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KnpPHIll

V36eknucron Pecniy6mmkacu Ilpesunentn M.A. Kapumop JlaBiaT Ba KaMHST
KYPWINIIN aKaJEMUSCUHUHT OYMJIMII MapOCUMHU/IA cy3inarad HyTkuaa: «lOkcak manakanu
MyTaxacCuciap — TapakKHUET OMIIM» —IeraH uoopanapu Ba «Tabaum TYFpucuaaru
KOHYH» XaMJa KaJpiap Tauépiiall MUWUIMA JACTypuHU KaOysl KWIMHHUIIM - FOKOPH
Majakaiau paxkoOarOapaonn mMyraxacuciap Tal€piail Ba >KaMUSTUMU3HUHT MKTUMOMMA-
MabHaBUH TMONJEBOPUHU MyCTaxKaMJjall ydyH acocuii oM Oyiaau. by aca €mr aBiogHu
Baran paBHaku, IOpT TUHWINIH, XaJlK (apoBOHIMIUA KaOU OJIMKAHOO TYHFyiap pyxuia
TapOmsUIall, FOKCaK (hasmmariapra 3ra, 33Ty rFosurap OuiaH KypoJlaHTaH KOMIJT HHCOHJIAp
KUIUO BOsITa €TKAa3WIl, >KaXOH aHjo3ajapura MOC, Ky4iu OWIMMIIH, pakoOaTOapaoin
KaJpiap KWIMO Tai€pian 1eMakaup.

Myraxaccuc aManuii uimn (GaoausATH JaBOMHUAA 3aMOHABUN XMCOOJAIl TEXHHKA
BOCHTaJIapuaH camapanu (oJajJaHHUIId YIyH KOMIBIOTEPHUHT JACTYpHil TabMHHOTHHH
Ba MAaTeMaTHMK MacaJlaJlapHU AACTypJlalll Ba YJIAPHHUHI ONTUMAJ €YMMWUHU TONHUII YYyH
onTUMAJIIANI yCyJUlapuHu Owmuin  3apypaup. UIyHuHr yuyH onuii YKyB IOpTH
Tanabanapuiad amManuil um ¢GaoauATHIa XUCOOJalll TEXHHKAa BOCHUTAJapHJIaH KEHT
doianana Ouumi, AacTypiialll TWUIAPUHA MyKaMMall srajulall Ba HyHanmuin Oyiinda
Maxcyc (aHJapHU YpraHWIl HATWXKACHUJA MYXaHIUC KypyBUM, MEXaHHMKA Ba HUKTHCO]
MacajaJlapyuHy KOMITbIOTEP/IA €YUl YUYH JacTypJiap Ty3a oJIa Ul Aapaxkacuia dhaHiapHu
Yy3nauOTupuin Tanad KuiauHaau. JIekuH, ynap oiraH Hasapuil Ba aMajuil OUITUMIIApUHU
aMaiauii MacajaJlapHH €YMINra KyJUlalga KyNrvuHa KUNWHYWIMKIAapra Ayd KeJullaiu.
YyHku ynapAa TUIWK, TaKpUOM MacajlalapHM €4YMILJa OJMM MaTeMaTuKa KypcHAaH
oJiraH OwiuMMiapruHa MaexkyA. JIekuH Xaéruid Macananapra Ty3WITaH MaTe€MaTUK
MOJEJUIAPVHY aHUK €YMMUHH Xap JOUM XaM TOIMII MyMKHH 3MAac, IIYHUHT Y4YyH YJIApHU
CUMIIHUHT COHJIM-TAaKpUOUM, TAKpUONN-AaHAIIMTUK  YCYJUIApUHU  YPraHWIUIApH  Y4YyH
«MaremaTik MOAEIIAIITUPUID) (PAaHUHUHT aXaMHUATH KaTTa XucoOJIaHaIu.

Ma3zbKyp Mabpy3a MaTHUAA KyHHIard MacajdalapHid TAKpUOU CUMMIHY TOTTHTIT
y4yH TaKpuOuil XucoOail ycyjuiapyu Ba yiapHu euuin gactypiap oepuiran [TACKAJIb
JAcTypJall TUIuAa OepuiIraH:

- YU3HWKCHU3 TEHIJamaap;

- YHU3HKJIM alreOparK TeHrjIamanap CUCTEMACH;

- aHWK MHTETpasuiap;

- OupuHYM TapTuOIU oanuii quddepeHnnan TeHriamanap;

- WAKKUHYY TapTHOIUM onauit auddepeHiuan TeHriamanap;

- MaTeMaTHK-(U3MKa TeHTJIaMajapu;

Xap Oup Mabpy3a MAIIFYJIOT CYHTUAA Tajadanap y3-Y3uHU TEKIIUPUILN YIYH Xap
Oupura ajoxuaa TOMIUPHUKIAp OeprraH.



1 - Mabppy3a MAIIFYJIOT

MuKkI0pJapHUHT TAKPUOMA KMUMaTIapu. XaTOJMKIAP HA3APUSACH.
AOCOJIOT BA HUCOMI XaTOJIMKIAP.

WNuconusaT amanuit paoiusaTiia COH KaTTANMKIAPHUA TaKpUOUN HaTHKacHIaH
doitnanananu. Typnu xucobiapaa MUKIOpIApHUHA KUAMaTIapyu TaKpuOaH TOMHIIA N,
Macanan: y3yunukiaapau 1mm éku 1 cm, remneparypanu 0.1 rpagycraya, Te3nukan 1 cm/c
AHUKJIWK/A YII4aHaJu Ba aHUKJIAHTaH COHJIAp YCTUAA TypJId amMayiap Oa)kapHIlga Xaro-
aukIapra wyn kyiunanu. HlyHunr yayn Ou3 Kylugard XaTOJUKIIap Hazapus OusiaH
KHCKaua TaHUIIIAMU3.

1.Peai xapaHHMHTMaTEeMaTHK TaBCU(DIIAHUIITN HOAHUKIIUTHIAH KEJINO YMKAIUTaH
XaTOJIMK — MaTEMAaTUK MOJIET XaTOJUTHU AeHuIaau.

2.bonutanFud MabJIyMOTIAPHUHT HOAHUKIULTUTH TyQailiiy 103ara Keiaaaurad
XaTOJIMK — OOLIIAaHFUY MabJIyMOTJIAp XaTONTIU JEeHUIIaIn.

3.Macananu euuiia KyUlaHUIAETrad yCyJUIApUHT HOAHUKJIMTUAAH KeIro
YUKAQIUTaH XaTOJHK - YCYJI XaTOJIUTU JEHUIIaIN.

4. XucoOnanuiapaa ByXKyara KeJlaJurad XaToJIUKIIap - XUCOOJIalll XaToIUru
JIenniaau.

5. AxnuTnan HaTWXKacKuaa XOCH OYaaural XaTo- HyKoTHiInO Oy iMmaiuran
XaTOJIMK J1e0 aTayiaju.

bab3an maTeMaTuk MOJeN Ba OOMIKAHFUY MAbJIyMOTIIAp XaTOJIUKIAPUHU Ty3aTHO
OynMaiiiuran xaTonukiap AcHuaaau.
1-raspud.Xucobnanuiapia KaTHaAIAETraH TaKpUOU & COH OWJIaH 1Ty COHHUHT aHUK
KuitMatu A opacuaaru gapk (A-a) XaToJdUK AcHUIaIN.

Arap A<a OViica, xaToJuK MycOaT Ba A>a 6yica,xatonuk Manduii yinaau. XaTonuKiIapHUa
Oaxonamr TYFpu OYJuIll y9yH aOCOJIOT XaTOIUK TYITYHUYACH KUPUTUIIAIIH.
2- Tappu@. XaTOIUK MOAYIHUTa A TAKPHUOWN COHHUHT a0COJIIOT XaTOCH JICHIIaIu, SThHU

Aaz‘A—a‘ (1)

3- tappud. Takpubuii a coHn aOCOTIOT XaTOJIMTUHHUHT 11y COH MOIYJIUTa HUCOATH A
TaKpUOWl COHHUHT HUCOMI XaTOJIUTH JCHUIIAIH.
[A - |

(2)

AHUK A COH HOMaBJIyM OYnTaHiuru cabadau abCoIIOT Ba HUCOMIM XaTOTUKIIAP XaM
HOMAbJIyM OYJIaau, ITyHWHT Y9yH XaTOJUKHUHT Yerapacu KypcaTHiiaau.
4- Tabpud |A - a|<h TEHICH3IUMKHHM KaHOATJIAHTUPYBYHU N KaTTamuk abCoIOT

d(a) =

ol

XaTOJMKHMHT Yyerapacu Jeruiiay.
A -al
a

XaTOJUKHHUHT YerapacH Jciriaay.

HucOwuii xaTomMK yerapacu KynuH4Ya mpoleHTIapaa ndoaananaan. h Ba s coHmapu
MMKOHU Ooprya KMYMK KWinb onuHaau. Macanan: A=» 0ynu6, a=3.14 xabu kaOyn
kuuHran o0yica, h=0.002 ne6 onuaumm mymkuH. Y xonaa « =0.07% Oynaau.

5 — tabpud. < ¢ TCHTCU3JIMKHU KAHOATIAHTUPYBYU ¢ COHU HUCOWMIA



TakpuOuit 4 COHMHUHT a0COJTIOT Ba HUCOMI XaTOJUKIIApU Yerapaiapu Tabpudiapura
Kypa A=a+h Ba A=a(l+e) KaOW E3UIT MyMKUH.

1 — mucoa .Takpu6Owuii kuitmaT a=0.67 6ynran A=2/3 COHHUHT HUCOWH XaTOJIUTH
YerapacHHH TOTIHHT.

2 - 0.00 h=0.01/3=0.0034 ne6 onamus .Y xonaa ¢ =

—-0.67
3

£ =0.0051 =0.51% XOCHJI OYyIaau.

2- mucoJi. 24.6 — Gupop connunr 0.4% HucOuii xaTonuKAaru TaKkpuOui KuiiMatu 6yca,
Oy SKWHJIAIINII KaHali aHUKJIMKIa OaxapuiraH? A COH KaHai yerapanapaa
Koiaran?

Euunm. busara ¢ = 0.4% a=24.6 Gepunran YV xonma a* ¢ = 24.6%0.004 = 0.0984 XOCHII
oynamu. Commanmuk yayH h=0.1 ne6 onamm3. bynnan A=24.650.1 KU 24.5< A< 24.7

0.0034
0.67

Eunm.

KuitMaTiin pakam Ba HINOHYJIH 0€JITM TYIIYHYAJIAPH.

1-rabpud.YHnu xacp KypuHHIIKIA E3WITAaH COHHUHT YarIaH HOJJIaH (papKjid pakaMmuiaH
OonutaHran 6apua pakamjapura KHHMaTIu paKamJjap Jeiuiaiu.

Macamnan: 0.003020 conu typra : 3,0,2,0 Kulimatiu pakamiapra sra: 25.5605 conu
onruTta: 2,5,5,6,0,5 kuiimatiu pakamra 3ra.500 conu yuta 5,0,0 KuiiMaTin pakamra ara;
0.00001 conu 1 kuitmMaT/IM pakamra sra Ba X0KO030.
2- Tabpu .Arap 6epuiran TaKpuOUil COHHUHT a0COJIOT XaTOCH N— KUHMATIA paKkaMu
paspsii OUPIUTHUHUHT SIPMUJAH OO KeTMaca, Oy COHHUHT OOIIJIaHFUY N Ta KHUMATIN
pakaMy MIIOHYJIN JIeHUTIaIu.

[lynpaii kKuanbd, A aHUK COHHM aJIMAIITUPYBUM A TaKpUOUil COH MabliyM Oyiica, y
X0J171a

Aa=|A-a|< Ligmore
2

bynu6, 0y coHHUHT OONUIaHFUY N 8, 8m-1, @m-1»- - -» @mn+1 PAKAMIIAPU KUMUMATIIN OYaau.

Macanan: A=35.97 aauk con yuyH a=36.00 TakpuOuii COH y4Ta UIIOHYIN OeNTH OnitaH
SKUHIHD, TyHKH |A - a| < Loa
2

1-mucoa .Kyituaaru TakpuOuii CoOHIapAaru UIOHYIN OENTHIap COHUHU

AHUKJIAHT:
a)x = 3.14 +0.01 b)y = 2.718 + 0.006

Eunmi. ) 3.14 takpuOuii COHHMHT F031aH OWpJiap XOHACH/Ia JKOMaIran 4 paKam
UIIOHYCH3, YYHKH 0.005 < 0.01 PaBIIaHku, oJIUHAa KeNraH UKkuTa 3 Ba 1 pakamiapu
UIIOHWIUHP.
B) 2.718 TakpuOuii COHMHT OXUPIrUAa Typral 8 pakaMu UIIOHYCU3 0YIHO0, KONranaapu
UIIOWTH OYaau(IyHKH , 0.005 < 0.006 .)

2- MucoJ.Arap 2.768 conngaru 6apua pakamiap UIIOHYIN OYJica, yHUHT a0CaIioT
XaTOJMTUHUHT YeTrapacy y9yH HUMa OJIMHUIIN MyMKHH?
Euum. bepuiran TakpuOuii COHHUHT Oapya pakamiiapy UIIOHYIM OYIraHuaH, YyHUHT



OXUPTH PAaKAMUHUHT pa3psav SpMUCUTa OOFIIMK PABHIIIA XaTOIUK YeTapacu aHUKJIaHA U,
Oxwupru pakam paspsan oupaurd: 0.001. [lllynunr yayna 0.0005 congan katta 6yiMaran
Xap KaHjaai con 6epuiran 2.768 TakpuOuii COHU yuyH aOCOIIOT XaTOJIMK yerapacu 0ynana
oJIaJIu.
SIxauTtaam Kouaacu.

Kynruna xomnapaa 6epuiran TakpuOuid COHJIApHU SXJIMTIIAII TYFPU Kelad, ShbHU
YHU UIIOHWIM Oeruiiap COHU KaMm OYiran TakpuOuil COH OuiaH aIMallITUPUIITa TYFPU
KeJaau. byHma sxauTiamn XaToauru MUHAMAIT OYJTUIITUTa XapakaT KAJIaau.

bepunran TakpuOuii COHIApHU SXJIHATIANT Kouaacu Kyinnarunda. CoHt n Ta
KUIMATIW paKaMmraua sxJuTiaall yuyyH, n-KUAMaTIIi pakaMJiaH KeMuHTu Oapua pakamiiap
tanurad rodopuiaau Eku arap Kepak 0yica, ynap HoJutap OWiiaH aMaIITUPUIIAIH.

1.Arap Tanuia0 1060puiIaH paKaMIIapUHUHT OMPUHYKCH 5 JTaH KUYHK Oyica ,

y XO0J1/1a KOJITaH YHIIU OeNTIiap Y3rapuiicu3 KOJIUPHIaIu;

2.Arap Taniabd rooopusaéTrad pakamIapHUHT OMPUHYKUCH S5 JaH KaTa Oyica, y
XOJI71a KOJITAaH pakaMJIapHUHT oxuprucura | Kymuaaam.

3. Arap tanuiab poopmIaéTran pakaMJIapHUHT OMPUHYKCH 5 Ta TEHT OYiica, y
XOJiIa TanaHaéprad pakaMJIapHUHT YbTHOOP KWIMHAAU. SIbHU yiap HOJUIapaaH
nbopat 6ynMaca, KoJIraH OXUpPrd pakamra Oup KyIIWIaau; arap TaluiaHaéTral
pakamuiap HoJUIap/iaH ubopar Oyica, KoJIraH OXUpru pakam Kap0, xkydt Oyica
tanuiad rodopuiiaau, TokK O0yica yHra 1 Kyuiaau.

3- MHCOJI. 7 ~ 3.1415926535 ... TAKPUOMI COHU y4Ta KUMMATIN paKkamMrada sxJIUTIaHT.
Evunm. Sdxnurinam keTMa- KeTJIuru Kyliujaaruia Oyiuiym MyMKAH:

3.1415926535 ~ 3.141592654 ~ 3.14159365 ~ 3.1415926 ~ 3.141593 =
~ 3.14159 =~ 3.1416 =~ 3.1416 =~ 3.142 =~ 3.14

Ym0y Muconiaru OXupru KeTMa- KeT yuTa TaKpuOUil COHHUHT a0COJIOT XaTOJUTH MOC

4 3

paBumiga 0.5-10 ° , 0.5-10 ° ez 0.5-10 - JaH KaTa 3Mac.

XaTOTMKHUHT TAPKAJIHUIIH.

KOxopua 6u3 connapHu AXAUTIALIAA XOCHI OYJaguraH XaToJIMKIIAp Ba yJIapHU
Oaxouam xakuaa Tyxtaauk.bynnai xaronukinap Typiv apudMeTUK amaiap HaTHKa-
JApVHY aHAIW3 KWIMHAETTaH1a Xucoora onuHumm kepak. [IlyHuHT yayH TakpuOuit
COHJIap yCTHJIAa TypJIu amaiuiap Oa)kapranjia XaToJuK KaHJaal TapKaJUIIN MyXUM Kacoh
ATajH.

WuruHIMHAAT XaTOJUTH.
1 - Teopema. TakpuOuii conmap anreOpavik WAFUHANCUHUHT a0CONIOT XaTOJUTH, Iy
COHJIAPHUHT a0COJIOT XaTONMKIapU HHFUHANCUIAH KaTTa dMac.
Hcoorn. bepunran TtakpuOuii conymap X, Xz, Xs,..., Xp Jiapjaad wuOopar
OyncuH.Y napHUHT anreOpauk WMFUHJIMCUHY KYpPalIUK:

Uu=x,£Xx,*x,£---%X,

Pasmianku



bynnan
3)
Teopema ucOOT KuiauHAU. TakpuOWil COHJAPHUHT anreOpauk WUFUHIUCUHUHT
yerapaBHil abCOIIOT XaTOJIUTH YUYH
h,|=h +h,+h + +h 4)

x3 n

|au| = |ax,| £ [ax, |+ ]ax |+ £ |ax,

HU OJIMII MYMKHH.
ANUPMAHMHT XaTOJIUIH.

Wkku X3 Ba X, TaKpUOUK COHUHT U=X;+X, alilupMacunu kypaimk. FOkopuaa kypunran
WUFUHIUHUHT YerapaBuil aOCOMIOT XaTonuru popmyiacu (2) ra kypa, alupMaHUHT
yerapaBuii adCOJIFOT XaTOJIUTH

h,=h,+h, (5)
Kabu Oynanu, sbHM aWMPMAHMHI YerapaBUil aOCOJIOT XaTOJIMTH aWMPWIyBYM Ba
alpyBUMIIAPHUHT YerapaBuil aOCOMIOT XaTOMUKIApU HUFUHIUCUTA TEHT.

by epna aliupuMaHuHr HUCOWIA Yyerapacu yuyH
h, +h

poon e (6)

[x: = x|
HU ojuiml MyMKuH. DopmynagaH kKypuHHO TypuOAMKH, arap X; Ba Xp; COHJAp SIKHH
JKounamran Oyica, XaTOJMKIAP >KyJa KWYUK OVYica Xam, yerapaBUid HUCOUN XaTOJIUK
eTapiiya Karta OYIuII MyMKHUH.

Kynaiitma xaToauru.
2- TeopeMa. Homnman dapkiu TakpuOHii COHIAp HUCOWEM XaTONHMK KyMalTMaCHHUHT
HUCOMI XaTOJMIH, Iy COHJIAPHUHT HUCOUI XaTOJMKIIApU MUFUHIMCHIAH KAaTTa SMac.
HcOOT. u = x, - x, -x, ---x, OYncunH. Coxna OYJICUH yuyH Oepuiirad TakpuOui

coHyiap MmycOart OVicuH.Y xoJjia Kyiiujgarura ara 0yiamus:

nu=1Ix +Inx,+Inx,+---+1Inx
n

Al x~dnx = 2X TakpuOuii popMynanu Kyu1ab, Kyiuaara Xocua KUJIaMus.
X
AU AX, Ax, AX, AX,
—= + + + et
u X, X, X, X,
xocus1 OVnaau €xu,
S(u) = 8(x,) + 8(x,) + 5 (x,) + -+ 5(x,) (7)

Hatmxana. KynaliTMaHuHr derapaBuii HMCOWW XaTOJUTH y4YyH TaKpUOUN COHJIAHUHT
yerapaBuii HUCOUW XaTOJUKIIAPU HUFUHIMCUHUH OJIMII MYMKHH, SbHU

E =& +8X + & + -t € (8)
2

u X Xq X,

ByJMHMaHMHI XaTOJIHUIH.
3- Teopema. byIMHMaHUHT HUCOUN XaTONUTH OYIMHYBUM Ba OVIyBUMIAPHUHI HUCOUUN
XaTOJMKIIApU MUFUHIMCUT/IAH KaTTa 3Mac.

Au  AX Ay

u X y

o6ynmu6, 0y epnan



Au

u

Ax| |Ay

y

X
Exu su) <s(x)+s(x,) OYmaam.

Hatwxkana.bynuamManuHr derapaBuii HUCOWM XaTOJMKIApW WHUFUHIWCUHM OJIUII
MYMKUH.

h,=h_ +h 9

u x1 X2

JlapakaHMHT XaTOJUIH.
u=x" (M- HaTypasa coH) OYJICHH, Y XOJIJa Inu =m -l x Ba
Au AX

u X

(10)

o6ymu6, OyHman

&, = m&‘x

Kabu &3um MyMKuH, sS’bHU M- Tapakajdy COHHUHT YerapaBuil HUCOUM XaTOJUTH TaKpuOui
COHHHHT YerapaBuii HUCOUW XaTOJMUTH/IaH Japaka KYpcaTKU4u M MapTa KarTa.

Niau3HUHT XaTOJIUIH.

u = %/x 6YncuH, y Xomma u" = x .JJapakaHUHT yeraBuii HECOuMii xaTonu GopMymacura Kypa
by =6, (11)

m
AbHU, M- gapaxaiu WIAU3HUHT YerapaBuid HUCOUM XaTOMUTH WIJIU3 OCTUAAru TaKpuOuit
COHHMHT YerapaBuil HUCOUW XaTOJUTHIAH UIAN3 KYPCATKAUYM M MapTa KHUYUK.
MucoJa. Kyiingaru QyHKIus KHHMaTHHA XMCOOIaaa XOCHI Oyiaqurad XaToJIMKIaApHU
TOIIUHT:

A*.B
x=——— ,0yepaa A=28.3+0.02 , K =0.678 F0.003 , B=7.45+0.01.
K

Euum. Kyiingarninapan aHuKIanMm3:

2

A’ =800 .9; B’ =413 .5, K =0.8234 ;
Oynapaan ¢oigananuo,

800 .9 - 413 .5

X=—"—"—+

0.8234

= 402200 = 4.02 -10°

CyHrpa KyiugaruiapHi aHUKJIaMu3:

£, =0.02/28.03 =0.00071 ; &, =0.01/7.45 = 0.00135
&, =0003 /0678 =0.00443 ; &, =2-5,+05-5, =0.04056 +0.0022 = 0.77 %.

K ! X

h, =4.02 -10 °0.0077 =3.1.10°

X
IIyHJ1ai KAno,
Xx=4.02-10°+3.1-100° ;¢ =0.77%.



2 - MabpVy3a MAIIFYJIOT

Yusukiau 0yaMaran OMp HOMabJIyMJIM TEHIJIAMAJIAPHHA OPAJTMKHU HKKUIa OYJIMII
yCyJaMaa equlll.

Xap Oup Mymaxaccuc , JKymylaJaH MH)XEHEpP Ba UKTUCOMYM Y3UHUHI U
(daonuaTHAA, XyCycaH, MHIIOAT KUCMJIAPUHUHT MYCTaXKaMJIUTH, CEHCMUK YU IaMIIIINT U
JoWuxanamnia Ba Xxuco0samniia, HCCUKJIMK Ba ra3 TAbMUHOTH MacaJlapuHM Xaj KUJIUIJIA
YU3UKIU OyIMarad €K1 TPAHCIIEHICHT TEHIVIAMAJIApPHUHT €UMMUHU TOIUII KepakK Oynaau.

Xap JoMM XaM TEeHrajlaMmajapHU €4MMHHU aHMK ycyJulap OuiaH TonmuO OyiMaiiu.
[IyHuHT y9yH TakpuOuil ycysuiap KyJUIaHUIA M.

bup HOMabIIyMIu UXTUEPUM TEHITIaMa KyWHIard KypUHNIA Ora.

f(x)=0. (1)
1 — taspud. Arap f(X) pyHkuus kynxamanan noopar Oyica, ssbHU
f(x)=agX" + aX" ™ + aX"Z + .....an.1X + 8 Gyica

(1) Tenrnama anedpanik TeHrjIaMa JeUNUIIa N,

2 — Ttabpud. Arap f(X) o¢yHkums osmementap ¢yHkumsIapAan( JorapuuMUK,
KYpCaTKU4IH, TPUTOHOMETPUK Ba XaK030) €KM Maxcyc QpyHKUuusiapaad noopar oyuca (1)
TEHTJIaMa TPAHCICHICHT TeHrIaMa JIeHuIaIu.

3 — tappud. Arap X " HEHT KuiiMaTH (1) TenTaMaHy KOHOATIIAHTHPHCA .IBHU alHUATIA
alJIaHTHpCa X " (1) TeHrIaMaHMHT UMMM ACHHIaIH.

4 — Tabpud. Arap [a, b] opanukna (1) TeHrIaMaHWHT Xe4 OyamaraHaa OMTTa XaKHKHIMA
eunmu Oyica, y xosaa f(X) pyHKIMS OpaTMKHUHT YETKH HyKTaJlapuaa Xap XU HUIIOPaH
KuiimaTiap Kaoys kunaau, sbhn - f(a)*f(B)<0 Hrewsnuk Gakapuianu.

Macanan: x+sin(x)=0.5 teHrnamManuHr [ 0;1] opanuknaru OuUTTa XaKUKUMA

-2
nign3nHn & = 10 = 0.01 aHuUK/IMKIA TOIMII Tajad dTUJICHH.

MHUCOJTHMHI eYMIIl TAPTHOM.
1. OpanuKHUHT YeTKH KuitMatiapuaa GyHKIIUSHUAT KHAMAaTIapuHA XUCOo0IaiMu3:
f(a) = f(0) =0+sin(0)-0.5=-0.5 ; f(b) = f(1) =1+sin(1)-0.5=1.3415.
2. f(a) * f (b)=-0.5*1.3415<0 maptaan Oaxkapuiau JeMaK OepuiraH OpaaTrKIa
TEHIJIaMaHUHT KaM#1a OUTTa WIM3H MaBxXy OYIa iy,
3. OpanukHu UKKHATA OYyJ1aMu3 HaTMXKaaa MKKUTa [a;c] Ba [c;b]opanukka sra

a+b 0+1
2 2
4.c=0.5 nykTaga GyHKIUSHUHT KHAMATUHU TOTIaMU3:
f(0.5) = 0.5+sin(0.5)-0.5=0.4795>0.01 ¢pyHKUMSHUHT KHIIMaTH OepuiIraH
AHUKJIMKIAaH KaTTa IIyHUHT YIYH OPAJTMKHU OVIIMIITHA JaBOM STTHPAMU3.
5. f(a) * f (¢)=-0.5*0.4795<0 maptnan Oaxapuaau nemak wiaus [a;c]= [0;0.5]
éragu.lllynunr yayn b=0.5 1e6 onamus.
6. OpanukHu UKKUra OYV1amMu3 HaTHUXKaJa UKKUATA [a;c] Ba [c;bJopanukka sra

oynamus.by epna: ¢ -

0.5;



a+b 0+ 0.5
2 2
7.c=0.25 nykrana GyHKUUSIHUHT KHMMATHHUA TOTIAMM3:
f(0.25) = 0.25+sin(0.25)-0.5=-0.0026 pyHKIUIHUHT KHAMATH aOCATIOT KUIMaTH
KUXATHJIaH OCpHIIraH aHUKJIUKIaH KYHUK IIYHUHT YIyH OPaJIUK OYJIUIIHKA JJaBOM

sTTUpaMaiimMu3 Ba ¢=0.25 TeHramMaHuHT TaKpUOWH UIIu3M 1e0 KaOy KuiamMmus.

oynamus. by epaa: = - 0.25;

TeHrJaMaHUHT OPATMKHH HKKUTA OYJIUIN YyCYJIM OMJIaH e4MMUHHU TOMHIII
AJITOPUTHMH.

1. TenrnamanwmHr [a, b] opanukna xeu 6ynmmaranma ourra wiausu o0yica f(a)*f(s)<0
mapT Oaxkapuiiaay Ba TEHIJIAMAaHUHT €4YUMUHU Oepuirad O < &£ < 1 aHUKJIUKAA
XucoOiaHaau. Arap mmapt Oaxkapuiamaca OCpwiraH OpalMKAa TCHIJIaMaHUHT
XaKUKWAW WITU3M MaBxXy I OYIMaiiin Ba X|coOal xxapaéHu TYXTaTHIIaIN.

2. [a, b] opanukuu nkkura 6yacak ukkura [a, ¢] Ba [¢, b] opanuk xocun 6ynanm.

a+ b
2
3. |f(c)| < ¢ mapT Gaxkapuiica X= € COHM OepuiraH TEHITIAMAHHHI TaKpUOMH e4uMH

by epna: c =

ne6 KaOys KUJIMHAIA Ba XUCOOIaI Xxapa€HU TYXTaTUIIa IH.
4. f(a)*f(c)<O0 mapr Oaxkapwica TEHIJIAaMaHWUHT WIH3M [, ¢] opamukma Eramy.

lyHunr yayn B=C ae0 xucoOuar 2 MyHKTra y3aTaMus3.
5. f(a)*f(c)<O mrapT OakapmimMaca TEHIVIAMAHWHT WiIIW3HM [@, B] opamukma €raiu.

[yHuHr yayH a=C ne0 XucoOusai 2 MyHKTra y3aTaMus.

Ky#innaru Ilackan Tununaa Ty3uwiran gactyp €paamuaa 6epuirad x+sin(x)=0.5
4

teHrnmamanuHr [ 0;1] opamukgaru unam3uan & = 10~ = 0.0001 aHUKIHKAA
xucooOaarimu3. Xucoobaam Hatkacu : X=0.251 skaH.

IlackaJg Tuauaarn 1acTypu.

Label 10,20,30,40,50;

var

a,b,c,eps,x:real;

function f(x:real):real;

begin f:=x+sin(x)-0.5;end;

begin

writeln(‘Tenrnama wian3u €TraH OPHIIMKHUHT YerapaBuil KHAMaTIapuHN KUPUTHHT®);
write(‘ a=’);read(a);write(‘ b=");read(b); writeln;

writeln(*Xucoonanr aHuKMrHA KupuTUHT’); read(eps);

if f(a)*f(b)>0 then goto 40;

10: c:=(a+b)/2;

if abs(f(c)) < eps then goto 30;

if f(a)*f(c)<0 then goto 20;

a:=c; goto 10;

20: b:=c; goto 10;

30: writeln(‘ Tenrmamunuurrakpuouni wiaausn f(¢,c:8:5,”)=",1(c):8:6); goto 50;
40: writeln(‘Bepriran opajivk/ia TCHIJIaAMaHUHT XaKHKUH WIIIU3M MaBXKy/J[ 9Mac®);
50:end.
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1-TonmmuMpHK.

1.Tanaba 1 — »aaBiaaaH KypHaAJIard TapTHO pakaMu OVinya TEHTJIaMaHH OJIau.

2. I'padu ycynia TeHrJITaMaHUHT WIIM3UHU ETTaH OpaTMKHU TaXMUHAH aHUKJIAWHTu.

3.0OpanukHU UKKUTA OYIIUI yCynu €paaMuia TeHriaManuHr wiau3unu 0.01
AHUKJIMKAA TAKpUOUIA €YMMHH KYJAa XUco01a0 Tomain.

4. INackan Tunuaa Ty3wiran aactypiaan Qorgananu6, ronmirad eaumun 0.0001

aHUKJIMKraya XucoOJIanIu.

5. Tenrmamanu oM UTTEpAIUsS YCYTUAa CAUMUHNA TOIUII YIYH JACTyp Ty3au.

6.Maple nacTypumaru TeHIAMaHUHT CYUMHUHH TONUII QYHKIUACH EpaamMuia Oepriran
TEHTJIAMaHU CYUMHUHH TOTIAH.

7.Ycyn tyrpucuaa ¥3 GUKpUHA OWIIIUPaAaH.

1 - xxanBn

T.P F(x)=0 T.P F(x)=0
1 | x™+2x-4x*-12=0 16 | x-5sin(x)-0/5=0
2 | x3-0.2x%-4x-7=0 17 | cos(2x+1)-3x+1=0
3 | 2x"-3x%-4x*-5=0 18 | x-2sin(x+1)=0
4 | e"+4x+1=0 19 | sin(x+z /2)+2cosx+x=0
5 | 342x-1=0 20 | e*+cos(x+r /2)+2=0
6 |2*-(x-2)"=0 21 | arcsin(x)-0.2x-0.1=0
7 | x-lg(x+1)=0 22 | arcos(x)-+1 - 0.3x* =0
8 | x-4lgx+1=0 23 arctg(x)-0.5x+1.5=0
9 [x*-2Igx+1=0 24 | arcctg(x)-3x-0.1=0
10 | lg(x*+4)+5x=0 25 | x-5sin(x)-0/5=0

11 | logs(x+1)-2x"'=0 26 | 3x%arctg(x)-1=0

12 | sin(x+1)-x"=0 27 | arctg/x +1-2x+3=0
13 | cos(X)++/x +1=0 28 | sh(x)-lg(x+2)=0

14 | cos(x)-3x+1=0 29 | arctgi/x +1-€*4+x=0
15 | sin(2x)-2x+0.25=0 30 arcsin(2x)-2x+0.25=0
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3 - MabpVy3a MAIIFYJI0T

AJieOpauK Ba TPAHCIEHIEHT TEHIJIaMAJIAPHM YPUHMAJIAP Ba BaTapJjap ycyJaujaa

CYMIII.

1.Ypunmanap (HeroToH) ycymnu.
f(x)=0.

bup HOMabIymiIM TEHIJIAMAaHH CEYUMHH FOKOPDUM AaHUKIMKIA Ba TE3 TOIIHIII
KUXaTHIaH OOlIKa yCyiiapra HucOaraH ypuHManaap yCyid YCTyH Typanu. Jlekun
ypHHMaap ycyiuaa eduMHu Toruin yuyH f(X) Ba yHUHT OupuHYM TapTHONM Xocuiaacu f
(x) [a;b] opanukza MIIOPACHHM Y3rapTHMACINIH KepakK. XaM/a HOJTMHYH SKHHIALTHIIIA
KyWHJard mapT OaKapuUIlg Kepak:

f(Xo)*f ' (X0)>0
Y CyJIHUHT MOXUATH KyWHAarnya:
f(x)=0

A TeHrinama [a;b] opamukna Outra TakpuOMi wiIIHM3ra Sra
A ne6 dapa3 kwnanuk. Jlactmadku skuHaamuin cudaruaa
a €KM b HyKTajJapJaH OUPUHU OJIMIIMMHU3 MYMKHUH Ba
Al 11y HAKTaJaH YpUHMA yTKazamu3. AUTaWIIMK YpUHMA A
f(x) HYKTaJlaH YTCUH. YpUHMAHUHT x YKU OWJIaH KECUIITaH

— » HYKTacH x, Ta MOC HYKTaHW A, J1€0 oJu0, 2HAU A,
HYKTaJIaH YpUHMa yTKa3aMH3, Ba X0Ka30.
1 - pacm
YpuHMaHUHT x VKU OWJIaH KECHINTaH HyKTaJlapu TaKpuOWi wiam3 x Ta

€TapJIv AHUKJIMKra4ya SKMHJIAITyH4Ya )Kapa€H 1aBOM ITaIu.
Arap pactnaOku x, SKUHJAIIUII TYFPU TaHJaHCA, aHUK €4YUM XKyJa Te3

tonunaau. lIyHUHr y4yH nactnaOKy SIKMHJAIIMIN X, HHU TaHJall Macajacura

anoxuaa 2bTHOOp OepamMu3. YpWHMaNap YCYJWHUHT TEHIJIAMAHUHT WIIA3UHU
TonUII (hOpMyJIacu:

f(x,)
X = X _— —
n+1 n f .(Xn) n—0,1,2,3...

Xo GommanFuy skuHIamumaa f(Xe)*f (Xe)>0 mapT GaxkapriniH Kepax.

Macaman: X+sin(x)=0.5 tenrnmamanuer [ 0;1] opanuknarm OuTTa XaKMKUiA

-2
nign3nHn € = 10

= 0.01 aHHUK/INUKIA TOIHII TajIad dTUJICHH.
MHUCOJIHUHT €Yl TAPTHOU.
1. dyHkIMs Ba XocHIacMHM aHUKTa0 omamus. f(X) = x+sin(x)-0.5 ; f’(x)=1+cos(X) ;

2. f(x0) * /7 '(X0)>0 MIAPTAAH HOJMMHYM SKMHJIAMMIIHA anukaaiivums. 1 '(X)=-Sin(X);
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X0=0.01 HyKTana mapTHU TEKIIUPaAMH3.
f(0.01) = 0.01+sin(0.01)-0.5<0;  f7’(0.01)=-sin(0.01)<0; f(0) * /’(0)>0
Jlemak HOMMHYM SKUHIAMMIIHA Xo=0.01 1e6 omammus.
3. bupuHumn SKUHIAIIMIITHA aHUKJTAUMU3:

f(x,) f (0.01) — 0.48
X, = X, - ———2~—-0.01 - ——————>—-0.01l - —— = 0.01 + 0.0013 = 0.25
f(x,) f (0.01) 2

4. Terrnama WIAN3WHA TOIUII AHUKJIUTUHN TEKIITUPAMMU3:
Ix, - x,|=[0.010 ~0.25| = 0.24 > ¢ = 0.01 MIAM3IAP Opacuaaru Gapk 6epunran

AHUKJIMKJIaH KaTTa OYJIraHu y4yH KeHUHIU SIKUHJIAIIUIIHYA TOTIaMU3.
5. UKKUHYM SIKUHJIAIIANTHA XUCOOIaiMU3:

X, =X, ——/——=0,26 — ——— = 0.25 — —————————— — 0.25 + 0.0013 = 0.2513

6.Tenrnama WIIU3UHU TONUII AHUKIUTUHU TEKIIUPAMU3:

x, - x,|=]0.2513 ~0.25|=0.0013 <¢ =001 wWIAM3AAp opacupary ¢apk Oepuiran
AHUKJIMKIAH KAYUK IIYHUHT YuyH X2=0.2513 Oepuiiran TEeHIJIaMaHUHT WIAU3H J1€0
KaOyJ1 KHJIaMu3.

YpuHManap yCyJIMHHHI XHCOGJIaII AITOPUTHMHU.

1. Tenrnamanunr [a, b] opanukna xeu 6ynmaranaa ourra wiausu oyica f(a)*f(s)<0
mapt Gakapuiaau Ba TEHTJIAMAHUHT €4UMUHU Oepuiran O < & < 1 aHUKIWKIA
xucoOmanaau. Arap mapt Oaxapuiamaca OepwiraH oOpajvKAa TEHIJIaAMaHWUHT
XAKUKUM WIM3U MaBxKyJ OYJIMaiiau Ba XucoOJal xKapaéHu TYXTaTHIAIN.

2. Bormanruiy skuamammga f(Xo)*f  (X)>0 mapT GaXkapHiIHIIg Kepak ake X0maa

xucoOmani xapa€uu Tyxtatunaaud. N=0 6yicuH.

3. n=n+1;

f(x,)
fo(x,)

4. Tonuiarad SIKAHJIAIIKII HYKTacuaa | f(x, . ,)

< & mapt Oaxxapuiica

XUCoOmanI xapaéHu TYXTaTrnaan. AKC X0aa Xuco0aaamm 3 myHKTra
y3aTUIaIu.

Ky#innaru [lackan tunuaa Ty3wiran gactyp €pnamuaa oepuirad x+sin(x)=0.5

teHriamanuHr | 0;1] opanukaaru unausuan & = 10 ~* = 0.0001 aHUKJIUKIA

xucoOmaiimuz. Xucobmam Hatrkacu : X=0.251 skam.
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label 10,20,30,40,50;

var

eps,x:real;

function f(i:integer;x:real):real;

begin case i of

1: f:=x+sin(x)-0.5; 2: f:=1+cos(x);3:f:=-sin(x);end;end;

begin

10:writeln(‘TenrnmaMaHUHT HOJIMHYM SKUHJIAIIHAIIT KHAMAaTHHA KAPUTHHT ),
write(* x=");read(x); if f(1,X)*f(3,x)>0 then goto 20;

writeln(‘boranrny SKHHIAIIWTT HOTYFpH Oepriirad Oomka Kuitmar 6epunr’); goto 10;
20: writeln(‘ XucoOnamn aHUKTUTHHA KUPUTHHT); read(eps);

30: x:=x-f(1,x)/f(2,x);

if abs(f(1,x)) >eps then goto 30;

writeln(‘* TenrnamuauarTakpuouit unauzn  f(°,x:8:5,”)=",1(1,x):8:6);

end.

Bartapaap ycy/iu Ba YHUHT MOXUSITH KyHUIaruaan noopar.

f(x)=0
y = f(x) QYHKUMSAHUHT TPAQUHUHT (a, f(a)) Ba (b, f(b)) HyKTajIapAaH YTyBUH
BaTapHU O x YKU OWJIaH KECHIIWII HYKTaCH C HUHI KMMUMATUHU TYFPU YU3UK

TCHIJIaMaCUuJaaH aHHKHafIMHB.
y — f(a) X —a
f(b)- f(a) b-a

BatapHuHr O x YKy OWJIaH KECUIITUII HYKTAacH ¢, Ja x =c¢,, y = 0 Oynanu.

b-a
f(b) - f(a)
¢c MabiayMm Oynarad, f(c) HHUHI KUWMaTWUHM XHcCOOJam MyMKHH. bomnutanrud
SKUHJIAITUITHA TaHJIAIl XOJUTAPUHU KYPUO YMKAMIIHK:

c =a- f(a)

A f(a) - f(c)>0 4
A Xo=Db f(a)-f(c)>0
f(a) <O, X, =b

f(c)

1) 2)
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fla)-7le) <0 fla)- 7(c) <0
fla)<0, x3=a fla)>0, x,=a
Fle)

s

- c b
: —
/| Nk I
g b Fle)
3) 4)
6 - pacm
a a ¢ b f(c)
1) f(a)>0 Ba f(a) f(c)>0,0ymca x,=b
2) f(a)<o t(a)<0 Ba f(a)-f(c)>0,0¥yaca x,=b
3) f(a)<o t(a)<0 Ba f(a)-f(c)<0,0Oyaca x, =a
4) f(a)>0 f(a)>0 Ba f(a)-f(c)<0,0yuca x, =a
Barapiap ycynTuHHHT yMyMHii (POPMYIIACH:
f(x )b — x.)
X L = Xn —
”* f(b) — f(x,)
n=0,1,2,3...
Xo Gommanruy skuHIammaa f(Xe)*f (Xe)<O0 mapT GaXkapriInIIH Kepax.
Macanan: X+sin(x)=0.5 tenrnamanunr [ 0;1] opamuknarn GMTTa XaKMKHUI

2
= 0.01 aHWMKJIMKAA TOIHUII TAJIa0 STHIICHH.

MHuCOJHHMHI eYHIlI TAPTUOM.
1. OpayMKHUHT YeTKH KuiMatTiaapuaa QyHKIUSHUHT KHAMaTIapUHA XUCOOIaiMu3:
f(a) = f(0) =0+sin(0)-0.5=-0.5 ; f(b) = f(1) =1+sin(1)-0.5=1.3415.
2. f(a) * f (b)=-0.5*1.3415<0 mraptaan 6akapuiau JeMak OepHIraH opajuKaa
TEHIJIAMaHUHT Kamuaa OUTTa WIAU3U MaBxXyl Oyiaau.
2. f(x0) * /"'(X0)>0 MIAPTAAH HONMMHYM SKMHJIAMMIIHA anukaaiivums. 1 '(X)=-Sin(X);
Xo=1 HyKTaJa mapTHU TEKILIUPAMU3.
f(1) = 1+sin(1)-0.5=1.3415>0; f*’(1)=-sin(1)=- 0.841471<0; f(1) * f’(1)<0
JleMak HONMHYM SKUHJIAIIUIIHYU Xo=1 1e0 onamus.

3. bupuHYYM SKUHIIAIIUITHY aHUKJIAHMU3:

f (x X, — a f (1)(1-0 1.3415
X, = X_ — (Xo)( X, ):1— (¢ ) =1 — =1—0.7285 = 0.2715

* ° f(x,)— f(a) f (@) — f(0) 1.8415

Wian3nan € = 10

4. Tennama WITU3WHYN TOIHII AHUKJTUTUHA TEKITUPAMU3;
X, — x,|=1-0.2715 | = 0.7285 > ¢ = 0.01 MJAM3NAP opacuaaru ¢apk oepuiran

AHUKJIMKJIAaH KaTTa 6§/J'II“aHI/I Y4YH KEUHHTHU SAKUHJIAIIUIITHA TOIIaMU3.
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5.UKKuHYY AKUHIIAIIUIIHA XUCOOIalMU3:

Oy . f(0.2715 )(0.2715 — 0) _
’ Tf(x,) — f(a) f(0.2715 ) — f (0)
0.0108
= 0.2715 — —— = 0.2715 — 0.02 = 0.2515
0 .5397

6.Tennama UITM3UHU TOMUII AHUKJIUTUHU TEKITUPAMHU3:
x, - x,| = [0.2515 — 0.2715 | = 0.0202 > ¢ = 0.01 WJIAM3JIAP Opacuaaru Gpapx oepunran

AQHUKJIMKJIaH KaTTa OVJIraHu y4yH KeHUHTU SKUHJIANIAIIHA TOTIaMH3.
7. YYUHYHAKUHIANIUIITHA XUCOOIaliMU3:

f(x,)(x, —a f (0.2515 )(0.2515 — O
DUV K €75 1€ P .5 N )( )
f(x,)— f(a) f (0.2515 ) — f (0)
0.0001
- 0.2515 — ———— — 0.2515 — 0.0002 = 0.2513
0.5004

8.TeHnama WIAW3WHA TOIUII AHUKJIUTHHN TEKITUPAMMU3:
x, - x,|=]0.2513 ~0.2515 | = 0.0002 < & = 0.01 MAAU3NAP Opacuaary (apk Oepuiaran

AHUKJIMKJAAH KAYUK IIYHUHT YuyH X,=0.2513 Oepuiran TeHri1aMaHuHT WIIU3U
ne6 KaOys KuiiamMus.

Barapaap ycyJuHMHT Xuco0J1a1l aJrOPUTHMM.

1. Tenrnamanunr [a, b] opanukaa xeu 6ynmmaranaa ourra wiausu oyica f(a)*f(s)<0
mrapT OakapuijiaJu Ba TEHTJIAMAaHUHT €YMMHHM OepwiraH O < & < 1 aHMKJIHKIA
xucobnanaan. Arap mapt Oaxapuiamaca OepwiraH oOpajvKAa TEHTJIaMaHWHT
XaKUKUA WIM3K MaBxKyJ OYJIMaiau Ba XUcoOal )kapa€Hu TyXTaTHUIaIu.

2. Bouwmanruy skummamumna f(Xo)*f  (Xo)<O mapT GaskapHiIHIIg Kepak ake XOmaa

xucoOmnani xapaéuu Tyxrtatwiaaud. N=0 6yicuH.

3. n=n+1;

f(x, )b — x_)

f(b) — f(x,)

)| < & mapt Gaxapuica

X = X —

4, Tonwiran sSIKUHJIAIIXII HYKTacH/1a | f(x,
XUCoOIanI xapaéHu TYXTaTmIaan. AKC X0iaa Xuco0aaamm 3 myHKTra

y3aTUIaIH.

Kytinnaru [Tackan tTunuaa Ty3uiaran gactyp épaamuaa oepuiran x+sin(x)=0.5

teHrnamanudr [ 0;1]  opamukmarm wigu3uHu & = 10 % = 0.0001 AHUKJIMKIA

xucoOaarmu3. Xucoobaam Hatmkacu : X=0.251 skam.
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IlackaJg Tuauaara 1acTypu.

label 10,20,30,40,50;

var

eps,b,x:real;

function f(i:integer;x:real):real,;

begin case i of

1: f:=x+sin(x)-0.5; 2: f:=-sin(x);end;end;

begin

10:writeln(‘TeHrIaMaHUHT HOJIMHYH SKUHJIAMIUIIT KAAMATHHA KHPUTHHT®);
write(‘ x=");read(x); if f(1,X)*f(3,x)<0 then goto 20;

writeln(‘borianruy SKMHIAIINAII HOTYFpH Oepuiran 0orika KuiiMat oepunr’); goto 10;
20 : writeln(‘OpanukHUHT UKKAYU KHAMaTuHA KupuTHHT); read(b);
writeln(*XucoOb:amr aHuKIMruHA KApuTHHT); read(eps);

30: x:=x-f(1,x)*(b-f(1,x)/(f(1,b)-f(1,X));

if abs(f(1,x)) >eps then goto 30;

writeln(* TenrnamunuarTakpuouit unauzun  f(°,x:8:5,)=",1(1,x):8:6);

end.

2 - TONIHUPHUK.

1. Tanaba 1 — xaaBIAaH )KypHAIAard TapTuO paKaMu Oyiirua TEHTJIaMaHH OJIaJIH.
2. Tenrnamanunr unauzuau 0.01 aHUKITUKAA TaKpUOUN €4MMHU YpUHMA €K BaTapiiap
yCyJHia €YMMHUHU KYJa Xuco0ad Tonaau.

3.Tenrnamanuar winu3uau 0.0001 aHuKIMKrada yprHMa Ba BaTapiiap yCyJHa TOIHUII
yuyH [lackan Tunuaaru Ty3wirad gactypaan Qongananaim.

4. OpayivK eyuMIIapHU TONUO, SKMHIIAIINAII KeTMa- KETIUTH TYFpUCHAa Y3 GUKPUHH
owIupaIy.

5. Ypunmanap Ba BaTapiap yCyJauHHU OMprajivkia KyJulail Y9yH JacTyp Ty3ai.
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4 - mabpy3a MAIIIFYJIOT
Yusukiau anedpank TeHrIaMajaap cucreMacuHuHr I'ayce ycyanaa ey,

Yus3ukan anredpavk TEHIJIaMajlap CUCTEMACHMHM €4YUIl YCYJUJIapu COHJIH
ycyJulap opacuja MyXuM YpuH TyTaau. UyHKM XalK  XY)KaJIurd Ba uILIad
YUKApUIIHUHT JKyAa KyI MacaJaJapuHUHI MaTeMaTUK MOJEIUIApU YM3UKJIN
aIreOpyK TEHIJIaMallap CUCTEMAacH OpKajau upoaanaHaiu.

n -TapTUONIM n Ta YU3UKIM aIreOpavk TEHIVIAMaJIap  CHUCTEMACHHUHT
KYpPUHUIIN KyHugaru udoaanan uudopar:

[a,X, +a,X, +..+a, X =b,

@
N
x
o
+
®
N
<
~
+
+
®
<
Il
=2
~
[
~

by epna a; (ij =1,n) Iap MabBIyM CoHJapaaH udbopat 0Yiaubd, HoMabIyMIAPHUHT
kKodsbdbuunumue H T I a p U JAcHUIAIH, X . X .. x - HOMabJyMIap,
b.b ,..b - (1) cuctema TeHIJIaMaJlaPUHUHT 0307 XaJJIapd, yjap XaM MabiIyM

COHJIapJiaH ubopar.
Tenrmamanap cueTeMacHHUHT MaTpHUIla KYPUHUIIIH:

AX =B (2)
by epna
bl
all alZ aln XZ bZ
a a a

bynma A - n Ta carp Ba n Ta ycTyHJaH uOOpar KBaJpaT MaTpHiia, a;

JMIEMEHTJIADHUHT COHU x° Ta, X B -n Ta JJIEMEHTJIApJaH HOOpaT BEKTOP
yCTYHJIap.

Uumsukiau aiareOpavik TeHMIaManap cucremacuuu cunim je0 (1) éku  (2)
CHCTEMANapiaH X, X , X ,.. X HOMAbIyMIapHH TOIHIITa antunanu. Tonwmnran

n

XX X L X kuiimaTinap (1) €xku (2) cucreManapra Kywwiranjaa TeHIJIaMalapHU
n
alHUSATra alJIAHTUPCA, YJIap CHCTEMAHUHT eYuMU JCUNIIA]IN.
CHUCTEeMaHMHT SITOHA €YMMHU MAaBXKYJIMTUHUHT 3apypuil Ba €Tapiid IIApTH A

MaTpuIla AeTCPMUHAHTUHUHT HOJJAAH (apKiIu OYIUITUIND, SHHA
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D =det A= R ) (4)

Arap D =0 0OVyica, cucteMaiap MaxCcyC CHUCTeMalap Jevuiaau Ba yJIapHUHT
eUMMHM €KUM MaBXKyJ 5Mac, €KW YeKcu3 Kyn Oynagu (OyHmail cucreMalapHu
alfHUTaH cucTemMasap ae0 aTanaam).

I'ayce ycy TMHMHT MOXHATH.

['aycc yCcynum HOMabJIymMJapHM KETMa-K€T  HWYKOTHUIN YCYJIMHUHT YMYMHU
cxemacu OynuO yHUHr €pAamMuia A MapTHLAHUHT AUOTaHal 3JIeMEHTJIApUJIaH
NaCTKM KUCMHJIA JKOWJIAIIAarH MaTpUlla 3JIEMEHTIAPUHU HOJTa allaHTUPUIIIAH
ndopotaup. ['aycc ycyamHu y4 HOMAabJIyMJIM y4 TEHIJIaMajlap CUCTEMAaCUHH KYpHUO
YUKaAMU3:

I
o

[ ay X, Fag X, +a,X,

Il
o

aZle + aZZXZ + a23 X3

2 ()

Il
o

| Xyt 8, X, +a,X,

{

bupyHuM TeHrIamana a =0 oyncuH. Arap Oy mapT Oaxapuimaca, OUpUHYH
TeHriama Cudaruaa Ooiika, X~ OIJIMJArH kodddunentu 0 ra TeHr OyaMaraH
TEHIJIAMaHW OJIMIIUMH3 MYMKUH. bup BakTHUHT ¥3uga Oapua 3 (i=14)

kodddunentnap 0 - ra TeHr Oyaumm MymkuH sMmac. llly cababnu a = 0 maprtu
11

XaMMma BakT OaxapwiyBud Imaptaup. (5) TeHrinamaiap cuctemMacuaa OMPUHYH
TEHIJIaMaHU a;; KodduileHTra 6ynuo,

(1) (1) _ 1)
Xl + alZ X2 + a13 X3 - b1 (6)

Oy epna

a, . b
(1) 1j : . (1) 1
1 =T j= 2.,3; bl =

11 a 11

TEHIJIAMaHU XOCUJI KUJIaMu3.
Oxupru (6) Ttenrnamanan dorgananu6 (5) cucremanan X HOMabJIyMHH

HykoTumn (YMKapuin) MyMKUH. ByHuHr yuyH (6) TeHrnamManu a  Ta  KymautupuO
21
(6) cucTeMaHWHT WKKWMHYM TCHIJIAMACHUIAH, a  ra KynalTupuO yIUHYHU
31

TEHIJIaMaCHuAaH aﬁHpHIH KEpak. Ey aMaJlJIapHHN 6a>1<ap1/1111 HaTH>XXacuaa
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cucreMa sra 6ymnamus. bynna

a W_a _a a® 'b.(l):bi—ailbl(l) ; (i, j22)

ij ij i1 1j i
Ouau (7) cucTeMaHWHT OMPUHYM TEHIJIAMACUHH a - .o ko3 puueHtra
oynamMus:
(1) (1)
a b
(2) (2) (2) 23 (2) 2
X, + 8y Xy =D, a, = N b, = a (8)

22 22

FOxopunaru cunrapu Oy epja Xam a .o IApTHU XaMMa BaKT

22
TabMHUHJIAIINMU3 MyYMKUHIUTUHU KYpCATHUII KUAWH 3Mac.
Yuunaun Taptrban (6.8) cucremana xymiu x  HOMaBJIyM UYKOTWIITaHU KaOw,

x HOMabJIYMHU UYKOTaMM3:
2

@) W, L
[, +a,'x, +a, x, =b/

J X, + aij)xs = b2(2) (9)
| ST
by epna
Al - al -allal rall bl -l

X3Ba x , x HOMAbIyMIapHH (9) TenrmamamaH TONMIAIN:
1

NE
oy _h®D @
tX,=b,  —a, X, 1 X, =b" —a

(1) 1)
2 X, ~ag Xs,

X =70

a33

Macanan: Kylingaru TeHrinamanap CACTEMAaCUHUHT €YMMUHU
[(1.84x, +1.22x, -1.22x, = 3.46

J, 2.25%, + 4.36 x, + 5.52 x, = 2.23
[ 4.33%, +3.49 X, + 4.56 x, = 1.22

£ =10 ° = 0.01 aHMUKIMKIA TOMHMII TANad THICHH.

TeHrnamanap CUCTEMaCHUHM €YHUIL YUYyH KyHuAaru KetMa KeTIUKHU OakapaMu3:

1. a, =1.84 # 0 Oynranu y4yH KyHuJard aMmajiHu Oaxapammus:

1.22 1.22 3.46

X, + X, — X, = ——
1.84 1.84 1.84
1.22 -1.22 3.46

a, = ——=0.663;a, = = -0.663; b, = —— = 1.8804
1.84 1.84 1.84
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2.Konran TeHrnamanap oiaauaard Ko3gGuueHTIapHi aHUKJIaiMu3.

a,, =a, —a,a, =4.46 —(-2.25)*0.663 = 5.0518

22 22 21 12

a, =a, —a,a, =5.52 - (-2.25)* (—0.663 ) = 4.0228

23 23 21 713

b, =b, —a,b, =2.23 - (-2.25)*1.8804 = 6.461

2

a, =a, —a,a, =3.49% —-4.33*0.663 = 0.619

32 32 31 712

a, =a, —a,a,, =456 —4.33 *(-0.663) = 7.431

33 33 31 713

b,=b, —a,b, =1.22 — 4.33 *1.8804 = —6.9223

Hartmwxkana Kyiimaaru cucrtemara sra 0yiamMus.
[x,+ 0.663 x, — 0.663 x, —1.8804

5.0518 x, + 4.0228 x, = 6.461
[ 0.619 x, + 7.431x, = —6.9223

3.2, =5.0618 = 0 OynraHu y4yH KyHuJard aMmaJHu Oaxapamus:

4.0228 6.461 4.0228 6.461
X, + X, = ; = =0.7963 ; b, = =1.279

2

3 ! a23 -
5.0518 5.0518 5.0518 5.0518
a, =a, —a,a, = 7.436 - 0.619 *0.7963 = 6.9381

33 33

b, =b, —a,b =-6.9223 —0.619 *1.279 = —7.714

Hatwxkana Kyiimaaru cucrtemara sra 0yiamus.
[x,+ 0.663 x, — 0.663 x, = 1.8804

X, +0.7963 x, =1.279
{ 6.9381 x, = -7.714

4. a, =6.9381 # 0 OynraHu yuyyH Kyluaara aMaiHu Oaxkapau0, X3 TONaMH3:

- 7.714
X, = ——— = -11118

: 6.9381

x, =1.279 —0.7963 *(-1.1118 ) = 2.1644

X, =1.8804 — 0.663 *2.1644 + 0.663 * (—1.1118 ) = -0.2917
Jlemak TeHrnamanap cucteMacuHuHT eunMu: X;=-0.2917 ; X,=2.1644 ; X3=-1.1118

Tenrnamanap cucremacunu I'aycc ycyamaa equin aJropuTumMm.

1.Tenrnamanap cucremMacuaard HoMabJIymiaap COHU N Ba yiap OJIIUIaru
kodddunentap a; Ba b 0301 XamapHUHT KUHMaTIApUHN aHUKIA0 OJIaMHU3.
2.bupunun kanamau K=1 ned omamus.

3. k — renrmmama Ba K- HoMabayMm oauaard Ko3(QpPUICHT aHUKIAMU3.

4. Arap a, # 0 , 6ynca xucoOmamn /- MyHKTra . Oyimaca 5- myHKTra y3aTuiIaam.
5. k- ycryHHuHT KosiraH K- KaTopuaa KEHUHTH KaTOpJIapUAaH Xy HOMablIyM
koaddunentua, # 0 (i=k +1,., n) HOIAAH (PAPKIUTHUHU TEKIIUPAMUS3.

6. Arap a, = 0 TomuiMaca TEHIJIaMajap CUCTEMAcCH SITOHAa €4ruMra sra OyaMaiau
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Ba XxucoOJam xxapa€Hu TyXTaTwiaad.Arap a, » 0 3JeMEHT TOMuiIca
K- Tenriiama i- TeHIrJIaMa OWMJIaH aaMallTHPHUIIAIH.

7. K- Tenrnamanu a, # 0 coHra Oyiamu3, HATHKaja TCHIIaMa HOMabIyMJapu
onauaaru ko3 (UIEHTIAPHUHT Ba 030/ XaJHUHT KUUMAaTIapu KyHuaarnia
XUCoOMaHaIu:

a, A b
ay = v My T
Ay ay

8.k+1- Tenrimamanan Ooriad KoJiraH TeHIJIAMaJIapHUHT K03 UILIeHTIapH
Kyhugara Gopmysa opKajau XucoOJaHaau:

k

,j=k+1,k+2,., n.

a; =a; —a,a, , b,=b,-a,b, ; i,j=k+1k+2,., n.

9. k=k+1 ; Arap « < n Oyiica XpcoOmaimn 5- myHKTra y3aTuiaau, ake XoJaa
TEHTJIaMaJIap CUCTEMACHHUHT €YMMH TOTIHJITaH XMCOOJIaHAIM Ba HATHKA OJTMHATH.
Tenrnamayiap cucremacum I'ayce ycyauaa equun y4yH
IHACKAJIb TMJIMIArY JACTYPH.

label 10,20,30;

var

1,J,k,n,nl:integer;

al:real; x: array[1..10] of real,

a,d:array[1..10,1..11] of real,

begin cls; write(* Homabmymiap coHuHu KUpUTHHT n=");read(n); nl:=n+1;
writeln(* Homabirymmnap omaunaru ko3 puiieHT KWiiMaTHHA KUPUTHHT °);
for i:=1 to n do begin for j:=1 to n do begin

write(‘  a(%,i:2,’,%,j:2,7)="); read(a[i,j]); end;

write(*  b(‘,i:2,”)="); read(a[i,n1]); writeln;end;

for i:=1 to n do for j:=1 to n do d[i,j]:=a[i,j];

for k:=1 to n-1 do begin if a[k,k]<>0 then goto 20;

for i:=k+1 to n do begin

if a[i,k]<>0 then goto 10;

end; writeln(¢ Tenrnamanap cucreMacu siroHa edumra sra sMac °); goto 30;
10: for j:=k to n1 do begin

al:=a[i,j]; a[i,j]:=a[k,j]; a[k,j]:=al; end;

20: for j:=k+1 to n1 do a[k,j]:= a[k,j)/ a[k,K] ;

for i:=k+1 to n do for j:=k+1 to n do

a[i,jl:= a[i,j]- a[i,k J*a[k,j]; end;x[n]:= a[n,n1}/ a[n,n] ;

for i:= 1 to n-1 do begin k:=n-i; x[k]:= a[k,n1] ;

for j:=k+1 to n do x[K]:= x[K]-a[k,j]* x[j]; end;

writeln(* Tenrnamamap cucreMacu €duMu ’);

for i:=1to n do begin write(*  x(‘,i:2,”)=",X[]:8:4); writeln;

writeln(" Tekimmpuin HaTHXKaCKHIa 0301 XaUTAPHHUHT KHHMAaTIapu Xocui Oynanu. ');
for i:=1 to n do begin al:=0;

for j:=1to n do al:=al+d[i,j]*x[j]; write(" ',s," );end;

30: end.
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3- TONMIHPHUK,

1. Tanaba 2— »aaBIaH KypHAJIJIAard TapTHO pakaMu OViHYa TONIITUPUKHH OJIJTH.

2. TeHriManap CHCTeMacHHU CUMMHHHM KyJIJa XHUCc0o01a0d TomaIu.

3. [Tackan Tuimaa Ty3uirad gactyp Ba Maple nactypu épnaMua TeHaamaiap cucreMa-
CUHUHT CUMMHUHH TOTIAJM Ba KYJIJIa TOMHMITaH UMMM OWJIaH HATH)KaHHM TCKITHPAIH.

4, Opauit uTTEpaIUs yCyJInaa CUMMUHU TOTUI YUyH AacTyp Ty3aIu.

2- JKaaBaJ
Tonmm- A MaTupuULAHUHT Ozop | Tonmmu- A MaTUPULIAHUHT O30x
pUK kodhpurmennapu XaJ pUK kodpurmennapu Xas
TapTuon | 1 2 3 TapTuom | 1 2 3
1 [4.96 0.25 1.36 -2.41 1 |-0.73 |122 |3.29 -1.11
1 |2 |047 8.26 -1.28 075 |2 2 |5.88 856 |-1.56 |2.03
3 |3.16 1.59 -0.95 |-4.79 3 |2.06 1.02 |3.2 4.31
1 |3.88 0.66 2.24 1.48 1 [-0.73 122 |3.29 -1.11
3 |2 |133 |4.78 2.11 -0.75 | 4 2 |5.88 856 |[-1.52 |2.03
3 [3.16 1.59 -0.95 | -4.75 3 12.06 1.02 |3.2 4.31
1 121 0.11 -0.56 |0.21 1 ]19.76 -0.25 |3.76 0.21
5 |2 [2.03 4.97 086 |-0.75|6 2 |0.46 8.26 -1.35 | 0.75
3 10.46 2.22 -5.94 | 4.72 3 331 1.53 6.55 4.72
1 |8.86 1.25 -3.36 | 4.41 1 [3.41 1.71 6.97 | -0.28
7 |2 |1.47 -3.36 128 | 5.75 |8 2 10.88 1.21 0.05 7.25
3 531 -2.53 0.75 | -4.75 3 |-7.03 |4.21 5.37 8.21
1 ]10.71 0.48 471 |-2.61 1 1321 1.02 2.38 2.21
9 |2 |0.78 0.75 281 | 721 |10 |2 |5.88 8.56 -1.52 | 33.3
3 10.23 0.72 939 | 281 3 |3.16 1.59 -0.95 | -4.75
1 |-0.73 1.22 3.26 |-1.11 1 (1471 |4.75 721 | -241
11 |2 |5.88 8.57 -152 | 203 |12 |2 |7.21 1231 | 4.28 6.34
3 [2.06 1.02 3.2 4.31 3 1491 2.83 0.49 2.72
1 ]10.21 | 11.02 9.33 | 4.77 1 1334 |2.72 0.49 6.75
13 |2 |3.22 19.46 932 |-028(14 |2 |1.25 8.36 1.32 4.53
3 [3.73 19.25 | 1221 | 3.72 3 |0.75 1.59 -7.53 | -2.63
1 |-9.11 2.44 348 | 2.61 1 |6.28 2.37 7.95 4.71
15 |2 [4.23 8.78 795 [-049|16 |2 |232 6.49 1.45 2.75
3 281 3.45 035 | 261 3 10.79 2.66 -8.78 | -4.75
1 ]281 0.28 1.61 | 4.71 1 |7.44 0.28 344 | -2.28
17 |2 10.28 4.44 203 | 275 |18 |2 |6.71 9.76 201 | -0.75
3 |0.75 1.31 348 | -4.75 3 341 2.64 8.04 | -6.21
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Tomnmm- A MaTUpUIIAHUHT Ozop | Tormm- A MaTUpUIIAHUHT O3o0p
PHUK kodpbunreHnapu Xan PHUK ko3 dunmrennapu Xana
TapTuoy | 1 2 3 TapTuou | 1 2 3
1 |3.48 0.75 0.49 4,71 1 14.49 2.21 0.31 3.28
19 |2 |0.78 0.75 0.15 -0.02 120 |2 |3.31 13.29 | 2.79 -0.76
3 |0.73 1.21 3.49 0.53 3 |3.75 2.81 13.21 |12.15
1 |31.2 82.76 |4.75 7.61 1 1372 |2.71 6.71 -0.53
21 |2 14.23 18.16 [12.02 |4.45 |22 |2 |9.21 4.71 2.61 4.23
3 [3.75 2.81 13.21 [4.11 3 1091 1.23 3.49 -2.68
1 281 102 1.29 4.75 1 151 -0.56 |[3.19 1.37
23 |2 10.85 4.81 2.86 3.28 (24 |2 |242 1.06 0.68 2.85
3 [4.71 0.97 11.71 | 2.95 3 |27 0.18 -5.88 |-2.45
1 |3.25 0.22 3.24 -3.22 1 [7.81 -1.02 [3.31 2.21
25 |2 011 -1.26 | 4.53 1.16 (26 |2 |5.82 12.76 |-1.48 |0.33
3 |[2.15 0.21 -3.66 -3.11 3 |3.85 0.12 1154 |4.42
1 |2.84 1.02 1.49 4.75 1 |7.81 -1.02 [3.31 2.21
27 |2 10.25 4.36 2.32 323 |28 |2 |5.82 12.76 |-1.48 |0.33
3 [4.75 0.52 11.53 |[2.92 3 1337 |-1.39 |10.23 |1.05
1 |2.84 1.02 1.49 4.75 1 |1.84 1.22 -1.22 | 3.46
29 |2 |0.28 4.36 2.32 323 (30 |2 |-2.25 4.36 5.52 2.23
3 [4.75 0.59 11.53 |[2.92 3 |14.33 3.49 4.56 1.22
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Yu3uKJIN TEeHIJIaMajaap cucreMacu 3eiiies ycyauaa evmi.

n -TapTUOJW n Ta YM3UKIW anreOpauk TEHTIamMajaap CUCTEMACHHHUHT KYpPHUHUIITH
Kyhnaaru udojanan uubopar:
[a,Xx, +a,X, +..+a, X =b

in"'n 1

a, X, +a,X, +..+a, X =D

e P M)

by epna a (ij =1,n) Jap MabBIyM COHIIapaaH noopat 0Yiub, HOMabIIyMIAPHUHT

kKodbdunue H T ap u geHnIaIHU, X s X, .. X - HOMABIyMJIap, b, b ... b -
2 1 2

n n

(1) cucrema TeHIITaMaJIAPUHUHT 0307 XaJIapH, yiIap XaM MablIyM COHJIApAaH noopart.
TeHrnamanap cCMETEMaCHHUHT MaTpUIA KYPUHUILIU:
AX =B (2)
by epna

3eiiges yCyJTMHHMHT MOXMATH. A MaTPUIIAHUHT MAaroHall 3J€MEHTIApU HOJJAaH (papKiu

oymcun a; # 0 i=1,2,3,....n. CucTeMaHUHT OMPUHYM TCHIIAMACHHHM X; T'd, UKKHHYH
TEHTJIAMACHHU X, I'a Ba X0Ka30 N — TEHTJIAMAacUHU X, I'a HUcOaTaH e4yuo,

—
x
Il

Brra,X, +a X, +..+a, X

X, = B,+ta, X +ta,X,+..+a, X, (4)
| ................................................
an = B ta X toa X, +..+a, X
cucremMara sra 6ynamus, Oy epaa
ﬂizb—i , aijz—ai, i,j=2123,...,n. i# j; 6a aij:O, azap i = |j.
a, a,

3eiigen1 ycyau KeTMa — KeT SIKMHJIAIIUII YCYJIMHUHT OOIlKaya KYpuUHUIIM OYIu0, yHaa
(k+1) — SAKUHIANIAIIHA XUCOOAIIIa SHIW TOMMITAH X1,X,...., Xk HOMabayMHHHT (K+1)-
SKMHJIAMIUIIN (UTEpalns yCyauaa K— SKuHIaIImIn) YbTHO0pra OJMrHAIH.

Xj HOMabJIyMHUHT K — sKMHIamMImy MabayMm OyicuH, y xonma (K+1) — sKuHmammmmn
Kyhugaru Ggopmyiia OunaH TOMUIAAN.
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n
(k+1) _ (k)
X, = B D ay X,
i-2

(

|

|

| (k+1) (k+1) ! (k)

| X, =p+ay,x +Z“u"j

| i=3

| n

(k+1) (k+1) (k+1) (k)

Ix3 =B, +a,X X, Y X,

j=4

| i-1 n

(k+1) (k+1) (k)
IXI _'Bl+zaux1 +Z“uXJ
| j=1 j=i+1

(k+1) (k+1)
Xo =B+ ayx,

Aprap xentupwirad (4) cucremMa ydyH Zn‘aij‘< 1 éxu Z ‘aij‘<1 ;o 1L,=12.3,...0,

mapTiIapHUHT OupopTacu YpuHiu Oyica boluianFuy SKUHIAIIUIT KaHal TaHJIaHUIIIHIaH
KaThbUH Ha3ap TEHIJamMaliap CHCTEMacd sroHa eumMra skumiamann. (l)cucrema yayH

UTEpAIMs YCYINAa SKHHITAIINII IapTH
HESY ‘a”‘ j=123..,n.

i*j
Macanan: Kylingaru TeHrinamanap CACTEMAaCUHUHT €YMMUHU
[ —7.5x, +1.42x, +2.11x, =-3.5

J3.5x1 +7.21x, -0.35x%x, =2.5
[ 2.1x, +3.8x, —8.91x, = 5.55

2

& =10 ° = 0.01 auuKIWKAa TOIIMII TAJ1a0 dTUJICHUH.
TenrmaManap CHCTEMAaCHHH CUHII YUyH KyHHIard aMajulapHu OakapaMmus.
1 |a,|2> ‘aij‘ j =1,2,3. lllapTHU TeKIIUpaMU3, THHA

i#]

=|-7.52 |a, | +]ay | = .42 + |2.11|= 3.53

.|

la,, |=[7.21]> |a | +|a, | = 3.5| +|- 0.35|=3.85

lag|=|-8.91|2 |a | +]a,|= [2.1] +[3.8]= 5.9

23|:

2. llapt 6axkapunasnTy AeMakK TEHIJIaMallap CUCTEMAcHHU 3ei1en yCcynuaa eHuMHA

TOIINII MYMKHH.

3. Tenriamanap CUCTEMacHMHHU MOC PaBHUIIA X1, X2,X3 HOMabllymyiapra HucOaTaH e4yamus:

[Loey 35 142 o 211 ¢

XY= x4 x\) = 0.4667 +0.1893 x\) + 0.2813 x
75 1.5 7.5
25 35 0.35
ng““ = —— - ——x"" + ——x; =0.3467 - 0.4854 x"" +0.0485 x
| 721 7.21 7.21
[ 5.55 2.1 . 3.81 . . .
X = - + x P ——x " = 0.2813 + 0.4667 x,"" +0.1893 x|
{ 8.91 8.91 8.91
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4.k=0 neb OMprHYN SKUHJIAIIAITHN aHUKJIAHMU3.
x"” = 0.4667 +0.1893 x," + 0.2813 x.” = 0.4667
2

@

[

|

Ix” =0.3467 —0.4654 x"” +0.0485 x." = 0.3467 — 0.4654 *0.4667 = 0.1202

|Lx§1) = -0.6229 +0.2357 x" +0.4276 x” = —0.6229 + 0.2357 *0.4667 + 0.42760 .1202 = —0.4615

5.k=1 neb UKKMHYM AKUHJIAIUIITHA AaHUKJIAUMA3;

x.?) = 0.4667 +0.1893 x,” + 0.2813 x.’ = 0.4667 + 0.1893 *0.1202 + 0.2813 * (-0.4615 ) = 0.3597

(2

‘M

X = V. —U. X + U. X = 0U. - V. . + 0. —V. = 0.
2 - 0.3467 - 0.4654 x” +0.0485 x.” = 0.3467 - 0.4654 *0.3597 + 0.0485 *(—0.4615 ) = 0.1497

|

| X, = -0.6229 +0.2357 x,” +0.4276 x,” = -0.6220 +0.2357 *0.3507 + 0.4276 *0.1497 = -0.4741

6. SIKMHIAIINII [MAPTUHU TEKIIUPAMU3:
(2) 1)

x{? — x| = |0.3507 - 0.4667 |=0.107 > 0.01;
x{? — x| =10.1497 - 0.1202 | = 0.0205 > 0.01;
x{? — x| = |- 0.4741 +0.4615 | = 0.0126 > 0.01 ;

Tonwiran ednuMm OepuiiraH AHMKJIMKHUA KAaHOATIAHTHPMASOTH IIYHUHT YYyH >Kapa€HHU
JABOM ATTUPAMHU3.
7.K=3 1e6 yuyHUM SIKUHJIANIMITHA aHUKITaliMU3:

[x = 0.4667 +0.1893 x.* +0.2813 x\ = 0.4667 + 0.1893 *0.1497 + 0.2813 * (~0.4741 ) = 0.3618
x,” = 0.3467 —0.4654 x.” +0.0485 x.°) = 0.3467 - 0.4654 *0.3618 + 0.0485 * (—0.4741 ) = 0.1481
x? = -0.6229 +0.2357 x” +0.4276 x.? = -~0.6229 + 0.2357 *0.3618 + 0.4276 *0.1481 = —0.4743

8. HKHHH&IHI/IIH IMapTHHU TCKIIUPaMHN3:

x{? — x| =0.3618 - 0.3507 | = 0.0021 < 0.01;
x{ — x| =10.1481 - 0.1497 | = 0.0016 < 0.01;
x{ —x®|=|-0.4743 +0.4741 | = 0.0002 < 0.01;

Torumaran euuM OCpHWITaH aHUKIMKHUA KaHOATJIAHTHPANTH. JleMak TeHriiamanap
CHUCTEMAaCHHUHT TakpuOuii eunmu: x;-0.3618; x,=0.1481; x3=-0.4743 skaH.

Tenrnamanap cucremacunu 3eiies1 ycyauaa e4yuiln aJIropuTUMH.
1. Tenrnamanap cucteMacHard HoMabJIymyiap COHU N Ba yiap ongugaru KodhdUileHT-
nap ajj Ba bj 0301 Xa/utapHUHT KMHMaTIIapUHU XaM/la XUCOOIAIl aHUKJIUTH € HU
aHUKJIa0 OJlaMu3.

2. a,| Y |a,|  i=123.. n mapT Gaxapuica xucobaim 3- MyHKTra y3aTuiamm. Arap

i=j
Oaxkapuimaca Xucooail xapa€Hu TYXTaTHIIau.
3 a, » 0;Xap OMp TEHIJIAMaHW MOC pPaBUIIIA X; HUCOATaH €4nld oJlaMu3.

4. Homuuum sxuamammiag @ x© = o (1=1,2,3,...,n.) Ba kK =0 1¢0 onamus.
5. k=k+1 1e6 k sxkunnammuinay Kydnaara GopMmysia OpKaid XHUcooaanmus.
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n
(k+1) (k)
X, =p,+ D ayx;
j=2
i-1 n
(k+1) (k) 1 14—
=B, + ag X + ag X, 1,]—1,2,3,...I1.

j=1 j=i+l

(k+1)

6. Arap

CHUCTEMACHHUHT €YMMH J1e0 KaOyJl KUITWHAIN Ba XMCOO Al )KapaCHu TYXTaTHII N,
Arap mapt 6axapriiMaca Xucoouam 3- myHKTTa y3aTuiaaau.
Tenraamanap cucremacunu 3eiiies ycyjauaa eduin y4yH
Ilackaj THIMIATH IACTYPH.
label 10,20,30,40,50,60;
var
1,J,n:integer; eps,s:real;
x,x1,b:array[1..10] of real;
a:array[1..10,1..10] of real,;
begin cls;
write('Homabnymnap connnu kuputudr n=");read(n);writeln;
write('Xuco0ai aHUKIMTUHU KUPUTHHT eps=");read(eps);writeln;
writeln(' Homabnymmnap onaunaru kodhdUiMeHTIapHu Ba 0301JIapHUHT');
writein(' KUMMAaTJIapuHU KUPUTHUHT');
for i:=1 to n do begin for j:=1 to n do begin
write(" A(',i:2,")',):2,)=");read(a[i,j]);end,;
write(" b(',i:2,")=");read(b[i]);end;
for i:=1 to n do begin s:=0;
for j:=1 to n do begin
if i=) then goto 10;
s:=s+abs(a[i,j]); 10: end;
if abs(a[i,i])<s then goto 50; end;
for i:=1 to n do begin for j:=1 to n do begin
if i=) then goto 20;
a[i,j]:=a[i,j}/a[i,i]; 20: end;b[i]:=b[i}/a[i,i]; x[i]:=0;end;
30: for i:=1 to n do x1[i]:=x]i];
for i:=1 to n do begin x[i]:=b[i];
for j:=1 to n do begin if i=j then goto 40;
x[i]:=x[i]-a[i,jI*x[0l;
40: end;end;
fori:=1tondo
if abs(x[i]-x1[i])>eps then goto 30;
writeln(' Tenrnamanap CUCTEMaCUHUHT €UUMU');
fori:==1tondo
writeln("  X(',i:2.")="x[i]:8:4);goto 60;
50:writeln("Tenrnamanap cucTeMaCHHUHT €4UMUHU 3eien ycynuaa Tonud oymaian');
60:end.

x®P _x®lc e (i=123,..,n) AT Oaxapwica , x*™ HU TEHrIamaiap
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4- TONIIHUPHK.

1. Tanaba 3— »aaBIaH KypHAJIard TapTUO pakaMu OViHWYa TONMIITUPUKHH OJIJIH.

2. Tenrnmanap cucteMacuau eduMunn 0.01 aHuKIMKAA Kyaa xuco61ab Tomnau.

3. ITackan Tuimaa Ty3wirad gactyp Ba Maple gactypu épnaMuia TeHaamanap cucTeMa-
cuauHT eunMuHM 0.0001 aHUKIMKIA TONAau Ba KYJiJla TOMUITaH €YMMHU OujIaH
HATW)KaHU TEKIITUPaIH.

3- xaaBaJ

Tonmm- A MaTupuULAHUHT Ozop | Tonmmu- A MaTUPULIAHUHT O30x
pUK kodhpurmennapu XaJ pUK kodpurmennapu Xas

TapTudu | 1 2 3 Taptubu | 1 2 3

1347 |[-2.03 |3.29 2.32

|

9.66 201 [3.03 -2.29

1 2.75 1111 | 2.28 475 |2 3.22 1241 |1.65 2.64

028 [6.25 -9.21 1 2.25 1.69 -2.17 |13.65 |-6.48

15.75 |2.91 3.6 -2.84 12.88 [0.28 |0.99 -2.64

3.63 12.02 |6.71 981 |4 1.77 9.79 [281 4.78

2.28 | 3.48 15.78 | 2.71 2.83 3.02 |11.79 |-2.71

12.85 [0.75 3.21 -1.74 -6.75 (024 |1.21 0.08

-0.97 [11.04 |4.48 283 |6 7.75 19.75 |0.95 -1.75

0.77 1.43 9.71 0.92 2.81 263 |13.45 |4.86

17.28 |3.48 2.64 -2.22 3.75 028 |1.05 1.28

344 1235 |2.66 2.38 |8 0.75 495 |3.07 3.75

448 |2.88 -14.37 | -4.75 4.88 -0.88 [ 6.75 0.08

18.88 |0.29 1.75 -4.35 9.77 037 |1.43 -2.33

0.78 19.99 |8.78 2.35 |10 3.23 18.91 |8.71 0.78

4.75 [0.75 10.37 |-0.47 4.48 -9.77 |15.75 |3.78

/.71 |2.83 1.08 2.39 1779 1321 |6.71 0.73

11 0.77 16.61 |-891 |-0.33 |12 2.22 -3.33 | -0.7 2.81

048 |-8.84 |18.63 [6.61 2.93 396 |14.75 |-0.78

13.75 [2.69 0.71 3.33 3.78 -0.75 [1.21 2.83

13 2.33 12.78 |3.75 -6.36 | 14 0.48 3.73 10.75 -7.38

234 |4.72 -15.76 | 4.77 1.31 -0.76 |-4.76 | 3.22

7.79 1.21 1.33 -1.77 3.48 0.02 |34 2.89

15 035 1021 |3.23 -2.88 | 16 3.33 -4.04 10.05 |3.28

0.49 -1.31 | 7.75 2.88 4.71 6.74 |14.71 |0.81

21.7 0.35 1.71 0.35 1345 294 491 3.04

17 0.79 1131 |-3.71 |293 |18 2.85 3.75 10.03 4.75

©
WINE WP WNF ORI R W R W R W R W N R W N -

WINIFPWINIFPWINRFPIWINEFPWINIFPWNEFPWNRPFPWNEFPWN

3.93 -1.71 19.79 -2.81 1.39 -2.73 | 7.49 -2.88

29




Tomnmm- A MaTHUpUILIAHUHT O3zop | Tommm- A MaTUpUIIAHUHT O30
PHUK kodpunuenapu Xa PHUK kod(punnenapu XaJ
TapTuby | 1 2 3 Taptubu | 1 2 3
1 |3.79 1.21 0.09 -2.83 1 |3.46 0.75 -1.21 | 2.37
19 |2 (1091 |14.79 |-2.71 234 |20 |2 |-0.37 7.37 2.61 3.47
3 |2.08 3.24 9.75 12.64 3 |0.49 -0.28 [4.35 -2.61
1 |9.75 0.37 0.75 0.37 1 11035 |[2.35 1.28 2.08
21 |2 |-0.73 |0.65 2.44 275 |22 |2 |2.33 9.99 -2.81 |0.35
3 10.23 -0.74 2.35 2.01 3 |-2.37 -0.93 ]9.33 -0.27
1 |14.35 |0.79 1.94 -2.85 1 1261 |2.33 0.81 1.18
23 |2 |0.45 12.34 | -4.76 271 |24 |2 |4.79 12.18 |-3.71 |0.94
3 10.93 1.23 11.21 |-3.75 3 |2.04 4,71 11.01 |0.34
1 |9.77 1.23 0.07 291 1 |7.61 1.21 3.33 1.75
25 |2 |0.77 9.76 -6.01 3.73 |26 |2 |-2.33 4.79 -1.01 |-0.08
3 |0.01 -201 |4.76 2.23 3 233 0.77 3.96 2.39
1 |0.01 -201 |4.76 2.23 1 [7.71 2.83 1.08 2.39
27 |2 |7.27 0.09 1.04 091 |28 |2 |2.93 3.96 14.75 |-0.78
3 1035 |2.35 1.28 2.08 3 |6.36 0.78 3.75 2.83
1 |0.93 1.23 11.21 |-3.75 1 |9.66 2.06 3.03 -2.29
29 |2 |2.04 4.71 11.01 |0.34 |30 |2 |3.63 12.02 |6.71 9.81
3 |4.75 -0.85 1.28 0.78 3 |2.83 3.02 11.79 |-2.71
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5 - Mabpy3a MAIIFVJOT

FOxopu TapTHGJIM MATPUIIAHUHT JeTEPMHUHATHH
I'ayce ycyamnaa xucodJiami.

l'aycc ycymu €pnamuma (Nxn) tapteOnm A — marpuriann D-ydOypuakiu marpuia
KYPUHUIIUTA KETUPUII MyMKUH. D - yuOypuakin MaTpuiia JeTepMUHAHTUHUHT KAUHMaTH
anreOpa Ha3apusACUIAaH MabIyMKH, A — MaTpula JACTCPMUHAHTHHUHT  KUHAMATHHH
TEeHrAup. MabiaymMKu, OyHmal Xoi1a, ydOepuakin MapTHIIMHUHT JETCPMUHAHTHA YHHUHT
aCOCHH JTMaroHaJIM dJIEMEHTIIApU KYImaiTMacura TEHT.

(nxn ') — TapTrOMM A — MaTpuIa Oepuran OyJICHH.

1)

A — wmatupunanu laycc ycynu €paamuaa anMamTHpunuiap OaxapuO, ydOypyakiv
MaTHpHUIlara KeJITUpaMHu3 Ba XOCHJI KWJIMHTaH MaTpuianu D opkanu Genrunaimus:

:Van a, 8, - a, —|‘
0 a, a a,) |
| () @ |
D = |0 0 a,, a,, | (2)
| e \
| 0|
0 o0 0 - a, |

laycc ycynmuHuHT TYFpu Wynuma Oab3aH AWaroHaa dJeMEHTJIapuiaH OupopTacw,
Macajal a. "’ = o Oynranma, y Xojja caTp YpHUHM alMalITUPUII Jo3uM.MaTtpuiiana catp
€K yCTyHJIap YPHUHU AJIMIITUPHUII aHUKJIOBUMHUHT KUMMATUHH Kapama- Kaplliy uiiopara
anmamTupaau. byHmail xonjma OepwiraH MaTpULAHWHT JETEPMUHAHTHUHU KyWuIaru
dbopmyrna OpKaau TOMUIIAIN:

det A=(-1)"a, -ay, -ay ---al? 3)

bynna k A — maptunuauar D - MaTpuiiara KeNITHPHUIIIATH caTp aIMAIITUPUIILIAP COHU.
Macanan: Kylinaaru MaTpULlAHUHT JIETEPMUHAHTH TOIUIICUH.

(4)

Eunm. TypTuHun TapTiO MaTpUIIAHWHT AETEPMUHAHTUHHU y4yOypyak yCyiuaa XucoOail
MYMKHH 3Mac ILIYHUHT Yy4yH 4- TapTUOIM MaTpullaHu 3- TapTUOIM MaTpuliajapra
KeJITUpUO 0110 XHUcoOIaiMu3, SHHU:
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1 2 3 4
3 4 1 2 4 1
2 3 4 1 1+1 1+2
det( A) = =(-D"2 3 6l+(-1""2.5 3 6|+
5 2 3
4 1 3 2 1 3
2 4 1 3
2 3 1 2 3 4

~2.(2-3-344-6-2+5-1.1-1-3.2-5.4.3-1.6-2)+3-(2-2-3+43-6-2+5-4-1-1-2-2-5.3.3-4-6-2)+
+4-(2-2-143-3-2+45-4-4-4-2.2-5.3.1-4.3.2) =
=27 +96+2-12 -24-18 —~2-(18 + 48 +5-6-60 —12) +3-(12 + 36 + 20 — 4 — 45 — 48) —
~(4+18 +80 ~16 15 —24) =71 +2-7-3-29 — 4-47 = 71 + 14 — 87 - 188 = —190
MaTtpuuaHuHT TapTUOU KaH4a I0KOpH Oyiica MaTHUpHULa JeTEPMUHAHTUHU yuOypUak
ycyaua XucoOia yuyH IIyH4a Ky apupMeTUK amjuiapHu Oa)kapuil Kepak Oyiaau.
Martpuna aerepmuHaHTHHU ['aycc ycynumaa XucoOnam ydyH KyHuaarda Kerma
KETJIMKHU Oakapamus.
1. a, -1 Hosra TeHr OyJIMaraHu y4yH MaTPULIAHUHI OUPHUHYM KATOp 3JIEMEHJIAPUHU
a,, =1 ra 0yiaMun3, KOJIraH KaTop 3JIEMEHTJIapu KyWnaaru (popmynasaH TONAMU3:

 _ (€] .
a; =a;-a;-a; i, ] =2,3,4.

HaTI/I)KaI[a SHI'M MaTUpHUlla TOIIaMH3!:

[1] 2 3 4 1 2 3 4
|(2 3 4 1\| |(o [-1] -2 7W|
Al 23 6170 s —1p a4
2 a1 s Lo o =5 -5
2. al --1 HONra TEeHr OYyiMaraHu y4yH MaTPHUIIAHUHT UKKUHYU KATOpP AJIEMEHJIAPUHU
al) = -1 ra OynamMu3, KOJraH KaTop JIeMeHTIapH Kyiuaaru (opmyliaiad TOaMu3:
a? =al® —a® .q® i,]=3,4

(1 2 3 41
| 0 1 2 7
A%|o 0 [4] 42 |
Lo 0 -5 —5J

3. al’ =4 HoAra TeHr OyIMaraHu y4yH MATpPUIAHUHT YYHMHUM KaTOp SJEMEHJIAPUHU
al = 4 ra 0ynaMu3, TYPTUHUU KaTOpP dJIEMEHTIapH Kyiunaaru GopmysaagaH TONAMU3:

3 =
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@) _ (@ @ (@ S
a, =a; —a;; -a; i,j=4.
Hatwxana aaru MaTHpHlla TOIIaMH3:
(1 2 3 4 W
| 0 1 2 |
| 91|
A=lo o0 1 — |
| 2|
| 951!
|0 0 0 F_W |
i L2 )

4.]lemak Gepuiran MaTPULIAHUHT JETEPMUHAHTUHUHT KMMMAaT KyHHIard ra TeHT YKaH:

22 33 4 =

95
det A =a,, cay)-al)al) =1-(-1)-4-— =190 .
2

Hatwxkanap Oup Xuia 4ukiau.
FOkopu TapTud nerepmunantau I'ayce ycyauaa xuco0/am aJJropuTuMu.

1.Jlerepmenat TapTiOu N KuiMaTIapH aj; aHUKJIA0 OJIaMus3.
2.bupunun kamamuu k=1 Ba D=1 ne6 onamus.
3. k—kaTopman K — yCTyH 3JIeMEHTHHU aHUKJIAHMHM3.

4. Arap a,, = 0 , Oynca xucobmann 7- myHKTra . 0yamaca 5- MyHKTra y3aTuiiaiu.
5. k- yerynuunr KonraH K- kKaTopumaa KeWHHTH KaTopiapuIaH dJIeMEHTH

a, #0 (i=k+1. n) HONJIAH PapKJIUTMHU TEKIIMPAMU3.
6.Arap a, = 0 TomwiMmaca AeTeTMUHAHTHUHT D=0 6ynanu Ba XucoOJialll )kapaéHu
TyxTatuiaaan.Arap a, # 0 3jeMeHT Tomuica K- kaTop OuiaH i- Katop
anMalutupuiaau sa P=- P.
7. k- xatop a, # 0 conra Oynmamu3

a, =—- ,j=k+Lk+2.,n Ba P=P-a, HAXUCOONANMHUS.
a

8.k+1- karopmanman 0omuiad, Katop KodduieHTIapu Kyiugaru GopMmysia OpKaIu
XUCOOTaHa N :

a, =a; —a,a, i,j=k+1,k+ 2,. n.

9. k=k+1 ; Arap «k < n G¥ca xucoOam 5- myHKTra y3aTuiaaau, ake XoJaa
XUcoOaNl kapa€Hu TYXTaTUIIA U,
10. P = P .a,, XHCOONANIMK3 Ba HATHXKAHU OJIAMHS3.
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FOxopu TapTud gerepmunanTHu I'ayce ycyanaa xuco0J1am yayH
HHACKAJIb THIMIATH JACTYPH.

label 10,20,30;
var
1,J,k,n,nl:integer;
p,al:real;
a:array[1..10,1..11] of real,
begin cls; write(" JleTepMHHAHTHUHT TapTUOMHU KUPUTHHT n=");read(n);
writeln(' JleTepMUHAHTHUHT 3JIEMEHTIAPUHU KUPUTUHT ');
for i:=1 to n do begin for j:=1 to n do begin
write(" a(’,i:2,",',J:2,)="); read(a[i,j]); end;
writeln;end;
for k:=1 to n-1 do begin if a[k,k]<>0 then goto 20;
for i:=k+1 to n do begin
if a[i,k]<>0 then goto 10;
end; p:=0; goto 30;
10: for j:=k to n do begin
al:=a[i,j]; a[i,j]:=a[k,]; a[k,j]:=al; end; p:=-p;
20: for j:=k+1 to n do a[k,j]:= a[k,j}/ a[k,K] ;
for i:=k+1 to n do for j:=k+1 to n do
a[i,JI:= a[i,jl- a[i,k ]*a[k,j]; end;
p:=p*a[n,n];
30: writeln(" lerepmunatHunr kuiiMatu D= ',p:8:4);
end.
5- TONIIUPHUK.

1. Tana6a 4— »xaaBIaaH KypHAJIJAard TapTHO paKkaMu OVHHYa TONMIITUPUKHH OJIAJIH.

2. JleTepMUHAHTHUHT KUMMATUHU KYJIJa XUco0J1a0d Tomaau.

3. Ilackam Ttwiumma Ty3wiraH jgactyp E&paamMuia JIeTepPMUHAHTHUHT KUMMaTHHU
TOIAIM Ba KyJ/1a TONWJITaH €9MMHU OWJIaH HATH)KaHHM TEKITHPaIH.
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Teckapu marpunanu I'aycce yeyauaa Tonuiu.

n -TapTUOJW n Ta YU3HUKJIW aJire0Opauk TEHIJIamanap CHUCTEMAaCHHHMHT KYPUHHUIIU
Kyhnaaru udojanan uudbopar:

[[@j1X + @pp Xy + oo+ A Xy = by

Q1% + g Xy + .+ AypXy = by (1)

By epna a (ij =1,n) Jap MabBIyM COHJIIapaaH noopat 0Yiub, HOMabIyMIAPHUHT

kKodbdunue H T ap u geHnIaIU, Xy X, . X - HOMABIyMJIap, b, b ... b -
2 1 2

n n

(1) cucreMa TeHIIIaMAJIADMHUHT 030]1 XaJJIapH, yJIap XaM MabJIyM COHJIapaH HOOpaT.
TeHrnamanap CMETEMaCHHUHT MaTpUIA KYPUHUILIU:
AX =B (2)
by epna

qI/I3I/IKHI/I aﬂre6paI/IK TeHrHaMaHap CUCTCMACHHU CUNMMUHHN TeCKapI/I ManI/IHa ych'H/II[a XaM
TOIIMUIII MyMKI/IH, SABbHU.
-1

AT A X =A.B

1

Oy epma A™'.A=E , OMpJIMK MaTpUIlara TEHT MIYHUHT Y4yH (2) TeHr1amanap
CHUCTEMACHHUHT €YUMH: X = A~'.B TEHT Oynaju.
Teckapu maTpuiianu Kapamep ycynuaa TONMII yUyH KyJ1a Ky apupMeTuK

XucooanuiapHu 6axapui kepak. ['aycc ycynuaa sca kaM xucoouiai €paMmu/ia TOMUII

MYMKUH.
MacanaHs:

1 -1 2

A=|3 -3 7

2 -3 5

Marpunanu teckapucuau 'aycce yCcynuaa TONUI y9yH KyMuJaru KeTMa — KeTJIUK-
HU OakapaMus.
1. Ky#liugaru Kymmmyua MaTpuIlaHu Ty3U0 OJlaMu3.

1 -1 2 1 0 0
A-E=|3 -3 7 0 1 0
2 -3 5 0 0 1
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2. bupHun KaTop Ba OMPHUHYN YCTYH AJIEMEHTH a, =1 HOJIaH (papkym OynraH yudyH KaTop
DIIEMEHTIApUHU a, »1ra OymamMu3 Ba OWPHUHYM KATOPHHUHT KOJTaH YyCTYH

11

AIIEMEHTJIApUHU HOJITa ailllaHTUpaMu3. byHUHT y4yH OMpPHUHYH YCTYH 3€JIEMEHTH
(-Dra, cynrpa 2 ra kynaitupuO, MOC paBUIIJa UKKHHYHA Ba YIyHYH YCTyHJAH allpamMus3.
by amaiutap Kylnmarnya amajira OIMpUIAIN:

bupHun Matpuia 31eMeHTIapUHN XUCOOIaiMu3:

() LM .
Ay =8, —8, 8, =-3-(-1)-3=0;a, =a, -a, a,; =-3-(-1)-2=-1;

1) _ _ _ . 1 _ _ . _ _ . _ .
32_asz_a13‘a21_7_2'3_1’a33_ass ag; a31_5 2-2=1;

WKKMHYM MaTPUIIAHUHT JEJIeMEHIIapUHU XUCOOIaiiMu3.
b =b,-a, b, =0-(-1)-1=1;b% =b, —a, b, =1-(-1)-0=1;

12 12 12 22 12

bd =b, —a, b, =0-(-1)-0=0.

32 32 12

(1) . 1) .
b, =b,-a, b, =0-21=-2;b)=b,, ~a, b, =0-2-0=0;

bd =b, —a, b, =1-(-1)-0=1.

33 33 13

Hartwxkana matpuiia Kyiingaru KypuHUIITa 3ra 0yaau.

1 0 0 1 1 -2
A-E=]|3 0 1 0 1 0
2 -1 1 0 0 1

3. VIKKMHYM KaTOp WMKKUHYM YCTYH DJIEMEHTU a, =0 OVYJIraHu Y4yH KEHUHTH YCTYH
JJIEMEHTUHHU TEKIIUpPaMU3, SIbHU a, =1z 0 OYraHM YYyH MKKUHYM Ba YYyHUYH YCTYH
3JIEMEHTIIAPUHA AJIMAIITHPAMU3, THHHU:

1 0 0 1 -2 1
A-E=|3 1 0 0 0 1
2 1 -1 0 1 0

SlHru MaTpUIIaHUHT a,, =1 I'd UKKUYUM KATOPHUHI KOJITAH YCTYH 3JIEMEHTJIAPUHU HOJITa

aimanTupaMu3.byHUHT Y4yH UKKUHYH YCTYH 3elieMeHTH 3 ra, cyHrpa 0 ra xymaitupuo,
MOC paBulllla OMPUHYM Ba YUYyHUU YCTYyHJIaH aiiupamus. by amannap Kyiugarnda amanira
OIIMPUIIA]IN:
bupHun maTpuiia 3JieMeHTIapUHU XUCOOTaiMU3:

(2) 1) (1)

_ (2) _ _ .
s = Qg T8, a8y =2-1-3=-1;;

a
WKKMHYM MaTpULIAHUHT 3€JIEeMEHIApUHU XUCOOIaiMus3.
b = b b 2l S 1 (-2)3-7 b =Y b2l 200320
b =b® b .2 —0-1.3=3.

WKKMHYY KaTOp yUYMHYH YCTYH 3yieMeHTH O ra TeHr OYJraH yuyH UKKaja MaTpULaHUHT
YYMHYM YCTYH 3JIEMEHTIIApU y3rapuuICu3 KOJIAIHN.

1 0 0 7 -2 1
A-E = 0 1 0 0 0 1
-1 1 -1 -3 1 0
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4. YuuH4M KaToOp a,, - -1 OYAraHu ydyH OMpPHYM MKKMHYU MATPULIAHUHT YYHMHUYU YCTYH

AJIIEMEHJIAPUHU a,, = -1 Ta OYIamus.

1 0 0 7 -2 -1
A-E = 0 1 0 0 0 -1
-1 1 1 -3 1 0

Oxwupru KajgaM OyJaraHu ydyH OMpUHYM MAaTPULIAHUHT 3JIEMEHTUHH XUCcOOIaMaiiMus3.
WKKMHYM MaTPUIIAHUHT JEJIeMEHIIapUHU XUCOOTaiiMus3.

(3) (2) (3) (2) ) (2) (3) (2) .
b =bP b .aP =7 -(-1)-(-D=6;0 =0 - al¥ —0-(-1)-(-1) = -1;

11 13 31

b =p® —pP.a® =-3-0.(-1) = -3.

13 13 33 31
3

byt =bP - .al? = —2-(-1)-1=-1;b]

32

@ pP el —0-(-1)-1=1;

32

1 0 0 6 -1 -1
A-E = 0 1 0 -1 1 -1
0 0 1 -3 1 0

Hatmxana A matpunara Teckapu OyiaraH MaTpulaHu TOAMU3:

6 -1 -1
Al = | -1 1 -1
-3 1 0
Hatwxanu TYFpUIMTMHA TCHKIIUPAMU3:
1 -1 2 6 -1 -1
A-4=| 3 -3 7 -1 1 -1 |=
2 -3 5 -3 1 0
16+ (—1)-(-1)+2-(=3) 1-(-1)+(-1)1+2-1 1-(-1)+(-1)-(-1)+2-0 1 0 o
=36+ (=3)-(-1)+7-(-3) 3-(-1)+(-3)-1+7-1 3-(-1)+(-3)-(-1)+7-0 |=| O 10
2.6+ (-3)-(-1)+5-(=3) 2-(-1)+(-3)-1+5-1  2-(=1)+(=3)-(-1)+5-0 0 0o 1

Jlemak Tonuiras €4uM TYFpH SKaH.
Texapu marpunanu ['aycc ycyjauaa Tonui aJaropuTuMu.

1.Marpuna tTapTuOu N Ba yIeMEHTIIApH &;; Ba bj aHuKI1ab onamus.

(1 aeap i=j
2.bupnauk MaTpuna b, =

(0 @eap P2 ]
3.bupunun kamamuu K=1 ned omamus.

4. k — renrnama Ba K- HomMabayMm onauaard Ko3GduiieHT aHuKIaiMus3.

5. Arap a, = 0 , O6yica xucoOmamn 7- MyHKTra . OyaMaca 5- MmyHKTra y3aTuiiaju.

6. K- ycrynHuHT KonraH K- KaTopua KEHUHTH KaTOpJIapuaaH Xy HOMablIyM
ko3(pdunentua, = 0 (i =k +1,., n) HoONgaH PapKIUTHHU TEKITUPAMU3.
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7. Arap a, = 0 Tommimaca TeCKapu MaTpHulla MaBxyaA OViamaiau, ssbHU
MaTpUIIAHUHT JETEPMUHAHTH HOJITa TEHT OYyIaau Ba XxucooOall xapaéHu
TyXTaTunaau.Arap a, # 0 3jeMeHT Tonuiica K- TeHriiama i- TeHriama OusaH
aNMaIlITUPUIIAIN.

8. k- Tenrmamanu a, # 0 coHra OyJiaMu3, HATWXKaJIa TCHIJIaMa HOMabIyMJapu

oJiusiaru KO3 (UIIEHTIAPHUHT Ba 030]1 XaJTHUHT KUUMATIIapy Kyiugarunda

XUcoOJIaHaIu:

a b.
a, =—— ji=k+L,k+2,., nb, =—— ,i=12,.,nizk
a

kk

9. k+1- Tenrnamanan Oo1niad KoJAraH TeHIJIaMaJapHUHT KO3 GHUIIEHTIapH
Kyhnaaru popmysia OpKajid XucoOaaHaIu:
a; =a; —a;a, L j=k+1,k+2,., n.b, =b, —a, b, i, j=12,., n.i# j
10. k=k+1 ; Arap « < n 6ys1ca XpcoOyamn 5- myHKTra y3aTuiaad, ake X0J1a
TeCKap¥ MaTpHIla TONMWITaH XUCOOIaHa M Ba HATH>Ka OJTMHAITH.

Teckapu marpunanu I"'aycc ycysnauaa Tonum y4yH
IHACKAJIb Tuaujgara 1actypm.

label 10,20,30,40;

var

1,J,k,n:integer;

al:real;

a,b:array[1..10,1..10] of real;

begin cls; write(* Marpunia TaptuOunu kuputuar n=>);read(n);
writeln(* Matpuria s1eMeHIapuHA KUPUTHHT °);
for i:=1 to n do begin

for j:=1 to n do begin

write(*  a(,i:2,%,%,:2,7)="); read(a[i,j]);

if i=] then b[i,j]:=1 else b[i,j]:=0;

end;

writeln;end;

for k:=1 to n-1 do begin

if a[k,k]<>0 then goto 20;

for j:=k+1 to n do begin

if a[k,j]<>0 then goto 10;

end; writeln(* Teckapu maTpuia MaBxyJ sMac ’);
goto 30;

10: for i:=k to n do begin

al:=a[i,j]; a[i,j]:=a[k,j]; a[k,j]:=al;

al:=bl[i,j]; b[i,j]:=b[k,j]; b[k,j]:=al; end;

20: for j:=k+1 to nl1 do

a[j,k]:= a[j,K])/ a[k,k] ;
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for i:=1 to n do begin

if i=k then goto 40;

forj:=1tondo

b[i,j]:= b[i,j]- a[i,k ]*b[k,j]; end;40: end;
for i:=k+1 ton do

for j:=k+1 ton do

a[i,j]:=a[i,j]- a[i,k T*a[k,j]; end;
writeln(* Teckapu marpuna ’°);

for i:=1 to n do begin

for j:=1tondo

write(*  b(%,i:2,%,,5:2,")=",b[l,j]:8:4); end;
writeln; end;

30: end.

6- TONIIUPHUK.
1. Tanaba 4— xaABiiaH *KypHaJlgaru TapTud pakamu OViiuda TOMIIUPUKHU OJIa]IH.

2. Teckapu MTpHUIIAaHU KYJIJa Xuco01a0 Tonaau Ba €UMMHU TEKIITUPATTH. .
3. [Mackan Tunuaa Ty3Wirad aactyp €pJaaMujia TeCKapu MaTPUIIAHU TOTIAH.
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6 - Mabpy3a MAIIFVJIOT

AHMK MHTEIrPAJIHUA TYFPH TYPT OypyYakK ycyJauaa TAKPUOUil Xuco0J1am.

AManga aHWK WHTETrpalHU XUcoOnamga WHTErpajl OCTUAAru (YHKIUSHUHT
OonuiaHfuy (QYHKUMSICHHU TOMNMIN Kepak Oynaau, JIGKHH  XamMMa BakT Xam
oouvtanfud (QyHKuusHU TomuO OynmMmainu. ILlyHuHr yuyH OyHaail aHUK
WHTETPAJUIAPUHUHT KUIMaTIapUHU TaKpUOUi ycyuiap €paaMujia XMucoOIaHuIu.

AHMK MHTErpaJUIapHUA TaKpUOUM XUCOOJIAI ATPH YU3UKJIN TPANCITUSHUHT 1031
XaKuJaru MacajJaHUHI T€OMETPUK eunuMu OwinaH y3Buil Oormukaup. Kyitmgan o x
VKJaaru [a; b] KecMa OwIaH, IOKOpUAaH MycOaT KuMMar KaOyJsl KuJaguraH y = f(x)
y3Iykcu3 (YHKIUSHUHT rpadurd OwnaH, €H TOMOHJApPJAaH x=a Ba x=b TYFpH
YU3UKJAPHUHT KeCMaJlapyu OWJIaH Yerapajianrad GUurypaHu 3Trpy YU3UKJIM Tpamnenus
nevnnagu. [a;b] KECMaHHW 3Ca 3TPU YMU3UKIU TPANCHUSHUHT acociapu JCHUIIaIn.
Orpu YU3HUKJIW TPANCUUsIHUHT I03UHU

b
S = [f(x)

OyHIOa F(x) - Oepwiran f(x) (yHKUuMSHUHT Oouwtanrud QyHkuuscu. FOxkopuaa

TabKUJUTAHTAHUACK OONUTaHFUY (QYHKIUSHA HWHTErpauiail  KougalapH Ba
dbopmynanap €épaamuaa xucoOaam UIMKOHM OyJIMaranja yHU MHTErpai HuFruHAUIap
épaamua TakprubaH XucoOJIaHaIn.

Tyrpu TyprOypyakiap yCyJUHHUHI MOXUSITH.

Orpu yusuKiIap OWiaH yerapaiaHran (GUTypallapHUHT FO3WHU, XYCyCaH dTPH
YU3UKJIM  TPANCUMSIHUHT FO3WHM XUCOOJIalll aHWK WHTETpal OpKald amaira
omupwuiaau. TpaneuustHuHr acocu OViraH [a; b] KeCMaHU x,, X, , ..., x, , HyKTaJap

b-a

OwiaH n Ta KecMasiapra Oynamu3. Y xoijaa OYJIMHUII OpaNIUFU Y3YHIUTH h =
n

dbopmyna Owran udojanaHagd. x, =a JAECaK, x, = x,, = h HYKTaJIapHU Oeyruiad
ojamMu3, OyHIa i=1,2,3,...,n, X, X,,..., x, HYKTaJapJaH derapaBHil 3TPH YU3UK
OunaH KeCHUIITYHTa KaJap BEpTUKal NapauieNl TYFpH UYM3HKIap YTKa3aMHu3 Ba
KECHIINII HYKTATAPUHMHI OpJMHATANAPUHM KyHumarmda y(x ), y(x )., y(x ). ..
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KaOu OenrunaiimMus. Xap GUp OpalvKIari OpAMHATACH Y3YHIUTH y(x | ra TEHT TYFpH

TYPTOYpUYAKHUHT F03aJIapUHU TOMIAMM3.
S, =h-y(x;)
n Ta TYFpU TYPTOYPUAKHUHT I03MHU KyIIaMU3:
S =h-(y(x)+y(x,)+ y(xg) + .. +y(x,)
O3anapan xucobmamma k =1, 2,3, ..., n 7Ae0 olcak, BEpTUKAI TYFPU YH3UKJIApTa

HUcOaTaH VYHT TOMOHJArd TYFpU TYpPTOypyakiap OJIMHTAaHM YYyH VHT TYFpH
TYpTOYypUaKiIap YCYIUHUHT HOopMyacu KeIud YMKaIu:

a

Szjf(x)dx ~h[f(a)+ f(a+h)+..+ f(a+n-h)]=h-3 f(a+kh)

b k=1
i=1,2,3,...,n-1 €0 oJcak, BEpTUKaJI TYFPU YMU3HUKJIapra HucOaTaH yan TOMOHJIaru

TYFpU TYpTOYpUaKIap OJMHTAHU YUYH Yal TYFpHU TYPTOypUaKiIap yCYJIUHUHT PpMyIacu
KeJINO YUKaIH.
a n-1
S=[T)d ~h[f(a+h)+.+ fa+(i-Dh]=h-Y f(a+kh)
b k=0
AHMK HHTETpajHU TakpuOaH XucoOjaraHja MabiyM XaTOJUKKa Nyl Kyuumaamu.
OpayiukHu OynunuIap COHM N KaH4a KarTa €KW Kajamiap coHM h KaHua KU4MK Oyiica
TaKkpuOaH TONWITaH €4WM aHWK edynMmra myHda skuH Oynanu. LllyHuHr y4uyH XpcoOmamr
aHUKJIUTH & acocaH h Kajam KyiHaard TEHICH3IMK OPKaIW TONUIA/IH.

b-a . 2
Rn(f):Tf (&)h? , £efaib] |R (f)<e¢

by epna f'(¢) OYHKIUA x e [a;b] OPAIMKIATH f (x) HUHT aOCOJIOT KUXATIAH dHT
KaTTa KHAMaTUIup.

1
Macanan : s = [vxd« wmaTerpamsm 0.1 aHEKTHKIA XUCOOMAN TaTab STHIICHH.

0.25

Eunnn. F(x)=+/x wunTerpan octu ¢yukiuscu yuyn [0.25 ; 1] xecmana Kyiimmaruua
XUCOOJIaMu3:

2

. 1 - . b-a 0.75
f(x):——~x3,‘f (x)‘<2,a:0.25,b:1,h: -
4 n n
‘f“( )‘ ‘f"(;)‘ ! ! 0.25 ! 2
a)| = max = —- =0.25 - =
0.75 0.75 , 0.421875
R,(f)|< () =
2 n n

0.75
Jlemak, N=2 kaOyJ KWIMIIK MyMKHH. ¥ XO0JIJIa h = —— = 0.375 .
2

Ky#innarunapau xucoomainmms:
X, =a=025 ; x, =x,+h=0.25+0.375 =0.625 ; x, =x, +h =0.625 +0.375 =1

0
yO:\/Z:\/O.ZS =0.5 ; yI:\/Z:\/O.GZS = 0.7906 ; yZ:\/Z:\/Izl

Tonunran kuiMatnapaas oigananu® GepuiiraH HHTETpaTHU XUCOOIaiMu3:
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1
S = J\/;dx = h(y, +y,) = 0.375 (0.5 + 0.7906 ) = 0.4839

0.25

1
S = J'\/;dx = h(y, +y,)=0.375 (0.7906 +1) = 0.6714

0.25

AHUK e4MU.

1
S = J\/;dx = %-(\/1_3-\/0.25 ®) = 0.5833

0.25

Xuco0J1all XaTOIMKHY TEKIIUPAMU3:
A= |0.5833 — 0.4839 |= 0.0994 : A = |0.6714 — 0.5833 |= 0.0871

AHHMK MHTEIrPAJHU TYFPU TYPT OypYaK ycyJuaa Xuco0d/am aJropuTuMH.

1.WUuTerpan octunaru f(X) GyHKIUSHY , x € [a;b] OPAJUKHU Ba & XHCOOJAII
AHUKJINTHHYA aHUKJIA0 OJIaMu3.

2. Opanuknu 6ynunutap connau N=0 Ba S=0; OyicuH.

3. S1=S; n=n+10; wuHTerpasmHu TaKpuitdbaH XucooOIaANMU3:

b-a
h =

s X, =a+i-h; i=012,--,n-1
n
n-1

s=hY f(x,)

4. Arap n=10 6ynca xucobuain 3 — MyHKTra O0OpCHH aKC X0Ja 5- MyHKTra OOpCHUH.
5. Arap [s1-s|< ¢ O¥nca xucoOnam 6- MyHKTra OOpPCHH akc Xonjaa 3 — MyHKTra OOpCHH.

6. XucoOuam HaTa)KacMHU OocMara YnKapamus.

AHUK MHTEIPAJIHM TYFPHU TYPT OypyYak ycyauaa
xuco0aamHuHr [lackan gacrypu.

label 10;

var

I,n:integer;

a,b,h,x,eps,s,sl:real;

function f(x:real);real; begin f:=sqrt(x); end;

begin cls;

write(' OpaJUKHUHT YyerapaBuil KuiMataapuHu KUpuTHHT A=');read(a);
write(" B=');read(b);

write(' XwucoOnam anukauruau kuputuar EPS=");read(eps);
n:=0;s:=0;

10:n:=n+10; s1:=s; h:=(b-a)/n;s:=0;

for i:=0 to n-1 do begin

X:=a+i*h; s:=s+f(x); end; s:=s*h;

if n=10 then goto 10;

if abs(s1-s)>eps then goto 10;

write('UaTerpasiHuHr TakpuOuii kuiiMatun  S=';s:8:4);end.
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/- TONIIUPHK.

1. Tanaba 5— »aaBIaaH KypHAJIJAard TapTHO pakaMu OViHYa TONMITUPUKHH OJIJIH.
2. AHUK MHTETpaIHU TYFpU TYPT Oypuak eduMuHu Kynaa 0.01 aHuKIuK/Ia Tonaau .
3. Ilackan Tunuaa Ty3uiaran gactyp épaamuaa anuk naterpadtHuar 0.000lanukmukaaru

CYMMHMU TOIlaaH.

4.Maple nactypuaaH aHUK HHTEIPATHH KUAMATHHN XHCOOIa 1.
5. Tonunran HaTWXKaTApHU TaXJ 1M KUJIaMU3.

5 —kaaBaJ.
T.P | AHuk unTerpan T.P | AHuK uHTerpai T.P | AHuK unTerpai
1 1.5 2 2 9 3 2.3 2
(hios Vo Zaxs s vosx’+15
sVX’ -1+ 4 2
R SN0.6x% +1.3x +1.2
v i I R IR i
X —_— ——dx
0aNO0.5X" + x +1.4 01 V3x® + 2+ x osV2x” + 1+ 2x
7 } 1 8 T 1 9 | 2 X +1
dx dx ——dX
o V2x® —3x?+1 oaV2x’ +1.8x+1 1'.[2\/2X2+X+2
10 ; 3x+ 2.1 d 11 ZJ','l 1 d 12 T sin( x +1) d
————dx ———dx —
L V2xt 44 A2x% + 6 0.42+cos(x2+1)
13 | % cos(x? +0.4) | 14 | °® sin( 0.4x% + 0.1) ; 15 | ** cos(0.4x+0.6) |
X X X
+.0.2+sin( x +0.5) O"_‘20.2+sin( X + 0.5) O'_EO.4+3$in(O.5x+1)
16 T(S s )¢ 17 OJ',ssin( X +05) 18 T 1 ;
x + 1) sin( x)dx ———dx X
0.2 0.4 2x" +1 0scos( X) + Vx© +1
19 1.4 20 1.8 21 2.4
I\/x+1cos( x) dx J'(2+3x)sin( x> +1)dx szlg(x)dx
0.5 0.4 0.5
22 | et 23 | g (21 20 [ [
de J‘de J‘ 1 - =sin( Xz)dx
1.2 X +3 0.5 X+l 0.5 2
25 2 26 1.5 X X 27 2.4X X
J(Ig( x +1) + 2.8)dx I(—+1Wcos( —)dx J—In(—+ 2)dx
0.5 0.5 4 ) 4 1.24 4
28 [ 29 [ eo: L. 30 [V
J'(\/;+l)sm( 2 x)dx j—ze dx I dx
o esSin( x° +1) sin( x)

0.5
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AHMK UHTErpa/ulapHu TAKPUOMH XMCOOJIAIIHUHT TPaNeuus Ba
Cumncon (mapabosagap) ycyJiu.
1. Tpaneuust ycyJiu.
by ycynga xam T1yfpu TYpTOypuakiap ycyaugard kKaOW [a; b]kecMaHU
a=X,,X.,. x, =b HyKTaJap OwjiaH N Ta TeHr Oyiakka Oynamu3. Xap Oup TYryH

01 Ry

HyKTaJIap opacujard macoda h = 7% la;b] kecMmaHu OYIIyBUM HyKTajgapaaH

n
yerapaBuil STpy YM3UK OWJIaH KECHUINTyHTa KaJap MEepIeHIUKYIAp YTKazaMu3. JTpU
YU3UK MOC HYKTaJIJapUHHT OpJAuHAaTAJIApUHUHT
y0 = f(xo), y1 = f(xl), yni = f(x 71), yn = f(xn)

1 n

[leprieHIUKYASpIAPHUHT  y = f(x) UYM3MK OWJIaH KECHIITaH KYIIHH

HYKTQJIApUHM BaTapiap OujaH OMpJIAITHPAMU3 Ba XOCHJI KWJIMHTaH Xap Oup TYFpH
YU3UKJIA TPANCIUSIIAPHUHT F03MHHU TOTTAMU3;

Yor¥s po YtV o YeutYo
A 2 2 2
| V=0 bapua n Ta Tpanenus 03uHA KyIIaMu3

S = h[);’+ Yy, *+Y, +".+-)2‘}

JleMak. Orpu YM3HKJIN TPaNCIUSHUHT 1031
> TakpuOaH KyWuaarura TeHr

a=xXo X1 X2 ... b=X, b
h(y0+ Y,

I f(x)dx =

a

€K1 y,=f@,y = f(b), X, =a=ih JeCaK, Tpaneuus yCyIMHAHT bomynacu

n

+y, + y2+._4—yn4j

b

f f(b)y "'
S = [ f(dx = h-[M+Z f(a+kh)}
2 k-1

a

oynanu.

AHMK UWHTeTrpajulapHu TakpuOuil XucOOJanmHUHr Oapya ycyuiapuaa n
OYIUHUIIUTAD COHWHU OPTTUPHIN Ty(}ailid XaTONMMK MHUKIOPUHHU KaMaWTHUPHII
MYMKHH, YyHKA OYJIWHWIIJIAP HATWXKACHAA XOCHJI OYIraH 1o3a KaHYaJuK KUYHUK
oynca, Gopmyna opkKaiu TonmaérraH GUTrypaHUHT F03H 3TPU YHU3UKIIU TPANCIUSHUHT
103UTa IIYHYAIUK SSKUH OYiaam.

XucobOmam aHUKIUTH & acocaH h  Kagam KyHUJard TEHTCU3JIMK OpPKaJIH
TOIUJIA/IH.

Rn(f)=bl_Taf”(§)h2 , & ela;b] Rn(f)|<g

by epna f'(¢) QyHKIUA x e [a;b] OPAIMKIAATH f (x) HUHT aOCOJIOT KUXATJAH HT
KaTTa KUAMaTUIup.
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1
Macanan : s = [Jxdx mnTerpatnn 0.1 aHHKIHKIA XHCOOIAIT TATAb STHIICHH.

Eunnn. F(x)-+x unTerpan octu ¢yuknumscu yuyn [0.25;1] xecmana Kyiimparuua
XUCOOJIaMu3:

. = b-a 0.75
f(x):——-x3,‘f (x)‘<2,a=0.25,b=1,h= =
4 n n
. B 1 1 1
‘f (a)‘:nax‘f (g)‘:—-—=0.25- —=2
4 0.25° 0.5
0.75 0.75 , 0.03515625
R, ()] < 20— =

12 n n

0.75
Jlemak, N=2 kaOyJ KWIMIIK MyMKHH. ¥ X0JIJIa h = —— = 0.375 .
2

Ky#ingarunapau Xxuco06iaimMms;
Xx,=a=025 ; x,=x,+h=025+0.375 =0.625 ; x, =x, +h=0625 +0.375 =1

1 2
Yo = a/X, = V0.25 =05 ; y, =/x, =+0.625 =0.7906 ; y, =4/X, :\/Izl
Tommunran KHﬁMaTHapHaH Q)OﬁﬂaﬂaHH(S 6€pI/IJIFaH HHTCI'paJIHA XI/ICO6H&ﬁMH32
0.5+1

1
Yo t Y
S = j\/;dx = h(——+y,) = 0.375 ( +0.7906 ) = 0.577725
2

0.25

AHVK eUuMHU.

1
S = J\/;dx = é(\/lT-\/o.% ®) = 0.5833

0.25

XucoOIall XaToIMKHU TEKIIUPAMU3:
A= |O.5833 — 0.5777 |: 0.0054 :

AHMK MHTErPAJIHU TPaneuus ycyJauaa Xuco0Jam aJropuTuMm.

1.Uurerpan octuaaru f(X) GyHKIUSHH , x < [a;b] OPATUKHU Ba & XHCOOJIAII
AHWKJIUTUHU aHUKJ1a0 OJlaMu3.
2. Opanuknu 6ynunuiap connau N=0 Ba S=0; OyicuH.
3. S1=§; n=n+10; wuHTerpasHu TaKpuitdbaH xucooIanMu3:
b-a

h = X, =a+i-h;i=0212,-n;
n

f(x,)+ f(x, n-t

S =nh-[ )+Zf(xi)]
2 i=0

4. Arap n=10 6ymnca xucobuain 3 — myHKTra OOpCHH aKC X0/a 5- MyHKTra OOpCHUH.
5. Arap [s1-s|< ¢ O¥nca xucobnam 6- myHKTra OOpPCHH akc Xonjaa 3 — MyHKTra OOpCHH.

6. XucoObmam HaTaKaCHHU O0cMara ynKapamus.

AHUK MHTErpaJiHu Tpanenus ycyauaa xucoodasamuuur [ackan gacrypu.
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label 10;

var

I,n:integer;

a,b,h,x,eps,s,sl:real;

function f(x:real);real; begin f:=sqrt(x); end;

begin cls;

write(' OpaluKHUHT YerapaBuil KuiiMaTiIapuHu KUpUTUHT A=");read(a);
write(" B=');read(b);

write(' Xwucobnam anukauruan kuputuar EPS=");read(eps);
n:=0;s:=0;

10:n:=n+10; sl:=s; h:=(b-a)/n;s:=(f(a)+f(b))/2;

for i:=0 to n do begin

x:=a+i*h; s:=s+f(x); end; s:=s*h;

iIf n=10 then goto 10;

if abs(s1-s)<eps then goto 10;

write('IaTerpanHuHr TakpuOuii kuitmatuun  S=';$:8:4);end.

2.CMMIICOH YCYJIH.

a-b o o
[a;b] KECMa Y3YHJIMTHHU h = oynran 2n Ta XKyQdT OYJIaKKa x,,X, ... X,, ,
2n
HyKTaJIap OPKaJId aKpaTaMus.
[x :X J [x T X J o [x P X J KecMajgap Xocwia Oymaau. x =0, x =b
0 2 2 4 2n - 2 2n 0 2n

oynanu. by kecManapHUHT ypTalapu MOC PaBUIIIA x,, X, ... X,, , HyKTajgap oynamu.y
X0J1/1a

X X X
b

[F(x)dx = jzf (x)dx = ff(x)dx =.. = }nf (x)dx

WHTETpaJT HAFUHIATA a)KpaTaMu3.
Xap 6up |x ;x| |x ix | (i-omam n-1 raua) kecmanapna
1 I - I I —
(%503 Vo) (Xpias Yaru)y (X553 Y,.,) HYKTaJap OpKaJid XxamMMma BakT mnapaboria YTKa3uii
MyMKHUH, 1y OwiraH Oupra OyHaai mapabona [x,;y,.,] KecMmaaa ¢akaT OuTTa

6ynagu. Epnamum mapaGona OuimaH uerapagaHrad 3rpy UM3HKIM Tpanenus 31
TaKprOaH OepHIIraH ATPU YU3HKJIN TPANCIUSHUHT I03UTa TCHT

If (x)dx = T(Ax 2 4+ Bx +dex

A )

[TapaGonara Ternuui xap yura HyKTa Y4yH FOKOPUJAru TEHIVIAMAHU E3aMU3:

2
[ w

2
4 ax 2i+1

+ bx

|+ ¢ = y2i
+ bx 21 TC= Yo

2
[axznz + bX2i+2 TC =Y.

48



Xocuil OynaraH a,b,c HOMabJIyMJId yuTa TEHIJIamajap CUCTEMAaCHUHH €4uo,
a,b,c JAPHUHT KUHUMaTWUHU WHTerpan udojara Kyund, xucoOmaiimMuiz. Xap Oup
KeCMaJlap y4YyH VYJIApHUHI KUHAMaTWHMA KymuO, mnapadojanap ycyjaura MOC
dbopMyTaHU XOCHUIT KUJIaMU3.

b

S:J'f(x)dx:

| =

(f(a)+ fb)y+4-Y fa+i-nh)y+2-3% f(a+2ih)};
3 k=1 k=1
(b-a)
2n
XHCO6JIaH1 aHUKJIUTH & acocaH h kKamam KyﬁI/II[aI‘I/I TCHICU3JIMK OPKaJId TONMJIAdH.

Oy epna h =

b-a (iv) 4
R, (f)=-——1"(Hh" | celaib] [R,(f)|<e
180
by epna f'(¢) OyHKIHUS x e [a;b] OPAIMKAATH f (x) HUHT aOCOJIOT KUXATIAH DHT
KaTTa KUAMaTUIup.

1
Macanan : s = [Jxdx mHTerpatnm 0.1 aHHKIHKIA XHCOOIAIT TATab STHIICHH.

Eunnn. F(x)-+/x unTerpan octu ¢yskiumscu yuyn [0;0.25] xecmana Kyiimmaruua
XUCOOJIalMU3:

. 1 2 . b-a 0.75
f(x):——-xs,‘f (x)‘<2,a=0.25,b=1,h= =
4 n n
. . 1 1 1
‘f (a)‘:rmx‘f (g)‘:—-—:o.zs- —=2
4 0.25 ¢ 0.5
075 _ 0.75 _, 0.00263671 875
R, (1)< 2(——) = -
180 n n

0.75
Hemaxk, N=4 xaOys KWIUII MyMKHH. Y X0JIJIa h = —— = 0.375 .
2

Ky#nnarunapau xucoomainmms:
X,=a=025 ; x, =x,+h=025+0375 =0.625 ; x, = x, +h=0.625 +0.375 =1

0 1

Y, = /X, =V0.25 =0.5 ; y, =4/X, =V0.625 =0.7906 ; y, = /X, = \/Iz 1
Tormunran kuiMatnapaan Qoigananu® 6epuiiraH HHTETPaTHU XUCOOIaiMu3:
0.375

1
h
S - j\/;dx SRR RAE (0.5+1+4-0.7906 ) = 0.5828

0.25

AHVK eUnuMHU.

1
S = I\/;dx = 3-(\/13 -4/0.25 °) = 0.5833
3

0.25

Xucoban XaToMMKHI TEKIIUPAMU3: A =[0.5833 — 0.5828 | = 0.0005
AHUMK MHTerpajJHu CMMIICOH yCyJIHAa XHCO0JIA1I AJTOPUTHMH.

1.Uuterpan octuaaru f(X) GyHKIMSHY , x € [a;b] OPAJIMKHU Ba & XHCOOJAII
AHUKJIUTUHYA aHUKIIA0 OJIaMu3.
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2. Opanukuau 6ynunmap counau N=0 Ba S=0; 6yncuH.
3. S1=S; n=n+5; uHTErpasHu TaKpuitbaH XHUCOOIaNMM3:
b-a

s X, =a+i-h; i=012,--2n;
2n

n-1

- E-[f(x0)+ f(xn)+4~z f(x2i_1)+2~z f(x,,)]
3

i=0 i=0
4. Arap n=>5 6ynca xpco0baant 3 — myHKTra OOPCUH aKe Xo/a 5- MyHKTra OOpCHUH.
5. Arap |s1-s|< ¢ O¥sca xucobnam 6- myHKTra 60pCHH aKC X0a 3 — MyHKTra OOpCHH.

6. XucoOuamr HaTa)KacMHU OocMara YnKapamus.
AHMK uHTerpajau Cummncon ycyauaa xucodaamuunr Iackan nacrypu.

label 10;

var

I,k,n:integer;

a,b,h,x,eps,s,sl:real;

function f(x:real);real; begin f:=sqrt(x); end;

begin cls;

write(' OpaTuKHHUHT YerapaBuil KMiiMaTiIapuHu KUpUTUHT A=");read(a);

write(" B=');read(b);

write(" XwucoOnam anukauruau kuputudar EPS=');read(eps);

n:=0;s:=0;k:=0;

10:k:=k+5;n:=n+2*k; s1:=s; h:=(b-a)/n;s:=f(a)-f(b); x:=a;

for i:=1 to k do begin

X:=X+i*h; s:=s+4*f(x);

X:=x+i*h; s:=s+2*f(x); end; s:=s*h;

if n=10 then goto 10;

if abs(s1-s)<eps then goto 10;

write('UaTterpasiHuHr Takpubuii kuiiMatun  S=';s:8:4);end.

8 — TONIUPUK.

1. Tanaba 5— »aaBIaaH KypHAJIJard TapTHO paKkaMu OVHHYa TONIITUPUKHH OJIAJIH.

2. AHWK MHTETpaJHu €YMMHUHHM Tparenus Ba CuMmriicon ycymuaa Kynaa 0.01 aHukaukaa
TOMA/IH .

3. [Mackan Tunmuaa Ty3wirad gactyp épaamuaa aHuk naTerpamauar 0.0001 aHuKIMKIard
€YMMHU TOMAIH .

4. Tyrpu TypT Oypuak, Tpaneuust Ba CUMIICOH yCYJUIApH/Ia OJIMHTaH €YMMIIAPHU TaXJIAJ
KWIAIH.
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{ - MabLPV3a MAIIFVJIOT

Onamii iudPpepenumal TeHriaama Jijiep yCyJanaa eqHi.

Huddepenuran  TeHrIamamsap HMKKATAa acocuil  cuH(ra, sSbHU  OAAMIA
au(ppepeHnral Ba Xycycuil XocHJIaau 1@ pepeHuman TeHriamanap.

Opmuit muddepennuan Terrnamanapiaa ¢akar oup y3rapyBuura OOFIUK (DyHKIIHS
Ba YHUHT XOCHJIATApH KaTHAIIAIH, SHHU

(XY, Y ¥y =0 1)

(1) TeHrnamama KaTHAITYBYM XOCHJIAIAPHUHT SHT IOKOPH TapTHOW auddepeHImal
TEHIJIAMAJIADHUHT TAPTHOM Aeiniianu. Arap TeHIJIaMa HW3JaHyBUM (YHKIUS Ba YHUHT
Xocujlanapura HucOaTaH YM3MKIA OVyica, yHra 4YM3MKJIAd AuddepeHnmnan TeHriama
neuniIaan.

Huddepeniinan TeHrIaMaHUHT YMYMUIl e4uMHU J1€0, YHU aifHUSATra ailllaHTUPyBYH
x Ba N Ta ¢,,c,,C, ., C, y3rapMaciapra OOFIMK HUXTUEPUM (PYHKUMSITa aWTHUIAIN.
Macanan (1) TeHrnmaMaHuHT yMYyMHUH €UUMH Y = ¢(X,C,,C,,., C,) KYpUHHIIJIATH
byukuusiaapgan ubopar. Arap c,.c,.C,.. C, y3rapMaciapra MyaisH Kdaimariap
Oepuica, yMyMui eduMIaH XyCyCHM €4UM XOCHJI KUJIMHAIu. XYCYCUH €YMMHH TOIHUII
Y4YH C,,C,,C, ., C, Y3rapMaclapHUHT MOC KMMMaTIAPUHU aHUKJIAII J03UM. ByHUHT yuyH

3ca €YMMHHU KaHOATIAaHTHPYBUM KyLIMMYa MIapTiapra sra OYJIMIIMMH3 Kepak. Arap
mudepeHnnan TeHraama N-tapTuOian O6yica, sroHa XyCcyCcui €4MMHH TONUII YYYH XYAIU
IIyHYa KyIIMMYa Imapmiap kepak. Xycycad, I-TapTHOJIM TEHrJama F(x,y,y') =0 HHHT
YMYMHH €4UMHU Y = ¢ (X,C) Jard ¢ y3rapMacHU TOIUII Y4yH | Ta KYIIMMua IapTHUHT
Ooepunuin Kudosi.
Kymumua maptinap Oepuininura kypa nuddepeHunan TeHraManap yuyyH 2 Xuil

Macana Kyuuiaiau:

1) Komu Macayiacu.

2) YerapaBmuii MacaJja.

Arap kymmmua mapTiap OuTTa X = X, HyKrajga Oepwica, nuddepeHunnan TeHIJIaMaHu
eyl y4yH Kyuwwiran Mmacanma Komm  macamacu nerwmnanun. Komwm macanacuparu
KYIIMMYa MapTiap OONLIAHFUY IIAPTIAP, X = X, HYKTa 3ca OONLIAHFUY HYKTa 110

atanaau. Onnuit quddepeHnuan TeHriaMalapHil SUUIIHUHT YU3Ma, aHAIUTHUK, TaKpUuOuii
Ba COHJIM €UUII YCYJIJIAaPH MaBXKY/I.

AHAJIMTHK ycyJuiapaa muddepeHnian  TEHTJIAMAHWHT  €UUMJIIApH  aHUK
dbopmynanap opKajau aHUKJIaHAIH.

Taxkpuouii ycynnapaa nuddepeninuan TeHraaMa Ba KylmmMya mapmiap y €ku Oy
Japaxaja coIIalallTHPUINO, Macajga OCOHPOK Macaiara KeJITHPHUIAIH.

Conam ycy/uiapaa 3ca €4uM aHAJIWTUK IMAKIga 3Mac, Oalku COHJIAp KaJaBaju
KypuHUIKaa onuHaau. Anbarra OyHnma muddepeHnman TeHriamaiap OJJIUH JTUCKPET
TEeHIJIaMayiap OujaH anMamTupu® onuHaau. Hatwkaga comnm ycyiutap BOocHUTacuia
OJIMHTaH €4MM XaM TaKpuOui 0ynaau.
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YMmyman onranga, oaauit auddepeHiman TeHrIaMaJapHIAT SYUMIIAPUHA aHATUTHK
yCcyn €pllaMyjia TOMUII UMKOHU JKyJa KaM OVJIraHjurd ydyH, amanja KynuH4a yJIapHU
COHJIM yCyJutap €pAaaMuia TakpuOuii XxucoOaaHaIu.

Jiliep ycyu
\ busra kyihugaru OupuHun  TapTHOMM  auddepeHIman
., TeHrnama (Komm macanacu) Hu
/ y'=f(xy) (2)
A%} ' [a,b] opanukKmaru Yo = Y(X,) OOlLILTaHFUY HIapTHU
D KAHOATJIAHTUPYBYM €YMMHUHU TOIHIL JIO3UM OYJICHH.
h Komm macanacunu Oinep ycynu €paamuja €4MII Y4YyH,
nactnab muddepeHnran TEHTIaMaHUHT C€YUMH KUIUPWIATIUTaH
Yo Xoo X Xi Xin [a,b] KecMaHU x,,X,.. X, TYI'YH HyKTajap OujaH Oymakiapra
oynamus. Tyryn HYKTAJIADHUHT KOOpAUHATAJIApU

X, =a+i-h (i =0,n —1) dbopmylia OpKaiM aHUKJIaHaAWM. Xap Oup TyryHua
y(X,) C4UMHUHT KUWMaTIapUHU YEKJIM alupMmanap €paaMmujia TakpuOuil y, Kuilmatiap
OWJIaH aaMaIITUPUIIAIHN.

MabnyMku, y = f(x) QYHKUMSHHHI X = X, HyKTa arpoduaaru Telnop karopura

ENNIMAaCHHM Kyiuaarnya €3uil MyMKUH:
1
y(X,,) = y(x)+h-y'(x,)+ ;hz SY(X) e

Y0y yekcu3 KaTOPHUHT OOIIMIAr MKKUTa Xaa OuiiaH yerapananuO, OMpUHYN TapTHOIN
XOCHJIa KaTHAIITaH XaJHU aHUKJIAIl HaTHXKacuaa KyHuaard 4ekiu anupMaiu Gpopmynanu
XOCHJT KMJIAMHU3:
(x,,) - y(x,)
i+ i 3
: 3)
(2) Ba (3) man y', = f(x,, y,) SKaHHHH XUCOOra OJIMO, KyHHJAarHHA XOCUJI KHJIAMU3!
Yia® Yia T hT0xy)) (4)
Xocwn kuiuHTaH (4) dopmyna Diiiep yCYJIUHUHT aCOCHH MITYH (hopMyiacu O0Yuo,

yi(x)~ 2

VHUHT €paaMua TYTyH HyKTajgapra moc Oynran auddepeHuuan TEHIVIAMaHWHT Y,
XyCyCcuil eduMIIapuHu Tonuil MyMKHH. FOxopunarum gopmynanan KYpuHUO TypUOIMKH,
Y,,, CUMMHHM TONHUII YYyH y, €UYMMHHUIuHa Ownmin kudos. [emak, Ditnep ycynu Oup

KaJaMJId yCyJIap >Kymiiacura Kupasu.
Macanan: Kyiiunaru quddepeniyan TeHriama

y =x+y
OOLUTaHFUY IIAPT
y(0) =1

acocuga 3171.]1613 yCyjaa [0;1] OpaJIMKAaru COHJIM CHUMHWHHU TOIIAMH3.
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BynuHr yuyH Kyiingaru ketMa — KeTJIMKHH OakapaMus.

1. [01] opanukuu 10 Ta 6ynakka 6yinamus:

h=——=0.1

1-0
10

y X, =a+i-h=0+i-0.1=0.1-i

i=12,3,--10.

2. Kyitunaru ¢opmyna épaamuaa y, QyHKIMSHUHT KHAMATIapUHHA TOTIAMH3.

X, =1-0.1=0.1 ;

X, =1-0.1=0.1 ;

10

3.bepuinran nuddereHman TeHrIaMaHUHT €UUMH: y = 2 -e” — x - 1.

=2-01=02 ; y,=y,+h-
X,=3-01=03 ; y,=y,+h:
=4-01=04 ; y,=y,+h-:
X, =5-0.1=05 ; y, =y, +h-

X, =7-01=07,; y, =y, +h-

Y, = Yo+ h-

X, =6-01=06,; y, =y, +h-f(x;)=1.7210

X, =8:-0.1=0.8; y,=y,+h-f(x,)=2.1974
X =9-01=09; y, =y, +h-f(x,)=2.8159

=10-0.1=1; vy, =y, +h-f(x,)=23.1875

Yy, =Y, +h-f(x,)=1+01-(x,+y,)=1+0.1-(0+1)=1.1

f(x,)=1+0.1-(x,+y,)=1+01-(0+1)=1.1

f(x,)=11+0.1-(x,+y,)=1.1+0.1-(0.1+1.1) =1.22

f(x,)=122 +0.1-(x,+Yy,)=1.22 +0.1-(0.2+1.22) =1.362
f(x,)=1362 +0.1-(x, +vy,)=1.362 +0.1-(0.3+1.362) =1.5282
f(x,)=15282 +0.1-(x, +vy,)=15282 +0.1-(0.4+1.5282 ) =1.7210

+0.1-(x,+y,)=1.721 +0.1-(0.5+1.721) = 1.9431

f(x,)=1.9431 +0.1-(x, +y,)=1.9431 +0.1-(0.6+1.9431 ) = 2.1974

+0.1-(x, +Yy,)=2.1974 +0.1-(0.7 + 2.1974 ) = 2.8159

+0.1-(x, +y,) = 2.8159 +0.1-(0.8+ 2.8159 ) = 3.1875

+0.1-(x, +y,)=23.1875 +0.1-(0.9 + 3.1875 ) = 3.6062

TapuOuii e4UMHHM aHUK €4YUM OWJIAH COJTMIUITHPUII KAABAJIH.

T.p| Aprymenr x AHHK e4yuM Diiniep ycynnaa Takpubuii eunm
HUHI KMMMaTu o2 —xo1 TOIMJITaH €4UM TOIMUILIAATY XaTOJIUK
1 0.1 1.1103 1.1000 0.0103
2 0.2 1.2428 1.2200 0.0228
3 0.3 1.3997 1.3620 0.0377
4 0.4 1.5836 1.5282 0.0554
3) 0.5 1.7974 1.7210 0.0764
6 0.6 2.0442 1.9431 0.1011
7 0.7 2.3275 2.1974 0.1301
8 0.8 2.6511 2.4872 0.1639
9 0.9 3.0192 2.8159 0.2033
10 1.0 3.4366 3.1875 0.2491
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Nuddepenunan TeHrIaManu Jiljiep ycyauaa Xxucooam aJropuTuMu.

1. Iuddepenmman rearnamanunr f(X,)) GYHKIMIACHHY , x < [a;b] OPATUKHHU Ba N

OpaJIuKHHU 6S'IJII/IHIJIap COHUHU aHHKHaﬁMH3.
b-a

2. KamamMuu aHUKIIaMMU3: h =
n

3. kyitnaaru ¢popmyna Epaamuaa y, QyHKUUSHUHT KHAMATIapUHU TOTIAMHU3.

X, =a+i-h ; y,=y  +h-f(x,_,,y,,), i=123,-.10.

Ju¢pepeHunan TeHrIaMaHu Jiljiep yCyJauaa yCcyJauaa
xuco0aamHuHr Ilackan gacrypm.

var

I,k,n:integer;

a,b,h,x:real;

function f(x,y:real);real; begin f:= x+y; end;

begin cls;

write(' OpaJMKHUHT YyerapaBuil KuiMatiaapuHu KUpuTHHT A=');read(a);
write(" B='");read(b); writeln;

writeln(" bBounanruy maptau kuputuar y=');read(y);

writeln(" OpanukHUHT OYIUIIap COHUHU KUpUTHHT N=");read(n);
h:=(b-a)/n;

writeln("  JIuddepennnan TeHr1aMaHuHT SUUMH);

for i:=1 to n +1 do begin

X:=x+i*h; y:=y+h*f(x,y);

writeln("  x(’ 1:2,”)=",x:8:4,” y(,1:2,7)=",y:8:4);end; end.

9 — TonIUPHUK,

1. Tanaba 6— xaaBIAaH XypHaiaard TapTuO pakamu OVitnda TOMIIUPUKHHI OJIa/IH.
2. Jluddepennnan TeHIIIaMany OepuiIral OpajiuKIard e4uMuHN opanukan 10 ta
HyKTara 0yiunob, Kynmaa xucoouanu.
3. [Tackan Tunmaa Ty3wiras aactypiaap €paamuaa nuddepeHiuan TeHraiaMaHuHT
€YMMHHU TOIAIH .
4. EunmiapHM TaxJInI KUJIaIu.
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6- >xaaBall.

T.P Tenrnama bounanrny mapr Opanuk
1 |y =x+1y+2vx y(@) =1 [1: 2]
2 |y o ety et e y(0) =1.4 [0 1]
3 |y =x+1-y-x+2 y(2)=0.8 [2; 3]
4 |y -2dxy-x° y(@) = -2 [1; 2]
5 |y otfiryisx y(3)=1.6 [3: 4]
6 |y =05-x"y-x’ y(1) =0.6 [1: 2]
7 |y =35x"-y+2-x y(0)=0.4 [0 ;1]
8 |y =42xy-3%° y(1) = 2.4 [1; 2]
9 |y =34.x-y+25.x° y(2) =1.06 [2 ;3]
10 | y =6.5-x*-y-3.3-«x y(3) = 2.07 [3; 4]
11 |y o288 %y as1 y(0)=1.38 [0 ;1]
12 y =35.-x"y—x’+1 y(1) =2.8 [1; 2]
13 |y ca2.x-y—+fx+1 y(2) = 2.7 [ 2 ; 3]
14 | y =2 6-x3-y-x"+1.4 y(3) = -5.04 [3; 4]
15 | y =35 xet-y-x° y(0) = 2.9 [0 ;1]
16 | y =04-x-y+06-x>+1 y(1) = 0.28 [1: 2]
17 | y =0.5-x7 -y +sin( x) y(2) =2.19 [2; 3]
18 |y =34 x+12.y-x"+1.4-x y(3) = 10.04 [3: 4]
19 |y 221.4x-y-1.5-x y(0) =12.8 [0 ;1]
20 y':3,3.3\/m.y_2,8.x2 y(1) = 2.15 [1; 2]
21 | v ok i25.y-35.x y(2)=11.18 [2; 3]
22 | v\ i12.y-25.x y(3) = -6.05 [3; 4]
23 |y = (x*+1)-y-3.4-x y(0) = 4.6 [0 ;1]
24 y-:m_wgle_xz y(2) = -1.14 [2; 3]
25 |y \axti1y-25.%° y() =43 [3 4]
26 |y =sin( x)-y - ~/x y(0) = 0.9 [0 ;1]

55




Opaunii iu¢pepenumnan tenriniama Pynre - Kyrra yeyanaa equun.

Diinep ycynuaa nuddepeHiuan TEHINIaMaHUHT €YMMUHU TOMNTraHAa Kajgam KaHda
KAYUK OVyiica €YUMHHU [IyHYa aHUKIUK Tomuin MyMKuH. Kamam kuuuk Oyiranga
xucoOnam Kym OYIWIM HaTWKacuaa IIyHYa XaToJduKiap maigo Oyiaau. MacamaHwHT
IOKOPH aHHMKJIHMKAA CYUMUHHU Oepaiurad Oup KaJaMid OLIKOpP YCYJUIApHUHT OoIka Oup

HEYa XWUIAPU XaM MaxyJ. YJIApHUHT WYMJa aMmajja dHT Kyl HIIaTuiIagurann PyHre-
KyrTa ycynu xucobmananu. Ycyn maprura Kypa xap Oup ssHru X,,, TyT'yH HyKTajar# vy, .,
€YMMHH TONHII YUYH f(x,y) (PyHKIUSHU 4 MapTa Xap Xuji apryMEHTJIap YUyH XHUCcoOJamn
KEpakK.

bupunun Taptbnu quddepennuan renriama (Ko Macanacu) Hu
y'=f(x.y) (1)
[a,b] opanukmaru y, = y(x,) OONUIAHFUY MIAPTHU KAHOATIAHTHPYBYM CUYUMHUHU TOIIUII
J103UM OVJICHH.
YcynHuHr unmau Gopmynacu Kyiuaarnda E3uiiaiu:

h
Yo=Y, +—(k,+2k, +2k, +k;) i=01,.,n
6
Oy epna ko = (X, ¥,);
h h
k, = f(x,+—,y, +—-k,);
2 2
h h
k, = f(x,+—,y, + —-k,);
2 2
k, = f(x, +h,y. +h-k,);
b-a
h = , X, =a+i-h,

n
Macanan: Kyiiunaru quddepeniyan TeHriama

y =Xx+y
OOLUTaHFUY IIAPT
y(0) =1
acocuna Pynre - Kyrra ycynuaa [0;1] OpajluKIard COHJIM €YHMMHUHU TOIIAMU3.
ByHUHT yuyH Kyinjaru kKetMa — KeTJIMKHHU Oa)kapamus.

1. [0:1] opanukuu 10 Ta 6ynakka 6yIamMus:

1-0
h=——=01,; x,=a+i-h=0+i-01=0.1-i ; i=123,-.10.
10
. h . o
l-gag!aM. X, +—=0+0.05=0.05 ; i=1 'y, AHHUKIAUMHU3.
2
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Ky = F(Xg,¥y) =X, +Y,=0+1=1;

k, = f(x,+0.05,y,+0.05-k,)=0.05+1+0.05-1=1.1;
k,= f(x,+0.05,y,+0.05 -k, )=0.05+1+0.05-1.1=1.105;
k,=f(x,+0.1,y,+0.1-k,)=0.1+1+0.1-1.105 =1.210 5

h 0.1
Y, =Y, + —(k, +2k, +2k, +k,)=1+—-(1+2-1.1+2-1.105 +1.2105 ) = 1.110342
6 6

h o
2 -KaJaaMm. X, + ; =0.12 + 0.05 = 0.25 ;o =1; y, AHHUKIIANMMH3.

k, = f(x,,y,)=x, +y, =1.210342 ; k, = f(x, +0.05,y, +0.05 -k,) =1.320889 ;
k, = f(x, +0.05,y, +0.05 -k,) =1.326385 ; k, = f(x, +0.1,y, +0.1-k,) =1.442980 {4,

0.1
y, = 1110342 + —-(1.210342 + 2-1.320889 + 2-1.326385 +1.442980 ) = 1.242805
6

h .
3 -KamaMm: x, + - 02+0.05=025 ; i=2; vy, AHUKJIAUMH3.

ko= f(x,,y,)=x,+y,=1442805 ; k, = f(x,+0.05,y, +0.05 -k,) = 1.564945

k, = f(x,+0.05,y,+0.05k,)=1571052 ; k, = f(x,+0.1,y, +0.1-k,) = 1.699910

0.1
y, = 1.242805 + —-(1.442805 + 2-1.564945 + 2-1.571052 +1.699910 ) =1.399717
6

h

4 -kajam: «x, + 5 -03+005-035  i=3 vy, aHUKJIauMU3.

k, = f(x;,y,)=x,+y, =1699717 ; k, = f(x, +0.05,y, +0.05-k,) =1.834703

k, = f(x,+0.05,y,+0.05 k )=198862 ; k, = f(x,+0.1,y,+0.1-k,)= 1983862

1
y, =1399717 + —-(1.699717 + 2-1.834703 + 2-1.983862 + 1.983862 ) = 1.583648
6

h .
S -Kamam: «x, + 5= 04+0.05 =045 i=4; y, aHUKJIAUMU3.

k,= f(x,,y,)=x,+y,=1983648 ; k, = f(x, +0.05,y, +0.05 -k,) = 2.132831

k,= f(x, +0.05,y, +0.05-k,)=2140290 ; k, = f(x,+0.1,y, +0.1-k,) = 2.297677

0.1
y, = 1583648 + —-(1.983648 + 2-2.132831 + 2-2.140290 + 2.297677 ) = 1.797441
6

h o
6 -KaJaM: x, + ; =0.5+0.05 =0.55 , i=5 'y, AHUKJIANMMH3.

ko= f(Xy,¥ys)=x,+y, =2297441 ; k, = f(x, +0.05,y, +0.05-k,) = 2462313

k, = f(x,+0.05,y, +0.05 k)=2470557 ; k, = f(x,+0.1,y, +0.1-k,) = 2.644497

0.1
Y, =1.797441 + —-(2.297441 + 2-2.462313 + 2-2.470557 + 2.644497 ) = 2.044236.
6
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h
[ -KajgaMm. x6+;:0.6+0.05:0.65 ©i=6;

kK, = F(Xg,¥s) = X4 + Y, = 2.644236
k, = f(x, +0.05,y, +0.05-k,) = 2.835558
0.1
y, = 2.044236. + ——-(2.644236 + 2 -2.826448
6
h
8 -Kamam: x, + —=0.7+0.05=0.75 ; i=7;
2
k, = f(x,,y,)=x,+y, =3.027503
k, = f(x, +0.05,y, +0.05 -k, ) = 3.238947
0.1
y, = 2.327503.. + ——-(3.027503 + 2 -3.228878
6
_ h
9 -kagaM: x, + —=0.8+0.05=0.8 ; i=S8;
2
k, =

k, = f(x,+0.05,y, +0.05 k) = 3.684761

y, = 2.651079

+ 2 -2.835558

kg =

+ 2 -3.238947

Yo

y, AHUKJIAUMH3.

y, AHHUKJIANMU3.

; k= f(x, +0.05,y, +0.05-k,) = 2.826448
y ky = f(x,+0.1,y, +0.1-k,) =3.027792

+ 3.027792 ) = 2.327503.

k.= f(x,+0.05,y +0.05 k)= 3228878

f(x,+0.1,y, +0.1-k,) = 3.451398

aHUKJIaNMH3.

+ 3.451398 ) = 2.651079.

f(Xg,Y,) = X, + Y, = 3451079 ; k, = f(x, +0.05,y, +0.05 -k,) = 3.673633

6

10 -xkagam: «x, + h_
2

k

0

k =

2

Y, = 3.019203

0.1
+ —-(3.451079 + 2-3.673633

0.9+0.056 =0.95 ; i=

; k= f(x,+0.1,y,+0.1-k,) = 3.919555

+ 2-3.684761 + 3.919555 ) = 3.019203.

9; vy, AQHHUKJIANMU3.

f(xy,y,) =X, +Yy, =3919203 ; k, = f(x, +0.05,y, +0.05-k,) = 4165163

f(x, +0.05,y, +0.05 -k, ) = 4177461

6

0.1
+ —-(3.919203 + 2 -4.165163

; k=

3

+ 2 -4.1774611

f(x, +0.1,y, +0.1-k,) = 4436949

+ 4.436949

) = 3.436559.

TapuOuii e4MMHU AHMK e4UM OMJIAH COJUIITHPHULI KAABAJHU.

T.p| Aprymenr x AHHK e4yuM Pynre - Kyrra Takpubuii eunm
HUHT KMIMaTH - 2.6 x_1. YCYJIMIA TONWITAH | TOIMILJIATH XaTOJIHUK
e4uM
1 0.1 1.110342 1.110342 0.000000
2 0.2 1.242806 1.242805 0.000000
3 0.3 1.399718 1.399717 0.000001
4 0.4 1.583649 1.583648 0.000001
3) 0.5 1.797443 1.797441 0.000001
6 0.6 2.044238 2.044236 0.000002
7 0.7 2.327505 2.327503 0.000002
8 0.8 2.651082 2.651079 0.000003
9 0.9 3.019206 3.019203 0.000003
10 1.0 3.436564 3.436559 0.000004
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JAnddepenunan renraamanu Pynre - Kyrra ycyanaa xuco0J1amm aJJropuTUMM.

1. Iuddepennman rearnamanunr f(X,)) GYHKIMIACHHY , x < [a;b] OPATUKHHU Ba N
OpAIMKHU OYJIHIIIAp COHUHU aHUKJIaiMU3.

b-a

2. KagaMHu aHMKJIAUMH3: h =
n

3. Kyitnaaru ¢popmyna épaamuaa y, QyHKIMSHUHT KHAMATIapUHA TOTIAMH3.

h
Y, =Y, + —(k, + 2k, +2k, +k;) i=01,.., n
6

b-a

Oy epna h =

, X, =a+i-h,
n

1

h h
ky = f(x;,y,) s ko= f(x;+—,y,+—-Kk,)
2 2

3

h h
k, = f(x;+—,y,+—-k,); k,="f(x;,+h,y, +h-k,)
2 2

Judppepenunan tenrinamanu Pynre - Kyrra ycyanaa ycyanaga
xuco0aamHuHr Ilackan gacrypm.

var

I, n:integer;

a,b,h,h1 x,y,k0,k1,k2 k3:real;

function f(x,y:real);real; begin f:= x+y; end;

begin cls;

write(' OpaJUKHUHT YyerapaBuii KuiMatiaapuHu KUpuTHHT A=');read(a);
write(" B='");read(b); writeln;

writeIn(" Bounanruy maptau kuputuar y=");read(y);

writeln(" OpanukHUHT OYIUIIap COHUHU KUpUTHHT N=");read(n);
h:=(b-a)/n; h1:=h/2;

writeln("  JIuddepeHnnan TeHr1aMaHuHT SUUMH);

for i:=1 ton do begin

kO:=f(x,y); k1:=f(x+h1,y+h1*k0);

k2:=f(x+h1,y+h1*k1); k3:=f(x+h,y+h*k2);

X:=x+i*h; y:=y+h*(k0+2*k1+2*k2+k3)/6;

writeln("  x(°, 1:2,))=",x:8:4,” y(,1:2,7)=",y:8:4);end; end.

10 — TonmMpHuK.
1. Tanaba 6— *aABiIaH *KypHalAaru TapTud pakamu OViinda TONIIUPUKHU OJIA]IH.
2. ludbdepennnan TeHrnaMmanu oepuirad opanukaaru Pynre - Kyrra ycynuna equmMuHu
opanuknau 10 Ta HykTara 0ynm0, Kynma xucoOmanau.
3. [Mackan Tunuaa Ty3wiran aactyp épaamuaa auddepeHiman TeHrIaMaHuHT CYUMHA
TOTIA]IH .
4. EyuMnapHH TaxJIiT KAJIaIu.
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8 - Mabpy3a MAIIFYJIOT

bupunyu TapTudan ogauii AudPepeHnuas TeHrJIaMagap CHCTeMACHHU Ba IOKOPH
TapTuOau onauid nuddepenunan renraiama o Pynre - Kyrra ycyjauaa equu.

bupunun taptu6 opamii quddepereHnnan TeHriaManap CucTeMacu Kynuaaru
KYpUHHUIIIIA OYIaIu:

|[y1I:F1(Xlry1!y2!y31"'r ym)
|ylz = Fo (X0 Y Yy Yeo o Yy
Jy;:Fs(Xl'yl'yz'ys""' o) (1)
R
|
{ym = Fm(xl y1'y2 y3 ym)
60H1JIaHFH mapTiiap
(y1(xg)7c1
‘yz(xo)_cz
Jy3(XO)=C3 (2)
BT
\
ly.(x,)=C,
6y cpaa Cj (] =1,2,3,---,m) S'ISFapMaC COHJIapaup.

(1) mudpdepenman Tenrinamara kyuiaras (2) — Komm macanacuam yMmyMuil KYpuHUIIIIA
KyHujgaruda E3uill MyMKHH.

y. . =F (x,Y)
: : j=1,23,--m. (3)
v,(x,)=C,.

Oy epaa Y =(y,.y,. Vv, -~ y,) BEKTOp y3rapyBUugup.

Huddepennman tenrnamanap cucremacuau Pynre — Kyrra ycynupmarum — ummuau
dbopmyrnacu Kyiiugaruyia 3uaau:

. . h : _ .
y =yl + g(k; + 2k +2k) +k)) i=021..,n. j=01.,m. (4)
6y cpaa I(oj = f(xi’Yi);
i h i b
k) =F,(x; + =Y, +—-k,);
2 2
i h i b
k, =F. (x,+—= Y, +—-k,);
j i 2 i 2

2
k) = F,(x,+h,Y  +h-k))

b-a )
= , X, =a+i-h,
n
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FOxopu TapTudim nuddepennuan Tenraamadepuiran 6yiacun. Macanas:

y " = F Gy y Ly ey ), (5)
benrunam iy Ounan 6epuirad nuddepeHnran TeHriaaManu oaaui audeperiman
TEHTJIaMaJIap CUCTEMAaCUTa KEITHPUII MyMKWH, IbHU:

[y =2z, ,
B
-2, . (6)
I ............
{Z‘H = f(x,z,,2,,2,,--2, ;).
Hatmwxkana  rokopumaru (4) dopmymaman  doigamannd,(5) auddepeHIIAT

TEHIJIAMAHUEYUMHHH TOIUII MYMKHH.
Macanan: kyiuaaru auddepenuuan TeHrinamanu eunMmuHu Pynre — Kyrra ycynmpa
TOIUII KypaMu3.

y'+2-y —y=2+4-x-x’ (7)

OOIIJTaHFUY IIIAPTHH
(y@) =1
ly 1) =2

(8)

[1;1.5] opanukgard OONUIAaHFUY IIAPTIAPHU  KAHOATIIAHTUPYBYM €UUMHMHM TOIHUII
JI03UM OVJICUH.

Euwntn:

y =z ; y =z Oenrunam KUpUTUO, UKKH HOMAbIyMJIM TEHIJaMajap CUCTEMAaCUHU XOCHJII
KUJIaMu3.

OONUTaHFUY IIAPTIIAP:

[y@) =1
|1z(1) =2

Pynre — KyTranunr uirau GopMmynacuHu €3aMus:

h
[y”1 =y, + —(k, + 2k, + 2k, + k;)
6
J H i=0,1,..,n
{zm =z 4+ — (k24 2k v 2k + kD)
6

Oy epaa
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2 2 .
Ky =2+4-X, =X, —2-2,+y, ;t, =X, +—;

[ h.
|
|

h h
kK =2+4-t, -t —2-(z,+—-k')+y +—-k,
2 2

| h h
|k;:2+4-ti—ti2—2-(zi+—-k22)+ yi+—~k;
| 2 2
[k, =2+4-t, -t =2-(z;+h-k;)+y, +h-k,
1.5-1 _
h = =0.1, x,=1+1i-0.1.
5

MacajJaHUHT eyl KeTMA — KeTJIMIH.

l.i=1;x,=1y,=1; z, =2 MabayMoTiapjaan hoiganuuud y, , z, ;

1 .
0 2’
1 h 1
k1:20+—k0:2+0.05~2:2.1;
2
h 1
k =2z,+—-k, =2+0.05-2.1=2.099875 ;
2
k;:zo+h k =2+4+0.1-2.105 = 2.200275
2 2 . .
224 4. Xog=Xg =22y +Yy,=2+4-1-1"-2-2+1=2;t,=%,+0.05=1+0.05=1.05;

2 2 h 2 h 1
k) =2+4-t, o —2-(z,+—-k )+ vy, +—-k, =1,997500 ;
2 2
h 2 h 1
k =2+4-t —2«(zo+—~k1)+ y, + —-k;, =2.002750 ;
2 2
ki =2+4-t,—t.-2-(z,+h-k.)+y,+h-k, =1999438.
h 1 1 1 1 .
Jylzyo+g(k0+2k1+2k2+k3):1.2100 ;

h 2 2 2 2
z, =1, +E(k° + 2k, + 2k, + k. )= 2.199999
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2.

i=2; x, =1.1;y, =1.2100 ; z, = 2.19%999  MabJIyMoOTIapaaH Gonganuaud y, , z

1

K, = 2.199999 ;

h s
k, +—-k, = 2.299999 ;

h
K, + —- k) = 2.299874
2

k =z, +h. k = 2.4002743

2

k, ’ AP Dy ;
=2+4- tl—t1—2-(zl+;~ 0)+y1+z- o =1.997502 ;

h h
k=244t -t —2-(z,+—-k')+y, +—-k, =2.002752 ;t =x, +0.1=1.2
2 2

(K
|
|
|
]
|
|
|
(
|fk =2+4.Xx, —X —2-z, +y,=2.200003 ;t =x +0.05=1.15;
|
|
!
|
|
|ij_2+4 t,—t’—2-(z;,+h-k)+ vy, +h-k, =1999439;

[

h
y, =Y +—(k +2k +2k +k)—1440001 ;
6

h 2 2 2 2
z, =1z, + —(k, + 2k, + 2k, + k, )= 2.3999998
6

3.i=3; x,=1.2; y, =1.440001 ; z, = 2.3999998 MabiIyMOTIapJaH (poitganuuud v,

k = 2.399998 ;

ST

2

k, =z, +— -k, = 2.499998 ;

2

1 1 .
Ky =z,+—-k = 2.499873 ;

=z
=7, +
=z

ki=1z,+h-k, = 2.6500274

[ARN

2

2

2 h 2 h 1 .
k) =2+4-t,-t, -2-(z,+—-k,)+y,+—-k, =1.997504 ;
2 2

1
2
2

h h
k) =2+4-t, -t —2-(z,+—-k')+y, +—-k =2.002754 ;t, =x,+0.1=1.3
2 2

[

|

|

|

)

|

|

|

L

|fkj=2+4.x2—xj—2-z2+y2=2.000004 ;t, =X, +0.05 =1.25;
|

|

)

|

|

|ij=2+4-t2—tj—2.(zz+h-kj)+y2+h-k; = 1.999441;
[

2

h 1 1 1 1 .
Jy3=y + —(k, + 2k, + 2k, + k,) =1.690001 ;
6

h 2 2 2 2
{zg =z, —(kZ+2k® + 2k2 + k)= 2.500007
6

63

2



4.i-4; x,=13;y,=-1.6909 ; z, = 2.5%7 MabIyMOTJIapaaH ¢oiganuuud y, , z, ;

= z,= 2.599997 ;

h 1
+—-k, = 2.699998 ;

k!'=2z
' 2

(

|

|

|

{ h

ki = + —-k, = 2.699873 ;

I 2

l{ki =z, +h-k, = 2.800273

|[ ~ X, —2-2,+y,=2.000006 ;t,=x,+0.05=1.35;
|
|
1
|
|
|
L
[

2 h 2 h 1
k) =2+4-t,-t;, -2-(z,+ —k,)+ vy, +—-k; =1.977505 ;
2 2
2 h kz h kl .
-t, -2-(z,+ =k )+ y3+;- , = 2.002755 ;t, =x,+0.1=1.4
2 2 1 .
-t,-2-(z,+h-k,)+y,+h-k, =1.999442 ;
h 1 1 1 1 .
y, + —(k, + 2k, + 2k, + k;) =1.960001
6
h 2 2 2 2
2, =2, +—(k, + 2k, + 2k, +k, )= 2.799997
6

S.i=5; x,=1.4;y, =1.9000L ; z, = 2.799997  MabJIyMoOTJIapjaH (poianuuuo vy,

(k) = z,=2.799997 ;
|
|k1 h 1
| 1:z4+;-k0:2.899997 :
]
| 1 h 1
k, =z, + — -k, =2.89972 ;
| 2
|Lk31:24+h-k;:3.000273
|[k02=2+4-x4—xj—2-z4+ y, = 2.000007 ; t, = x, +0.05 =1.45;
| 2 2 h 2 h 1
| k, :2+4-t4—t4—2~(24+;-k0)+ y4+;~k0:1.997506 ;
]
| |2 2 h 2 h 1
|k2 =2+4-t,-t, -2-(z,+—-k; )+y,+—-k =2.002756 ;t, =x,+0.1=1.5
2 2
|ij:2+4-t4—tj—2-(z4+h-kj)+y4+h-k; =1.99443 :
[

h 1 1 1 1 .
y, + —(k, + 2k, + 2k, + k,;) = 2.999997 ;
6

B

h 2 2 2 2
{25 =z, +—(k2+2k2+2k2 + k)= 2.500001
6
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TapuOuii e4uMHH AaHUK €4UM OMJIAH COJMIITHPHII 5KABAJIN.

T.p| Aprymesr x AHUK e4uM Pynre - Kyrra TakpuOuii euum
HUHT KUAMaTu J = X YCYJIMJIA TONWITAH | TOIMILJIArd XaTOJHUK
UM
1 1.1 1.210000 1.210000 0.000000
2 1.2 1.440000 1.440001 0.000001
3 1.3 1.690000 1.690001 0.000001
4 14 1.960000 1.960001 0.000001
5 1.5 2.250000 2.250001 0.000001

Nxxunun taptudam gudppepennuan renriaamanu Pynre - Kyrra ycyamnaa xucooJsaam
AJIrOPUTHMH.

1. Auddepennman rearnamanunr f(X,)) GyHKIHUACHHY , x < [a;b] OPATUKHHU Ba N

OpaIMKHH 6§7J'II/II_HJIap COHUHU aHHKHaﬁMHS.
b-a

2. KagamMHu aHMKJIalMMU3: h =
n

3. Ky#iunaru ¢popmyna épaamuaa y, GyHKIUSHUHT KHAMATIapUHA TONIAMU3.

h
(yH1 =y, +—(k; + 2k11 + Zk; + kal) ,
6
J h i=01,..., n
Lzm =z 4 — (kP 2k w2k 1 kD)
6

Oy epaa X, =a+i-h,
1
= h
|[k° g |[k02=2+4~xi—xi2—2~zi+yi;ti=xi+—;
|k1— Ekl- | 2
T ET o 2 2 h 2 h 1
2 k) =2+4-t. -t —-2-(z.+—-k, )+y. +—-Kk
1 i i i 2 1 i 2 1
h
1 1,
e =z ok - : n L h
| 2 |k, =2+4-t,-t, —=2-(z,+ —-k,)+y, +—k,
h 2 2
|Lk31:zi+—~k;. | 2 2 2 1
) |k, =2+4-t, -t —2-(z,+h-k])+y, +h-k,
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Nxxunum tapTudiam nudpepennnan renriaamanu Pynre - Kyrra yecyauaa
xucoOaamHuHr Iackan gacrypm.
var
I, n:integer;
a,b,h,h1,x,y,z,k0,k1,k2,k3,zk0,zk1,zk2,zk3:real;
function f(i:integer;x,y,z:real):real;
begin case i of 1: f.:=z;
2:f:= 2+4*x-x*x-2*z+y; end;end,;
begin cls;
write(' OpaJIMKHHUHT YyerapaBuil KUiMatiaapuHu Kuputuar A='");read(a);
write(" B='");read(b); writeln;
writeln(' boumanrny maptau kuputaar Y=");read(y);
write(" z=");read(b); writeln;
writeln(" OpanukHUHT OYJIMILIAp COHUHU KUpUTHHT N=");read(n);
h:=(b-a)/n;h1:=h/2;x:=3;
writeln("  JIudepeHuman TeHrIaMUHUHT CUUMH ');
for i:=1 ton do begin
k0:=f(1,x,y,2); zk0:=f(2,x,y,2);
k1:=f(1,x+h1,y+h1*k0,z+h1*zk0);zk1:=f(2,x+h1,y+h1*k0,z+h1*zk0);
k2:=f(1,x+h1,y+h1*k1,z+h1*zk1);zk2:=f(2,x+h1,y+h1*k1,z+h1*zk1);
k3:=f(1,x+h,y+h*k2,z+h*zk2);zk3:=f(2,x+h,y+h*k2,z+h*zk2);
y:=y+h*(k0+2*k1+2*k2+k3)/6;
z:=z+h*(zk0+2*zk1+2*zk2+zk3)/6; x:=a+i*h;
writeln("  x(', 1:2,")="x:8:4," y(',i:2,)="y:8:4);end; end.

11 — TonmuMpHuK.
1. Tanaba 7— »aaBIaaH KypHAJIJAard TapTHO paKkaMu OVHHYa TONIITUPUKHH OJIAJIH.
2. Iuddepennman renrnamanunr eaunmuan Pynre - Kyrra ycynuaa 6epunran
OpaJuKHU S Ta HyKTara 6ynuo, Kynaa Xxucooanu.
3. [Mackan Tunuaa Ty3wirad aacrypiap épaamunaa quddepeHiyan TeHrIaMaHuHT
eunMHd 0.0001 apuKIMK OWJIaH TOITAIH .
4. EyuMnapHH TaxIi1 KUJIaIu.
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7 - KaaBaJl.

bupunun NxxkuHum

T.P Tenriama oo IaHFUY oouuianrud | Opaauk
mapT mapT

1 y +2x-y +3-y=1.5 y(0.6) =1.1 y'(0.6) = 2 [06;11]
2 y —xy +3y=x+1 y(0.8) =1 y (0.8)=1.4 [0.8;1.8]
3 y +y /3+xy =2 y(0.6) =1.1 y'(0.6) =2 [0.6; 1.6]
4 y —0.6y —2y/Xx=x y(0) =1 y (0)=2.4 [0;1]
5 y e xy oy H(2x) =1 y(2) =21 y'(2) =3.22 [2;2.8]
6 y +4xy'-2yx = 4X y(0.8) =1 y (0.8) =1.4 [0.8;1.8]
7 v + (1.5)y'—(3x + 5)y = 4 y(0.6) =1.1 y'(0.6) = 2 [0.6; 1.6]
8 y +sin xy'+2yx =1.2 y(0)=1.14 y (0) =2.2 [0;z/2]
9 y —sin xy + (x+1)y = 2x y(0.1) =14 y'(0.1) = 2.3 [0.1;1.1]
10 y —cos xy +3x°y=x y(0)=0.5 y (0)=2.4 [0; 1]
11 |y -3 -15y=x+1 y(.1) =14 y'(y =21 [1.1;1.2]
12 y —(x+1)y +3xy =2x° y(l.4)=1 y (1.4) =1.2 [1.4;2.4]
13 |y - (@x+1)y -3x = x y(0)=1.1 y'(0) =2 [0;1]
14 y —(x+3)y —4xy =2x y(0) =1.4 y (0)=2.4 [0;1]
15 y +2xy —xy =1.7 y(0) =1 y'(0)=1.4 [0;1.4]
16 y +ctgxyy —vy=3 y(0) =1 y (0)=1.6 [0; z/2]
17 |y +2x - (Bx+1)y=2 y(0) =2 y'(0) = 2.6 [0;1]
18 y +sinxy —2y=3x+1 y(0)=1.2 y (0)=1.8 [0;z174]
19 |y 43w -18x =14 y(0) =2 y'(0) = 2.6 [0;1]
20 y +(0.2x+1)y —4y = 3x y(.1) =17 y (1.1) = 3.6 [1.1;21]
21 |y 4xy -14y=2x+1 y(0) =1.6 y'(0) = 4.2 [0 0.6]
22 y —3xy +y=3xsin x y(0) = 3.3 y (0)=4.2 [0;=/2]
23 y +2.3xy —6xy = 4x y(0) =1.2 y (0) =1.4 [0;0.8]
24 y +3Xy —cCoS Xy =sin X y(11) =1 y (11) =2 [1.1;2.1]
25 y —(Bx+1)y —4x=2 y(0) =2 y'(0) =25 [0; 0.4]
26 |y 4y iBx)—y=3/x y(0.6) =1,3 vy (0.6) = 2.4 [0.6; 1.6]
27 |y +2x’y 44y =x+1 y(0.7) = 1 y'(0.7) = 2,3 [0.7; 1.7]
28 y —3xy —y/(2x)=0.7 y(0.4) =14 y (0.4) =21 [0.4;0.7]
29 |y -y i2+2yix=x/4 y(1.1) = 0.9 y'(11)=18 [1.1;1.6]
30 y +3y —y/x=x+1 y(0.5) =1 y (0.5)=1.4 [0.5;0.8]
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0 - Mabpy3a MAIIFYJIOT

Yerapasuili MacajajJJapHU eYUIIHUHT YEeKJIU-aHUPMAJIap YCYJIHU.

WkxkuHaun Taptubnu, ¥Y3rapyB4aH KodpduiumeHT M omauid  auddepeHnnan
TEHIJIAMAHUHT KYPUHUIIM Kyiinaarnya Oyinaam:

Yy (x)+ p() Y () +a(x)y(x) = f(x) 1)

muddepeHnnan TEHrTaMaHUHT e4yumiiapura [a, b] OpaJMKHUHT 4YEeTKM a Ba b
HyKTajapuja

[moy(a)+m1yl(a)—m2 )

L9,y (b)+9,y'(b) = g,
yerapaBuid maptiap Oepuiran OyicuH, (1) TeHrnama Ba (2) 4yerapaBuil IIapTiapHU
KAHOATJIAHTUPYBUYU Yy = y(x) (yHKus nuddepeHnnan TeHrmaMaHuHT XyCycHil e4uMu
JaedunJIaan.

(1) ma Gepwiran p(x), q(x), f(x) KoddduireHT QyHKIUAIApHUHAT [a, b] opanukaa

Y3IMYKCU3JIUTH Tajlad KUJIUHAIWA. m,,m,,m,,g,,9,,9, 4YerapaBui mapt Oearuiapu OYyiraxn
y3rapmac coHjap xucoOJiaHaIu.

Yexiu aiMpMasiap ycyJiu.

Nkxunun Ttaptu® (1) nuddepennuan TeHriamara Kyuwiaran (2) derapaBuit
MacajaHu 4YeKJId alupMmaliap ycyld OwiiaH euuil y4dyH [a,b] OpajuMKHHU x, =a+i-h

, . . b - o
dbopmyna épramuna 6ynakiapra 6yaamu3, 6y epaa h - — — KaJaM, n - OPAJIUKHU OYIaKka
n

oyunuiap, €ku TyryH HyKTajap COHH.
x, HyKTajmap yuyH tokopumaru (1) Tenrmama YpuHiau OYiraHd ydyH, YHU IIy

HyKTanapja €3u0 ojlaMu3:
YO )+ pOX )Y (X )+ a(x ) y(x, ) = F(x,) (3)

KyJaiuIiK yuyH, Oy TeHTJIaMaHu KyHuJaru KypuHuiiaa €3ud ogamus:
YR ALY, = T (4)

(4) Tenrmamajgaru y,,y, XOoCWiajlap YpHUTa KyWHJard yJapHUHT YeKJIU alupma
dbopmynanapHu KysSMus:

Yiaa — Yio
. i+1 i-1 5
ypw e (5)

Yi ~ 2yi + Y
h? '

y":

Hartwxkana (1) muddepennuan TeHriama ypHura xocusjajgap KaTHaIlIMaraH Ba vy,
HOMAabJIyMJIapJiaH HOOpaT TEHTJIaMalap CUCTEMACHHH :

68



Yia ~ 2yi Y Yiaa — Yio
1 : L b, 1 1
h 2h
Xocus OVIran TeHIJIaMaHu Xap MKKajla TOMOHUHHM h°ra KynmanTupaMu3 Ba MOC Xa/JIapHU
prnHaHafIMHB, HaTW»Xazia KYﬁHHaFH TCHITIaMaJIap CUCTCMACHUHU XOCHUJI KHUJIAMU3:

+4q,y,= f. i=123,-,n-1.

Ay, — By + Ciyi—l =D, . (6)
by epna:
h h
A =1+—np, C,=1-—p,
2 2 i=12,3,---, n-1.
B,=2-h’q, D,=h"f,
eKU

(Alyz -By,+Cy, =D
\

Ay, -B,y,+C,y, =D,

A2y3_Bzyz+Czy1:D3 (7)
\

\

tAn—lyn Bn—lynfl + Cnflyn—z = anl

Xocun OyiraH cucrema vy, .y, ... y, Jlapaad uoopar (n +1)Ta HOMabJIYMIH, (n -1)Ta
TEHIJIaMa/laH uoopat y4 JUaroHauId YU3HUKJIM TeHIIamanap CuCTeMacuial uoopar.

VY4 nuaronamu 6ynummmura cabad, cuctemaaaru xap Oup Tenriamazia dakar 3 TajaH
HOMAbJIyM KATHAIITaH Xaajap MaBxyn Oynul, cucteMajza yJapHUHT >KOWIalraH YpHU
acOCHi TMaroHall, yHU MacTy Ba IOKOPUCHUJIATH TUaroHaJiapra Moc Keaaau

MabiyMKH, TEHIJamMajap CUCTEMACHHUHT SITOHA EYUMHHHM aHUKJIAll Y4YyH
TEHIJIaMaJlap Ba HOMAabJIymjiap COHM TeHr Oymumu kepak. IIIyHMHT y4yyH HWKKUTa
TEHTJIAMaHHW 4YerapaBuil mapT Xucooura TYIAUpUO OJlaMU3. x, Ba x, OPATHKHUHT YETKH

0
HyKTajapu yuyH (2) maprtiapHu Kyinaaruda €3u0 ojgamus:
Moy, + mlyé =m,

9,¥, +9,Y, =4,

y.,y.-nmapau Moc paBumiga (10) Ba (11) dyeknu aitupmanap ¢opmynanap OunaH
aIMAaIlITUPAMU3, SIBHU y(x)HU x = x, €K x = a HYKTaJard XOCWJIACH YYyH YHT YEKIIU
ailupma (QopMyJIaCHUHM, x = x, €KH x = b HYKTaJard XOCWJIACH YYYH Yal YeKJIH alupma
dbopmyrIacuHu KYsIMHU3:

m,y, + ml—yl_ Yo _ m,
J h
| yn_ynfl
9oY, + 9, =4,
l h
KyhHujgarnda oenruianuiapHid KAPUTHO |,
A, =hm -m ;B , =m, ;C, =hm,
A =hg,+9,:B, =-9,,C_ =hg,.
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Xocusl KWJIMHIaH TeHrinamanapHu (7) TeHrjaamanap CHUCTEMacura KyllamMu3 HaTuKaja
(n+1)Ta HOMaABIYMIIH, (n+1)Ta TeHrnamamaH wubopar y,,y,.. y, HOMabBIyMIH

KyHHIara Yu3uKIf anredpark TeHIiaMaiap cucTeMacura ara 0yiamMus:

(Aoyo+Boy1:Co .
i1~ By, + Gy, = Dy (izl'n_l) (8)
{Anyn + Bnyn—l = Cn

Ay

MabiayMkH, KuAupuiaaéTrad TaKpuOull €YMMHUHT aHUKJIMK Japa)KaCUHU OLIMPUII
y4yH [a,b] opanukia KUPUTUITAH x, = a +i-h TYPHUHT h KaJaMUHU KAYPAUTHUPHUII JIO3UM.
By mMuknopHu kuupalTUpuIl y4yH 3ca Y3 HaBOaTuja TYTyH HYKTaJlap x, HHHT COHUHU

KeCKuH ommiura onub kenamu. ynmail kunub, Kyiwiran Macaianu 3apyp aHUKIUKIA
CUMINl YYYH XOCHJI KWJIMHTaH (§) CHCTEMaHMHI TapTUOW MUHT, alipuM XoJuiapjaa 3ca VH
MUHT/IaH XaM OPTUK OVIUIIN MyMKHH.

KOxopuna »scrnatraHUMU3IEK, CHUCTEMaHUHI Xap Oup TeHriamacuaa  (axar
yUTaJlaHTMHA HOMAbJIyM KaTHAITaH Xaajap MaBkKyJ KOJraH HOMabJIyMJIapHUHT
koaddunentiapu 0 ra Tenr. Arapaa 6u3 OyHaail cucremanu anbaHaBui ycyiap (Iaycc,
Kpamep, Teckapu Marpuna kabu) €paamuaa edMOKYM OYIICAaK, HOJJIAp YCTHUJAa MabHOCHU3
OynraH xaxmaard aMajulapHy OakapUIIMMU3Ta TYFPU KeJaau.

[yHuHT yuyH, OyHIall Maxcyc CUCTEMallapHU €UUIIHUHT Maxcyc yCyJulapy UILUIa0
YUKWITaH. by yCyJUTapHUHT 3HT COAJAcH, JacTypjalra KyJlahHh, XaTrojaap WUFUIMAacUHU
XOCWJI KWJIMalIUranu “xaujamr’ yecyJiu XucoOiaHaiu.

Kyiinna “Xaigam ~ yCyJIMHUHT KUCKa4a MOXUSTH OWJIaH TAHUIINO YMKAMU3.

Maxcyc, AMaroHaJlyid CUCTEMallapHM €4YMIlra MyJpKajulaHran ‘‘Xaigam’® ycyiau
UKKHA OOCKHYJIaH HOopart:

- HOMabJIyM Kod(PuIeHTIapHU aHUKJIaIl (TYFpU OOCKUYH);
- CHCTEMaHHMHT €YMMJIAPUHU aHUKJIAII (TeCKapu) OOCKUYH.
1-6ockmnuaa (8) cucTeMaHUHT HOMAbIyM CUMMUHN KyWHIaru KYpUHHUIIIA KATAPAMU3:
Vo= @Yt B (9)
Oy epaa «,,, Ba g,,, HOMablyM Xahaam koddpuieHTaapu.

Homabnym «,,,,5,., ko3 dunentnapau Tonuil yuayH (9) TEHINIMKHU x = x, , HyKTajapJard

1
KypuHUIIMHA (8) (popmynagar MKKMHYM TEHIJIaMara Kyuuod KyWHaard TeHrjiamanap
CUCTEMACHHHU:

AYia— By, +Ci(a,y, + ;) =D, (10)

i+1
(10) TeHrMMKHA y, HCOATaH €4aMH3 , IHHHU:
A C,-p, - D,

=y (11)

i y|+1

B, -C, «a, B, -C, «,

(9)Ba (11) TeHrnuknapaaH «,,,,4,,, HOMaAbIYM KO3(DPUIEHTIAPHU TOMUMU3:

S T Y el T S (12)

" B -C. -« B -C, -«
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Maskyp pekkypeHT ¢opMmynagaru 0apya «,, Ba 4p,, JapHU aHUKIAIl Yy4yH

1

NacTiabKu o, Ba p, KAWMATIApHU TONMUIIMMHU3 Kepak. by KulMariapHU TONUIIMMU3
YUYH x = a HYKTaJard yerapaBuil mapTAaH XOocuJ KuiauHraH (8) dbopmymnagaru OMpuHYU
TEHTJIaMaIaH (porimananmMus.

Ay, + B,y, = C, TEHIJIaMaHU Xap UKKajia TOMOHUHU A, Ta OYnu0, y, HU TONAMHU3:

B c. .
Yo = ——"V, +—;
AO AO

(9) dopmynaHuHr i=0 Jard KUMMaTHUIA XOCWJI KWJWHTAaH vy, -=«,,y, + B, OWJIaH
COJIMIITUPUIING o, Ba A, aHUKJIANMU3:

B, m, C, h*m,

a, =-—=-———" 181:_:—"
A h*m, —m, A h*m, —m,

a,,p, Jap MabIyM Oynrad, Oapuya KeWHWHTH «,,p, Jap (12) pexkkypeHT GopMyianaH
Tonwiaau. by skapaén “xaiiamr” yCyaTuHUHT TYFpU OOCKUYMHM TAIIKHII STaH.
2-0ocKuYaa «,,p, Oapua KukiMatiapu tonwirad (9) pekkypeHt gopmyia Epaamuaa
€4HM vy, JIJAPHU TOMMII MYMKHH, Oy epaa XaM JacTiaOKu KuiiMar cudaruia y, HA

aHUKJIAI JI03UM. by uniHu O6akapuill yuyH x = b HYKTaJard 4erapaBuid MapTIaH XOCUIl
KWIMHTaH (8) CUCTEMaHUHT YUYMHYH TEHIJIaMacu
Anyn+Bnyn71:Cn (13)

Ba i=n-1 1e0 (9) popmynanan y, , = «,y, + g, aHukjaimu3 Ba (13) TeHrnmKka Kynuo
y . HA aHUKJIAaMU3;

C -B h-g,+g. -
y, = n nﬁn: gz gl ﬁn . (14)
A +B a, h-g,+9,-9, «a

n

Jemak y, mapHu Kyhnaaru GpopMmyriagaH aukIanMus:

Yi=a Vit B (i:n—l,O).

Macanan: xyiugaru auddepeniman teHriamanu eunmuHu Pynre — Kyrra ycynmma
TOIHIL KypaMHu3.

y“+2'y'—y=2+4~x—x2 (15)
OONUTAHFUY IIAPTHU
4.yQ)+2-y 1)=8

, 16
3-y(2)-2-y(2)=4 (1)

[1; 2] opajuKIard OOINUIAHFUY IMIAPTIAPHU  KAHOATIAHTUPYBYM €UUMHHH TOIHUII
JI03UM OYJICHH.

Euum: [1; 2 ] opanukau 10 Ta 6ynakka 6yiaMus.
b-a 2-1 )
= =—=01; x,=1;x, =1+i-h;
n 10

(15) Tenrnamamaru y; .y,

XOCWJIAJIap YpHUTA KyMUJIard YJIApHUHI YEKJIM aupma
dbopmynaapHu KysSMus:
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yi+1 B yi—l . “ yi+1 - 2y| + yi_l

Kylnparu TeHrnaManap CUCTEMacUHU XOCHII KUJIaMU3:
AYin— By, +Cy, =D, .

by epaa:
p, =2 ;9q,=-1; fi=2+4lxi—xi2 ymO0O=4; ml=2;m2=8;9g0=3;9l=-2;92=4;
h h
A, =1+ —p, C,=1-—np,
2 2 i=12,3,--9.
B,=2-h’g, D,=h"f,

a,.,.B,, HOMabIyM Ko3(pdUIlEHTIaApHU TYFpHU Wyn OwnaHKyhumard dopmyia Epaammia
XUCOOIaiMuU3;

A, . C-p8,-D,, . A
@, =— p.=—""r iz19 (17)
B,-C, «a, B,-C, «a,
al:_i:_ m, ﬂlzc—oz h*m,
A h*m_ -m A h*m_-m

bepunran macana y4dyH:

0.1
A, :1+T~pi =1+01=11;B,=2-0.01-(-1)=2.01;,C,=1-0.1=0.9;

h*m

m 2

1

B c
@, =-—+=-—31—-125; g =—>-=
AO AO

. =0.5;
h*m, -—m,

*
h*m, - m,

JleMak y, mapHU Teckapu iys OunaH Kyhunard popMynaaaH aHUKIAMuU3:
Yi=ai Yia t B (i:9,0),
Oy epaa :
Clo_Bwﬂw h’gz+gl‘ﬂ

Yo = = . =3.9255 .
A, +B,«a h-g,+9,-9, «a,

10 10

h = 0.1 KaJaM OujIaH XMco0J1alll HUTHKAIAPUHU KyHUJATrH JKaJ1Bajl KEITUPUMUS3.

T.P AprymMeHr a, B, Anuk | Taxpubuii Xucobuar

KUHMAaTH KUUMaTH (120701 cuum XaToJIuru
1 1.1 1.2500 0.5000 | 1.2100 1.1109 0.0991
2 1.2 1.2429 -0.5671 | 1.4400 1.3500 0.0900
3 1.3 1.2341 -0.6328 | 1.6900 1.6067 0.0833
4 1.4 1.2231 -0.6945 | 1.9600 1.8814 0.0786
d) 1.5 1.2099 -0.7495 | 2.2500 2.1745 0.0755
6 1.6 1.1942 -0.7948 | 2.5600 2.4864 0.0736
7 1.7 1.1762 -0.8273 | 2.8900 2.8172 0.0728
8 1.8 1.1562 -0.8447 | 3.2400 3.1673 0.0727
9 1.9 1.1347 -0.8457 | 3.6100 3.5367 0.0733
10 2.0 1.1125 -0.8303 | 4.0000 3.9255 0.0745
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h = 0.01 KaJlaM OMJIaH XMCOOIaIl HUTHKAIAPUHU KyWHJaTy ’KaaBajl KEATHPUMHUS.

T.P | Aprymenr a, B, Anuk | TakpuOuii Xucoobmarn
KUUMAaTH | KHUMaTH cuum cuum XaToJINTu
1 1.1 1.01944 | -0.04533 | 1.2100 | 1.20075 0.00925
2 1.2 1.01817 | -0.04996 | 1.4400 | 1.43140 0.00860
3 1.3 1.01668 | -0.05399 | 1.6900 | 1.68186 0.00814
4 1.4 1.01498 | -0.05717 | 1.9600 | 1.95216 0.00784
5 1.5 1.01312 | -0.05932 | 2.2500 | 2.24234 0.00766
6 1.6 1.01114 | -0.06033 | 2.5600 | 2.55241 0.00759
7 1.7 1.00912 | -0.6018 | 2.8900 | 2.88240 0.00760
8 1.8 1.00714 | -0.05898 | 3.2400 | 3.23233 0.00767
9 1.9 1.00528 | -0.05691 | 3.6100 | 3.60220 0.00780
10 2.0 1.00359 | -0.05421 | 4.0000 | 3.99202 0.00798

Jlemak opaJIuKHU OYIUIILIap COHU KaHYa KMYUK OYiIca aHUKJIM IIyHYa IOKOpH OViaau.

Nxxua4u TapTudau 1uddepeHnnan TeHriaMmara Kyiuirad yerapaBui

MacajgaHu “ Xaiaam “ ycyanaa Xuco0Jiam aaropuTUMH.

1. duddepennman rearmamanuuar P(X), q(X), f(x,y) GYHKIUSACHHH , x € [a;b] OPATHKHH
OPATMKHY OYJIUIILIAp COHUMHU aHUKTaliMHU3.

Ba N

2. YerapaBuii maptiaapaarda m,,m, ,m,,g,.9,.9,-

AHUKJIaUMH3.

3. Kamamuu anukmainMus: h =

4. a,.,. B,

i+1

b-a

n

ko3 puLreHTIap KuiMaTIapuHu

HOMAaBbJIyM KO3 (PHULIEHTIIapHU TYFpH iy OunaHKyiugaru gopmysa

Epramuaa XucooJanMus:

Oy epna

- h 2 h 2
X, =a+i-h; A, =1+—p, ,B,=2-h"q, ,C,=1-—p,,D,=nh
2 2

5. 'y, JapHHM Teckapu Wyn OunaH Kyiuaaru GopmynagaH aHUKIAHMU3:

(i=n-10).

f i

Yi=ai Yt B
Oy epna :
~h-g,+9,-5,
- h~go+gl—g1~an'

Y

73



Nxxkunum TapTudam 1uddepeHunan TeHrjiaMara Kyiuirad yerapaBuii

Macajanu “ Xaigam “ xucoosamuauHr Ilackana nacrypm.
var
I,n:integer;
a,b,x,al,bl,c1,h,m0O,m1,m2,90,91,92,y0:real;
alfa,betta,y:array[1..10] of real,
function f(i:integer;x:real):real;
begin case i of

1: f:=2:2:f:=-1;
3:f:=2+4*x-x*X; end;end;
begin cls;

write('OpaJuKHUHT YerapaBuii KMAMaTIAPUHU KUPUTHUHT ');

write('a=");read(a);

write('a=");read(b);

writeln('bupuHun yerapaBuii MIAPTHUHT KOAPDHUIIMESHTIAPHA KUPUTHHT ');

write('m0=");read(mO0);write('m1=");read(ml);write('m2=");read(m2);

writeln('ikkuH4m yerapaBuii MAPTHUHT KO3(DPHUIIMEHTIIAPDHA KHPUTHHT ');

write('g0=");read(g0);write('gl=");read(gl);write('g2=");read(g2);

write('Opanukuu Oynuiiap cOHuHN KupuTHHT N=");read(n);

h:=(b-a)/n;

alfa[1]:=-m1/(h*m0-m1l);

betta[1]:=h*m2/(h*m0-m1);

for i:=1 to n-1 do begin x:=a+i*h;

al:=1+h*f(1,x)/2;

b1:=2-h*h*f(2,x);

cl:=1-h*f(1,x)/2;

alfa[i+1]:=al/(b1l-c1*alfa[i]);

betta[i+1]:=(c1*betta[i]-h*h*f(3,x))/(b1-c1*alfa[i]);

end;

y[n]:=(h*g2+betta[n]*gl)/(h*g0+gl-alfa[n]*gl);

for i:=n-1 downto 1 do

yli]:=alfa[i+1]*y[i+1]+betta[i+1];

write(" JInuddepeHnan TeHrIaMaHUHT SUUMU ');

for i:=1 to n do begin x:=a+i*h;

writeln(" x='x:8:4," y(,i:2,)="y[1]:8:5);

end;end.

12— TonmupuK.

1. Tanaba 8— xaaBanaaH *KypHajlgaru TapTuo pakamu OViinya TONIIUPUKHU OJIA]IH.

2. Inddepenuman TeHrIaMaHur eduMUHM “ Xaiaam “ ycynuaa Oepuiirad OpajluKHU
5 ta HyKTara 0ynm0, Kyina XxucoOmaiam.

3. [Mackan Tunuaa Ty3wirad aactypiap €paamunaa auddepeHiman TeHrIaMaHuHT
eunMHu 0.0001 anukivkaa Tonaa .

4. Pynre — Kyrra Ba *“ Xaiigam “ ycynuaa TONUWITaH €4MMIapHU TaXJ I KUIQIH.
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8 - xaaBaJi.

T.P Tenraama Yerapasuili maprJap. Opauauk
1 y +2x-y +3-y=15 y'(0.6) =1.1 0.4y(1)+y'(@®)=2 [06;11]
2 y oxy 43y =x+1 y(0.8)-0.5y'(0.8) =1 |y(1.8) =1 [0.8; 1.8]
3 y +y [3+xy =2 y(0.6) =1.4 2y(1.6)-1.5y'(1.6)=1.8 |[0.6;1.6]
4 y' 06y —2yix=x y(0) =1 y(1) - 0.5y'(1) = 1.8 [0;1]

5 y e xy -y i2x) =1 y(2)+2y'(2) =1 y(2.8) =25 [2;2.8]
6 y +Axy—2yx = 4x y(0.2)-1.5y'(0.2) =1 |y(1.2)-0.5y'(1.2) = 2 [0.2;1.2]
7 vy +(@L.5)y—(3x+5)y = 4 y(0.6) =1.4 2y(1.6)-1.5y'(1.6)=1.8 |[0.6;1.6]
8 y +sin xy'+2yx =1.2 y(0)=1.4 y(z12)-2y'(x12)=2 [0;7z1/2]
9 y —sin xy +(x+1)y = 2x y(0.1)=1.4 y(1.1)-2.3y'(1.1) = 2.1 [0.1;1.1]
10 y —cos xy +3x°y=x y(0)=0.5 y(1) =2.4 [0; 1]

11 |y -3xy -15y=x+1 2y(L.1)+6y'(1.1)=1.4 | y(1.2)-05y'(1.2)=2.1 [1.1;1.2]
12 |y —(x+1)y +3xy = 2x° ya.4)=1 y(2.4) - 3.2y'(2.4) =1.2 [1.4;2.4]
13 |y - (@x+1)y -3x =x 1.1y(0) - 0.2y'(0) =1.1 | y(1) +0.5y'(1) =2 [0;1]
14 y —(x+3)y —4xy =2x y(0)=1.41 y (1)=2.4 [0; 1]
15 |y +2x —xy =17 y(0) =1 2y(1) + 0.5y'(1) = 1.4 [0;1.4]
16 y +ctgxy —y=3 y(0) =1 y(p/2)=1.6 [0; z/2]
17 y +2xy - (5x+1)y =2 y(0) =1 2y(1) +0.4y'(1)=1.8 [0; 1]
18 |y +sinxy -2y =3x+1 y(0)=1.2 y(z14)=1.8 [0;7/4]
19 |y +3xy -1.8x =14 y(0) = 2 y(1)+0.8y'(1) = 2.6 [0;1]
20 |y +(0.2x+1)y -4y = 3x y(.1) =1.7 y(2.1) + 2.4y'(2.1) = 3.6 | [1.1;2.1]
21 |y axy —1.4y=2x+1 y(0) +1.4y'(0) = 1.6 y (0.6) = 4.2 [0; 0.6]
22 y —3xy +y=3xsin x y(0)+1.2y'(0) = 3.3 y(z12) -4y (z12) =4 [0; z/2]
23 |y +23x -6x = 4x y(0)-12y'(0)=1.2 | y(0.8) =1.4 [0;0.8]
24 |y +3xy —cos xy = sin x ya1-14y' @y =1 |y@1y-21y@n=2 |[1L1;21]
25 |y - @Bx+l)y —4x=2 y(0) +1.4y'(0) = 2 y'(0.4) = 2.5 [0; 0.4]
26 |y +y iBx)-y=3/x y(0.6) =1.3 0.5y(1.6)-y'(t.6)=4 | [0.6;1.6]
27 |y +2x’y +4y=x+1 y(0.7)-2y'(0.7) =1 | y(L.7)-3y'(1.7) = 2.3 [0.7;1.7]
28 y —3xy —y/(2x)=0.7 y(0.4) =1.4 y(0.7) +1.4y'(0.7) = 2.1 | [0.4;0.7]
29 y oy i2+2yix=x/4 1.1y(1.1)-y'(1.1)=9 | 3y@1.6)+0.5y'(1.6)=1.8 |[1.1;1.6]
30 |y +3y —yix=x+1 y(0.5) =1 y(0.8)-2y'(0.8)=1.4 |[0.5;0.8]
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I'anépkuH ycyauaa yerapaBui MacaJja equul .

Takpubuiti-ananutuk ycynna Oepwirad auddepeHuan TEeHITaMaHUHT €YUMU
TaKpuOui aHuKJIaHraH Gopmynanap €épaamuaa TONUIAAN Ba aadaTTa, €4uM XaM aHAJIUTHK
kypuHuiaa udonananaau. AilHuUKca, KynruHa (u3Mka Ba MEXaHUWKAa MacajlajJapUHUHT
CUMMHUHHN AHAIMTUK KYPUHHUILJA KUJUPUII JTOZUMIIUTH, TAaKpUOUN aHAIMTHUK YCYJUIapHU
ypraHuuira KaTra 3XTUEK TYFAUPAIH.

Hesipnu  Oapua TakpuOMii-aHATUTUK YCYJUIAPHUHT aiNropuTtMiapu Oup-Oupura
yXmam OyiaraHu yayH Kyiuaa ['anépkuH ycyauHu ypraHuil OusiaH YeKIaHAMU3.

busra sHa aBBanrm MaB3yjgarud KaOW, Kyilujaaru uerapaBui macajia OepuiraH
OYJICUH, TBHMU:

y'(x)+ p(x)-y'(x)+a(x)-y(x)= f(x) (1)
TCHI'JIaMa Ba

(moy(a)+m,y' (a)=m,

lg,y(b)+ g,y (b)=g,
qerapaBHI?I IMapTHU KaHOATIIAHTUPYBYHU CUMMHU TOIIMII KCPAK.

Onuit MatemMaTuka KypCcuJiaH MabIyMKH, UXTUEPUM y3IyKCU3 (QYHKIMSHU YEKCHU3
KAaTop KYypUHHUIIKIA U(Ooaananl MyMKHUH.

(2)

y(x):uo(x)+2ciui(x)

lanépkun ycynuna ymly Karopaarm N Ta 4Yekid XaJ OwiaH yerapajaHuo,
YyerapaBHil MaCaJIJaHWHT €YMMHUHHU KyWHIaru KYpUHUILIA KUIUPUIT TAKIU( dTHIIAIN.

Y(x)=u (x)+ 3 cu, (x) (3)

i=1
By epna mryHu scnatu® yTHIN JTO3UMKHU, YCYTHUHT WYJ KYWWJITaH SrOHa Ba acOCUi
XaTOJIUTH YEKCHU3 XaJ/UIM KATOPHU YEKIW XaJJIi KaTopra ajMallTHpPUIIAaH UOOpaTaup.
Kartopnaru xajiap COHMHM KaH4a Ky OJICAK, IIYHYAIMK OJMHIAaH HATHXKAJIAp MILIOHYIN
Ba aHUK eunMTa SKUH OYnanu. JIekuH, MKKHHYM TOMOHJIaH, KaTOpJiaH KYIPOK XaJ OJIMIITa
UHTWINII KyJa OakapuiiaJuraH amajlap COHUHU KeCKWH opTTupubO robopaau. by sca
WY KYUWIAIM MYMKUH OYJITaH XaTOJMUK YXTUMOJIMHYU KeCKUH opTTupanu. LIlyHuHr yuayH
amajIiard Xuco0 UIUIapuaa » < 10 MIAPTUAH KeTUO YUKUIIA]IH.
OHAM YbTUOOPUMU3HU STHA €YMMHU KUAMPHUINTA KapaTcak, GopMylajgaru c, c,,..c, -

n

Jap KuiiMaTiaapyu HOMabJIyM OYIraH y3rapmaciap XucoOJaHaIu.

Uy (X),u,(X)m U, (x) JIAP BCAa XHCOO WIUIAPpUHU Oa)kapyBuM TOMOHHJAH TaHIJIA0
OJIMHAJAWTAH [a b] KeCMaJa HMKKH MapTa y3iaykcu3 auddepeHlaUIaHyBuUd, YU3UKIN
OoFnuK OynMaraH (yHKOUsIAp XUCOOJIaHaaAM, SbHU yjap 0a3uc CUCTEMACHHHM TalllKHII

KWIMO, ¥y3apo OpTOTOHAUIMK IMAPTHUHU KAHOATJIAHUpHUILKU Kepak. DyHKuusmapHu

OPTOTOHAJUIMK IIAPTH KyHuarnya aHuKJIaHaIH.
b

(0]
J.Un(X)-Um(X)-dX =< azap __ N #m
. Lﬂ, aeap __n=m

oyica

Oy epra A -OpTOroHaLTMK KOA(PIUIIMEHTH.
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basuc ¢yHknumsutapHu TaHnamjga Kyduaard ImapTiapHu xucoOra oscak, (3) ¢opmyna

OujlaH aHUKJIAHYBUM MAaCaJlaHUHT €YHUMHU c,.,c, .., ¢, Y3rapMacjIapHUHI HUXTUEPUIL
TaHJIaHTaH Xaauzaa XaM 4YerapaBuil MacaJlaHMHI (2) derapaBuid IIApTIAPUHU
KAHOATJIaHTUPAIH.

bazuc (pyHKUMsUTapHU TaHIall KyluJarnia aMaira OIupHIaau.
ABBaJ KyiiM1aru ornepaTopjapHid MyoMasara KUpUTaAMINK:

LLYy(O)] = y"(x) + p(x)y'(x) + q(x)y(x),
L. Ly(x)I=m_ y(x)+m_ y'(x) (4)
LIy(x)]=g,y(x)+g,y'(x)

1) Uy(X) ¢ynkums - OGepunaran uerapapuii NIAPTHM KAHOATJIAHTHPYBYM (DyHKIIUS
OYIUIIIN JTIO3UM, STHHU:

{mouo(a)‘*mﬂ]é(a):mz . L.[u,(ajl)l = m,
CKU

9,U,(b) + g,u,(b) = g, L,[u,(b)l =g,
2) u,(x),u,(x),.., u (x) byHKIUIApU 3ca OCpUIraH YerapaBHi AP THUHT
1-)KMHCJIH XOJIOTHHH KAaHOATIAHTUPYBYU (QYHKIHUSIIAP OVIIMIIHN JIO3UM, SIHHH:
m,u (a)+mu'(a)=0 — . L,[u,(a)] =0
) i=1,n €K1
g,u.(b)+g,u/(b)=0 L,[u(b)l =0

Copgmamuk y4yH n =2 10 u,(x),u,(x)u,(x) Oa3uc QpyHKUMSUIADHU TaHJIANMU3
HaTWKaja »HHAM YerapaBUil MacaJaHUHT eyuMu (akaT ¢, Ba ¢, HOMAbIyM

kod(pdunieHTIapra O0FIUK OYIMO KOJMIU. ¢, Ba ¢, y3rapMaciapHu dca ['anépkun ycynuaa
aHukiam yuyH, gactiabd (3) tenrnamanu (1) nuddepennman TeHrIamara Kyuuo,
Kyhugaru TagoByT QYHKIMSICUHU XOCUI KUJITAMU3:

R(X,c,,¢,) = Llu,(x)] + 3 ¢, - LIu, ()] - f(x) (5)

by (¢yHkuus derapaBuii Macajna €UMMHMHMHI aHUK €4MMJaH (hapKuHH
XapaKTepJIOBYM MUKIOp OYiuO, y c,, ¢, Yy3rapMmaciapra 4Yu3UKIM OOFIMKAUp. Arap

11 2

taBoyT QyHKIusacu aitHan O ra TeHT OyIica, TAaKpUOW €4rM MacajlaHWHT €4YUMHU OuJiaH
yCTMa-yCT TyIIaau, JeKUH TadhoBYTHU XaMMa BakT xaMm 0 ra aimanTtupu® OyiaBepmaiiam.
¢, Ba c, HOMabiyM Kod(pduueHTiapan TahoBYyT (GYHKIHUSHA MIN Ta SPUIITHPHUII

: 2
MapTUIaH aHUKJIAaWHMU3, SSBHHA min{ R(x.c,,c, )} .
TadoByT GyHKIUSHM MUHUMAJUTAIITAPHIN mapTH ['an€pkuH ycynuaa Kydugarnda
nudoaananay.
[b
|.[R(x,cl,c2)-u1(x)vdx

* (6)

“R(x,cl,cz)-uz(x)-dx =

Il
o

|
o

AvaN  TadoBYT GYHKIUSHU u,(x), (i-= 1,n) 6asuc byHKIUAIApTa  OPTOTOHATUIIHK
mraptuaad Qoitnananamus. (5) dopmynamgaru R —tadoByTt dynkiusacuan (6) cuctemara
KYsIMU3.
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|J(L[u0]+cl-L[u1]+c2-L[u2]— f(x))-u(x)-dx =0

!

“(L[uo]+cl-L[u1]+c2-L[u2]— f(x))-u,(x)-dx =0

b

KM
|JL[u0]-u1(x)-dx +cl-J'L[ul]-u1(x)-dx +cC, -J'L[uz]-ul(x)-dx fj' f(x)-u,(x)-dx =0

a a a (7)

| Llu J-u,(x)-dx +c¢,-|L[u,J-u,(x)-dx +c, -fL[u,J-u(x)-dx — | f(x)-u,(x)-dx =0
{ 0 2 1 1 2 2 2 2 2

a a a a

(7) cucreMa yuyH Kyiuaarnia Oearuianuiap KHpUuTaMm3:

b b
m, :IL[Ul]'ul(X)'dX; m,, :IL[UZ]-Ul(X)-dX;
b b
mZI:IL[Ul]-UZ(X)~dX; mzzzj.l-[uz]'uz(x)'dx:
b b
b, = J(f(x)— Llu,D) -u,(x)-dx b, = j( f(x)=L[u,1)-u,(x)-dx
[m11C1+m12C2 =b,
Harmwxkana: ] (8)
(MyC, +MyC, :bz
¢, Ba ¢, HOMabJymyapHu (8) YM3MKIM anreOpauk TEHIJIaManap CHCTeMaJlaH
tonamu3. Hatwxkana y(x) TakpuOWil - aHAIMTUK €UUMHHU KyWHJaru KypuHuiga &3a
OJIaMUU3 :
y(x)=u,(x)+c, -u, (x)+c, -u,(x) (9)

Macanan:Yerapasuii macasianuar nud@epeniyan TeHraiaMacu Kyluaaruda KypuHHUIIa
Oepunran OYJICHUH:

y"—2y‘+x3~y:12x2—8x3+x7 (10)
Juddepenunan TeHrmaMaHUHT €4MMUTa KYWHJITaH yerapaBuil mapriapra 3ca
nor=0 (11)
y(1)=1

I'anépkuH ycyjamnaa yerapaBui Macajia e4uil y9yH Kyinuaaru
KeTMAa — KeTJIMKHH 0axxapaMmu3.

1. bazuc ¢pyHKuMsIIapHU Kyiuaarud tTaptu0a taninad onamus:
1) u,(x) HU OepuiIraH YyerapaByii APT, SHHH u, (0) =0 Ba u, (1) =1 MIAPTHH

KaHOATJIaHTUPAIUTaH KUIUO, Kylnarundya Tanaad oJaMus: u,(x) = x .
2) u,(x) Ba u,(x) JapHU 3ca OCpUJITaH YerapaBuil mapTra Moc OUp KUHCIN
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HIapTJIapHU, STBHU u,(0) = 0,u, (1) =0 u,(1)=0 Ba u,(0)=0, u,(1)=0 HIAPTHU
KaHOaTJIaHTUPpaAWIraH Ba }"lsapo YHU3HUKJIN 60FJII/IKCI/13 KI/IJII/I6, Kyfnxmamqa TaHJao
OJIaMHU3:
u,(x)=x(x-1)= x’ - X;
u,(x)= xz(x—l): x° - x’
Hiran cpopMynanapz[a CI)OP'II[aJIaHI/IJIaI[HFaH Kyﬁn):[am orneparopiapau XI/ICO6JIaH_IHI/I
TAIIKWJI KUIAWIHK.
LIu,T=2-2(2x-1)+ x3(x2 - X)= 2-4x+2+x —x' =
=x"—-x"-4x+4
Llu,] 56x—2—2(3x2 - 2x)+ x3(x3 —xz):
=B6X-2-6x"+4x+x°-x°=x° —x5—6x2+10x—2;
Lu,1= X" 2Xx'+X2x =0 -2+ x% =x?_2
OHAn KyﬁH,Z[aPH TCHIJIaMaJlap CHUCTCMAaCHHHHT KOS(i)(bI/IHCHTJ’IapI/I Ba 0301
XaJIapuHu XI/ICO6JIaII1HH TaIIKWJI dTaNJIMK.

[mllcl tm,c, = b1
| (12

[MyCp+MyC, = bz

1 1 !

mll - J.L[ul]'ul(x)dx — J.(Xs _ X4 —4X + 4)_(X2 — X)dX = I(X7 — 2X6 + X5 —4X3 -*—8X2 —4X)dX =

0 0 0

1
0

. 8 ) 1 2 1 8 _
=(—X ——X +—X —-X +—x =-2x")|,=———+—-1+—-2 = -0.32738;
3 8 7 6 3
1 1 1

m, = JL[UQ]-Ul(X)dX = I(X6 —x7—6x" +10x - 2) - (x" = x)dx = j‘(X8 —2x 4+ x" —4axt v 8x’ —4x)dx =
0 0 0
1 1 1 4 4

= (=x’ - =xT e xT o —=xT e 2xt - =xP)
9 4 7 5 3

L1 1 1 4 4
T 222 040397,
9

9 4 7 5 3

)
1 1 ;
My = [LIu v, (x)-dx = [ (7 = x" —dx+4)- (7 = x")-de = [(x" —2x" +x® —ax® +4x® —4x®) - dx =
0 0 ’
1 1 4 4
o2 1100365
4 7 5 3

r 4, 1 4 1 ., 4 P
=(—X ——X +—X ——X 4+ X ——X)
9 4 7 5 3

© |~

1
0

m, :J‘(x6—xs—6X2+10X—2)'(X3_X2)'dx = [(x? —2x" +x" —6x" +16x* —12x" +2x%)-dx =

0

O t—)

1 2 1 16 2
-S4 14 —-3- = =-1463888
3

10 9 8 5

1 2 5 15 s 16 s i 2 s
=(—X ——X +—X —-X 4+ —X —-3x —-—Xx)
10 9 8 5 3

1
0
1 1

bl:I(12x2_8x3+x7—x2+2)-(x2—x)dx :J'(xg—x8—8x5+19x4—11x3+2x2—2x)-dx =

0 0

1 1 4 19 11 2
S T S 122038888

10 9 3 5 4 3

1 5, 1, 4 4 19 5 11 , 2 2
=(—X ——=X +—X +—X ——X +—X —-X)
10 9 3 5 4 3

1
0
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1 1

bz:J'(12x2—8x3+x7—x2+2)-(x3—x2)dx::J'(xw—x9—8x6+19x5—11x4+2x3—2x2)-dx=
0
RS RN I IV SR 2

2
- —X 4+ —X 4+—X ——X + —X ——x3)t - —+ —+ — - —+ —— — = 11004329
11 10 7 6 5 2 3 11 10 7 6 5 2 3

Tomran kosddunmenmiapan (12) yu3ukin anreOpank TEHIJIaMajap CHCTEMacH
KylaMu3.

1 1 8§ 19 11 1

(- .32738 ¢, + 0.40397 c, = 2.03889 (13)
|-1.129365 c, —1.46389 c, = 1.10043

(13) Tenrnamanap cucTeMacugaH c, - -3.665 Ba C, = 20764  jmapHW aHWKIA0 TOTaAMU3
Ba (9) dopmynara kyiicak (10) Ba (11) macasmaHWHT EYUMUHU OJIAMU3:

2 3 2 2 3
y=u,(x)+c, -u (x)+c, -u,(x)=x-3.6656 (x" —x)+2.064 (x —x")=4.6656 x+5.742 x" + 2.064 x
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16- MmamiryJaor.

JHI KMYHUK KBaJApaTjap ycyJu.

AManuii Macananapja ydypaiaurad MacajaJapHUHI KYPUHUIIM KyIUHYa MYpakkKao
Oynu0, yJapHUHT aHAIUTUK HUGOAACMHM TOMMIN MYMKHH sMac. byHpalt xommapna
Oepwiran Mypakkad (QyHKIUSHM YpraHuil KyJalpok OyiraH coagapok (QpyHKuus OujiaH
¢ku nuddepeHian TeHTJaMaJapHUHT XYCYCHW COHJIM eyuMmilapra MOC KeJaJuraH
oupopTa GyHKIM OWjIaH aJIMaIITUPUII MaKcaara MyBOOUKIUD.

ByHUHr y4yH HSpKiM Yy3rapyBuu apreMyeHT OwiaH (QYHKIMSHUHT COHJIM MOC
KUMaTliapu opacujard MyHocabaTHu (PYHKIIMOHANI OOFIaHUIIHUHT TaKpUOU EKU aHUK
aHAMTUK M(OJACHHU UHTEPNOJsinusi dopMynaiapu €K SHT KHYUK KBaJpatiap yCyiH
OpKAaJU TY3UII MYMKHH.

Kynuaua TypMmymina Ky3aTumnoiap Ba TaxpuOalap OpKalu SMIOUPUK (HopMyragapHU
KENTUPUO YNKAPUII MyMKHH.

Macanan: XxapopaTHMHI KYTapuiuliyd €KUM aKCMHYa MacaluIlUHA, CHUMOO
YCTYHUHHMHI KyTapuiumy €KW nacaiumura kKapad Ounum MyMmkuH. Jlemak, Xapopar
OwiaH cuMOO YCTUHHM YpTacuAard YU3UKJIM OOFJaHUII OOpPJIUTHMHH TaKpuOa OpKaIu
OWJIMIIT MYMKHH.

OHr KMYMK KBajpatiap ycyiu Oupunuu maprta 1874 iiunga ['aycc ToMOHUIAH UIILIA0
YUKWITaH 0ynuo, aitpum anabuétnapaa Oy ycyn ['aycc yecynu n1e6 atananu.

JHI KHYUK KBQJAPATJap YCYJTUHUHT MOXUSITH.

Taxxpuba Ba amanuii MacananapHu eduIia Oepuirad MabJIyMOTJIap acoCHAa yiapra
MOC HaTakaJlap OJIMHraH OYJICMH, AbHM n Ta Oepwiaran X,, X,, X ., X, DpKIH

2 30 e n

y3rapyBUMIApHUHT KUHMaTiaapura Moc Y,,Y,,Y,, .. .Y, (QyHKIUS KHAMaTiIapu Oepuiiral
oyncun. Kyituaaru Mucosiapia SHT KHYMK KBaApaTiap yCyJIWHUA KYpUuO YnKamus.

Macanan: MabyMOTIIap KaJBaJl KYPUHUILA OYIJICUH.

X X X X X

1 2 3 e n

Y Y Y Y Y

1 2 3 b n

by kuniimatiapra MOC HyKTaJapHU KOOPAUHATA TEKUCIUTUAA TACBUPIIANIIHK.

A

yl

v

X, X, Xz X X
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Hemak, Oy X Ba V' ¥y3rapyBumiap opacunard GyHKIIMOHAT OOFJIaHUIIHU KyHUAary ya
oenrunanmMus:
Y = F(X) (1)

Macananu euuiil yuyH OM3 aHa 11y TaxpuOa HyKTajJap/aH *Kyaa kam ¢apk Kujiaaurad
y = ax + b (DYHKIUSHU KYPHUIIUMHA3 KEPaK.

X; apTyMeHT Ba y, =ax +b ¢yHKIMsS KulMaTd OwimaH OepwiraH X, Ba Y,
MabJIyMOT KHAMATIAPU alMPMACHHUHT KBaApaTiapy WMFUHIUCH MUHUMYM OYJICHH:

Z(asb) = (y, - (ax, +b)° mn z =2 (2

i=1

Ymly mapT Oakapuiauiiu y4yH, HObMaidyM Kod(dduieHTIapaaH OJUHTaH XYyCyCHI

o 0 0
XOCI/IHaHap HOJII'a TCHI' 6YJ'II/IH_II/I KepaK, SSbHUA —Z =0; —Z =0
da ob
0z "
— =2 (yi—(aXi+b))'(—Xi):O (3)
oa -1
0z

—=2-> (y, - (ax; + b)) - (-1) =0
oa i-1

n

J[—Z Xy, +ay xi2 +b> x, =0
i=1 i=1 i=1

(4)

| _ yi+a2xi2+b21:0
1 i=1 i=1

-

E€KU

azn: X, Y, +bzn X, =Zn: X, Y,
i=1 ] i=1 ni:l (5)
|L ay x;+b-n=>"y,

(5) cucremanan a Ba 6 HoMabiayM K03 (OHUIICHTIAPHU TOIIAMU3 Ba HATHXKAa YA3HKIH

(

y=ax +b

GyHKUMSIHY UPOTACUHU XOCHIT KHIJIAMHU3.
MacajiaH: HOYM3UKJIH Ba NAPAMETPUK 3aHKHPJIAPAA CUTHAJVIAPDHM Y3rap THPHIILL.
Hounzukiiu KapmmiankHy BobT — amiiep TaBcudu (BAT) sxagBanaa kenTUupuira.
[y TaBcuduu rpadukaa ndogananr Ba yHM UKKUHYM Japakaly Kynxaja OuiaH
annpOKCUMAaLUSJIaHT .

Uk U, u, U, | seeees U,

Ik i i, TR U i

i=p(U)=a,+a,-U +a,-U’ (6)
KBanparnapy WUFMHIMCUHUHT aUpMacHHU (QyHKIMACUHU Ty3aMU3:

Z(ao;ai;az):z(ik_(ao+a1'uk+a2'Uk2))2 min z =7? (7)

k=1
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Homabnym koa¢ddunieHTIapaan oMMHraH XyCycuil Xocuiajaap HOJra TeHTJIaliMu3:

0z oz 0z 0
oa, oa, oa,
[ oz "
‘a =-2> (i, -(a,+a,-U, +a,-U/)=0;
‘ a, k=1
N | ®)
a =-2> (i, -(a,+a,-U, +a,-U,/)-U, =0 ;
‘ 1 k=1
| oz " ) )
taa =-2>(i,-(a,+a,-U, +a,-U)-U =0
2 k=1

|
| n n n
2 .

JaOZUk+alek+aZUk=Z|kUk, (9)
| k=1 k=1 k=1 k=1
| n , n , n n
{ aOZUk+alek+aZUk=Z|kU

k=1 k=1 k=1 k=1

Tenrnamanap cuUCTEeMacHUHM €4HO, HOMAbJIYM a, ,a, ,a, Koa(hpureHTIIapHU

aHukiaiMu3 Ba (6) dopmynara kyhcak kaBajja KENTUPWITaH MabIyMoTjiapra acocaH

anmpoKcuMaIus (GyHKIUSHA TormaMu3. Macanad anmpokcuMarus GyHKIUIACH KyiHugarnda
OYJICHH.

i=p(U)=0.1+1.03-U +1.15 .U °
®Oynknus rpadpurnan Maple THimHUHT MKKK YT90BIM Tpadukac EpaaMuaa Yn3amMms.

>plot(0.1+1.03*u+1.15*u”2,u=0..5,color=red) ;

30-
25
20
15
10

(-
.
[
[
e
LT
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