuzli e w'rbnechek  ichiki chiziigan. Tu'e'ri wo'ribyrgh '

topilsin, J: 30sm?,

' Ll quedey bo'lganda, uning Jevorlari bilan fagini yoplash

S b material carflaraci? 14 x4 X2

5, Perirnm'i 2P fh"l'lgﬁll ?.()’g’j-j [()'ﬂi}llr'\'hlklaj- 5Chidan }'uzi \ y )’]l‘ll“bl 3 dm b“qulz,,‘ § dam ka® lgﬁn konu 39 ).E._]IUJ

1 ANonIning

botgaintroping. X 'l'nmnnigbn’]g;m kvadrac Lot bo'lgan silindr etk chizilgan. Q'sha silindiaing aeimi

6. Jism  S(0) = —3 + 9¢? + 242 qouem be'yicha w'g'ri el
xarakat qiladi. Vequaing qanday paytida jism xarakatining, teeligh
katta ho'ladi va tealiknivg migdor ganch balado

ht=3 V@) =515,

AL

128x
i, 1V :—I;--dtn3.

1 A0 3) va B(4&:D) pugtelur derilgan. 00X o'qida shunday P

W opllsink, § = AP« FB masofa eng kickik bo'lsin ¥ x =15

- Yugurige tik otilgan Jismuing xacuket qoouni S{) = 19,60 10-4§. Funksiya grafigining gavariglik va botiglik or aliqlari.

4,97 tenglama bilas berilgan. V; agtning qanday paytida jism eng .‘N Bukilish ouglalar, Assimptotalar

balundlikde ba*ladi va by balandlik necha mee bo'ludi?
=2.5(2) = 195,

y o fix) fupksiyening graligh (2. By oraliguing, istelgan nuglasida

sl lpan orinmadan pastda {vugondi} votse, u holda funksiva gratim
i ornligda gavaria (Botiq) ceviiadi.
Punksive erafipining gavaria gismini boliq gistidan wiratuvem
Mol X {{%q)) nute grafkaing bukilish nequast deyilad
iy Da’tifind _vetarlilik

8. Borilgaz ¥ yuzgu cga betlgan barcha g’ m'rxburcha': |
wchida enp kichik perimetrga egu bo” Iganini toping. I: Kvadrar,
9. Berilgan V xajmga cpa bu'lzan barcha silindrlac ichidan to'la sl

eng Kichik ho’)ganini toping. J: He — "'T_ ¥
: R.-¥ihe= o= H=2R, : : =50 i
b Wharttaris Agar {2, b) oraligds differsnsiallanuvehi LX) runksiyaning

IU. L i ¢ im 1 . araal X » . . g v
Tuzneining kesimi bir romoni vanum avlazadan iborst w'e' W kinchi tartibli bostiisi maniy (miasbat), y'ni £ (1) < 0 () = 0
ot 1 alda funksiya srafigi shu uraligda yavang {boti) bo'ladi.

7 (x) = 0 voki f7(x) majud bo'imavdigan nuglalar thkineld tur

wirtburchak shekligh ezu. Kesim perimetri | 8m. Ya'im aylana radiug
qunday bo'lsa, kesim ynzi eng kalle bo ladiv J sl 2.5, '

11, Tomoni 0sm Lo lgan kvadrat >hakhd:@1 tmnikaning rtaly
uchidar kataligi bir xil kvadratiar k

hritik mirqtalur deviladi.
Rukilish nuglalari mavjud bo lishining yetartitik shartfard Agar

a3ib olinil, golgsn gismidan usi

ocliy guti yasalgan, Qurning xajwi eng kuttg bo'lishi uchon kealb 1y tugta ¥ = (x) fuzksiya uchun ikkinchi s krilik higta bo'lsa v
tashlaugan ksadrutning lomani qendsy bolishi kersk? 1- 10 s, £y ikinchi tartibli Basila bu nugledan o’lislda ishuorasini o' zgarirsa,

I8 ¥




. ) . h wotie.  (—1:1) da qavariq,
u holés bu furksiya gralgining X, absissali nuqtasi hukilish 1) (=00, -1) va (L:+m) da putic ( )

he'ladi, 1) v M (L e_':] bukilish nugtalar;
Agar ¥ = fix) lunksiye prafigidegt nugea shn grafik bo'y ) dn botig, (—2; —2e~?%) bukilish nuqi;
cheksiz uzoglashganda wndan biror 0°g'rvi chiziggacha bo'lgan 1 ) i gavaris, (= ~1:1) da botig, M. (1 2} va M(—Lin2)
nelga indisa, u holda bu w'g'r chicly [unksiye grafimning asimpi &Y (—en U) da qavariy. (s +o0) da potig, D(0; 0)
dehb etaladi.
Agar limy,gf(x) =m0 bo'lsa, x =0 W' chizig ¥ = [

4) (—oa; —2) au gavariq;

5) (—ooi—1) ve

Il mugatarg

IR RIS

| Ouyldagi funksiyalar prafiklarining asimprotalart topilsin.

o o e sy ; RN ln\x*-ll :
funhsiye graligining vertibal asimptozasi deyiladi. " E- 3y = 3% + arety Sr: 3}y = R4 2x:
Agar k= llm,_.*m“ “ va b= Mg [ () — kex) i
’ i 5y * 61y =13
mavjud  bo'lsa, u holda y = kx4 H to'giri chizy y = ( hy = Z7= ¥ =G0 q*’ x
s : R B 1 ~akd
funksiyaning og wee asimptotust deviladi. X7 Ry = —=t Ny = el 5
- . . 7|V‘ '—.:v }y 142+ X4
Ager k= 0 50'lsa. u holdu gorizantal asimptotaga eza ba'lami e it esnEe2, e ?-._r:: 1)y = 'xiji'
1. Quyidagi funksiyuler grafiklarining bukilish nugtalass wpilsing Wy ==z 2x4d d
—on

<5 o .o 4 x—*+9°l.l-."l)' 3x4-— vax
Ny=f-x% gy=e  Hy=LL  gy=g8 P nx=2vay=1 2
i ' =140 da x=-—1;

0. =0, y=2x va %x-

. L8y, \ L )—' , o A3 " e y o X - . i 1} x v

I 3)(2.—;). 2) (i\—,i-.e. 2). 3)(:t\-'3,:i:—;) va (0,0) 2 Sy g - S
L )y =£1, y=Ix% P)x="4 ¥ T3

4)(-!52::8 ln:) 8})':“, 9).t=-6- y=2x—11:

Wy ==& y=1
. ! 2 = = x4,
(x=-2 1x=-3y=zx=3 1Dx=3Y

ksivalarmi to'le tekshiving ve prafigini

2. Quyidagi funksivalarning qguvariylik, botiglik oraliqla‘ri.'-‘i'
bukilish nugtalarini toping:

4 Quyida berlgan fun

Dy=2x545x-§ Dy=(x—a) +4x+4
&y YASUNG-

Ny=e"z; 4y = xe¥; 5 .-3(".-‘-—::")- 2y = —4x + 27}
5)y = In(1 +x*); 6y = arctg x — x. 2 ? e . %3,
: . N .. \ —9x? =240 —15; b et e vt M

£ 1 (—w;U) de gavarig, (0; —o0) du bolig. y(0;6) bukilish Y= 95+ 29x 3 !

3 5 9 > 2y =3 i

muga:  2) (~ee;4) da botig, (4; +00) du qavarig, Mo(4: 20) bukilish sy y = x* — Bx® + 1627 Ry =yttt

63

LGl




Ny=it—2x2 3 8y = ;-; . Vodli 4 ) = du + av.
-
ux? Lol ) = ndv + welis.
9] ¥ = st v ===
3t It £ pli-uay .,

“2
Godiin) = Pautde = ladw,
o f{x) funksiyaning ikkinchi rattibh difTerensiali deb birinchi

11-§. Punksivaning dilferensiali

Nl
|

¥ = f(x) Tuaksivaring Jifferensiali deb, funksiva otimasint o
OZgAnvell x ning artrivniasiga nisharen chizigh bolgan bosh qismig
aytiladi T Uil difTerensialdan olingun differensislus aytitadi va u

dty = d(dy)

¥ = Fix) funksivaning differensigli gy voki df hilan hel ailunadis

Demak, dy = df = f'(x}dx voki dy = v'dx Bl yoziladi,

o fa) tunbosivaning r-latbli difterensieli deb (n — 1) ~tartibli

Ditferensial - geometric  Fihatden ¥ = f{x) tunksiya grafipipl

Aerensialden vlingan difTerensialgs aytileds, ya'ni
dry = )

Shunday gilib biz quyidagiza ega ba'lamiz

MCx: ) angladan o'tkazilzan urinma ordinalasining arffinmusiza teny
({-chizms}.

Futksiyaning differensiali dy o'zining 43 orfimesidan A% g

N . . cms 2ye = )y ? 3=y Py e kil gt
ms2atan yugord Gartibii cheksie kichik migdores farg giladi, gy=yians, ' Ey=y dx’, ... aty = yiida

[ urksivaning dy ditferensiali uning &y oriiirmasidapt dx = dx ga

rt Wiebaan yugori tadtibhli cheksic miqderga furq gileds, shu sahabli
y= ’fi/},/ Ay by yoki
M 6‘:""::___ | Sl = dx) — fx) = f'(x)hx
i ,{ :" e x ot vozish mumkin, Tindan
ik x ” Flx +A%) = F(2) + ['(x)bx
i (proulani hesil gilemiz Bu  fotmuladan  ragribiy Lisoblas hlerdi
120

e fovdaianish mumkis,
Agaru(e) va v{x) funksivalar diffecensiallanuvehi bo'lsa, n holda f

& tevemaialial TS . | Omyideg funksivalarning differensiallasi topilsin:
\LRC!’CRSM[[UL@ te'rti va diffCYC“Sia]hﬁh qﬂida]aridzm l‘.c\-'ogim Q' yiaeg

: s ’ = x93 V= pd —3x% 4 3y 31y =1+ x<:
dtﬂ'cmnslalnmg A0Sy xogsa]ﬂgigﬂ ere he' sz l} e 2} ¥ & T 3% ])' >
] . * : e %
I.d(c} =0 (c-o'7gamies son} ay= ﬂT‘ Syr = 2m —sin 2¢: 6) y = cos 3

2. dleu) = colu.

o



—
- hi=-x ., .
?}y—arcsin-f; 8)¥ = lnsin 2x: l);y—;.::, 1) = JT_; wiox =01 ds;

My =lhx++T+x7); 1)y~ meg 2x; 123y = e~'“l .\

lr

1y o ¥xE—Tx+10 niz=098da.
b)) 58,00, 2y 1.10; 33 1.05: 41 2,08,
§ Ouvidagilami sagribiy qivmallan wpilsing

[feos31™  23y¥33; 3HVIE Narctg 098 Spsin29%

Jo Lvdy = dxdix: 2)dy = (3x% — 6x + 3)ox: Sdy =

A ds = grdt;  3)dr = 2(1 - cos 2 yilep:

[+4

DOy = =oh Bdy - ZotgZede 9ndy - -%ﬁ%}' | 30851 220125 12031;  4)0,775%  5) 04848
10 ey — vdfr...: idy = -ﬂ;‘% 12) dy = 2e%"2% . ¢y 20dy

2. Quyidagi tunksiyalaming differensiallan hisadlansin: . -
‘ - N 2-8, Levlor va Makloren formulalari
Doa=0, &=01 blgands y= bl +e™) ¢ aretg 12-§. Tey : . ) .
I L ] Apnr 3 = f(x0 funksiye xp nugtasing  birer atrofida (et 1y~
funksivaning ditferensiali topilsin, - dy = [,25. ; . SES T
2 x=—10 va Ax=y1 Witibgacha hasilalurgs ega ba'lsa ((n + 1)-tarmibli hosile .W ’ 8
ol b ateofing far qanday x nuqtasi wchon Tevlor formulasi deb

salavehi qusidagi tormula o cinlidir:

bo’lganda  y = x(1 + 21~ &
foaksivaning differeasisli topilsin, 1 29.9. '

3 q0=-'3', dg = 10,2 bu'igandg r=p+ipdd 1]arcctg _

SN2,
funksiyaning cifterensiali topilsin. J: -0,3(,

fia) ‘ru-..)+"*°(r X3+ 5 *"’ (x = xg)? ... 42 (= )7 Ry (X)

3. Quyidagi fuaksivalaming ko'rsarilgan tartih)i differcnsiaiip (él(’ xp)*ign Teylon tormulasioing
topilsin:

moyerda Rplz) = Ty

[ aprang shaklidagi qeldig hadi deyiladi. Bu yerdagt £ nugla X VE Xy
= 3 IR0 PV e 4t IR Bad 1. ¢ d z . ' S
ol Hplbh: LAt T0del tinlar orasice yotadi, ya'ni
Ny=4 “’ d?y topilsin. J: d¥y = 272" InAi2x%in4 — 1) 4 F=mp4Hlx—xp)vad <<l
3y =vin‘x — 4, d4ypx - f?y = Adus—d-inty
3y =Nin‘x - yropilsin, J:d*y e

Ny =sin®x,  dlywpilsing J: ¥y = —4sin 2yacd,

Apar Teylor forwwlasida x = 0 deb olinsy, u holda AMakfores
fuemecdosi deb atalovehi quyidagi formulaga eps be’lamiz:

.'0 fm]()
(3= I(O)l@[H {)t)"f R

4. Quyidagi funksiyalurning tageibiy givmatiuring verguldan kevingl
ikki xonasigaclie aniglicda hisoblang:

—(x)" 4 Rn( 3]

Ny = =42+ 54 3 pix— 1,03 da:

2y =v14x ni x=02da;
143



i i £
b verdu R,(x) = o) ()" — qoldig xad, € nugte © W

nuqtalar orasids yotadi, va'ni{ = 0x, 0 < 6 < 1.

Quyide ko’p uchrab turadizan funksivalurmine Makloren (s

keltivanmie:
lLe¥= +—'-o-.—. I +r_".‘ v =1,
n (n+zi £l
O gt m SR gE i Sk Aty nes
1w g {—=1)" Gy — 1 (- 1)‘(0-.9-((? = ]l’

¥ + Lyt yINNL

3. tosx_l—— | = (= 1)R 2
dlaf{l4x)=x—"CpX_xt ®
H(L 4 x) b g 2 + 3 A +...+(_1)ﬂ41x;+ﬂﬁ(x);

S04 Y= e mn: l‘lx; .w(m—:\l‘m—sz3 . =1} '(,,,_mnx":-.
- B 2 =l -~ .\‘

1R (2.
I, Teyler formulasidan foydalanid P(x) = 25 — 250 + x7 — 44 |
+2x — 1 ko'phadni x ~ | wing darajslari ko'yicha yoying. ‘
2, Teylor formulasidan  foydalenib f(x) = 23 — 2¢% + 3¢ +5
ko'phadni - x — 2ikkihadning dargjalari be'vicha yoying. J: (x — 2}
+4(x - 2)¢ + +7(x = 2) + 11
3. x5 = —Lda F{x) = e* tunksiye vchun uchinchi tartibli ‘Teylo i

formulasim yozing, J:e¥ P R T P (14-13 1, G
s =+c Nt W @ e ’+R3( )v

4 e*. sinx, cosx va (I 2™ larning Makloren furmulul b’ \-lchg'
yovilmalaridan foydalanib quyidagi funksivalami Makloren tnrtuulaﬁ'
bo'yicha yoyilmalari vozilsin:

l}}vrez: 2))"‘-81;:; 3])‘-’8"-'2
4}y = sin2x; §) y=sin 3x; 6y = sinZ
1

—

8) y = cosdx Ny= cosg'.

Ty = cos 2X
Wy =1+ 1Dy=Q1Q+ )7
§ 4 yonint 00001 gacha aniglikda hisoblang, 1 2.718.

0 V20 ning qivmatin 0,001 gache aniqlikda hisoblaug, 123,072,

) ros41” va V121 larsing givmatlarini 0,001 gacha aniglikda

12y = (14 )™

Wlang.
I 1) 0,754; 2)4.946.

¥1 BOR. ANIQMAS INTEGRAL
|, Boshlung'ich funksiva va apigmas integral, Anigmas integralni
bevosita hisohlash

i chekli yoki cheksiz  oraligdagi har bir X nugtada
i ferensiallunuvehi va hosilasi

Fix}=fz) (1)
Jurini qanoatlantinevehi F(x) funksiye berilgan f{x} funksiya uchun
bophlangich funksiya deyiladi.

Agar F(x) funksiva f{x) funksiya uchun bashlang’ich [unksiva
bo'lsa, u holda ixtiyoriy ¢ o’zgarmas son uckun [(x) + ¢ funksiys ham
J Ly} fimicsiva uen bushlang’ich funksiya ho’ ladi. Chnki,

(F() + ) = P 4 () = f{x) + 0= ()

Agar f(x) funksiya birer (a B} orsligda [(x) funksiyaning
poshlang’ich funksiyasi bo'lsa v helde F{x) + ¢ fimksivalar to’plami
{ () funksiyaning snigmas integrali deyiladi.

17



f(x) [unksivening anigrss wlegrali [ f(x ) dx kabi y

— . . A ?l ) .
Demak, @@ 'rifpa asusan, ,M | b xdx = (nlcus x| 4 ¢ (x Z+|c.'r,‘r Ez).

W | tgrdx = Infsinx| +¢ (x # kr & € 7).

] Flcdx = F( 3
» ’ — ):} LC z
bu yerds |- aniquas s 2 . | L { arclgx 4 ¢ 16 ax [ arcsinx + ¢
ik : Juuas integral helgisi. fO0) — snigmus integeal ou vt L-arcetgx + ¢, J A= l—armcosx + 0.
unksiva fia)dx — ani L r et
S Hymas julepral ostidag’ ifoda, x — integrll | “ “; =Z ul“c\.;,c_ 18.] ;f,;“ = iﬂlx-‘- Nez i.a"'—.-,.
aruvehisy deviladi Shvan i LY e &
viladi. Rerilgan Fix) fiunisivaning [ £ {x3dx anig e % =
W [ =z = arcrg g +o 2u. Imz_;-—ara'm + <.

ntegraimi ro'pish amali by [unksiyani inteprallesh deyiluds.
Antymas integrsl bir gator xossalargs eps ! S - bl sl
L pGode) = f(z),  2.d(] f(x) dx) = f(x)dx.
L (x)dx = Fla) be, & 6P (x) =Fix) +e,

5. 0Rkf(x)te =k f fix)ar, '

8. [If{x) + g(x)]dx = J#Cdx + [ glz)dr.

ancden hosila olish argali lemhm!mh.

[erilzan funksiyaning integraling integraliing xossalact va fudvallan
Sunnida topilsa. u holda bungi bevosite hisobiashk deyiludi,

[4a'z) nniqmas imegrallorud hisoblashda dilferensial belgist osliga

)
L wsubidan nam foydalanish mumkin.

T FU0dx = Fix) +cbo'lsa, [ flae+ bldx = 2 Feax + B) 4
Adigmas  intoe. 4 S Flax +b) b o Wisalon, dx = —d(kx + 0) (a va k& —o’zgarmas sonlar), cusEax =
| mtegeallarni hisoklashda quyidagi x

foydalaniladi: Jacvallanduy

~ltsiaz), %—‘d (hx), ::?T,.' = dltyx), 'f:z = diarcipx) va hokazo.

Lo 2% e = : te (e 1) 2 fde—x+ | Hositasi ¥ = 4x—3 bo'lgan va =12 da y = 6 qiymat ¢ubul
P e
N SIS e R L
3. f xdx == ? N i J'ﬂ o, () adigan funksiyani topmg,. Jy=2x—3x+4
y J'm i a? A ) Hosilesi v' = sinx + cosx bo'lgan va x = '-i da ¥ = 4 giymat
Sl =2V +e. . e ]
L2 = I X tnlx| +c. bl giladigan funksivari loping. J: ¥ = sinx — £05% + 3.
Tletdx=eT 1, 8. [a*dx — LS \ Ager M(2;—4) nugladen oTtuvehi ewri chiziyga  n'thuzilgan
Lt : '

9. fsinydx = —cusx + ¢ 10, fvsad ; Jrinimaning barchek kneffilsienti uning har bir nuatasida 2x — G ga teng
] : . X =5lx- e,
' l+4, shit egri chizigning tenglamasini toping. 11 ¥ = xt—6X + 4.

[{¥ 9
L. costyx wx+eo (I = +k?t k Ez)
5 [ 1. Muoddiy nuglaniag harakatl tezligi v =451% 2, Agar bu nugta
K ’“"2 Tegrte (x7 kakez). ¢ = 2 sekund vagl ichide #0 m yu'l bosin o'igan bo'lsa, uning barakal

qonunini toping. s = 03 4+ 2t + 20,
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3. Te'glei chizigli harakat gilayorgan nugeening teziigi v = 20k

formula Bilan berilgan. Apar by nugta £ ==

sckund momentda

>

boshidan § = & m masnfada urgan bu'lse, uning harakot (il8 i

1

oplog. J: 5 = 2slut + 5.

[ |

. ) u-x
6. Jism v boshlang?ich tezlik bilan yugarige Uk arilgan. Bu jisml i ;(""*m de; 25)fa*(1+ '"?) o

harakal gonunusi loping. I: § = v ol — %‘5

% Nuquaa = 6t = 12 tezlanish bilan lo'e'ri chiz:gli harakut gilvep

Vagtning £ =0 momentida bushlang®ich  tezlik vo:(iﬂ

bustigacha bo'lpan musota 5y = 8m; 1) nugtaning haraka tazhgl’

qonunivatini toping; 21 ¢ = 2¢ momentdagt tezlanish, tozlik, vu \'o
toping. I s = 3+ 6044 6r+8: 23a =24 " ~)—,v =422,
8. Llshbu

() = 3x%de;  2)d() = x*de: D) a()= -sinxdx:
NAN=-T%  NA() ==

& 040 ==
tengliklardagi ba*sh joyler mulohazalar vordamida to’ldirilsin.

-
J Xy, 2)%: Rcusx; 4~)-:;; 3)—=vcigx: 6)arcsinx,
9. Bevosita hisoblashga deir quyidugm integrallar hisohlunsin:
P 1 . - o 4
0 (x4 2x )ax, 2)J (35 + 0 1 5% + S+ 7)dx;
y x¥ 3
3 f -de.

HI = 2de;  3) [+ Y)de
5)}.(‘;1-‘-—%)(11; '-")f[xT';}:dx; 8)fe‘(1~°;;:)dx;
W et wsf:i:,.zz 10) f oo Wm,,z, L1) [ tg%xdx;
12) [ ctg*adz: 13} "rf:i Sdx;  14) [ sin? Zdx;

'l*

A ”“.'—F" (51

s=52m

x*ds
X 2 N =5
‘) | ws“"-dh‘: 16) [ (IT:*' — dx; 1S Tik?
l—sm Xyans
Il{["— +--}dx, w'lj‘(cm-—co? ) dx; 200f ——-dx;
' l .
W) (S dn ) [(x*+5)0dx 23 [ (= -—=)dxi

z 2 WX =2t T2+
| ll';--rr.“-t—hw-‘ c; 2)-5—+¥ k x\x "

H=+a 5)1( v+ "")+c

T —4Yx NE f ot~ Qe+t
M —4x+e Dotler—Ete ) S+

' —_ c;
“‘ Uy wctax —tgx - € 10) tgx —ctgx + ¢, 111 69% x+

: Le; 14 —-fﬂ‘ + o
' 1) - ctgx— x4 ¢ 13} 30gx - 2elge = G )5 3

it

16) 2 arctgxy — 3 arcsinx + ¢;

v! — —-"'— c:
|ZI)T-I+GO’CYHITC: 18} inx x 2)1+

|9 x + sinx + & 20} cosx — ctgx + 4

") x v +-x-\-A-Zw\‘+c, 24)— L3k 4 25%% + 1258 + ¢!

a¥ "
£ ~5}——-~-+c.
" a0 . v 4"
231 33x +~—? + ¢

24) — i A4 arcigx v ¢; e
G up it SO g
{0, Quyidagi integrallecni differensial belaisi vsliga Kiritish usulidan

[oydalanib hisoblang.

3x¥-ax
0)113_2324.4 ‘

a) [ e 2dx

o) [ e x3dx;
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= 8 J A,

Vit

9 J- sy ds

J udo = Wi — [ vau-

' i o M . . g aing 3 allanuvels
Vitzoss 10 V% = 8- x2dx; Jugn wsoslanadi, Bu vesda w va 2 lar X aing kgt
st Jyatan. Bu useldan
1D —=de: (2 [ X" F 1xax, piye

W (x)o " dx; | puxdcosaxdz, [ O {x)sinaxdx, [ B (x)arcsinxdx,

J:t)-a-»'z’f—_s bep 2)Inla? — 22 w4 < ¢ 3)

1 4] y = .
;O I=x)% g W arceosydx, [ B{x)arcrgrdx, I Py(xjarcerguds,
+o HEYE TR ¢ U0 cosxitx, [ P} sinxdx, | Po{x)inedx,
A | ¢"¥cosprdx, [ sinfxdx  vu  hokazo ku'rinishdagi

Wiegrnliarnt hiseblashda foydalaniladi.

Vo 2 =
4)—;8 e 52T ¢ 6)%&!”*

— -’. T » i - g .
$)—N1=-2+c; 9 =1 +2cose+¢; l[‘):‘\.'('l -'-1,3)44-

LI e, AP : . i o, T
T =V1 = %% —Zaresiné x | ¢; 2);5."’{# “1)3 4.

2-5 Aniquas integralda o’zguruvehing almashirish. Bo’lakiuh
integrallash |

Aniquiss incegralda o’ zgaruvchini almashtirish quyidagicha amy ;
osturiladi;

| Quvidagi integrullar hisoblansin:
() sparavehioi  almasherish {o'rniga  qe'vishy  usuli bilan
Boblnadizan inmegrallr.
) [ cos3xdz; 23 [ sin % fx; 3 [ e dx;

Uelx =), bunda  g(s) -

nr & . s f (cﬁ + e_:) dx:  6) vz = ldx;

vangl o o'zpurovehi ¢ piny < eostse’

Py " ’
differensiollemaveld fonksivasi. Bu holda o “zgaruvehing almashiics h

x5
1 [ VG —Gxdx: SJI..%w i
focmulasi quyidzgi ko 'nnishda bo'lad; 2) I,
J lU) fx‘+1 ‘ } I. 1= ch- l ‘ ; "}rln\" ;
Foydx = I (ol )a (t)de. dx5i =
| Flely)e 13) [ sinfxeosede; 14} [ cos*xsineds;  13] [ dx
2y p{x) = ¢, buada & —vangi o zearuvehi L it Rt
‘P. - ua a .}'dn-z.‘.t Ozgaruvehi, Bu holdy o Z_t!ﬂl'uwhlu[ IO)J LA00SX o, 17}‘[5“’“5!}!2(32: 187 | e'xxxzd,\i
almashoirish formulasi quyidagi ko rinishes cea bo'ludi: o

o [t o 21 [ V22 + Lxdx;
( 00 )e ()dx = [ Jit)de. 19) Je ™ xdn; 20} [z dx 21) [ ¥x *ax

31 Il ikkala holda bacn inscgallashdas so'ng oski o'zi

' 22) f Ve? = 8idwy 23) i LSHRIE s -24) [T 1 dsinx coszdx;
warvehi x g :
gaytish kerak bo'ladi.

-1+2m<x

-~ & e ! -3x - Al x ':
iz l;>§5i713x+c: 2)-20057 T G B —ge ke 1}5m5x+t’
Bo'leklal inteerallash usali

; 3 1 A
5)2(0’5—8—2}*6; 6)15("’*" “1)e = 7}-5["—&)2 il
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Y=VI=Zr o MEE-Sx+ N b 10 (et 4 1) 4

5 1 " Y i i
=2t = 3e* +¢; 120 =281 ) 3eesx) | e 13} w;. *

~CURC

loj Sex TG 17)—dE (¥

——-+r.

21
m.;e* o 19)—3e i 20) 20V 20 G+ N

- ay o R P
2)- :(x-" 8)%te: 23)—v1F Zrosx+c; 24) = (I -’-4amr)’
Quyidagi jnteerallar bu'laklab integrallash formulisidan foydalin

hisohlazsin:
1) [Inxdx; 2 [arcsing dec: 3) Jaratga dx;
A [ xeosxde; Ay | rsine doe; 6} | wreeosy dx;
T) [ xe™ e R farcetge de 0) [ xe® gu:
10) frfeosyde; 11) fabnlx — Ddx;  12) [ xarctgx dx;

133 J{x% + Deose dy: 14 [ ERx 15— L ‘“
stz y
16 'l - 10 C - xJ'r 3,
B + dx; 17 - St iS)_fz"e Tilx;
19) Je*sinz dx;  20) Je<cosxdx; 213 I x wrecegx da;

223 { fresiny 4y

arcsm’
Yi+x 24) f ;) --2(‘%,

20) Jx* 4 1eosx dx
28} J xbn (1 +1) dx.

i 25 farcrgyZx - Tdx;

25) [(x% + 3x ¢ R)eosix de;
27) J(3x* = 17)e P dx:

Juveblar: 1) zinfz| —x+¢; 2y x aresine + V1 22 +c;

1
3y xarctor — I+ x®) + 00 Nxsinx beoosx A e

) -xcosk+sinx +o; 6)x arceasy — v — xi4c:

- —e‘-"‘ ——g=u g,

Q .
= d) x arcelgx - ;ln(l +x3) bos

1%

o ——————

W ot (x=3) be

10y x?sinx + Zeasx — Z8iax +¢

1) ~1" {n|x = 1| —3(:{;"""7 Finjx - U} i

1 "~.'~ Larctge == +e; 13} 2% cosxi(x” — D)sin 4 ¢

mlx'*-l

+(‘;

1) - xetox + nlsinx] 4 ¢ 151 —
) v Inlx? + 15 — 2x + Zarctyx + & l'}) v tux + rfcosx| = ¢

' ) . 3 } X1 oy~ 5 =

W) ~e=(x® - 3x2 + ox + B)+e; 19) 5 e¥(sinx COSN) | €
e =Ly Yarcergrc;

:m‘;v’(siﬂ-\‘ + c0SX) + €} 21)73- arectgx = s X — 5 areefgrves

= — 3 o i L2 O
1) 2T Fraresing T — xte; 23} varctgyax - 1 27

— o .
IVWEFF - 22 - xaresin + G

3 Ch e .
'\\()-r-lcust4 [ z"'+2~x+z).s1112:<ﬂ-c.

20 (a3 — b + 1)siny + (3x* — B)eosx + 0

x o B el L TP T
":)Gx"-—;x2+:x ‘B‘J(’- e

- x* 2
2R} %(r2 — 1)in'xd l|—-§-lmt - -é-l—c.
3-8 Trigonometrik funksivalarni integrallash
viot * T
| R(sinx, cosx, Ydx Ko'rimshlagi integraliar LG 7 = ¢ elroashtinish

Iilan integrellanadi. Bu yerda

2
21035 -ty

= — 2- LUSX = - '
sinx = Theges 1+14%;

{ornulalaedan foydalaniludi ve L 2a misbatan tatsional funksivant

iieprallashga keltiviludi, Ya'm:

1=(2 Zat
[ #isinx, cosx)dx = I R(, e irvey) BRTYE

7



2. S Y DR ey e ]
‘yz,‘=$;; L va clptr=5

Aalardan foydulaoiladi. Bu integraiiami £gx =  yeki cigx = (

[ Ristnx)cosx dr, [ R{cosx)sing de  ko'riush dag e
wos ravishds sing = ¢, cosxde = dt va cosx — ¢, Sine de = \'.‘
[iihiar hilaz am hisoblash mumkin:
ko' rinistdagi integrallamt

o'rzigy gn’ishiur orgali wassional funksiyalandan elingan integrallag

keltinled:. ’ ey d e _r cosec™xdx

I sintx « cos™x d: ko'rnishdag! inteprallar m wa = Aanhida ik holni qaresh mumKin:

= ¢ almashurishéan foydalanilad’;

qivmatlaziga qarsh moedicha integrallenadi. 8 Aur 1 103 bo'lsi. w hoda ¢ y»; &

PRGN 8 SN coe s, =l o'r i 0 Apur o juft bo'lsa,  holda tex=t o'rnige qayishden [oydalaniladt.
o it U hollida sectx voki cosecty ko payiuvchi ajratilib sec’xdx =

23 Agar m ushat va toq) be'lsa, v holde siny = ¢, cosx dx = (L) yoxi caser®s dx = d(ctgx) dep olinib  qolgun darajalar

o L= ratx voki cosec?x =1+ ctgix [umulalar be'vicha

n'riga gu'vish bilan wnlegrallanadi;

3y Agarm, n = 0 va musbat sonlar ho'lsa, u holdz sinc S COT B uhicilad;

L

sin2e ,  sin‘a = (1 —cosZe) |, vos*e = (1 + cosia) | [ sinax-cospxdx, [ cosax-cosfedx, [ sinex - sinfx d

formulzlurdan foydalnib integrallunadi; L shidagt integzallar

[

4 Agar m,n < 0 va wlardan hiv 109 be'lsa, v holda sueat

sing - cosf = = |sin{a + #) +sinfe — T

™~

wmaxraini - sfie yoki cosx pe qoshimcha  ko'pavtisish  usulid 1

toydalanib integzullunsdi fo va n laming qaysisising toy darsjadalipl N cosa - cosft — =\cos(a 4 fi) + cos{e — Bl

qaran);

o N

jufi y sinn - simf = = |cos(e — ) — cos{u + )]
3) Agerom +n =20 va juti bo'lsa, @ holda tgx — £ voki ctgr = [ 2 z[

i oot alurdan fovdalandb 11 sobhlanac,

Trigonomeik funksivalami integrallashza doiv masalalur

o'thiga qe’yishdaz fuyda'aniladi. Agar m < 6, 7 < 0 be'lsa u haldi
sun’iy  usuldan, wva'ni suratdagi | oni { sinfe o) cns? @y bilan
i | Quyidagi integrallar hisobiansin;

N[ sin?3xde; 2 [(1+ 2c0s2)de;  3) Ji1 = sin2x)*dx:
Ay [costxdx;  5) [sintydx; 6) | sin®x cos’x dx;

R < 9 : S -
7) | sinx-costrdr; 0) ) sinx-costxdxs 9} | sin®x dx;

almashtivilib integrallanadi. Bu verda;

AT

feg"x de ve S eratadx shakldagt inegraac (n = 0 ~buiun san) i

hisoblashda £g<x voki ctg<s ko paviuvehi featilad: v s
ax @4 ko'paviuvehilarga sjeatilach ve 10} f sin?x~ cosix dx; 13 sindx - cos?x dx; 123 cos™x dv;

6]
1%

e —




- T+ %) dx
O bollanda [ RExANRT—a?)dx va f RO X+ a?)

17 3w YAy 0S%a o SN . Canaife
3 I[l | 2eosx)ide; 143 iy 13) | aas N Wi ntegrallami ¥ = acht va X = ashe almashtirishive
v o Hx / ' . .
eyt 17 ore 1) Jegc dx, L iteprallanadic bunda;
(9) J exgx dx: 200 sindic simSae; 21 [ sindy ey O
) [erg®rdx: 20 [ sin3e sinfivde; 21 ) _[szn4x:--q agar ¥ = achrbo’lse, & =lol="

22 [ cosqx cosSxdy;  23) fECEEL b g i o |
: g H g o )} sindy sgar ¥ = asht bo'lsa, & =g

5l 3 i  — --1. y S ' b v ) = S
Javoblar: 13 T Smbxt e 213x + dvinx + sinZx 'Ok ] D tishgari quyidagi ofmiga qa’yishdan huw favdelaniiadi:

~ :’:‘; ey _S‘l'. F4 1 Ax sindy slnax R b 1 . . e 144
3% + cosdx s T ¢ 4}3-*-—:"—‘_'_? + 05 Jj—é-", agas x = It ho lsa. t ‘El“i-‘:’
S S SLI“D. 2 sindx 3 et
T T ] & sz R iy | (uyidagi integrallar hisoblensu: f th?
: ; . : ATCIRRY dydx;
. 1 Gk -\ . 3 ~ 2.3 d - 3}J‘Lftdldx’ 4’ th XX
S Sndxy  siptay 2co5" ¥ w'l y . chiydx: ‘;'.{5" X
8% ~ew @ o 9 koS a2 ) 0

l- ox
0 [ ek shadx: 6) [sh®xechdx: )] -nzx.---u’

shrax
= = TV e =
1 I cicr e tshix )! rhe-1" IO}IvcuZx “x 1

L'
b 5
e Rl e FONRPREE

L 3sIn%:  smin?y : Gt 1 0
T ey FE 3] '.'-’:t:+I.tt.‘.'lnx+.::.~sn~.2;(—&"1z N

VX’ &4fr
R R ZERD R . ]4}I |
i 25, 3 oy [ ethixdx 13) ['sh®x - ch”xdx:
My=sinz—cht e INsxr——dc  16) afigr] 48 12) | cthixdx; ! e |
.o 0% | ‘ I l)lck,Zx—-l-x""C; ‘2)1<:I?."‘x—chx+c: 1);""’4'5‘ x4
]7}]]],!;} (:-!-:)‘ k& 28}i‘f "]]llL‘USZl'i-{'; S Bk 7 l
sm-ch“x +a

ot 8 .l- NAE B S 4 IIIIChxl + ",x =< -
|°) -—!'33—]‘ o lt:fSil‘l X’ +c: l}J sinx s-.c'.:t \ E) 2 l l 4 e '
(3 Nlolras| +—
21) _tus 10y ‘-”52"_*_‘ 5 ]smPJ+,pzx+c" ) -( x——c}z4):+ sfz8x)+z. ) t.kx
z) ] - = o

|
20 X T '
) --Z-shzx —;.shZ). > (4

Ca A %ln‘x + -Jxl——ﬁi-&-c: ' '

1 . S Wy aretg{thx) +¢:
23)?"11- Cosx +tgx+c, 3 ;ln|tgx| — x4

L yulZehx —vTRZxte 1) 5%
4§ Giperbalik funksiyalurni integrafiash W3 lnlx 2chx —eh2) e

Giperbolik funlsiyalani integrallush seigonometrik finksiyalam
infgraiissh kabi bajariladi. Bunda quiidag jadvaldan toydulaniladi:
Jehxdx = shx + ¢: Jshxdx = chx + ¢:

2 1 : ‘
Qb . Sy - +£=
12y Inlshx| = 3 ":x+c; 13y ch? x{;nh X f_ch\x-} 3)

» VAt e
14) lnfx ++52 ¥ 4] = 7+
5-§. Kvadrat uchhnd qatnushgan integrallarni hisohlash |
f;,—;dx -t x +¢: f_dx"ﬂlx+c
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Sy ) L:
Kvadrat wehbad gatrashgas integrallacni quyidazi ' [ ——— \ \%{Tﬁ" 1nJ "2’.4r+5
bu'lsmiz: ."‘ W — - - .' G)I ?r-x
L v T f ey W1, [ 288 gy [ el i : N |
W= DY Vaxs=hyx- - ariiite ox 4. N h "Y_T: —— VAT -72r=1
I h =f‘#’:’_‘_ = ?‘d: = = f—[—d—‘. R Tes R p-:'z.—'TTG_
) a5 ;- (x'.,] "o—m- l[l ™ 1 nlx—2+ 'I;' —&x + 2 +c: 2) 5Va b
S & L S 2
"

TR =% = 4z + 5|t
O x4+ 24 v A 04 ¢; 3ilnjr+24¥xtrdnd l
Ot ine 5 o S—— v
LT Infesraini usongiog judval inte erallaripa feltirsl mmusnih 4'“ | ’||,‘4 L F N o g o 5| L 5) a"q;n te

|

Lh= e e =T = rJ =% 2 =% -i—~¢':cz = 2+
Gl Vorslze lax=a ‘“‘r W Wi aresin(e = Lyve: Tyaresin=== 16 Bl
o Ax ,“Ju -6~ fb-—] Vs b b i { : Gre —Gx + 3|4 c.
I, o= f e = FEs ) Sy W) ynfax =1 VB |
¢ A . poan cald JK |
LR u-f}x’xv- =L injas? < b+ ¢ + [n- 2l h ‘ 1. Quyidagi integralla hisvblansin
> . Ax+5 tegrallar.
; _A = & pdox’1tmiey dx ko'rinmshdagi nleg

Yo J= rﬂm‘“ il o t (B -2k N v I B

: i} 2 _.'_'_ar(,\ - TL.
1. Quyidagi integrallac hisnblansin, | .z—f‘:dx; JigIn(xé +5x + LA ik

AR S-S 4 1] =2

ix = L 2 gy — 2L aretg = +c:
. ———kerinish e - c=ln(xé — 4x + 9} — = Areig 7
I f o7 oars kerinishdzp] integrallar, nJ t: ‘:m Be JiZIn(x? — 4 } e &
oy [ & dy di : dr 1, (3R L
Usms 2 I.t‘-&r-'.” 3J i W [‘_—1‘ 3 Iﬁ;—‘m{'; e Eeh \ "

; ¢ 2w T
5) ____a._x-_: i) [ =gt ) s, 4r=i . In{x% + 3x + 4) — m (’fg

¥Eax =& T XA ax 290 Jdt-'(-tx‘" 8) (?r’-sxw; "‘)f——,,-zﬂxmdx’ J: 2 I

2 X - "
I lzaretg—- ¢ a5 =1 .+J+C Jaretgix +2) 1o I -d-lt'lxl “2'“"‘ +58| +ei

fHloeg e 5t 2l

7)

1 » e L R
“_z] + ﬁjgarctg% ke e ln(x‘ Lx=1) ‘"ﬂg

2x=3 - 5
w G Bgarag® e, . Quyidagi imegsellar bisoblansin.
2. Quyidagi inteerallar hlsnblansin. o _Ax=i ko' rinishdagi inle&““‘"’
Q g L ]\{. J mdx (&)
I f-— Vo ke rinishdigi fntegrallar,

ar-1 . 2 J' dx;
S z o
N = s TR S




Arzip)=itR S
d'= 22y = R S
3 [ e ) [ e dx; Jisdx = T .
O3 r--ﬁ-—-'; . —.,'.—.'__9 1
VB 2x—» VI ogix 2 ‘ 4 \ O ;--]11(1‘{+PX+Q)+(R—
']J 2-0x e ”- Ja+3 0"'. b l'f— J,.-uprm x
Vexi—Tai VxI—4x+5 -u+s o
Ly-5 by ' ‘\'.“' =
7 rv5+2m-.v.¢ o %) [\-".r’-elx-&zdz (".) hm
. x+t

L3N+ 2+ 2—Aln|x + 1+ 27 + 20 + 2| + & Wt 4 pr b ) r—Earcy L4 6
|

y——— e e 2 ,P,}'! £ I=ip = o
=24 EF =0+ 1+ Sinf8x + 9+ A £ 0k + 1| 40 kit PR J de v (B

. Ax+n = | ——— Zppxi 0l
[ = J Gecgacar I ST L~
T ——2 ¥
=5+ 2x — xf = Jarssin——+ ¢; o
: | e
l ..-q-‘|

T - X
E = dx =dt omhgn
433 NI —1li+ 2 +—= _ln x—?- fx? ——x+ +o Niinch integral X3 +px+a =1L, (2x +p)

Ll orgali ikkinehi ko rinishdag integralga kelviriladi

5) = 24207 — ”x+1——lnl'tx 7+ 27— 18 2| ¥ - ¢ deymiz ¥a

A —Ax+5 [k ineht integralda funi Ji deb belmlaymiz) % 1 L
) AIVIE—Ar +5+TInfx =2+ Vx? = 4x = 5|+ c;

)—-\'3+2:< Sx’+—_‘u'.sm“' +

" I i a® bilan almashtiramiz. Natijada:
. PP o et

| - . : J_{ ﬁs)“sz 1 [ S des
BT Tir 42+ Clajr 9 + 20T =T 6l +or| W Naerea-ml 757"
6-§. Eng sudda ratsional kasrlar va ularni integrallash ' it l i
A AP - ‘,‘l - ioaty-l IErra o .
L Ry() = i 2.Ru(x) = w' 3.R,(0) = v ' ki negral buddi fi nig o'zi, biroq maxrajining di‘“‘-‘“.
Ru = oot kasrlam eng sodde_ratsional kesrlar_deyiladi. 1 o rekichi bir birlikka Kichik. Tni fuoy deb belgilaymiz. Lkinchi

verde AB. «,p.g-hegigiy sonlar, o = 2,3.4, .. ve 2% + px + g kvi \a ||||.-w-.1'.ni o' laklah integrallaymiz:

at ol
ucithad hagigiy ildiclargs sea emas, | (.ua.-)k f (:.-:;l)k [g,_a WrE s )k—- Py I |_c*+a=l’°""1
I lRllx)dx-]—dx A]d""‘-Mnlx-al-rc: X 1
. + o Je-v
" 4 FrETIrS LR
2 Rxdr= | —==A4)(x—-a) *dx —a) = k=234, hisoblash uchun K pi darajasini

Shunday yilio. Jie integralnd

pusayticish formulasint bosil qildik:

=7
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¢ 2k —3

. iﬁﬁffﬁ??ﬁﬁﬁ+§§a:37hﬂ
Quyidagi integrallar hisoblar sin:
L f 22 ko inishdagi integraifar
DfZE k- 7)4C;
L Sinfc - 4) + ¢

c Ll =304 ¢

1ldx - /ex «
2. f foaye ke (mlshdagn integralisy:

jf:b

a-zr. Fimm G
) o 3
}f (,._3}1 ! -{:_3)2 ' C,‘
1) 7dx 2 7 <
f{:"")‘ S Ifr-gi LE
\ 34.( 1
‘r[x._q)i ) -E‘:;): + (7,
1 Ave I
2 pny s —x ke’ ﬂnl\h “B' ’“ti-gruud.r
1)fmiet. 3
)J Pi—aran O¥ f-';‘"h'z —4r +8) + -::arccgﬁ +C
2 P N
z)ﬁﬁlax i ez :
rx- 2 ¢ TR ' 1 C;
)f dxiz -l 1
Zxiag & Sl - 1W3T T T
W0 f;,, VE In-c(—x'-;ﬁ.
=3 '

158

h‘

' ‘0 l.
: L
k=017

I Avvdi
u'nnlq

—dx [ 2In{x? = 0,2x 4 0,17) ~ Sarctg 0%

—cdx ko rimishdagi integralla

. 18 ) 3 xzil 1 x+l
"..-.,,.,.,a‘h I: FIE 2 2 B UV IR U el ERER T 54‘““9 3 +Cs

t
”“o.',lr:z.) & —3 r’&?rl?+arc£y(x+ 1)]+C;
'l . 2x-1 -
[ Wi x ,f:m+arctg{x+1} 40
2r-}) JArt-lay’osex—-128 3 X=F
1) (47 —4x48) da L2a(xt—ga+)t +marctg—z— +E
7-§. Ratsional kasrlarni integrallash
Mr) = t—(f:];' kasrmi  ratsional  kasr deb  ataladi. Bu o yerda

1) v Qufx)

5 ho'lsa, kasr g, no m bo'lsa, kasr noto g i kase bo'ladi. Bu

ter mos ravishda n va m dargjali ke'phadlar, Agar

Lolile o lish orqali uning butun gismi ajratilib so' ngras integrallanadi,

o )3 kassr Lo g"ri bo'lsa, v holda quyidagicha ish tutiladi:
o

Auar
U0 ko' phadni ko' paymivehitarga ajratiladi.

— i) (3 = )% (6T 4 xS

Winda @y, @z, .t lar @ (X3 %o'phadning mos ravishda k). kg, . kp

Ry {x) = @yl ~ @y v {x
burrali hagiqiy ildizlan. bamups Xvadrat schhadlar uchun Oy < 0

‘|| + k; AL & kp + "'25; + 232 + - 235 =m,; k1, ...kp,sl, ...S‘FI\'

vi'ni natural sonlar ; ag — Qa(z)  ko'phaddagt " ning  oldidagi

koeiisient,
Agar Rix) = "‘l’ w'g'ri raiional kasr mexraji Qm{x) yogonda
M

ho'rsalilgendek ifodalangan ho'lsa, u holda bundey kasrmi [ — [V
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L= ] e

X~
AR o dx I |

ku'rinishdugi eng sodda ra=ional kaarlar vig'indisi sifatida 1 T .(v-.s)(x-w
1 . _

mumkin. Bu yayilmada @, {x) ko' phadning har bic k Xareli a 180 | (e 2)dx. B Linlz] - j:hnx et | "l“‘-‘ =H+C;

sy q ot o 2 : N . ‘nf—_“l—f_r <

va'm (x—z)* xo'vinishdagi ke‘paynveliza ushbu ko w huy g5 :-.:mx | \z_"ﬁ‘;H + s

R AR s - &

yit indisi mos keladi: N e —1ertas =3

cioe=a)’

ﬁ- *—'f-:'~ T A_k x~1 ~ !n
e R T l Lx=u)¥ " (ro2)(x—3} dx I x=3
Umix) kophedning s kareali kompleks qu’shme ildizining Ly | g)[ 227 Tl Join (x';_;_ FC
e ‘s (e RS X x 2 ey A
jutiida, ya'ni (x® + px + q3¥ ko'rintshdsg ko pavtuvchiga nshbuy N yx : l( =1
) lt ~A>‘- . o “
basrdan borac vig'indi mes keladi: m = dx It P} )
- .y L . o1 1 k i
.‘of'_ l’l-.\'| 3 le"‘-\'i - - I"J"‘ .’, 5 R. A.\ = f‘(—x). maxrujil‘l:l:le. ild,,&ar‘ na(l]qu vae lla 41131'1 La-rrd
¥iiprrq | (x?oprag)? P Ry B AN = @}
- '\ 3 1 x-_i 4. Cu
Bu }’c-"la A]_- 2o Ak. “41‘ .'ffg, M,, 'Wl- l'lz,. ,l\'s \.'aqun ‘ " L4 j: :+ ||'ll—; '
'S = -~
noma’ lum keeftitsientlar, L.
ientlas _ ‘”n.- £ ot J: InCxlx —= 1,-:-‘1
Agar R0x) = 220 pocming maxraii raqiqiy va har s ildiela i G
Q ) N j:f-r?hll;ﬁ +C
epa bo'lsa u hoida berilgon kasr fugat -turdagi kasrlargs ajragdi. et D) .
e BRI Y S ot

P=lx)

Agar H(x) = oy kasr maxrajiniong ildiclan hagiyiv va ba'zilan L} Beryerere)
e s

N 2% bt r‘J.‘.‘*ﬂdX Ji—= 4 Injx — o+ C;

karrali bo'lsa, u holdz v §va lI- urdeg? sedda kasrlargs ajraiadi, T 2P E-5) Rl
1
. AN
Agar ROx) = 225 pacr maxrajining ildizlari ken'leks senlar ¥ ""2*'“ I %ln‘ B _(1 ) T D (|
Q ( J '.a]] T & dx . |
wrlicha bo'lsa, v holda berilgen kasr 1L wrdap: cng zodda kasriam v R = P.d % casr maxsalining tidizlari kom'leks va iriicha '

wrraladi. I ¥=1 oo
i | ;-—m—t’"—-:*».\—-s‘"“”‘* "
Agar R(x) — u:. kast maxcajining ildicar kompleks va karmll i <=+u T < 5
Fxd et Link 3 _.—+ar(:CQx+C

b’ lsa, u bolde berilgan kese 111 vs 1V turdagi kaselarsa sjcalad. 2f R dx  LulR FIT. x+1

Quyidug tnkegrallar hsoblarsin: dx
2 W ==
Enixl e v y e St AR+
1. R(x) = - e kase masa)iniug ildiclan hagigly va har xil:
mais




4} -4y ]",'}‘R‘.'l—,r"—--l'c

30 '_-‘_lfx__ o1 R
J(-«'-nwzlu,_ j‘ﬁm.&é;s (Zarrzyx ?urccg.ﬂ
T’-é s ;
S b TaRcion e e I“ —

+ “"TQ“ = *—urc(g-? i)

1. R(x) = Suicd
€3 G kasr maxraiining ildizlar Kom’leks va kanull
'} l' (2.1-* 1 ldx :H .

Ty - 1
(x O-A'rh I 3£‘~l2x~| b" 8 — (2 Ll’g-\:-l-r P
" e
2 [ rrre i & [“‘ 30352 10 32)
(S TrdLy 2 (‘-2 e 1012 ] 36!?‘(?47{)# j)]

b)) sl M L g
LEign2 g I ‘_}'3'23: + —l?- araty —i A
v '
§Hf o Sudx y '.'37‘4»_1
J (x+1:{1+,.:]g Jiin ora] :.‘11 16
2.
f ox 12 53 "
r -(,x,w;; dr —d“?'ctgi‘_.‘ L 13r-153
5\1"-«‘.0:7 U" + L

8-§. Ieratsionu] funksivalarnj inlegrallysh

Quyids  hy'zi b irtatsional funksiyalery

tAnishami: integrsilush bﬂ !

™
Y m
VSR e,y

U = ci¢5-1
L e o almasitirish Silan catsional funksiy

& Pui i.nle ?
l\vhu'ﬂalll Bl] V*'rda g mm m_. ,"’ o gﬂzsh 4

n;: kasrlacning ummiy

maxrajidan ibyrst,

2. | " o N .
| f .'Z(x, Vax Fhidr ko nusidopi  intepral

ghmeshirish Sijun rarsiona| hlnk<1_~, alami |

ax & =i
mtegmllashga keltidlad.
'3.]8‘{1 (c.ri-b):-. arpby s («.no J

ey ST

XA

193

v X% Ny kotring §I53
.o)dx ko rinishidagi itegral ¢ = e

ax+b Ciied " ot o s
whagl integeal o i t* almashtirish bhilan rarsional finsivani

Hanhinn keltiriladi,
) [ Rix \";!—_xr)dz ko rmaishdeei  Inlepal x = asint
Bk nuttjusida ratstonal funksiyant integrallashes kelriviladt.

U e e F Ty ho'rinishdag? integral x=argt alwashtirish
aptida ratsinnal funksivani inegralisshps keldrilad:.

0 a4 bt dy ko rinishdagi integreallar {(m, n, p— ratsional

Wity differensial binomlard integraffarl deb atalib u quyidagi 3 ta

[apinn elementer funiksivalar argali ifodalanadi :

qongar p-hutun 200 bo'lse. w holds integral x = 7 o'rmaga go'yish
- '

Sondumica (hunda s- kasrlar maxrajlar: = va n ning eng kichik umumiy

Ll ransional funkaiva inwegraliza keltiriladi;

b} apar '5;:11- - hutun son bo'lsa, u holda integral @ + bx™ = (¥

oo qo'vish orqali rassionaliashtiriladi. Bunsa s — soni p kasming

nsrajis

Tt+-

4% - butun son bo'lsa, u helde a+= bz =r*x"  deb

&)

oz Bunda s — som p kasrmone maxnaii.

| R(x, Viax? + bx + o)dx ko'rinishdey  imesralloc Cyler

slmasatirishlari {L.Eyler shvelsanvalik buyul maematik (1707-1783))
deb ataluveht abmishiiistlar vordamida integrallanadi. Bunda quyidagi

uch hol bo™Yishi mumkin:
[-hol, a=0 ba'lganda yix® |+ bx + ¢ = xva — ¢ almeshtinsh orgai

rsional kasmi integrellushga keloriiedi.




. e ST S g —
2-bel. € =0 bo'lgundy vaxT + by + ¢ — xt + Ve

vordsmida ratsional fonksivani integraltasien kelrrilad:,

dhol.ax® 4 bx + ¢ uchhad n va B hagiqiy ildiz!arga ega ha'

bolda vax? = bx + ¢ =

funksiyeni inlegrallssacs Yellirilad:,
Quyidagi intzerallas hisoblnsin:

1. Birinchi ko‘liuishd.sgi integrallar

W g 162 -1 45 i) re
,!J'\,':+1 Ex=+2n{yx+1) +C;

31 ::': ax; fr A%+ 214 V) — darctg VX & C;

4) dx

—t e — 3r

A 16V barcigVr +
2. I%kinehi ko' rinishdagi integralar.

W 1 2240+ 1% + ¢

2

. 2xt)
= f B ETI-2) +

1 A ER e 1 arer RS
W 1.4[ 2~ VP T+ (VD) £ 6

M

3. Uchinelii ko rinishdagi integralas,

Ur Jﬂ‘_‘,d)., Ji— 1\‘(¥)Mr

-)_";_\f;—zdx I —z\.l——mlum— | }?]

5 - §
(x —edt wlmashiizish  vordumida

T “_ﬂ_; I ;('{-"'Zx + 141 +a|VIxr+1 - 1] +£

ST e B
Ji Zarcst;—\bf x4+ G

M= 7 — arcsinx + (.
LS 4 3 l_n x‘l-;‘ 1 are

4 Totrtinghi ko rinashdagl TCETdIEr.

T 2 4+ atarest ;,‘5‘] +C;
|| [ Va®—x7dx. J:05 lxv'al—x- i ’

x.-: ¥ Syt —vd 5+ £
Ly m— : S —— 2.—* J"I‘* X >
R —-x%dx. [ Zarcsvﬂz 4{

; o
W vEE2x —x%dx. [ Zarcsin—

Kn'esatmn: 3+ 2x -zt =4— (0 - 1)% he'lgani ucton
nn v .
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2?3#2

”"‘, 6) nfv5 — vZ + I 222,

V51

uzinligini topisg,

Purametrik va quth koordinatalar sistemusids berilgan quyidagi

s {x =e'cost

y=etsing °80 chidq yayining ¢ =0 den ¢ = o un

clarning aylanishidan hosil bo'leen jismlaming sirllari topilsin:

qismi wzunligini loping,

| x = acos’t,y = asin’t sstroidaning absissslar o'gl atrofida

; . garsies YR
% e ¢&h clizigning konrdingls o'qlar bilan becll S lanishidan hosil bo’lgen sirt yuzini ping. I —ne®,
=2-—— g an kesishi
x

.
nugralar; orasidagi vovi uzyp

! x = elsipt,y = e'cost egri chizig yoyining ¢ — (Hdan t; = =

.

iging !Oping

N3 e, a0
TS I V1) 6j4b
5

Lo b s absissalar 0'gi gtrofida aylanishidan hesil bu'garn siel yuzing

22
L PR Moblang.  J:—— (" =~ 2).
Quyidupi cari chiziglagni ‘ 2 ( )

Yuelarin toping.

g avlanishidan hosil bo’lgan sirtlanin

3w =aft—sint),y — afl — cost) sikloida bitta arkesining bu

dhloidaga uning eng yugor nuglaside o'tkezilgan urinma atofida

&
avinniskiden hosil bo’lgan sint yuzini hisoblang, It 32;“ g

"]‘ =g ~ »oa Al i
¥ sinx eal Chu’.l(gnmg hiltg }'H.I’im tU?l]im'[u' 0x O‘qi almﬁd': |

e LD
Dy= Zangy=15 tn'g’
u'ql atrofida;

11 chiziq filun &esishgan qismiui'é 5

AR T G O o z S
bx= ‘; ¥ =4—7 veri ¢hizig yvoyining xonrdinata oqlari bilan

3 2 2. X ; i 304 Fa 2 S
DA+ yd = g piov 0'q1 atzotida: hesishgan nuqealun orasidert yuyining OX o’qi avofida aylanishidan

sl be'lgan sirt yuzind toping. 1 29.61
gacka Bo’lgan Yoy | 5. r = a1 + cose) kardioidaning quth o°gi arrofids avianishidan

y 2 . 4= . 3zwa®
hosil ho'lgan sirt yuzin: toping. 1t o

>
= T eEr chizigning » = —y dan oy =2
OX v'qi atrofidy:

2 - .
S)yi=q 4y CEM chizigning x = 2 (o
QIsmini 0 o'y atrofida;

g0 chizig hilan kesilos
cs.zlg. f.r = 2asing aylanz quib o'qi elrofida avlasyapti Bunda hosil

ho'lgan aylanish sicti yuzini hisoblang, I 4wa?.
7.1 = afcosZe lemmiskataning qutb o’qgi aofida avlanishidan

6}y = tgx tangensoidaning x =

Cdapz=12 ‘A PR
0'gi atrofida; v 8ACna gismining OX

hosil bo'lgan sirt yuzini hisoblang.  J: Zma?{2 —+/2).




Sr=2(1- cardiailieg N o . .
(L~ cose} kardioiduning quid o’qi atrofida avlaniyhid | & = u(r— sint),y = a(l - cost) sicluidaning bir arkasi va OX
fisuranng OX ve QY o'elar  wrofids

hesil bedlean sin vuzisd toni 12

lgan s yozizi loping T: -_J.—urr. W Wilan  chegaralangan
Quyidagi chiziglae bilan chsgaralangan figucaning aylanishid (lidan hosil peigan jismaing hamini ©ping
i 1 1 x=acos’t . v =asinl  aswoidaning oY o'y atrofida

Jbican hesil ho' lzan figuraning hajmin! toping.
| v = a1+ cosq) kardicidaning yutl atgs arefida ayianishidan

hosil befgaa jismiarmiug hajmini topilsin:
1. xy= = = j2i
Yy=4x=1x=4y=0 chidqlar bilan chegacala)

figuraning OX va 0F v'qlar? atpolida:
2 — r. - . ' . AL VL .
2.¥°= (2= 4)° cori chizig va x = O chiziglar bilas; shogaek || o' lpan figuraning hajmim (OpiNL.
st epri chizigning quis ¢'qi atrelida wylanishidan hosil

tiguraning J¥ o'q ateofids; R | r=ace

308 = 2pevex =4 chiziglar bilan chegarulangan fgurani ) Rl figusaning hajuvind topine:
RE £ nn (]
’ A= 2(1 - cos) lardioidening quid o'qi atrofida avlanishidun

o'g atrofida;
! b fgzan figuraning hejmini toplsg-

Ao e it v =
¥* = #—=x ve y =0 chiziglar hilan chegarsiangn “eur e
ll b r=72acosq cpn chizigning quib o'al airotida aylanistiduc

Y o'y utrofida:
Lol b fear figuraning hajmind lopin

3 v =¥ v = . = Al
) A =0, va ¥y =8 chiziglar bilen chegaralang
gl 5 a 32mad, o
purting O o'y utrofida: | 1) 5ita? va Grla®; 4}“11:.' : 1"—"" 4) na; S}— () Zxea’.
4-§. Anig integraloing mexanik tadbiqlari
i massali moddiy nuqtaning ) qismiga nisbalan statik _moment

Job, M, = md kaftalikka avtiludi, bu yeeda d moddiy nugtaden !

6. o 2 - — .- .
‘ ¥ =2x"vay =4 chiziglar biisn chegaralangun figusning r «
t0°g'n chiziy atrorids; B

7. - 12 s
r=3)"+3x=0 va x = =3 chiziglar bilan lhcg.aralan

Oguraning OX
i L W (acha ba'lgan mesoeli.

Agar Oxy tekislikda massalan mq Wiz, . W -
LYk PZ (%z:}z] P (xhn.]\ == "l lxn'}’n) {”

My b lgan moeddiy

2
8. ““ -L — v e 3
ot | 7 1 ellhiaps bilen cheariengan Aeguraning Oy o' q atcofidl
e pugtalaening Py {3

Jalemasi berilgan boflsa, w holda xpmy v ¥my ko'payvimelar my
jassaning Oy va Ox o’glerga msbatan statik_momentlari Jeyiladi.
ferilpan moddiy nugtalar sistemust ogfirlk markeziniog keardinatalari

o128 va24m;, 28T 5 " i
. ~ e 9 TR b
1288 45 JAPAT. == 5) 19,575

= T 72 8}3;’{«3&1.

&)
Quiidspl egri chicigler  biln cheguralangan  Fausalarning

aylanistude il b T - . g s i
uden hosil bu'lgan jismisrning hajmlac opilsin: (uvidag formulalasdan topiladi.
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o
- X %’[
X, LNk e, A 3 oy
‘ R 0.5 7 S - e y
e B R Ao LLASED N TR0
bR o

2 A ARG, iy

8 B

b verda S e
EXI’”I' va %J’;”ﬁ i&r hefﬂgan sislm

& fida
whing Oy va O o'yl
twshatsn sty momentlan deyiludj Yau'nj M*-fr' X Vi Af N
m massali muddiy lugianiag | ©'glargs mishutag :n - . \‘
b yerd;
mnasofa, (1) Inoddiy sistenun;

moment ey

= i At menl
Je i monga avtiladi, -

@ — mugtadan o’ygechs bo'ly
ag O va Oy 904 nisheran e

) n‘ . "
XS AV M va =Y a2
27 ¢ 5 Z Ay
AB voy 0g'iriik warkezining konluinawlm.'i'
| fo b
G YR i 5
v JG&
Iormuladan Topiladi. ‘
Inertsiya momentlan pgy
L] ]
2 =fx7ds, Iy -‘-fxzds
a
formulad i u
an wpiladi, Bu yerds s — VI ()l
Biron figueg og'itlik markszining Keardinaealuri
. b
; -;I-x_nix IV‘(B
2 I—A ’ yr’ Yo
fyee [t
218

M_

lardan, starik momentlari csa
»

b
1
Me= EJ yide, My = J. xydx
[ a

dlaturden wpiladi, Inertsiva mamentiari csa

17 :
I =EI yidx, fy -J xydx
T a

Anig integralmane mebanik tadbiglariza doir misellar:

|, :, +-i =1 10’8’1 chizigning koordinuta o'qluri orasida joylashgan
pasiing keordinats o'glarize msbaten statik momentlarini toping,

M =S, M, = SN

I‘ 2 . . . - - . g -4
3 - f:—z = 1 ellipsning birinchi kvadrantda votuvchi yoyining Ox
W0 nishatan stalik momentiai toping,

Vai—pe

, n' ... de s
My = -';—:arcsmt + = (2= ~ cllipsring cksentrisitel).

3.y =2yx ecgri chizig yoyining £ =3 w'g’ri chiziq kesgan
vmiming Ox o' qga niskatan statik momentini taping. I M, = 2—:—.

A, 2% 4 ¥? = 9 avlananing birnchi Xvadmantda votgan choragining
(ly 0'qqa nishatan statik memenini toping. T M, = 9.

S, r = Zasin ¢ gylananing quib o'qiga nisbatan statik momentini
joping. J: 2ma?,

6. y=+r?—x% vyarim evlananing og'itlik  markazi

koordinatalarini taping. 1: C'(O.%';).
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7. Absissalar o'gi va ¥ =vri—22 wadm aylan |

chegarulungan varim deirs optirlik markaziaing koosdinatalaring

ke,

i - diarnelrige nishaten inertsiya
10 It rediush carim aylapaning unimg diametrige nisbatir

N8 . ald = nR).
i toping. | v { bu yerd

i chizg  kesgan
6 v = aNx parabule yovining ¥ = 4 wigs g @

: ) - x= ¥yt g cas SR ,
8. Keordinat o'ylusl va—=+ L= cllipaning hirinchi kv
2 3 (X

vavi bilae chegarelengan  figurs  ogirhk  markasl;

hovrdinalalarind toping. J: € (;: :b)

risiva momenlind wping
kil abstssatar o QiEs nishatan inertsi

votnvehi

| A6y — (3 = 2.

— <!
- v = z lan c‘les!m‘a!angim f’l 'IJ"!IJS!
|7,y =12 B yay = %% chizigiar i ng

At o glariga msbatasn inertsiva moraentin Loping.

o .
156 ]
I =T =5

i I8 ait—sint), ¥ = a{l —«ost) siklonda bitta arkasiung
z. \ oy = B
1. x = aces’ry = asin®t gstviduning  birinchi  kvadr

G, ¥ = sinx sinuseida vovi va Ox o'qi kil ChvglruMngan,"3'

0 = x = 7} og'iclik mackueimug koordinatalarini mpn‘g, (=

! Ln 0 11

M ( 17
— 25 - 16‘- '[ p—
'Ir L 15 ] }

i : i: qmtl
“, Arust, 9 = bi.n L do“ u Ch\)l‘l«h H'U.lll‘l'nE ux 9 qq‘.". 0 "b«
X =

n2’irlik mackazind wping. 1= My, — M, = 1‘1- 'l e

ga.. '

1. #=a(t—sni)

. ¥=ull —cos() sikloida birinchi
vz elik markezining koordinatalacind toping.  1: € (.'ra,‘—a)

et

Mpitsiye pumenting teping. . e

5-§. Aniq integraloing fi zils tadhiglari
. | ]
Vo= 0) o zgaruvent rozlik bilar to'gr chizdg bo'ylah

12, Astroidaning biriuchi kvadranidup: gism: va koordinata o'g

bilan chegaralangan figura 0g’irlik markaziniag koordinatalarini tapi

I- (Zﬁﬁﬂ 2-..,4]
: 318’ 315

o'wgan Yo'l
e abatianayotgan sugianivg, (o, b] vagt gralighida bosib o8

A ‘; {df farmela bilan Bizoblanudi.

15.r = a{l 4 cos &) kardinida Bilan chegaralangan [gura ug,‘ili'

b
[z, ] kesmada o ‘zzapuyeban F = £ () konchwing hajargan is
I B

4= J,, Fe

markazining Dekact keoréinatalering topine. J: € (-53. 0).

1.+ = a” cos? & Beruulli lsunnislatasining o'ng sirtmor™i hilg

chegaralangan figura og ik makezining Dekurl koordmnatalarinl

formula bilan hisoblanadi.
] 2 ﬂﬂv‘?
toping. 1 2 0)







3 flx) boshlang’:

. ich s
ifodalanmaydi: 2 fusksiya  elementer  funkylyi Purbetalar forsudust (Simpson fuzaelast) (3-chizmal.
4) Integrul ostidug tonksiva jadval ko'cinishida bcnlgan i !';':: brec¥ i B e ol
v 4

" Bunday hallazda sniq integralni taqribiy hisoblush masulnt‘
oTadk. Bunda bir neche formulalar maviud; §

1. To’g’rito ‘rthurchakiar formdasi |} ~-chizma)

By —a
| (e = L Trgur
3 ROPeHY: ~ oot Yoy ;,“(‘t) *mfym-y t)ﬁ- Tral
2 e “
py

¥a
v = 1) S-ghinta
--_-.:—q—1
e SO R (P Aniq integralni tagribiy hisohiash ga doir misollat,
¥ibopl ot "-1: : el N YRS s .
i : " | Quvidagi aniq inregrallaeni g w' ethurchaklar foimulesi dilan
i I N 5 9.0
tle=% & x o P .. St ibiy tisoblang.

" . " ‘k by > ) v d : " 3 bd
o &amw (2-chizma), ] }.T;x‘ ni 0,046 dan kaita ho’lmagan xatalik bilan hisoblang,

},‘lx\fxa (fom 10, 75998,
n

1, ~
R DT o I U "-Vu-l)
1y

«

(fxadx intepralni n = 8 deb hisoblang. T R0167.

S —

Ya
¥=fo T 1
At . E 1) _(2;“,; i 0,07 i oshmaydigun xatolik hitan tagribiy hisoblang.
{/ iy 2 s : : E =
tof P b Eol | | 3702 ortig'i bilan, 1,3037 Kami bilan.
oy, ,.,5 % i éh 2. Quyidagi integraliarni trapetsivalar formulusi bilan taqribiy
: i ' i E i '(‘ba;‘l\(.
ola=s x 2 R ¥
[ Kpmy = x, e . - ., . Syt Frogyt
1y [= imegralm trapeisiyaler formulasi bo yicha % = 10 deb
o T 2l=x

hsoblang, J: 0, TR498.
224



2) i’f_& Eule ] : o N.
play | CRmN trapetsivalar formulasidin faydelanih hisohl
Bundz n = 8 deb olinsia, - 0836

3. Quyidagi integrallacm parabolalar  fomowizsidan fow
hisollang. "

Vil BOB. KO'P O'ZCARUVCHILI FUNKSIYA
I-&. Ko p o'zgaruvchili funksiya, uning limiti va ozluksizligi
Apar biror D o plamning har bir {z, ¥) hagigiy sonlar jullligt bior

e bilan £ lo'plamdag vagona z hegigiy songs mos yo vileun bu'lse,

ra

b
1] g_d'\-: integralni n= 2 dob Simos .
1 Simason {parabolslar) fiy |

bo'vicha tagribiy hisoblang.  1: 0, 7854,

2) e e il 5 . ol 1 10" planda ikki o' zgaruvchining funksivast Z berilgan deyiladi
117 TesrInd Simpson formmlasi ho'yicha taqeibiy hisohls

iy idagi karinisihlarda belgilanadi,
7 = flx,y). 4 = ¥Fix, ¥} Z = @ix,v) va hokazolar.

[) 10" plam funksivening aniglanish sahasi deyiladi.

T 03217,

| 10" piam funksivaniog ¢ivmariar sohasi deytadi.
4 = f(x,3) funksivaning Oxyz ©°2’r burchakli keordinatalar

delemasidagi Lasviri 1 grafigl) bivor sirtdan ihorat bo'ladi.

istalgan chekli sondagi o’ zgammvehining funksivasi hum yuguridagi

b bl e riNanadi va quyidagicha belgilenadi.
)= [z, ¥, 2} —uch o' zgarvehili funksiyag
Vo= f(x, v 2,u) — w'rt o'zgaruvchil funksivu:

Y = [{X5 %2, Zay wer i) — R’ zgaruvehili funbsiyo.

Agar har ganday Kichik & = 0 soni uchun unga bog'li) shunday
((e) =1 >0 son wpilsaki M, (xg, vo) nuguaning r(e) radiush atrofiga
fepishli bo'lgman bareha M(x, ) # Mg (xy, vl nugialar vchun

Jloyr—Al <z
lengsizlik hajarilsa, u helda M{x, ) sugla My{xa ) nugraga indigands
/= fix,y) funksiva A ga wng limitga intiladi deyiladi.

=




ivan = “Jpandam glymarint
L piniety) unksivanng X = - bo'lga

Ikki o'zzaruvehili funksiyva Z = [(x.%) ning x = 3, , ¥ z
holdsg limiti lign £, ¥) = A yoki. lim £(4)=A kehi yoziladi. (. e

1 . . R -_— p - 2
a d 2=y w¥eL [unksiyaning X =Y

IkKi o'zgamuvehilt fuoksiyaning hmitt uchun bir o'zgaruy wiind toping. J: 16- i . |
By b’ lgandagt

A YhG fnksivening X < T3

funksiya limitining ilgari ke'rib o'lilgen burcha xossaleri sugl
‘ 0 z = (‘E;g@.}q

qoladi.

Malxoyo) ougia Z.=fxy) Boksiyaning DU} -aaigy QUi teping. X ,9",' ) ~sriibein
sehasidagi biror nugma ba'lib, ofzgsmvehi M (e, ¥} nugla f‘unk'sf' 1 Quvidagi funksiyalatning aniglanish solsalari topilsin. g
aniglanish sohasidz qalgan holda My{x,, ¥o) nuglaga ixtiyortye .| Wy = 25 y% Nz 2;“—:;'7; NZ= f1—x = .
K Ay o= In(d —x¢ -y NT= JC)--?T}"-; 6)Y 7 = %):
;l%’[{(x’” SC53,) yoki. fim, JS{M)=F(M) P . gu=InfT-X- ¥ 2%
tenglik o'rizli bo'isa. Z = [{x, ) funksiya My (x, ¥o) nuqtada ugluks ==
deyiladi. ik

Agar hivar Mg{xg, o) nugrada ynqoridagi teaghik o'rinti bu'lmuns guadan

2} Tekishkning 0¢0,0) nu
3 NMaskazi 0((0) payiada va radiusi 2 g eng
') Marknzi 0{0.0) nugrada va radiusi 1 gu 1C0g

5y Markazi 0(0,0) nugtads va
1 wn I woordinata

i3l i t fat'
bu nugrada berilgan Z = f(x,y) lunksiva uzilishea eza deyi  ( 1. 1) Tekistilciugi N ——

8y (e, ¥y ) nuqla uzilish nugtasi deviladi. Rt o
-l - | | - .. 4

13 F(x.}')=—:_,f'; fupksiya berilgan. 1) F (3.1 2) F(1:3) ' sy diradan oral: . :

' az sylananing ichiki nudalan:
. deisadan ihoray 6}

7y Markazi 0 (0,0} nugtada ¥a radiust
J¥FEX bo'lgan nudgtelar:
bo’lgan sferaning

3) }'(l. 2]; 4) P‘{ZZ 1); 3} F{a: a); () F(a: —a) Jar topilsin. ,
‘ ( ) p padiusi 3 ga WNE ho’lzan
B D= 205 3) Mevjud cmas; 430: 3)-1: 61 1.

Al

Lekisliklavidam pugtalar w'plant

2. Flx,y) = fj funksiya wehun Fla, b) +#(ba) =1 ckani | gn e bo'lean wylaising bl it

Ja radivst 1 ga leng

R A 0y Markazi 0(0,0.0) pugtade va radiust 1B i
P g L 10y Markaz 0(000) nuguda v

3. Fxy)=x*+y*—2xy funksiya uchun KF(tx,ty)= ichki nugtalan: i salarts 403 Markazi 0(0,0) nugtada va

. : . ¥ 7 ova :‘c I LEgae ) x &

bttt a unden tashqaridag! augtalur:

i3 i asidagi v
i jga teng doind aylan zg;

= rzf{x,y) ekani ko’ rsatilsin
radius

22K




M ol e
12) Murkas 0(0,0,0) nuqlada va radiusi 1 S reng
L=

b . ¥ ». ™
relmagan nogtaleri, " |

8. 3
. !A-w'(.x, ¥) nuyta Moy, vy) NUQtaga ixGyoriy wsn) bitan i
quyidagi lmitlar hisoblansin:

VI Gz tsy+1; g g Rse -
347 R X2oyed 3 ¢ J} ]!”H
Rl ;“‘q y
4y Jim Soxy, - »2qy2
w R 5) b ey, : :
e R ;_:r% NS fi) lirg Skl .

Yol
. £ L
7 lis ﬁ‘("_“’_»', &) Vg 1oE08 (a2
=ty 8 liglmsoy
R M (pfd y2ipd y2
"f—ot,

. ¢ _ry
NS

< el

——

Yy

Iy 14 2y x A, "
L 1) Limin mavjud emas, T

9. Quyidagi funksivalaming uzilish nuytalari 1o

1z 3 pilsin,
O D) mmee T - o 3
TiigE 1z T ey 3HZ= L
X -¥ '

"':IZ=&|_+_

5)7.: &*ﬁ

siowy | slome? — 7= 04
X R ¢ . ~ &
— ‘ . e 0% 1€ 4 frm )it
2a=y" ey
I o : Conedi .
PO 2) Konedinawlas butun soulundan iborar harh
I!Uqldlaldil; J)y =X [Q?g'n' Chi?_i daps " 2 ‘S
qaag: nugralurdy:

Dx=m, ya..

’g'ri  chiziglards (mez, nez) 5) y?=12y purabuolady  voresn
Miquslacda;  6) M(1, -1y T y=2x wyr chizicda ;d : ’
l]:‘;ldl:d,d, . Brxf — 2];2 =4 giperbolady yotgan e RAL ]
2-§. Ko’p o'zgaruvehil; funksiyaning XUSUSIY vy to'ls o

i

Xususiy hosilalar, To’lig differcosial
Aot ¢ = [z, y) funksiyade x o zgaruvchiga Ax orttirma berib,

i pniorishsiz goldirsak, u holda 7= f(x, y) fimksiva A, x orttirma

| Do orticma z funksiyaning x ozgaruvehi ho'yicha xususiy
i deyiladi va n quyidagicha yoziladi:

dez = fle+ dx, ) — flx, )
Huddl shunday z funksiyaning v n'zgaravehi ho'vicha xususiy

Bt A,z deviladi va u quyidagicha yoziladi:

Apz= f(xy+by)—F(x,¥)

&xf
b4

vaning erkh o’zgaruvcht x bevicha xusasiv hosifasi deyilodi va

Agar im W75 chekli limit mavjud bo’lsy, u holda unge 2= f(x, )
oW

; ': o voki f20x, ) Tacdan bird bilan bilan belgilanadi,

A
Apar im-‘-'f;— chekli linsit mavjud bo'lsa, v holda unga z= f(x,¥)
=)

lnksivaning erkli o' zgamvehi p ho'vicha xususiy hosilasi deyiladi va
1 voki f5(x, ) Tarden biri bilan belgilanadi,

[Huddi shunday uch, o't vi hobuee o'zgarvvchili funksiyalarniog
susnssy hosidalact bagida ham gapinish mumkin.
o zgaruvehi
(il ferensiallashning goida v fornulalar saglanadi

Xususiv  hasilalar  uchun b [unksiyasint
Apar x ve y o'zeeruvehilar mos ravishda Ax va Ay orttirmalar olsa,
U holda 7 = Flx,y) funksiva 8z = f((x = &), (v + &) — fx )

pittirme oladi. Bu orlirmaga te ta ertlioma Jeyiladi.




Ouvidagi tunksiyaler sususty  hosilalurizing iymatiarin

S berilgan giymaiiarda hisoblang-
n
et ﬁ = U da;

W .z=- F U6 ) Bnbksiyaning 0°lig orttiomesiai Ax vq A It
¢ Lba? e "
d"-:tm ba'lgan bosh qisLn1 ﬁm](si_\-aniug to°liq ditterenslally .
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Wngiikeai aenoatlaniivishi ko' rsaulsin.
3, u= x+:—:% fanksiva Wy + uy u'y=1

3 2 — | ) ko
- Quyidag funisiy elerning xususiy hosiluleri tomisin
lenglikni

Nz=x~y Ni=xdy—xid 3
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bt s \-x??ﬂﬁ’ WZ = Fne %? = Ty e T Tty ?

200 =In{x+y +2); 2[)u=v§-2+yz + 22

32




2

4) (]gu —3 t:dx d ‘-jzd"'
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br__ Pibwa o Fyusd) Wi, Ji5E = o= (3% | Zvin v, b - o teluw).
ar FPyxy=? ay ™ P PIEN XN % R :

o P (-4
|} Apar z = arcty % u = xsiny. v = xcosy bo'lsa, '_ﬁ v oo lar

=£ p { e ] ~ & oy »
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Pylxayo) G Cea yo de) B, v, dg) 1) p(03) =9 2 o 282
. E iy = =% 12) Py = 282
ho'lsa. A< 0 da 7 =[(x,y) futksiva Py{xgya) Dugteda chi W fif2 ) =0 1Mz = =3 12 Froer

saksimumga, A 0 da shadli minimumga ¢aa bo'ladi. ) ey = %-‘ 14) Zyngn = =125
(L ~

i - N . el O A 'a €1
Ager 2= flny) funksiye Polxoy) nogta atrofida (ot 1)) ), Quyidagi funsiyalaming ko'ssariign sohadagi eng kalia va eng

tartihgacha uzhoksiz xususiy hosilalurgs epa bu'lsa, v holda qaseluyorg
uuyta strolida ushbu Yeylor formedasi o rinlidic:

Flay) = flxuya) + i.i!‘; Qra ¥ d(x—xg) + Iy o ydr - vl +

Jicnik giymatlariod toping. a0
z=x2ryé—xy+ri ¥ x=0, y20, xty=—3

p Q. 12:
ol s =0, yz2U0 2x 3y =14
2)2:.--,:2._.\'}-4-)' 4x; r=uy -
. 0y W ¢ Ny . e . " -y '¢:1, 'S.l' X y—' ;
*ilf;x&'ud'xu'(" x:)2 + 2 X Yol =rei(y—n) = £ Oy a2 =a0% | Iy Zzo= x=+ 3)'2 TXTY B2
z g5t o ‘ iz ;

s>yl x<1rS2
. " > < 42y —Ax 8y 2z0,y=20h
+$|\x-~x.,];4’+ ()‘-;ro}&-},] FUre ¥o) + Mol ), ha yerca B Y e e i

= ; =0 yz0 24+yv=3
s : T ; Sa=x =2yt tiay -G 1 s F2ily
Ry = Doy [(A’-fn) ey B0 =) {.;i ) § [U’n T&(x - -'-'G})‘ |y +

—%, ng fetta 16'
=y} b <,

LY )
=1 41 Z ik
121} Zamp bwita - O Hyig Nrekin 13 21 Zoppan

2 =17
4.‘ 4) zr{' vichly = -3, Zgny AaLta

N Zong azentk = 1o Zeng zaua
Teylor formulesida ¥y = ¥4 = 0 bo’lsa, u holda &

formula Makloren formulosi deyiiadi,

osil bu'lgay

) Zung Mokt = =9 Fengkatty = 5.

4




3. Quyidagi funksivalarning shas; ekstremumlari topilsin
Dz=x+2y niz?4 y2 - 5 grands:
- '
2 = 42 E
LR R 5 o o X S e Ty =3 shanda,
Bz=xynize+3y-5-¢ sharide;
?

4}z = x2 +y?ni :’:--.L%_-. 1 shartda:
IX BRORB. ODDIY DIFFERENSIAL TENGLAMALAR

1§, Differensial tenglamalar bo’yichu asosiy tushunchalar.
nehl tartibli  tenglamalar.  O'zgaruvchilari  ajralgan  va

S}Z=6—4x—Rynixd 4yt =1 shartda;

TRRD 3 :
612 = cos z+co.s’yn:y—x=’-4' sharsdy:

?)Z=}+lnix4 =2

4 ¢ 3 .ha{l : . .- .

Pl g HSIAE Jialadigan tenglamalar. Bir jiosli va bir jinsli teoglamaga
Wiriladigan teaglamalar, To’ln differensinlli tenglamalar

Irkli o'ggaruvchi x, noma’lum funksiya ¥ va uning turli lartibli

Bz =xy? wix + 25 = 1 sharrdy,

d - in = —5 = =2
L} zyyzn = =5, Zmax =55 2) 2y, = ':3 3) Zreay "'”‘(
: 9

oeilart w7 lar orasidagi bog’lanishni  ifodalovehi

gk oddiy differenstal fenglama deb ataladi.

Nomi'lum funksivaning  differensiel  tenglamade  galnashuvehi
Wonularining eng yugovi tarubi bu differensial tenglamaning tartibi
deviladi.

limumiy holda n — tartibh differensiul lengloma

Flo vy oyt =0 ()

4}7.,; ‘_“—42' Sz P -
nun =2 5) “max = 11, 2p,0, = 1! 6) I =3i.-7\_2'zmm|=, o

-
v
L

P = 25 8) Zyin = 0, By = ,.1
! 237

4. z=33 _c2_. 74 =
227 =0x  —av+y? + 10y 1 2¥ =4 tunksiyani pn(z.
nuqta anofiaa Teylor formulasi o “vicha voving 2

5. 2 =y3 _ 9.3 - . :
| =X =2y +3xy foksivani Py(1.2) nugls atrofida Tay
tormulasi bo’vicha yoving. |

o' rinishda vozilagi
Agar by tenplamani yU™ ga nisbatan yechish mumbkin be'lsa, u

. Z = gXxT¥ fvani
6. 7 : €°77 funksiyani Py(1,-13 auqua atrofida uehinchi tasil
hudiarzacha Teylor formulusi Lo’yicha yoxing,

bolda usi ¥ = £, v, 00, 0 ¥, o 3™ (2) ko' rinishda yoziladi,

Ty Tans
1.z =e*siny funksiyvani £,(n, C) vuara arofida Texlor toemulus)
bo vicha voying, J ‘

Agar biror @(x) funksiva n marta differensiallanuveni bu'lib, bu
funksiya va uning hositalar {1) yeki (2] lenplumega quiyvilganda bu
lenglutua aynivat ko'rinishiga kelse, unda @(x) funksiya (1) veki (2)

tenglasmaning yechimi deviladi.




o mi M )y o+ Nx)dx =D
RS B UNGy dx M)

St ess o ’zearivehifor ajralgan birinchi Ladibh differcnsial
] e

deviladi. Bu tenglama  har  ikkala giswrint  hadme-bad

£ voki (2} ‘fenplsmaning yechimini tapish unl
mpilgen y = w{x) vechin ess uning frtegrali Jdeyilad,

¥ = fizy} (3) — tenglanani bisnesi wetbli hesilagn 51 i

Sl oryali vechiladi. ya'ni

[ MOy + [ N{Qax=C (6]
fi(x) e f00dx 4 falx) - f(yddy =1 &) _
i o 'sgarscehileri aireludigan Jicterensial tenglama deyiladi. Bu
(i vechish uchun 2000 # 0, falx) # 0 shurtda tcng]aman:a. bar
" | W lsimini badme -Had (v« fulx) ilodaga be'lamz va natijeda

yeehilgon tengloma devitadi. Lni )"—.:1.’-. skanligini c‘dbot.'l

ay
boshgacha -'—, =AY wokiody = flra)dy ko ‘rinishda

mumkin.

{3) — differensial tenglarmuni benlgan « nuwgtada Fo q
qabul qgilevehi ¥ = yi%) vechimini lwpish muzziasi Kay
deviladi.

. : 5 . ‘ Jrib a'tilgan
Bundagi sharl y(xo) = yy yoki 3y, = vo (51 ko'rinlbl RS

yuziladi va uni boshiang ‘ich shurt Jeb etalad.

Ritta ixtivoriy o' zuermes ¢ soniga bog'liq ¥ = @lx,¢) funk

%%, f4‘>‘a =0
_(.l..ﬂdx g

'T. ; ..\l
lamega sea ho'lamiz. Bundan esa {7} wenglamaning UM

hietchi tartibli (3)—difterensiai tenglanining umemiy veehimi devily
agar u quyidupi ikXita sharlni gavoutlaniirsa:

,m’hlnli wohust
f Lt} QJ §—
J’r’:”dx+_|'rb, y=C

Ly bu funksiva ¢ ¢zpanmes soning  har bir gy frulnga cga bo’lamiz
- iulng

Aear $lx90  fuksiva  tiyordy o'zparmus A sl
fxay)==1 (%, ¥} shartm ganoatluutirsa, holde bu tunksiya X v ¥
o puaruvehilaaga nisbasan bir jlusti {unksiyy deyladi.

ager f(x.y) funksiya b jinsh funksiva bo'lsa,

(3 tenglamaning vechimi boladi; -
2} berilgan (4)—boshlang'ich shartda ¢ o Zgarmasning %l)undl#
qiymait  topiludiki. ¥ = @it cp) funksiva bo boshlaugich ~shuapy
guneatlantirad:, e
Birwchi  warlibli - differensial tenglamaning,  umuniy vech ("
ku'pincka F(y, «, ¢)=0 ke rinishida oshikormas holda opitishi mi
Bunday hollacda F(y, x, ¢)

integrafi deviladi.
¥ = F{x) 08 - tenclama eng soddi birinchi tanibli differsnsigl
tenelsma bu'lih, uning vechimi 3 = [ £0x)dx dun ivorat ha'lad,
REE

- unt £ ) = 4 [9 he'zinishda yozistmumban, . ok
. Agar birinchi tartibli y* = (xy) lenglamada {{x,y) b jinsh

futksiva bo‘lsa, w elda und biz jinsit differensial (engluma dgevijadi. Bu

lengiama & = Z voki y = ux elmashtirish bilan vechiladi.

=0 g4 differensial tenglaniming gomnll




UXHEF :
aiathe, L 72 ko'rinishdagi tenglamalar i)

tenglamalargs keltiviladi. Bu yerda GFELGFEOLX=x 44

v Prd

&2
dx

v

eimashrivish  gilamiz. U av _ ¥ v ;
R gilamiz. 17 holda Felag o (). =¥

ilucdalarin (=)' tenglamage qo’ysuk,

ay;
axy

ax- byl aisbk4c ()"
Qa2 "J|y1+d no ’J.k"‘cl

hosil  ho'led: . (aht b 4e=0
esil bo'ledi, £ vu &k i {a.h+bk Ve =0 tenghklnru ‘\'

bo'ladigan qilid tanlaymiz, ya'ni b ve & ni yugoridagi fenplin

sistemasining yechimi kubi eniglaymiz, Bu shartda ()" tenglama
o

¥y _ axyiby,
dx; u,x;-fo;_v,

bir jiusli terglomegs avlanadi. Bu tenglamani  yechib, sa'ngi ()

formulags muvofiq, yena x va v larga g'tsak, 225 = 52y
1 by

hesil be'ladi. Bu bir jinsii lcnglanmhr Lni yechish usuli bizga ma'
Agar Wley)de = N(x, yldy = 0 (9) tenglomads M (zx, y)
N(x.») tekislikdegi  biror D sohada

differensialianuvehi he'lik, ularni: e xususiy hosilalart wchun

u't'd ﬁ N
&y T 3x

shart bajarilib. bu hesilalar ham D sehady uzluksiz ba'lsy,

tengluma to 'fig differensialli tenglama deyiladi.

Tu'lig differensialli (9} wenglamaning chap toronini
Uley) = J, MUt y)de + [ Nix, s)ds

funksiyalar uzlulo

(99

W odani y baTyicha integrullab,

I Wilun topiladigan funksiyaning to’liq differensiali ko'rinishidun
L onimkin. Bu helds (9) tenglamaning urnuniy intewal Uix, ¥)=0
il oshkormas ko'rinishda ifudalanedi.

((x, y) ni topish uchun ¥ ni o'zgarmas deb garaywmiz. L holda
o ) ekanligidan du = M(x, v)dx bu'ladi. Bu tenglikni x bo’yicha
ol lnsal,

= [ MQx, y)dx + ()

Dorei tenalikai ¢ bo’vichn diterensiallaymiz va natijeni N{x, ¥)

. au
fenpluynyiz. Chunki s Nx,¥).

. A
M+ ' () = NC) yoki @'0) = BC62) = 5 dx

@{3) ui topamiz:
e =] (N(x ¥)— I dx) dy + ¢.

Demal. U(x,3) = [ M, y)dx + [ (a\'(x.y) - fg;dx) dy + c.
3y ifodani ixtiverly o 7garwasga lenglab, lenglamuning umumsy
[lepralini hosil gilemiz.

Agar M{x,dx = N(x, y)dy = U englamada
G N
Ay i

fo'l52, u helds tenglama ta’ly Jiffzrensiolli tenglama bo’lmaydi. Bu
holda bu'zi shartlar bejarilgenda shunday uiz,y) funksiyani topish
umkinki wuning uchun pMdx - pdy = all bo'ladl. Bu p(x,3)
funksiva integrallovehi ko"paytivehi deyiladi.

Quyidagt hollarda integrallovehi ko' paytuvehini topish oson:

B4 _an

1} -L-” = (x) bo’lgenda n g = [ P{x)elx bo’ladi;
2




an A
oy DX DY
z} o Y o

v = i) bo'leanda, inw = [, (v)dy bo'lad,

I Quyldagi foaksiyalar berilearn  difterensial  teaplama Al
vechimi ekanlig wekshicilsin,
Dy = vx fanksiya 2yy’ = 1 englamani:
Zyla xlny — ¢ Lunksiva yinydx | xinxdy = 0 tenglamant;
S SR “ PO o0 ] o
A} 8= =t — S sin2r lunksiya ==+ tgt - % = sin2¢ wenglamanly
A) ¥ = Ce™ fnksiya y' = 2y = U tenglasani:
Ny =0x - Cx? funksiva 22y — Zxy’ + 2y = O tepalamanl,
6) x? + Zxy = € funksiva (x | V)dz + xdy — Drenglamuni, '

o oo RAATE : 3, :
2. Quyidegi o"z2arevehilaci ujraladipan differensial tenelaumsly
nmumiy Jnteerallar topilsin.

1+ 1%y - (7 = 2Pdx=0; & ayy = 1 —x2:

2) secx secydic — —cigx sinydy; 1) gyt = 2%
‘l
NG +HVEY -y =0, 8l xy =y =yl

—
Dw'+x=1; A = s

1yy : Ny+im=h
Syt aydde - (x - xyddy = 0, 10) = 10V,

Flyedg L.

»-2  Zix-12 g’ x +siny = ¢,

Nyt -2 =0 4)x—1Y £y =2
Ne=y+Gy) =€ 61x% + ¥ = InCx?

Ty=3VCH 3x - 3.2 g lx - });"

9 "‘v"-l_"—y?"‘ IWT—3%F = 104105+ 107 = ¢,

b
L=

| Quyidag  ozgaruvchilar ayretiladigan  ditferensial

(nalarning  Derilgan basnleng'ich  shastlari  qanustantiruvehi
iy integeallan topilsio.

) 2y'VZ = v englamani z = 4 bo'lgands y = 1 bo’ladigan:

|-

B oy =2y + 1ljctgx waphunani x = ho'lganda ¥ =

~la

o' lndiguo;

D xty’ + yF = O lenglamani x = —1 bo'lganda y = 1 bo'ladignu;

Ny v'= 2l tenglamami x = e bo'lgands y = 1 po’ladigan;

31 (L + 25y + T 1 x% = xy enghunani x = 0 ba'lganda y=1

o' Indigan:

)% + %7y = Dtenglamani x = —1 bo'lganda y = 1 ba'ludigan:

I 21 +eNyy' =t wnplemani x =0 lgands ¥ = 0

Do ladgan

81 (1 + x4 dde — (v* — Dxtdy = 0 englaszani x = 1L ba’lgand
v - —1 ho'ladigan.

Iy = V7 E; 2y = 2sin’x —%; 3y =—x: 4) ,j} = xinx —

W oy2

wx 41 S¥y = Mx+y=0 Tizyer =e* 1

Py
metey2=2(1+ zn‘i;-l)

4. Quyidagi bir jinsli tenglamelar yechilsin.
Ly (2% Fad)dx —2xpdy = 0; 21y —xy' =yin i:
Py—xv = x+yh Apdy+x—2)de =0
Syydr + (24xp — 23y Spay 3 =27 gy’
Ny =2y—n  RBxy =yitay
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1 ,U "'=xz... . e ” . ¢ .
> X 2y =xeh¥, J]a!‘crg%l-bzc,fx +y | v+ xey+y*+x=-y=¢c Dxi+ay—yi—x+3y=c
43X’(}’~~A‘)Inp(~y_x); Vb dxy—yi—gx=8y=c X -xy+yiix -y oo

IVE+ ey =0, 6)y2 winh
} [y y=1¥—c{x— v+ 3); 6) 10y —5x + 7In|10x + S + 8| -c.

l) y—X = gpy-r 3]
/ i 7= _.._
~thx L )uyidmi m‘liq ditferensiall difTerensial ’.cngia.mular yechils'um

5. Quyidagi wir jinsli tcn‘;lsln'l i her :
. : glamalarni berilgan hoshlany'icl :
i . o ; —— 2 LY 3 - 1%, =
P e r) o e I (4 }dx+ dy 0. 2)3x%e¥dx 4 (x e’ - dy =

e /dx +(l=2e"dy =0

1} 2xcastyde + (2x — x4sin2y)dy = 0.

5 (3x7 + 6y )dx + (6x7y -+ 4y*)dy = 0;
¥ bolpanda 8 03 (3x% = 2y)dx + (22 — ~3)dy = 0.

Byt b yl— gy

=0 lenglemani x = 1 ho'leands o4
boladigan: ho'lgands

\ { YO ¥
2) xy'= y(l +Enf) tenglaman

boladizan:
. Flidei+yéi=cxy Dxed—y=c; Nytxe? =g
3)y =%-£) lvn'lama- - . . A Y -—pee 2 2yl ‘1.= ' ¥ 3_’_2 _?l_'
2 e x 1 bo'lganda y = bU'lallignf(‘ i rfcosy 4y =¢ S)x"+3x“y+yt=¢ 6)x xy - 3y=c.
£ (v = 3x%)dy + Zxydx = 0 tenglaman; x = 1 S "4 %, Quwidapt  differensial  tenglamalaming  intcpralloveht
; ; o ands v
boladigan; M b puytuvehiter topilsin va ular yechilsin,

Ny —y = zf,y tenglumeni ¥ = 1 bo’lganda y {2 —ydx Fxdy=0;  2) 2xtg ¥ dx + (2% — 2sin y)dy-0;

—‘-zle L . .
O)xy' = ﬂdl 1 3} (€™ = ydx + ydy-0; ) (1 + 3x7 sin ¥)dx — xetgydy=0;
s "xf"‘ +y tt’ugla:nanixr=lho'lgsnda)'=-0bo’]-1di Y[ 2% =3y + 2xvdv =0, 6)yidx + (vx — 1) dy = 0
By =%l 5 adigan Sh(x y)r. xydy =0; 6) yidr + (yx — 1) dy = 0.
LY i s cx. - 1
2 )y = xe BHy= [ ; ) 3yt = 8(:1'2 —).-’:J. lp= X+--¢‘. 2ilnp = eosy, IZSill}""lL‘USZ)"‘C;

21¥ = xacesin x; 6)y = —x )1 — Il I

- +axd=1¢;
sy’ siny

S 3)ﬂ=e'”.y = (c—-2x)e®; fp=
6. Bir jinsli tenglamags  keltiriladigsy quyidagi  tenglamale

yechilsin, e S = %4 v = +xt Giu= ;" Xy —iny=0.
¢ 2x )
Ny =— %:j—:’ D> -2y -3 + (Zx+y—1) =g 2-§. Biriuchi tartibli chiziqli tenglama. Bernulli tenglamasi

!

d = rimishidapy tenglama  birinchi tartibll

Nix -y Ay + (x 4y — P 3y = 2ol ¥+ plo)y =q(x) (1) ko'rinishidag tenglama  birin
= Y S chizigli differensial tenglama deb ataladi.

5 T r 3 o 5 . - - -

Le k) dy+ (x -2y + S)dx = 0; 6)y = 221, Bu verda p{x) va gq(x) lar x ning uzluksiz [unksivalaci yoki
' Ar=Zy45’

o zearmus soular Agar q(x) # 0 ho'lsa, tenglamu chizigh bir jinsli
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Do'imagan_tenglama, agar q(x) =0 bu'lsa, tenglar Jpn | o(x) = J qelP™Edx + oy keli chigadi. Demak benlgan

tenglama deviladi,
(1 englomont umumiy vechimmi ¥ = w(x) - e(x) = uv (|

usull) ko'rnishde izlenadi. 1! malda ¥ = w'(x) - vix) +um.

aiining yechimi guyidagicha,
v = (e f02x = g Tods U gel virdx + cl‘

g3®  ko'rinishdagh tenglama  Burmalle  fen si

y ohpy= :
n =1 be'lganda yoqurida

(i, Bu yerda n# B & i,n =10 yoki

b o'tilzan tenglamalar hosil baladi.
| Bernulli senplamasint yechish uchun englemam has ikkala
Lo hadraa-had y* g bolamiz, 1 holda beriigan englama

bo'lib, berslgan renglame 'y 4 ' + pur =g voki u'l:'lbh ‘
+pv) = g ko'rinishga keladi,

v+ pr = 0 deb allb uni yechasuicz:

Shuning uchun = # 0 va

!

== —_— - E‘:__ dv . ”

v P, —=—p, T = —pix, -:—-—}pdx,lnpg_--{,

2 v 97 et ¥ ; ‘. .

?lnc'm;— J pdx, B Ly Jpax p'= g e Bunj Vi i;-o-p--%::q vy i-p-yl-n:q
} v y

go'yib, (e=| deb oldiX) w'e—frix = g . u = qel p-n" . in belgilash Gilamiz 6 ol

I pax . 2 - :'; Viinishga  keladi. Fdi z2=¥
Jae e Gy - Uping, bu: diymatini o= g o SR y w (1 —n)y™™y" bo'fib, undan

'

gt .. z =
Yeaeay T

Lol chigadi. Belgitushlami va ¥ i o'rnilariga Qo Va7

lenglamani umumiy yechimini tapamiz: y = up—e~JP%[ [ ge ! pix 4:' 8
(1) tenglamant umurmiy yechimini ¥+ py = 0 teaglatani v
vechintidan foydelunib ham topish mumkin.

W / P —vd 2T a ‘ - 3 . — i' =1q.

y+py=90 y "“P)’;IE=-P)'. dy=—pydx, %: yi.).-"+p-y""‘-'q. @—_:;F')’ n.',p Z=4 1-ﬂ+pz 9

vd 1 . } o h" - !-

| :TZ =~ [pdx+Ins,  lny=—[pdx+Ine, blz=-fp\: Jrl-mpz=q(l - #) bo tenlama esd £ B2 pisbatan  chizig
8 s

i i ish usuli bi % i keyin e3a
§ = g~ fwix, y=ce" | ndr {enelarma bo'lib, unt yechish usult bizgn malom. RBundan 2 0 Key

¥ i topamiz,
pepnulli  lenglamasiud yangl % o' zgaruvehi
wy o'rniga qa’yishdan foydalapib ham yechish

Bu yechimdugi ¢ ni x ning funksiyasi deb. ya'ni c(x) deb olsik (| Wiritmay, c€hiziqii

dastlabki wnglamening yechim bo'lmasmikan deb c{x) ni topamis

. fenglama sifatide ¥ =
va'ni ¥ = c{x) e~/ P deh olamiz,

ki,

U holda y' =c'(x)e P —cfxye= T2 p bo'lib, berilgal 1. Quyidagi chizigh tenglamular yechilsin.

tenglamadan ¢'(x) e P — c(x)e 1 F - p 4 poon)ef Mx—-'q.}fol ! 3 ' cosx — ysinx = sin 2%

Dy =3 2y Ly =5

"(xye=feds Yy == e Al

c'(x)e=f o5 = ¢ wenglema hosil bo'ladi. Bundan esa o’ (x) = ——-f — - = ¥
e
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Jbli GitTerensial {eplemam odatda
y) =0 (1)
nho'lsa,

Rt

HZxr 1) 4y=x Sy —ytge=clgr;

6)(12—1Jy'+}rr—.122 L e%e 1 .
(2x =1} TN +x2)" = 2y = (1424 R R I
—artib}i hosilaga nisbatan vechish mumki

L
NI

Iy = cxrd o x?; 2y = c=eT S 52
dxe Zeosy | - L i

4)v=!'_';_ ¢ . Incegt X p F{X.)’,}'.)’ -"-"'3"" )‘.0
' ERR T Sly=1+—4% 61y — XX =xtc), ) 3 )
N — 0051 ST W finishda yozish mumkin. Bunday tenglumalar nchun birinchi tatibli

=T + X} O
) sl mng yechim hagidagh  LeorCImARs o'xshash  yechimning
rema o tnhidir.

2. (2x —y*)y' = 2y wnpl : 7
N '3 ¥ wpglamaning ¥ =: = 1 toshlang’ica shald sl va vagonaligl hagidagi quyidagi teor
Qanoatiantiruvehi xususiy yechiming toping STan ——
' ©0 o
yl = fix. v AP

...,)'{""7'}:’ 0 [unksiya  va uning

Ke'rsatma: Rerilgan tenglamani (2 o N i
Aa rsanna: 27 eﬂg]d!ﬂ,dnl (2)_ _y1); = Zy deh Ollﬂﬂ(n (s }'U‘ *\) =1
fonplamada [[x. )'.y'.}'".

TRTAR A ,y(""‘:' argumentlari o’

uni x gani T

4 nisbatan chizigli tenglama deb yechiladl. I x = % Y=
‘ vicha olingan sususiy hosilalan
- y("" P = )lo("l— L

17 Tunksivalardan

3. }" —Yiqgx = se A .

rig secx tenglamani ¥ c=q 0 shastai yanoatlanting
xuﬁusi\' q mint g < S =i - (R L
¥ yechimini taping, I: v = é p o Eg ¥ = Yo y'= )‘6- )" = Yo =
ymatlami ©'7 ichiga olgan biror sonadagi uziuks

4. i 3 2 i s
Bernulli tenglamasiga doie quyidagi tenglamalar yechilsin
Ve SliisEady S . i 1 horat bolsa, hu halda besilgan sen larmanin
i ks snd DYowes S et (horat bo'isa, hua gan Teng &
4} }"‘f'{'? );2.'5.5- sy a 3 B )'|!¢~x;. =%
"' = Y tay=2 ) x¥yiy'+ xt = ¥'lymx, = ¥xa (23
ety

n=17 —_
= }'[ lxaxq ) }xn

Sy =i 2y =S 3)yl=

vines” Lx=c! 1=ge™ " exislpet
Ny = 7;2-,'1,—; Gly="l>4+L 1 Jhartlarni qanoatlantiravehi ¥ = y(x) yeehimi mavjud va vegonadis. Bo
S y2x. 2 :
verdagt (2) shartiar boshlang'ich shartlar deb atalads

. N

s?\ar;i q(:;) oa;j;n;;i ::: ’t\"n.g}?m‘m.ﬂ y!“" =05 b°$lﬂﬂﬂg3f Ta'rif. n—tlaribli differensiul tcnlam&jning umumiy yechimi deb. o

. ‘._ y yechimini toping. 12 y = A il g5 G e 0 Em O ZEHATMAS migdorga boi’liq bo'lgen

6, ¥ —7¥ = e’*y* englumeni yly.q = 2 boshlang’ich sha 3 y = @X.C1eE20mes )
b junksiyaga aytiladi va bu funksiyus

10e”T
ixtiyorly U ZRErNas migdorlaming  har ganday

PECEIPY
3§, Yuqori tartibli differensial tenglamalar

garoatiantiruvehi xususiv yechimini oping. J: v =

a) 0.0 censln
25 giymatlarida ham enplumartd qsumadumimdi;
26 5




w@iium y lunksivand

[ e f(x,y) (6) ke'rinishdag lenglama oo n

L £y%e o= i vis

}::x-:.p ¥a © olda o2 ichiga olmaydi. Bu lenglama ¥ = p o'miga q0'¥

A Serita ¥y K= y.(o Ll ) . .

berigan] % oIl birinehi tarnbli tenglamags keltiriladi 5 e
gl I | ko'riishdugi lenglama x erkli O°ZEAIUNG

o fln) 7 : b
. " avdi. Bu englamada ¥ =P deh elib., va

"2 ot holda 0’2 jckiga ol
(LI
\

tanlab  olish  wuwkinki, ¥ = @, cy e, 6)  Tunksiva  benily (g = c_lg_p dun  fovdalanid, birinehi  tarabli
- ’) -_— .

dy

boshlang'ich shartlasda 4, €y, vy 0" 2garmes migdusioeni shu
englamegs

bashlang’ich shartlari gancatlantivadi, .
c : ; X :_}. o '““l"di va }ﬁ\'}hl’iadl.
Lmumiy yechimm oshkarmas halda anigloy: nilsin
O | Quyidagi tenglaroatar yeeRUSHL
s, pyr=xsinx; NY =%

o
y' =€ AY =

@(X, ¥ €. 6 tq) U ko'rinishdagi funksiva  differey
tenglamening emumiy integrali deyiladi.

p)y'=arctgx; 7 =g

T PO ; . R Rl s -cos‘IX"S‘“a’“
Umumiy vechimdan ¢y, €5, w000 O leming eyin giyvmatlarida b A y" = 2sinx

bo’ladigan har qanday funksiva xususdy yechim deviladi. $ v = Inx.

2
2= Ny =—bxlpx rbx+taTT

Xususiy yechimning geafigi berilgan difforensial tanglamuniny oy =E e ¥2 4 X ks

integral egvi chizig'i deviladi.

Eng sodda n-tatibli differensial tonglama

yM=fe) @ '.
Ko'rinishda bo’ladi, Bu tenglama n marta ketma—ket integeallash ore 1)

X" 2
Y . . :_4.{-, —
\ + £ ’\))t—.r.x-f Cz—xsmx-’ZCOhx, 4)} 120 1%
(pxt+ Ly - = 45
Wetg X ?'—'l)--
2 - ~ —‘:- 3. l-cx-'-cz' 6)y=_—(x
b CaXT A 5)y = 3sin’x G ; -
Ny = G I PG  C B 1
S a(l + 22+ ex + .-)y-c1x+xm<'tgx
vechiladi. : )

2 3 !
X =) 3¢ x + 2
“'y_;.(‘nx 2 (&% 2

2 Quyidagl tmglamalauni
echimlari topiisin.

¥ = Flay™ Ly 01 (4) ko'rinishdagi  tengls
noma’lum  funksiya va  uaing  (k—1) — tastibgache  hosilala)
qatnashunaydi Bunduy  tenglumening taclibini 3™ = p(x) u'rign q-.-,nw'.'murim\-chi xususiy y
qo’yish bilan pasavtiriiadi. 03
¥ = vy, y ™) = 0 (5) ke'rinistdag lenglamada

erkli  o'zgaruvehi  gutnashmavdi.  Bundey  tenplumaning  luribi

T

- ! =2, : l A=
._‘) e 'XP--X; v 'z-ﬂ = 0, b te=1 }" a=2

-~ Ld

' = " =2
e ; ; =0, ¥ l £, e 0, ¥ [,-:-0 Y
¥ = p(y) o'migu gu'vish orgal pasaytinlaci. 3y =xsinx, ¥ 1::-‘il x=

251

berilgan  boshlang’ich shartiami
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A} v'= 37
Tyt 3xt, ¥l o =2 y"lnu=l

5) },fl — 2

:
- ’.’ 1 ¥ e iz
cosixt % ba'lgunda y ===, ¥=1

0)v'= densZx yi‘ o=0 ¥ l
" .(-0

Fliv=xe ™ +2e~% +x~1: 2)?=-—(x+3)e"‘+ax""
~ W

Sly =xcosx~3sinx + 3% +2x; )4y =3t L 4r 4@
Ny=eax+o ~eosx;  6)y =1—cos 2y,
3 Quyidagi (F iz, ¥ .y ) =0 ko' rnishidagi) tenplamalar veelili

1] l"='ﬁ .}i »” : oo
Yyi=Jir=l ) (M- —xy' =2 3)p" =L+ ‘"

-

3.0 YN
Hx3y" + 2yt = 1; SHOL 4 x3)y" + 2xy" = 23:

G ¥tex=y'+1 Ty =pinl:
. x j
83(1 4 xz)y" F1+i0y ) =0

' ¥ o— 1 ‘
I ]) y = Pl _(‘_')_z_e€'|.¢+1+(;2 2 2} y=(arcsinx)'- .

v f0 o ik \ e

+20p arcsiny + o3 3;}':;-#-::,::"«-(:2; 4)}'=l+clmx+
v

Siy=E Iy '

N¥=5 q+qarctgx+c;; Gy =c,— o5y —x:

..'] ¥ o= -Lxgi“‘-l"-'
“ L1 ]z

81y =1+ +eyw) + 07 % + oy

pl""-lx +C’,

L ‘f_% =x{x—-1) tenglamani  y(2) = 1, y'(2) = -1 ‘

shartlarni gancatlantinuvehi vechimi topilsin.
‘ ! i
Sy =782 —Ax? — 36x% + 72x + 8).

" U
S, "x = y)y' = x¥ tenglamani y(1) =1, (1) = 0 sharlami
gencatlantiruveh? yechimi ropilsin,

pIih ]

i 2250y — 1)¢ = B(x — 1)7(3x + 2)*.
0 Quyidagi ( ¥ (3, ¥, ¥} = O ko nnishdagt) tenglamalar yechilsin.

= :
Byt =25 nytey+3-wt=0 Dy tyi=t

Dyt 2y =0 Nz =1+ aytyi=N
T },),n - (yl)k — ).Zln ¥ s} yn +ay = b
!:I)ﬁlnlc,y + oo — L=t + o 212 fal2y + 3| -eyx-cz;

By =x+ry Y ray+eo =34

Sy (e et = Ay =10 Bley? =ls{mxt )%
Tny=mer+ee ™ Say=b+ cosin{xayn = ¢z}

7. Quyidagt (F(wy'.¥»") =10 ko rinishdam) tenglamalarui berilgun

heenlang' ich shartlarnd qanvatiantiruvehi vechimluri topilsin,
Dyy =2 =0 yO=1,§¥(0)=2
29 =ye?,  ¥0)=0 0 =1
P =¥ -0 y) =1y ==
$y3y +1=0 y)=1yM)=0
Sy 2= 1 y(0) =1, ¥(@)=-1;
&3y =10V O =1 y(0) =0
Elyy=e Dy=—inll-x|; Ny—-x= 2iniy|.
Nyt+xi=20 Spx+y—-1=0 6)2x = 3(y — 1)5.
4-§. Bir jinsli chizighi tenglamular
Ta'rif. Ager 0 — tarlibli ditferensial renglama noma'lum ¥ funksiya
va uning ¥,y U y" hosilalariga nisbatan, birinehi darejali
ha'lsa, bunday tenglame chizigh differensiul tenglama deviladi va u
¥ bay® Uk mu=Fx) (L)
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lfu rmishdz yonladi Bu yonda uy, a,, wnen @y vt (2] lar x ning mi'li
furksivalaci yoki o'zgmas seniar, ( L) tenglamaring o'zg tomonie
: - 3 o |
lurgan f(x) funksiva tenglamaning o°ng tomoni deviluci 1
Aar, e 2 : ‘
Agar F{x) # 0 ho'lsa, n holda wenelema bir jinsi po' '
' ; ; LAELINT
chizigli tengloma voki o'ug toronli tenglama Gevyilodi. A
Agar f{x} = U ho'lsa, u holda tenglamy
L CLUA
\ ¥ ray™ ety =0 (2)
Ko'rinishida bo'ladi va bir finsti chizigli
adi v L chizigli voki o'ng i i
deviladi. e
,II )
Yooy +ay=4y (3)
wn
plamu 2-taclibli bir jinsti ehizigli renglama deviladi. By tenglani
b - '
uchun quyidagi fecremalar o'rinlidic,
Teorema, Agar vy, s y; 2 tactibli (3) tenglamaning flikits XUsusIy j
o ferrss Na
yeelimi ba’lsa, w balda 3y 1y, hem by lenglaraning yec himi ba'ladi
' . 1

Teor
ema. A‘,a.r ¥ (a) tenglananing vechimi bo' lib, & muvorl

‘

Ti'ril. Agar |a, n} kcsma.?.x (3) tenglams . va y, yechi nunln
nishati o' zgarmas micdor & teng ho'lmssz, va'zi 3
X1 B

b Is e
w
- lsa, u holda v, va v, vechiculur la.h] Kesmada chizigl bog’ llq

m

£gan rechimlar deviladi. Aks hulds chizigh bog'lig vechimd

deyiladi. ' )

Fa'nifl Aper vy vays lar x ning {unksivasi bo'lza, ¢ holda

W (o, ) = )1 J’?
Orpa) = ¥ =0¥a =¥

253

Wl

Lo kiani

[ ———

(ninaor Vronskiy  determinanti yuki herilgan  finksiyalarmog
aeviladi (¥ a. Veanskiy (1778-1 854) polyuk matematig’.

Teorema. Agar vy va )y {3) tenglamaning ikkita chizigli crkh

sorhimt bo'lsa, whelda

y=GYL+HeY:2

(1] fenglamaning umurmiy yechimi oo ladh.

Y eorems, Ager ikkinehi Lasibli bir jinsh chiziqli tenglamaning bita

Lusiv yeehimi me’lum bo'lsa, u holda umumiy vechimud topist:

[k sivatami inteprallashga keltisitadi.

Apar y. 12) tenglumaning bitar xususiv vechimi bu'lsa, u holda n

bifaen chizigh erkii ya aususiy yechimi

P L

~dx (B

A ¢ e Flf
[ormtada topiludi.

Teorema. Aper 3, (x] (3] tenglamaning Xususiy vechimi bo'lsa, u

holde ¥ = ¥+ 7 forzmula bilun 2 a"zgeruvehing Kiridb, tenglamuning

(rtibizi ittaga paseyticish mumkin.
‘[eoremu, Agar y; va ¥, funksiyalar [a, k] kesmade chiziqli boeliq

ho'lsa, u holda bu kesmada Vronksiy detertuinant aynan nolga wng
o ladi.

‘Teurema. Agar bir jinsh chizigh (3) tenglama ning ¥y v ¥
yecimlari  wehwn  luilgzn Wie,y,)  Vreoskiy  Jerecrmmanti
englamaning kueffitsientlar wzluksiz ho'igan |u, k] kesmudagi biror

x = Xg qiymoatide nolgs teng o’ Imasa. 1 holda 1 x ning hu kesmadagt

hech bir yiymatda nelga wylanmay di.




avlenmaydi.

Ul s st ik, =

= inchi tantibli ehiziyh bir jinsii (31 tenglameniay (a, b) erali f“

3 e .

licighi bog'hiq bo'lmagan vechimlari wplaniga by eng) |
eng, ama Ul

fundumental vechisiur sistemasi deyiledi.

ooy = Shr va y, =

xa'rsat: s

3 Xususi .
o AUSNS Y i
¥ yechunlari. y, = ——<!nx. Y. =

Iy 41—
) =)y =0{x=0 tm,larmun: umumiy vechi

yozizh umkinmi’?

3 Quyida benipan funksivalar chizighi-bog'lig

emaslizi tekshicilsin.

Dw=z+l, y,=2x+1, ¥i=x+2;

3]}'|=21'2+1. ¥, = ;rz-l y3=x+2-

D=V ya =Xt a, ya— Vi 2
Y =422 y, = 2% |
Ny —sinx, v, = cosz:

Six =% ¥ =|xl;

Np=x% gy =254 1

81 T Z
¥ =Sinfx, v, — ocosx.

Woplamaning yechimi bo’ Yisii ketrsalilsing Z)

delerrmmnu k
o .sav?gm kcsmmmg hech  bir  nuglesida n}

iplimaning

chx lar ¥ —y = '
y U englomaning xus il

bbb.hll’ll]dn ckal) .2 II [ Irzin k M
t ks‘[ Yuaula n 3 ckar

E l " I ! fll datll""lwl ‘5!cma ]JWII q’ l W 3
‘""“! “n.al‘l:‘nk v?.ch'mll o

Lvolis ¥ =& ef + 2
Cchx ba'leen

ngiamaing yechim ela

wuld chizigli hog' lig

oyt = Sy By = 0 englama herilgan: 1) o = b

2y noumniy vechim tootlain,

Javobi y = € x + (-1
n ] )!u A _E ¥+ f} y=10 renglurni besiigan: N oy = X

yechimi ckendigi ko' ssatilsing 21 upmiy yechins topilsin.

Clvob: ¥ = e b ek

6y A=y'—sy=0 tenglema berlpan: 1) %=

ligh wo'reatilsing 2) umimiy yechir topilsin

% WE -:}" +v=0 fenglema  berilgan: Iy m= ’i":f-
sligi ke'rsatilsing 2) umu iy yechim topilsin.

: sinx | cosx
Jasobiy ==~ 7

5-§. O'zgurmas koeffitsientli ikkinchi tartibli bir jinsli chizigli

tenglamalur

y'py' +gy=0 (n
(eaelamega OTLERIMALS koctfigientli ikkinchi zanibli bir jinsli ehizigh
w devilad, bu yerda p ové @ wizganmas soular. Tenglamani

kkita ciiziqh erkii xususiy

fenglan
gy integralini tonish uchun unng 1
vechimini wpish vetarlidic. Xususiy yechimlami ¥ = ek =2){2)
porrinishda izlayaiz. Bu holda »' = (T
Bularni (1) tenglamagy goyamiz- U holda (1) tenglama

M L pk+q1 =10

MY

% kie®®  boiladi




«0'rinishga Keladi. Bundan i + P&+ g = 0{3) tengiame hoglf
Bu tenglama (1) tenplemaning haraktosistk tesulamasi deviludl
levadeat tenglams ho' ik, uning ildizlari 2

i gl s A
1 2 LR q' k‘l = ) '\.T- q

lardarn iborat bu'ladi, Bunda quyidagi hollar bo'lishi mupdia:
L &y va ke, hegiqiy ve he-biriga leng bo'lmagan sonla::
[L %; ve &, - hagigiy va hic-biriga teng sonlar;
L &y vak, kompleks sonlur.
Birinchi holdz ;= e¥a* vq 5, - ghex g, aususiy yoshimlae bo'fily
umumiy yeehion fintegeul) ¥ = ¢ ed* 4 ¢, e¥e¥ horlagi,
Ikinchi hold 3, = e vi yo = (0 )ar xusvsiy yechimlar byl
umumiy vechint fintegral) 3= ¢ 2kt - cpee™ yoki y = e"“'(t}‘,‘.
22) dan iborst bo'|udi,
Ushinehi hoida umumiy veohim (inegral) ¥ = ¢ casfx + Casinfiy
bo'ladi,
1. Quyidagi {xaraklerisik tenglamuning ildiziari hagioiy va Jar xli]
renglamalar vechilsin: |
DYy -2y=0; ¥ =7y +oy =0
A -BY ey =0 )y -5y 4y =y
I3y 42y - 0 ) ¥+ 4y + 3y =
DY =4y 43y=0; )" 3ys2y=0
Javuo: 11 y = ge* + e 2 ¥ = qe™ 4o
Ny=qettnel gy =t +oett,

Sy ar — -fX n 7
Dy =ae™™raeR ) y=ge et

255

~EEEEE—

phlang ik shartlasai quneatlantivavehi yechim wpilsin.

) tenglamalar yochilsin

2x

— x o s
By =cig” +ee¥; By = T T6E

)y -4y +3y=0 tenglamani  y{(0) =6 ¥ (01 =10

e ich shartlarm cancatlantinvehi yechimi topiisin,
favon: ¥ = 4e* + 2e%%,
|t 5y Gy =0 englaniani pt)=1. F=-F

- . - ,:
Juval: y = 4e—3% — 3e”E

1, Quyidagi {xarakiesisuk tenglamaning idizlart hagiqiy va o’7aru

By —-2+y= 0

Iy =4’ Ay =0
Hy —6y+tv=0

Dyt Ay =0
5y — 20" 4 25y = U.

Javok: 11y = (¢ -+ eaxle™;
$y=1(¢ F cex et

iy = (e + CxX0e%;

3y = (6 + px)e™;
5 y= ':Cl 8 i'z}()ﬂ2's".
5. y" — 10y + 25) = 0 tenglamari y{0} =0, y'{0} =1 sharllarni
- e ) s
Janoatlantioovehi yeehimi topilsit, Juvob: y = x5
6. 4v" + 4y +y =0 tenglamani y(0) =2, ¥(0) = 2 shatlam
i X
ganvatlantruvehi vechimi fopilsin.  Javob: ) = ¢ 22+ a3
7.y =2y + ¥ = 0 englamani ¥(2) = 1, ¥'(2) = —2 shastiarai
-y s P = ok e 2
janoatlantiruvchi yechinmi topilsin. Javan: ¥ = (7 3xye*=%.
8, Quyidagi (harakueristk tenglamaning ildizlari komplexs sunlar}
tengiamalar vechilsin:
I3y + By + 25y =0
K) 1 it 4 A

)" +y=U0
Hy'+ay ey =1
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Ny -4y +13y =0
Ty 6y + 13y =0:

) ¥" + 25y =0;

134" = 8y' 4 5y = y;

Jeveb: 1) y = =4 (¢ :
Dy = e ™ecos3e + cpsindx); Ty = C1E08X ~ €502,

3])0 - Pz;(c 08 >
> SX + ¢y sinx); =¢7" :
1 Gpsinx); 4) ¥ = e T (0 0082y - oy sindy

S R Y o g
3y =e*{eca53c 4 Cx5in3x}: 6)y = €, cos5% + co5inSy
’ P 2 ’I.

Ty =2 ¥(c.cos3 i 1
3 53X — Ca5in - ) == g !
25mAY; By = £"(Clcos’; + c-_.sin'-g:)i

u. . ..' <
Y=2y <10y -0 erplacani y{%} =0, 3 (I) =g )
- 6 5
shartlarn gunoatlanicuveri yechimi topilsin. Javob: ¥ = — 2%0as3
V= T" CONIX,

0 9" v =0 tenglamani y [37) =2. ¥ (?) =0 shanIaJ'A

qanoatlantirnvehi yeehii opilsin, Jsvoh: ¥ = 2sinZ
. I T.
3

U ¥"1 9y =0 tenglamani (@) =0. »'(Z) =1 shertiami
qaacatluntivuvehi yechimi topilsiz. Jsvol: y = vZcosdy,
6-§. n-tartibli 0’zgaruas koeffitsientli bir Jinski chizigli
tenglamalagr
YR b ay™ly Ltgy=0 ()
teugrlanfagu n-tartibli o’zganmas koeffisientli bir jinsli chiziali tenglama
deyiladi. Bu yerda a., iy, ..., @y lar n*zZgurmas senler. . y
Ta'rifl, Agar o, b kesimadeg? x ning harcha givmatlur uchun

Palx) = Ay (0 + Ap0,00) + L = Apmy@n (X}
kenpitk o'nnli bo'lsa, unda @, (x) {unksiya @, {x), {r)z;(,;:) iy @n 1 (2)
@ () Tunksiyalar orali chrizigl bup'tiq funkviyaiar dcvi,la;lg. B: :erd;
Ay, Az, .., Ay lar hemmasi bir vaglda nnlaa .cng bo' Imaydigzan

07 zgurmas sonlor.

&

Ta'rif. Agar 1tz @ux) . DI §'0 N WY ¢ J % Palx)
Jpksivalsrming heck biri golganiari orgali chizigli ifede etiimasa, 1
fnksivalar chizigli erkli funksivalar det ataladi.

Agar @ (0 walx). - W () fuksiyalar chizigh beg’lig ho'lsa,
| holda hammasi ham noelga teng bo’Imugan shunday &, £z, e, &y s00LAL
jupiluciki, [a, b kesmadagi x ning hamma yiymatlari uehun

0y (%) = Com(x) + o Fo@alx) =0
aynivat brjoriladi.

Tearema. ALar ¥y, ¥z, . ¥ funksivaiar {11 tenglasaning <hizigh
erldi yechitalari bu'lsa, u helda w =6y +0)2+ o 1 Cadi (2)
uning mnuniy yechimi bo'ladi, hundi £1, 2, vy G IXUFOLY 07 ZpurAS
sondar,

Agrar (1) tenglamaning kactlitsiventlan o' zgarmas sonlar bo'lsa, bu
holda uning wmulnly vechimi ickinehi wstlli tenglamamng wmumiy
yechimini ropgandek topiladi.

1) haraktleristik tenglaman: luzamaz:

K a kv G wk™ Pk L tag =0

2) harakteristik tenglamamog

fgs Kaens K
Ldiglarini wpamiz.

1y Quyidagilaga eseelanib ildizlaming xarakleriga ku'ra chiziyh

erkli xusnsiy yechinilumi topemiz,

o) Har bir karrali k ildizg 2™ xususiy vechim mos kelad;




by Hac bir juft ikkita k= o 4 B va K = a— g1 o'l
kompleks bir karali ildizlargy ikkiea e*™cosftx va esingx xul .
vechimlar 1o'g ™ keladi; |

) Hae bir r karvali hegigiy k ildizes r 1w chizigli erkis

ckx._ xevx’xzckx. e xr-xe-':r
Xu3usiy yechin o' g'ri keladi:
d) Tler bir p karrali jufl & = o + B va k@) = o — 8i qo’
komplels ildizga 20 1a
e““eosfix, xe™casfix, ..., xPlgtx cosfix,
e™sinfix, xe™sinfix, .., 2"V singy
xususiy yechimlae to'g i keladi:

£) © ta chiciyli erkii y,,35, s ¥ XUSUSTY yechimlami topaan

so'ng berilean cliagli renglemaning, wmurmey yechimini tuzamiz:
F=ay+ayt . Sy,

L. Quyidagi funksiyalar chizigli boglig voki chizigli erkli ekanligl
aniglansia:

Ny =%y, =e® vy = 3e%;

D=L y=x y=x%

Ny =eh¥ yy mekex |y = glr |

Javob: 1) chizigli beg’lig; 2) chizigli erkli; 3) chizigli echli.

2. Quyidagi renglamalsr vechilsin:

yY —y=0;

Dy¥ —13y7 4 36y =0y

D —2pM 4yt _ .

413" + 535 4 4y = 0;

72

A y? =16y = U

0y — 8yt + 16y = 0

Nt — gl =0; y(0) =3, ¥} =-1 ¥ =1,
gyt = yhy(0) = 0, p(0)=1.y"(0) = 0.y*(0) = 1,y (0) = 2.

laveblar:
1} ¥ = ¢ 8% + ce™" + caeosx + CoSins;
2y =6e™ e 4 e 4 A e
3pv =y +opx b ezet + caxe™;
4) y = £, Cos% + sy + CaC0S2X | Cysinx;
Sy =6y + g A czeTH 4 crostx v cesind;
6) y = e2¥(ey + cpx) + £ ey + Xl
Ny=2+¢&™%
8) y = eF +cosx—2;
7-§. Ikkinchi tartibli o'zgarmas koeflitsientli chizighi bir
jinslimus chizigli tenglamalar
Y ray tay=f 0
lenglama ikkinedi tartibli o'7garmos koeffitstentli ehiziyli bir jinslinas
englamadi, Bu tenglamaning urnumiy vechimi quyidagi teorema bilan
g lanadi:
Teorema, (1) tenglamaning vmumiy yechin bu tenglamaning bicor

" xususiy yechimi bilat ungz mus bir iinsli

Y 4ay +azy =10 2)
lenglutnaning 3 wmumiy yechrai yig'indist kubi amiglanedi. Yani,
y=y"+3 (33
a7




(1) tengiamaning biror xususiy yechimini o'zgarmasni varlml jskiy determinanti bo'lgant uckun v nolga twng ho'lmaydi, Demak,
Usuit bilax topausie. Bunda Justlub (21 fenglamsnisg vezmiy el

YOLINIL:

jomani yechib € va ex ni ox ning matlum fusksivalar sifatida
laymiz:
¥=ow +euy: (4) ey = @ la), o3 =)
€ va g o x ning hozzcha noma'lum funksivalei deb hisobluh |
lenglemaning xususiy vechimin: {1) Ko'rinzshda Tzlavmiz.

(41 tenglikni differensialiaymiz:

Walurni integradieh,

oy =[x + &, ez = [ {x)dx+ 6

i hosil gilamiz. ¢ va € lemi fopiigan ifudalarini (4) fenglikkn
AR S iR S R A g TN 4’ yib. (1) tenglamaning wmnuniy yechimisi fopamiz.
f va ey lami e1yy 3y, = 0 (3) tenglik bajariladisan gilib tasl, Xususiy vechimni lopishda quyidegi tevrewaning majjolaridan
Agar bu go'shimeha sharmi 2'tikorge olszk, u holda hicinchi
+* hosila

[ ydalanish quiaydir.

Teorema. ¥ + 0¥ A agy = f(x) + [o(x) (7} tenglamaning
¥o=ayl + ey pechimint ¥™ = yi + y3 yighind: shaklide msvidash munkin, bunda 3
ka'rizishni oladl. Lndi hundan ¥ =i topasiz: v ¥ lar mos ravishda
Vi agy bagry = A0 (8 va yi g+ @y, = ) )
lenglazalaming yechimlan.

Agar ¥ Fpy' = qy = [(x) (0 wenglamade g va q lar O LEAITHAS
worlar ba'lsa, u helda {100 tenglami ikicinchi fartihli o’zgarnas

Y=y = ey +eyi+eiys
3.7 ¥ Jarmi (1) tenglumaga qo’yamiz:
eyt ¥y =ity ooy e+ aien = sl = f(*)
vokt 6(yy + ey + ag -0 + @Y + Gy f1)’1+<‘z.l’z"’f '
1t husil qilariie, Bu verdagi birinehi ikkita gavs chuduw ifodalar m)
tengligs ravshan, Demak, oxirai tenglik
CY F02¥ = 1 (x) (¢
ko'rinishgs Kelushi. Shunday gilib, ¢ va e, tinksiyalor (31 va 10

Los(Tsicntli ¢liziqli bir jinslimas tenglama deyiladi,

Yuqorida hiz bir jinsiimas fenglama yeckimini topishning wmuraiy
ssulicd ko'rdik. Ba’zan o'egarmas koedisientli tenglamani vechishda
wusasiy yechimni osoncog tapish mumkin bo'ladi, Quyida o'ng, tomoen
englunularing sistemasini qasvatlantivsa, vis'ni (x) ning ba'zi bir ko'rinishlarida xususiy vechimni qenday izlash
pmkinligind ka'nb chiqamiz

I. O'ng romon Xo'rsatkichli funksiye bilan ko phad ko paytmusidan

a¥ereys =0, epitayi = f(x)
ho'lsi. {4) funksiye (1) tenglemaning yechimi bo'ladi. Amma by
e 1horat, va'm

sisteianing - determinasti chizich erkli v, va ¥, fue lksivalam"
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¥ = x[ulx)e"rosfx = p(x)e* sinfix]
Lo tinishele zlanadi.
11, Fne wmos f{x) = Measfx + Nsinfix bu'izan hol. Bunds M

fx) = e By(x) (1)
ko'finishda ho'lgan hol. Bn yerde 8,(x) — n-darjali ko’ plid.
Bunda quyidagi xususiy hollar be lishi mumicin:

3 @ soni KP4 ph+g =0 xamkieristk  tenglsmanize  (dl o N - o7 7germas sonlar.

bu'lmagzn hol. Bu holda sususiy yeehiws: a1 ager fi xarekweristl renglamaniog ildhzl boimasa, xususiy

Y= X" AT b L+ 4)e™ = 0 (x)e?” (12 veehirm

ko'rinishea icdash kerak, y' = Acosfix + Bsinfix I

b) & xarakteristik tenglasmaning addiy (bir kerrali) ilic bo*lags | ho'rimshda iziash kerak, U
Lo holda »= il 1 by agar (i xarekmeristil tenglamaning idizi bo'lsa,  xususiy ﬁ
¥y =20, (x)e* vechomni l

ko'rinishda qidiciladi. y* = x(Acasfiz — Bsinfix)

<) e seni Xacekieristik tenglamaning, ikki karrali ildiz bo’lgan ol ki rinishda tzlush korak. U
B holda xusnsiy vechimni A TR EA NP s 35 L €9 ~
¥" = 14Qn(x)e?" lengiama  n-latibli bir jinslinas chizigh tenglamsdir. Du  yerda l.‘

ko'rinishda gidiriladi, @, Uy oo lin ¥ f (%) lar x BINg uzluksiz tunksiyelari yoki o'zgarmas

1
1 O'ne tewnn fix) = PIx)e%< cosfix — 00 e singx ku‘rinis';hda;; sowar. Bu lenglamaga mos biz jinsh ' ‘

ba'lzan hol. y =gyt | fagy =0

Bunda xususiy yechimni ke'rinishi quyidagicha bo'lishi muniin: tenglamaning
a) agac a + i xarakieristik tenglacoaning ildizi be'lmaza, u holda R |
(10) tenglamaning xususiy yechimini ¥ prmucndy vechimi ma’hem bo'isin, Bu holda hum quyidagi teorema ;."
¥ = ulxje“cosiy + p{x)e®singx o’rinfidie: '
Ku'rinishda izlash kerak. Bu yerda u(s) ve 0e)-dacejast £0x) va Q01 Teorema, Acar 7 bir finsli tenglamaning umumiy yeclimi, " esa l'
Xo'phadlarizg eng vuqari darajasiza reng bo'lgan ko phadlardis, bir jisslimas tesglamaning skt ok S e .

&) agar a + fii xarakieristik tenglamaning, ildizi be'tmasa, u holda Tuniesiva besilgan bir jinslimas tenglamaning umumiy yechim: ba’ladi. :

Aususity yechiwni Bu verds ham bir jinsfmas tenglamaning Xususly yechimind ‘

|

h




F = eV Ca¥a o A Ce ¥ = Acosfix = Dsinfiz

% 3 ; : el .. . L' rinis i ; naniyg o' zearmas koeflisiventlar.
ifodadagl £, ¢z, 6y Jaeni X ning funksivalur deh qarab o' zgarmi h'rinishda izlanadi. A va B noaniy u'zgama >

. RN ; ’ c : i wasrali ilds yisa, v holda
reigdorlacn: variatsivalash usuli bilan tapiladi, o) B¢ sarakteristik lenglamaning g karali ildian bu'lsa,
A-tartibli o "zgarmas keeflisientli chiziqli bir jinslicas tenglamaning sty yectimn

: . gl =kt ?
xususiy yechimlari 2a°7an ancka sodda opiladi. ¥ = xt(Anosiy + Bsiabx)

I Ditferensial tenglamaning o' ng omenida ko' ninishda izlanadi.
Flx) = Plx)e™

furksiva turgzn bo'lsin. Bu yerda P{x) x o2 nishatan ko phad. Buonds

Ul O 'ng tomon
f(x) = P{x)e*“cosfx + Qix)e ™ sinfix

kki Lol bo hski mumkin: Lo rimsida bo'lgan hol. Bw verda Pix) wa Q) lur x ga nishatan

b ptmdlar.

i) ugdr @ xaraklerislik tenglamaning tidizi bo'lmasa, = holdy
a) agar a + §i xarakeeristik wnglamaning ildizi bo’lmasa, xususly

xususi}‘ }'euhir:-.ni
AR vechimni
J" ( )eu cchimni

et e N 3 . » U - BlY)e T Saps
ko'rimshda izlash smumbkin. himda Q(X) == ko.‘.ﬂi(siyenllari noma’lum ¥ Wi xe r.osﬁz ( ) .8

. o 3 s s izlanact ord Y ova ) - dargjasi POx) va {x
be'lgan va dasgjusi () ning derajasi bilan bie xil bo’lgen ko' phid; boirtidtidaizipanc Doy yeme 4oy 1R :' R
i phedlarning eng yuguri darajasips leng bo'igan ke'phadlas.

L) & xarakteristik tenglamening p karrali ildiz: ba'isa, bu holde bt =
' b} agar a + fi xarekierisk weaplumaning o karvell idizi he'lsa,

Jinsfioas tenglamaning xususiy yechimin
¥ = x4 Q(x)esr
ke'rinisiida iclash mumiin bo'lib, bunda Q(x)- darsjasi Pia) ning

vususty yechimai

¥ = x4 u(x)e ™ eosfx + vixle™sinfx|
a . . . - ' ing L .
duraasi hilan bir x1] bo’lgan ko® phid. ko'vinishda 1zlacadi,

II. Tenglamaning o'ap torani 1. Quyidag’ tenglamalar vechilsin:

v

f{x) = Meosfx = Nsinfix ettt
ko'riniskdu (M va N - 0'zgarmas sonlar) bu'lgan hal. By holda xusu:hé' 2) ¥ — Ay =x 1 3¢
yeelimint guyidsgicha yniglenadi: 3) X7y —xy'+y = axd
a) 81 xarukteristik tenglamaning ildiz by . ‘sUSTY By -yt Py =x—1;
) I 15 ildidi bu'imasa, bu hulde xosusiy U B et A goert St

vechumni

51 x%y - xy +y =0




0) (4% — 1)°y" — 2(4x ~ 1)y’ + By = 0; V= ed  Feem F e F e 1) y=o F e+

. G o 3 A -2 S R SO0y Ui on L 2x 3,

Javoh: 1) v = 2% ¢ ¢, T3 2 y=e? e -"E-x-i-;' Wk ggcos2x | cgsin2x;  12) ¥y T g™ b e T et
. W bes o ANy =2 (e, +ax) + e oy + a4x).

Lyt vt 2y = Utenglamaning ¥(0) = 1, »°(0) = 3 boshlazg'ich

x

Dy =x+xin+oh) Oy Cre* doaxr — 8 — 1
s

— e,

Ny ={ reylnx)y; Bly=cdx —1) 4 e,W3x =1,
20 Quyidagi o' zgarmas keelfitsienti chizigli bir Jinsli teaglamuly
vechilsin: '
D" =7y + 6y =0
Dy =y-2y=y;
3) ¥ —y=0
Dy =4y 4 4y =0,
¥y =-2y+y=n;
6} 43" — 200 + 25y = .
NY' -4y =13y =q;
8) ¥+ 25y = 0;
9 ¥+ '+ 8y =Q;
10) ¥V ~ 133 4 36y = 0;
10 ¥¥ —16y' = 0;
12) ¥ = 13y 4 36y — o,
13) ¥ — By! 4 1 By = 0;

larni ganoatlantimveni yechimi topilsin. Javoh: y = &
Lo+’ 29y =0 tenglamaning  y(() — 0, ¥°(0) = 15
Snhilung’ich shartlarni ganostlentiruvchs yechimi lopilsin
Javoh: v = 3¢ *sinSx.
5 yY =y’ tenglamaning (0} = 0. y'(0} = 1, »" (@) = 6. """ (0} =1
o YY{0)=2 lLosllang’ich shartlami qancarlantimivehi yechimi
ipilsin, Javob: v = e* 4+ cosx — 2,

0 Quyidagl o' zgarmas koeftitsiendi chizighi bir finslimas tenglamalar
yochilsin:

I y"+ 4y + 3y =x

2) ¥ =4y = 8x%

DY+ =0

)y + 4 + 5y =52 -32x +5;

513" =3y +2y=¢";

6 y" =2y =xe™%;

7y M = gy = emeE;

8} ¥V - 8ly = 27e7%%;

9y ¥ 4 3y + 2y = sindx + 2cos2x;

Tay i FEPREAMLE
avoblar: Dy =ce% 4 0% 2y = cre?¥ 4 peTs
By=citeeh  Ayye :
Y=a+aeh. Ny=(a+cx)e® 5y= (61 + ety

)= Coy - Ve 23x. 3
81y =(en +ex}e?S% Ty = e (e cosix + casindx); I0) ¥ 4 ¥ + 2.5y — 25c0s2x
S}y = e 3 S - it oo RRONCEe

VY = qeoshx b +eosinda; 9) ¥ = e (¢ vos2y 4 Cpsin2xy; Ny =35y + 6y = 13s5in3x
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S
—

||y - =—3x? 56 tenglamani »(0) =¥ (0) = ¥"(0) =1

Javoblar; 1) y= ‘_'le"'i + c;e":‘x +‘}I _® .,] :
A g = )’ ."‘ ‘
e TEE 943 2 - fanti i i tooils:
tepe 2% — 3x; Ny =6y +ega-Ix4 xz s il ich shartizrni ganeatantinivehi yeehims topilsia.
Jvol: ¥ = e* +x2,

4} y=e~" (¢, cosx + c-sin
"65X + £350nx) + %% - 8x + 7;
8 gt —y' = -2z tenglameni y() =17, ¥ {0y =»"(0)=2

Ny = e (6 —x)e%; 6)y=c e + e o
2 — (2= Ingich shartlerni qanostiantinuvel yechimi topilsin.

Ty= (c ) -2
1 T ) e+ (6V3cosx + gy Fsing)e; Ron: y = of e a2

8} ¥Y¥-=r cS.'r d S -
= ¥ (‘Z {)‘? L oeeos3x + N3y
8-§. Differensial tenglamalar sislemasi

9y =ce” -
Y=oe ™4 e 40,25 v‘Zoc»(-—zx)
"'_—fl'\x'}'l')’W"'}"’l}

Ny =e 5 (c;cos%"# 550 —) — 6eos2y -+ Bsin?
: Sin2x; ‘
- Xi 2= fz.(X- YuYa- Yol (1)

a:.',"
= = fl(x-}i-)tl 31:')
0 bicneai famibli uduy differensial monglomalar sistemasi deyiled.

. ¥ Lelanayolgan funksiyalar, ¥ esa argument. Bunday

)y = e?* 4 cyed* ). 1(5(‘053:{ — sin3x),

? —
Y=y + 6y = xe* tenglameni ¥(0)-1, »'(0) =3 boshlan(f

shartlar
ni qanoarlantiruvehi yeehimi topilsis, |
Jundi ¥os ¥a. o

vemaga normal sistemna deyiladi.
(13 sistemani intograllash uni va (1 )pexy, = Yigs Fadxmxy = ¥2qr

o ) xax, = Y, (2D hoshlang ich shartlazni quneatlantiravehi ¥y, ¥a.

. ¥ funksiyalami (opish demakdir. (1) sistemani integrallash

Javod: y = KL A T
o g f 4 7L gbr _ gx (¥t | x
125 Tl =)

s- " = - >
Yy =—sin2y tenglamani y(a) = ¥ =1 boshlang' il
shartiumni ganvatlantiruvehi vechimi topilsin. 3
Javoh: y = %sian - ,lstnz - COSX.
uyitlagicha bajariiodi:

9 3y +2 ax
Y =3y +2y=e¢ (x* T4} tenglamani y(0) =1, (0} = '.
(1) sistemaning tenglamalaridan bivinchisini  x

bustilang’ich shartlami gancatlantisuvehi vechimi ropilsin,

b vicha
I = - ir 3o lavmiz:
avob: y = 4{e¥ — p~2%) +_(z —2x 1 2)et. mlrcrcnsuula}mu.;
10. }'-" + y‘ - 2}’ = COSX — d »1 Jrl a{l dh i fi dyn
3si e = oo
iy tenglamani ¥(0) = 1, y'(0) = 52 =5 Toyidz T O dx

hoshilengich shertlarni

. It ano nr Lot y

aanoutlamtiruvehi yechimi topilsin. v, drz ¥ pegillami vlarning tenglas wlardag fy . f; :
ax Cdx 't A nd wiarning lengla 1: 020 widn

irodalari hiten almasitirib,

o

Javob: v = e¥ + sinx.

pER]




S —————

d’y
dxa bz{l'yli} -n}'"‘

»

Hu funksivalami (4) tenglamalergs go'yib, ¥z V3. .-.)n lami

pmiz:
tenglaman: hesil gilamiz. Hosil bo’lgen tenglamani differansialluh

d3y1

) = ,‘.3 (x, Y1 ¥2, i M)

¥z = ¥ {x 01, Cou i )
vz = Wil €10 €20 000 G

(7
¥ = ‘pll(x: Cie €z om ,C,.)
tenglemani hosil gilemiz. Shu larzda davom ettirib

Hosil  gilingan  yechimlar  berlgan {2} boshlang'ich  shartlarm
dy: ¥
e =YY e )

qunoatlantivishi uchun (6) va (¥} tenglamelardan -, €z, w., G O 72ATMAS
dz . - " . - :
"‘i - Q (t.y,,y;, '%‘) (3) migderlarning wos giymatiari topilad:.
dﬂy.: Ame L L P

I. Quyidagi tenglamalar sistemusi yechilsin:
At Fn(’-:h:)’z .)',.)

. dy 2 dx + F ==t
it ¢ hosil ail £+)r=0 ‘,) ;=)"7X 5 o X =
sistemant husil gilamiz, . :; ey iz
1 : D 5--——311)'. T+ 2t Sy=0; " (Gr-x by =€,
Oldingi » — 1 ta tenglamadan ¥;, ¥3, ., Ya lami x, y; va %}. J.' _'“ 7 e B s
424y ik TN Sl
T 2 hosilalar orgalf ifodasini aniglaymic: 43 3} d! o My _ Jx =3yt
A% N = 3x 4y Y= 3r e
( - 1)) as
Yz =@ lx, :"I.-y]..""vyf - - ﬁ = L . -3::
(n—1) faveb 1) ¥ = cye” T cie ¥, y=— e~ A€ 3c,e
Y1 = ‘Pz( X, Y1 ¥4 . ) i4)

S Tz = e (r, cost + &psint), p=e H[(ey + cp}eostH{, — o )sint]:
= (x,yuyp e 1‘)

Bu tfodalzri (1) sistemaning, eug oxirgisigz qa'yib, 3y ni anigle 1

uchun n-tarlibli tenglama bosi! gilamiz;

-3 e 4 - gl

P x=el 1ot ymet g < e
r 58,
&) x = et + 6™, y=—ge’ +30e’

Sy x = e'(e o83t + cysin3t). y = el (g i3t — czcos3L);

£ z T _ 3 et 2) p— e e e (145 — 3 —1)
t::.—.—.&(x‘y‘,yl' 'yln 0y () Gy =& Gt == T 2), p— et =L

Bu tenglamani yechib, y; ni aniglaviniz.

=2 +y : " )
X # : sisteruming x(0) =1, p(0)=3 sharlami
h=hGa  © oeray
(6) ifadant = 1 mana differensiallab, d’ L &y dly,

hosi lalm'n I

d*‘." dyn

PR o RO vt (P G, s N §
gancatlantiruvehi yechimi topilsin. Javob: x = Ze e,y = 2etve
X, €y, €2y wea By larning funksiyasi kabi amqlaymu,
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dr

—_— =y
ot . ¢ !
Lo qay o Sistemuning (D) =1, ¥(0) =0  shartlam)
e x4e' .

yencatlantisuvehi yechami topilsin,

oo ion Aok . 5 ’ ..
favob: x = ‘(30 + 5¢ ) | Tz'tel —1;_!’=;(e' —e-"]"'%z(’:" ‘:

pri S, S : .
4. iy sistemuning  x(0) =2, »(0) =0 shactlumi)
i

ganoallantiruvehi vechimi topilsin.,

"z ’ P 5 o
Javol: x = (32— 1 ‘l) et 4 (1 —%)e""”, y= ";"e"ﬁ - '-'ge""«'z
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X BOR. QATORLAR
1-§. Sonli gqutorinr
WU Uty vy Yy e (1) sonli ketma-ketlikning  hidlacidan hosil
qilingan
WFGF Y =Ty @
el

vig'indige sonlt qator deyiladi. wy, U, s, .\ Uy, - lar senll gatorning
wadlasi deviledi. w, — sonli gaterning w-fedd yoki mmeniv hadi
deyiladi.

Sonli catormmg dastlabki n ta hadining yighindisi 3, bilan
belgilanadi va v quloming p-xususiy pig'indist deyiladi. Demak.
(3)

Agar lim §, = § — chekli Jimit mavind be'lse. u holda gator
vaginlashuvehi va § —uning yig'indisi deyiludi.

ager lim S, =0 yoki mavjud bo’lmasz, u holda qator

Sa=U+upt uz ¥+ Uy

wzogleshuvehi deyiladi.
Rn = un-'.; "‘l‘rnﬁ.z + . ' unrk + O
isodupe gadpening goldig’i deyiladi,

Geometrik progressivaning hadlaridan tuzilgan

)




O R L] 3. Agat qator yeyinlashuveht bo'lsa, u halda vindaz: istalgan chebli
4| “+ + n=l = -1 : : i . < . .
1 g e o qun sondagt hadlami tashlab yuborish yuki unga chekll sondagi hadlurui
| qetor geosmelrk gator deviladi. U |9 = 1 da wroqlashuvehi va gl < 1 (u'saish arifasida husil bo’lgan gater ham yaginlashuvehi ho®ladi.
bo'lgenda vuginissimvehidic, | Quyidag yatodar uchun  yaginlashist ning  7aruny  shati l‘l '
w 4 %1 1 14 1 1 -’ 8 by wriladimi! ||
« - - .;. = R O S A £ !
2 3 4 “Zn Wztite Tt !
gulor garmonik qator deb atzladi, Bu gstor wrueiushuvehidir )+ % FIHGT ‘];
L1 1 oy 2oty b 8
1.....+3_p+....| _'E).+_,,= l;; Batstrtat l\ ‘
ey Iavoblar: 1) bajarilmaydi: 2) bajarileds; 3) bajariladi. ii.
ar
getn’ wmumlashgon gormontk £ deb ataladi. Bu cstor p< ;, 2o = 10:‘_1 guturnicg dastlabhi & ta hadini yezing |
vzoqlaskuvehi. p = 1 du yaginlashuychidir. g R0 l ‘
Fie B ' . ‘. :
1 S =+ = | o e garoming vlmiy hadini yozing, ‘
Teorema igarer yagialashisaining coruriy shaaii, Ager le_ qoLon] tetetet {
< . . il ' |
A . 4, = o gatorning, wmumiy ba aFINg.
vayizlashsa, v holéa .l.'_'ﬂ u, =0 bo'ladi. 3 [ { } { ) gatorsung, v hadind yoring “ ’

5: %-& + +— 4 e yaboreing yigindising toping.

Teorema {gater uzoalsshuvchi bo'lishining vetarli sharii) Agar RO ‘

: ) 3 ob: 1 |
'1'1_:.2 g, + 0 bo'lsa, E.u. qator uzoglashuvehi bo”ladi, Bty z ‘|) |

f. %4..2_3.4.— + == yatorning yig indisini toping. :

Yaginlashueehi qutorlar bir gutor xossalarsa ega: '
o T L. - A IR favob: 1. .
L. Agar Zu cetor yaginlashuvehi va vig'indisi 8 pa teng bo'lsa, o I |

1
¥ — + ;.'; + San T qstammg \11 *indisial lU[..UJ&

holda v{,u yater ham yaginlashuvehi vi yiz indisi ©S g leng ba'ladi,

La\roh: i
l« Nerar Y e O \
i Lu, ¥H ¢ yatorlar yaqiniushuveni bo'lib, vigindilaci mos 8. ;’;_3. -+ §»§+ -+ qatorning yig'indisini wping. ,
. . » |
revishda 5, va$; g teng bu'lse, u holda »{xtv) qutor ham Ja""’b:%‘ ‘
Al

vaginlashuveld bo’lib, yig'indisi 5, + S, gi leng ba'ladi |

o 30 [




9. Queadug?  qaterlarning yayiniashuvehi - ekanini isbotlang
vig'indisiu toping.

) Dalamber _alomath. Agar omsbat hadli ¥ galor uchun |

P - [ "=t = I maviud ba’lsa, » holds L+ 1 da gotor yvueyiclashuvehi, ‘
- ~ o2 - Wovo Wa
]‘ Z » - (_) >_ ‘2—: Z {f
= & PRI et | 1 da wroglashuvehi bo'ladi. ! = 1 ba'lsa gatorni vaginiashish volki ' ‘
. L« S 50y 2 " _ o . i=h: 2ni o i
41 f‘:'...-n Bt s} gﬁL :7:_ : &y 2_}{ li nzoqlashisht gnig be'imaydi ’
- - ,(-I:. - J——
I Koshi alomatl. Aga: mushat hadli ¥, qator uchun lim u, =
_§. P TN  IR teo | Koshi alomatt, Aga a9 m "y l
Ja'fub]dl' ])q s .;]' 2)3-25; 4} s=g' 5) Q= g' 6} S" 1. . " ;
wioiiat, ko1 R s . il maviud ba'lsa, u haolda @ < 1 da gater yaginlashuvehi, d > 1 da ‘l'
> : T LN G qatarn; vuqinl: ‘ehi ) 1 . 3 ;
Lot :'I .J R ! R pminierl ekan]ld tsoglashuveh  be'ladi. d =1 bn'lsa  qateem  ywpolashist:  yoli '|;‘ ‘
o rsulilsin, i

v lashisht anig bo’lmaydi.

. Koshiming integral adomari. Asar ¥y qetormnge hudlori smusbit
B

1

”'1 +_ +n+ — =+ - gator tekshinlsin,

1
12 s+s + izb —-L s qator tekshiviisio,

vt o'smevéigan bo'lib, x > 1 da aniglagan. uculsie, musbat 3
13064 05 K SE BT ‘
2-§. Mushat hadli NS 2 ) |
adli qatorlarning yaqgiolashish va nzoglashish [03) = uay ooy f{0) = 1y, -, tonglikler v'rink bu'lse, u Bolda I Flade 1} I
alomuatlari [
1. Taggostush afemati. Ager musbat hadli ikkit Fiovi Fo. oaroe xosmas Uneglal voyinlushse, berilpan gator ham yaginlashuvehi va
berilzn ho'lib. bi TR ' aksineha, xosmas integral uaxlashisa, gator ham uzogieshuvehi be'ladi.
erilgen ho r N nomendun boshlan 3 o
3  biror N anmerdun boshlan i, < v, tengsialik bajarilsa, s, Taggoslushning ikkinehi alomati. Ager lim == =k chekli limit
u helda: ' . - ooy Uy
|

maviud bo’lse. u hoida E': w, V& ‘:,u, qatariar bir vaglde uexjlashovels
.- ol

1} )_b qator veqialashuvehi ho)sa, i «, qator bam vaginlashuven|

ho'ladi; vuil vaginlashoveld bu'luds.
o ¢ - v‘L=l _;. vl ; L4 nine ~1 ~hi
2} . qanoc woglashuvehi bo'lsa, ¥y qator hum wroclashnvel S S T 321 T3ar T qatamning yaginlashuvehi |
o~ !
boladi. voki uzoglashuvehi eku.u]igi aniglansin,  Javoh: Yaginfashuvehi. |l
2. 25"-'3 mz_ "‘q P M L Gutoming vagintashuvehi ‘

"

vuki vzoglashuvebd ebanlips aniglansin, Javoh: Tizaglashuvehi.

Po R




4. Koshi alomaridan fovdalan’ls quyide gatorlar rekshirilsin:

. 0L S G2 T S ) - , r
D T T +2u- boee qutoming yaginlashuvel) -
, . Y . 2 B :sn‘. \-_ W
yoki uzoglashuvehi ckanligi aniglansin.  Javub: Uzoglashuveki. I }:2.‘1\1*';] : i) {_';: ':Tl
4. E — qetar tekstunilsin.  Javeh: Yaginlashuvehi. 35 % g
" B ‘Tl B 4) Yunmeghs
i y 1 1 a2, ‘ "
- i Bt Pl S RO ol I NI T T R et
txt+at P o b qittur ekshirilsio I SO < I S
P2 " Ind3 0 A mM{r+1) i

Javoh: Tlzoylashuvehi.
) .21 : nl 4
6) aresin 1 4 arcsin® 5 T ares in® s

f. Lmumiy hadi w, = — ,;—_, he*lgan gater rekshirilsin.
Javeh; Yuqinlushuvclu 2 {::‘ - (5:;--1' -
LR %+ v % Bbodt 33 H
2, ;" + + +  gas lekshirilsing,  Javoo: Uzaglashevehi.
| )r“" 1"1’[‘: =
8. Dmaml*.c,' alomatidan toydalanib quyidagi yatorlar tekshirilsin: | 3pt=2041,
= - 4 - s 1 o
gttt _(‘ +£+ = (Yaginlashudi; 93 = -:23,1)2 + (2,01)° + (2001} + -
= x4 . i3 8 2""'1 w7
3 1+5+ 545+ (Yaginlashudiy 10+ Z 4y et -
sy, L2 - | avoblar 1) Uzeglushvchi;  2) Yaginlashuvehi: 3) Yaginlashuvehi:
3) 1-.-—_~ |.m+... i Yagiolaskudi); Javoblaz 171 mqlustumlu_ 1 Yug ) q” |
4) Yaninlashuvchi; 5) Uzeglashuvehi;  6) Yaginlashuvchi; |
9 +_ ' 7= z*s +_':+ - (L7zuglushadi); 73 Yaginlashuvehi; ) Yaginlshwvehiy 9 Uzoylashuvehi “
oo : s : . !
) E'ile‘-": l -},+zi,+ t ifT'+ = {Yaqinksiadi): ‘ 100 Y aginlashuvehi. "i
2 1 ’ 10. Koshining integral alometidan foydalanib gquyidagi qaorlar |
‘ 25L& 2N
1 ;+m +% (R T2z — T o (Meoylashedi), iekshirilsin: l
O AT SR PI vy S0 (oA
7Y — — ool AL \ 3P . . N, 3 b e ywen ‘
P Fts 3\"3+a+°-{i b (Yaginlashadiyg ) Ehs+ohs foees "
0, w? | 1% N . PO I G e P Yot [l VR
& ¥+ + (Yaqinleshadi); Bl+ztstggt |
|
._10 m 3 103 3 1.-_.4 Y 2 _"_..E.+i+-.' N
Nat 1—1') 2 —} <374 ﬁ) 4% + o (Yaginlashadi); NEtets ”
1 1 1
S AL IS AL NS S FLC Y " ) Borr T e s Dy |
l(n |0+ (10 2—5— '_6 :-;—,' (F} -F+ e (Uchlﬁghﬂ(ﬂ): 14 -2 1+3

26 "
293 \ ‘
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3
SOAHE T 10 1+:i2+ !
32 1l 1 1

G — = —  —— — ..
T3R5 "72-'1 ' ’

E e T L WP

2n22 7 3n?s T ams4 o
1 1 1

L X s o 415
ek Toti3s | agmay T

YO Y L R | 1

);1,_+,,,+32 b Rt i A

) 5—1

‘.T[n*ll\'n

Javoblar: 1) vzogleshudi;  2) uesgeshad’;

&luzeclashadi;  9) vaqiniashadi 10 yaqiulashedi.

3-§. (Y zgaruvchan ishorali gatorlar

Taclurining ishoralan turlicha bo®lgan qar: ¢ zgaruvehan i.s!xm_'ﬂ‘" :

getor deviladi. Azar qator hadlarining ishoralari navbutlashavehi bu'lsn,

" holdu qazomi iskoralari navbatfushuvehi gutor deyiladi. Ry yaonm

qusidagicha voriisdi;
e =l — TSN 4 0 |
?_:(—l] >/ e Uy U, + I‘J — “4 2 R 5 (_1)1*.1&" b~ ':un = 0).

Leybnis reoremasi. Agar 'shocalart navbariashuvehi

e =Up LUz —ig+ (4, = 0)

yatormng hadlayd uy = wz =y = - va Hmow, = 0 ba'lsz, u holda
Ao \

barilzan yuter yaginlashudi, uning vig'indis: raushat va birinehi hadicdun |

katta bo'Inavd:.
Bhoraleri  navbatlashuvehi — gatlornmg  qoldig'i |8, ] = (T
tengsiziik dilan haholanadi.

2

3y yaginlashadi)
4) yaginfashaci:  5) wzoylhwshadi: ) vayinlushadi; 7) vaginlasiadl,

O'zgarovehaz  ishorall  wy Fug g o e yaior

W lacining adselut givmatlaridan tzilgen

L] + [22] + lugl 4 = Jug| + -
Jotor vagintashuvehi da’lsa, berilgan qator absolur yaginfashuvehi qulor
e viladi.

Agar v'cgamvehan isharali gaior yaginlushuveld ba'lib, bu qgater
jadlarining ahsolut giymatlaridan wzilgan qule: uzogleshuvehi ho'lsa, u
Iolda herilgan o zearvehen ishoral yator shari vagindashuvehi gaior
devilad:.

Teorema. Agar gatey sbsolur yagintestuvehi ba’lsu, uning. hadlerint
orindarint  ixtivoriy  ruvishda almushtiriiganda  ham  u  wbsoli
vpqinlashuvchiligicne  yoladi. Bu lholds guluriing vig'indist qawr
hadlanning tartibiga bog'liq ho'lmuydi

Quyidagi * qaworlarning  shuetli yoli  absalut  yaginlashishini

tekshinng.
(y E=2 b g=gi
a1—-+7—;+m;
3)%g e ﬂﬁ4+m;§$;+”q
4} L_J:: + ‘E.a_‘i;i‘—:+f"_:=:f+ .+(_M(2:_'_1_:li.,. et
51500 e
& L fi-i

T 2{') m(m- 5




R

s 1 $ . 7 10
bl I S
L g Nig gy T

Jeveblur: 1) yaqinlashadi: 2) yoginleshadi:  3) vaginkash al)
4) yuanlashadi; 5) shanii vaginlash
vaginlashedi; &) absolu yaqinlashadi; 9) uzoqglashadi: 103 noabsolul
¥aqin/ashadi. '

4-8. Funksional gatorlar
Ta'vif Agar qatorning hedlaci x ning funksivalaridan ihorat bo'tsn,

u holda nnga funksionat gator deyiladi,

U quyidsgicha vozilsdi:

=1

.-"._gar:&f" Ua(xp) sonli qutoe yaginlashsa, u holda funksivnal yator
T = %o mulada yaginlashuvehi deyiladi, |

x niag?; Un (X) qatorni yaqinlsshuveai qiladigan barcha giviatlar
tw'placni fonks:enal cstorning vaginlayiisk soliasi deyiladi,

S.l.(x) =w(x) + uy(x) + uz(x) oo Un () yig'indi ticksiona|
GRTOIMINg n-gismiy Vi indfsi deviladi. l"ﬂ Se(®) = 5(x) ga funksional

gateming  vig'indisi  deyiladi, Re(x) = 5(x} ~ 5,(x) evirinaga

gaturning goldis’s deyiladi,

250

iy 6) uroglashadi: 71 shanli

Agar vaginlashuveni ¥ w, (x) fuzksional quivr uchun har ganday
L8

> 0 berilgandzs ham shunday M {&) nomer twpish mumkin bo'lsaki,

0> N bo'lganda o, 6] kesmadagi istalgan x uchun |R.(x)] <«
lerpsizlibk  bajarilsa, berlgan  fupksional gator [e,k] da  fekis

|eqinlashuvehi deyiladi,

Qator wekis yaginigshuvchi bo’lishining Yeyershtrass alomati.

Agar E U, {x) funksional gator uchun hadlari musbat shunday ‘)_‘ Oy
[ 8

cawr mavjud bo'lib, xe[a, b] da e, (x)] = €, bo’lsa, 1 halda funksional
qator [a, b] Kesmadda tebas vagintashadi va bu holda }:'1 1, (%) qator
huchayrilgan gqator deyiladi.
Tekis yaqinlashuvehi funksionz! qatorlar bir gater xessulurga e
@) Tekis vaginlashuvehi funksionzl getoming hadlart |a, b| kesmude
ucluksiz bo'lsa, using vig’indisi S{x1 ham bu kesmada uzluksiz bo’ladi:

b) Agar ¥ un(x) funksionul gatorving hadlari [@,0] kesmada

uzluksiz bo’lib, gator bu kesmade tekis vaginlashuveh bo’lsa, u holds

.

.~ Y - - 13
FSepde =] g fovae s [y Caiesn §pp (edde e g Gaoder. =D [y e
- - - . » .

Lfe

o’ladi. Bu yerda 5{x)} —gator yiy'indisi;
¢) E i,,(x) funksional gatorning hadlari [a, b} kesmada amglangen
]
va bu kesmada uy {x) weluksiz husilularge ega bo'lsi

Apar bu kesmada berilgun gulur yaginashuvehi va uning hadlari
hesilalaridan tuzilgan




=

Zuv X =1 () + i ) o x ming (—w;+o) oralicdagi  baccha  givmatiarids  rekis
nal =1y FUAX) - e (x = s e

n— ‘it vuginlashuveht ekenbigi ko' rsatils,

"

galer tekis yaginiashuvehi bo?
! o Jsa i : ; : % £
: 2 15 3. getor (—1:1) orsligda felds  vagiolashuveli  emaslizi

A

holds  finksingal Qi

g
¥igTindist S(x} ham [u, #] kesmada hosilags ¢i£a bo'ladi va o
o Lo rsutilsin,
S'(x) = Z il (2 16, COSY + = rm- 2x + 23 cos 3x + —-ws dx + -+ —— 2“_ COS HX - -
W=l

o0 Jadi. T i coida,
X otormd I:;;} Lesmaila hadma-had integrallash mumkinmi?
~

Quyidagi qatorlami vaci :
#IEES o vaginksh; halari tanilc ,
Ginkashish salulari wopilsin; I, nvetgx + aretg ._+arrtg st urcaq-——+

<
~ 1 : <
(l l— ,—=_+—i—-'l R < % - ': " ) 3
e 2 Jatorga gator aadiarim hadma-hid differeasizllash hagidagi eeremani

1™ 24x 7 e ey 3 :
N --.3"-}:-
3. ©IN i, 5 imsi - o Hash memiinmi?
— i1 “+, i 5 Tl TS P |
= (2a)! o (e i a ;IO =30 18, CRSX mszx L Cexd3x o SOSRR
e < & 3 W
(T o 55 3 ¢ 02 £ G
Sz 7 ..—." " 8 Vin"y qator (—oz; +90) uraligda kuchaytirilgan qazor ekanlign ko’rsanlsin,
" 5-8. Darajuli gatorlar
"-2"11—,.;; 10, 142 o a @l g o ; 2
e TEOFoEET LY el Ta'rif. g | @2 & apx 4+ @™+ (1) ko'rinishdagi

e~

fmaksienal cator darajali gawr deb ataled, bunda ey,0q, 05 .0, 00, 0
ozgarmas sonlar be'lib, ular quiucning kossiventiari deb ataladi.
Teorcma (Abel leoremmsi). |) Agar dara’al’ gator roldan fargli

biror , yiymawda yaginlashsz, x ning  |x} < x| engsizlikni

1 A
[2"“3}' + :tztgi T +x".’.g-;;+

Tavodlar: () (—oe; -1) U(l;+m}- 2) (_-;.3], 31 (=o0; o0l
aj |=t; =77, . pai
RSN

5] (-' el Ny oe 2110 ¢ |
3 1 + . . o . : .
[3. Veyersh @) {0 +e). 133 (=2 e senoatlantinovehi har qanday qiymatlarida u absolut yasinlashadi;
2 VEVESATaSs alomalios ko' |
domaties ko' 2} apar qator biror xp giymawds uzoclushsa, x niug |x] = |yl

R | izlikni {anttruvehi Har qanchiycuivmariia nzoalasiadi
sire +§—sln'2x {___sm_; G tengsizlikni ganoatlantirevchi har gandey yivmathrisds vzoglashadi,

yaromi {—wo; e} yralic
3 uralicda tekis yaqiniazhishi ke? rsutilsin, kouvrdinalalar boshida bo'lgan intervaldan ibaratdiv

1
14, —_=_4 2 1
4] x-,2+.m‘?q+---

58
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Teorema., Dargali  galorning  vagiolashish  sohasi  markaz?




. P PaA S irra had
) o) dursjali qaturlarni ulaming yaginkshish orligida hacma-had
Ta'rif. Dacajali catorniog vaginlashish intervali ceb, —R dan ¢ : i

ractia bo'lgan shundey intervalps ayriladiki.by inrerval ichida vowuvehl

bise gunday ¥ nusqada yaler yaqinleshadi, shu bilan birge absolt

itegrallash va di (ferensiallash mumkin.
K L5
g+ e {x— @)+ — —o) tus(x—a) +-—+a(x—a)"+

ko rtmshduw funksional gator hap daraali gatar deviladi. Bundagt
yuginlashadi, uning, tishoisidagi ¥ nugtsiaridi ese qator uzoglashadi, =

(s gy @ eens Mg e L0 O ZEROLAS  SOMIGE olib.  qetorming
sont darajasi qulorning paginlasitivh radinst deb ataladi. 1 s B2

=R va x =—R ¢u berilgan  catorving vaqinlushishi yokl-;
vzuglashishi har bir qaler uchon wlohida-zlohida tekshicilach Ba'a
Gitorlar uchun 8- 0 voki R = o= bn'lishi murakin,

woeftitsiventiari deyiladi, .
a—0 be'lganda sucorida ko’rib o'tgan gator hesil bo Ladi.
S o= X de

Yugoridagi gatoraing yaqialashish sohasint opish uchvn x — a = X deb

i olamie. 17 holda
Agar gatorne  sarcha Qo Ay, 82, iy lin, - kﬂxlnlsf}'cmlarj nOlglv;g

Ug T X+ (t-p\" R R L
teng bo’lmasz, Y o 7 calorning vi inlashish sadiusi berilpan datajal
=4 L Anx 4 £ Ve us qator hosil bo’ladi Agar —8 = X < R be'isa. u holda e

LR - o R po’ludi,
R = l'irg “~— voki =limn "I'la—l garermi yagjinlashish sobasi a— R <X <d+
"= - = - - e o o . . Neln-
" i 1. Quyidagi gaorlarning yayinlashish lwervalien lopiisin:
[ormuladas, topiladi. % g st
lxl .I ' x+}¢2 4 x.‘!l_,__+x“+...; Jl_l%l}:‘. \'],J,‘
ARAr Gator faqat iull yoki tog darsjzlami o'z ichiga olss voki ' X o o ]
RN T P R W 3 ar _ (ax ¢ BEL L avo\:('“"
dargjalari Kamali be'isa, u holda yayinlushish oralig’i Dalunber yoki 2) ,“T 3 3 &<
Roshu alemstlaridan foydalanib topilad;, i + + + +__ I Savoh: [-oo:+20);

l. ax™ cutor uchun yuginlashish radinsi: g 14xtl 2x)‘ B0 e () e, Javeb: R = n:

5 - — oy x b Ix? + 252 4o Javub: [ 315
. a - -~ - b o 2 3
R=4 llml"' yoki &= dlim — 1o
o] [T ” :mq)g"l 3

RN L 13 Y Javeb: (=310; V10);
O I+ rEtiat st 2l
formulalandan topiladi. oy g L Javaly: |—=3;3);
Derajali quiorier quyidagi xossalarpn eps: ! a2z '3 T T 3
. - . ge . - . . ” ut: ' J % —L'_:]-
a) yeqinlashish  omalighining ichida yotoveli har qanday [a, 4] B 1l+—o= ~.$ 5335! T Jamb.[ ¥

kesmada darajuli gator tekis yeqinlashadi. Lning yig'indisi yayinlashish
oratig’ida uzluksiz funksiya bo'ladi;

- IV 4 Ay — 23 = o gulomisg  yagiolashish
2. (x—2}~;(x—£)‘+§(x ) gulerning  yaq

intervali wopilsin.  Javob: 1= % = 3.
|




e ————

bl Y ) 5 < L = 3oy
3, Zi.l arply qatoming yaginlashish sohast topilsio

levoh: 2—\2 < x 22+ 42,

(o 1* a1
4. EtE +_3; :—+ - garnr tekshirilsin, Javob: —os <ver +00,

5. (x—4)+ —(.: -4 4 =l 4)* + - gator rekshirilsin.
Javoln 1 = x = 3,

=1 (x-1y Le=1)4 .
6.5~ + —r- “5r—+ - qator tekshirilsin. JTavob; 1 < x < 3,

G-8. Funksiyalarni Teylor va Maldoren qatorluriga yoyish
Agar y = f(x) funksiva x=2x, nuqe strodfida (n+1) -

tartibgachu hesilalarga ewn ho'lss, « holds quyidagi Teylor formulas)
a'rnlidin

G :
FOi ) + ""(x Xp) + u”lx—(.)‘ I ""'r—v«)‘ i,4%1
Ry 400200 ,
pTEL a )] x

bt yerda Ky (x) =
(B

_xo’]ﬂ'H. ln e 0 - 1~’ Im,]ib,

unga Teylor formulasiniug Lagranch sheklidag? gofdiq hadi Geyiladi.
xy = 0 da Teylor formulasining xususiy holi — Makloren formulasi hasil
b’ ladi.
‘\ '" 1 » almy o
Fe=f ) + 58 | L0z g B0 0
21 n! i

I yerda By, (x) = lm‘“f" M (0 <8< 1),

Ager ¥ = fx) funksiva X, nucts  atrofida istélgan  marma
differensizllanuvchi ve hu nuglening birur atrofida lim R,(x)} =0
n—s>x

ho'lsa, Teylor va Mukloren forwuulalaridan Quyidagi

SU={ ] + er

=) 4 1“(’4 2} 4 +'u 02 — k)4,

3T

;-’a. [l () S S (01
‘—3' xc+ | —

.. qatorlar haosil
nl

va f{x)=f0}+ =

ho'hb, ularni Terlor va Makloren _gatortari deo staledi. Bu qatorlar x

ning limyp e R (37) = U bu'ladigan aivinatlarida f{x) ga vaginiashadi.
Ba’zi bir tunksiyalaruing Makloren gatoriga  yuyilmalaridan

amalivolds ko'p go’llaniladi. Quyida ulami Yeltiramiz:

2 3 x“
e¥= 1+'l—*,+’f—, P s T~ KX < 40
sinx = % =5 b i (mDH I~ < 2 < o
1 a3t {2n=-1}!
AR
R YISk L S A X . —m gy <
cosx =1 z'+41 A (-1 — o “ :

R R SPTRY U5 ( . Sl ORI [ 28 o
ln[l+:c)—l-—«z'+g! I (—1) ni lLx <t

" wim=-1)

. =10 fmently
(I +xyt=14=x+ x4+ - x" o+

= IR =
Rl B2 B

Oxirgi quter blnomial guior deb ataladi.

Ba'zi hollarda funksivaning tagribiy ¢iymatini berilgan aniglikda
hizoblash nehun uning dacgjali gaterga yoyilmasicen fogdalanilad.

Ba’zi bir inegrallami hisoblahsda inlegral ostidegn [unksiyani

darajali gaworza yovib, darzjali galorn integrallush g risidagi
woremadan  fovdalanib, [rloc  ioregraini darajali ko nnishida
.

tasviclapadi va uning givmating bu qatorning vaginlashish cralig’idagi
x ning har ganday giyroatida berilgan aniglik bilan hiseblash mumhin
bu'ladi.

n(m- 1% = 3 m{m-L)(m=-2) 3 4
2! n!

(14+x)"=1 +'¥x + qatordan
ping ba' & bir giymatiur uchun quyidag! gacorlarmi hosil qilish mumicin:

w3




it = =1 be'lganda:

1 y RIS
—— ) —
T+x Lexdxfmytas
|
m = = bo'lgancs:
messeedu W g 349 1:3-5
Vitax— 14 —— 2 x - Tyt
2 4 2-4.6 2-4:6-8
A ¢ g
m = —= ho'lganda
1 I 13 ) WG 77 = -
—_-_—.-=1-.—x1—’———"- L J'D';-
Vi e T o e e e (T
Oxtrgi tenghicda gl X i o'miga —x® ifodani i qu'vsak;
i W SR o T o 1-3: .0
: R TP S . SO PR & o brde nil2n - 1)
S A R T I T T e T e

x ] { o .- S - H
[x] <1 ho'lganda cargjull  gaotoriari integreliash  hagidag)

(EOremMage asosin quyidagini hosil qlldmw

oW’
by T = arcsin ey L—y Foes 1 ] LTI L o o |

C4eT RéeoZni2ntl]

Ly=x*-3%y2x 42 funksiy‘an; =1 mng, darjalari bo'yicha
yoylng. 2430 =102 +4(x - 1) + (x - 1),

r = ¢V 5yl "

2. y=2~5x¥4x2 x4+ 4 ko'phadni x —~ 4 zing, darsjalan
botyicku yaving.

3. y=:0" -3x% 11 funksivani x - 1 ning  damgelsr  bo’yicha
voying.

4 fx) =Inx (unksivend =1 nuyla sofids Tevlor
yoyiog

qatorigy

s QY . s
5. f(x) — ;-—.—_' f"lllz\sl}’anj -\'111'\'10]\?[[ qgtnriga }'Q‘r'i[lj.’.

PN e R v
6. f{x} = x%e* funksivani Muklores qatntiga voying.

e

I ——

o fx)=secx va f(x)=In{e¥ | x) tunksivalarmi Makloren
gatoriga yovilmasining dastlabki 3tz hadini yezing.
¥, 'y]  pg

B fix) —e¥ ni x +2 ning derajalart be'yichar 2) fix) = vx i

¥ — & ning dergjalast bo'yicha; 1) S = coc-— mx—- nmg darajalari
b’ yicha voying.

u. fixy=e*, f(xX)=sinz, f{x) =cosx, flx)=(1+2)",
f(x) =In(1+ %) Mmwhksivalarni  Makloren  qatorigns  yoyilmasicun
_x~F

fovdalanib: 1) F{x) = (1 4 x)e¥, 2)fix} =sinx ) f(x) = ,1 =5

$) ) = e Fsinx, §) fx) = (1 + 3x + 222} [urksiyvalami X 1iog

__;;—c

darsjzlan bo’yicha yalorga voving.

10, Inwegrul ostideg funksivalarni Makloren qatorige yoytimasini
hadlab inteerallash maiesida quyidagi integrallami qatoree yoyilmasini
loping:

1) [sinx?dx;  2) [«xedz; 3) ST xddx

17, Quyvidag funksiyalarmi Jaraia’ gamrga voving.

1)y =xcos2x; 23 f(x) = ln f 3) F{x) = e*slnx,

2, Mos kelzan gqaworlardan foydelenib, In 1,1 va Y17 lari 0.0001
aniglikda tagribiy hisvblong

v o' "
7-§. Furye gatorlari
% + @, cosx = by sinx + ap <08 2x + b, sin 2x 4 -+ yoki
WS

o
%‘-’l Zi[u_a:s.’u‘#-b‘su;.v} (1) fupksional qatorss trigonemerrik gator

deyiledi. wy,ap, b, vizgaymas sonlar bo'lib, ularga  rgonometrik

cutorning koellisientlas deviladi.




-2, agar —w < x = D ba'lsa,
¢ alor veyinieshsa, : ing vig i 5 e xy=14 -~ furksivan
Ager 11y yuter veginieshsa, u holde mning vig’disi davei 2a 1 fix) { I egarl<xs .v.r‘.-o’tsa
ko ldaz (%) davny funksiva ho’ladi,
(1) qainrdagi oy, ., By Jar quyidag

rurnye

. . . BT S
Gesiza yaying. I fu --l—:"-‘-’-’"—l.
o eat
a £
|50 O 1 fa ) 1 :
gy | Flxdr; n, 2 fixbcosnxax: b, = — | flelsinardy (2)
my [ T
" 4

-
termulalar bo’viels: antylacib, ulumi furve koeffirslentined del auaiali
Keelftsientlari (27 forrlalar bofvicha weotlodigan {13 wigonemetrik
aator Funve qaters deviladi.
Agac fx) funksiva jult bo’lsa. n haida Furve qatoride  Lagoel

kosTnuslar  gatnasiadl,  chunki

bu helde barcha &, =0 bo'lib,
-%[ fecosandy b ladi, Ager (0x) tog bo’lsa. 1 fnlds Frrye gatorida

X1 BOD, KARRALI VA EGRI CHIZIQLT INTEGRALLAR
Zacal sinuslur gatnashadi,

1-8, 1kki o’lchovli integral va uni hisnhlash
chonki

]

wwda barcha wn =0 B7lib,
5.~ ?n Siesiens: ho'ladi,

z= fix,v) — F{p) funksiva L cliziq bilan cheguralaneen yopiy I

snhade smiglengan va nz'uksiz ko'lib, AS;, A5, ..., AS, lar 1D sohenin La
clementar bu'lekdarga dn'lish natiasida hosil bo'lean yuzalar ao'lsin
I, Dhsvri 23¢ bo'lgan R
(1 -Chizera).
f(x) = {0, euar —i < x < U ba'lsa
L L Y H .
s X, dguel < x < xbo'lsa !
lpksivamu urye qatorigs yeyine
< 7 l'-l'l"' b v
| Py, o S L = : ¥ v .
b 3 X perreare: vos{2n — 1)x o sin n. ;
._{'.c-.—q-.
; : —x, guar - 2 = x = 0 ha'lsa - :
2. f(x)= { e ety funksiyemi  Furye
€, ugurid = x = 2no'lso

qamoriga voying, i - t-—e$ ! Bl |

Py
bt - | '
ot a‘*‘i\
+ ® n \-L_,l" -]_’
SUy — -
:Zn- R 'u—u)\. v
o-nsx =

Zzm omaligda

(¥) =x Qeneiyani Furyc qatorige
yoying, I fin=2¥ st e

o

e ——




_

Har bir AS; el - sekuda ixtiver i
¢ clementar svkada ixtivoriy & (2, ;) nuylari tanlaymiz
¥a unksivaning P nogladagi givmating hisohlaly
FIPOAS, = flxy, ¥ A5
Ro'puytmani  fuzamiz. So'ngrw bu ko' pavimalarning  berchasing

vig indisin uzamiz;

a n
f(pg)-‘i-sL - Zf(.\’_;,}-‘l)ﬂ.‘f’c
=1 =1

L. l- ' . .yt 7 —t " H .
B vig'ndi z = fx ) = ((p) fuvisiys uehin D sohadag] inmtegral
yig'indi Jdeviludi.

A5 yuzuler son? cheksiz orttirilsa, v holda ular tiametrlarining eng
kattasi nolpa ntilpandagi integeal yiglindining limii z Fix )

5 = J

furksivadaz D sona ba'yicha olingan ikki olchovli wleeral deyiladli v
guvidagicha yozledi:

[| revas yo
!

Demak, [ fxan - |
]_J» 2= fim 3 S vits, o bu yerde  D-mtegrallash

(IS

i ﬁ fix, vids

i)

sobusi, f(x, ) integrl ostidag? funksiys, ds vuz clementi deviladi,
Dekart konrdinatalarida ds = dxdy ho’lganligi uchun ki o'lchowii
inlegra.

I ! fix,vhds = J[ f (, y)ddy

"
Agar f(x,y) 20 bo'lse, f(ry) funksivaning 1 soha ko'yicha
clingan ikki v'lchovli integrali z = F(x,9) sirt 7 =0 (ekislic va

rasovehisi OZ ooya paallel, vo'nsltifuvchisi csz D sohaning
204

chegarasidan iborar ho'lgan silindnk sirl Bilan ehoperalazean jismning

paimi ¥V oga teng bolad:.

Iicki o'lchuyli integraini hisoblasn ikkit aniq integralnd hetma-ket
tisobiashpe keltriladi.

Agar 1 sola vy = H{x) . ¥z - f>(x) funksiyeleming grafilari
hemda x = w, € = b to’p'n chiziglar bilan chegaralangan bo’lsa, v holds

kxi o lehwvli nregyal

» i | felX) h 12l
[ reepandy=[| | semaylar=[ae | s
B T W ata! & gt

tarmula bilan hisablanudi {2-chizma).
Aper D sobay =¢, ¥ =d wg'n chiziglar hamda %, (y} va X249}

chiziglar bilan ehepgaralangan bo’lsu, u holda ick: o'lchovdi integral

a | vl o az)
U flx e ddxdy = { I Fla, yyde[dy = } dy I Fx, y)idx
I ¢ 1407 v % ()
formmela bilan hisublanadi (3-chizma).
v ¥R ":} .
v . : 3 .__...’..-, . /,---'
v //‘: o .._-' v / \ &
Lo s /f"--r'
Pt £ % / nSgs /s
3' 7T S f’{:'l % | 4 "
;'A/ '/ // ; : i-------Jﬁ’...."’ - --4----.1
! T y=firt X %
L A B .
L ‘ o S dursa b n‘ Aasirzra

Agar inteprallash sobasi 4<nizmadagidek bo'lse, ya™ni ux =a,

x = b, y=c¥ = d W'g chiziglur bilan fagat billw wuqrada keshishisa,

u holde ikki o’lchovli integral quyidegicha hischlunadi:

NG




?

yalxd a I:IJ'!
[ )y = [ ax [ feiy=[ay | rey
i ¢ PRy

0
I -
o
| < ay
D i
l » = y(r)
¥ — H Y ]
| & o ‘
“ Gl b x Sidican £

Aper inteerallash sohasi S-chizmadagidek bo’lsa, u holds khi
o'lchovli ntegraini hisoblash uchun D soha x = x, aogta bilan
bo'leklarge be'linid, yuqoridewn formulalardan fovdalanih hisablanadi

Okldiy wrdg inteeralning barcha xossalart ikki n’lchovli integrallar
uchun ham o' iniidic.

Quyidagt ikKi o' chiovli integrallar hisoblansin.

L [l agdad, , bu yorda N sohs y=2—2% va y=2x—1

o . &
chiziglar bilan chegarslungan. I e

2. ffonted, huyerdaDsohay =x, ¥ =0, x=11u'g'n chizigler
. ]
bilan chegeralangan. It s

3, ”rm‘rtiv. bu verda D sehw: @y x=Ux=a,y =0y =h g
chiziglar bilan chegeralangun to’g'ri to'rthurchak; by 4x7 + v? <1
clhips hilan chegarzlangan; ¢ y= r—4 1o'g'n chizig ve y* =2x

parabola bilan cheperalangsn. J:a) €= b;n c) 99.

30

(((x+ )iy , bu yorda D sohax=0y=0x+y=23 e

, l
. %X =2y wgn /’

-

chiziglar bilan chegeralangan, It Y.

U Xlt’d" bu vcrdu D 50]]3 X = 21:" =
D ’

3 .ot
Jl

X |
chizigiar bilan chegaralangsan. Is- 2arely 5.

6. Quyidag ikki kurrali integrallar hisoblansin:

>

il

1) i’d;!.l'x-u-::-ﬂ-. x:

2) ).h(l— Im. ¥ B

;l\l

3) acf v, 12—

1058

1) _[‘&]xh')s}vl AR

X 2
Sy [ar J izizyds, Ji50T

2 . -

Y

0) Id*;{x'fzfy'ﬂ)'. 1- 264

2 0

L !', o
M ]-.g, J (zazds, Ji—=T1Z;

&) -ih"_[e:'i", Jia=s

P — 506,
9N _‘d\! Ja- sy, JZ?",
£ "%

2 4

10 e [ c2x -y, I 0.9,

e i
1) [ees vl vy T -
3 r i

3




s ; PO
12} fa | &, J2EED
J z

Lo Quyidagt kki o'lehosd] intezrallarda  inregrediash  Lurtini
o’zaarurilsin:

i e Lo
1) 1' | Az prn 'm T T im ppute Ja)-:
v 13 ;,' Y
~ Ve [ ¢
Je ! T e
Z] ]. r.‘. S, weh I :[(o I Sl pidy;
¥ p
\ \ﬁ:‘. E AR
1' L= % ; £ ° .
j':ay J S sy I r-?_l' [ A
> ar - ‘Jr : -
| 98 :
4,‘_;-‘.".] Flx, v I: Iﬁ'}'[,“l.a.}':.il'.
» oy < »

2-8. Tkki o' lchovli integrallar yordawmida yuzlar va hajmlarni
hisublash

Agar _o;! Fleviied, lnlegralda Fxp) =1 bo'lza, u lwlda By

meegzalning giveati D sohanine yuzini heeads. [ damuk,

= U dxdy
D

Agar D soha @0°s™ri bo'lsa (L<hizma), u holdis yuz yshou
&g owelal o
5= | j dy ) )

o
Q 00X /s

ik karesli integral bilan hisehizoadi.

4

7o
R ) walr) ,._?/_
-~ 4 '
5 / friz 3
7 I/ ’/ ,'(. // ,/ l.
7 / Py /' St 8 S o /, k‘.
% A8 s 7 8 5 s A
L . V5 7
4 / /' AL / F Al
e R 1 (S B A ey A R
7 el X .
} o AT
2 Lchzme . Zeiem

Apar T soba W=y = x,(3) = x = x(¥) tengsizliklar bilan

umglangan so’lsa (2-chizma), 1 halda bn sobaning vuzi ushbu

! Yl
o -
&= J! dxidy = J dy ( ar
i o

ikki karralt integral bilan hisohlanadi,
Agar 1) saha quth Koordinatalarida ¢y <= @ < @, 1y (@) 2r= ()

rengsizliklar bilan aniglansa, u holda bu subaning yws

Wz raly)
S= U rdrdy = J ey { rir
v $1 niE

formula bilan hisvblanadi.

z =%y} sic, z =0 wkislik va yo'naltruvehisi 7 sohaning
cheparasidan iborat bo'lzan w'g'n chicy, yesovemsi csa 07 o’gga
paraliel silindric sire hilan chegaralangan Ssmuing V' ohimi, D soha
bu'yicha [(x,») funksivadan olingan ikki o’lchovli infegralza eng,

va'ni
o~ [ sy
[

13




____

St zichligh bicga teng bo’lgan yossi shakd og Tk markazining
koordinatalari:

[ xelxdy [[ ednedy
R (S o ——
T

formulalar bilun hisoblunadi. Agur sint zichlipi a’zearuvehan, vatni
¥ = plx. v) bo'lsu. v holda idug f iagi inis!

. ¥ 4 holda yuqoncae focmalalar quyidagi ke'rinssads
Ho'ladi:

[ vt s Ty, ity
; U F(x, v)dvdy g ]] 7i(x. y}&'m}')—:

12 yassi sheklning Ov va Ox 0'qlarga nisbatan stutik mornentlar

My = ]f vix, yyedxdy: M, = ﬂ 7ix, ¥)vdxdy
0 &
formulalar yordamida Aisohlunadi.
! J X, videdy fatesral qarslayotgan shakinin & assasing fudalaydi,

1. Quyidagi chiziglar bilun chegaralangan yuzlar ikki o'lchovli

tulegrellar bilan vozilsin va hisoblansin:

xy=4y = xx= 4 Ii6—4In2;
Ny=—xiay—xty=4 szg:
Hy=x*4y =% x =42 1:4;

4 y* =4+ x,x + 3y = 0; I 205,
Sley = x* — 2ax,y — x; I "7":
Bly=Iz,x~y=1y=-1: J:;'— 3
Ny=xty=x+2 J:a5:

34

M)y =sinx,y=cosx,x =,

Uix=Ady—y% x+y =6 J:-z:

Wy =2 -y =dx+ 4, 1%

2. Quytdagt sirtlar bilan chegaralangen jismning hajmi hisoblansin:
Bz=x?+yixty=4 x=0y=0z=0 L%
Dx=x2+yiy=x3y=12=0 J':::,;
y=xty=1Lx+y+tz=4z-0: J::’;:;
Nz=y*=x2z=0y=22: 1:33—2.

3. y¢=48x +1 va y* = —2x | 4 chiziglar bilan cheguralangun

[gura og’ilik markazining koordingtslart topilsin: Jxe. =<, 3. = 0.
Lot T R o 1
gzt =1 ve uning THT=1 valal bilan chegaralangzn
> b

jismwing og’irlik mazkaz koordinatelurn lpilsin

I x o = —
Rt 3':“_3}' jc

X2
3-§. Uch o’lchovli integral va oni hisoblash

Fazo § yopiq 3t bilan chegaralungan biror ¥ soha va uning
chegurasids  biror f(x,»,7) uriuksiz funisiva wniglangan  bo'lsin
[x,v.2) = 0bo’lgan helds bu funksivani ganduvdir bir moddaning ¥
solaga tgsimlanish zichligi deb elishimiz mumkin, ¥ sohen ixtiyoriy
ravishde AV; sohalarga bo'lamiz. (Al belgi sohuning o'gurishi emos,
halki vnng hajmi ham deb qaravmiz). Har bir AY; sohada ixtiyoriy #;
nugtani tanlab olemiz va f funksiyaning tu nuqgradagi givmatini (£,)

biten belglab,

312




D repay, ()

=1
integral vighindini tuzamiz. Agar bunda AV ning eng katla diametrini
noler intladigar gilib AY: larning sonini cheksiz urltirih haremiz. Agar
fx.3.2) tunksiva uezluksiz bo'lsa. (1) integral vig'indining limid
mavjud bo’ladi. V sohani bo’lish usulips ham P nuqgeeni taplash usuliga

am bo'lig ho’lmagun bu limit

ffrem

ku'ninishda belgilenadi va uch o’lchovli integral deviladi. Demak,
>

Im Z}"(PJ-.‘W} —fn fIPIV  yoki

ATV sl
=1 &

gf f(Pyav = J;ﬂ flx, v 2)dxdydz  (2)

Agar fx, ¥, 2) funksiva V sohadagi modda legsimlanishining haim
zichligh deb xisoblansz, {2} integrul V najmga kirgan barcha modduning
massisini beradi,

V' soha pastdan 2 = @(x, ¥) sist bilan, yonqoridan z = @(x, V) sir
bilan chegaralangan bu'lsin. V sohaning A0V rekislikdagi proveksivast
D soha bo'lib, u y = ¢ (x), y=walx) x=a.2x=4% chiziglas bilan
chiegaralangan deylik. U holda V soha hoyicha vlingan uch kacrali
integral quyidagiche aniglanadi:

s

_———-

h g o) :,*,,f,s__).:.
J' ( J flx.y.z)}|dyidx  (3)
@ \min [pio)

Uch o'lchuvll inregralni xisoblash weha aniy integralni yoki bitta

ikki o' lchuvli va bims anig integealni kerma-ket aisublashes ke'triladi.

Agar ¥ sohi nshhu
as=x=h
{ yy(x) =y = wlx)
7,(x,3) = 2 = 2,02, )

tengsizliklas sistemasi bilan aniglangan bo’lsy, v holda nch o lchovli

integral quyidagi formula bilan hisoblunui;

b Falx) 2:0a))
] ﬂ. { (%, y, 7)dxdydz = { dx J ddy ] flx,y,z)dz yoki
i a  wilx) ERE ST
) #2270
! ﬂ fix, v, zidadydz = J I dxdy [ fley 7 dz
v n e A

Ager [(x,9,2) = 1 bo'lsa, V soha bn'vicha clingan uch o’ lchovli

integrel V sohaning hajmin ifodalaydi.

V= J!j dxdydz

Quyidagi ueh o'lehavli integrallar hisohlansin:
1. ﬂj:dxa}xt, bu yerda V sohu x+ybtz=1z= O,y=0x=49

- 1
lekisliklar bilan chegaralangan. J: o=

S




2. ” stz by verde Vosoba z = xy gipecbolik parabaloidl

hamda x 4 y = 1, 2z = U tekisliklar bilan chegaralangan. J: —,
ae”

3 j!] ooz v)dvadye . bu yerda ¥ sohe y = T silindr va v =

> L e ! "
s=Ulxtz= s lexasliklar hilan chiezzralangan. I Lt
e 3

4, I[I):V:d(d)t&, o }'el'éi& I¥ soha ¥ = }:z'x - yz.z =xvvaz—10
sirtlar bitan chegaralangan. It é
5. J])'[.‘:.\+,;-,kt«(~,wl: » bu yerds V soha y=x, x=1,2=1 va

7 =14 x% + 3% sirtlar bilun cacgeralangan. J: -:—;.

fi. Quyidagi veh karrali integrallar hsoblansin:
L il 1
L) _:dr:[dyj’.x',v‘z&b. I: rPT

-

,,l]dr[.f.:-d. J:’:—':
3) fae| b fid-zhae, 1
T
4 [e| o | . ks
abc

s & .n
5 ] ] IL_! ({u" [.l’: = Vg2l
< 2

< (@2 +b% +c?)

] JJA'IJJT ad, I %‘;
t r '

£ A3 - 82 v L - ey
tateat = 1 ellipsvicming haimi hisublensin, I; _i:m"’.
8 2%+ 3y* 1+ 2% = 64 sferaning hajeui wpilsin, J: :""

e |

_—

4-§. Ririnchi va ikkinchi tur egri chizigli integrallar
f{x,¥) = f{P) tunksiva AB vassi sillig egri chiziqning barcha
nuqralarida aniglangan va uzuksiz bo’lsin. Bu yoyni vzuliklen
Aly, by, ..., AL, bo’lgan n ta elementar yoychalarga bu'lamiz. Har bir
i — pa’lakda ixtivoriy P (xp. ¥} nuglan: faalab olib, funksiyaning bu P
neqradagl givisatini mos clementar yoyeha uzunligiga ko' paytiramiz.

Bu ko'payimalardan

S post yok ) fxuydsh (1)
it L

vig indini tweemiz. Bu yig'indi (x, y) funksiya uchun AD yoy by’ vicha
integral yig'indi dexiladi.
i1) integral yiglindimng elementar yaychular vzunliklarining eng
kamms: nolea intilgandagi limiti birinchi tur ege chizigh integral
evitudi.

lin Zf(g,,yf)m, 8 f [z, )i

diuredi; 0
lm

Agar A fazodagi cgri chiziy yoyi va bu egri chiziq bo'ylab
uzluksiz £(x, ¥, 2) fenksiva berilgan bo'lsa, u holda epri chizigli intsgral

quvidagicha boladi:

m:x&t.-:ozf(x" 7 )Al = if(f";}".z’)dl
i

Ririnchi fur egri chizgli integeal uchun cuyidegi tenglik orinlidir:

{ flx,p)dl = f fx y)al
i
e




Buneli tur egnd chizigh integralni hisoblash aniq integralod

hisnblalisea kelticiladic

L1 agar yassi AB cgn chizig x—x(thy = y(tlha=t =g

pastretcik englamalar Silun berilgan batlzs, cpri chizigli lntegral
quiidagi forauda bilan hisoblanudi:

¢

. e

J Fl,wnil = f,"[x(t).}'(t}]\}x'z |

Ak

i

¥dr

Agar AR ezn chizig fezodax = x(r), v =yl r =z2(t), 0 i= §
pargmenik fenglawaler bilun berilpan oo'lse, w helda egri chizigli
integral quyidagi forooula Hilay hisoblandi:

#

(f(X'J'" 2yl = {flx(‘l}'(ilz(!]] \|'-‘:‘2 by 27 de

(44

2) agar AB egri ehiziq y = y(¢) {a=x =) tenglama bilan

herilgan ho’lsa, cgri chiziglt integzul yuyidagicha hisoblanadi:

-

5
[ fieynai= J [Ty (] 1+ 3% dx
in ]
3) agar AL vassi egri chizigx — x(¥) (£ = ¥ = d) tenglona bilan
Berilgan bo'lsa, ezn chuzigh integre! quyidagicha hisohiznadi:
o
J Sl yldl = {,"fx(y].y] V1 b2 dy
Al =

P{x,3) va Q(x, ) Tuaksivalar biror vasst silliy A2 egri chizigning

harche nuqralarida andglangan v uguksiz. hamade Ax, Ax,, .., 8x, va

Ay, bz, . A, lar clementar yoychalaming e ve OY o’glurgs

proyeksiyalan bo'lsa, u holda

n
¥ It ybn +Qlr ] @
=1

yigiindi P(x, ) v Q(x,») funksiyaler uchun kourdinatalar be'vicha
integral vigtindi deyiladi.

(2) integral ¥ig'indinivg, maxdx; = 0 va maxdy, = 0 dagi limi
AT vay yo nelishi bo'yicha ikkinchi wir egri chiigli integrol deyilad:.

n
im ZP(x:.‘y.-)Ax; F Q@ yddy: = ( Plx, yldx 4 Qlx, ylay.
PR ]

s

et = A5

Ikkinchi tur wgei ehizigh integral wehun

f Px.y)dx + Oy )y = — j PLx, 3 )dx + Qx, )y
A dAa

Agar integrallash yo'li vopig <l chizig bi'lsa, u holda egn chizigli
tregral quyidagicha yvoziladiz
}l. Plx, y)dx + (G{x, ¥)dy
Ikkinghi tur egri chizigh ntegralni hisohlash L anig tntegralni

hisoblushga keltiriladiz
y agar vassi A0 epri chizg x = x(t),y = ¥{1) parameink
lenglama bilan perilgau borlss, u helda ikkinehi wur eari ehizigh integre!

quyidagicha hisoblangdi:

‘o
I’ pix, ydax + @iz, y)dy = ( [P Grin ), # (e () 4+ (e, yiiyhy ()] de
!-"h -':'.

32




Agar AR egri chiziq fazoda x=x(t) . y=y(t) , z=2(1)
parumetrik renglama bilen berilgan bo’lsz, v holds xkinchi tur eerd

chizigli integral quyidagicha hisoblanadi:

{ Pla el b @lx yoddy | Rla.y, 2z - f [ (), wle), 200 ) (e) 4
.E -

.'. ‘(

QUL (), () )y () + R{x{e), wie), 2()) 2 (€)1de.

2) agar yassi AB cgri chidy y = y{x} tenglama bilun berilgan

ba'lsa, v holda ikkinchi tur egri chizigli intecral quyidagicha
hisoblanadi:

’

h
[ Ptydie+ Qe vy = [ 120 v0) 1 0y Glax
A8 a

3} upar vassi A8 cgri chizig x = x2(y) tenglama bilan berilgan

bolsa, u holda ikkinch: fur ey ehizigli integral quyidagicha

hisoblunadi:

d
f Plx.yjdx + Q(x. y)dy = f [PCx0 ) (3] + QUx(y), 3]y,
Al 5
] ]"(;-_:M" epsi chizigh integral hisodlansin, Bu verda 1, — l'e'ri
chizigning A(0, 0) dan B(4, 3) gacha ho’lagi, J: &
% !m’:’ i bisoblang. Bu yerda £ G{0,0) va A{1,2} nuatalarini
tutashtisuvche to’g'ri chizig kesmasi. J: %

3. fa 3w hisoblang, Bu verda 1, x* + 4% = 9 aylananing birinchi

vadeantda yotovehi gismi. 1: 27,

Il

4. (- pi hisoblang, Bu werda L ¥
~ XtV

x 2 t'e'1i chizigning

A(2,3) daa B(3. 5} gacha bo’lgan qism. L 1'—‘

5. [(44s-3a i hisoblang, Bu yenda 1 Fi- 1,0) va H{0,1)

—

nuglalardan o ek w'g i chiziy kesmasi. J: —5y2.
6, A(4,2) va B(2.0) nugloler berilgan: 1) 0A ta'g'n chizgg,
2) 0B A sinig chiziy bo’yicha [[{(s—yide xay| ni nisoblang. I: 1) 8; 2) 4.
7. A{U,1), B(2,5) va C{0,5) nugmalar berilgan. fatyieli=2ydy]
integral: 1} AB to’e'n chiziq ho'yicha; 2) v = x% + 1 pargbolaning Al
voyi bo'yicha; 3) ALC siniq chizig bo'vicha hisoblansia,
Ly-16 D -=

= — - . VRS UL SPURPSR
8. Apar X = veost , y=vsint, 0 <27 ho'lsa, [yudyo o

i nisebleng. It E

9. [wx-yldessdy ni hisoblang: 1) y=2x chizig bo'yicha, 2) y=2x%

- 1 31
171 ‘vic 1y = 2} —,
chizig bu'yicha. 12133 2) =

10, (ygvivdy ni hisvblang. Bu yerda L x = acost,y = bsint

ellipsning scat mili harakati bo'yicha aylamb o'liladigan yngori yarmi.

12 ab?.
3
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