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I-6O6. UHTEI'PAJIJIAP

1-§. UkKHu YI40BJIM HHTErpaJ.

Tavpugp: ®apa3 kunainmuk XOVY Texkucnuruaaru oupop €nuk D coxama Z = f
(X,y) GyHKIMS aHUKJIaHTaH Ba Yerapajianral OyJICHH.

D coxanu uxtuépuii n ta A
D, D; ... D, Ta 6ynakvanapra 6ynub, Oy
OyJIaK4aJIApHUHT I03aJIADUHUA MOC PaBHIIIIA T T

ASi, AS;,... AS, ne0 Ba xap oup /
Oynakuanapaan uxtuépuii M; (€, 1)
(1=123,...n) HyKTa 0IM0 KyHUIar¥ HAFUHIHHHA x
tysaiimak V= (&, 7)AS, (1)
i-1

OHr karrta auametpiu Dj Hu A aeitnuk, spau A= max {D;}

Arap (1) unrerpan vuruaguHUHT A— 0 1a D Hu V' D; 6ynakdanapra
akparuii ycynura Ba xap oup Dj ma VM (§; i) HyKTaHM TaHIa0 OJHIN yCyIura
OOIUIMK OYMaraH JUMUTH MaBxKyJ Oyica, Oy miumutra f (X,y) dynxkmusigan D
coxa OVinuya OJIMHTaH UKKH YITYOBJIM MHTErpal JeHnIaad Ba

ﬂ f(x, y)dxdy éxu H f(X,y)ds xypunnmmnapna 6enrunanany.
D D

\
)
)
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v

Hkku Yauoeiiu UHmeZpalHuHZ xoccaiapu.
1. g kf (, y)dxdy = k g f (x, y)dxdy. (k-V §3rapmac)

2. ] [ra6unt aopiaxay=[] 1 oouyaxay £ ]| facy) dxay
D D D
3. Arap D=D; +D, 6¥ca

_[)I f (Xx,y) dxdy :” f (X,y) dxdy +_U f (x,y) dxdy

Dl DZ
4. Arap T (X,y) dynknus D na y3nykcus Oyica Oy coxana mrynaaii oup M (Em;)
HYKTa TOTWIATNKH, YHIA _U f (x,y) dxdy = f (§;,m;) S mynocabat ypuriu
D

Ooynmamau. S-aca D coXaHUHT 103acH.

Hkku yauoeniu unmezpainu xXucooaau.

XOY Ttexucnukgaru énuk D coxamus
y=01(X), y=02(X) yr3uKJIap OWiiaH yerapanaHran 0yiauo, yHu



X=a,X=b (2) xoopmuHaTa YKJapura rmapaien TYUpH Yu3uKmap  ¢p(X)<

@2(X), a<b MKKH HyKTaJaH OPTHK HyKTaja KCCMacCHH.

y &

X o

By coxara OX yku iyHanuiu Oyitnda Typu coxa Achuiaam.

Xynau myHUHTAeKk D coxamus Kyiuaaru 4n3ukiap OuiiaH verapaianrat Oyica
x=y1 (y) Y 4
x=y3 (y)
y=c¢ vy D .
y=d (3

V1 (V)< y2 (¥) >
c<d 0 X

[
»

Oy coxara OV‘}“?fI/I WyHanmumm Oyitnda TYLpu coxa Aevuiaam.
VY Xonaa UKKHA Kappaiau UHTETPAIHU OJIM UHTETpall KaOu WYKU UHTErpaiiaH
Oo11ad HHTErpalJIaHa M.

b ¢ax) b 2 (x)
[[toupdady=[ ( [ faxydydx=] ax | foydy s
D a (pl(x) a gﬂl(X)
d fﬂz()’) d P2 (y)
[[feeyaxdy=[ ( [ faydady=] dy [ f(xy)dx.
D c o (y) c o (y)
1 1 42 u? y2 , X4
Mncon.j j xydxdy = _[ xdxj ydy, Gy epaa I ydy="- 0 =
0 0 0 0 0

1 Loox4 Lox° 1 x5 1

2
Oynranu y4yH, .([ xax _([ ydy E[ X dx I 2 dx 56 12
Jcaarma. Arap D HU KOOpIMHAT YKIapura napauiei TYIPH YU3UKIap UKKH
HYKTaJlaH OPTUK HyKTaja Kecca y xonaa D Hu mypakkab coxa nevinnaau. Arap D
Mypakkad coxa Oyica yHH OUp Heua TYI[PH coxajlapra axpartud oJuHuO, mry
TYIpH coxayiap Oyiinya OJIMHraH UHTerpalapHuHr iuruHaucu my D coxa Oyitnya
OJIMHTaH UHTETpalHu Oepau.

112 J1-4x

Mucon. | = IdX I( X+ Y )dy xappamm uHTErpan XuCOOGIAHCHH.
0 0

Eunnr: Materpamiam coxacu o : X =0,X=1/2,y =0 tyupu unsukiap Ba

y=+1-4x* srpu umsuK (1puM smunc) 6unan yerapananran OV ykura



HUCOATaH CTaHAAPT COXATUP.
1/2 +1-4x 1/2 2 1/2
y Vi-ax > 1 2 1
I = |dx X+ y)dy = Xy +— dx = XV1—=4X" +==2X)dx ==}
Jox [ Ocrydy= [ Oy g Joxd S~ X" dx =
|

dx | f(X,y)dy kappanu unTerpammapHu MHTErpaaIam TapTHOM

=]

X

Mucon. =

._\'—.m

o

V3rapTUPUIICUH.

Eunm.  ABBan maximjaa MHTErpauiaml coxack O -HM TacBUpJanMus.
bepuiran kappanau MHTErpai derapajapuial KYpuHuO TypuOanku, O -coxa X=I,
x=e, y=0 Ba y=INX ym3ukiap OnnaH yerapajaHraH CTAHJAPT COXa DKaH.

O -CoxaHuHT 3HT nacTky et yn3nim (OX) Ba y=0 3HT IOKOpH YeT HYKTacu
y=1. OY-yxkunuHr nxtuepuii Vy € :bl[ HYKTAacura yTKa3wira rOpu30HTaJIHUHT
«KUpHUIID» HYKTa abluccacu x,=€” (yau y= InX TeHTIamMamaH TOMJINK) «YUKHIID
HYKTa a0IMCccacu Aca X,=¢e

e In x

e 1 e
Hemax | =j'dy_[f(x,y)dx, SIBHU: _[dxj'f(x,y)dy :J'dyjf(x,y)dx_
0 ¢ 1 0 0 o

Wkku y190oBAM HHTETpA EpAAMUIA XaXKM Ba I03aJIapHU XM COOIAILL.
WKKkH YIT9OBIM WHTETPATHHHT T€OMETPUK MabHOCH FoKopuaan z=f(X,y) cupt
OwiaH €H TOMOHJIAPUIAH ACOBUMIIApH 0Z YKUTa napasuielsl OyJaraH HAIUHAPUK
cupT Owian mactaaH D coxa OuiaH yerapajiaHraH >KUCMHUHT XaKMU HIU:

V= j j f (x, y)dxdy

Arap xucMumu3 kopugan Z =D, (x,y) nactaan z= @, (x,y) cupmiap
Ounan yerapananrad 0ymmo, Oy cuptinapauar XOY maru npoeknusicu D 6ynca
Oy *KUCMHUHT Xa)XMU KyHujaaru popmMysia OuiaH XucoOIaHaIu.

V = [[ 12, (. y) =, (x, y)ldxdy = [[ @, (x, y)dxdy —[[ &, (x, y)xdy

N P
S~

1
0 p vl
X — >
Mucon. y? +72 =4a¥, y* =ax Ba—x=3a cUpTIap OWIaH YyerapagaHraH KUCMHHHT
XaXMHU TONWICUH(IWIMHAP/IAH TAIKapUaa).
Eunmr: 1) y*+z° =4ax cummerpust yku OX OVyiran aiinanma mapabanoun; 2)

y’=ax scopuucu OZ Vykura mnapawien Oynu0O, wWyHanTupyBuncu XOVY
TEKUCIUTHIA y° = ax mapadonanad ubopar Oyiaran napaboauk muinHAp 3) x =3a,
OX-ykumaHn 3a-ra TeHT kecMa axpaTtnd, YOZ Tekuciurura mapajien OyiraH
TEKHUCJIMKJIap OWIIaH YerapajaHTaH dKaH.,

Kuem XOZ Ttexucnaurura HucOaTaH CUMMETPUK JKOMITAINTAHIHMTH yIyH
YHUHT 1-OKTaHTamarm KHCMHHHHT XaXMHUHU Xuco0jad HaTwkaHu 2 Ta
kynaiitupamus. JKucm XOVY Tekucnuruga y® =4ax, y°=ax mnapaboianap Ba
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Xx=3aTyrpu uu3uK Owunan derapamanran OX ykura HUcCOATaH CHUMMETPHUK
xoinamran (J]) coxanu axxparasy.

N3manaétran Xaxxm Kyiugarunya XucoOjaaHau:
3a 2Jax

Y =Hw/4ax—y2dxdy= 2[ dx J‘w/4ax—y2dy= 3a°(4IT-33)
A 0 Jax

MmucoJ. x=0, y=0, x+y+z=1 z=0

CI/IpTJIap 6I/IJ'IaH qerapaﬂaHraH KUCMHHU XA KMHWHU TOIIUHI.
1-x

h (1-x)? 101-x)°%, 1
\Y =E|).dx.(|; (1—X—y)dy=£%dX=E%|é=g KyO OUpuk.
VA
X+y+z=1
z=1
\1
Y
x=1 x+y=1
X

103a xucoonaw. Arap > f(x,y,)A
i=1
oup necak sehu f(X,y)=1 1e06,4 — 0 na tuMuTra yrcak

Iﬂlgg); f(x;,Y,)As, = le;Asi =5

uHTerpai wuruaauaa f(x,y) uu

HNKKMHYY TOMOHAAaH

lim ;Asi = g dxdy
neMak ~ S= H dxdy  éxm coxa (2) kypunumma 6yica
D

¥2y(x) b

I £ yydedy = [ax [dy = [lp,(x)—@: (=5, -5, =5 6ymann.

a  ¢(x) a

Mucon. y=2-x* Ba y=X 4M3HKIap OUIAH YerapalaHTaH 03aHH TOIIHHT.
y=2-x* Ba y=X maH X’+X-2=0 GyHman X=1, X=-2
1 2-x
S= Idx Idy =4,5 xB.Oup. y
-2 X

C(1;1)

v




(-2;-2)

Mucon. x=0, x=2, y=0 TYIpu UYM3UKJIAp Ba y=¢ OIrPH YU3UIN OWIaH
YyerapajlaHraH COXaHUHT F03aCH TOMUJICHH.

bepunran coxanu OX-ykura npoekmusuiad, X-HUHT V3rapumn coxacu 0;2
KecMaHu xocun kuiamu3. Coxa mactaad y=0 Ba IOKOpHIAH y=¢" YHM3HKJIap OuiaH
yerapanaHras. by xonaa uznana€rrad 103a Kylujaarnya XucoOJiaHa u:

2 e 2 @ 2

S:JIdXdy = J.dledyzjly | dx:jexdx:ex |12 =e’ —e=e(e-1)

D 0 0 1

0 1

Mucon. x=0, y=1, y=3 TyTpu yu3uKiap Ba y=l runepOosa OuiiaH yerapajiaHra
X

HIAKJIHUHT F03acy TOonuJcuH. by coxann OY ykura npoekuusuiaiimus, yyHkn OX-
YKura npoekmusiacak, 2 Ta UKKA Kapaiu UHTETpaIHu Xucooaiira TYyrpu Keaaau.
by epna xam ¢opmynanan, Qoiinananud, yHIaH Kappalid HMHTETpajira YTcak,

1
y 3 1
szjdyjdx=j—dy=|ny\f =In3-In1=In3 Gynamu.
1 0 1 y
Mucon. y"=9+x Ba y°= 9 — 3x mapaGoiuiap GWIaH derapalaHTaH COXaHHHT
103acu TowicuH. Coxa OX —ykura HHcOAaTaH CHUMMETPUK >KOMIAITaHW Y4yH,
YHUHT FOKOPY SIPMUHUHT F03aCUHU TONMHUO, 2 ra KynauTupamus.
1
3 3y

S = Zidy j
0 )2
3

2 ¢ ) 8 Y s
—j36—4y )y = —(9y—"—)| = 48 kB.GupnK
39 3 3

2

3_12 3 l 3 4
o dy=2!(3—§y2—y2+9)dy:2!(12— ;’ )y =

3
dX:ZIx
0

9

2 y
Mucon y=¢*, y=e™ srpu umsukiap Ba Xx=1 TYrpW 4YM3WK OWJIaH YerapajaHra
COXAHHUHT F03aCH TOITHJICHH.

Euynr:
1 2x 3
1 11 1 1 1 1
S=|dx | dy=|(e* -¢" = —e? —e* =—e’—e——+1l="e€’—e+—==(e—-1)"ke.0up.
!e[y!( )olx{2 }02 S+i=2 5 =5 (e=1)"xe6up

NKKH yI40BJIM HHTErpaa y3rapyBuMJIapHU aJIMAITHPHIILIL.

Wkku ymqoBian UHTETpaIIa Y3rapyBUMIapHU amMalTUpuIl (GopMyaacu

I £ 0 yyady =[] Flo@ iyl T@y) ldudv— (4)

g ox

L) = 205Y) _lou ou
’ o(u,v) |9 Oy
ou ov



Macanan z=f(x,y) pyuxkmusgan D coxa Oyiinda qekapT cucTeMacuaa OJIMHIaH
WHTETPATHN KyTO KOOpIMHATANIap CUCTEMACH/1a XUCOOIalINK
KyT6 koopauHaTacu OminaH JekapT KOOPAWHATACH OpacHIaru OOIIaHWII Ou3ra

X=pcosp 0<@p<2n
MARIYM: 1 x = psing 0< p<ow
1) Kyt6 coxanan Tamkapuma 0yica
B P2(9)
ﬂ f(pcos g, psing) pdedp = [do [ f(pcos g, psing)pdp
a Pi(9)

dbopmya OuniaH XucoOJiaHaIu

2) Arap KyT0 COXaHUHT qerapacw:[a oyica
p(9p)

ﬂ f(pcosg, psingp)dedp = fdco ff(pCOS(p psing) pdp

0
(bopMyna OuaH XI/ICO6JIaHa,III/I
3) Arap KyT0 coxaHuHT n4mja OyIca, y xoinaa Kyiugaru gpopmyia Ounan

XrcoOJIaHaIu.
2z plp)

H f(pcosg, psing)dedp = Id¢ j f (pcos g, psing) pdp

0
Mucon. | = H xdly 0
1. - I/IHTeraJI XUCOOJIaHCUH
§ X2+ Y2

Wxku Ya4oBiM WHTETpa KyTO KoopmuHatamapu @ Ba r japra yTud
xucobnancuH, Oy epaa S-pagmycn R=1 6ymu6, mapkasu O(0,0) Hykrama 6yiaran
ailllaHaHUHT OUPUHYH YOparH .

Eunin. +X° +y° =T domynanu kyiuiad | =H rdrrd¢) =Hd¢dr HU
S S

17
gukapamu3. S—coxa 0< g < 0 0<r< 1.TeHrnmkiap OWIaH aHUKJIAHAIN.

S|

n

2
H
Iyuunr yayu ¢popmyara acocan | = I de I dr = ?

Mucon. |=H(X +y?+1)dxdy wumTerpan kyr6 kopamHarazapura yTHG
S

xucobmaHcuH. MHTerpamuiam coxacu S Mapkasnapu KoopauHaTanap Oommnia,
paguycnapu 3ca  R=1 Ba R =2 6ynran xoHumeHTpuK ailnananap Ba y=0 , y=x
TYLpU YU3HUKJIap OWIIaH yerapajnaHuO, OUpuHYM Yopakaa ETraH coxa.

Eumm. x° +y? =r%, dxdy=rdrdp  ¢opmymara acocas,
I =H(r2+l)rdrd¢_
S



by epnra S coxa OS(oS% , 1<r<2 TeHrcusnukiap OWaH aHUKJIAHA]IU.

JHemak (I)OpMYJIaFa acocad

n
+ 21 2
r’+r)r=|(—+—)|d —d
‘!q)!( ) I( )‘¢!4¢16
Mucon. 1= H f(X,y)dxdy unrerpanma xyr6 xoopaunaranapu ¢ Ba f apra

YTHO, yIapHHHT Yerapaiapy KyHmicHt, 6y epaga S JemHuckarta (X2 +y°)*=a?(x’-
2

Y)

Eunm. X =rcose,y=sing

dopMytazan (oiizanancak 6y Xouga JIEMHICKaTa TCHIIAMACH —[°=a°C0S2 ¢

KYPHHHIITA KeJIa/Iu. dxdy=rdrd ¢ HU Xucoora OJICaK,

|=[[f(rcosp,rsing)rdrdg 6y epma S=S;+S, 6ym6, S, coxa
S

3fS¢)SSf, 0<r<a,/cos2¢, Szcoxa—%S¢S%, 0<r<a,/cos2¢

TCHI'CU3JIUKIIAP 6I/IJIaH AHUKJIaHAJH.
Jlemax, I=HF(r,¢)rdrd¢-| =HF(r,¢)rdrd¢ =
s, S,
si P
4 a./cos2¢ a\/m
I=[dp [F(r.pdrs= Id¢ IF(V¢)fdf
3

S 0
4 T4

by epnaa, f (r cose,rsing)=F(r,p) ne6 Genrunananu.

Mucon. J]w/4—x2—y2dxdy , D:x*+y*=4
D

X=pCOS¢:>p2=X2+y2 ,p=2
X=psing 0<p<2 0<¢p<2r

2

2 27 2
[Va=p? cos? p- p?sin® ppdpde = [ pdp [ J4- p*dp =27 J4- p* pdp =
0 0 1 1

4—p2:t2
-2 = 2tdt 9 3
_[~2pdp =2;zjt2dt=—27zt—|2=§7z
p =00at =2 2 2
p=2,0at=0
Ay
_ p=p,(p)=2
X
; >




1. YOy uKKH YI4OBIM MHTETpaiap XMCOOIAHCHH.

1 1
1. [dx[(x* +y*)dy
0 0

2. }dx}(x + y)dy

0 X

4. [dy[(x* +2y)dx
0 0
T 2 dy
5. | dx
3 ~1[()("‘ y)*
a Jx
6. [dx [ dy
0 0
4 ZXX
7 idx{xdy

8. [[x’y’dxdy, D-—aiimana Xx°+y” <R’
D

9. [[xydxdy, D-coxa 0<x<l 0<y<2
D

10. [[e*Ydxdy, D-coxa 0<x<1, 0<y<l1
D

2. YOy UKKM YIIHOBIIM UHTETPAITIAPHUHT MHTErpaJijall TApTUOMHU Y3rapTUPHHT.

3x

3
11. [dx [ f(x,y)dy
0 X

NE

1
12. dy jyf(x, y)dx
oy

10



1 2x?

13. [dx [ f(x,y)dy
0 x?

2 2%
14. [dx [ f(x,y)dy
1 X

6

2 —X
15. [dx [ f(x,y)dy
0 X

2

1 4-x°

16. [dx [ f(x,y)dy

X2

1 132
17. [dx [ f(x,y)dy
-1 0

Vs sinx

18. [dx [ f(x,y)dy

10 lgx

19. [dx [ f(x,y)dy
1 -Igx
0 y+2 4 Ja-y

20. [dy [ f(x,y)dx+[dy [f(x,y)dx
-4 -2 0 —J4y

3. Ym0y WuKKM VYIUOBAM MHTETpayuiapia Y3rapyBUHIIApHU — aJIMAaIITUPUO
WHTErpaJIIaHT.

21. [[xydxdy, Oymma (P) coxa x’=y, x*=2y, y’=X, y°=2x
(P)
YU3HKJIap OMJIaH YerapajaHTaH.

22. [[dxdy, Oyuma (P) coxa Xxy=1, xy=4, x—-2y=2,
(P)

X—2y+1=0, x>0, y>0.

23. [[(x—2y)dxdy, Gynma (P)coxa xy=1, xy=4, x—2y=2,
(P)

X—2y+1=0,x>0,y>0.

11



24. [[ f(x,y)dxdy, Oynna (P) coxa X°+y*<RZ

(P)

25. [[(x* +y*)dxdy, Oyuma (P) coxa X°+y* =2ax.

(P)

26. [[(x*+y®)dxdy, Oyuma (P) coxa Xx*+y*<1.

(P)
2 2

a
27. j
0

dx [ x*+y*dy
0

28. [[xdxdy, 6ymma (P) coxa ¥x+3/y=%a

(P)

29. _'xzdxdy, oyuna (P) coxa §/§+§/§:3{/5_

(P)

30. [[/x*+y®dxdy, 6ynma (P) coxa 0<x<1, 0<y<x

(P)

4. Ym0y un3ukjiap OWIaH yerapajaHTaH 103a XuCOOJIaHCHH.

31. Szﬂdp, oyuga (P) coxa y=—,

(P)

32. S = [[dp,
(P)

33. S = [[dp,
(P)

34. S = [[dp,
(P)

35. S = [[dp,
(P)

36. S = [[dp,
(P)

.S = [[dp,
(P)

3

\‘

oyuma (P) coxa

oyuma (P) coxa

oyaga (P) coxa
oyanma (P) coxa
oyuma (P) coxa

oyuna (P) coxa

a2

X

X

x>0, x=1 x=2

x=0, y=0, x=2, y=¢"

y=0, y=X, Xx*+y?=2x
1 .
==X, =4—-—X

y 3 y 3

y=x°+4X, y=Xx+4

x> +y?=16, x*=12(y-1)

Xy =1,

12

Xy =4,

y? =X,

y? = 3X



38.S=[[dp, Gynma (P) coxa y®=10x+25 6a Yy°=-6x+9
(P)

39. S = [[dp, Gyrma (P) coxa X* +y* =2x, X°+y?=4x, y=X, y=0
(P)

x>y’ 2 2 2
4O.S=(_[Pj)dp, oyuma (P) coxa ¥+¥ =X"+Y

5. Ymby cuptiap 6miaH derapajaHraH XaXmiiap TOTHJICHH.

41. 7=9-y* mmmungpsa 3X+4y=12, y>0 TekuCIUK

X2

a’ a

2
+Z_:l1 YZEX, y:O, z=0, x>0
a

42. >

2 2

43. 7=5xy, y*=2x, y*=3x, x’=y, x*=2y, z=0

2 2

X +y
4

45. z=x"+y*+1, z=0, x=0, y=0, x=4, y=4

44. 7=

. xX*+y?=8y, z=0

46. z+y=2, z=0, y=x°

47. y=~x, y=2vJXx, x+z=6, z=0
48.3z2=y% x*+y?=4, z=0

49. X* +y* =3z, X+12=6

50. 2=3X, y=2X—-X°, y=—X, z2=0

2-§. BUpUHYY Ba HKKUHYM TYP 3TPH YU3HKJIN

HHTerpaiap.
BI/IpI/IH‘lI/I THUII ITPHA YU3UKJIN HHTECIPaJl.

Texucnukaa 6upop cuiutik AB srpu unsuk 6epuiran 6yau0, yama f(x,y)
byHKIMS aHUKJIaHTaH OYIICHH.

y M
Ai A /3/\
A
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0 X

Ouau AB arpu 4YM3UKHU A=Ag,A1,A,, ..., A;=B HykTamap Ounax A
Aii1  (1=0,...,n-1) éinapra axxparamus, xap oup Eituana uxtuépuit M; (&;,n i) HyKTa
onu6 Oy HykTtagaru f(X,y) GyHKUUSHA KHAMaTHHA f (&i,n i) 1e6 Oenrunad

KyWUJ1aru MHFUHJIUHA Ty3aMU3.
n-1
U:zf(fiini)Asi 1)
i=0

Max{As;}=\ nebd Oenrumiaiimx.

Tavpugh: Arap AB srpu unsukina anukianrat f(X,y) GyHkmus yayH Ty3uiIran
(1) #simrmaau A—0 na AB srpu unsukau A, Aixy  €lapra OYIIMIN yCyJura Ba
xap oup A, Aixy  éiiuama M; (&j,m i) HyKTaHU TaHJIa0 OJIMIN YCyJIMHATa OOIUTUK
Oyamaran nuMuTra ara oyica , Oy aumurra f(X,y) dyukmusgan AB srpu unsuk

Oyiinya oJIMHraH OMPUHYM THUI 3TPHU YM3UKIN MHTErpai Iehnuaan Ba I f(x,y)ds
(AB)

n-1
ne6 GenrmaaHagu. Jlemax. ELQ)G = L'L%Z f (& m)As; = I f(x,y)ds
i=0 (AB)

bupvHYM TUI 3TPU YU3UKJIM UHTETPATHUHT ACOCUHM XOCCAIAPHU:

1. [fooy)ds=[f(xy)ds

(4B) (BA)

2. [cr(xy)ds=C [ f(xy)ds

(4B)

3. [[toey) =00y s =] f,(x y)ds= [ £,(x,y)ds
(k) (k) (k)

4. Arap k=k;+k, O¥yca,

[fooyds=[ f(xy)ds+ [ f(xy)ds Gynam.
(k) (k) (kz)

Arap OupuHYM TUI 3rpu yn3ukiIn uHTerpanaa f(x,y)=1 aecak , y xomnmaa

] f(x,y)ds = _[ds =S -3rpu YM3HKHUHT y3yHIUTHAN Gepann. Arap f(X,y)
(k) (k)

GyHKIUSHA MycOaT Ba ¥3rapyBuaH 4Yu3uKM 3uwikK y = f (X, y) 1eb kapacax,

] f (X, ¥)dS - ynrerpan k-srpu unsukansar Maccacunn ndonanaiinm.
(k)
Teopema. Arap f(X,y) byHKIUS, MapaMeTPHUK TEHTIIaMaCcH
x=g(t)

v =0t )}6yﬂz¢m(a <t<B) (x) orpu uM3KKIa aHUKJIAHI'aH Ba y3JIyKcu3 Oyiica, y
- P2

XoJ1a _[ F(X,¥)ds  yurerpan massxyn 63116
(k)

B
[£(xy)ds = [ Flo(t)y. (V@™ (4" ()it dopmyna Guran xucoGnana.

(k) p
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Arap dazonaru (K) srpu YU3MKHUHT TEHTIIaMacu

X=¢,(t),y =0,(t),2=p,(t) (t, <t<t,) 6¥uca,
t

[Ty, 2)ds = [ o). 0,0.0, 0N O+ 0,” O+, Odt  G¥mamn.

(k) Y

Mucon. 3unumurn p= f(Xx,y,2) = J?y KOHYH OuWJiaH y3rapajguraH Ba

(azomaru napaMeTpuK TeHrIaMacu X =1,y = Etz = 5'[3 (0<t<1) nap 6unan

6CpI/IJII‘aH OIpU YHM3UKHHHI' MACCACHHH TOIIHMHI.

1 1
M = [ f(xy,2)ds=] pdS=_[\/Z_Yds=_f1/2%.t2w/xlz +y" zidt= [tVIt? +thdt =
k 0 0

(k) k
1

1

1% 17 3 1 1|t s 3 1

=—J. (t2+—j +—d(t2+—j=— — L Nttt Al Zen(t S AV +t7 +1) | =
2% 2 4 2 2 2 8 2

_1 3\/§—1+§en3+2\/§
8 2 3

HKkKunuu mun 2pu HU3UKIIU UHmMezpal.

dazo/1a aHUK WYHATUIIUTM CHJUTHK (TJ1akoi) AB arpu un3uk Oepuiran
oymo6, yana P (X,y,2), Q (X,y,2) Ba R (X,y,2) pyHKOHMsIap aHUKJIAHTaH OYIICUH
onmarmaruya Oy arpu um3ukHu A=Ag, Ay, ..., Ani,  An=B mykramap 6mnan A A+
¢itmapra axxpatu6 xap oup A; A, éituana uxtuépuit M(&,, 7., ) HyKTa 0nmb
KyWujgarnya WHFUHIU Ty3aMu3.

A
B

A Ai M Ay

X >
i[(ﬁfi’ﬂi  Ci)AX; +Q(§i!niggi)/Ayi +R(& . m.¢)02]  (2)

AX;,Ay; Ba Az; map A A EHHUHT MoC paBuIIa 0X,0Y, Ba 0Z yKiapura Oyiran
npoekuusict Max{AX;}=Az,max{Ay;}=A\,, Max{Az;}=As, AeInuK

Tavpugh. Arap AB na anunanran P (X,y,z), Q (X,y,z) Ba R (X,y,z) byHKumsuiap
yuayH Ty3wiras (2) uarerpan wnruaaa A4, — 0,4, - 0,4, >0 na AB srpu
yn3ukHU A Aj.q €limapra Ba xap oup A; Ai €lina uxtuépuit M (&, n,,¢,) ,HyKTaHu
TaHJa0 oJIMI ycyJiura OOIUIUK OYimaraH JMMuTra 3ra 0yica Oy numutra P
(x,y,2), Q (X,y,2) Ba R (X,y,2) dyuxkuusiiapaan AB srpu unsuk 6yiinab A nan B ra
Kapab OJIMHTaH MKKWHYY THIT 3TPH YU3UKIW WHTETPAJ JIeHnIaan Ba
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jP(x, y,z)dx + jQ(x, y,z)dy + JR(x, y,2)dz  8ku
AB AB AB

I P(X,y,2)dx+Q(X,y,2)dy + R(X, Yy, 2)dz  x§punnmna é3nnamm.
AB

n-1
Jlemax AJ‘B Pelx + Qdly + Rdz = lim > [P Ax; +QAy; + RAz, |

20 =1
A31—0

Arap (2) unrerpan inrunauan P,Q,R GyHKIUsIIapHUHT UXTHEPHT OUTTACH
EKU UXTUEPUIA UKKUTACH YUYH Ty3CaK Yy XOJ1a UKKUHYU TUI ATPU YU3UKJIIN
HHTETpAIMMU3 KyHUJarua KypuHuniapaa oyiaay.
I Pdx + Qdy, _[Qdy + Rdz, j Pdy + Rdz, _[ Pdy, dey, j Rdz
AB AB AB AB AB

AB
Arap P (X,y,2), Q (X,y,2), R (X,y,2) byukuusiapau F xydHuHT 0X, 0OY, 0Z
Vkaapunaru npoekuuscu cudaruna kapacak Ba Ax, Ay, Az napau AB srpu

YU3UKHUHT F Kyd TabCcUp KWIAETraH HYKTACMHUHT KYy4uIln AS HUHT OX, OY, 0Z

YKaapuaaru npoekuusicu cudaruia Kapacak, y Xojaa UKKHHYM TUIl 3TPU
%
4u3HKIM uHTerpan F kydnunr 6yryn AB arpu uusuk 6yiina0 GakapraH HIIHH

Gepany, SbHH A= j Pdy +Qdy +Rdz  6ynanm.
AB
WKKkyHYM THUN 3TPU YM3HUKIM MHTETPAIA HWHTETpaUIall WyHAIWIIAHUA
y3rapTupcak, HWHTErpaj KMMMaTH y3 UIIOPACUHU y3rapTUpaau
IP(X, y,z)dx = —IP(X, Y,2)dx gyHKM AX; HMHT MIIOPACH Y3rapaj.
AB BA
VKKWHYY TUI 3TPU YU3UKIM HHTETPATHHUHT KOJTaH XO0CCAIapH 3ca

OMPUHYYM TUM 3TPU YU3UKJIN UHTETPATHUHT XOoccajapu Kabu Oyiaau.
Teopema. AB srpu YM3MKHUHT TEHTJIAaMacH MapaMeTpUK xoJiaa Oepuirad 0ynmo:

X= (Dl(t)

Y=o, (t)
z=0,(t) (x,y,Z) HykTa A naH B ra kapa0 xapakaT KUJICHH.
]

ast<p

Arap @(t), @, (t), D3 (t), P.(x,y,2),Q(x,y,2), R(X,y,2) dynkuusnap AB na
V3IYKCH3 Ba y3yKcH3 @) (t)’ (0; (t), ?; (t), XocHianapra sra 6yica, y XoJa

Ide +Qdy +Rdz uKKMHYM THIT 3TPU YU3UKIM MHTETPAT MaBXKy[l Ba
AB

B
[Py, 2)dx = [[gy(t). 02 (t)oos (V)i (Dt Tenr Gynam.

a

Mucon. Arap AB srpu YM3UKHUHT TapaMeTPUK TEHTIaMacH
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X = +/cost
y =+sint - Gyuca, '[ x%ydy — y?xdx UHTErPaIHU XUCOOIaHT
T AB
0<t<—
2
sint cost

Euumu. dx =————=dt , dy=———=dt -Oymapuu Ba X,y JapHi Oepwirad
2-/cost d 2~/sint yap yap P

MHTEpaJira Kyrncax.

J'x ydy — y2xdx = I(cost Jsint -

sint
+sint-+/cost

\/smt 2\/ cost
JT
== |(cos®t+sin’t)dt == |dt ==
j ( ) j .
X =acost .
Mucon. Tearnamacu y = bsint napaMeTpUK KYPUHHUIIIA OCPHIIraH SJUTUIICHUHT

FO3U XMCOOJIAaHCHUH.

=

1 2z ] ]
S=="|xdy —ydx == ||lacost-bcost+bsint-asint dt =
2! y —ydx =2 ![ ]

= a7b _f(cosz t +sin®t)dt =abrx

ds¢
51. J. > > , yrexcnuknad A(1,2) Ba B(3,6) HykranapHu TyTamTHpyBUN
X+ Y +4
TYLPU YA3UK KECMACH.

52. I Xydl, prexcnukna 3|X|+4|y|=12 renrnama 6unan Gepunran KOHTYP.
y

53. jydf , pumsnk Y° = 4X nabonanunr Y° = 4Y mapaGouna GuiaH axpaTraH
y
KHCMUIHD.

54, I Xydl, yyunapu A(-2,-2), B(6,1), C(2,5) yubypuak KOHTYpH.
y

55. jq/Zydf, yrexucuk X =a(t—sint), y=a(l-cost), 0<t<2r
e

11
56. j'xydx+ (y—x)dy wuHTerpam Y =X ityn 6¥iinua XucoGIAHCHH.
(0,0)

17



@D
57. jxydx+ (y—x)dy wuHTerpanm Yy° =X iiyn G¥iinua xucoGIaHCHH.
(0,0)

58. j(2a —y)dx—(a—y)dy, yrexucmux
y

x=a(t-sint), y=a(—cost), 0<t<2x

59. J y2dx + dey, y~texucnuk A(-a,0)nan B(a,0)raua 6ynran sipum smurc i
y

Xx=acost, y=bsint, 0<t<2rx

(3,0)
60. [(x*+4xy’)dx+(6x°y* —=5y*)dy  xuco6namcnn.
(-2,-1)

3-§. I'pun gpopmynacu.

dapa3 KuIalIiK TEHTJIaMacu MacTaaH Y=Yy (X) I0KopuIaH y=y, (x) 6ynran L
KOHTYp Owian yerapananran tyipu D coxama X(x,y) V (x,y) dyHkuusiap
aHUKJIAHTaH Y3JIyKCU3 Ba Y3JIYKCH3 XOCHUJlanapra 3ra OYJICHH.

y P

Y2

QW
0 a X

v

y X0J1a j I % — % dxdy = I Xdx +Ydy dopmynara
D z

['pun hopmynacu aeitnnanu.
Ymby unTerpamiapuu ['pun dopmynacuaan doitnanannb XucoOIaHr.

61. { 2(x* + y*)dx+(x+y)*dy L-ABC yu6ypuax xoutypu A(1,1), B(2.2),
L

C(1.3).
62. Yw6y (X+Yy)’=ax, a>0 napabona 6uran OX YKH opacuiard iosa
TOITHJICHH.

63. {(1—x*)dx+x(1+y)*dy L-kontyp X° +y* = R® nopar.
L

18



xdy — ydx
2 2!

L IX“+y
0(0,0) HyKTa KOHTYp TallIKapHCHA.

64. L- xoopaunata 6omm O(0,0)man yTMaiiauran €nuk KOHTYD,

65. § —x2dx + xyzdy L- koHTYp X% + y2 = R? aiinana coar CTpeJIKacura KapIiiu
L
WYHAJITUPUIITAH.

4-§. Cupm unmezpannapu.

66. X + y2 +2° =R? chepaHuHT TYIUK CUPTH TOITHUIICHH.

67. X° + y2 =28z mnapaboaoHaHUHT (X2 + y2)2 = 2a2xy WIMHIAPUK CHUPT
UYMard KUCMH 103M TOIUJICHH.

68. X° + y2 = 2X UWIMHIP MYMAA JKOMIamrad Z = X2+ y2 KOHYC CHPTKH
KUCMUHUHT (03U TONHJICHH.

69. ﬂ(x +y+2)ds Gymma (S) X°+Yy*+2°=R? z=0 rekuciuKkHuHT

(S)
IOKOpY KHCMH.

70. H (x*+y?+2z°)ds Gyuma (S) chepa X*+ y*+ z° = a® nan uGopar.
(S)
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I1-006. Kamopnap

1-§. Conau kamopanap.

Arap a,,a,,a,,...,da,,... YeKCU3 XaKUKUN COHJAp KETMA-KETIUTH OEpHIIraH
OyJica, ylapJlaH Ty3WIraH yuoy

a,+a,+a,+..+a, +.. (1)
udosara yexkcus Katop ( KMCKaya-KaTop ) AeHuIaau.

Katop kuckaua Za » KYPUHHUIIIA XaM E3WIIaJIN.

n=1

1

I 1
Macaias, ara = —0¥yJica, y Xolaa Katop —+—+—+...+—+...

KYpUHHUILA OYII1a]Iu.

OHIM Kyiujgaru TuFMHIWIapHA Ty3alIuK:
s, =a,, S,=a,+a,, S;=a,+a, +a;,.., S, =a,+a,+a,+..+a,,. (2)
(2) iuruHAMIapTa KATOPHUHT XYCYCHE (€KUM KUCMUI) HUFUHIUIAPH ICHIIIAIH.
Tavpugh. Arap (1) KaTOPHUHT 7 —XYCYyCHM WMFUHIUCU S, , n—> 0 na lims, =s

n—0

YeKJIM JIMMHTTA 3ra Oyica, y xonana (1) katopra sSKMHJIAIIYBYM KaTOp ASUMIUO S
ra 5ca YHUHI WUFUHIUCH JIEMWJIaN Ba =a, +a,+a;+..+a, +.. = Zan
n=1

KYPUHHILIJA E3WIIANIHN.

Tavpugh. Arap n—>o0 nga (1) xKatopHuHT H —Xycycwid HUFUHAWUCU S, HUHT
JUMUTH 4YeKcu3 Oyica €ku MaBxyJ] Oynmaca, y xonna (1) Karop y3oKianryBuu
Jnerunaiu.

a+ag+aq’+..+aq" " +.. (3) reomerpuk mporpeccus daxar |q<1

OynraHaa sKUHIAyBYu OYIuo0, 6]‘ > 1 6ynranpa y3oknamysuu 6ynagu.

KaTop AKMHIAIyBUHUHT 3apypUid [APTH:

Teopema. Arap a,+a,+a;+..+a, +..
KaTop SKUHJAIIYBYM OYjca, YHUHI n-XaAu /N YEKCHU3JIMKKAa MHTUJITaHJa HOJTra
uHTUIaIM spHu lima, =0

n—>0

OcnatMma. Arap KaTop SKMHJIAIIyBUM Oyiica, ajdarra #—> 00 J1a YHUHT M -
XaJd HOJIra MHTHIAAM seHu a, —> 0 Oymaau. Arap n —> o0 1a KaTOPHHUHT 71 -XaJId
HOJITA MHTHJIMAaca KaTop anbarra y30KJallyBuu Oymaau. Arap n—>o0 na

KATOPHHUHI 7 -Xanu HOJra HMHTWICA SIbHU h_r)n a, =0 6ynca, 6y KaTopHHHT
n—0
SKUHJIAIIUIIMHAHT MyKappapiuru Keano YnKManu.

1 1 1 1
Macajgan. l1+—+—+—+..+—+..
2 3 n
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. .1 .
TapMOHHUK KaTtop 1ae0 aramyBuyn KaTopHHHT lima, =1lim —=0 G6ynranu Guian Oy
n—>0

n—»0 n
KaToOp Y3O0KJIAIIYyBYM. BYHHHI Y30KJIAIIYBYM SKAHJIUTMHHU KEUMHPOK KomwmHUHT
MHTErpajl aIoMaTy €paaMuia UCOOTIIaHaIH.
Arap a, +a, +a; +..+a, +...

KaTOPHUHT XaMMa xajjiapu MaHduii OViamaran coHynapjan nubopat 0yica, OyHaan
Karopra MycoOat XaJju KaTop AeHnIaau.

Myc6aT Xaanu KAaTOPJAApHUHT SKUHJIAIIMIIUHUHT €Tapid IIapTiIapuHu
KypuO yTalIuK.

1-teopema. (bupuHYM TaKKOCTAII AJIOMATH).

a+a,+a;+..+a, +.. 1)
b +b, +b,+...+b +.. 4)
Mycbar Xamau Katopiap Oepwiran OYmmG Oupop 7 >N Homepman Oomurad

a,<b, (¥
TEHICU3JIMK Oaxkapuiiaguran Oyica , (4) KaTOPHUHT SIKMHJIAIIYBYU OYITUIUIUTHIAH

(1) xaropHuHr sSKUHIAMYBYWIUTH €KW (1) KATOPHUHT  Y30KJAIlyBYd
oymuuuuruaan (4) KaTOpHUHT XaM Y30KJIallyBUU OYVIUIUIMTYA KETUO YUK IH.

2 1(2Y 1(2)° 1(2Y)"
Mucoan. i | S [l e st [ Ba
3 213/ 3\3 nl 3

2 (2Y (2Y 2\’ y
—+|=| +|=| +..+| = | +.. Karopmap Oepuiaran OyJICHH.

3 \3 3 3
PaBuranku
1(2)" _(2Y 2(2)
a,=—|—=| £|=| =b, , Z = KaTop SKUHJIAIIYBYH, TEMaK
n\3 3 i\ 3

1-Teopemara kypa OUpUHYM KATOp XaM SIKWHJIAITYBUU OYau.
2-meopema (VKkvHYIM TAKKOCTIAIIT aJIOMaTH )

n—oo

_a,
Arap “mb_ =K< jgumur MaBxxyn Oyica, y xonaa (1) Ba (4) katopaap oup
BaKT/Ia SIKWHJIAIAINA €K Y30KJIaIaIu.
Mucon. sinl+sin—+ rsinty aTOpHU 14120 41 aTo
. ot . ... KaTOp STttty ... KaTop

OWJIaH TAaKKOCIaliMM3.

1
q SIn— sin 1
_n — —n (%) 1 — n —_
b, 1 HUCOATHU Kypamu3. MabllyMKH, LI_)T =1 ~ 1. Temax,
n n

Oepuiiral KaTop y30KJIallyBYH.
3-Teopema. ([lanambep amomatn). Arap @, +a, +a, +...+a, +... (1)
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KAaTOPHUHT (n + 1) -XaIUHUHT N-Xaaura Hucoarad N —» 00 jga Yyek/Id JUMHUTIa dra

o . a o
oyuca, spau  lim—~ =1 G¥yca, y xonga

N—o0 an
1) | <1 na karop SKUHJIAIIAIN;
2) 1 >1 na xaTop y30KJIaIlau.
Mucon. KatopHu SKUHIANTYBUMIATHHA TCKITUPHHT:

2 2% 23 2"
Fr ottt
E M ; 2" 2n+1
uuil. n = T A T 5
ABIIYMKH , 2 D)
211+1
. . +1)? . 2
hmm:hmu:ﬂlm -=2>1
n—o an n—o 2” n—>o (I’l + 1)
n?

Mucon. BepI/IJIFaH KaTOPHHU AKHHJIAITYBYUINTHHA TCKINUPHWUHI

L+ 3 + > +...+E+
V2 o(ef () )
By, a :2n—1 P 2n+1
- (\/E)n >y (\/E)nn
2n+1
(V2)" 1. 2n+1 1
rl1l—)r2 ;:l:l'lﬂ 2n-1 =\/_rl1l_)r22n_1:\/§<l

(v2)

Jlemak , KaTop SIKMHJIAIIYBYH.

4-Teopema. (Kot anomatn). Arap MmycOar Xauim a, +a, +a; +...+a, +...
karop yayn limZ%ja, =1  gexnm numuT MaBxKyn 6y

1) |<1 OyJica KaTop SIKWHJIAIIa In;
2) [>1 6Yyica kaTop y30KJIaIIau.

Mucona. bepuirad KaTOpHU SIKAHIAITYBUUIUTUHN TEKITUPUHT
1 1 1

+ 3 +...+ + ...
2 In3 In" (n+1)

1 1
Eepm, limzfa, = lim ;| - —0<1
S oI (n 1) In(n+1)

Jlemax , KaTop SIKUHJIAIIYBYH.
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2 (3 a4y
Mucoj. =+ =| +|—=| +
1 2 3

TCKIIWPUHT.

Eun. lim3/a, = llrn"]/(n—HJ zlim(n—i_lJ =e>1
n—»0 n—>x0 n n—»o0 n

KaToOp Y30KJIALTyBYH.

n+
+( j +... KATOPHU SIKHHJIAIlyBYHIATMHU
n

5-Teopema (KommuuHT HHTETpan anomartH). busra xaanapu yecmaiauran
(a,za,,) a +a,+a;+..+a,+.. Q)
MycOaT XaJUIi KaTop Ba y3iykcu3 yemanauran ( X —> o da f(xX)—> 0 ) MOHOTOH
kamaroan f (X) byHkms oepuiran 6yauo
SM=a,f@2)=a,,..f(n)=a,

.. 6¥nca, y xonaa (1) kaTopHUHT EKH

Zf () KaTOPHUHT SKMHIANIYBYN OYINIIN yIYH If (x)dx

n=l1

XOCMacC MHTETPATHUHT SIKUHJIAITYBYM OYIUIIN 3apyp Ba KUGOSI.
Mucona. Ymymiamran TapMOHHK KaTop €0 aTaryBUH

1 > + 3 + v 4ot = +... KaTOPHM SKMHJIALIYBYAHJIUKKA TEKIIIUPHUHT.
1 1 1
Bumm  .a, = f(D=La, = /() ==rna, = () =—,.. Ba f(X)=—
27 n’ x?
AKAHJIMTHU PaBIllaH , Oy ep/ia p-XaKUKUW COH.
T Eat . 1
Yoy j—dx - limx 7" = lim(n'™” =1) (p=1)
1 x? —p+1‘1 1—pnoe L |

—_ p n—w
X0CMAC MHTCTpaIHA XI/ICO6J'IaI/IMI/I3.

: _ |
Arap p>1 6ynca, y xonaa il_r)gnl =0 pa j— =
1

T ;{KHHnamquH;
L 1

Arap p<1 6¥sca, y Xxonza lim#n " =oo pa jx » dx Y30KJIAIyBYH;
n—>0

1

Arap p=1 6ynca, y xonaa I%dx =In x|:o =00 y30KJIallyBYH.
1
[y cababau ymyMiamradn rapMOHHUK KaTop
p>1 O6ynca sKMHIIaITyBYH,
p<l 6ynca y3oKnamryBuu Ba
p=1 6ynca y3oknamryBuu 0ynaam.
Hmopanapu HaBbat OujaH aIMalIMHyBYH KaTopJiap:

Uy —Uy + Uy —U, + . (1)U + =D (-1)" My, (5)
n=1

KYPUHHUILJIATK KaTopra uinopajapu HaBOaT OujiaH aaMaiuO Kejlaaural KaTopiiap
neiwtanu. by epna u,,u,,u,,...,u,,... MycobaT cCoHap.
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Teopema (Jleiitbaui Teopemacu). Arap UIIOPACH ATMAITUHUO KETyBUH
u, —u, +us —u, +...+(=1)""u, +... KaTOpna

1) Karop Xa/uyiapiHUHT a0COTIOT KMMaTIIapy KaMalOBUH, SbHU

U, >u, >u; >u, > >u, >.. 0yca,

2) Katop ymymuii xaqu U, N —> 00 ga Hojira uaTHiICcA: limu, =0

y Xoiaa (5) KaTop SKUHJIAITYBYH OYJIau.

Mucon. i — L + i -+ (_1)n+1

22 3 4 (n+1)°
HKI/IHJ'IaHIYB‘—IaHJ'II/IFI/IHI/I TeKH_II/IpI/IHF.

+ ... KATOPHHUHTI

1 1 1 . ) 1
Bupmr. —>—5>-—5>...> ~>...Ba limuy, =lim >=0
27 37 4 (n+1) "0 n>e (n +1)
Jlemak, KaTop SIKAHJIAIIYBYH.
NxTtuépuit xaamm KaropJiap:
U, +u, +uy Fu, +otu, + . (6)

KatopHuHr uekcus kym mycOar Ba yekcu3 Kyn MaHpuil xaaiapu Oyica, y xoJiia
Oy KaTopra y3rapyB4aH UIIOpAJId KATOp €KU UXTUEPUHN XaJIU KATOP JIEUHIIA]IN.

(6) xaTop XaTAPHHHUHT a0CONIOT KHMAaTIapHIaH

oy |+ [, | + [oay | + oy |+ +

u,|+.. (7)  KaTopHH Ty3alIHK.

Teopema. Arap (7) karop sKWHIAmIyBud Oynca, (6) Karop xam

SKUHJIAITYBYU OYIIaau.

Tabpudg. (6) Ba (7) xaropnmap Oup maiTaa sSKUHIAMyBuM OYyica, (6)
KaTopra a0CoJIIOT SIKWHJIAITYBYM KaTOp JACHHIIaIu.

Tavpugh. Arap (6) xatop skuHIamyBYd OYnuO (7) KaTop Y30KJIAIIyBYd
Oynca, y xonaa Oepwiras (6) Karopra mapTiau SKUHIAITYBYH JISHUATIAIH.

Mucon. Kyitnaaru KaTOpHU KYpaiinK:

1—l+l—l+...+(—1)”l+...
2 3 4 n

JleliOnuil anomatura kypa Oy KaTop SIKMHJIAIIYBUYM, JICKUH KAaTOp XaJJIapUHUHT

abCoOMIOT KUWMATIApUAaH Ty3WIraH KaTop 9ca

y30KIamyByud. Jlemak, KaTop MapTiu SKUHIAITYBYH.
Mucoa. Kyiingara KaTOpHH KYpamu3:

1 1 1 ~1)"!
1—2—2+3—2—4—2+...+%+”.
n

Eunmi. By kartop aOConOT SKMHJIAUIYBUMIIMD, YYHKH YHUHT Xaajapu

a0COJIIOT KUMMaTIapuaaH Ty3WITaH KaTop SKUHIamyBuuaup (p=2>1).
Mucona. Y3rapyByaH HIIOpaTH
sina  sin2a sinna
" + % + ... pe

KaTopHUHT SKUHIAMIMIIWHA TEKIIUPUHT, Oyepaa o -UXTUEPUI XaKUKHUI COH.

Euum. bepunran karop 6wian oupra
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sing| |sm2a| sinna
= | | n?

KATOpHM KapaiimMus. by KaTopHU sSIKUHJIAITyBYA

PaBnianku,

[Ily cababnum Takkocnaml ajoMarura Kypa aOCodoT Xail  Karopjiap
SKUHJIANTYBYU. Y XO0J/1a FOKOpHIa UCOOTIIaHTaH TeopeMara Kypa OepuiiraH KaTtop
SKUHJTAITYBYH.

1. Ymby xamnapaan ¢oigananud KaTOpHUHT N-XaqHUHT (HOPMYIIacH E3UHT.

1
L 14+ —+—-+-+-
3 7

1 1 1
4, 1+ —+—+—+
4 9 16
3 4 5 6
5. —+—+—+—+
4 9 16 25
2 4 6 8
6. —+—+—+—+
5 8 11 14
11 1 1 1 1
7. -+ —+—+—+—+—+
2 6 12 20 30 42

1 3 1-3- 5 1-3-5-7 N
1 4 1 4.7 1 4.7-10

9. 1-1+1-1+1-1+---

2. dp-KaTOPHUHT YMYMUM XaAuHUHT Gopmynacuaan doigananud 4-5 ta Xaauau
€3HUHT.

3n-2

10. &, = =
n-+1

n—
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11. a
2n
n
1
13. a, =

ECEC DY

(2 +sin nzﬂ) cosnrz

14. a, = |
n!

3. Ymby KaTtopiiapHu COJMIITUPHUIIL Ba 3apypuil mapTaad ¢oiiiaaanuo
}IKI/IHJIaIHI/IHIFa TEKIIUPHUHT.

152

3n 2
16.
nZ::(ZI'l ~1)?
© n
17.
n2:13n3—1
® 1

1o Z;Jn(n +1)(n+2)

S LT
19. > sin —
n=1 n

© 2
20,3 n“+3

“=4n® +5n

21. i(—l "
n=1

ii(zj”

n=1 N 5

* n+1

23. ).

n=1 2n +1
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) n+1

5 s

4. YmOy xaropinapHu JlamamOep anomarunan ¢oiigananu0 SKUHIIAMIKIITA
TEKIIUPUHT.

°°n+5

252

26. i

n"
n
3,35 3.5...-(2n+1)
1

..._|_ +
1 1-4----(3n-2)

2n+1

217,

28.

n=1 n!

2, sin in
29.

Ly
30 i+§+i+...+£+

V2 2 242 (+/2)"

, 2,25 258  2:5:8--(3n-0)

.o +
1 1.5 15 9 1-5-9---(4n-3)
5. Ymby karopnapuu Kormm annomatugad Goiinananud SKMHIANIUINTA TEKITAPUHT.
=(n-1Y"
2.3 j
n=1 2n + 1
0 1 n®
33. > |1+ —j
n=1 n

; K ¢ %
34. u,, U,y .=\ —— 1|, Uy =|—"
ré n yaaa - Uy (ZK —I—lj 2k (3k _J

= z(_zj

i\ (L+1)n+3
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3G )
36. —+|—| +|=| +:--+ +
1 \3 5 2n-1
3 5 2n-1
37.1+(Zj @ ( " j .
2 \5b 8 3n-1

6. MycOat xa/uii KaTOpJIapHU SIKUHJIAIIUIITA TEKIITUPUHT.

40.

iy
&

2.y

43. >
n=

1(
44. i(
45. Y —

o0 n n
46. | ——

n
47.
Zn3 +1

7. YOy xKatopiapHu abCcaIOT Ba MAPTIM SIKMHIAIIMINTA TEKITUPUHT.

48. > (-p™
n=1

3n-1
28



50. Z( "
51. i(—l)“(zn _1jn

52. > (-1)" Y

53. ) A

5.
2

2-§. @ynKkyuonan kamopaap.

Tavpugp. Xannapu x y3rapyBUnHUHT (QYHKIMsIApAAaH HOOpaT OyiraH
u (x)+u,(x)+..4+u, (x)+... @)
KYPUHUIIIArK KaTopra (QyHKIIMOHAT KaTop JAeUUIIaIn.
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Tavpug. Arap nxtuépuii &€ mycOar coH yuyH € ra O0o1ymk, myHjgaid N(g)>0
COH Tonmunno, 6apya n = N 1a KypcaTUiraH coxara TerHIUIH X JIap YIyH
r,(x)= ‘S (x)-3S, (x)‘ <& TeHrcu3iauk Oaxkapuica , (1) karop KypcaTuiarasn
coxajia TeKUC SKUHJIAITYBYH KaTOp JCHUIaIu.
BeliepmTpacc anomaru.

Arap u,(x)+u,(x)+...+u,(x)+..
GbyHKIIMOHAT KATOPHUHT Xajlapu OUpop [a, b] coxaja abcooT KuiMaTu oyiinya
OMpOp SIKMHJIAIIYBYM MycOar umopanu ¢, +¢, +...+c, +...
KaTOPHUHT MOC XaJJlapuaanH kaTTa Oyimaca , SbHU
u,(x)<c, (n=123,..)  6¥nca, y xonma 6epuiran GyHKIHOHAT KATOP

KypcaTuiarad [Cl, b] coxajia TeKUC SKUHJIAIIaau.
Mucon. Ymby
sin? x sin’2x sin? nx
5 + >3 tot——+
n
(YHKIMOHAI KATOP X HUHI 0apya XaKUKUN KMMMATIapy YUyH TEKUC SKAHIIAIIAIM,
1

3
n

c 2
Sm nx
3
n

<

YyHKM Oapya X Ba n-Jlapja

1
— + 5 +...+— +... KaTop dca AKUHJIAIIYBYUIUD.
n

Mucon. ZT KaTOPHH TEKIITHPHUHT.
n+x

BeiiepiTpacc amomaTt Oy Katop y4yH OakapuiMaiu, YyHKH Oepriiral
-1
KaTop WapTiy akuaaanrysun Ba X = 0 map yuyn Z ot x
n=1

bepunran KaTOpHU TEKUC AKUHIAITYBYMIUTUHUA KypcaTull yuyH JlenOHuIy
TeopemacuaaH (porigananamus. bepunran kaTtop y3rapyBuu uniopaiu Ba x >0 na
a0CoJIIOT KuiiMaTiapu Oyiiriya MOHOTOH KaMalOB4M Ba n-XaJu n — oo Jia HOJIra

uatunaay. [y ca6abmm, Katop [0, 00) SApPUM YKJIA SIKUHJIAIIYBYH Ba KaTOP

KATOp y30KJIAIIyBYH.

1 1 o
KOJIIULHU YYYH |7, (x)| <—— x20 ga |r, (x)| <—— raara 0ynamu3 Ba
n+l+x n+l1
lim =0 6ynranu H, KQTOp TEKUC SIKUHJIAIIYBYHU
n>wo 5+ 1 Y Y4yH, KaTop K yBIH.

Tavpug. a,+a,(x—x))+a,(x—x,) +..+a,(x—x,) +.. (2)
KypuHHIIAArd GyHKIIMOHAT KaTOpTa Japa)xaiu KaTop JeHIIam.
Xycycuii xonaa , arap x, =0 Oyica, y Xxoiaa Kyhuaaru

a, +a,x+a, x> +..+a,x"+.. (3)
Japa)xxajau Karopra ara 0yiamus.
Abenk meopemacu. Arap a,+ax+a,x’ +.+a,x"+... (3)
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napaxkamn katop X, #0 HykTajga sKuHamica, y Xonaa 6y KaTop X HHHT |x|<|x,|
TEHTCU3JIMKHHU KaHOATJIaHTUpaauraH Oapua KuiiMaTiapuaa abCooT SKUHIIAIIA M,

2

spmn (x|, |%|) na axuHmamam.

Tavpug. a, +a,x+a,x* +..+a,x" +... 1apakaind KATOPHUHT SKMHIAIINLI

coxacu 1e0 myHaai (— R, R) WHTEpBAIra auTUIaAUKY, Oy MHTEPBATHUHT UUUIATH
xap OMp X HyKTaja KaTop sSIKMHJIAIIaAW, YHAAH Tallkapujaa ETyBYM X HyKTalapjaa
KATOp y30KJIAIIaIN. R - Tapakajld KATOPHUHT SKWHJIAIINII PAAUYCH JEUUIaaHN.

NHTEepBamHUHI 4YETKU HYyKTaJIapuaa SbHU X=R Ba X=-R HyKTajzapaa
OepuiraH KaTOPHHUHI SIKMHJIAIIMIOMA €KW Y30KJIAIIMIIA Macajlacu KaTop Y4YyH
aNOXU/a XaJl KUJIMHAN.

KaTop SKWHJIAIIATU

: ’ rop o
K 30KJamaan KaTop y3O0KJjialmaau

bab3u karopiap ydyH SKUHJIAIIMAII WHTEPBAIM HYyKTara ailmanu® XoJiaju,
y xonga R =0;
0ab3mwinapu yuyH OyTyH OX YKuHU Kampal oJjiaju, ’bHU R = OYajau.
SAxunnammi paguycu Kyhiuaaru popMynanap OuiiaH XxucoOiaHaau:
I ..
R=-=1lim

n—>0

n

R=——e'  (4)

1
lim /la, |

n—>0

an+l

Mucon. I[apamamxl KaTOPHHUHI' AKHHJIAIIWII KHTCPBAJIMHA TOIIWMHI:

X X X X
-+
1 2 3 n
Euynr.
n+l1 x" n+2 x”+1 n+l 1 n+2 1
un :(_1) 0 un+l :(_1) PR an :(_1) 0 an :(_1) - 7
n +1 n n+1
) . 1
by epgan R =lim K P T
Nn—>0 an+1 n—»o0 n

Hemak, (-1,1) uaTepBan SKUHJIAMUII HHTEpBAIN OY1au.

1 (—1)"

1
x=l ma l-—+=-—...+
TS TS

+...Karopra sra O0ymamu3, Oy karop JleiOHUIL
aJIOMaTUra Kypa sIKMHJIallyBYH.
1 o .
x=-1 ma sca —-l-——-=— ... Katopra sra Oymamu3, Oy katop JlehOHuIl

aJOMaTUra Kypa y30KJIanlyByHu.

2 3 n
x—1+(x—1) +(x—1) +m+(x—1)
1.2 2.2° 3.2° n-2"
MHTEPBAJINHU TOIIMHT.

Mucon. +... KaTOPHHHT SIKAHJIAIINIII
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Eunm. Masnymku, a, =

R =lim—
an+1

n—»

1 o

0 Y T T
n-2 (n+1)-2
n+l
zhmwzzﬁm’“rl:z
n—w nzn n—o p

SIKMHTAIIUIN MHTEPBAJIMHUHT Mapka3u X=1 HykTajga, 1y cababmm (-1,3)

MHTEPBAJl KATOPHUHT SIKUHJIAIINII MHTEpBanu Oymaau.

o o I 1
Karop JleitOuuil amomarura kypa SKMHIAIIYBYM Ba X=3 Ja 1+5+§—...

Y30KJIaIIyBYH.

11
x=1 ma -1+ttt
A 273

KaTop

8. Ym6y KATOPJIAPHUHT SKWHJIAIITUII OPATAIIMHA TOTTHHT .

S7. ) —
S

58. Z(_l)m-lix
n=1 n

5. 3 (-1)™ =
n=1 n

50. ism( 2N —12)x
n=1 (2n_1)

61. 22” sin Sl”

62. i (_1) n+1e—nsinx

63. > —

X"
> 1

64.

n=1 n! Xn

o0

65.
Z (2n — 1)x

= /n
66. nzzl—(x—Z)”

9. Ymby mapakanu KaTOpJapHUHT SKUHIAMIUII OPATUITUHU TOIIHHT.
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67. > X"

68. >

69. i
70. Y ———

71y

(n+1)°x*"

72, S ANFXT

n=0 2n +l

73. 3 (-1)"(2n + 1) %"

74. > —

75. > nix"
=1

76. 2
3-§. Teitnop kamopnapu.

()= 1@+ X2 @)+ .+ C= 10).

(1) ra Telinop KaTopu EUHIIA]IN.
Arap Teiinop karopuna a =0 mecak

(x)= F0)+ % /0 +% £00).. (2)

MakopeH KaTopu Keauod YuKaju.
Teopema. f(x) ¢ynxuus (—r,r) uareppania aHukIanras 6y1u6, yHIa
HOJIJIaH (papKJIv UCTAJITaH TapTUOIHM XOCUJIajdapu MaBxKyJ[ OYJICHUH.
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Arap myngait 6up M conu MaBxyn Oyicakw, (— r, r) WHTEPBAIHUHT Oapua
HyKTajaapuja ‘ f (”)(XX <M, (n =0,1,2 )

TEHTCU3JIMK YpuHIHU OyIica, y Xoiaa Oy nHTepBaiga

f(x)= f'(0)+ f;(Io)x+ f(;)l(0)+...+ f(;)l(o)xn +... (3)

TEHTJIUK YPUHIHN OYIaau.
Mucon. f (X)= SINX  pyHKuusHT MakIopeH KaTopura k.
f(x)= SINX  (GyHKIUSA IOKOPUIATH TeOpeMa IapTiiapuuu xap Kanjgaii ' yayn
SbHU UXTUEPHUI (— r, r) MHTEpBAJIAa KAHOATIAHTHPA/IH.
XaKHuKaTaH, sin X (GYHKIHUSHUAHT UCTAAraH TApTHOIN Xocuuacu éku t SINX ra

€K1 £ COS X ra TeHI; UKKUHYUIAH ‘(si n x)”‘ <1, ‘(cos x)”‘ <1 (n =0,1,2 )

f(x)=sinx, f'(x)=(sinx) =cosx, £"(x)=(sinx) =—sinx,
f"(x)=(sinx)"=—cosx, f"(x)=(sinx)" =sinx,...
byHIaH KypUHaaUKH {(Si n X)(n)} KeTMa-KeTJIMK JAaBpuil 00 naBpu 4 ra TeHr
JKaH.

Arap X =0 gecax,
sin0=0, sin(0)=1, sin"(0)=0, sin"(0)=-1,...,sin®*Y(0)=(-1)" (h=012,.)
OHau 6yHu (3) ra Kyiicak

] X3 N X2n+1
Sinx=X—"r+ +(=12) m+

Mucon. f(X)= COS X (hyHKIHMSIHU MaKJIOpeH KaTopura vk,
f(X) = COS X (DyHKIIUSTHUHT MCTATaH TapTUOIN XOocHiacu €k =+ Sin Xra €xu

+ COS X ra TEeHr; MKKMHYMIaH ‘(Sin X)”‘ <1, ‘(Cos X)”‘ <1 (n =0,1,2 ,..)

f(x)=cos x, f'(x)=(cos x)’ =-—sinx,

£7(x)=(cos x) =—cosx, f"(x)=(cos x)=—sinx,

" (x)=(cos x)" = cos x.
byHIaH KypuHaaUKH {(COS X)(n)} KEeTMa-KeTJIMK JAaBpuil 0yinub naBpu 4 ra TeHr
JKaH.
Arap X =0 necax

c0s0=1,c0s'(0)=0,c0s"(0)=-1, c0s"(0)=0,...,c0s*(0)=(~1)", cos®™?(0) =0 (h=0,1,2,..)
Ounu Oynu (3) ra kyicak

XZn

X’ n
COS X = 1_E+ ...+(—1) (Z—n)'

Mucon. f(X)= e’ (pyHKHusHU MakIopeH KaTopura Esimk.
2 3 Xn
e =1+ X+—+—+..+—+..
21 3! n!
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X2 3

e =loX4 = 4 —1)”X—+...
2! 3! n!

Mucon. sinx uuar X =10° naru kuiiMaTHHA XUCOOIANT.

x=10° = 1”_8 ~0,174533 pajunansa

. . n 1(~« 3 1(xn : T 1(nx 3
sinx=8Sin—=———| — | +—| —| —..x)k———| —| ~0,173647
18 18 31\ 18 51\ 18 18

10. YOy ¢yHKIusuiapHu X-HUHT OyTYH MycOaT Japa)kanapy KYpUHUIIIA KaTopra
EHHUHT Ba SKUHJIAIINIITA TEKITUPUHT.
77.a"

i T
78. SIN( X+ —)

4

79. cos(x +a)
80. sin ° X

81. e*
. /A
82. sin( X + Z)

83. sin X
84. (1+x)"
85. In(1+ x)
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111-600. Komnieke conyiap Ba KOMILIEKC AapryMeHT/IH (PyHKIMSJIaP.

1-§. KoMIuteKkc COHJIap Ba yJap ycTHAA
amaJuiap.

z=x+ty (1) xypunuigaru udoaara KOMILUIEKC COH aeinnanu. by epaa i ra
MaBXyM OHMpIUK Aeinnaan. MaBxym OUpIHUK i = J=1 éxmi’=-1 oynamm.
Z=X+1y KOMILJICKC COHHMHT MaBXyM KHCMHU JIe0 Y ra , XaKkuKui KucMu 1e0 X
ra aitunagn Ba Re z=Re(X+iy)=x ; Im z=Im(x+iy)=y
KYpUHHUIIAA E3UITIAIN.
Macanan. z=-2+51 KOMIIEKC COHUHT XaKUKUN Ba MaBXyM KHCMJIapU
Re z=Re(-2+i5) =-2 Im z=Im(-2+i5)=5.
dakat MaBXyM KUCMHHUHT UIIOpacy OuiaH (apk KWIyBud  Z=X+iy Ba
Z =X-1y KYpUHUIIIJATd KOMILIEKC COHJIapTa KyIlIMa KOMILICKC COHJIAp JACHUIAIN .

Macanan. z=2+5i Ba Z =2-5i nap KyIIMa KOMIIIEKC COHTIAP/NP.

Z1=X1+1y; Ba Z,=X,+1y, KOMIUIEKC COHJIap Oepuiran OVIICHH.

1. 2=21+2,=X  Hiy HXoHY, = (X +X0) +i(Y1+Ys).

2. Z=21-2,=X Y 1-Xo-1Y2 =(X1-X2) Hi(Y1-Y2).

3. 2=217;=(XyHiY1) (XpHiY2 ) =(XXo-Y1Y2) Hi(X1Y2+Y1X2).

4 7 =i=(22 ;tO): Xl+iyl _ Xl+iy1 ‘Xz _iyz _ X1 X +iY1Xi _iXEYZ V1Y, _ Xlxi +Y12yz i Y1X§ _X12y2
Z K, X Fl, X -, XY, X, tYs Xty

Texucnuknaru XOY nexapT KoopAUHATAIAp CUCTEMACUHUHT

a0rucca ykura Zz=x+iy KOMIUIEKC COHHUHT XaKUKUI KHCMH X HH , OpJIMHATA YKUTa

3ca MaBXyM KHUCMH Y HU JKOMJIAITHPCAK X=ICOSQ , Y=ISiNQ OyiraHu y4yH,
Z=X+iy=rcose+rising — z=r(cos@+ising) (2) Oynamu.

(2) ra Z KOMIUJIEKC COHHUHT TPUTOHOMETPHUK KYPUHUIIH JEHUITAIH.

r=|z| - z xoMIIIEeKC COHHM TaCBUpJIaraH BEKTOPHHUHT Y3YHJIMIHHU Udoaaiaiam Ba

YHTa Z KOMIUIEKC COHHUHT MOJYJIM JACHUJIA]IN.

r=|z|=|x+iy|=+/x* + y* . apHH  [=4/x> +y°  (3)

dopmyna 6unan anuknanagy. (2) garu @ — OX YKUHUHAT MycOaT
HyHanuim OuiaH BeKkToprava 0yiraH OypuyakHu udogaiaiiy, yHra Z KOMIIJIEKC
COHUHT apryMeHTH Aevmnanu:  @o=Argz=argz+2kn (k=0, £1, £2,...)
tge=y/x — o¢=arctg (y/x) (4)
0<r<co ; 0<@=<2m
MareMaTyK aHaIu3 KypcuaaH DHIepHUHT e”=cos x+i'sin X (opMmynacuman

(oiinanancak KOMIUIEKC COHHU KyHuaaruda €3uIl MyMKUH!

z=r(cosp+ising)=re'* — z=re'’* (5)
(5) ra KOMIUIEKC COHHUHT KypcaTKuwin (popmacu aeiniaau.
Mucon. z=-1+i COHHU TPUTOHOMETPHUK Ba KYPCATKHUINA KYPUHUIIIA E3HHT.

x=-1, y=1
=[(-)217=V2 |, tge=y/x=-1; ¢ =arctg (-1).

BepHnraH KOMIUJICKC COHI'a MOC KCJIIYBUHU BCKTOP MKKMHYH HOpaKaa €Tranu Y4yH

0=3n/4 Gymamr: 7= -1+i=2 ‘(cos SA+isindnl)= 2 -3
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TpuroHoMeTpuK KyPpUHHIIIATH KOMILUIEKC COHJIAPHU KyNaTHPHIII,
JAapakara KyTapuill Ba HJIJIN3 YHKAPHIIL
Z,=r, (cosg,+ising,) , Z,=r, (cos,+ising,) , ... , Z;=ry(cCos@,+isingy)
KOMITJIEKC COHJIap Oepruiran OyICHH.

Kynmairtupum.
Z,.2,= 1,1, [cos(p,+,)+i sin(@,+¢,)]
XYJITU TITYHUHT/ICK,
2, 2y onZn= 2y Zy...Mp[COS(Q 10, ... +@,) + Isin(@,+o, +...+¢.)] (6)
Japaxara kyrapuul.
2"=[r (cos+ising)]"=r" (cos ne +i sin ng) (7)
oynamu. Xycycuit xonna =1 necax (7) mau
(cos@+ising)"=cosn@+ising (8)
Myasp popMynacu kenud YuKau.
Nnau3nan yukapuii.
[r(cosp+ising)]*" = " [cos [(e+2km)/n] +isin[(p+2km)/n]] (9)
oyuma k=0,1,2,...,(n-1).
Mucoan. (i)”3 xucoomancun 1=0+i'1 |, x=0, y=1
r=1, op=m /2 Oynranu yayH i=C0Sm/2+isinm/2
(i)' =(cosn/2+isinn/2)"® = cos [(n/2+2kn)/3]+isin[(n/2+2kn)/3] , k=0,1,2.
Zo=C0S m/6+i sin &t /6=1/2~(\@ +1)

2,=C0S57/6 + isin5n/6=-1/2°(\/§ -1)
Z,=C0S3n/2+isin3m/2=-1 .

Ymby wMucomiapaard KOMIUIEKC COHJIAPHM XAaKUKUH Ba  MaBXyM
KUCMJIADWHU aHUKJIAHT.

1. (2+3i)(1-2i)
a+bi

" a-—Dbi

3_@—202—4

(2+1)°

4.a+09
@-i)

5. (v/2 +/3i)?

2
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8. X Ba Y muar (3—2i)X+(1+31)y =—1+1 Tenrmamanu KaHOATIAHTHPYBYH

KHﬁMaTHapHHH TOIINHT.

9. X Ba Y munr (—1+31)X—(2—41)y =4—2i Tenrnamanu KaHOATIAHTHPYBYH

KUIMaTJIapuHU TOTIHHT.
10. YOy 4u3uKIM TEHTJIaMalap CUCTEMAacUHH €UUHT.

A+1)x+(3=-21)y =1+i
A-D)Xx+(4+21)y=2+2i
11.Ymly 4u3uKIM TeHTIaManap CUCTEMACHHH €UHHT.
(2+i)X—(3+i)y =1
B+i)X+(2-i)y =1
12. YmOy kBagpat TeHrJIaMaH! €YUHT.
A+i)x* —(2—i)x—i=0

13. YOy kBajpat TeHIJIaMaH! CUUHT.

X* —(4+3i)x+(L+5i)=0

YVuiby MucoiIapaard  KOMIUIEKC COHJIAPHH — TPUTOHOMETPHK
KeHTI/IpI/IHr.
14. -1
15. i
16. 1—i
17.1+i+/3
1 .43
18. —+|£
2 2

19. —cos@ —isin @
20. 1+cosp+isin @

Yoy mucomnapaaru udoaanapau XUcoOIaHT.
21. (L+i)*

38

KYpPUHHILTA



21. (\/3-0)*

22,

i \®

2 (75
(1-i/3)°
" (1+i+/3)*

(L+i/3)%
(L+i)1

27. YOy TeHrTUKHUHT TYIPUITUTHHA UCOOTIIAHT.

24 +(@+i)(3-1)

25.

n
. - nz .. Nx
(1+1)" =22(cos— +isin —)
2 2

YHI6y MI/ICOJIJIapIIaFI/I KOMIIJICKC COHJIapIIaH NIIan3 LII/IKElpI/IHI“.
28. 3/-1

29. 8/1

30. /-1

31.-1—1i

32. 3

33. %

" 1d(3£+4)_i(4ﬁ_3)
| 3—4i

1+ 71
35. 8 :
(4-33)+i(4/3+3)
YOy Mucomiapaaru KOMIUIEKC COHJIAPUHHUHT JorapugIapuHA TOTIHHT.

36. 10

39



37.15i

38. —i

30. £+£i
2 2

40. 3+ 4i

41. —1—1

2. 371, 320y
1-1

Ymly Mucosuiapjaru aapakaJiapHu XUCOOIaHT.
43. (-1

44, (i)'

45,17

46. (—i)*

47. 1 +1)’

48. (L—i)"

49. (\/3+1i)”

(Lﬁij“
2 2

2-§. Komnnekc apzymenmau ghynkuyusnap.

Arap D tynnam ¢akat nuku HyKTajapJaaHraHa noopat 0yinuo,yHUHT Xap
KaHJall MKKWTa HYKTaCUHU CUHHMK YU3HWK OWJIaH OupJiamTuprasga 0y CHHUK
YU3UKHUHT XaMMa HyKTtajgapu D Tymramra rerumu 6yiica,0y xomaa
tekucaukaaru D HykTanap TymiaMu coxa aehuiaay.

Mucon. Re z > a TeHrcu3iMK KaHaal coxanu nudoaaiaiim.
Re z = Re (x+ly)=x , nmemak X>a
y A
@) X
X=a —
Mucon.-b<Im z<b y 4

[
»
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v

y=-b

XaKuKuii Y3rapyBuniau t HUHT KOMIUIEKC QYHKITUSCH EKU KOMIIICKC
kuiiMaTian Gyukmuscu ne6 f(t)= fy(t)+ify(t) xypunummaru GyHkuusra aiTumnagm,
oy epna fy(t),fo(t) map xakukuii pyukusuiap, arap f,(1)=0 Oymnca, f(t) xakukuit
byukIusaaan uoopat o6yaaau.

Kommutekc y3rapysumin komiuieke yukmwms f(z2)=u(x,y)+iv(x,y) 6ymuo, Oy
epaa U(X,Y),V(X,y) HKKH apryMEHTIH XaKMKUI y3rapyBumin QyHKIHsIApIUp.

Tavpudgh. busra 6upop D caxo 6epuiran 6ynu0, Z=X+iy koMIuiekc coran D
CaxXOHHUHT HyKTaJlapu OpKaiu udoanan MyMKUH Oyiica, y Xxoina D caxonu
Z=X+ly KOMIUIEKC y3rapyBUYMHHMHT y3rapuill (aHUKJIAHHII) CAXOCH JICHHUIIAIH.

Tavpugh. Arap zZ komIuiekc Y3rapyBUYHMHUHT aHUKJIAHUII caxocuaara xap oup
KuiimMaTHra OUpop KOHyH OVitnua W=U+IV KOMIUIEKC Y3rapyBUMHHUHT MablIyM OHp
aHWK KUIMAaTH MOC KeJIca, Y X0JI1a KOMIUIEKC Y3rapyBur W HU KOMILIEKC
y3rapyBuM Z HUHT QYHKIMsICH aednnann Ba W=F(z) kypunuia é3umaim.
Mucon. W=z" dyHkuus Gepuiaran 6yIcuH.

W=U+HV |, Z=X+iY mecak U+iv=(x+iy)?=x2-y*+2ixy —
u=x+y? Ba v=2xy.
ByHman kypuHaIuKu, QyHKIUSIHAHT aHUKJIAHHUII COXaCH OYTYH KOMITIEKC
TEKUCITUKIaH nOopar.

Mucon. w=1/z 6ynca,  u+vi=l/(x+iy)=(x-iy) /(P+y?) —u=x/(x*+y?) , v=-
yI(x*+y?)
aHUKJIaHUII coxacu Z=(0 HyKTaJiaH OOIIIKa TEKUCIUKHUT Oapya HyKTajJapHu.
Mucon. Arap L 4u3uK TEKHCIHKIA
[x=Rcost,
1y=Rsint,
lo<t<m
napameTpUK TeHrJiaMa Omian Oepruiirad OyJICuH.
By 5rpH YM3HKHUHT W=Z° aKCIIAHTHPHII OPKAJIN TACBUPHHY TOIHHT.
Eunm. _
w=z° ;z=x+iy=R(cost+isint)=Re" ,
w=z% = R*(cost+sint)’=R?(cos2t+isin2t)=R%*" ; w=R%*".
pamuyc R® 6ymau, apryment 0 <t<2m ma y3rapm.
dapa3 kunaiauk f(z) GyHkms Zp=Xotlyo HyKTa Ba YHUHT €Tapid KHYUK
aTpodua aHUKJIaHTaH Ba OMp KUUMATIIU OYIICUH.

Tavpugp. Arap lim u(x,y)=uo a EIBO V(X,Y)=Vo

YEeKJIM JIUMUTIIAp MaBxy/ Oyica, f(z) GyHKIMSHUHT Z HUHT Zg Ta KaHaai
WHTHIAIIATA OOIUTHK OYIMaraHn Z||_)m f(z)=wo=UotiVy TuUMHT MaBXya OYaaau.
Ay
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Tavpugh. Arap f(z) byHkums 2=z, HyKTa Ba yHUHT aTpoduia aHUKITaHTaH
0ymuo0, ZILTO f(z)=f(zo) wexmu mumut maBxyx 6ynca, f(z) pyakuusau 24

HYKTaJa y3JIyKCU3 JICHUJIA]IH.
Tavpugh. Arap Az—0 na AW/Az aucOar Az HUHT KaHIall ycynaa Hoira

MHTHJINIIUTA OOIUTHK OyMaraH, aHuK OWTTa TUMHTTa 3ra 0yica, Oy mumur f(2)

. Do dw df
(GYHKIUSHAHT Zo HYKTaJarn Xocuiaacu aeiimmama Ba W', T'(zp) , T

KypuHHIUIApAa €3WIAIN.
Jemak Tawpudra kypa:
=f (7= lim Aw m Au + iAv
W=t '(zo)= a0 Az A0 Ax + Ay
Teopema. bupop D coxana anukinanrad Ba Oup KuiiMaTiu
w=f(z)=u(x,y)+iv(X,y) byakuusau D coxaHuHT UXTUEPUI Z HyKTacuaa
nuddepeHIMaIanyBun OVIIMIIN YUyH , XaKUKUK y3rapyBumian U(X,Y) Ba V(X,Y)
GYHKUMSUTApHUHT 11y Z HyKTa1a qudepeHnmnanianyBuu OYIUIIY Ba
ou o0v _ou ov
oy iy a D
X A4 Ny X
Komu-Puman maptiapuan 6axxapuiviiapy 3apyp Ba Kugos.
Kommu-Puman maptnapuaan goiigananud QyHKUUATIAPHUHT XOCHIIAJapUHU
xucoOnam GopMyiagapuHu Kyiiuaarnya €3uluMu3 MyMKHH.
. ou .0v 0Ov .0u Ou .0u OV .0V
f'g)=—+i—=—-1—=—-1—=—+I1—
ox oOx Jdy Jdy Ox 0y 0oy Ox
Komm-PuMan maptu KyT6 KoopauHaTanap cucreMacuja Kyiuaarnda oynaiau.
u=u(r,p) Ba v=v(r,p) necax,
ou 1 ov ov_ 1 ou
o r op | or r 0
Tapugh. Arap w=f(z) dynxus Oupop z, HyKTaja Ba yHUHT OUPOP
atpoduna nuddepenmamianyBuu 0yica, Oy GyHKIMS 11y HYKTa1a aHaJlaTUK
JIennIaau.
Mucon.
f(2)=2" :w=f(2)=2° — u+iv=z"=(x+iy)’=x*-y*+2ixy —
u=x>-y* ; v=2xy
du/dx=dv/dy=2x ; du/dy=-dv/dx=-2y
Jlemax f(2)=2° QyHKIHMS aHATHTHK SKaH.
Tavpugh. Xaxuxuii y3rapypumimm U(X,y) dyrakius oupop D coxana
OMpUHYM Ba MKKUHYM TApTUOJIN XyCyCHl Xocuanapra sra 6yiauo, mry coxaaa
o’u  o°u
o7 o O @)
Jlamnac TeHrjIaMacuHu KaHoaTianTupca, U(X,y) dyrkius mry D coxama rapMOHHK
byHKIUS TeHnIaan.
Mucoa.  V(Xy)= x*-8x%y-6x°y*+8xy*+y*  f(0)=0 6¥ncun

Au
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0 0
0—: =4x°-24x°y-12xy*+8y° ; 0—; = — 8x3-12x°y+24xy*+4y®

M(X, )

3_” =M(x,y) = IMXy)dx+o(y)=
X

=-[(8x3+12x%y-24xy?-4y*)dx+¢(y)= -( 2X*+4x%y-12Xx2y-4xy®)+ ¢(y)
ou

o, =Nxy) = 4X3+24x5y+12xy%+¢' (Y)= -4x3+24x°y+12xy*-8y’
v

ou ov ou o _.,
=—=— , N(X,y)=—=-— 0ynranu yuyH
oy oy ox

¢'(y) =-8y° = do(y)=-8y’dy = o(y)=-2y" +C
Jlemak
u(x,y)=-(2x*+4x%y-12x%y*-4xy*)-2y* +C
f(2)=u+iv=-2(x*+2x%y-6x2y%-2xy>+y") +i(x*-8x’y-6x°y*+8xy’+y*)+C
f(0)=0 = f(x=0;y=0)=0
f(0)=0 = 0=C [C=0].

51. f(2)= 2? +1 bynkuust Oepuiran. YmlOy Xycycuid KuUHWMaTIapUHU TOIMHU
f@A+i), fH/3=i), f(=)
52. f(z) =iz Qynxuus 6epunran. Yoy xycycuii KMiiMaTIapUHK TOIHUHT.

f(Q), f(=1-i), f(%+§i).

Yoy mucosapaard GyHKIHSJIAPHAHT XaKMKHH Ba MABXYM KHCMJIAPUHHU TOIIMHT.
53.W =22 +7

Z
54.W =—
Z
V4
55W:—
—i
Z+7Z
56. W = ——
-7
57.W =¢?

YOy Mucoiapaaru TeHTCU3IUKIAPHN KaHOATIAHTUPYBYH HYKTaJIap TYTUIAMAHA
AHUKJIAHT.

58. Rez <0
59. Imz > -1
60. —1<Reiz <1
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61. |m(§j > -1
VA

62.|z—2z,|<R
63.[z <Rez+1

64. |z —i| 2|z +1

65. |z| <L+

Ym0y Mucoiapaard TeHIIaMaiap Kanjaan YM3uKIapay ndoaalaliiHid aHUKJIaHT.
66. [z — z,| =2

67. Relzl
Z
68. Imz® =2

69. Re(z° —2)=4—-Rez

70. |m(§) -1
Z

71|z —i|-|z+2 =2
72. |z+1 = Im(zi)
73. z=t+1

t

T
74, Xucobmanr: a)e 3, b)e? c¢)e’™, d)e?™

75. COS(1— 1) HMHT KUAMATHHYU TOTIHMHT.

76. SIN(—21) HUHT KMIMATUHY TOIIMHT.

77.W = COSIZ nuHr XaKuKMI Ba MaBXyM KMCMIIAPUHH TOIHHT.

78. W =1SiN Z nunHr xakukuii Ba MaBXyM KMCMIIAPUHH TOIHHT.

79. W = eiz2 HUHI XaKMKAHA Ba MaBXyM KUCMJIAPUHU TOIIMHT .

80. W = COS(Z — Z) HUHT XaKUKAWA Ba MAaBXyM KUCMJIAPUHU TOITHUHT.
81. COSZ =1 TeHrIlaMaHu EYHHT.
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82. Sin( z—1) = 2 Tenrnamanu eymHr.

83. SiN IZ = 3 TenrmaMaHu eYuHT.

84. COS(2 — 21) HuHr KUiiMATHHYU XMCOOJIAHT.

85. sin( 1+ I\/§) HUHT KUUMaTUHHA XUCOOJIaHT.

86. Chrl HuHT KUIiMATHHA XHUCOOJIAHT.

T .
87. Sh— | HuHT KUHMATHHU XUCOOJIAHT.
. .
88. sh(/n2+ 5 |) HUHT KUMMATUHYE XECOOIIAHT.

7T .
89. ch(/n4 — 3 |) HUHT KUMMATUHYE XUCOOIAHT.

YHI6y MHUcCOJIIapaaru KOMIUICKC apryMCHTIIN (I)YHKIII/ISIJIapHI/IHI‘ XOoCHJIaJIapuHHU
TOIIUHI.

90. e7*
91, —

92. cos3e*
93 esinz
94. (e* —e ?)?

05, m
96. W= 2X° — Y + 2XYi

97. W= Xy+6Yy+i(x* —V)
98. f(z)=(z—2)Rez

99. f(z)=e"*z

100. Anamutuk ¢ynkuusaunr xakukuit kuemu U = 2XY Ba f(0) =0 Gepunran
Oynca, pyHKIIUSHUHT Y3WHU TOTIHHT.
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T .
101. AnanmuTuk QYHKOUSHUHT XakuKuil Kucmu U = YCOSX Ba f (E) =—

Oepunran Oyica, QyHKITUSTHUHT MaBXyM KUCMWUHU TOTIMHT.
X

e . )
102. AnanmuTuk (QYHKIUSHUHT XaKUKUH Kucmu U =— Ba f(—l) =1+1

y

Oepuiran 6yica, QyHKIMSHUHT MaBXyM KUCMUHH TOIIUHT.

103. Anamutuk pyrkuusaunr MasxyM kacmu F=IN(X+Yy) sa f(1+1) =iln 2
Oepwiran Oyica, QyHKIIUSHUHT XaKUKUA KUCMUHU TOIIMHT.

104. Awammtuk  QyHkuusHuar Maexym kuemu 3 = 2(Chxsin y —xy) sa

f (0) = 0 6epuran 6ynca, QyHKIMAHUHT Y3UHH TOIMHT.
105. Anamurvk (QyHKOMAHMHT MaBxyM Kucmu 3 =—-2SIN 2X Sh2y+Yy Ba

f (0) = 2 6epuran 6yca, pyHKUUSHUHT Y3UHK TOIHHT.

3-§. Komnaexkc y3zapysuuiu unmezpannap.

dapa3 Kumaiirk Z komruieke Tekucauruaa C cuiumik (6ku OYIaKiii CHILIHK)
Yu3KUK Oepuiran 0yimo, Oy YM3MK yCTH/Ia aHUKJIaHTaH Ba y3inykcu3 W=F(z)
KOMILJIEKC Y3rapyBunian GyHKIMs Oepuiirad OyIcuH.
f(z) pynxkumsagan C yn3uk Oyiinya OJIMHTaH UHTETPal

I f(z)dz=J udx—vdy+i} vdx+udy (1) dopmyna Ounan xucoOaHaIH.

C C (
Arap C 4M3uK TEHIJIaMacH MapaMeTpuK KypuHUIga Oepuirad 0ynuo,

x=X(t), y=y(t) ,a <P <0 O6yncun. C Yn3MK TEHIJIaMaCHHH KOMILICKC
KYpHUHUILIA €3CaK
z=z()=x(O)+iy(t) , Z=2()=x'(0)+iy'[t) (2)
Oynapra acocad (1) Hu Kyinaarnya €3ui1 MyMKUH:
p

l f(Z)dZZJ Lulx (@), y(O1+ivIX(@).y(O1HX (O)+iy' ()]dt  éxun
W=f(z) — ux(®),y(O1+vx(®),yOI=f[z(1)] (3)

oynranu yuyH (3) HM KyHuaaruya €3uill MyMKUH:

p
|t =] ez @

( 0
Mucon. C -mapka3u a HyKTaJia Ba paguycu Oup OyJiraH OMpIIvK aiyiaHa

Oynranma j (z-a)"dz wmHTErpamHM XUCOONIAHT.
(

Eumm. |z-aj=1 &km z-a=e'’ aiinana Tenrmamanapu, dz=iede
arap 0<¢<2m opanuuuja y3rapca, Z HyKTa aiiJlaHa YU3UIIMHU Oepaju.
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n I it

J (z-a)”dz=J (ei"’)”iei‘pd(pZij ei(nﬂ)‘pd(pZij [cos(n+1)p+isin(n+1)p]de

C 0 0 0

Arap n#-1,n=0,1,4£2, ... 6ynca,
i 1 2z

I cos(n+1)pdo= m sin(nt+1)p|, =0
It

J sin(n+1)(pd(p=-1/(n+1)'cos(n+1)(pE =0 , OynraHu yayH

0
j (z-a)"dz=0 »sEmm Nn=-1 6ynranmpa;
C
21 i

J(1/(z-a))dz:|z-a:ei‘P,dz:iei‘Pd(p, 0<p<2n |=f ie’de/e'*=i| dp=2ni
( 0 0

xycycuit xonaa a=0 6yica, xam j dz/z =2m .
C

[ynaait Knamo:

[ (z-a)"dz =0 arap n #-1, I (z-a)"dz =2mi arap n=-1.
C 0

HHTerpaJHUHI X0cCCajaapu.
1.§’3rapMac KYTaTyBYMHU MHETpa] OCJITUCHU/IaH TAIIKapUTra YNKApUIl MyMKHH:

J kf(z)dz=k'J. f(z)dz.
C C
2.VHTerpainan HyHaIuIM y3rapTUpuiica, MHTErpai KUiMaTH Y3 UIopacuHu

y3raptupan.

3. j [fl(z)+f2(z)+...+fn(z)]dz:f fl(z)dz+[ fz(z)dz+...+f f.(2)dz.

¢ C C (

4. | fn)dz<| [f)1dz

C (

Yuby Mucosuiapaara uHTerpaiapan xucobmanr (106-113).
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106. | = I(Z —Z)Rezdz, 6y epna I’ umsuxk Z, =0 Ba Z=1—1 mHykranapuu

r

TyTaIITUPYBUYH Y = —X TYUPH YKU3UK KECMAcHAaH HOOpar.

107. | = _“ z|zdz, 6y epna T umsuk 2z, =0 Ba Z=1+1 wnykranapuu
r

TYTAIITUPYBYM TYIPH YM3UK KECMACHIaH ubopar.

2 -

108. | zj‘elmz zdz, 6y epma I umsuxk Z, =1—1 Ba Z=0 wuykranapuu
r

TYTAIITAPYBYH TYIPH YM3UK KeCMacHIaH nbopar.

109. | = IZ(Z+1) dz, 6y epma I' umsux |z |=1 aiinananusr roxopu spMugaH
r

noopar.

110. | = §(Z -Z)dz, 6y epna I unsuk | Z |=1 aiinananan n6opar.
r

dz :
111. | = f—, Oy epaa I’ umsuk X =COSt, Yy =SINt aiinananan ubopar.
VA
r

-1t i )
112. | = [(2z+1)dz 113. | = [ze* dz

1+t —I

IV-000. Onepanuon xmcoo0.
1-§. JIamiac TaCBHPH Ba YHUHT 0ab3M X0cCcajJapu.

dapa3 Kunaiuk xakukuil ysrapysuwin f (t) yHkImsra yus3ukim
MHTETpaJl aJIMAIITHPHUII BOCUTACHIa OUPOP KOMIUIEKC Y3rapyBUmiIn (QyHKIUS
F(p) moc kenrupuiran 6yncun. by xonna f (t) byakuusan F(p) dyHKIusHIAT
opuruHaiM €ku aci oopasu nevmnaan. F(p) dyrxmusam oca f (t) HuHT TacBUpH
€xku 00pa3u €K1 KOMUSICH JAeHUIaIu.
Tavpugp: Opurunan ned Kyiugaru mwapTjiapHd KaHOATIAHTUPYBYM XaKUKUAN

y3rapyBuwim t Huer f () Kommeke pyHknusara aitunany.

1. Xakukuii y3rapysunian t uuar (£>0) yuakuuscu 6yaran T (1)

Y3JIyKCHU3 Ba UCTAJITraH TapTUOJM Y3JIyKCU3 XOcUJlaapra sra €ku

Y3WIHIITA 3Ta 0yIca, y3WIHII HyKTaJapu YeKIN EKH Y3UJIHII

HyKTajapu OYiIran opanukiapy XaMm 4YeKJd OYJIUIIN Kepak.

2. t<0 O¥ynca, f(t)=0 Oymamu.

3. f(t) pyHKIMSHUHT VCHIN, KYPCATKUWIN (QYHKIIUSHAHT

yeumuaan te3 0ynmaiau, uyHku t ra 0ok Oynmaran mryHgait mycoar M

>0, S, >0 connap MaBxyaku, V karra t yayH

< o oViaau.
ol < Me™" &y

By epna S, OpurMHaJIHUHT YCUIIA TApTUOMHU KypcaTyB4M cOH. Arap S, =0
OyJica, opuruHain y3rapmac Oyiaaau.
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Opwurunan f(t) ¢pynkuums rokopugaru 3 Ta MIapTHA KAHOATIAHTUPTaH/IA,

—pt
KOMILIEKC ¥3rapyBuu P=S+iG HUHT QyHKIMSICH OYraHn I f(t)e™ gt uTerpanra
0

opurnnai f(t) ¢yaxuusauaT TacBupu ¢ku Jlamnac anmamrupumy ku Jlamiac
dbyHKIMACH nedvnany Ba F(p) Owiran OenrwiaHaam

Fp= [roerdt

Opurunain TacBUp KynuHYa Kylujaaruda OeiaruiaHaau

F(p) —— f(t) éxu f(t) «—+— F(p).
bab3u conna pyHKUMAJIAPHUHT TACBUPJIAPH.

1. Kyiinngarnya anukianrad og(t)

oo(t) = {

byHKuusra Oupauk QyHkuusa €ku XeBucainga GQyHKIUACH TEHUIIaaHN.
By ¢GyHKUMSHUHT rpadguru Kyinaarunya

1,aeap t>0 o6yuca,
0,acap t<0 6yrca

A
co(t)
1
0 t >
XeBucailna QyHKUMACUHUHT Ta¢BUpH (1) ra Kypa Kyliuaarnia aHuKJIaHa IU:

w i 1 o
F(p)= f ePf(t)dt =f e'p‘cso(t)dtzf e Ldt=e™ g =-0+ > ="
0 0 0
[lynnait Kuauo
o) «—+—1p éxu 1<«-+—1lp (2)
2. f(t)=sint ¢ynkms TacBupu Xam (1) ra Kypa aHUKJIAaHAIH:

0

F(p):j e PLf(t)dt :j sint-eP'dt=| e P'=u; sintdt=dv; du=-pe™'dt; v=-cost|=
0 0

o0

=-e™.cost| -pj e™.costdt =| eP'=u; costdt=dv; du=-pe®dt; v=sint |=
0

o0

=1-p[ e™sintly +pJ e™.sintdt ]= 1—p2j esintdt
0 0

0
0 00

. - 1 ) i w ) . 1
f eP.sintdt=1-p?| esintdt = (1+p?) [ e™sintdt=1 = | ep‘-smtdt=1+p2
0 0 ' 0

[ynnait kKumu6d
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i 1
sint «—+— R C))
1+p
3. f(t)=cost (yHKIHS TACBUPUHH TOTIAMM3:

F(p)= | cost-e™dt =| e™=u; costdt=dv; du=-pe™'dt; v=sint |=
0

0

=ePsint|, +pj sint-e P'dt=

: 1+p®

Jlemak COSt pyHKITUSIHA TaCBUPHU

N U
1+ pz Ekn  cost «—— 1+ pz 4)

Jlanuiac TacBUpMHUHT 0ab3U X0CCAJIAPH.

1. Ywmsuxymauk xoccacu. Arap Fy(p) —+——  f(p) (k=1,2,3,...,n) 6y1u0, c
jap y3rapmaciap Oynca, y xoija

Z ckF(p) —+—>Z Ckf(t) MyHOcabaT ypuHIM OVIamy.
= k=l

N 1
2. Yxmanumk Teopemacu. Arap a>0 Ba F(p) —+—f(t) 6Ynca, y xonma 5 F(g)

—— f(at) 6ynamn.
3. Opur"HaJIHUHT Keuukuill Teopemacu. Arap A>0 6yica, y xonaa F(p) ——
f(t) man f(t-A) —— e”PF(p) kenu6 ynkamm.
4. TacBupHUHT cuiuil Teopemacu. Arap F(p) —— f(t) 6yica, y xonna ucraiaran
Ayayn ef(t) —— F(p+)) xeau6 umka.
5. Opurunanau auddepennmanant. Arap f(t) pynaxuums [0,00] 1a y3mykcus,
muddepennmamianypun Ba f'(t) xocwia TacBup MaBKyuUruHuHT 1,2,3
HIapTIapuHu KaHoatiaantupuo, F(p) —— f(t) 6ynca, Kylingaruiaap ypuHin
oynanu.
a) pF(p)-f(0) —=— (1)
Xycycwit xonna f(0)=0 o6ynca pF(p) —~— f'(t) Oymaam.
b) Arap f'(t) mapxyn Gysca Ba TaCBMp MaBKyUIMTHHUHT IIAPTIAPUHU
KaHOATJIAHTHUPCA
fO(t) —— p"F(p)-[ p"*F(0)+ p"*F (0)+ p™*F"(0) +...+ pf™2(0)+f"(0) ],
arap f(0)=f'(0)=...=f"(0)=0 Gyuca, f"(t) —+—p"F(p) 6ynamm.
6. Opurunanuu uaterpaiam. Arap  F(p) —=— f () OVca,

t
t

j f(t)dt mmHTr TacBUpH '[ f(t)dt —=— F(pp) Oynanu.
0 0

7. TacBUpHU MHTETPAJLIALLL
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r f(t
Arap F(p) —— f (t) 6¥uca, j F(p)dp —— Jtl oynanu.
0
8. TacBupuu mquddepennuamiam. Arap F(p) —— f (1) 6ynca, y xomaa
a) F'(p) —— -tf(t); 6) FV(p) —— (-1)"t"(t) Gymamu.
Mucon. f(t)=sinat ¢yHKIHSA TACBUPUHU TOIIAMU3:

F(p)= I sinat-eP'dt=1/a-1/[(p/a)*+1] =a/(p*+a°)
0
Jlemak sinat«——a/(p°+a?)  (5)
Hlynra yxmam f(t)=cosat ¢byHKIMsSHN TacBUpH Kyluaaruda Oyiam:
cosat<——p/(p*+a®)  (6)

Mucon. f(t)=3sin4t-2cos5t ¢yHKIMSA TaCBUPU TOIMHIICHH.
Euumr: (5) Ba (6) nan

L4 (t) b=3-4/(p*+16)-2-pl(p*+25)=12/(p*+16)-2p/ (p*+25).
Mucon. F(p)=5/(p*+4)+20p/(p*+9) Tacup dhyHKIHs Gepuirania GOLUTaHHY
(GYHKIHMSHA TOIHHT.
Eunur: F(p)=5/2-2/(p*+4)+20-p/(p°+9) —+—>5/2-sin2t+20c0s3t=f(t)
Hemak  f(t)=5/2-sin2t+20-cos3t.
Mucon. f(t)=e™ (QyHKUMAHM TACBUPHU TOIHIICHH.

F(p) =) e™edt ==| e Vdt=1/(p+a)  (7)
0 0
Mucon. f(t)=e" (QyHKUMAHM TACBUPHU TOIHIICHH.

F(p) =[ ePetdt==] e®Vdt=1/(p-a)  (8)
Mucon. f(t)=shat=1/2-(e™-e™) pyHKIMIHN TACBUPH TOIMIICHH.
(7) Ba (8) man  1/2-(€™-e™) «—+—1/2.[1/(1-p)-1/(p+a)]=a/(p*-a)
Tlemax F(p)=a/(p*-a’) éxku F(p) —+—f(t) spHE

shat<—+—a/(p-a°) (9)
Ilynra yxmam chat=(e*+e™)/2  ¢pyHKuus TacBUpH
chat «—+— p/(p*-a®) (10)

Mucon. F(p)= 7/(p°+10p+41) TacBup GyHKIMSAAH GOULTAHTHY (ByHKIHS
TOIUJICHH.
Eunmmu:  F(p)= 7/(p*+10p+41)= 7-4/[4-((p+5)*+47)]  Jlemax
7-4/[4-((p+5)*+4%) ——T/4-esindt. éxu
F(p)—+—7/4-e”'sindt=f(t)
Mucon. F(p)=(p+3)/(p*+2p+10) TacBup dhyHKIHIIAH GOLLTAHAY
(GyHKIIUAST TOTMTUIICHH.

F(p)=(p+3)/(p*+2p+10)=[(p+1)+2)/[(p+1)*+9]=

=(p+1)/[(p+1)"+3°]+2/[(p+1)"+3°]=
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=(p+1)/[(p+1)*+3°]+2/3-3/[(p+1)*+3°] [lemax
F(p) ——e'cos3t+2/3-e'sin3t
f(t)= e”cos3t+2/3-esin3t.

Mucon. Y6y al(p*+a®)= j eP'sinatdt  dopmynanan doiinananus
0

0

J e Pltsinatdt xocmac MHTEramHKM XUCOOIAMT.
0

Eumir:  a/(p*+a’)= j e™'sinatdt
0

Oepwiiran 0y XxocMac UHTETpaiHu P OYitnda nuddepeHnnaiaiMmus;

0

al(p*+a’)*= j ePtsinatdt. Jemax a/(p°+a?) ——> tsinat.
0

OPUT'MHAJI - TACBHP XXAJIBAJIN.

0

f(t) F(p)zf e P(t)dt

0
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L1 1. 1/p
2. sinat 2. al(p*+ad)
3. cosat 3. pl(p®+ad)
4. cosa(t-to) 4. pe™/(p®+a’)
5. e 5. l/p+a
6. shat 6. a/(p*a?)
7. chat 7. pl(p*-a®)
8. e™sinat 8. a/[(p+h)*+a?]
9. ¢™'cosat 9. (p+A)[(p+2)*+a’]
10. t" 10. nl/p™*
11. tsinat 11. 2pa/(p*+a’)®
12. tcosat 12. -(a%-p?)/(p*+a?)*
13. te™ 13. 1/(p+1)?
14. (sinat-atcosat)/2a’ 14. 1/(p*+a’)?
15. (1) 15. (-1)"d"F(p)/dp”
t
16. I f(t)dt 16. F(p)/p
0 .
- (0 17. !F(p)dp
S | -pt
18. eP°F(p)
1 10 19. pF(p)-1(0)

: 20. p°F(p)-[pf(0)+f'(0)]
20. 1(t) 21. p°F(p)-[pf(0)+pf '(0)+F"(0)]
21. 1"'(t) 22. p"F(p)-[p"*f(0)+p™ %' (0)+...+
22. (1) +p £72(0)+ £9(0)]

Kyitnnaru ¢pyskiusuiapaaar F(P) TacBUpHH TOTIWHT.

1. f(t)=2+sin3t 2. f(t)=Sint-cost
3. f(t)=3e* 4. f(t)=te*
5. f(t)=ch4t-sht 6. f(t)=2tcos3t
7. f(t)=sin’4t 8. f(t)=cos’2t
9. f(t)=2t>+3 10. f(t)=4t-cos2t
Kyitnnaru F(p) Taceup dyukmusiiapaan f(t) opurunan GyHKIMsIapHA TOITHHT.
1 2
11. F(p)= 20+ 3 12. F(p)= (p+3(p+ 49
1 1
13. F(p)= 0%+ 50+ 6 14. F(p)= 0%+ 2p+ 10

15. F(p)= 24 j)p( vy 16 F(p)=(p2+p32

53



3p 1
17-Fp)= p*+4p*+4 18- F)= o+ 92+ 16
1 2
19. F(0)= . o7 1 20. F(0)= 7y an
(p+2°-16 (p°+4p

2- §. OnepanuoH XucoOHUHT auddepeHIuaT
TEHIJIAMAJIAPHU eYHIIra TAA0UKH.

VY3rapmac kordduimeHTn Yn3ukian auddepenman TeHrnama Oepuirad
OYJICUH:

XV ) +a X"V () +...+ anX O+ ax(O)=f(t) (1)
6y terrnamasnar  X(0)=Xo, X'(0)=Xg’, . . . , X"D(0)=x,""Y (2)
OOLUTAHIINY WAPTIAPHU KAHOATIAHTUPYBYH XyCYCU €YUMHU TOMMII Tajaad

KWIMHCHH. (1) HUHT Xap MKKaJla TOMOHUJIAry udoagapaad TacBUpIapra
YTCaK,HaTHXaJ1a

o(P)X(p)-w(p)=F(p) (3) EKH
X(p)-[ @np"+an.1p™'+...+ayp+ag] =
=an[p" X+ X'+ ... X" ]+ ana [P X+ P XK+ XA
...+ a[pXotXo'[HaXe+F(p) (3%)

TeHrJIama xocui 0ynanu. (3) Ba (3*) napra épmamun €K1 TACBUPIIOBYU EKU
OIepaTop TEHrJIama JICUuIIaIn.

(3)um X(p) TacBupra HucOaTaH eund CyHrpa opuruHaira yrcak (1)
TEHTJIAMaHUHT (2) mapTiapHu KaHOATIAHTUPYBYM €UUMH KEIHO YUKAJIH.

Muconnap edranga Kyiugaru Gopmynanapaan Gongananamus.
'(t) <= pF(p)-x(0) ;

X['(t) <+ pF(p)-[Px(0)+x'(0)]
*) ") <= pF)-[p(O0)+px (0)+x"(0)]
V(1) <= p'F()-[P*x(0)+p°x'(0)+px""(0)+x"'(0)]
MucoJi. X{0)=0 OGomutaHriy MIApTHH KaHOATIAHTUPYBYHU
dx/dt+x=1 muddepeHnman TeHrIaAMaHd CUUMHU TOTHIICHH.
Eunnr:  X'(t)+x(t)=1
TEHTJIAMaHH UKKH TOMOHHHHU € ra xymaitupu6, [0;00) opanmkna t Gyitnda
uHTerpauiad. Jlamnac uaTerpanura onub keyamu3 Ba TacBup QyHkims F(p) Hu
TOTIAMH3:

0 0

| eI ex(]dt = Pt

0 0
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| e Px(t)dt+ | e Px(t)dt=1/p
0 0
PF(p)-x(0)+F(p)=1/p 6y epra x(0)=0.
F(p)(p+1)=1/p ; F(p)=1/[p(p+1)]=1/p-1/(p+1)
TacBup xaaBanugaH F(p) —+—1-e" éxu
x(t)=1-e".
Mucon. Yy(0)=y'(0)=0 Gomnuranruy mapTHA KaHOATJIAaHTHPYBYH
y’+9y=1  (y=f(t))
muddepeHIan TeHrIaMaHu €quHT.
Eunnr: y'+9y=1 TeHIIaMaHH UKKH TOMOHMHU €' ra kymaittupu6, [0;00)
opanukaa t Oyitnmua nHTerpayuiad Jlamiac uHTErpanura oMb KejiaMu3 Ba TACBUD
byukius F(P) H1 TOaMu3:
j e™y"dx +9I e‘pxydxzj e™dx
0 0 0
p’F(p)+py(0)-y'(0)+9F(p)=1/p 6y epna Y(0)=0, y'(0)=0.
p’F(p)+9F(p)=1/p ; F(p)=1/p(p*+9)=1/9p - p/9(p*+3?)
TacBup xaaBavaan
1p——>1 p/(p*+3?) —=—> cos3t
Jlemak
F(p)=1/9-1/p-1/9- p/(p°+3%) —+—1/9 -1/9-cos3t
€K1
y=1/9 -1/9-cos3t.
by Gepunran nuddepeHian TeHrJIaMaHu €4YUMHU.
Mucoan. X"'(t)- x'(t)=0 (4) TEHTJIAMaHUHT

x(0)=3;x'(0)=2; x"(0)=1 (5)
60H_UIaHI_II/I‘l mapTiIapHd KaHOATIAHTHUPYBYMU CHMMHWHU TOIIMHI .

ABBaJ onepaTop TEeHrJaMacuHU Ty3aMu3. ByHUHT yuyH (4) HUHT yan
TOMOHMJIaH (*) ra Kypa TacBUpra yramus:

[p°F(p)-( 3p°+2p+1)]-[pF(p)-3]=0 = (p*-p)F(p)= 3p*+2p+1-3

P’+p—2  P+2p-2
(P*-P)F(p)=3p™+2p-2 = F(p) = oo pip

HU 3HT COJ/Ia KacpJiapra axpaTamjivk :
P42 P*H2 A B, C
o>p  pp-d(pr) P p-1 P
3p°+2p-2 = A(p>-1)+Bp(p+1)+Cp(p-1)
3p°+2p-2 = Ap*-A+Bp®+Bp+Cp™Cp .
p> : A+B+C=3
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p : B-C=2 = A=2;B=3/2;C=-1/2
P’ -A=-2
Myrmai kumud F(p)= 2/p+3/2 -1/(p-1) - 1/2 -1/(p+1)

OHJIM JKaJIBajira Kypa opuruHauiapra yrcak, nuddepeHinan TeHrIaMaHuHT
’KaBOOM KeJINO YMKAIU:

X(t)=2-1+3/2-e-1/2.e'=2+3/2.e-1/2-™ .
Mucon. y'"(t)-2y'(t)-3y(t)=e* sprn y”’-2y’-3y=e® muddepenmunan

tearnamanuHr Y(0)=0 ; y'(0)=0 GomuraHmnY MApTHH KAHOATIAHTHPYBYHU
XYCYCHI €4UMHUHH TOTIHHT.

Eunm. Opurunain-tacBup xaBaiura Kypa

1
pZF(p)-[py(O)+y'(0)]-2[|0F(|0)-y(0)]-3F(|0)=IO_3

1

EE-20F0) SR T RO g > RO
1 _ 1 _ 1
(P*~20-3(p-3 (P+J(p-3(p-3 (p*+D(p—3°
1 __ A _B_C
(P+3(p-3° (-3 p-3 P
1=A(p+1)+B(p+1)(p-3)+C(p-3)?
1=Ap+A+Bp*-2pB-3B+Cp*-6Cp+9C
+C=0 C=-B C=-B
-2B-6C=0 A-2B#+6B=0 A+4B=0Q
-3B+9C=1 A-3B19B=1 A-12B=1 | =
= 16B=-1; B=-1/16; C=1/16, A=-4B = A=1/4

Fp)= T e = :
= OpUTHHAJITa YTCaK
4p-3° 1qp—3 14P+d
1g 1,41,
y(t)—4te —16te +16te

Omnepannon xuco6 €paamuaa auddepeniman TeHriaMalapHi €UUHT.
21. y+ty=2 , y(0)=4.

22. y’+3y’+2y=0, y(0)=1,y(0)=2
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23. y’-9y’=2cosdt, y(0)=1, y’(0)=2

24. y-3y’+2y=e™ | y(0)=1, y’(0)=2

25. y’-y=t, y(0)=y’(0)=0.

26. y’’-y’=0,y(0)=2;y’(0)=0;y”’(0)=0.
27, y+y=1, y(0)=y’(0)=y’(0)=0.

28. x’+y=1 } X(0)=y(0)=x’(0)=y’(0)=0
y’+x=0
OOIILJTAHTUY IIIAPTHA KAHOATIAHTUPYBYHM CUCTEMAaHUHT XYCYCUH CUUNMHHU
TOITHHT.
29. 3x’2x+y’=l }‘
x’+4y’+3y=0 cugremanu ymoy X(0)=y(0)=0 Gonuranruy mapTHH
KaHOATJIAHTUPYBYH XyCYCHH €UMMUHH TOIIHHT.
j sint
30. Xucobmanr | ¢ dt
0

V- 0600. Un3uKJau gactypJainmi.

1- §. Un3nk/Iu gacTyp/am MacaJaJJapUHUHT MATEMATHK MOJe/Iapu
Ba YJAPHU €YML YCYJJIApH.

ban3u YU3UKJIIA JaCTypJiall MaCcaJIaJIapUHUHI MAaTEMATHUK MO CIIJIaApH.

1-mucon. Exunum mMacanacu. KKM HaB, SHHU UKKU XM GKWINWAAAH HKKATA A

Ba B apamamma

Tal€pam Kepak.

A apananmiMaHuHT

60 (pomsm) 1- HaB

ékunuuaad, 40 ¢ous 2- HaB Ekunuuaan uobopat OyicuH. A apanammaHuHT 1 Kr
100 cym, B apanammanunr 1 xr 120 cym 6ynu0, 1- HaB ékmnuugan 50 ToHHA, 2-
HaB €xkunuuaad 30 ToHHa Oyica, SHT Kyn (oijga KeaTUpaauraH apaialiMaHUHT
peXacuHM, SbHU MaTEMAaTHK MOJEIVHU TY3HHT.

Eunuw. Kynaiinuk yuyH OepwiraH HapcaJlapHU KyWHJard >kajaBajra

KHUPUTANIIHK:

Xowm amé typiapu | Xom amé A Hunr 1 tonnacu | B Hunr 1 ToHHacu
3axupacu Y4YH yayH

1- HaB 50T 60%=0,6 80%=0,8

2-HaB 30T 40%=0,4 20%=0,2

| TOHHA apaJlalIMAaHUHT HApXU 100000 120000

A apamammMazaH X; TOHHA, B apanammanan X;

TOHHA TaW€pIaHCHH. A

apanammManuHr 1 tonnacu 100000 cywm 6yiica, x; Tonnacu 100000x; cym O6ynanu.
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B apanmammvanunr 1 tonnacu 120000 cym Oynca, x, tonHacu 120000 x, cym
oynanu.

Jllemak, Oy xonma makcan ¢yakius f=100000x; +120000x, kypunuiimma 0yauod
my QYHKIUSHUHT DHI' KaTTa (MaKCUMyM) KHHMATHHHA TOMMII Kepak.
XucoOmanuIapHl  COMJANAIITHPUIN  MaKcaauaa  KyJalJuK Y9yH Makcaj
dbyukiusan 1000 ra 6yicax,

Ba F p1eb6 Oenrmmacak, F = ﬁ 0ynmu0, makcan GyHKIUS Kyhuaaruda Oyiaau:

F=100x;+120x;

Arap A apanammManuHr xap oup tonHacura 0,6 (60%) TonHa 1- HaB €KUM
Kerca, X; ToHHacura 0,6 X; ToHHa |- HaB E€xkwinm Ketaau. XyIOu IIyHUHTAeK B
apajaliMaHUHT X, ToHHacura 0,8 X, ToHHa |- HaB €KUM KeTaau. MabiyMKu
OynapuuHr HuruHaucu 50 TOHHAAAH ONIMO KETHUIIM KEPAK IMAC:

0,6X1 +0,8X2 <50

XyAau yHUHTJEK, 2- HaB EKWIIM YIyH MYyJIOXa3a KWICAK,
0,4 x;+0,2x,<30

kenn6 ynkaau. lynagai kummo,

F=100x;+120x, Q)

Makcaa (QGYHKIUSHUHT X1, Xp JJap KyWuaaru
0,6x, +0,8x, <50
0,4x,+0,2x, <30
X, =20,x, 20

(2)

YEeKJIaHUII TEHICU3JIUKIAp CUCTEMAaCHHH KAHOATIAaHTUPAIUTaH KUMMaTiIapyuaa 3HT
KaTTa KUMMaTUHU TOIHII KEPakK.

2- mucon. Jlacmeoxnapuu wknawi macanacu. 3aBon Oyroptma Oyiinua Bj
maxcynotaan 5000 gona, B, maxcynornan 3500 nona nnad ynkapui kepak. by
OyropTManapHu Oaxapuil yuyyH yuTa A;, A, Az nacrroxjapiad ¢oiganaHuin
MyMKHH. By AacTroxjiapHuHr xap OWpHIaH MKKA XHJI MaxcCyJoT Tal€praiiia
doitnananuimn MymkuH. by nacrroxjpapauar oupuHun 90 coar, ukkunuu 70 coar,
yunHurcH 80 coar unuiamy MyMKUH. Xap OMp JaCTTOXHUHT MIUIAII COATIapH Ba
xap Oup wuIUIA0 YMKApPWIraH MaxCYJOTHHHI TaHHApXW KyWHaaru xajaBaijia
KEJITUPWITaH.

Maxcy- Maxcynor | Hacrroxmap
J0TIap COHM Al A, Ay

4 6 10
B, 5000 15 25 20
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B, 3500 10 8 30

UI1a0 YUKAPHII COATH
90 70 80

by epma 15, 25, 20, 10, 8, 30 map gacTroxJapHUHr OUp coaT HUILIA0
yUKapaJuran maxcyjoriap couu. 4, 6, 10, 8, 5, 7 nap xap Oup MaxCyJIOTHUHT
TaHHAPXHU.

buzgan cypamamukum, mry ydra JgacTroxjapiaH ImyHaaW ¢oigaraHuIn
peXacuHU TY3WHTKU, HaTWXkada Ta€prnanaguran B;, B, wmaxcynornapHUHT
TaHHAPXU SHT KUYHMK OVicuH. Arap A, Ay, Az aacTroxjapHuHT B; MaxcynoTHH
Tal€palll coaTiapuHu MOC paBUIIA Xi, Xp, X3 JEcak, B, MaxcynoT yuyH 3ca Xq,
Xs, Xg J€CAK, KYWUJITaH MacaJlaHWHT MaTEMaTUK MOJICJIN Kyiuaruda Oyiaau:
15x, + 25x, + 20x, = 5000

10x, +8x, +30x, = 3500
X, +X, <90
X, + X5 <70
X3 +Xs <80

TEHIJIaMaJlap Ba TEHICHU3JIMKJIAP CUCTEMAaCHHUHT IIyHAal MaH(uii Oynmaran
CUMMHHM TOIHUII KEPAKKH, HATIKAIa

f =60x; +150x, +200x, +80x, + 40X, + 210X,

Makcaj (yHKITUS SHT KHYUK KHiMaTra SpPHUIICHH.

Ky#innarn macananapHUHT MAaTEMAaTHK MOJICTTUHU TY3UHT.
1. Yura razera unkapyBuu A,b Ba B Hampuérnap mapxys 6ynuo, ynap 7 ta
MHUHTAaKaHM ra3era Owinad TamuHiaanau. A, b Ba B Hampuérnapaa moc paBuiiga
230, 160 Ba 190 munrTagan Hycxaja razera Ynkapuiaaau. MuHTaKkanapHUHT
raszerara Oynran sxTuéxiaapu moc pasuniga 70, 80, 90, 80, 90, 75 Ba 95
MUHTTaJIaHHU TallIKWI KWiaad. bup MUHT Hycxajaru razeTany HalpueTiapian
MUHTaKajlapra €Tka3uO OCepulll y9yH KUJIUHTAH TPAHCIIOPT XapaKaTh KyHujaaru
JKaJBaJIJIa KEJITUPUIITAH:

4 5 6 7
A 1,1 1,2 1,3 3,1
b 0,9 3,1 1,4 1,1
B 3,8 2,3 1,6 1,4

YMymMuii TpaHCIOPT XapakaTu HT KaMm OYIaaural peskaHMHT MaTEMaTHUK
MO/JICJIUHU TY3UHT.
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2. 3aBop uctemomunra oupuaun oina 140 ta, mkkuHuH oia 240 Ta qBUTATEN
€TKa31u0 OEpUINl MIAPTHOMACHHU TYy3/HU. 8 COATIUK I KyHHUa 3aBoj Oup oiaa 160
Ta ABUraTeN nuuiad ynkapa onaau. Hopmagan Tamkapu KyHJIMK KYIIMMYa AT
coarnapuaa oup oina sina 40 Ta ABUTaTeN UIUIA0 YMKAPWIMILKA MyMKHH, JIEKUH
Xap Oup KymMMua Uil coaTiapujia uiuiad YuKapuirad asuraren yayn 30 cymuaan
TYnaHaau. bup nBurarennu 6up o cakiami 4 cymra tymanau. Kentupuiarad
HmIapTiIapHU XMcoOra oJiraH X0J1/1a KyIliMMya Uil coaTiiapura Ba JABUTaTeIJIapHU
cakJjallra KeTaJurad xapaxaTyiap HT KaM OyIaJurad JBUraTes UIiad YuKapHiil
pPEKACMHUHT MAaTEeMATHK MOJICITUHU TY3WHT.

3. OM0O0p xap Oup dacima MaxCyJIOTIAPHUHT HApXH y3rapumuaad Goimaa oraim.
Om60p 1000 Oupnukaaru MaxcyJIOTHU CULAMPA OJIaJIA Ba Xap Oup OUpIuK
MaxCyJOTHU Oup Qacn cakiam 2 cymra Tymaan. bup Oupiank MaxcylTOTHHHT
Hapxu 1-un dacnma 22, 2-yu pacnga 24, 3-uu dpacnga 18, 4-uu pacnga 20 cym
o0ymn6, omOopaaru gacTiiabku MaxcyiaoT MUKIopH 3ca S00 oupiuk Oyiica,
dacmnap O6yiinua Oup MuIIa COTHUII, CaKIall Ba COTHO OJUIIIApHU XUCOOra oJiraH
XOJI1a 9HT Ky1 (oiiaa oMUl peKaCUHUHT MAaTEeMAaTHK MOJICITUHU TY3UHT.

4.30% xypuommH, 30% muHk Ba 40% Mucgan ubopar KyiiMma Taiépianl Kepax.
bynna 9 xun komOuHanusian goiinananwiaau. by koMOMHaIMSTIApHUHT MUKIOPHU
Ba HapXJIApH >KaJIBAJIJIa KENTUPUIITAH.

Kyiima, % A|/B|O| O E|T |M|H| K | Tanad kuimHran

apajamma
kyprommua |18 | 9 |32 |54 |27 |27 (35|16 |19 25
IIUHK 46|38 (32|28 |37 |41 |41 |50 48 36
MHUC 36 53 36|28(36|32|24|34|33 39

Hapxu (1xr) | 6 |15]13 11|10 | 8 |14 |16 |12

1 Kr 5HT ap30H apanam KyHMaHM OJIMIL YYyH Xap KaliCu XWJUIMK 3JIEMEHTAAH
KaH4a MUKJIOP/Ia OJUHUIIHN KEPAKIUTY aHUKJTAHCHH.

5. Kyprmmr Gomkapmacu 3 ta kypuaumgard (1, 11, 1) 25 munr m°. Tenr 6up
XU XQKUMIAIN uilutapau 6axapuinu kepak. Kypunum 6omkapmacuaa A, B, C
ydTa dKCKaBaToOpJiap MaBxKy 1 OYiu0, yTapHUHT UIll HOpMAaJIApUHU OaKapHIIIapH
Ka[BaIIa KenTHprIran ( M/q):

UIII TypJIapu IKCKaBATOpJIAP
A B C

I 110 123 71

1 91 86 51

i 91 97 59

XaMMma HIap SHT KUCKa MyaTaa 0axapuiniig MyMKAH OYJraH,
AKCKaBaTopiapaaH (porIaTaHIIMITUHUHT MAaTeMaTHK MOJICIIN Ty3UJICHH.

Yu3uKiM TeHraaManap CUCTEMaCuHA HOMABJIIYMJIAPHU TYJa HYKOTHUII YCYIIU
OWJIaH CYMILL.

Kyliugaru n Ta HOMabJAyMJIHM N Ta YU3BHUKIU alredpauk
TEeHTJaMajiap cucTeMacu OepuJiraH OYJICUH:
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a,, X, +....+a, X, =b

(X 3%, et X, =D,

HomabnymimapHau Tyna MYKOTUII YCYJIMHUHT MLOACH MIYHIAaH
nbopaTku, 3JMEMEHTIapH TEHrJamallap CHUCTeMacuJaru HoMablymiap-
HUHT Kod(pdUIMEeHTIapugaH Ba 030] XaJjapJaH TallKul TONraH
KECHFaWTUPUJITaH MaTpHUlla Ty3WJAH.

a,;d;,....4, bl

n

CyHrpa snemMeHTap aaMamTupuuuiap €paaMuia Kymnuaaru
KYpUHUIITAru OUPJIUK MaTpullara KeJITUpUiIaau.

1 00...0 |G
0 10...0|C,
______ - (2)
0 00...1]c,
by xonma cuCTEeMaHUHT ATOHA €YUMU
X1=C1, X2=Cp, X3=C3-..., Xp=Cn KYypuUHHUIIAA OYIanu.

dcramma:

1. Arap snemMeHTap aJlMamTUpulIap Hatuxkacuzaa (2) marpuna
oupop WynuHUHT Oapua 3JIeMEHTJapu HoN OVica, y xonjga Oy HYiIHU
tamiaald w00opum MyMKuH. by Xonma OepuiraH cuctemMa 4YeKCU3 Kym
eyuMmra sra Oynanu.

2. Arap oajeMeHTap aJMamTHUpUILIAap  HaTuxacuga (2)
MaTpUUaHUHT Oupop #yn snementiaapu (0 O......... 0 |c) kypuHHIIAA
Oyinca, CHCTEMaHUHI €YUMHU MaBXyln Oyamaiau. SAbHU cuctema
Oupranuknaa OynamaraH cucrtema O6ymaau.

3. bu3 HomabAyMJIapHH Tyjga WYKOTUII YCYJUMHH TEHIrJIaMayap
COHM HOMabJyMJjap COHUTAa TEHr Oynaran Xxojiga KYpAuk. YMymuu
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XoJJga N Ta HOMawlIyM M Ta (M#N) YKU3HUKJIMU TEHrjaamallap CUCTEMacHu
YUYyH XaM KYpHUII MYMKHH.

OX; +8X, + X; =2

3X, —2x, +6x5 =—7
Mucoa.
2X, +X, —X3 =5
YU3UKIU TEHIJaMajlap CUCTEMAaCHHHM HOMABIYyMIApPHHU TyJa UYKOTHUII
yCcyau OuJaH €4YHHT.
Euuw. a;;=5 0yaranu y4yH yHU | KUJIAII MakKcaauaa
CUCTEMAaHHUHT OMPUHYU TEHIIaMacuHU 5 ra Oymammus:

8 1 2
x1+gx2 + =Xy, =—

5 5
13x; —2x, +6x5 =—7

N

DHOW  DJIEMEHTIapu  HOMAaBJIYMJIAPHUHT  OJAUAATH  KO3(-
bunueHTnapiad Ba 030 XajaplaH Ty3WITraH KeHrauTupuiaran
MaTpHIla Ty3aUIUK.

p 8 12
5 5|5

3 -2 6|l_7

2 1 -1]-5

oupuHum uyn snemeHtinapuau (-3) ra kymautupubd, UKKUHYH WUV
alieMeHTaapura, (-2) ra KynmnauTtupud YYHUHYM UYI »dIEeMEHTIapura
KYIIaMU3:

812
5 5 5
o 34 27 4
) 5 )
o W 7.2
5 5} 5

e 5 e
HKKHHYHX HUYJI 3JICMCHTIIAPpUHHU '3—4 ra, YAdmH4u HYyJ JJCMCHTJIAapHUHHU -5

ra KynmamTupcax,
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2

; 8 112
5 519
41

01 2=
34| 34
011 7 |29

Xocuia Oynmanu.
oo 8 . o -
NxkuHYH WY dIeMEHTIapUHU T ra KynmautupuoO, OUpPHHYHM UV

aeMeHTaapura, -11 ra xymahTupud, ydyuHUYM HUYI D>IEMEHTIapura
KYIICaK:

. 25 | 26
17 | 17
0 1 20| 4
34| 34
0 o 539535
34| 34
. . 34 . .
X0CHlIi 6yna111/1. Y‘IHH‘{H HYJIHI/I % ra KynaI/ITI/IpcaK,
]
17| 17
0o 1. 24
34| 34
0 0 1 [1

XO0CHUJI OYyIamu.

o 27 o
OHAM YUYUHYMU WY 3JIEMEHTIapUHHU u ra KynautTupub, UKKHHYH

Hyn  »sIeMeHTiapura, —f—? ra kymaWtupub, OupuHum  Uyn
DIIEMEHTJIapura Kyuicak,

10 0[-3

01 0| 2

00 1] 1

KeJIUuO YuKagu.
Hemak x1=-3; x,=2; X3=1 »dkan.

Kylingaru 4u3uKiv TeHriaaMaiap CMCTEMaCuHU HOMAabIyMIIAPHU TyJIa
NYKOTHUII yCYJINJ1a €YUHT.
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X + X, —X; =1 3X, —2X, +X; =-1 —2X, +X; =0
6. 12X —2%, +X; =1 7.3 X, —X,+3%; =5 8 1% —2X,+3X;=4

2X, + X, —3X%; =0 X, +4X, —2X; =3 X, —4X; =-2
XX 3% X, =3 =-2 X, +5X, +X; + X, =6
1 Xo =Xz + X, == 1 2 3 4=
9. X1_§X3+2X4:_1 10. 2% + %, =3%x, =1 11 X, + X, =2
3X, — X3 =—3 Xy =X, = Xg = 2%, =2 X —6X, +Xx, =4
x2+2x3_x4:4 3X1+X3—x4:—% X1—4X3+X4:6

Kylingarn 4n3ukiu TeHriaManap CuCTeMacuHU MaH(puil OyimMaran 6a3uc
edrMiapuaaH OMPUHA TOTIMHT.

2X, —2X, —2X, = —31 X, +X, =X =8 X, — X, + %, =1
12. 13. 14,
3%, —6X, + 3%, =-12 3X; — X, +11x, =12 2X, +3X, +5x, =10

X, — X, +3%X; —2X%, =3 X, — X, +2X3 —2X, + X5 +2X5 =2
15. 12X +4X, +2X; + 3%, =1 16. 7 =X +X, + X3 + X, +2X; + X5 =1
6x, —4x, 7%, =0 X, —2X, +3X5 +2X, + X5 +3Xs =2
X+ X, + X5 + X, +2X;, =22 2%, —3X, —4X; +4X, —2%s =1
17. 4= X + X, + X3 —3X, +4x. =14 18. ¢ X, —=3X, + X3 —4X, —X; =2
X, +X, = X3 =X, =2 — X, +8X, = X3 +2X, + X =3
=X +4X, +2%; +3X, +2%X; =2 2X, + 2X, + 2X, + 2X, — 2%, +4X, =8
19. Xz +2X, —3X% =1 20. 3%, +4X, +4X, +4X, —4X; + 77X, =15
—2X, +8X, +3X; +4X, + /X, =3 2X, +3X, + 4X; +4X, —4X, + 6%, =13
—2X, +9%X; +4X, =X, =3 X, +2X, +3X; +4X, —4X, +4x, =10

YH3HKIIU TEHTCU3JIUKIAP CUCTEMACHHHU rPauK yCcyJi1a evuiil.

MareMaTtuk nmacTypiiaiml MacajlalapvHU €YU, YU3UKIM TEHICHU3JIUKIAP
CUCTEMACHHUHT €4YuMJIap TYIUIAaMUHU 4Yu3Mana (rpaduk ycynga) KypcaTHiira
(udponmanamra) Tyupu kemamu. IyHUHT y9yH KyW#aa YU3WKIN TEHTCHU3JIMK Ba
TEHTCU3JIMKIIAp CUCTEMACUHH rpaduK yCysija eUnuIIHA KYpuo YTailliuk.
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aX, +a,X, <b 1)
(1) xypuHumard Xap KaHAal YMU3UKIM TEHICU3JMKHUHI €4uMiiap TYIUlaMu
yerapacu X, +a,X, = b TYIpPU YU3HUK OYIraH sSpuM TEKHCIHK HyKTaJdapuaaH

ubopar Oymamu. By Tekmciuk X +3,X, =0 TYupm uwmsuxmuEr Kaiicu
TOMOHHUJA SKAHJIUTHHU Ounuml yuayH (1) TEHrCH3JIMKKa TYIPU YU3UKHUHT aHUK
OMpop TOMOHUAA ETTaH UXTUEPUIA OMPOP HYKTa KOOpJAMHATACU Kylnunaau. Arap Oy
HyKTa KoopauHaTacu (1) TeHrcu3iaMKHM KaHOaTJIaHTHUpca, y Xoija Ou3 u3naérran
TEKUCTUK TYIPU YU3UKHHUHT [Ty HyKTa €TraH TOMOHUAa Oymamu. Arap Oy HyKTa
KoopauHatacu (1) TEHICHM3NUMKHU KaHOATIaHTHpMaca, y Xojjaa Ou3 u3naérran
TEKUCIIUK TYLPH YN3UKHUHT UKKUHYM TOMOHUAA ETraH Oyiaiu.

Ky#ingaru TeHrcu3nuKIapHyd KaHOATIAHTUPYBUYM HYKTajgap TYIUIaMUHU
TOTIUHT.

1-mucon.
a) x;>3 6) X, <1
AX
A X,
X3
x,=1
0 3 X, I r
) X1
X2
B) 2X, +3X, <6
AX,
2-mucon. 2%, —3%,+13>0
X, +X,-62>0
4x, - x,-19<0

TeHrcusnukiIap CHCTEMACHHUHT €4MMIIAp TYTUIAMUHH TOIUHT .
Euuw. Tenrcuznukiap OENTMCUHU TEHIVIMKIAp OWIaH —amMamTupuo,
Kyluaaru TeHrinaMagap CUCTEMAaCUHU XOCHUIT KUJIaMU3.
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l, :2x, —3x, =-13
LL:X, +X,=6
I, :4x, - %, =19

By Tenrmamanap cuctemMacuHUHr Xap Oupu umsmamard |y, o, |3 Tyupu
YU3UKJIapHU Uoaananu.

Jlemak, OepwiraH CHUCTEMaHMHI €4UMJIAp  TYIUIAMH  4YKM3Majaru
y4OypuyakHUHI HWYKH HyKTajJapuaaH wuOopar Oymanu. YduOypuak yuyuaarua
HYKTaJJADHUHT KOOPJMHATANapu 3Ca KECHUIUTaH TYLUPH YHU3UK TEHIJIaMaJlapUHU
Oupraaukaa cucteMa Kuino equd TOIuIaIu.

Kyinnarn TeHrcu3nukiiap CUCTEMAaCHHUHT €4MMIIAp TYIJIAMUHU TOINHHI Ba
YU3UHT.

(2%, —5x, >-10 (3%, —2x, <6
- <
X, <3 ; XlJ;XZ _165 —X, +5x%, <5
>
21 ) 3x +2x, <12 22790 TY%= 23. X, >0
X, 21
X, +2X, =2 X, 20
2X, 25 11x, -17x, <66 5X, — X, <51
24 18X, +2x, <89 o5 1 — % +11x, <14 26. 2X, <1
8x, —6x, =69 5x, —3x, 214 10x, +4x, > 69
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X —9x, <18 Ox, +11x, > 48 2%, +4X, >5

27 1 2% +4X, <3 28. 1 5%, —X, <44 29. 15X, —X, <46
X, +3X, 227 — X, +13x, <6 3x, —5%, 215
8x, +14x, >14 3X, +5X, 22 X, +11x, >11

30. 113x, +5x, <100 31, 117X, +Xx, <153 329 3%, —X, <28

5%, —9%, 25 8x, —14x, 214 5x, —13x, >11

YUM3uKJIU JaCTypJiall MacaJaJapUHI rpauK yCyauaa evyulll.

I'paduk ycynura kypa 4YM3MKIM JacTypJialll MacajajlapHd acoCaH HWKKHU
ymuoBnu (azoia, SbHU TEKUCIUKIA KYypuiaaau. Y4 yimdoBiu ¢azoja dca Kyaa KaM
KYpWIaay, YyHKH KYyWWITaH Macalla e4uMIIapuHu UGOAaI0OBYM KYyNOypUaKiIapHU
YU3UII aH4Ya Mypakkad Oynaau. YuaaH r0KOpH YI4oBIU (a30HU TaCaBBYP KUJIMIII
3ca MyMKHH 3Mac.
dapa3 KWIANIMK, TCKUCIUKAA

f =c, X +C,X, (1)
Makcaj GYHKIUSHUHT, X1, X, JIap
(&% +a;,X, <b,
a, X, +a,,X, <b,

2
a X +a,,%X <b (2)
1 X, =20,x, =20

TEHICU3JIMKIIAp CHUCTEMACHUHM KaHOATJIaHTUPTraHAaru OHHI KUYUK KUHMaTUHU
TOMUII Tajdad KUIUHCHH.

(2) TeHrcuznMKIAp cUcTeMacMHU Oupranukiaa ned Qapa3 kuiacak, y xonga Oy
TEHICU3JUKIAD CHUCTEMAaCHMHHM VYpUHIM euuMmiiap TyImjiamu Oynran Oupop
KYTIOypYaKHU TAITKUI 3TA]IH.
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ABCDEF xyn0Oyp4akHUHT IIyHJai HYKTACUHHU TOMUIIUMU3 KEpaKKu, Oy HyKTaza
C,X, +C,X, =CONSt THupu ym3KK 11y KYnOypyak yuayH TasHd TYUPH YU3UK OYIHO,
(1) dbyHKIMSIMU3 SHT KHYUK KHIIMATIra SpUILICHH.

Macana. YOxopunaru EKuiny (apanamma) MacajJacUHU rpaduk ycyijga edansvk.

F =100x, +120x, (1)
Makcaa (QYHKUUSHUHT X1, Xp Jap
0,6x, +0,8x, <50
0,4x, +0,2x, <30 @)
X, =20,%X, >0
YCKIIAHHUIII TGHFCI/IBHI/IKJ]ap CUCTCMACHUHHA KaHOElTJIaHTI/IpaI[I/IFaH KHﬁMaTHapHHa
OHI' KaTTa KHfIMaTH TOITUJICHUH.

(2) TeHrCH3NMKIAP CHCTEMAaCHMHU TEHTJIaMajlapy CUCTEMacu KYpuHUIIUAa ¢E3u0
yiapra MOC KelIraH TYIpHU YU3UKJIAPHU YU3ANITHK.

L,: 0,6x, +0,8x, =50
L,: 0,4x,+0,2x, =30
X, 20,x, =20
L;, L, - TtYyupm YU3UKJIAPHUHT KOOpJAWHATAa YKJIapu OWilaH KECHIIUIIT

HyKTajlapuHuHr koopauHaranapu (0; 62,5) Ba (83,3; 0); (0; 150) Ba
(75; 0)
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grad f={100:120}

/

0,6x, +0,8x, =50
= X, = 10; X, =10
0,4x, +0,2x, =30

Fmax =100-70+120-10=8200 cym,

f=Fmax-1000=8200000 cym OVyiran sHT Kyn ¢oiiga oium ydyH A apananmaaas 70
ToHHa B apanammanan 10 ToHHa Taliépail Kepak dKaH.

Ky#ingaru 4u3ukiv nporpaMMalialliTAPUIL MacajalapyuHu rpauk ycyauaa

CUHMHTI.
Z... =X +15X%, Zwx =3% +X, +6 Z . = 3%, —30x,
2%, +3%, <6 2%, + X, <11 2X, — X, >0
3%, —2X%, <10 35
33. X, +4x, <4 34. 8 ©OX 99X, 29
3x, —4x, 220
X, 20,x,20 X, >0, X, >0 X, 20,x,=20
Zmin =X =X
_ay _2y _ X, +X, <1
e 321 3);2 ° Znin = 2%, = 2X, X, —2X, <1
X, —3X, <
X +x, <8 — 2% + X, <3 2%, +3X, <2
36 3 10 37 3X1+X2 <15 38 3% + 2%, <3
: Y X > : : <
71+ ", 3x, +5x, > 15 L
X =X 2 X, 20, x,>0 > —
X, >0, X, >0 oo W% =5
X, =20,x,20
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Zix = 3% +2X2—4 Z i =X +3X%, Z in =4+6X +2X,

2X. — X, > -6 X, — X, <2 X, — X, = =2
e o X, + X, =2
39.  6x, +5x, <30 40.  y 4x, >4 41, ! 2—2
X, — X, <
Gt o =3 % 20,X, 20 X, >1,0<x, <4
1 =4 V=2 =

X, 20,x%x,2>0

Zn =X —X, + X, Z, o =X — 2%, +2X; +3X,
X, —4X, + X3 =2 X, —2X, + X +2X, = 4
A2 r2X, — X+ X, =3 43. — X, +3X, +5X; + X, =8
1 2 3 _4 1 2 3_4_
x >0,(i=14) x >0,(i=14)
Z. . =2X% +X, +6x, —12x, —9X; L in =X +2X3 + Xs
X, + X, + Xy —3X, — 7% =13 X, + X, + X3+ X, + X <5
44. % +2X%, +13%; +4x, —14x; =20 45 X+ X3 +4X, —X; <2
X, +3X, +20X; + 6x, —23%, =19 Xg — X, + X <1
x >0,(i=15 % 20,[i-15)

YN3UKJIU NPOrpaMMAJIAIITHPHII MACATIATAPUHU CUMILIEKC
KAABAJLJIAP YCYJIMIa eqHIIl.

CumrIuiekc xaiBajijiap ycyjaura Mucosiiap Kypansmk.
Mucon. YOxopunaru Kuimm (apanamma) MacajJaCuHU SHalIHK.
F=100x;+120x, (1) makcan GYyHKUMSHUHT X1, Xp Jap
0,6x, +0,8x, <50
0,4x,+0,2x, <30 2)
X, =20,x, =20
YEKJIAHUII TEHTCU3JIUKIAD CHUCTEeMACHMHHM KaHOATJIAHTUPAJAUraH Ba MaHpuU
OynMmaran KuiiMaTiapuja HT KaTTa KHAMaTUHU TOTAMITUK.
(2) HuHT yan TomMoHHura MaHui OyiIMaraH Ba X03upua HOMAbIyM OYITaH Xz, X4
y3rapyBUMIapHHU KYyIIHMO TEHTCU3IIMKIIAp CUCTEMACHIaH TEHTJIaMallap CUCTEMacura
yTramus:

0.6x, +0.8x, +X, =50
(3)

0.4x, +0.2x, +x, =30
Ouau (3) Ba (1) mapHu Kyluaaru KypuHuIuiapaa €3uo ojaiiuk.

X, =50-0.6%, - 0.8X2}

X, =30~ 0.4%, —0.2x, )
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by epna Xz, X4 map 6asucnap (6aszuc y3rapyBumiiap) OVmamb, X1, X, jap 3ca 0301
HoMabaymiap Oymamu. Lllynunr yuyn X;=0, X,=0 necak, (4) HuHr MaHbpui
oynmaran X3=50, X,=30 euunmnapu kenud yukaau. lemak, OupuHUYM 0a3uc e4uM
X1=0, X, =0, X3=50, X4,=30 nap opkanu udomananap skaH.

(1) ogan KypuIil KAWWH 5Mack, OMpUHYM pekara, SAbHH OHUPHUHYH Oasuc
eunmra kKypa onuHagurad Qoiina F=0 Oymap skaH. DHIu OMpUHUU Oazuc eyumra
MOC KeNTraH OMpPUHYM CHMIUIEKC JKaJIBanuHK Ty3amu3. Kemnakaknma Ousra Kynai
Oymumu yuyH (3) HU KyWuaaru KypuHaiga €3u0 oaiimk.

gxl+gx2+x3+0-x4 =50

§x1+%x2+0-x3+x4 =30

1-cuMIuIEeKC KaaBaju.

ban3uc O301 X1 X5 X3 X4
y3rapyBuu | xajiap
nap
X3 50 3/5 4/5 1 0
X4 30 2/5 1/5 0 1
F 0 -100 -120 0 0

1-xanBan myHAail Ty3wIraHKU, YHUHT OMPUHYM YCTYHUJA 0a3uC HOMAbIyM
X3, X4 Jap Ba F xoilnamraH, MKKMHYM YCTYHHUTa 030/ XaJJlap KEHUHTH YCTYHUTa
3ca MOC paBMIIJA Xi, Xp, X3, X4 JApHUHT Kod(pduuueHtnapu &3wirad. buzna
KYWWJITaH MacCaJaHWHT JHT KaTTa KUMMATH U3JIaHAETTaHM y4yH, |-kKaJgBail OXUpru
WYl 3JEMEHTIApUHUHT WYMUJAH SHT KUYMK MaHpuid coH -120 ommunanu. (Arap
KYWUITaH MacaJlaHUHT 3HI KMYMK KUWMAaTh u3laHa€Tran Oyica, y XoJiaa, OXUpru
WY 2IeMEHTIapu WYHIAaH PHT KUYUK MycOaT COH oimHraH Oymap »>am). by -120
Typral yCTyHIa Xajl KWIyBYM YCTYH AeHuIagu. DHIU 0301 XaJ 3JIEMEHTIapUHU
MOC paBHIIJa Xajdl KWiayBuM MaH(uil OVnmaran (mMaHduii snemMeHTH OVyica, yHra
OYITMHMAaNIN) YCTYH dJIeMeHTIapura 0yau0, yJIapHUHT SHT KHYUTU OJIMHAIH.

min SO:ﬂ;3O:1 —> min %;150 =%
5 5 2 2

%TypraH Uy XaJl KAJTYyBYM WY, % HUHT Y34 3Ca XaJl KAJTYBYU DJIEMEHT

JeunIaau.
OHIM Xajd KWIyBYM 3JeMeHTHH | ra aitnantupuO onaiiuk. ByHUHT yuyH xau

" 5 Ve
KHJIYBYU UYJI OJICMCHTIIAPHUHHU Z ra KynnauTupammus.

baszuc O3on
y3rapyBuu xaziap X1 X X3 X4
jap
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X3 125/2 3/4 1 5/4 0
X4 30 215 1/5 0 1
F 0 -100 -120 0 0

3HI[I/I XaJ KWIYBUYH YCTYH OJICMCHTIAPUHH XaJI KWIYBYH OJJICMCHTAAH
TAIIKAPUCUHHA HOJIT'a aﬁHaHTHpaMPIS. MKKUHYM CUMILICKC JKaJIBaJIMHU Ty3WII YYYH

vu 1 Ve oo
OMpUHYM MYIT 3JIEMEHTIAPUHH “ ra KynmautTupuO, UKKMHYU HYII 3JIEMEHTIIapuUra,

cynrpa 120 ra xynaitupud, yunH4IH Y1 SJ€eMEHTIapUra Kymamus.

5 2 2 54 5 4 5 5

et L 111201224 0= 750011202 ~100 = —10;
5 4 4 5 2 4
120-120=0; >

120-—+0=150
4

Xaj KWIyBUYM JIEMEHT, 0a3uc HOMAbIyM X3 TypraH My Ba 030/ HOMAabIyM
X, TypraH yCTYHHUHT KECUIIUII KOWUJIa TYpraHu yuyH, 0a3uc y3rapyBuu X3 HUHT
YpHHTa X, 0JICaK, HATHKala Oa3uc y3rapyBuuiap X, X4 OVnaau.
2-CUMILIEKC JKaJIBAJIH.

baznc O3zon
o X1 X X3 X4
y3rapyBuwiap | xaajap
X 125/2 3/4 1 5/4 0
X4 35/2 1/4 0 -1/4 1
F 7500 -10 0 150 0

WNKKkuHYM CUMITIEKC JKaIBaTUAaH KYPUHATUKH, UKKUHYN 0a3HC €UrM

o0ynu0, Mmakcaa GyHKIIMSIMU3 dca

F=7500+1OX1+0'X2'150'X3+0'X4
KypuHHIIaa Oynand. byHnan kypuHaauku, Makcaa (QYHKIUSHUHT KUAMATHHU X;
xucoOura omupuin MyMKuH. KKuHYM KagBaira ybTuO0p O6epcak, F Typran iynna
MaHpuit con gakar outra -10. lyHaunr yuyn, Oy -10 Typran ycTyH Xaja KUJIyBUd
YCTYH O¥ynanu. Xan KUITyBUd DJIEMEHTHH 3Ca aBBaIrMya aHUKJIaiMU3:

min 125.3, §:1}:min{@; 70:=70
2 4 3

2 4
Hemak, % Typran Wyn xaa KuwiyB4M Wyn OYynuo0, % HUHI y3M 3ca Xaj

KUJTyBUH 3JIEMEHT OYaau.

bazuc y3rapyBum X4 HUHT ypHHWTA 3Ca X; YTaau. ABBUITMACK Xajl KWIIyBUH
arieMeHTHHU | ra aiimantupu6d onmbd, CYHrpa Xajql KWIyBYM YCTYH 3J€MEHTIApUHU
(xa7 KMITyBYM AJIEMEHT/IAH TallIKapH) HOJra aillaHTUPUO, 3-CUMILIEKC KaIBATUHH
Ty3aMH3.
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bazuc O3on
o X1 X2 X3 X4
y3rapyB4UmwiIap | xajjiap
X 125/2 3/4 1 5/4 0
X1 70 1 0 -1 4
F 7500 -10 0 150 0
3- CUMIUIEKC 7KaIBaIH.
bazuc O30
o X1 X2 X3 X4
y3rapyBumiap | xajjap
X 10 0 1 2 3
X1 70 1 0 -1 4
F 8200 0 0 140 40

3-CUMIUIEKC JKaJBAIMHUHT OXHMPrH Hynuaa MaHQuil 3JeMeHTIap WHVK,
IIYHUHT YYyH MakcaJ QyHKUUSHUHT KUMMaTUHU OLIMPHII MyMKHH 3Mac. Jlemak,
KyWuiran

MacaJlaHMHT 3Hr Kyma euumu  X;=70, X, =10, X3=0, X;=0 0yuo,

Fmax=8200+0-x;+0-x,-140-0-40-0=8200 6ynamu.

XakukaraH, Fpax =100-70+120-10=8200 cym »HT kyn doitga 6ymuod, A
apanammvaznad 70 tonHa, B apanammanan 10 TonHa Taii€prnanranaa Oyiap SKaH.
buszna aca f5=1000 -F Gynranu yuyn fi»=1000 - 8200=8200000 cym
doiina 6ynanu.
AmManuil napcia aHMK MUCOJUIap €4ulga KyrWujaru Hapcajapra ybTHO0Op Oepwuil
3apyp:
1. Manduii ko3ppuuneHTIN X; JapHU Oa3uc y3rapyBuuiap, sbHH Oazuciap
cudaruga oIuII MyMKHH SMac.
2. Mandwuii CoH Xaa KWIIyBUYU JIEMEHT cudaThIa OJTMHMAN/IH.
3. O304 xa[yIapHu MOC PaBHIIIA XaJl KUITYBYH YCTYH dJIEMEHTIapHra
oynranna axkat mycOat coHyap OYIUIIM KEpaK.

3 4 -7 3

4. Arap fmax uznanaérran Oyiaca, T Typran oxupru #ynma mMaHpuii COH
KOJIMIIIA KEPaK dMac.

5. Arap f,;, wsmanaérran Gyuca, f Typram oxupru #ymma MycOar coHiap
OYyNuIlIN KepaK dMac.

6. Arap MmyMkuH Oyica, Makcaj (yHKIHAIA KaTHAIIMAaraH HOMablyMJIApHU
HOMAaBJIyM Oazucnap cudaTuaa oOuil Makcaara MyBoGUK OYyimau.

7. Arap f Typran oxmprm iynama aOCOJIOT KHMMAT >KUXATHIAH OHp X
corwnap Oup Heura OYynmmubO KoJjca, y XOJjaa IIy COHJIap TypraH xap Oup
YCTYH Y4YyH XaJl KWIYBUYM DJEMEHT aHWKJIAaHWO, CYHrpa Iy
(37IeMEHTNIapHUHT) COHJAPHUHT WYHUJATU SHT KaTTacw TypraH YCTYH Xal
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KWJIYBUM YCTYH J1e0 OJMHAAM, MOC SJIEMEHT 3Ca XaJl KWIyBYH 3JIEMEHT Je0

OJIMHAaIH.

KYﬁHHaFH YU3UKJIIN IIpOorpaMmMaIalliTUpul MaCcaJldJIapyuHUu CUMILICKC

KaaBajuiap yCcyianaa CUHHI.

Z.. ==X =X,

min

— X, +X, +X; =1

46. X, —2X, +X, =2
X; 20,(i:1,_4)
L, o =—9X +10x, = 7%, +3%, +4

X, + X, + 71X, +2X, =14
48. 2%, — X, +3X; +3X, =9
2X, —2X, +8X; + X, =16
x >0,(i=14)

Z o =3X +X, +4X, +10
X, =X, + X3 =2
50, —X +2X,—3X; =95
— 2%, +3X, +4X, =3
xiZO,Zizl,_?,

L o =—9X +X,
X, +X, <6
522X, —X, <4
2X, —3X%, <6

X, 20,x,=20

Z . =% +2X,

2%, +3X, <24
54. X -|-:?)X2 <15

2X, <8

X, 20,x,>0

Z .

min

=—2%X, — X, = X3 + X,
X, =X, + X3 =1
2X, + X, +X, =3
X; 20,(i:l,_4)

Z i =X, —3X; + 2%
X, +3X, = X3 +2X; =7
49 —2X, +4X; +X, =12
—4X, +3X; +8X; + X, =10
X; 20,<i :1_6)

. =4+ X —2X, —3X; +11X,
2%, — X, —4X; +5X, =5
S1. X, +X, +X;—2X, =4
X 20,(i :1_4)

Z i = 2% +3X, +2X3
2%, + X, +3X; <6
53. 2X, +4X, +3X; <16
3X, +4X, +2X; <12
X >0,(i =13)

Zoin =X + X, + X3 =3

2%, +2X, + X3 =27
—3X, +3X, —2X; = -8

o9. —3X, +3X, —2X; =4

—3X, +X; 21
X; 20,(i :1_3)

74



Z o =X +15X, —2,5%,; +3X,
2X, + X, = X3+ X, =25
56. - X +4x, +x, <1
X, +3X, + X3 —X, <8
X; 20,(i =1_44)

Z. .. =95+X +X,—X; +35X,

2%, — X, + X3 +2X, =6
°8. —4x, +4X, +6X; —2%x, =12

X 20,(i :1_4)

L =4=2X +X, +X; =X, +4X;

max

3X, + X, +2X; +6X, +9X, =3
60. X, +2X, — X3 +2X, +3X; =1

X; 20,(i :1_5)

Z, . =06X +7X, +12x, +13X,
X, + X, +X; +X, <16
2%, — X, —6%, —10x, <10
X, 20,(i :1_4)

62.

Z .. =X +X,+5X,
X, + X, +4X; +2X, =2
X, —X, —2X, =0
X; 20,(i :1_4)

64.

Lo = 2% +2X, +3X,
X, +3X, + X, <14
66. 2X, —3X, +2X; =24
X; 20,(i=1,_3)

2 - §. Un3ukiu gactypJiamjia HKKWJIaHMa MacaJjiajap.

Z i = 2% —4X, +6X,

1 3
—x1+§x2+§x3 =1

57, 3 1
x1+§x2 +2X, =—

2
X; 20,(i :1_3)

Z o =X —2X, + X5
1 3
—x1+§x2—5x3 <1
99. —X, =X, +X, <4

—3X; +2X, = X; <1

x >0,(i=13)
2o =—L1+X +X, +2X; =X,
-X; —3X, = X3 +3X, =2
61. X, +X, +X; =X, =0

=X, =X, + X+ X, =2

X, 20,(i =1_4z>

Z o =5+x1+x2—x3+£x4
63. 2X, — X, + X3 +2X, =6
— 2X, + 2X, +3x3_—x4 =6
x >0,(i=14)

Z . = 3% +4x,
3X, —2X, 25
Xp =X, + X3 22
X; 20,(i=1,_3)

65.

Z i =X + Xy + X3 + X, + X
4X, +3X, +2X; + X, =16
67. X, +2X; +4X, + 5%, =16

X; 20,(i :1_5)

Uu3KKIu JacTypJallHUHT HOpMal (CTaHAapT) MacallacH, sS’ibHU
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f =c X, +C,X, +...+C, X, (1)
Makcaa PyHKIUSHUHT, X1, Xy, . . . , X,, HOMabIyMJIap
a X, +a,X, +...+a,X, <b
A, X, +8,,X, +...+8,, X, <b,

()

A X, +a,,X +.. 8, X, <D,
X =0, x,20,...,x, 20 (3)
YCKJIAHUII TCHICU3JIUKIIAD CHCTCMACHUHHU KaHOATJIIAHTHUPAJIHUI'aH KHfIMaTHapI/I,Z[a,

MaKCUMyM KUHMAaTHHU TOMHII Macajlacu KapaiaéTrad OYIJICHH.
by macanara ukkuiaanma mMacania €6, ymoy

F=by +b,y,+...+b.y, 4)
Makcaa PyHKIUSHUHT, Y1 Y2, --- 1Y, HOMabIymiap

Ay Y, oty Yn 26
a12y1 + a'22yZ +.o..t a'm2ym 2 CZ

a,y, ta,y,+...+a,,Y, =C,

()

y, 20, y,2>0,...,y, >0 (6)

YCKJIAHUII TCHICU3JIUKIIAp CHUCTCMACHMHU KaHOATJIaHTUpPAAUTaH KHfIM&TJ’I&pHI{&,
MUHUMYM KHﬁMaTHHH TOITUII Macajacura aﬁTHHaHH.

Mucon.
X —2X, =3%,—2%, = f
Makcag QYHKIUSHUHT, X;, X,, X5, X, Jap
X, —2X, = X3+ X, <1
X + Xy =Xy =X, <2
X; 20, j=14

N

YEKJIAHUII TEHTCU3IUKIAD CHUCTEeMACUHHM KAHOATIAHTHUPAAUTraH KUWMATIapuaa,
MaKCUMyM KUHMaTH TOTHJICHH.

by macananu 6eBocuTa, MacaiaH, rpaduk ycylsija €4uil MYyIIKyJd. BUpok,
yHI'a UKKUAJIaHMa Oy JIraH:

yl + 2y2 - I:min

makcan pyHkuusauar Y1, Yz map
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y, +y, =1 L

-2y, +Yy,2-2 1,
_yl_y22_3 I3H
yl_y22_2 |4

YEKJIAHUIT TEHTCU3JIMKIIAD CHCTEMAaCHMHU KaHOATJIAHTUPAAUTaH KHMaTIapuia,
MUHUMYM KHMAMAaTHHU TOIHWIN MacajJaCHHH TpaduK yCylnjaa €Yuil KAHWHYUIUK
TynaupMmaian. Yum3mamaH KYpUHAIWKW, WKKWIAaHMa MacajJaHWHT  Makcaj
dbynkuusicu (1;0) nykraga munumymra spumand. F . =1. VYV xonga nactiabku

MacajaHuHT )kaBoou f . =1 Oymaau.

Ay,

3

K}"/ﬁm[am MacajlaJJapHU UKKHWJIIAHMA MaCaJIaCMHHU Ba OIITHUMAJ PCKACHHHA

TY3UHT.
Z o = 2% +3X,
Lo =X +7X, +12X, Z i =3X +2X%,
5%, +2X, + 2X, <6 7x, +2x, 214 8% =5, <11
R X N 70. ~Xat3X <l
X, +2X, +5X, <8 4x, +5x, =20 5
. A . ey Xl +7X2 2_7
% >0,(i =13) X >0,(i=12) « >0,(i-12)
Z, o =4X —2X, +2X, Z. . =4 +9X, +3X, Z o =X +2X,
X, + X, + 5%, <12 3X, +4X, +4X, 216 2%, +3X, <24
71 Xp + 2% + X, <7 79 2% 3%, +X;28 43 X +3x, <15
2%, +2X, + 2%, +3X, <10 X, +X, + X3 24 2X, <8

x >0,(i=14) x >0,(i=13) x >0,(i=12)
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Z,in =—3% —4X, + X,

min

2X, +5X, +X; =50

74. 75.

—2X + X, + X, <5
X, 20,(i=1,_3)

Zo = 2X 42X +3%, Ly =—3% —2X, = 3X;

2%, —4X, + X; <40

3X, — X, +2X; 230
X, 20,(i =1_3)

X, +3X, + X, <14
2X, —3X, +2X, =4
X, 20,(i :1_3)

76.

VY3apo uKKM €Kjama CUMIUIEKC yCYyIu OWIaH KyHuJard MacajlajJapHu €4rHT.

Z i =3X +4X,
3X, —2X, 25
X; =X, + X5 22
X; 20,(i :1_3)

77.

Z, o = 2X +3X%,
8x, —5x, <11
80 - X, +3%, <1 81
2%, + 11X, 27
X >0,(i=12)

Z.. =2% +4x, +12x,

X, +2X, + X3 +4%, 210

83. 2%, + X, —2X, +3X, 2 4
X; 20,(i :1_4)

Z oo = 3% —4X, + X,
2X, + 95X, + X; =250
—2X, + X, + X, <5

X; 20,(i :1_3)

85.

Z.in =4X, +6X, +3X%,
3X; + X, +2%X; =29

g7 X +2X, +2X, =8

3-

Z i = 2% + X, +2X,
4%, + X, —4X; 2 2
78, — X +X%; 21

—3X, + X, +3%; 21

Z . =5X +4X, +6X,

L, o = 2X +2X, +3X,
X, +3X, +X; <14
79. 2%, —3X, +2X; 24

x >0,(i=13) x20,(i=13)

Z o = —3% —2X, —3X,
2X, —4X, + X; <40
3X, — X, +2X; 230

X; 20,(i :1_3)

X, +X, —2X, =8
X, +2X, + X, =10 82.

xizo,(i=1,_3)

Z . =2X —2X, +3X; +4X
max 1 2 3 4
X, +2X, + X3+ X, £2
2%, — X, +2X; —3X, =23

3X, +4X, —9X; +2X, <4
X >0,(i =14)

84.

Lo = 9X, — X, —4X,
— X, +2X;, 29
X +X, 21
86. x, +x,-3x,>8
X, —X; <4
X, 20,(i :1_3)
Z in =8X, +5X, +6X,
4%, +3X, + 6%, > 62
88 6X, + X, + 2%, =230
4X, +6X, +4Xx, > 44
X; 20,(i =1_3)

§. Tpancnmopr macajacu.
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«Tumonuii-uapouit Oypuax» Kougacu (ycyJan).

TpancropT MacalaCHHUHT JAcTIa0KU PeKaCHHU TOIMIN yCyJulapuaaH Oupu
«IIIumonuii-tiapouit Oypuak» kowpacuaup. by komaa Kyhumarnya udoanaHaIu.
AMWTalIMK, TPAaHCIIOPT MacajacH »aJBajl KYpUHHIIIAa Oepuirad OVJICHH.

TarMuHOT HctebsMoiun HNmnab
qn B, B, B, YUKAPUIII
KYBBAaTH
Aq C11 C12 Cin dx
X11 X12 Xin
A Co1 C22 Cin az
X21 X22 X1n
Am Cm1 Cm2 Cmn dm
Xm1 Xm2 Xnm
Tamab xaxmu | b b, b,
Makcang A; Ba B nap (i =1 m; j =1, n) KECUIIIYBUIarx
KaTakjapJard MaxcyJoT MHKIOPMHHM aHuKJamgaH wuoopar. KartakimapHu
TYJUPUIIHA >KaJBATHUHT  [MUMOJMM-IapOuil OypuarujaH, ssbHU A; Ba Bj

KECHUIITaH KaTakjaH OomuiaiiMu3. by katakka a; Ba b; maH Kakicu OMpU KUUIUK

OyIca, IIyHU JKOMIAITHPaMU3, SbHU X, = min{ai; bl}
Arap a; < b; Oyica, nemak, Katakka a; , arap b; < a; OYyica 3ca karakka b; HH
¢zamu3. PaBiianku, a; < by Oynran xonmga, 1- carpaaru Oorika 6apya KaTakiapra
0 mukaopuzard 0K Moc kenmamu. Arap b; < a; Oynca, 1- yctynmaru Oapua
karakiapra () MUKIOp MOC KeJaju.

NkxkuHaun Kagam cudatuga 2-KaTaKHU TYIaupuira yramus. PaBrankw,
arap a; < by Oyica, Oy katak A, Ba B; kecumiran karak Oymagu. Arap by < a;
Oynca, Oy xkatak A; Ba B, kecumran karak Oynaau. by kaTakHM XaM aBBaJru
KaTak CHHrapu Ttyaaupamu3. bupok, Oy karakHu Tynaupuiiga |-kKarakka
TYIIUPUIITAH FOKHA HHOOATTa OJIaMHU3.

Mucon.
bi

a 30 10 90 10

80 4 3 4 0
30 10 40 0

25 5 1 2 0
0 0 25 0

35 3 4 7 0
0 0 25 10
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1-xatakka x3;=Min{80; 30}=30 um &3amu3. UlyHnanm cyHr, OUpUHYH
ycTtyHaaru Oapya kartakmapra 0 €3amu3. CyHr A; nmynktaa 80-30=50 Oupiuk
MaxCyJIOT KOJITaHMHU UWHOOAaTra oJu0, KEWWHTH KaTakHW, sbHU 1-Uym, 2-
YCTYHJIary KaTaKHU TYJIAUPAMHU3:
X12=min { 50; 10 } =10

WNKkKkyvHYM YCTYHHUHT XaM KoJiraH kaTtakjapura 0 jap €3amu3, KaTakJIapHU
ary ycyijia TYIaupaMus.
X13=min{40; 90}=40
Xo3=min{25; 50}=25
X33=min{35; 25}=25

Mynnait kunub, KyHuaara TassHY pekara sra OyIauk:

X={30; 10; 40; 0; 0; 0; 25; 0; 0; 0; 25; 10}.
AHMKJIaHTaH TasHY pe’kara MOC KeJyBUM XapaxkaT
f=30-4+10-3+40-4+25-2+25-7=535 cym Oyaap sKkaH.

OHr KaM (MUHHUMAaJ) XapaxaTjiap ycyjau

[umonuii-iapOuii ycyn OWiaH TasHY peKaHU TOMMII XKapa€HUAa TalIUII

xapaxatrnapu Cj; mapHu 3bTHOOpra OIMaguK. Arap TasHY pEXKaHU KypHII
apa€Huna C;; JapHM XucoOra oscak, ONTHMaJl peXara aH4a SKHH OyiraH

pexara sra Oymamms. Illy makcagma X;; JlapHM TONMIIHM JHI KH4uK Cjj

KOfnamraH kataknaH oouuraiimms. [eimk, C SHT KUYHMK Tapud OyncuH. ¥V

io Jo

xonna, arap a; < bj Oynca, x; j =a;, Oymamm, arap a; >Dbj ~ Oymca, x;

oo olo
bjo Oynanu.

[y xarakka Moc OyaraH ycTyH €KW caTpHUHT Oomka karakmapura 0 yap
&smmanu. CyHrpa, HaBOaTAaru KHIUK Cij ra yramus. by xoima xawm a;, bj JIAPHUHT

MUKIOpU V3rapraHjiuruHu 2bTuOOpra ojamu3. bapua karakjaapHu 11y ycylijaa
TYIAUPCAK, XOCUJI OYJIraH HYKTa TassHY peka Oyiaau.

Mucoan.
N b1 30 10 90 10
1
80 N 3 4 0
0 0 75 5
5 1 2 0
25 0 10 15 0
3 4 7 0
35 30 |0 0 5

OHI' KMYHK Cjj =C»=1 JeMaK, MOC KaTakka Xp,=10 xonnamrupamus. [lemaxk,
2-yCTyHHHMHT Oolka katakjapura 0 €3amu3. HaBOatnarun kuuuk tapud co3=2 naH
nbopart. by karakka 15 €3amu3z. kkuHuM WYIHUHT KoJiraH Katakyiapura 0 €3amus,
YyHKM UKKWHYM oMmOopza makap Koimanud. HaBOatnmarm kuuuk Tapud, ¢z =3, Oy
karakka 30 €3amu3 Ba OMpPHUHYM YCTYHHMHI KojiraH katakinapura 0 é3amus.

80



HagGatnaru kuuuk Tapud ci3=4, Oy kaTakka 75 €3amMu3 Ba 11y YCTYHHUHT KOJITaH
katakimapura O €3aMu3 Ba HHMXOAT, Ci14=5, C34=> Oymamu. Ilynngaii Kuamo,
OnTHMAJ pexa

x=(0; 0; 75; 5;0; 10; 15; 0; 30; 0; 0; 5.)
OY10, PHT KaM KeTraH Xxapaxkat
f=4.75+10-1+15-2+30-3 =430 cym Oymaau.

IHoTeHuuaswIap ycyJau.

bupop ycyn Ounan pactiabku peka aHUKIA0 OJIMHTaHIAH CYHT, ONTHUMAl
peXaHU TOMUII Macajacy BYXKyAra Keiaau. YHU aHUKJIall YUyH >KaJBajlJard xap

Oup TapMmHOT4Mra U; (i=1,m) moTreHUManHu, Xap OMp HCTEBMOJIYHTa Vj,

(j=1n) moTeHmMANHM MOC KysIMHU3. By KaTTanmukIapHM aHMKIAl YayH OaHN
KaTakJIapAaH (QolganaHnamus. Xap Oup OaHJ KaTak ydyH U; Ba Vj JapHH LIyHJIAil
AHUKJIaNMM3KH,

Ui+Vj=Cjj (1) OYJICHH.

bapua HOMabJIyMIIapHU aHUKJIAII Y9yH HOMAbIyMIAPHUHT UXTHEPUI OUTTaCHHU
0 ne6 omub cyHrpa xosrannapunu tonamus. CyHrpa, 6apua Oy KaTakjiap y4yyH
épaMuu TapupHU, STbHUA

Cie = Uyg +V o (coxra tapud)
HU aHuKIaiMu3. by epaa K, e-0y1 kaTak wHAEKCIapy. YHIaH KeiuH, Xap Oup Oy
KaTak yuyH Tapudiap GpapKuHu KapanMus:
Ste = Ce — Cke = Cye — (U +V,)
Arap OGapua Sy, Jap manduit 6yamaca, Kapaa€TraH peka onTuman oyiaiu.
Arap Oupop Sye MaHbuit Oyica, Y pEKaHUHT OINTUMAJI SMACITUTHHH
aHTJIATaH, y X0J/1a 1acTIa0KU pekaHu «IXIIUIanD yayH O0apya Mmanuii Sy, J1ap
WYUIAH SHT KUYUTUHU TaHJIailMU3 Ba YHra Moc KatakHu Oenrmnal® (MacanaH *

Oenrucu Kynno), yHu KyTO 1€ atailmMu3 Ba yuinapu OaH] KaTakiapa ETyBUM UK
(éMMK CHMHUK YU3MK) Kypamu3 (du3Mara KapaHr)

e

— Bann CED bann

A

bann

v

v

bann

A

)



Kytbra «+» umopacunu Kyiuo, 6oimika Oypyakiaapaaru Karakiapra HaBOat
OWwiaH «+» Ba «-» HIIOpPAacHHM KYHuO unkamus. CyHrpa Oapua «-» HIIOpATU
KaTakjiap WYUJard IOKJIapJaH 3HT KMYMK MUKJIOPHH aHMKJIA0, YIIa MUKAOpAAaru
IOKHH Oapua «-» Karakiapja oim0, «+» HIIopalu KaTakjapJard HoKjIapra
KyIlIaMu3.

Hatmxkana sauru pexxa maiino 6ynmaau. Xocun OYiraH pekaHd NacTiaOKu
pexa cudaruga kapad, Oapua TanOupiIapHU TaKpoOpJiaiMHU3 Ba STHTH PEKaHU XaM
ONTUMAJNIMKKA TEKIIKMpamMu3. Arap ONTUMAUIMK ImapTu Oaxapuimaca, Oy
)Kapa€HHU sHA Takpopiahmu3. Harwxkana, deknu CcoHaaru  KajaamaaH
(MHTEepaUuMsiaH) CYHI ONTHMaJl €4UM TOIWJIAIH.

Mucon. [llumonuit-iapbuit Oypuak ycyiau OuWJlaH €4YWJIraH MacajJaCUHUHT
CUMMHUHHU ONTUMAJUIMKKA MOTEHIIMAUIAp YCYJIH OUJIaH TEKITUPAMIIHK.

V1 Vo V3
b
20 35 15
aj
. 5 6 8
L 40 20 (P< " q_)
_ 1
Up 30 0 " necax, 3 : 5 1
|
u, +v, =11 Y2 — Y
v, =14

OHmu OGapua OYym karakiap ydyH Epnamuu TapudHu (coxTta TapudHM)
Cie =U, +V, TEHIIuK OpKaJu AaHUKJIANMHU3:
C,,=U +V, =0+14 =14
C,y=U,+Vv, =-3+5=2
Ouau xap oup Oy karakiaap yuyH Tapudiap GapKUHU aHUKIaHINK
Si3=Cys _C113 =8-14=-6
Sy :C21_C%1 =7-2=5
OynapHuHr wuuMjga MaHpuit Oop, JeMak edyuM onTuMain smac. by eduMHH
ONTHUMAIIAIITHPHUII YIYH KyHHaarnda vl KuiaMmus3:
OHnu OGapua MaHpuil S, JAPHUHT WYWAA DHT KUYUTUHU Oenrunad, yHH
KyTO 1e0, aTailmMu3 Ba KyTOHU «+» €0, KeHUHTU YUHHH «-» 1e0, yJaapHuH HaBOat
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Owian anMmamTupuO, ywiapu OaHJ KaTakiapia €TyBYM IUKI €MUK CUHUK YHU3HK
KypaMu3 (4u3majiard Kaom).

OHau Oapya «-» UIIOpaldM KaTakjiap HYMJard IOKJIapAaH HHT KUYHUK

MUKJIOPUHU aHUKJIA0, YIIIa MUKIOpAard I0OKHU 0apyak «-» KaTakjiapiaH o0, «+»
UIIOpAJT KaTakJIapary IKIapra Kyramms3.
20; 5; 15
0, 30; O
JnacTia0bku peka cudaruaa kapad, 6apya OKOpUIArd TaaOUPIIApHA TaKpOpJIaiiMu3
Ba ONTUMAJUIMKKA TEKIIMpaMu3. Arap ONTUMAUIMK IMapTH Oaxapuimaca, Oy
XKapaéHHU sSTHA TaKpopJIaiiMHU3 Ba X0Ka3o0.

Hatwxkana sHru peka maiijno OViagu { J Xocusl OyaraH pexxaHu

Vq Vs V3
" by 20 35 15

Uy |40 20 ¥ 5 ’ 15 ’

5 |30 . 7 N 3 . 11

bang kaTaknap ydyH NOTEHUHAJUIADHU aHUKJIAUMM3.

. u, =0
u, +v, =
Lo v, =5

u,+v, =6 v -6

u, +v; =8 = U =0 necax, 2

3 v, =8
u, +v, =
22 u,=-6+3=-3
[ynnai kuianb, 0aH1 KaTaKJIapHUHT MTOTEHIUAIIIAPU:
u =0v, =5
vV, =8

OHmu Oapua OYym karakimap ydyH Epnamuu TapudHu (coxTta TapudHH)
Ci. =U, +V, Tenrmux opkann anukiaiimus.
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Ouau xap Oup OyuI katak yuyH Tapudiaap GapKuHU aHUKTANMU3.
1
Ske =Cre ~Cie =Che — (uk +Ve)

OynapHUHT nuuja MaHpuit YK, 1eMaK equm

OIITUMaJI.

S, =7-2=5
—
S,,=11-5=6

I[CM&K, OIITHMAJI pCiKa

20515
X ={20;5,15,0;30;0} éxu X :{ }

0300
f =5-20+5-6+30-3=100+30+90+120=340 cjm kerran xapaxar.

Maxcynotnapau A skyHaTUII TyHKTIapUad Bj kaby1 Kkt

MyHKTJIapura oJind OOPUIIHUHT ITUMOJIMNA-11apOuil Oypuak Ba 3HT KaM XapaxaTyiap
ycyJulapu OuilaH 1acTiaabKu peKacUHU Ba MOTEHIUAIIIAP YCYIU OMIIaH 10K
TallyBYM MalllMHAJIApra 3HT KaM Xapa)xaT KWJIMHAJAUTaH ONTUMAaI PeKaCUHU

TY3uHI. A, A, A -+, A KYHATHUII IyHKTJIapU1a MOC paBuIga a,,a,,d;, -, 4,
TOHHA Oup XuJI Maxcysotiaap Oyiacun. by omOopnapnan B, By, B;,--+, B; kaOyn
KHJIUII MyHKIapura by, b,,b;,---,b; TonHa Maxcynornapuan omm6 Gopui Kepax.

bup ToHHA MaxCyNIOTHH €TKa3uO OEpHI YIyH KWIMHTAH TPAHCIIOPT XapakaTh
KyWHIary >kajBajijia Oepuiras:

KYHATHUII | MAXCy KaOyJ1 KWJIHII TyHKTIapH
IyHKTJIAap | JIOT
u MUKIOpH B, B, B3 B;
A1 1 ay; a; a3 ay
A, 2 ay, a,; ayg a,;
Ai a; aj; a;, a3 aij
IXTUEKIIAP b, b, b, | ...... b,
89. 90
b, |40 30 20 b; 70 40 |50
q a
20 1 5 90 9 6 7
30 4 3 4 20 8 8 4
40 8 1 50 10 7 4
91. 92.
b, |30 20 40 b; 20 40 |30
a; a,
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20 | 3 5 | 2
20 | 4 4 |1
50 | 4 G

93.

b, [30 |60 |30
ai

0 | 4 8 | 11

60 | 6 6 | 7

20 | 3 | 10 |15

95.

b, [70 |60 |60
ai

70 | 3 2 | 3

20 | 1 4 | 3
100 | 10 | 5 | 4

97.

b, [80 |50 |50
ai

50 | 1 3 | 6

30 | 2 8 | 7
100 | 5 4 |3

99.

b, [40 |60 |70
ai

90 | 5 4 |5

30 | 6 2 | 3

50 | 4 5 | 8

101.

b, [35 |35 |60
ai

80 | 5 5 | 6

30 | 8 5 | 4

20 | 10 | 6 | 6

103.

b, [100 |10 |70
ai
60 | 10 | 7 | 5

94,

96.

98.

100.

102.

104.

85

30 2 [ 3] 4
10 1 [ 1] 1
50 2 | 4| 2
b, |90 |90 |40

ai
60 4 | 4 | 4
80 5 | 8] 6
80 3 | 8] 5
b, |15 |30 |35

ai
20 | 10 | 18| 4
40 9 | 5 | 8
20 6 | 4 | 10
b, [100 |30 |50

ai
70 | 10 | 10 | 12
30 | 10 |12 | 8
80 8 | 10 | 10
b, |80 |80 |70

ai
60 2 | 2 |1
70 2 | 5| 4
100 | 4 | 3| 8
b, |50 |35 |35

ai
70 1 [ 2] 3
10 3 [ 21
40 4 | 45
b, [20 |20 |70

ai
50 | 10 | 11 | 10




Tdyf f(x,y)dx +?dyj f(x,y)dx. 12. jdxj f(x,y)dy.
(N 3 Y 0 x?

3

3

60 8 2 4
60 10 1 6
105. 106.
b, |40 40 40
ai
80 5 3 2
20 1 2 4
20 3 1 5
107. 108.
b, [15 |20 |30 |15
a‘i
40 8 3 5 3
15 2 4 9 7
25 6 9 4 3
100.
b, |30 40 30
ai
40 6 4 5
20 7 5 3
30 6 1 4
10 5 3 3
KABOBJIJAP
|. Uurerpasiap
2 1 4 2
1.—. 2 =3 —.44—
3 2 5 3 24

10 5 |14 | 8
50 6 | 10 | 12
b, [250 [180 |270

ai
277 | 14 | 8 | 17
251 | 21 |10 | 7
172 | 3 | 5 | 8
b, |68 |28][56 |32

a
63 | 1 |4 1 | 3
5 | 3 2] 21
76 | 5 3] 6 | 2

—6—\/» 7.9.8.0.9.1. 10. (e—1)°.




1 Wy
13. [dy [ f(x y)dx +jdy j f(x,y)dx. 14. jdyjf(x y)dx +jdyjf(x y)dx.
i 6-y
15. [dy[ f(x, y)dx+jdy jf(x y)dx.
1 Jay
16. [ dy jf(x y)dx+jdyjf(x y)dx+jdy [ £(x y)dx.
0~y —J4-y
17. j dy 1ny (x, y)dx. 18. | dy” a?? zx y)dx.
0 _ﬂ 0 arcsin y
10. }dy [f(x, y)dx+}dy [ £(x, y)dx. 20. jdx jf(x y)dy. 21. %
10—y 10y -2 X—2

4

(@—1)4(\/§+1) |

2 R
23, %[252—8\/5—11@]. 24. [ do| f (pcose, psin p) pdp . 25. gﬂa“. 26,
0 0

22'§ 9+ /33 - 4/3 +8In

3

27.7&;I .28.0. 20. %na“. 30. %(\/5+In(1+x/§)).

N

31.a’In2. 32. €2 —1. 33.0,57. 34. % 35.20% 36. %(47[—\/5). 37. In 3. 38.

?\/ﬁ. 30. 3(%+%). 40. %ab(a2 +b?). 4.V =45. 2.V :%abc. 43.

V:% 44.\ =967, 45.V = 186%

16.\V :%\/5. a7\ :@\/6. 48.\/ :4?7[. s,y = 2817

32
3\/_+7

50. V =2o%. 51. 52. 0. 53.2(5J§—1).

54, 3—1\/7_3+@\/§+—\/@. 55. 47a~/a. 56. 11 a’.
16 3 3 12 30
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2 2
50. 2 ab?. 6062, 61 — . 62 & 63 ﬂ(4+ R?). 64. 0.
3 4 6 4

aR* ) a’ 2
65. o 66. S =47R°. 67. S :?(20—372). 68. S =~/27. 69.S = 7R°. 70.
S =4m".
11-606. Katopiap
1 1 n 1 n+2 2n n

1, 2.3 ——.4 .5 5. 6. 7. .
2n-1 2n 2" n (n+1) 3n+2 n(n+1)

. 1-3-5-...-(2n-1)
1.4.7-...-(3n=2)

16. sxkunnamryBun. 17. skuanamryBun. 18. skunmamryBuu. 19. yzoxmamrysum. 20.

9. (_1)n+1. 15. y3oknamyBuu.

y3oKyanryBun. 21. y3okmamryBun. 22.sKuHiIanmryB4d. 23. y30KJIamyBud. 24. y3okjamryBuu. 25.
SKUHJIAIyBY. 26.y30KmamyBun. 27. sKHHIAIyBUd. 28. sKUHIamryBud. 29. abCoIoT
skuHTamyBud. 30.IKHHIIANTYBYH.

31. axuHnamyBud. 32, AKUHIANIYBUM. 33. SKUHJIAIIYBYM. 34.IKUHJIAMIyBYH. 35. aOCONIOT
SKUHJIAITYBYU. 36. SKHHJIANTYBYH. 37. SKHHJIAITYBYH.

38. axuanamyBun. 39. sxunnamryBud. 40. skuHnanryBun. 41. y3okimanryBuu.

42. y3oxmanryBun. 43. skuninamyBud. 44. y3okjgamryBud. 45. SKWHIIANIYBYH.

46. y3oxmanryBun. 47. sKMHIamyBYd. 48. mapTiu SKWHIANIYBYH.

49. abcomot skuHIantyBud. 50. y3okmanryBun. 51. aOCOMIOT SKUHIAITYBYH. 52. MAPTIU
SKUHJIAIIYBYM. 53. MapTIM SKUHIANTYBYH. S54. MIapTiu SKUHIAIyBud. 55.a0comoT
skuHTamyBan. 56.ysokmamysun. 57. X > 1 a6comor sxuamamysun, X <1 ysoxmamysum,
58. X >1 a6comor sxunnanrysun, O < X <1 a6comnror skumnamysun smac, X < 0
y3okmamysun. 59. X > € a6camor sxumnamysun, 1< X < € aGcomoT IKMHIAITYBYH IMAC,
X <1 yzoxmamysun. 60. —00 < X <00, 61. —00 < X < 00,

62. 2kt < X < (Zk +1)7Z' (k = O, i’l, * 2, .. ) abCONIOT SIKMHJTAIYBYHU, KOJITaH

HYKTaJap/a y30KJIamyBud. . 63. y3oxnamryBuu. 64. X # 0 a6comor SKUHJIAIyBYU. 65.
Xx>1, x<-1.66 X>3, x<1.67. -1<x<1.

68. —2<X<2.69 —1<x<]l. 70.—i 71. —1< x<1.

1
\/E_XSE'

72. —1< X<l 73. =1<x<l 74 —0o<X<oo. 75.X=0.

. > x"In"a
76. —00< X <00, 77. @ :1+Z—I (=00 < X <00).
n=1 n:
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J2 2 X x* X n*on

. T
B.sin(Xx+=)=—[l+X——-"—+—+——...+(-1D) 2 —+..] 79
( 4) 2[ 21 3 4 5 D n! ]
X’ X X
cos(X+a)=cosa—xsin a——cosa+-—sin a+—cosa+...+
2! 3l 4l
n
+X—lsin[a+(n+1)7z]+... (—o< X< ).
n!
2 3,4 5,6 2n-1.,2n
g0, sin2x= 22X | 2°X —...+(—1)“‘12 X (~o<x<w).
2! 4 el (2n)!
2 n
8L e =14 o4 4 (o0 < X < 0).
n 2 n!
3 5 2n+l
82.SinX=§—X—+X——...+(—1)n X +... (-oo<X<00).
n 3 5 (2n+1)!
X2 X4 2n
83.COSX=1——+——...+(-1])" + (o0 < X < 00).
21 4 (2n)!
84. (1+x)m=1+mx+—m(m_1)x2+...+m(m_1)"'(m_n+1)x“+
il 2! n!
(-1<x<1)
x> X X"
gs. In(1+x):x—7+?—...+(—1)”‘1—+... (1< x<1).
n

111-606. Komnuiekc coHs1ap Ba KOMILIEKC APryMeHTJIM (yHKIMsAIap

2 2
1.8,-1. 2 a2 b21 22ab .3 —3—7, e, 2,0.5 -1, 26.6.1,0.
a“+b a“+b 25 25
4 1
7.-2,4. 8.X=——, =—.0.X=6, =-b.
11 y 11 y
18 + 46i 21+13i 6+13i 6+13i
10, X = . y= 11X = oy=— |
61 61 41 41
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1 1. ) ) : .. T .. T
12. E_EI’ —1.13.3+21, 1+1.14.coSz+1SIn . 15.cosE+|sm E' 16.

\/5(0037—7r+isin 7—ﬂ). 17. 2(cos = +isin ). 18. cos2Z +isin 2% 19
4 4 3 3 3 3

@

cos(z + @) +isin( 7 +@). 20. 2 (cos Py

cos?
2

+1sin %). 21. -64.

22. 2°(1++/3i).23.2° 1 —/31). 24. — 25. 2+ 2(1++/3)i.26. 2. 36

1
1672
. 1, . 1, . 1, .
IN10+ 27Ki. 37.In15+ (2k +§)m. 38, (2k—§)7z|. 39. (2k +Z)7z|. 40,

In5-+ (27 + arctg %)i. 410 2+ (2K —g)ﬂi.

3
11.. ~(2k+2) 7
42. In\/170 + (27K — arctg —)|. 43 @ @DT 4y g7 27y g2kT

3
(2k+=) 7 _ —(2k+ Vs
46.—e 2 i.47.¢€ (cosln /2 +isin In/2).

k—1 Vil
13 2" ¥ {cos(Zkﬂ—%—ln ﬁ)+isin(2k;z—%—|n ﬁ)}.

1
(k)7 .
49.¢ 3 (cosln2—|3|nln2).5oe (— £
5130, 2i+(1-2v3)i, —1+i 521 —1-i, §+%i.
. x*—y* 2xy
5B3.U=X"—y“+X, $=2Xy-y. 84 U=——>—, I=——.
X +y X +y
5. u=—~ Y 9=-2"Y g y-0 g9=-=
2 2 y
57.Uu=e"cosy, J=e’siny.
74, )E—il b) —e, c)eﬁ(cosl+isin1), d) e?(cos5—isin 5).

75. chlcosl+ ishlsin1. 76.—shl. 77. u=chxcosy, $=shxsiny.
78. U=—-shycosx, $=chysin x.
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79. u=e"Y cos(x* —y?), d=eYsin(x*—y?).s0.u=ch2y, $=0.
81.z=0. 82.Z=(2k+%)72'+[l—|n(2i\/§)]i.
83.Z=In(2\/§—3)+(2k+%)7zi, z=|n(2ﬁ—3)+(2k+g)7zi.

84. ch2cos 2 +sh2sin 2i. 85.ch~/3sin 1+ sh+/3cosli. 86. —1. 87. —i.

3/3 5. 17 1543, z+1
88. ——+—1.89. —————1.90.—2z8 " . 9L ———.
8 8 16 16 z°e
92. —9e¥ sin 3e* . 93. cosze®™"?. 94, _e+—e_3. 95. COS27Z.
(e’ —e™)
1. . o .
96. Z, :El, W'(z,)=1.97. 2, =1-1, W(z,)=-1-2i.

98.2,=0, f'(z,)=0.9.2,=0, f'(z,)=1. 100. f(z)=—iz*.
X
101. $=-sin X. 102. $=

42, 103.0=In—2— 100, f(z) =2shz - z°.
y X+Yy

105. f(z)=2c0s2z+z. 106. —%—%i. 107. ¥ 108. | 1—1). 109.— 2. 110.
e

0. 111. 27. 112. = 2(1+1). 113. 0.
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