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KnpPHIll

V36eknucron Pecny6nmkacu Ilpesunentn M.A. Kapumor JlaBmaT Ba KaMHST
KYPWINIIN aKaJEMUSCUHUHT OYMJIMII MapOCUMHU/IA cy3inarad HyTkuaa: «lOkcak manakanu
MyTaxacCcuciap — TapakKHUET OMIIM» —IeraH uoopanapu Ba «Tabiaum TYFpucuaaru
KOHYH» XaMJa KaJpiap Tauépiiall MUWUIMA JACTypUHHU KaOyl KWIMHUIIK - FOKOPH
Majakaiau paxkoOarOapaonn mMyraxacuciap Tal€piail Ba >KaMUSTUMU3HUHT MKTUMOMMA-
MabHAaBUH TMONJEBOPHHU MyCTaxKaMJjall ydyH acocuii oM Oyiaau. by aca €mr aBiogHu
Baran paBHaku, IOPT THUHWINTH, XaJIK (apOBOHJIUIH KaOW ONMKAHOO TyHFylap pyxuaa
TapOmsUIall, FOKCaK (hasmmariapra 3ra, 33Ty rFosurap OuiaH KypoJlaHTaH KOMIJT HHCOHJIAp
KUIUO BOsITa €TKAa3WIl, >KaXOH aHjo3ajapura MOC, Ky4iu OWIMMIIH, pakoOaTOapaoin
KaJpiap KWIMO Tai€piam 1eMakaup.

Myrtaxaccuc amanuii um (aoJIMATH JaBOMHKJA 3aMOHABHM XHCOOJIall TEXHHKA
BOCHTaJIapuJaH camapanu (oJajJaHHUIId YIyH KOMIBIOTEPHUHT JACTYpPH TabMHUHOTHHH
Ba MAaTEMATHMK MacaJlaJlApHU AACTypJlalll Ba YJAPHHUHI ONTUMAJ €YMMUHU TONHUII YYyH
onTUMaJlall ycyjulapuHu Owinin  3apypaup. LlyHuMHr y4dyH onmidi YKyB OpTH
Tanabanapuiad amManuil um ¢GaosuATHIa XUCOOJIalll TEXHHKAa BOCUTAJApHIaH KEHT
doianana Ouauml, AacTypiialll TWUIAPUHA MyKaMMall drajulall Ba MyHanmumn Oyiinda
Maxcyc (aHJapHU YpraHWIl HATWXKACHUJA MYXaHIHUC KypyBUM, MEXaHHMKA Ba HUKTHCO]I
MacajaJapyuHy KOMITbIOTEP/IA €YUl YUYH JacTypliap Ty3a oJlaull Aapaxkacuaa dhaHiapHu
Yy3nauOTupuin Tanad KuiauHaau. JIekuH, ynap oiraH Hasapuil Ba aMajuil OUITUMIIApUHU
aMaiauii MacajaJlapHH €YMINra KyJUlalga KyNrvuHa KUNWHYWIMKIAapra Ayd KeJullaiu.
YyHku ynapAa TUIUK, TaKpUOWI MacajallapHd €dyullga OJIMA MaTeMaTHKa KypCHJIaH
oJiraH OwiuMMiapruHa MaBxkyA. JIekuH Xaéruid Macananapra TYy3WITaH MaTe€MaTUK
MOJEJUIAPVHY aHUK €YMMHUHH Xap JOUM XaM TOIIMII MyMKHH 3>MAac, IIyHUHT Y4YyH YJApHU
CUMILIHUHT COHJIM-TAaKpUOUI, TAKPUOUI-AaHAIMTUK ~ YCYJUIAPUHU  YPraHULUIapu  y4yH
«MaremaTik MOAEIIAIITUPUID) (PAaHUHUHT aXaMHUATH KaTTa XucoOJIaHaIu.

Ma3zbKyp Mabpy3a MaTHUIA KyHHIard MacajlalapHyd TAKPUOU CUMMIHY TOITHTIT
y4yH TaKpuOuil XucoOail ycyjuiapyu Ba yiapHu euuin gactypiap oepuiran [TACKAJIb
JAcTypJall TUIuAa OepuiIraH:

- YM3UKCU3 TEHIJIaMajap;

- YHU3HKJIM alreOparK TeHrjIamanap CUCTEMACH;

- aHWK MHTETpasuiap;

- OupuHYM TapTUOIM oaauii qudepeHnnan TeHraamanap;

- 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 KMUMaTIapHu. XaTOJMKIAP HA3APUSACH.
AOCOJIOT BA HUCOMI XaTOJIMKIAP.

WNuconusaT amanuit paoiusaTiia COH KaTTANMKIAPHUA TaKpUOUNA HaTHKacUIAaH
doitnanananu. Typnu xucobnapaa MUKIOPIAPHUHA KUHMaTIapyu TaKpuOaH TOMHIIA N,
Macanan: y3yunukiaapau 1mm éku 1 cm, remneparypanu 0.1 rpagycraya, Te3nukan 1 cm/c
AHUKJWK/IA YII4yaHaJu Ba aHUKJAHTaH COHJIAp YCTUAA TYpJId amMayiap Oa)kapHIlga Xaro-
aukiIapra wyn kyiunanu. HlyHunr yayn Ou3 Kyluaard XaTOJUKIIap Hazapus OusiaH
KMCKa4ya TaHUIIaMHU3.

1.Peai xapaHHMHTMaTeMaTHK TaBCU(IIAHUIIT HOAHUKIUTHIAH KEJINO YHKATUTaH
XaTOJIMK — MaTEMAaTHUK MOJIEIT XaTOJIUTH JCUNIIA/IN.

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

3.Macananu euuiia KyJUlaHWIAETraH yCyJUIApUHT HOAHUKJIMTUAAH KeTro
YUKAQIUTaH XaTOJHK - YCYJI XaTOJIUTU JEHUIIaIN.

4. XucoOnanuiapaa ByXKyara KeJlaJurad XaToJIUKIIap - XUCOOJIalll XaToIUru
IeUniIaau.

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

bab3an maTeMaTuk Moel Ba OOIIKAaHFUY MabJIyMOTJIap XaTOJUKIAPUHU Ty3aTHO
OynMaiiiuran xaTonukiap AeHuaaau.

1-raspud.Xucobnanuiapia KaTHaAIAETraH TaKpUOU & COH OWJIaH 1Ty COHHUHT aHUK
KuitMatu A opacuaaru ¢apk (A-a) XaToJdUK JAcHUIaIN.

Arap A<a O¥iica, xaToluk MycOaT Ba A>a 6yica,xatonuk Manduii yinaau. XaTonuKiIapHUa
Oaxonamr TYFpu OYJuIll y9yH aOCOJIOT XaTOIUK TYITYHUYACH KUPUTUIIAIIH.

2- Tabpu@. XaTOIUK MOAYIHUTa A TAKPHUOWN COHHUHT a0COJIIOT XaTOCH JICHUIaIu, SbHU
Aa=|A-a (2)

3- rappud.TakpuOuii a coHn aOCOTIOT XaTOJMTUHUHT 11y COH MOAYJIMTa HUCOATH a
TaKpUOWl COHHUHT HUCOMI XaTOJIUTH JCHUIIAIH.
A-4]

2@

(2)

AHUK A COH HOMaBJIyM OYnTaHiuru cabadbiu abCcoI0T Ba HUCOUIA XaTOJIUKIIAPp XaM
HOMAbJIyM OYJIaau, ITyHWHT Y9yH XaTOJUKHUHT Yerapacu KypcaTHiiaau.
4- tappud |A-a| <h TEHICH3IUKHU KaHOATIAHTUPYBUH h KaTTaIMK abCOMIOT

XATOJMKHUHT Yerapacu JIcHuIaan.
A-a .
5 — Tabpud. % < & TEHICH3JIMKHU KAHOATIIAHTUPYBYM ¢ COHM HUCOMIA
a
XaTOJMKHUHI Yerapacu JAcuuiaiu.
HucOwuii xaTomMK yerapacu KynuH4Ya mpoleHTIapaa ndoaananaan. h Ba ¢ conmapu
MMKOHU Ooprya KMYMK KWinb onuHaau. Macanan: A=z 0ynu6, a=3.14 kabu kaOyn

kuuHran o0yica, h=0.002 ne6 onuuanmm mymkuH. Y xonaa ¢ =0.07% Oynaau.



TakpuOuit & COHMHUHT a0COTFOT Ba HUCOMI XaTONHMKIApU Yerapaiapu Tabpudiapura
kypa A=ath Ba A=a(lte¢) Kabu €3UII MyMKHUH.
1 — mucoa .Takpubuii kuiimat a=0.67 6ynran A=2/3 COHHUHT HUCOUI XaTOJIUTH

yerapacuHM TOITHHT .
0.0034

0.67

=0.01 h=0.01/3=0.0034 neb onamus .Y xoiga ¢ = EKn

Eunm. % -0.67

& =0.0051=0.51% xocw1 Oymaau.

2- mucoJi. 24.6 — Gupop connunr 0.4% HucOuii xaToauKAaru TaKkpuOuil KuiMatu 6yca,
Oy SKWMHJIAIIUII KaHJal aHUKJIMKIa OaxapuiraH? A COH KaHai yerapanapaa
Koiaran?

Eunm. busara ¢ = 0.4% a=24.6 6Gepunran V xonna a* & = 24.6*0.004 = 0.0984 XOCHUII
oynamu. Comnamuk yayH h=0.1 ne6 omammz. bynnan A=24.6F0.1 éku 24.5< A<24.7

KuitMaTiin pakam Ba HINOHYJIH 0€JITM TYIIYHYAJIAPH.

1-rabpud.YHnu kacp KypuHHIIKIA E3WITaH COHHUHT YaraH HOJJIaH (papKjid pakamMuiaH
OolutaHran 6apua pakamjapura KHHMaTIu paKamJjap JAeiniaiu.

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 kuitmMaTiIM pakamra sra Ba X0KO030.
2- Tabpu@ .Arap 6epuiran TaKkpuOUil COHHUHT a0COIOT XaTOCH N— KUHMATIA paKkaMu
pa3psi OMPIUTHHUHT IPMUJAH OIIMO KeTMaca, Oy COHHUHT OONIIaHFUY N Ta KHAMATIH
paKaMy MILIOHYJIM eI u.

[lynpaii kKuanbd, A aHUK COHHM aJIMAIITUPYBUM A TaKpUOUil COH MabliyM Oyiica, y
X0Jiaa

Aa=|A-al< %10”“n+l

bynu6, 0y coHHUHT OoNUIaHFU4 N 8m, 8m-1, @m-1-. - ., @m-n+1 PAKaMIIAPU KUIUMATIU OYaau.

Macanan: A=35.97 anuk coH yayH a=36.00 TakpuOuii COH y4Ta UIIOHWIH OeITH OMIaH
SKUHIUP, YyHKH |A—a| < %0.1

1-mucoa .Kyitugaru TakpuOuii coHIapaaru UIIOHWIN OeNruiap 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
WILIOHYCH3, YyHKHU 0.005<0.01 PaBmianku, OJiAMHAA KEJTaH UKKUTA 3 Ba | pakamiapu
UIIOHWIUHP.
B) 2.718 TakpuOuil COHUHT OXMpryAa Typrad 8 pakaMu UIIOHYCU3 OYIHO0, KONranaapu
uiowin Oynaau(aysku , 0.005< 0.006.)

2- MucoJ.Arap 2.768 conngaru 6apua pakamiap UIIOHYIN OYJica, yHUHT a0CaIioT
XaTOJIMTUHUHT YeTrapacy y9yH HUMa OJIMHUIITN MyMKHUH?
Euum. bepuiran TakpuOuii COHHUHT Oapya pakamiapy UIIOHYIM OYITraHuIaH, YHUHT



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

Kynruna xomnapaa 6epuiran TakpuOuid COHJIApHU SXJIMTIIAII TYFPU Kelaju, ShbHU
YHU UIIOHWIM Oeruiiap COHU KaMm OYiran TakpuOuil COH OuiaH aIMallITUPUIITa TYFpU
KeJaau. byHna sxauTian XaToaury MUHAMAIT OYJTUIITNTa XapakaT KAJIaau.

bepunran TakpuOuii COHIApHU SXJIHATIANT Kouaacu Kyinnarunda. CoHt n Ta
KUIMATIW paKaMmraua sxJuTiaall yuyyH, n-KUAMaTIIi pakaMJiaH KeMuHTu Oapua pakamiiap
tanurad ro0opuiaau Eku arap Kepak oyica, yinap HoJUiap OWiiaH aJIMaIITUPUIIA]IH.

1.Arap Tannia0 1000puiIaH paKaMIIapUHUHT OMPUHYKCH S5 1aH KHYUK 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 p6opriaérran pakaMJIapHUHT OUPUHYKCH 5 Ta TEHT OYiica, y
XOJi1a TanaHaéprad paKkaMJIapHUHT YbTHOOP KWIMHAAU. SIbHU yiap HOJUIapaaH
nbopat 6ynMaca, KoJIraH OXUpPrd pakamra Oup KyIIWIaay; arap TaluiaHaéTral
pakamuiap HoJIIap/iaH ubopar Oyica, KoJraH OXUpru pakam Kapo, Kyt 6yica
tanuiad rodopuiiaau, TokK O0yica yHra 1 Kyuiaau.

3- MHCOJI. 7 ~ 3.1415926535... TAKpUOMI1 COHU yUTa KUMMATIN pakaMrada sxJIUTIaHT.
Evunm. dxnurinam keTMa- KeTJIuru Kyliujaaruia Oyiuiyd 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 a0COJTIOT XaTOJIUTH MOC
paBumga 0.5-10°, 0.5-10° ea 0.5-107 qaH Kata 3Mac.

XaTOTMKHUHT TAPKAJIHUIIH.

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

WuruHIMHMAT XaTOJUTH.
1 - Teopema. TakpuOuii conmap aiareOpavik WAFUHAUCUHUHT aOCOJIOT XaTOJIUTH, IIIy
COHJIAPHUHT a0COJIOT XaTONMKIapU HHFUHANCUIAH KaTTa dMac.
Ucoorun. bepuwnran TtakpuOuii commap Xi, Xz, Xs3,..., Xn JapjaH wuoOopar
OyncuH.Y napHUHT anreOpank UMFUHIUCUHU KYpPaMIIUK:

U=X, X, X, £--- X,
Pasimanku
AU = AX; £ AX, = AX; £--- £ AX

n



bynnan

|AU| = |AX,| £ |AX, | £]|AX,| £ - - £]AX, | (3)
Teopema ucOOT KuiauHAU. TakpuOWil COHJAPHUHT anreOpauk WUFUHIUCUHUHT
yerapaBHil abCOIIOT XaTOJIUTH YUYyH

Ih,|=hy +h, +hg+--+h, (4)
HU OJIMII MYMKHH.

ANUPMAHMHT XaTOJHUIH.

Wkku X1 Ba Xp TAKpUOUN COHUHT U=X1+X, alinpMacuuu kypainuk. FOkopuaa kypunran
WUFUHIUHUHT YerapaBuil aOCOMIOT XaTonuru popmyiacu (2) ra kypa, alupMaHUHT
yerapaBuid aOCOIIOT XaTOJIUTH

h,=h,+h,, 5)
Kabu Oynanu, s’bHM aWUPMAHUHI YerapaBMil aOCOJIOT XaTOJIMTM alMpUIIyBYM Ba
alpyBUMIIAPHUHT YerapaBuil aOCOMIOT XaTOMUKIApU HUFUHIUCUTA TEHT.

by epna aliupuMaHuHr HUCOWIA Yyerapacu yuyH

e h, +h,
% =X,

(6)
HU ojuiml MyMKuH. DopmynagaH KypuHHO TypuOAMKH, arap X1 Ba Xy COHJAp SIKHH
JKounamran Oyica, XaTOJMKIAP >KyJa KWYUK OVYica Xam, yerapaBUid HUCOUN XaTOJIUK
eTapianya Karra OYJIUIIN MyMKHH.
Kynaiitma xaToauru.
2- TeopeMa. Homnman ¢apkiu TakpuOHii COHJIAp HUCOWM XaTONHMK KYMAaHTMACHHUHT
HUCOMI XaTOJNMIHY, Iy COHJIAPHUHT HUCOMI XaTOIMKIApU HUFUHANCHIAH KaTTa 3Mac.
HcOoT. u=x,-X, X, ---x, Oysncun. Consia OYJICUH yuyH Oepuiirad TakpuOui
coHJIap MycOar OYyiicuH.Y Xoiijia Kyluaarura ara oyaaMmus:
Inu=Inx, +Inx, +InX, +---+1Inx,

Alnx~dInx= A TaKpuOHii hopMyslaHH Kyiu1ad, KyWuaaru XoCuiI KujJaMu3.
X

Au  AX  AX,  AX, AX,
- = + + 4+t
u X X, X X,
xocus1 OVnaau €xu,
5(U) = 6(x) + (%) +5(X5) + -+ 5(Xyy) (7)

Hatmxana. KynaliTMaHuHr derapaBuii HUCOMI XaTOJUTH yY4yH TaKpUOWUN COHJIAHUHT
yerapaBuii HUCOUN XaTOJUKIAPU MMFUHIUCUHUH OJIMII MYMKHH, SSbHU
£, =&, +&, +t&, ++E, (8)

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

Au _AX Ay

u X oy
o6ynmu6, 0y epnan



Au
u

AX
X

<

.o y
Exu s(u) <o(x)+5(x,) OYnaam.
Hartwxkana.bynuamManuHr derapaBuii HUCOUM XaTOJMKIApW WUFUHIWCUHHM OJIMIII

MYMKHH.
hu = hxl + hx2 (9)

JlapakaHMHT XaTOJUIH.
u=x" ( M- HaTypan coH) OVJICcHH, Yy X0aa Inu=m-Inx Ba
Au AX

u X

(10)

=m

o6ymu6, OyHIaH

g, =Meg,
Kabu €3umm MyMKHH, S5HH M- Tapakadl COHHUHT YyerapaBuil HUCOUN XaTOUTU TaKpHOUH
COHHUHT YerapaBUil HUCOUN XaTONMTHIAH Japa)ka KypcaTKudu M MapTa KaTTa.

Niau3HUHT XaTOJIUIH.
u="%x 6yncun, y xonaa u™ = x .JapakaHuHT yerapuii HECOMIA xaTomu GopMynacura Kypa
&, = EY &, (11)
m

AbHU, M- gapaxaiu WIAU3HUHT YerapaBuid HUCOUM XaTOMUTH WIJIU3 OCTUAAru TaKpuOuit
COHHMHT YerapaBuil HUCOUW XaTOJUTHIAH WIAN3 KYPCATKAUYM M MapTa KHUYUK.
MucoJa. Kyiingaru QyHKIus KHMaTHHA XUCoOIamaa Xo0Cui 0Y1aqural XaToauKIapHH
TOIIUHT:

, oo

K

Euum. Kyiingarninapan aHuKIanMm3:

X =

, 0y epna A=283+0.02, K=0.678¥0.003 , B=7.45+0.01.

A? =800.9: B?=4135 K =0.8234;

Oynapaan ¢oigananuo,
. 800.9-4135

0.8234

=402200=4.02-10°

CyHrpa KyiuaaruiapHu aHUKJIaiiMu3:

£, =0.02/28.03=0.00071; &, =0.01/7.45=0.00135 ;
£ =0.003/0.678=0.00443; ¢, =2-&, +0.5-&, =0.00405+0.00222=0.77%.

h, =4.02-10°0.0077 =3.1-10°

IIyHJ1ai KAno,
X =4.02-10° +3.1-10°% ; g, =0.77%.



2 - MabpVy3a MAIIFYJI0T

Yuzukiau 0yamMaran OMp HOMabJIyMJIM TEHIJIAMAJIAPHHA OPAJTMKHU HKKUIa 0YJIMIn
yCyJaMaa equlll.

Xap Oup Mymaxaccuc , JKymylaJaH MH)XEHEpP Ba UKTUCOMYM Y3UHUHI U
(daonuaTHAA, XyCyCaH, MHIIOAT KUCMJIAPUHUHT MYCTaXKaMJIUTH, CEHCMUK YMIaMIIMINT U
JoWuxanamnia Ba Xuco0ianiia, HCCUKJIMK Ba ra3 TAbMUHOTH MacajlapuHM Xaj KUJIUIJIA
YU3UKIU OyIMarad €K1 TPAHCIIEH/IEHT TEHIVIAMAJIADHUHT €UMMUHU TOIUII Kepak Oynaau.

Xap JoMM XaM TEHrajlamajapHU €4MMHU aHMK ycyJulap OmiaH TonuO OyiMaiiu.
[IyHuHT y9yH TakpuOuil ycysuiap KyJUIaHUIA M.

bup HOMabIIyMIu UXTUEPUI TEHIIaMa KyWHU1ard KYpUHATA Jra:

f(x)=0. 1)
1 — raspud. Arap f(X) pyHkuus kynxamanan noopar 0yica, ssbHU
f(X)=aox" + ar1x™1 + a;x"2 + .....an1X + an 6ynca

(1) Tenrnama anedpanik TeHrjIaMa JeUNUIIa N,

2 — Tappud. Arap f(X) dynknus osnemenrap ¢yHKMsUTapaan( JorapuHUMHK,
KYpCaTKU4IH, TPUTOHOMETPUK Ba XaK030) €KUM Maxcyc (pyHKuusuiapaas ubopar 6ymnca (1)
TEHIJIaMa TPAHCUEHJEHT TeHrIamMa Aeiuiaau.

3 — tabpud. Arap X ~ HuHr kuiivaty (1) TeHIaMaHM KOHOATIAHTUPHCA .IBHU AHHUATIA
ainmanTupca X~ (1) TEHITIAMaHMHT €4UMU M.

4 — Tabpud. Arap [a, b] opanukna (1) TeHNIaMaHUHT Xe4 OyiMaraHia OUTTa XaKHKHUI
eunmu Oyica, y xosaa f(X) pyHKIMS OpaJTMKHUHT YETKH HyKTaJlapuaa Xap XU HUIIOPaH
KuiimaTiap Kaoys kunaau, sbhn - f(a)*f(B)<0 Hrewsnuk Gakapuianu.

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

"2
wimmsuan £ = 1077 = 0.01 apuxmukma Tonwm Tanad STHICHH.

MHUCOJTHMHI eYMIIl TAPTHOM.
1. OpanuKHUHT YeTKH KuiiMatiapuaa GyHKIUSHIHT KHAMAaTIIapUHA XUCO0IaiMu3:
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
TEHIJITaMaHUHT KaM#1a OUTTa WIJIM3U MaBxXyJ[ OYI1a iu.
3. OpanuKHU UKKHATaA OYJIaMHU3 HaTHKaaa MKKUTa [a;c] Ba [c;b]opanukka sra
o . a+b 0+1 )
oynamus.by epna: c¢= T, ¢ 0.5;

4.c=0.5 nykTaga GyHKIUIHUHT KHAMATUHU TOTIaMU3:
f(0.5) = 0.5+sin(0.5)-0.5=0.4795>0.01 ¢pyHKUMSHUHT KHIIMaTH OepuiIraH
AQHUKJIMK/IaH KaTTa IIyHUHT YIyH OPAJMKHY OVIIMIIHA JaBOM ITTHPAMMU3.
5. f(a) * f (¢)=-0.5*0.4795<0 maptnan Oaxapuaau nemak wiaus [a;c]= [0;0.5]
éraau.lllynunr yayn b=0.5 1e6 onamus.
6. OpanukHu UKKUra OYV1amMu3 HaTHUXKaJa UKKUATA [a;c] Ba [c;bJopanukka sra




oo a_+b _ 0+0.5
2
7.c=0.25 nykTana GyHKUUSIHUHT KHMMATHHUA TOIIAMM3:
f(0.25) = 0.25+sin(0.25)-0.5=-0.0026 pyHKIUIHUHT KUAMATH aOCATIOT KUIMaTH
KUXATHJIaH OCpHIIraH aHUKJIUKIaH KYHUK IIYHUHT YIyH OPaJIUK OYJIUIIHKA JJaBOM
sTTUpaMaiimMu3 Ba ¢=0.25 TeHramMaHuHT TaKpUOWH UIu3M 1e0 KaOyJ KIiamMus.

=0.25;

oynamus. by epaa:

TeHrJaMaHUHT OPAJTMKHH MKKHIa OYJIMII YCYJIH OMJIaH e4MMHHHU TOHIII
AJITOPUTHMH.

1. Tenrmamanunr [a, b] opanukaa xeu 6ynmmaranga ourra winusu oyica f(a)*f(s)<0
mapT Gaxkapunaau Ba TeHrnaMmanuar eunMunn 6epunrad O < & < 1 anuknuxna
XucoOmanaau. Arap mapt Oaxapuiamaca OepuiiraH OpajuKAa TEHIJIAMaHUHT
XaKUKWAW WITU3M MaBxXy I OYIMaiiin Ba X|coOal xxapaéHu TYXTaTHIIaIN.

2. [a, b] opanukun nkkura 6yiacak ukkura [a, ¢] Ba [¢, b] opanuk xocun 6ynaam.

a+b
2

3. |f(c) <& mapr Gaxapmica X= € COHH OCpHUITaH TCHIVIAMAHWHI TaKpHOWH €4nMH

by epna: c =

ne6 KaOys KUJIMHAIA Ba XUCOOIaI Xxapa€HU TYXTaTUIIa IH.
4. f(a)*f(c)<O0 mapr Oaxkapwica TEHIJIAaMaHWUHT WIM3M [, ¢] opamukga Eramy.

HlyauHar yayH B=C 1e0 xucoOsamn 2 MyHKTTa y3aTaMu3.
5. f(a)*f(c)<O mrapT OakapmiMaca TEHIVIAMAHWHT WIIW3HM [@, B] opamukma éraiu.
[yHuHr yayH a=C ne0 XxucoOusai 2 MyHKTra y3aTaMus.
Ky#innaru Ilackan Tununaa Ty3uwiran gactyp €paamuaa 6epuirad x+sin(x)=0.5
tenrnamasuHr [ 0;1] opanMkaaru wigusua £ = 10 = 0.0001 annxmkaa
xucooOaarimuz. Xucoobaam Hatmkacu : X=0.251 skaH.
IlackaJ THIMAATU JACTYPH.

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 OPHUIIMKHUHT YerapaBuii KHAMAaTIapuHA KUPUTHHT )]
write(‘ a=");read(a);write(‘ b=");read(b); writeln;

writeln(*XucoOnanr aHuKIMTMHA 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(‘ Tenrmamunuurrakpuounii wiaausn f(¢,c:8:5,”)=",1(c):8:6); goto 50;
40: writeln(‘Bepriran opajivk/ia TeHIJIaAMaHUHT XaKHKUH WIITU3M MaBXKyJ[ 3Mac®);
50:end.
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1-TonmmuMpHK.

1.Tana6a 1 — »aaBiaaH KypHaJIIard TapTHO pakaMu Oyiinda TeHTJIaMaH! OJIaJIH.

2. 'padu ycynia TeHrITaMaHUHT WIIM3UHYU €TTaH OpATMKHU TaXMUHAH aHUKJIAl]IH.

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

4. [Nackan Tunuaa Ty3wirad aactypiaan Qoigananu6, ronmirad eauman 0.0001

aHUKJIMKraya XucoOJIanIu.

5. Tenrmamanu oaAuii UTTEpaIUs yCYIUaa CAUMUHNA TOIUII YIYH JACTyp Ty3au.

6.Maple nacTypumaru TeHIAMaHUHT CYUMHUHHU TONUIT QYHKIUACH EpaMuia Oepriran
TEHTJIAMaHU CYUMHUHH TOTIAH.

7.Ycyn tyrpucuaa ¥3 GUKpUHUA OWIIIUPaAIHN.

1 - xxanBsn
T.P F(x)=0 T.P F(x)=0

1| x*+2x3-4x2-12=0 16 | x-5sin(x)-0/5=0

2 | x3-0.2x2-4x-7=0 17 | cos(2x+1)-3x+1=0

3 | 2x*-3x3-4x%-5=0 18 | x-2sin(x+1)=0

4 | e*+4x+1=0 19 sin(x+ z /2)+2cosx+x=0
5 | 3+2x-1=0 20 | e+cos(x+x/2)+2=0
6 | 2%(x-2)%=0 21 | arcsin(x)-0.2x-0.1=0
7| xtlg(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%-2lgx+1=0 24 | arcctg(x)-3x-0.1=0
10 | Ig(x?+4)+5x=0 25 | x-5sin(x)-0/5=0
11 | logs(x+1)-2x1=0 26 | 3x3arctg(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 | arctg¥/x+1-e*+x=0
15 | sin(2x)-2x+0.25=0 30 arcsin(2x)-2x+0.25=0
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3 - MabpVy3a MAIIFYJI0T

AJiedOpank Ba TPaHCUEHEHT TEeHIJIaMAaJlapHU YPUHMAJIap Ba BaTapJjap ycyJjauaa
€Y HIIl.
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
ypUHManap ycyiuaa eduMHn Toruin yuyH f(X) Ba yHHHT OupuHYM TapTHONM Xocuiaacu f
(x) [a;b] opanukna umopacunyu Y3rapTUMacIUrk Kepak. Xam/aa HOJUHYM SKAHJIAIIMIIIA
KyWHJard mapT OaKapuUIlg Kepak:

f(Xo)*f "(X0)>0
Y CyJIHUHT MOXUATH KyWUaruya:
f(x)=0

A TeHrinama [a;b] opamukna Outra TaKkpuOMi WiIIM3ra dra
A ne6 dapa3 kwnanuk. Jlactmadku skuHaamuin cudaruaa
a €xu b HyKTanapaaH OMPHUHH OJMIIMMU3 MYMKHH Ba
As Iy HAKTaJaH YpUHMA yTKa3amu3. AUTalJIMK ypuHMa A
f(x) HyKTaJaH YTCHH. YPHMHMAHMHT X VKU OWJIaH KECHUIITaH

g X » HyKTacu X, ra Moc HyKTaHu A 1e0 onu0, sHau A
HYKTA/IaH YpUHMA yTKa3aMH3, Ba X0Ka30.
1 - pacm
YpunMaHuHT X VKU OuiaH KECHINTaH HyKTajlapu TakpuOWid uiau3 X ra

€TapJv aHUKJIMKrada sSsKWHJIAryH4a )KapaéH JaBOM 3Tau.
Arap nactinabKu X, SKMUHJAIIUIN TYFpU TaHJIaHCA, aHWK €YUM KyJa Te3

tonunaau. LyHuHr y4yH nactnaOky SKUHJIAMIMIN X, HHA TaHJall Macajacura

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

oy fOx)
n+1 n f '(Xn) 1’1:0,1,2,3...

Xo Oonutanruy skuamammiga f(Xe)*f "(Xo)>0 mwapr Gaxkapunuinm Kepax.

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

wimsnan € =102 = 0.01 anuxiukaa Tonum Tanab THICKH.

MMCOJIHHHT eYHIIl TAPTHOH.
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 SKMHIAMIIHA 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 SKUHIAMMIIHE Xo=0.01 1e6 omammus.
3. bupuHumn SKUHIAIIMIITHA aHUKJTAUMU3:

T0O0) 0.01— _f©.0) _ 0.01— % =0.01+0.0013=0.25

X, = Xg ——= = 0. , =
f (%) f (0.01)

4. Terrnama UIAN3WHA TOIUII AHUKJIUTUHN TEKIITUPAMMU3:
X, = X,| =]0.01-0.25/ = 0.24 > &£ = 0.01 miau3nAap opacuaaru papk Oepuiarad

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

) —_0.25_ f (0.25) _025_—0.0026

: — 0, : — 0. — 0.25+ 0.0013=0.2513
(%) f (0.25) 1,9689

X =%
6.Tenrnama WIIU3UHA TOMUII AaHUKJIUTUHU TEKITHPAMU3:

x, —%|=[0.2513—-0.25 =0.0013< £ =0.01 wmigu3Iap opacugaru ¢apk Oepuiara
AHUKJIMKIAH KUYUK IIYHUHT YuyH X2=0.2513 Oepuiiran TeHIJIaMaHUHT WIAU3H J1€0

KaOyJ1 KHJIaMu3.
Ypunmajaap yCyJHHHHT XHCO0IaI AJTrOPUTHMH.

1. Tenrnamanunr [a, b] opanukna xeu 6yamaranma ourra winnsu 6yica f(a)*f(s)<0
mapT Gaxkapunaau Ba TeHrnamanudr eunMunu 6epunrad O < & < 1 anuknuxna
xucoOmanaau. Arap mapt Oaxapuiamaca OepwiraH oOpajvKAa TEHIJIaAMaHWUHT
XAKUKUM WIM3U MaBxKyJ OYJIMaiian Ba XucoOJal xKapacHu TYXTaTHIAIN.

2. boumanruy axuanammnina f(Xo)*f "(Xo)>0 mapr Gaxkapuumm kepak akc Xouaa

xucoOman xapa€uu Tyxtatunaand. N=0 6YicuH.

3. n=n+1;

L (%)

Xn+1 Xn _ '
f(x,)

4. Tonwrad SIKMHJIAIINAII HYKTackH1a | f (Xn+1)| < & mapr Oaxxapuica

XUCoOmanr xapaéHu TYXTaTwmiaan. AKC X0i1a XUcoOa1am 3 myHKTra
y3aTUJIaau.
Ky#innaru [lackan tunuaa Ty3wiran gactyp €pnamuaa oepuirad x+sin(x)=0.5

—4
tenrnamasunr [ 0;1] opamuknary unmmsuan & = 107" = 0.000 Lanukmmkna
xucobmaiimu3. Xucobmam Hatkacu : 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(‘TenrmaMaHUHT HOJIMHYM SKUHJIAITHUIIT KHHMAaTHHA KAPUTHHT ),
write(* x=");read(x); if f(1,X)*f(3,x)>0 then goto 20;

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

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

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

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

end.

Bartapaap ycy/iu Ba YHUHT MOXUSITH KyHUIaruaan noopar.

f(x)=0
y= f(x) ynaxuusnunr rpadpununr (@, f(a)) sa (b, f(b)) myxranapman yrysun
Barapun OX VyKu OWIaH KECHIIMIN HYyKTacu C HHUHT KUMMATUHU TYFPU UYU3UK

TEHIJIAMACHIaH aHUKJIANMUA3.
y—-f(@a x-a

f(b)-—f(a) b-a

Batapuunr O X YKy OMiaH KECHIIUII HYKTacH C, 1a X=C,, Y =0 Oymazam.
cC =a— l. f(a)
f(b)-f(a)

C MabliyM Oyirad, f(C) mumr xuiiMaTMHE XucoGamI MYMKHUH. bouutanruy
SKUHJIAITUITHA TaHJIAIl XOJUTAPUHU KYPUO YMKAMIIHK:

4 f(a)-f(c)>0 4
A Xo=b f(a)-f(c)>0
f(a)<0, x,=b
f(c)
| —>
c \l a ¢
B L1 — 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
>
/] ﬂ ~J
e b 76
3) 4)
6 - pacm
aac b f()
1) f(a)>0 Ba f(a) - f(c)>0, 6ymca X, =b
2) f(a)<0 f(a)<0 Ba f(a)-f(c)>0, 0yaca X, =b
3) f(a)<0 f(a)<0 Ba f(a)-f(c)<0, Oyica X, =a
4) f(a)>0f(@>0 Ba f(a) - f(c)<0, Oyuca X, =a
Barapnap yCyJIMHHHT yMyMHi (OPMYIIacH:
X =X — f (<) —x%,)
f(b) — f(x,)
n=0,1,2,3...
Xo Oonuranruy skuamammiga f(Xe)*f "(Xo)<0 mwapr Gaxkapunuiim Kepax.
Macanan: X+sin(x)=0.5 tenrnamanunr [ 0;1] opamuknarn GMTTa XaKMKHUI

WIIA3UHN & = 102 =0.01 AHUKJIMKAA TOMMII Tajlad 3TUJICHH.
MHuCOJHMHI €YUl TAPTUOU.
1. OpasMKHUHT YeTKH KuiMatTiaapuaa GyHKIUSHUHT KHAMaTIapUHA XUCOOIaiMuU3:
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 6akapuiIu JeMak OSpHIraH OpauKIa
TEHIJIAMaHUHT Kamuaa OUTTa WIAU3U MaBxKyl Oyiaau.
2. f(x0) * /"'(X0)>0 MIAPTAAH HONMMHYM SKMHIAMMIIHA anukaaiivus. 1 '(X)=-Sin(X);
Xo=1 HyKTaJa mapTHU TEKIIUPAMU3.
f(1) = 1+sin(1)-0.5=1.3415>0; f*’(1)=-sin(1)=- 0.841471<0; f(1) * f"’(1)<0
Jlemak HOMHYY SKMHJIAIIMIITHA Xo=1 10 oJamus.
3. bupuHYYM SKUHIIAIIUITHY aHUKJIAHMU3:
OO =), fMA—0) _, 1.3415
f(xX,)— f(a) f@— ) 1.8415

X, = X, —=1-0.7285=0.2715

4. Tennama WITU3WHYN TOTHII AHUKJTUTUHA TEKITUPAMU3:
%, = X,| =[1-0.2715 = 0.7285> ¢ = 0.01 mnau3nap opacuaaru ¢papk oepuiran
AQHUKJIMKJIAH KaTTa OYJIraH! y4yH KCHHMHTH SKWHJIAIIUIITHA TOTTAMH3.
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5.VIKKWHYY SKAHJIAIIUIITHT XAUCOOJIanMU3:
f (X)) —3) _ 55595 F(0.2715)(0.2715—0) _

X, = X; —
2 TOf(x) — f(a) f (0.2715) — f (0)
_0.2715-2:0108 4 5715 _0.02-0.2515
0.5397

6.Tennama UIIM3UHU TOMUII AHUKJIUTUHU TEKITUPAMHU3:
X, — x| =]0.2515 —0.2715| = 0.0202 > & = 0.01 WIAM3IAp Opacuaaru Gpapx oepunran

AQHUKJIMKJIaH KaTTa OVJIraHu y4yH KeHUHTU SKUHJIAIUAIIHA TOTIaMH3.

7. YYUHYHAKUHIANIUIIHA XUCOOIaliMU3:
f (X)X, —a) _ 55,5 F(0.2515)(0.2515—0) _

Xy = X, —
° 2 f(x,)— f(a) f (0.2515) — f (0)
—0.2515—2:9901_ ( 5515_0.0002=0.2513
0.5004

8.Tennama HWIIIU3WHA TOIIWMII aHUKJIMTMHU TCKIINPaMHU3:
X5 —X,| =|0.2513-0.2515 = 0.0002 < & = 0.01 MIIAM3JIAp OpacuIaru GpapxK Oepuiran

AHUKJIMKAaH KWYUK IyHUHT YuyH X2=0.2513 Oepuiran TeHri1aMaHuHT WITU3U
ne6 KaOyi KuiiaMmus.

Barapaap ycyJuHMHT Xuco0J1a1l aJrOPUTHMM.

1. Tenrnmamanunr [a, b] opanukma xea 6yamaranna ourtra wiausu oyica f(a)*f(s)<0
mapT Gaxkapunaau Ba TeHrnaManuar eunMunn 6epunran O < & < 1 anmkmukna
xucobnanaan. Arap mapt Oaxapuiamaca OepwiraH oOpajvKAa TEHTJIaMaHWHT
XaKUKUA WIM3K MaBxKyJ OYJIMaiau Ba XUcoOal )kapa€Hu TyXTaTUIaIu.

2. bomnanrny sxuanamuma f(Xo)*f "(Xo)<O0 mapT Oaxxapuiumm Kepak akc Xou1a

xucoOmnani xapaéuu Tyxrtatuiaaud. N=0 6yicuH.

3. n=n+1;

SRR CHICES.S

(b) — T (x,)

4. Tonmnran skuHTamum Hykracuaa | f (X, ,,)| < & mapr 6axapuica

X

XUCoOmanI xapaéHu TYXTaTriIaan. AKC X0J1a XUcoO11am 3 myHKTra
y3aTUIaIH.
Kytinnaru [Tackan tTunuaa Ty3uiaran gactyp épaamuaa oepuiran x+sin(x)=0.5

—4
tenrnamanuar [ 0;1]  opamukmarn mnmmsuen £ = 107" = 0.000 1 anuxmmka
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 Oorika KuiiMat oepunr’); goto 10;
20 : writeln(‘OpanukHUHT UKKAYU KHAMaTuHA KupuTHHT); read(b);
writeln(*XucoObanr 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(* Tenrnamunuarrakpuouit wausu  f(°,x:8:5,”)=",1(1,x):8:6);

end.

2 - TONIHUPHUK.

1. Tanaba 1 — xaaBIAaH )KypHaAIAard TapTuO paKaMu Oyiirua TEHTJIaMaHH OJIaJIH.
2. Tenrnamanunr unauzuan 0.01 aHUKITUKAA TaKpUOWN €4MMHU YpUHMA €KUM BaTapiiap
yCyJIHa €YUMHUHU KYJa Xuco0ad Tonaau.

3.Tenrnamanuar winu3uau 0.0001 aHuKIMKraga yprHMa Ba BaTapiiap yCyJH[ia TOIHUII
yuyH [lackan Tunugaru Ty3wirad gactypaan Qoigananaim.

4. OpayvK eyuMIIapHHU TONUO, SKMHIIAIINAII KeTMa- KETIUTH TYFpUCHAa Y3 GUKPUHH
owIupaIy.

5. Ypunmanap Ba Batapiap yCyJauHHU OMprajgvkia KyJulail Y9yH JacTyp Ty3aiu.
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4 - mabpy3a MAIIIFYJIOT
Yusukiau anedpank TeHrIaMajaap cucreMacuHuHr I'ayce ycyanaa ey,

Yu3ukam anredpavk TEHIVIaMajlap CUCTEMACHMHM €YUIl YCYJJIapU COHJIM
ycyJlap opacuja MyXuM YpuH TyTaad. UYyHKM XallK  XY>KaJurd Ba HILIA0
YUKApUIIHUHT JKyJa Kyl MacajJaJapuHUHI MaTeMaTUK MOJEIUIApU YHU3UKJIN
aJIreOpHK TEHIJIaMallap CUCTEMAacH OpKajau uoaaiaHau.

N -TapTUOAM N Ta YU3UKIM QIreOpavik TEHIVIaMalap  CHUCTEMACHHUHT
KYPUHUIIN KyHugara udoaanad uudopar:

a; X, +a,X, +..+a,,X, =b,

A, X +8,,X, +..+a,, X, =,

wo =i ()

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

by epna a; i (ij =1, n) map Mabiaym connapjian uéopar 6yau0, HOMabIyMIaPHHHT

kKodsbdbuunue H T I a p U AcHUIAIM, X s Xy e X - HOMaBIIyMIIAp,

)
bl, bz,..., bn - (1) cucrema TeHIIaMaJapUHUHT 030]] XaJUIapH, yJap XaM MabiIyM

COHJIapJiaH ubopar.
Tenrmamanap cueTeMaCHHUHT MaTpHUIA KYPUHUIIIH:

AX =B (2)
by epna
Xl bl
all a'12 aln X2 b2
A: a‘21 a22 a‘2n , X — ' ’ B: ' (3)

Xn bn

bynga A - n Ta carp Ba N Ta ycTyHIaH uOOpaT KBaJpaT MaTpuIa, i

3J€MEHTIApHUHT COHM X° Ta, X B—n Ta sneMeHTIapaaH HOOpaT BEKTOD
yCTYyHIIap.

Uumsukiau aiareOpavik TeHIIamMangap cucremacuHu eunm 1e0 (1) éxku  (2)
CHCTEManapiaH X, X, X , .., X HOMabIyMIIApHU TONHIITa anTuiagd. Tommirax

X Xy Xy X kuitmatiap (1) €ku (2) cucreManapra KyWuiaranma TCHIIaMaaapHu

alHUSATra aJIAHTUPCA, YJIap CHCTEMAHUHT eYuMU JCUNIIA]IN.
CUCTEeMaHUHT SITOHA €YMMHU MAaBXKYUINTUHUHT 3apypuld Ba €TapiM mapta A
MaTpHIa AeTCPMUHAHTUHUHT HOJAAH (hapKiIu OYIUITUIND, SHHA
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D=det A= # 0. (4)

anl an2 ann

Arap D=0 06¥yica, cucteMaiap MaxcyC CHUCTeMaylap JeWuiaau Ba yJIApHUHT
e4MMH €KU MaBXKyJ SMac, €KW YeKcu3 Kyn Oynagu (OyHmail cucreMalapHu
alfHUTaH cucTemMajap Aed aTanaam).

I'aycce ycy TMHMHT MOXHATH.

['aycc ycynum HOMabJIymJapHM KETMa-K€T  HWYKOTHUIN YCYJIUHUHT YMYMHU
cxemacu OYnuO yHUHT €paamuja A MapTUIAHUHT JUOTAHAT 3JIEMEHTIapuJaH
MAacTKH KHCMHJA >KOWJIAIIarH MaTpulia 3JIEMECHTJIAQPUHUA HOJTa aujIaHTUPUIIIAH
noopotaup. ['aycc yCyIMHU y4 HOMabJIyMJIU y4 TEHIJaMallap CUCTEMACHUHU KYpHO
YUKaAMU3:

X +83,X, + 5% =by
)X +8ypX, + 8%y =D,

()

A31X) +85,X; +aAg5X5 = bs

bupuxun Tenrnamana a  #0 oyncuH. Arap Oy mapTt Oaxapuimaca, OUpUHYH

TeHrmama Cudartuaa OoIKa, X, ~onauuaru koddunentu 0 ra TeHr OymMaraH
TCHITIAMAHN ONMIIMMH3 MyMKHH. bBup BakTHMHI y3uma Oapua &, i (i=14)

kodp¢uuentaap 0 - ra TeHr 6ymumu MymkuH smac. Iy cababmn a #0 maprn

XaMMma BakT OaxapwiyBud Imaptaup. (5) TeHrinamaiap cucTtemMacuaa OMPUHYH
TEHIJIaMaHM ai1 Kod(uiieHtra 6ynuo,
W Wy _pG
Xl + a'12 X2 + al3) X3 - bl() (6)

Oy epna
aﬁ) =ﬁ, j=23; b® =i_

11 all

TEHIJIAMaHU XOCUJI KUJIaMu3.
Oxupru (6) Ttenrnmamanan ¢dorgananno (5) cucremanan X~ HOMAbIyMHH

HykoTumn (YuKapuin) MyMKuH. ByHuHr yuyH (6) TeHrnamanu a, ra KynauTupuod
(6) cucTeMaHWHT WKKWHYM TCHIJIAMACHJIaH, a, Ta KymaiTupub yduHYH

TEHIJIaMaCHuAaH aﬁHpHIH KEpak. Ey aMaJlJIapHHN 6a>1<ap1/1111 HaTH>Xacuaa
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X+ al(lz)xz + a1(13) X3 = bl(l)
55X, + 55X, = by’ (7)
adx, +aln, =bY
cucreMa sra 6ymnamus. bynaa

%j - &j ailal(lj) by ) - b; — ailbl(l) , (,j=2)

Oumu (7) cucreMaHWHT OWUPHUHYM  TCHIJIAMACHHU azz(lj #0 ko3(¢uueHtra

oynamMus:
) 2) o _ 59 @ _ b
— — _ V2
X, +8,53 X, =h", a,” = Nox b,” = Ol (8)
22 22

FOxopunaru cunrapu Oy epja xam azz[lj #0 mapTHU Xamma BaKT

TabMHUHJIAIINMU3 MyYMKUHIUTUHU KYpCATHUII KUWHH 3Mac.
Yuunaun taptrOan (6.8) cucremana Xyaau X HOMabIyM WYKOTHIITaHH Kaou,

X, HOMabJIyMHH WYKOTaAMU3:
x, +adx, +af)x, =b®
X + aé? X3 = bz(Z) (9)
al?x, =b{”
by epna
a® ~a -aal :af b —aln?
X3Ba X , X, HOMabIyMIIapHHU (9) TenrnmamamaH TONWIAIN:
a3
Macanan: Kylingaru TeHrinamanap CACTEMAaCUHUHT €YMMUHU
1.84x, +1.22x, —1.22x, =3.46

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

. —_h® (2) . —_h® (6] 1)
X3 -Xz —bz _azs Xs,- X1—b1 _a12 Xz_als X3,

-2
& =107 = 0.01 auuxnukzaa Tonum Tanab STUICHH.
TeHrnamanap CUCTEMaCHUHM €YHUIL YUYyH KyHuAaru KetMa KeTIUKHU OakapaMu3:

1. a;, =1.84 # 0 6ynranu yuyn Kyliuaaru aMaiHu 0askapaMus:
1.22 1.22 3.46
+T50x, -8, =20
1.84 1.84 1.84

122 ~122 3.46

a,=—=0.663a,=—=-0.663 b =—— =1.8804
1.84 1.84 1.84

Xy
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2.Konran TeHrnamanap oiaauaard Ko3gGuueHTIapHi aHUKJIaiMu3.

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

A, = 8, —a,,8,; =5.52—(-2.25) *(-0.663) = 4.0228;
b, =b, —a,b, =2.23-(-2.25)*1.8804=6.461

a,, = a5, —a;8,, =3.496-4.33*0.663=0.619

Qg5 = 845 — 85,85 = 4.56—-4.33*(-0.663) = 7.431

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

Hartmwxkana Kyiimaaru cucrtemara sra 0yiamMus.
X, + 0.663x, — 0.663x, =1.8804
5.0518x, +4.0228x, =6.461
0.619x, + 7.431x, =-6.9223

3. 8,, =9.0518+# 0 6ynranu yuyn Kyiingaru amanau Gakapamus:

X, + 4.0228)(3 _ 6.461 Ca,, = 4.0228 —~0.7963 b, = 6.461 _ 1279
5.0518 5.0518 5.0518 5.0518

a,; = a,, — A,,8,; = 7.436—0.619*0.7963 = 6.9381
b, =b, —a,b =-6.9223—0.619*1.279=-7.714

Hatwxkana Kyiimaaru cucrtemara sra 0yiamus.
X, + 0.663x, — 0.663x, =1.8804
X, +0.7963x, =1.279
6.9381x, =-7.714

4. a5; =6.9381+# 0 6ynranu yuyn kyitugaru amanau 6axapauo, X3 TOHAMU3:
—7.714

X, = =-1.1118
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: X1=-0.2917 ; X,=2.1644 ; X3=-1.1118

Tenrnamanap cucremacunu I'aycc ycyamaa equin aJropuTumMm.

1.Tenrnamanap cucremMacuaard HoMabJIymiaap COHU N Ba yiap OJIIUIaru
ko3 durienTiap a;; Ba b 0301 XaamapHUHT KMMATIApUHHA aHUKJIA0 OJaMu3.
2.bupunun kanamuu K=1 ned omamus.

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

4. Arap ay, #0 , 6yica xucobiam 7- myHKTra . 0yamaca 5- myHKTIra y3aTHiaau.

5. K- ycryHHuHT KosiraH K- KaTopuaa KEHUHTH KaTOPJIapUaaH Xk HOMablIyM
koddduuentud; #0 (1 =k+1,..,n) Honman GpapkIMruay TEKIIUpaMus.

6. Arap a;, # 0 Tonmamaca TeHrIIamManap CHCTEMACH STOHA €4MMra dra Oy IManau
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Ba XMcoOanl ;kapaéuu Tyxratiiaagd.Arap a; # 0 snement Tonmica
K- Tenriiama i- TeHIr1aMa OWJIaH aaMallTHPHUIIAIH.

7. k- rearnamanu a,, # 0 conra 6Gynamu3, HATHKAIA TEHTIIAMa HOMAabIIyMIIapy
oyiuard ko3¢ UIICHTIAPHUHT Ba 0301 XaJHUHT KUHMATIIapy Kyiugarunda

XUCOOIaHa Iu:;
ay b :
ay =24 b ==t j=k+Lk+2..,n
akk akk
8.k+1- tenrmamanan Ooriad KoJraH TeHIJIAMaJIapHUHT K03 dUILIEHTIapy

Kyinjaaru popmyJsia OpKaiau XUCcoOIaHaIn:

9. k=k+1 ; Arap k <n0G¥yuca xuco0nam 5- MyHKTra y3aTHJIaau, ake X0Jaa
TEHTJIaMajlap CUCTEMAaCHHUHT €YUMU TOIMJITaH XUCOOJIaHa Il Ba HATHXKa OJMHA/IH.

Tenranamasiap cucremacuu I'ayce ycyauaa equun y4yH
IHHACKAJIb TMJIHIATH 1aCTYPH.

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(* Tenrnamanap 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. ITackan Tuimaa Ty3uirad gactyp Ba Maple gactypu épnaMuaa TeHaamaiap cucreMa-
CUHUHT CUMMHUHH TOTIAJM Ba KYJIJIa TOMHMITaH UMMM OWJIaH HATH)KaHHM TCKITHPAIH.

4, Opauit uTTEpaIUs yCyJnia €UMMUHU TOTUI YUyH AacTyp Ty3aIu.

2- JKaaBaJ
Tonmm- A MaTupuULAHUHT Ozop | Tonmmu- A MaTUPULIAHUHT O3071
pUK kodhpurmennapu XaJ pUK kodpurmennapu Xaj
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 11334 |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 O3on
PHUK kodpbunreHnapu Xan PHUK ko3 bunrennapu Xan
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 -TapTUOIW N Ta YM3UKIW anreOpavuk TEHTIamMajaap CUCTEMACHHHUHT KYpPUHUIITH
Kyhnaaru udojanan uubopar:
a;, X, +a,X, +..+a,X, =b

Ay X, + 35X, +o 8, X, =D,

n ®)

a X, +a.,%X, +..+a,.X, =b,

By epna a;:(ij =1,n) nap Mabiym connapaan uoopar 6,110, HOMabIyMIAPHUHT

1)

Kodbdumue H T I ap U AchHWIAIH, X 1+ Xy X - HOMABJIyMIIAD, bl, bz""’ bn -

(1) cucreMa TeHIIIaMaJIADHHUHT 0301 XaJIapH, yJIap XaM MabiIyM COHJIapAaH HOopart.
Tenrnamanap cueTeMaCMHUHT MAaTpUIlAa KYPUHUIIIN:

AX =B (2)
by epna
Xl bl
a11 a‘12 a'ln X2 b2
a,, a,, ..a . .
A=| G2 d2 o | X = ’ B = (3)
anl an2 ann
X b

n n

3eiiges yCyJTMHHMHT MOXMATH. A MaTpPUIAHUHT IMAaroHall 3J€MEHTIApU HOJJAaH (papKiu

oyncun 4 * 0 i=1 ,2,3,...,n. CucTeMaHUHT OMPUHYM TEHIJIAMACHHHU X3 rd, MKKUHYH
TEHTJIAMACHHU X, I'a Ba X0Ka30 N — TEHIJIaMacUHU X, r'a HUcOaTaH e4uo,

X, = BLro,X, +oX + et a X,
X, = By 4+0a,X +0,X +...+ 0, X, 4)
X, = Bo+a X +o,X, +..+a,,,%X,4
cucremMara sra 6ynamus, Oy epaa
b, Q.. _— o
B, =2 a; =——, 1, ]=123..,n 1#]; 6a a; =0, aecap 1=].

i i
3eiigen1 ycyau KeTMa — KeT SIKMHJIAIIUII YCYJIMHHUHT OOIlKaua KYpuUHUIIM OYIuo, yHIa
(k+1) — SAKUHIANIAIIHA XUCOOAIIIa SHIW TOMMITAH X1,X2,...., Xk HOMabayMHHHT (K+1)-
SKMHJIAMIUIIN (UTEpalns yCyauaa K— SKuHIaIImIn) YbTHO0pra OJMrHAIH.

Xi HOMabJIyMHUHT K — SKMHIamUImyg MabayMm OyicuH, y Xonma (K+1) — sKuHmammi
Kyhugaru Ggopmyiia OunaH TOMUIAAN.
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k+1 k
x =B +Za”x§ )

(k+1) _ (k+1) (k)
Xy 7= ta, X+ E ;X
j=3

XS = B+ oy X8 g, x$Y + Z“u X

j=4

k+1 k+1 k
x K+ = ,31+Zau §+)+ Zauxﬁ’

j=i+l

Aprap kentupwiran (4) cucrema y4yH Z‘au‘<1 eKuZ‘a ‘<1 ;o 1L,j=1,2,3,...n.

IapTIAPHUHT GHPOpTAcH YPHHIM OYiIca BomnaHFHq SKUHJTAIINII KaHAai TaHJIaHUIIHAH
KaTBUH Ha3ap TEHIJIAManap CHCTEMAacH ATOHA ednMra skuHmamand. (1)cucremMa ydyH
HTepaIys YCYIIHAa SKUHIAIIHI apTh

;| > Z‘a‘i‘ j=123,...n

]
Macanan: Kylingaru TeHrinamanap CACTEMAaCUHUHT €YMMUHU
—7.5%, +1.42x, +2.11x, =-3.5
3.5, +7.21x, —0.35x, = 2.5
2.1x, +3.8x, —8.91x, =5.55

2
& =10 = 0.01 auuxnuxna Tonurr tagabd STHICHH.
Tenrnamanap CHCTEMACUHU €YMII y4YH KyHHMIard aMajuIapHu Oaskapamus.
1. Jay| = Z‘au‘ j =12,3. IllapTHHU TEKIIMPaMU3,TbHI
i]
lay,| = |- 7.5/ > |ay,| +|a,s| =[1.42 +]2.11|=3.53
la,,| =[7.21 > |a,,| +|a;| = |3.5] +|-0.35=3.85
|35 = ~8.91 > [ay,| +]a,,| =]2.1 +[3.8/=5.9
2. Illapr GaskapuIasITy AeMaK TEHIJIaMajap CUCTEMACHHU 3elen yCyauaa €4uMHN
TOIMII MyMKHH.
3. Tenrnamanap CHCTEMACUHHM MOC PaBUILA X1, X2,X3 HOMabJIyMjIapra HUCOaTaH e4aMus3:
o 35 142 211
x( = 22 x$ 4 X =
75 75 7.5

=0.4667+0.1893x{" +0.2813x{"

=0.3467-0.4854x"Y +0.0485x{"

: 7721 720t 7210
x{ = _335, 21 x4 S 81x<k+1> 0.2813+0.4667x*" +0.1893x{*?
"8o9l 891 8ol
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4.k=0 neb OnprHYN SKUHJIAIIAITHN aHUKJIAHMU3.
x® =0.4667+0.1893x\” +0.2813x{” =0.4667

x$) =0.3467 - 0.4654x" +0.0485x{” = 0.3467 - 0.4654*0.4667 = 0.1202

x{? =-0.6229+0.2357x" +0.4276x{" = -0.6229+0.2357*0.4667 + 0.42760.1202 = —0.4615
5.k=1 1e6 MKKMHYN AKUHIAIIUIITHNA aHUKIaiMI3:

x? =0.4667+0.1893x{" +0.2813x{" = 0.4667+0.1893*0.1202+ 0.2813* (-0.4615) = 0.3597
x{? =0.3467—0.4654x? +0.0485x{" = 0.3467—0.4654*0.3597 + 0.0485* (-0.4615) = 0.1497
x{?) =-0.6229+0.2357x? +0.4276x{? = -0.6229+0.2357*0.3597 + 0.4276*0.1497 = —0.4741

6. SIKMHIAIINII [MAPTUHU TEKIIUPAMU3:
[x? —x{| =10.3597-0.4667 = 0.107> 0.01;

X = x{| =10.1497-0.1202 = 0.0295> 0.01;
X = x{?| =|-0.4741+0.4615 = 0.0126 > 0.01.;

Tonwiran ednuMm OepuiiraH AHMKJIMKHUA KAaHOATIAHTHPMASOTH IIYHUHT YYyH >Kapa€HHU
J1aBOM DTTHUPAMM3.
7.K=3 1e6 yuyHUM SIKUHJIANIMITHA aHUKITaliMU3:

x® =0.4667+0.1893x{? +0.2813x{¥ = 0.4667+0.1893*0.1497 + 0.2813* (-0.4741) = 0.3618

x{¥ =0.3467-0.4654x" +0.0485x{? = 0.3467—0.4654*0.3618+ 0.0485* (-0.4741) = 0.1481
x{¥ =-0.6229+0.2357x +0.4276x{¥ = -0.6229+0.2357*0.3618+ 0.4276*0.1481=—-0.4743

8. HKHHH&IHI/IIH IMapTHHU TCKIIUPaMHN3:
X —x{?| =|0.3618-0.3597| = 0.0021< 0.01;

[x§ —x{?| =|0.1481-0.1497 = 0.0016< 0.01;
X = x{?| =|-0.4743+0.4741 = 0.0002 < 0.01.;

Tommnran eunM OepuiraH aHUKJIMKHUA KAHOATIAHTHPSANTH. JlemMak TeHTIamasiap
CHUCTEMaCHHUHT TakpuOuii eunmu: x1-0.3618; x,=0.1481; x3=-0.4743 skaH.

Tenrnamanap cucremacunu 3eiies1 ycyauaa e4yuiln aJIropuTUMH.

1. Tenrnamanap cucteMacHarua HoMabJIymiIap COHU N Ba yiap onguaaru KodhdUileHT-
Jap ajj Ba bj 030/ Xa[UTapHUHT KUIMATIAPUHU XaMJla XUCOOall aHUKIUTH € HU
aHUKJ1a0 OJlaMu3.

2. |ag|= Z‘aij‘ j=123,....,n. mapt Oaxkapuica xucoOJjani 3- MyHKTra y3aTuiaau. Arap

i#]
Oaxkapuimaca Xucooail xapa€Hu TYXTaTHIIau.
3 @, #0;xap Oup TEHIIAaMaHW MOC paBUIIIA X; HUCOATaH €4ynld oJlaMus3.

4. Honwaun skuanammnan - x© =0 (i=1,2,3,...,n.) Ba K =0 1e6 omxamus.
5. k=k+1 1e6 k sxkunnammuinay Kydnaara GopMmysia OpKaid XHUcooaanmus.
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n
(k+1) _ (k)
XY =B+ ax
=2

i-1 n
K+1 k-1 z K 1=
Xi( +) =p+ z :ainE Pt OtinE ) 1,]—1,2,3,..11.
=1 j=i+l

6. Arap |x*® —-x®|<¢ , (i=123,...n) mapT 6axapunca , x*? Hu TeHrmaManap

CHUCTEMAaCHHUHT €YMMH J1e0 KaOyJl KUITMHAIN Ba XUCOOIalI )apaéHu TYXTaTHIIa IH.
Arap mapt 6axapuiiMaca Xucoouiai 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 kuputuar n=");read(n);writeln;
write('XucoOail aHUKIMTUHU KUPUTHHT eps=");read(eps);writeln;
writeln(' Homabnymmnap onaunaru kodhUIMeHTIapHu Ba 0301JIapHUHT);
writein(' KUMMAaTIIapUHU 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 1:=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 1:=1 to n do begin x[i]:=b[i];
for J:=1 to n do begin if i=] 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 cucTeMacCHHUHT €4UMUHU 3eien ycynuaa Tonud oymaian');

60:end.
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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. [Tackan Tuimaa Ty3uirad gactyp Ba Maple gactypu épnaMuaa TeHaamaiap cucreMa-
cuauHT eunMuHM 0.0001 aHUKIMKIA TONAu Ba KYJiJla TOMUITaH €4MMU OujIaH
HATW)KaHU TEKIITUPaIH.

3- xaaBaJ

Tonmm- A MaTupuULAHUHT Ozop | Tonmmu- A MaTUPULIAHUHT O3071
pUK kodhpurmennapu XaJ pUK kodpurmennapu Xaj

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 1288 10.28 |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 2.63 |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 1891 |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 3.96 |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 [0.05 |3.28

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

21.7 10.35 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

©
WINEIWN P WNF N R W R W R W R W N R W N -

WINIFPWINIFPWINRFPIWINEFPWINIFPWNIEFPIWNRPFPWINEFPWN

3.93 -1.71 19.79 -2.81 1.39 -2./3 | 7.49 -2.88
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Tomnmm- A MaTHUpUILIAHUHT O3zop | Tormmm- A MaTUpUIIAHUHT O30
PHUK kodpunuenapu Xa PHUK Kod(punrenapu XaJl
TapTuby | 1 2 3 Taptubm | 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

30




5 - Mabpy3a MAIIFVJOT

FOxopu TapTHGJIM MATPUIIAHUHT JeTEPMHUHATHH
I'ayce ycyamnaa xucodJiami.

laycc ycymu €pnamuma (Nxn) taptednm A — marpuriaan D-ydOypuakiu marpuia
KYPUHHIINTA KETUPUII MyMKHUH. D - yuOypuakim matpuia IeTepMHHAHTUHUHT KHIMaTH
anreOpa Ha3apusICHIAH MAaBIyMKH, A — MaTpula JCTCPMHUHAHTHHUHT  KUHMaTUHH

TeHraup. Mabiaymku, OyHIal Xonjaa, ydyOoepyakiii MApTULUMHUHT JIETEPMUHAHTH YHUHT
acoCH TMaroHaly AJIEMEHTIIApHU KynaiTMacura TeHr.

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

a; , &3 "
Ay 3y, Ay 0 A,
A= Qzp Ay Q33 Ay, (1)

anl a‘n2 a'n3 e a

nn

A — wmatupunanu laycc ycynu €ppamuaa anMamTHpunuiap Oaxapu0, ydOypyakiv
MaTHpHUIlara KeJITUpaMHu3 Ba XOCHJI KWJIMHTaH MaTpuianu D opkanu Genrunaimus:

a;; &, Q3 0 W
@ ()] (]
0 a;;, adyz; 0 Ay,
D=0 0 af- ag (2)

(n-1)
_O 0 0 a |

laycc ycynmuHuHT TYFpu Wynuma Oab3aH AWaroHaa dJeMEHTJIapuiaH OupopTacw,
Macaian ay ™ =0 Oyiaranma, y Xojaa caTp YpHUHHU alMaIITHPHII J03uM.MaTpHiiaaa catp
€KM YCTyHJIap YPHUHH AIMIITUPUII aHUKJIOBYMHUHT KUMMAaTUHH KapaMa- KapIiy uinopara
anmamTupaau. byHmail xonjma OepwiraH MaTpULAHWHT JETEPMUHAHTHUHU KyWuIaru
dbopmyrna OpKaau TOMUIIAIN:

det A=(-1)"a,;-az -ag; - ay 3)

bynna k A — maptunuauar D - MaTpuiiara KeNITHPHUIIIATH caTp aIMAIITUPUIILIAP COHU.
Macanan: Kylu1aru MaTpULIAHUHT JI€TEPMUHAHTU TOMUJICUH.

(4)
2 4 1 3

Eunm. TypTuHun TapTi® MaTpULAHWHT AETEPMUHAHTUHHM y4Oypyak yCyiuaa XucooOal

MYMKHH 3Mac IIyHUHT Yy4yH 4- TapTUOJM MaTpHUIaHU 3- TapTHUOIM MaTpHIlajapra
KeJITUpUO 0110 XHUcoOIaiMu3, SHHU:
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1 2 3 4
3 4 1 2 4 1
clet(A)—2 3 4 l—(1)1+12 3 6/+(-D"%.2.5 3 6|+
5 2 3 6
4 1 3 2 1 3
2 4 1 3
2 3 1 2 3 4
(1235 2 6|+(-)"*-4.5 2 3=3-3-3+4-6-4+2-1.1-1.3-4-2.4-3-1-6-3—
2 4 3 2 4

~2.(2-3-3+4.6-2+5.1.1-1.3.2-5.4.3-1.6-2) +3-(2-2-3+3-6-2+5-4.1-1.2.2-5.3.3-4.6-2) +
+4-(2-2:1+3-3-2+5-4-4-4.2.2-5.3.1-4-3-2) =
=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 MaTHUpULa JeTEPMUHAHTUHU yuOypUak
ycyaua XucoOia yuyH IIyH4a Ky apupMeTUK amjuiapHu Oa)kapuil Kepak Oyiaau.
Matpuna perepmuHanTHHH ['aycc ycynupaa XucoOnam ydyH KyHugara KeTtma
KETJIMKHU Oakapamus.
1. a,=1 Hosra TeHr OyiIMaraHu y4yH MaTPULIAHUHI OUPHUHYM KATOp 3JIEMEHJIAPUHU

a,, =1 ra 0ynaMu3, KoJIraH KaTop 3JeMEHTIIapu Kyiuaaru (popmyiiagaH TOMAMH3:

o _ ) A
a; =a; —&y; - ay 1, ] =234

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

[1] 2 3 4 1 2 3 4

2 341 o [-1] -2 -7
A= -

5 23 6 0 -8 -12 -14

2 41 3 0 0 -5 -5

2. aY) =-1 Homra TeHr OYJMaraHd ydyH MaTPUI[AHWHT MKKHHYH KaTOp DJICMEHJIapHHU
al) = -1 ra Oymammu3, KOJTaH KaTop 3JIeMEHTIapu Kyiuaara popMysiagaH TOMaMus3:

@ _ 40 2 . 40 P
a;” =a; —a; -a; I, ] =34.

HaTI/DKa,Z[a SHI'M MaTUpHUlla TOIIAMH3!:

1 2 3 4

0o 1 2 7
A—>

0 0 [4] 42

0O 0 -5 -5

3. a% =4 monra TeHr OyiMaraHud y4yH MaTPHIIAHHHT YYHHYH KaTOP DIIEMEHJIAPHHU
al? =4 ra Gymamu3, TYPTHHUN KATOP dJIEMEHTIApH Kyituaarn GopMyagaH TOMAMH3:
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3) _ 42 3) 2) -
;" =" —q; ay 1, ] =4

HaTI/I}KaI[a SHI'M MaTUpULla TOIIAMH3!:

1 2 3 4

2 7
21
2

0 O 0 {%}
2

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

A=I0 O 1

detA=a,-al)-a?.af =1-(—1)-4.9—25=190.

Hatwxkanap Oup Xuia 4ukiau.
FOkopu TapTud nerepmunantau I'ayce ycyauaa xuco0/1am aJropuTuMu.

1.Jlerepmenar taptubu N KUAMaTIApH dij aHUKIA0 oJ1aMu3.
2.bupunun kamamuu k=1 Ba D=1 ne6 onamus.
3. k—kaTopman K — yCTyH 3JIeMEHTHHU aHUKJIAHMHM3.

4. Arap a,, #0 | 6yaca xucoOnam 7- myHKTra . 0yiMaca 5- IyHKTra y3aTUIaIu.
5. k- yerynHuHT KoraH K- kKaTopumaa KeWWHTH KaTopiapuaH dJIeMEHTH

ay =0 (1=k+1,..,n) Homman hapKIUTHHE TEKIIHPAMHE3.
6.Arap @, #0 tommnmaca nererMmuHanTHUHT D=0 6y1aau Ba XUCOOIALI KapaéHu
Tyxrarunaga.Arap a; # 0 smement Tommica K- kaTop Ouna i- KaTop
anMalutupuiaaau sa P=- P.

7. k- karop a,, #0 conra 6ynammus
Ay o
3 = ai ,j=k+1k+2..,n Ba P=P.a, HA XMCOOJIANMHU3.
kk
8.k+1- karopmangan 0omuiad, Katop KodduueHTIapu Kyiugaru GopMmysia OpKaIu
XucoOaHaIu:

a; =a; —a; 1, j=k+Lk+2..,n

9. k=k+1 ; Arap k <n6¥aca xucobaam 5- myHKTra y3aTuiaaau, ake Xouaa
XUcoOanl kapa€Hu TYXTaTUIIAIH.
10. P =P-a, xucoOaliMu3 Ba HATHKAHHU OJIAMHU3.
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FOxopu TapTud gerepmuHanTHu 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:=ali,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(" JlerepmunatHunr kuiiMatu D= ',p:8:4);
end.
5- TONIIUPHK.

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 -TapTUOIXM N Ta YU3HKIW aJre0Opauk TEHIJIamanap CHUCTEMAaCHHMHI KYPUHUIIU
Kyhnaaru udojanan uudbopar:

a]_le + a12X2 +...+ alan = b_]_

do1X| +agoXo +...+ Ao Xy = b2

1)

By epna a;:(ij =1,n) nap Mabiym connapan ubopar 6,110, HOMabIyMIAPHUHT

1)

Kodbdumue H T I ap U AchHUIAIH, X 1+ Xy X - HOMABJIyMIIAD, b1’ bz""’ bn -

(1) cucreMa TeHIIIaMAJIADMHUHT 030]1 XaJJIapH, yJIap XaM MabJIyM COHJIapaH HOOpaT.
Tenrnamanap cieTeMaCMHUHT MAaTpUIlAa KYPUHUIIIN:

AX =B (2)
by epna
Xl bl
11 12 1n X2 b2
A= 8y dyp - 8y , X=|"1 B=| " (3)
anl anZ ann ' '
X b

n n

Ywusukn anreOpank TEHTIIaMallap CACTEMAaCHHU CYMMHUHH TECKapy MaTpPHIIA YCYIUIa XaM
TOTIUIII MYMKWH, STbHH:
A A-X=A".B,
Oy epna A™-A=E , OMpJIMK MaTpUIlara TCHT IIyHUHT yuyH (2) TeHI1aManap
CUCTEMACHUHUHT eYUMU: X = A'-B TeHr 6}”Inam/1.
Teckapu maTpumianu Kapamep ycynuaa TOMHII y9IyH Ky/1a Ky apudMeTUK
XucoOanuiapHu oaxapuil kepak. ['aycc ycynuaa sca kaM xucoobJiaiil EpaaMuia TOMUIIT

MYMKUH.
MacanaHs:

1 -1 2

A= 3 -3 7

2 -3 5

Marpunanu teckapucuau I'aycce yCynuaa TONUI y4yH KyMuJaru KeTMa — KeTJIUK-
HU OakapaMus.
1. Ky#liugaru Kymmmyua MaTpuIlaHu Ty3U0 OJlaMu3.

1 -1 2 1 0 O
A-E=|3 -3 7 0 1 O
2 -3 5 0 0 1
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2. bupHuun KaTop Ba OMPHUHYM YCTYH AJIEMEHTH a,, 1 HoImaH (papkim OyiraH yudyH KaTop
DIIEMEHTIAPUHU a,#1lra OYymamu3z Ba OUPHUHYM KATOPHUHI KOJTraH YCTYH
AIIEMEHTJIApUHU HOJITa ailllaHTUpaMu3. byHUHT y4yH OMpPHUHYH YCTYH 3€JIEMEHTH
(-Dra, cynrpa 2 ra kynaitupu0, MOC paBUINa UKKWUHYH Ba YYyHYH YCTYHJAH allpamMus3.
by amaiutap Kylnmarnya amajira OIMpUIAIN:
bupHun Matpuia 31eMeHTIapUHN XUCOOIaiMu3:
ag::an_an'au:“Q‘(—D'3:O;ag::am_an‘%lz‘B_(—D’zz—l;
aélz) =83 —a;-8, =/-2-3=1; aéls) =@ —a;-a;=5-2-2=1;
WKKMHYM MaTPUIIAHUHT JEJIeMEHIIapUHU XUCOOIaiiMu3.
bl(? =b,-a;, b, =0-(-1)-1=1; bélz) =b,, —a;,-b,y =1-(-1)-0=1;
b$==%z—au'%1=0-(—D-0=0-
by =b,-a,;-b,=0-2-1=-2;bf) =b,;—a,,-b,, =0-2-0=0;
bs(? =by;—a;-by; =1-(-1)-0=1.
Hartwxkana matpuiia Kyiingaru KypuHUIITa 3ra 0yaau.

1 0 O 1 1 -2
A-E=| 3 0 1 0 1 0
2 -1 1 0 O 1
3. UKKMHYM KaTOp WKKWHYU YCTYH B3JEMEHTU a,, =0 OYyIraHm y4yH KEHUHTH YCTYH
JJIEMEHTUHHU TEKIIUpPaMU3, S’bHU a,, =1#0 OYraHM y4yH HMKKUHYM Ba Y4YyHUYH YCTYH
3JIEMEHTIIAPUHA AJIMAIITHPAMU3, THHHU:

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

SlHru MaTpuIlaHUHT a,, =1 ra UKKMYM 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:

a® —all ~al -a® =2-1.3=-1;,

VKKMHYM MaTpULIAHUHT J€IEMEHIapUHN XUCOOIaliMu3.
P =b? b -a? =1-(-2)-3=7; P =bf ~b -2 =0-0-3=0;
b® —b® ¥ .a® —0-1.3=3,
WKKMHYY KaTOp yUYMHYH YCTYH 3yieMeHTH O ra TeHr OYJraH yuyH UKKaja MaTpULaHUHT
YYMHYM YCTYH 3JIEMEHTIIApU y3rapuuICu3 KOJIAIHN.
1 0 O 7 -2 1
A-E=| O 1 0 0 0 1
-1 1 -1 -3 1 O
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4. YauHYN KaTOp a,, =-1 OYnraHu ydyH OMPHUM MKKWUHYMA MATPUIIAHWHT YUYUHYU YCTYH
AIIEMEHJIAPUHU a,, = —1 ra 6ynamus.
1 0 O 7 -2 -1
A-E=| O 1 0 0 0 -1
-1 1 1 -3 1 0
Oxwupru KajgaM OyJaraHu ydyH OMpUHYM MAaTPULIAHUHT 3JIEMEHTUHH XUCcOOIaMaiiMus3.
WKKMHYM MaTPUIIAHUHT JEJIeMEHIIapUHU XUCOOTaiiMus3.
0P b2 ~bi2 -2 =7~ (-1)- (-1 =6; b ~bZ - -afy ~0-(-1)-(-=-1L;
bl =b —bs3 a5y =-3-0-(-1) =-3.
by =bz? —b -as) =-2-(-1)-1=-1; b =b;) —b37 a5y =0-(-1)-1=1;
b =b -b¥ .-a? =1-0-1=1.
DJIEMEHTJIaHU YpHUTa KyliamMus3.
1 0 O 6 -1 -1
A-E=| O 1 0 -1 1 -1
0 0 1 -3 1 0

Hatmxana A matpunara Teckapu OyiaraH MaTpulaHu TOAMU3:

6 -1 -1
At=| -1 1 -1
-3 1 0
Hartmxanu TyFpUIMTMHN TEHKIIUPAMU3:
1 -1 2 6 -1 -1
A-A4t= 3 -3 7||-1 1 -1]=
2 -3 5/ | -3 1 0
1-6+(-1)-(-)+2-(-3) 1.-(-D+(-D-1+2:1 1-(-D)+(-D-(-D+2-0 1 0 0
=3-6+(-3)-(-D)+7-(-3) 3-(-D)+(-3)-1+7-1 3-(-)+(-3)-(-)+7-0 |=| © 1 0
2.6+(-3)-(-)+5-(-3) 2-(-D+(-3)-1+51 2-(-)+(-3)-(-)+5-0 0 0

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

1.Matpwuiia TapTHOU N Ba 3JIEMEHTIIApH djj Ba bj aHMKIa0 onamus.
2.bupnuk mMaTpuna b, = {1 aedp !: J

0 aeap 1+ ]
3.bupunun kamamuu K=1 ned omamus.
4. k — renrnama Ba K- HomMabayMm onauaard Ko3GduiieHT aHuKIaiMus3.
5. Arap a,, #0 , 6ynca xucobmam 7- myHKTra . 0yimaca 5- NyHKTra y3aTuiaaau.
6. K- ycTyHHUHT KoJIraH K- KaTopuia KeHUHTH KaTopjapuaaH Xk HOMablIyM

ko3 puentnd,; #0 (1=K +1,..,n) Hongan papKIMIuHu TEKIIUPAMU3.
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7. Arap a,; # 0 Tonmamaca Teckapu MaTpHIa MaBXKy OyiIMaiu, sbHA

MaTpUIIAHUHT JETEPMUHAHTH HOJITA TEHT OYyIaau Ba XucooOall xapaéHu

TyxraTuaagu. Arap a; # 0 snement Tonmica K- Tenriaama i- Tenriama Oua

aNMaIlITUPUIIAIN.

8. k- Tenrnamanu a,, # 0 conra Gyaamu3, HaTHXKaJa TEHIIIaMa HOMAbIyMIIApU
oJiiu1ard Ko3(QpUIIEHTIAPHUHT Ba 030]1 XaJTHUHI KUMMATIIapU Kyiugarunda

XucoOJlaHa u:
a, =3 i kaLk+2.nb =D 212 nixk
akk a'kk
9. k+1- Tenrnamanan 0o1niad KoJAraH TEHIJIaMaJapHUHT KO3 GHUIIEHTIapU

Kyhnaaru Gpopmysia OpKajid XucoOaaHaIu:

& = —audy I, J=k+Lk+2,..,nb; =b; —a b, ; 1,j=12,...,n.i= ]

10. k=k+1 ; Arap k <n0¥yica xpcoOnanr 5- myHKTra y3aTuiaau, ake XoJaa
TECKapH MaTpPHIIa TOMUIraH XuCco0IaHa i Ba HATHKA OJIMHAJIM.

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 31eMeHIapUHA 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 MTpHUIIaHU KYJIa Xuco01a0 Tonaau Ba €4YMMHU TEKIITUPATTH. .
3. [Mackan Tunuaa Ty3wirad aactyp €pJaaMujia TeCKapu MaTPUIIAHU TOTIAH.
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6 - Mabpy3a MAIIFVJIOT

AHMK MHTEIrPAJIHU TYFPH TYPT OypyYaK yCyJuaa TAKpUOUii Xuco0J1am.

AManga aHWK WHTErpalHU XUcoOnamga WHTErpajl OCTUAAru (YHKIUSHUHT
Oonuianfuy (QYHKUMSICUHU TOMNMIN Kepak Oynaau, JIGKHH  XaMMa BakT Xam
oouvtanfud (QyHKUUsHA TonuO Oynmainu. LlyHuHr ydyyH OyHAaill aHUK
WHTETPAJUIAPUHUHT KUIMaTIapUHU TaKpUOuUi ycyiuiap €paaMujia XMucoOIaHuIu.

AHUK MHTErpaJUIapHU TaKpUOUM XMCOOIIall 3TPU YM3UKJIN TPaNeLUsIHUHT 1031
XaKHJlard MacaJlaHUHI T€OMETPHUK e4rMMH OujiaH y3Buid Oornmkaup. Kyihinman O x
Yknaru [a;b] kecma Gunan, roKopugan MycOar Kuiimar KaOyn Kumagurad Yy = f(x)
y3IyKcu3 (DYHKIUSHUHT rpaduru OuinaH, €H TOMOHJapAaH X=a Ba X=Db Tyrpu
YU3HUKJIAPHUHT KecMajapy OWIaH yerapajlanrad (pUrypaHu 3rpu YM3UKJIHA Tpareus
nedinnany. [a;b] kecMaHM 5ca SrpU YMBHKIM TPANELUSHHHT acOCTApH IEHUIaIH.
Orpy YU3UKJIU TPaNeUsHUHT I03UHU

b
S=[f(x

oyuma F(x) - Oepwiaran f(x) ¢GyHKuusHUHr OomutanFud QyHKImscd. KOkopuma
TabKH/UIAHTAaHUICK OONUIaHFUY (QYHKIMSHUA HMHTETpaUIAIl  KOMIATapH Ba

dbopmynanap épaamuaa XucoOall UMKOHHU OyMaraHja yHU UHTETpajl HUFUHIWIAP
épaamua TakprbaH XucoOJIaHaIu.

Tyrpu TyprOypyakiap yCyJUHHUHI MOXUSITH.

Orpu 4n3uKiIap OuiaH yerapanaHraH (pUrypajapHUHT FO3WHHU, XyCyCaH 3rpu
YU3UKJIW TPANCUUSHUHT FO3WHUM XHCOOJall aHWK MHTErpall OpKajlu amalra
ommpunagd. TpaneuusHunr acocu Oynran [a;b] kecmanm X, X,, ..., X, , HyKTaaap

o o b—a
OwiaH n Ta KecMayiapra oynamu3. Y xonjaa OVIMHUIL OpANIUFU y3yHIUTH h=——

n
dbopmyna Owran udojanaHaad. X,=a JAecak, X, =X, =h HyKramapHu Oenruiad

omamm3, OyHma i=1,2,3,...,n, X, X,,..., X, HyKTajgapJaH 4erapaBUHi STPH YUK
OMIaH KECHMIITYHra Kaaap BEpTHKAl Napajule] TYFPU YHM3UKIAp YTKA3aMu3 Ba
KECHUIMII HYKTATapMHHHT OpJMHaTanapunu Kyiunarmaa y{x ), ylx ) ..., ylx), ...
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kabu GenrunaiimMus. Xap OUp opalvKIard OpAUHATACH Y3yHIUTH y(xi) ra TEHT TYFpu

TYPTOYpUYAKHUHT I03aJIapUHU TOTIAMM3.
S =h-y(x)
N Ta TYFpU TYPTOYPUAKHUHT I03UHU KyIIaMU3:
S=h-(y0x) +y(x) +Y(X5) +... 4 Y(X,))
IO3amapau xucobnamma k=1, 2, 3,..., n 1eb oiicak, BEpTHKAI TYFPH YHU3HKIApTa

HUcOaTaH VYHT TOMOHJArd TYFpU TYpPTOypyakiap OJIMHTAaHHM YYyH VHT TYFpH

TYpTOYypUaKiIap YCYIUHUHT HOopMyacu KeIud YMKaIu:
a

S =[ f()dx~hf(a)+ f(a+h)+.+ f(a+n-h)]= hZfa+kh

b
i=1,2,3,..., n-1 1eb oJicak, BEpTUKAJ TYFPU YN3UKJIapra HucOaTaH yarn TOMOHAATrH

TYFpU TYpTOYpUaKIap OJMHIAHU YUYH Yal TYFpPU TYPTOypUaKiIap yCYJIUHUHT GpMyIacu
KeJIno YUKaIu.

a n-1

:'[f(x)dth[f(a+h)+...+ fa+(@i-Dh)=h-> f(a+kh)

b k=0
AHMK HHTETpajHU TakpuOaH XucoOjaraHja MabiyM XaTOJUKKa Nyl Kyuumaamu.
OpayiukHu Oynunuiap COHM N KaH4a KaTTa €KW Kajgamiap cOHM h KaHua KMYMK Oyiica
TaKkpuOaH TONWITaH €4WM aHWK edynMmra myHda skuH Oynanu. LllyHuHr y4uyH XpcoOmamr
aHUKJIUTH & acocaH h Kajam Kyiluaard TEHICH3IMK OpKaId TONUIA/IH.

R(f)——f (©h? , Eefab] |R.(f)<s

by epma f (&) yHkius x e[a;b] opanukmaru f (x) HUHT aOCONIOT )KUXATAaH JHT
KaTTa KHAMaTUIup.
1
Macanan : S = Iﬁdx unTerpannu 0.1 aHuKIMKIa XrcoOan Tajaad STUIICHH.
0.25
Eunm. F(x)=+/x wunTerpan octu ¢yukiumscu yuyn [0.25 ; 1] xecmana Kyiimmaruua
XUCOOJIaMu3:

2
() =-2x2, [’ (0]<2, a=025, b=1, h-b-a_07
4 n n
: . 1 1 1
\f (a)\:max\f (5)\:--\/@:0.25.0_53 =2
0.75 .,0.75,, 0.421875
RU(D[<=72(0)7 = 22520
0.75

HemMak, N=2 kaOyJ KWIMIIA MYMKHH. Y X0Jij1a h = T =0.375.

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

0
Yo =% =+025=05 ; y, =+/x, =+/0.625=0.7906 ; y, =/x, =+1=1

Tonunran kuiMatnapaas oigananu® GepuiiraH HHTETpaTHU XUCOOIaiMu3:
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1
S = [Vxdx=h(y, +y;) = 0.375(05+0.7906) = 0.4839

0.25

1
S= [vxdx=h(y, +y,) =0.3750.7906+1) = 0.6714
1 2

0.25
AHUK e4MU.

1
S= J.\/;dx=§-(x/1—3-\/0.253) —~0.5833

0.25
XI/ICO6JIaIH XATOJIMKHU TCKIIUPaAMHU3:
A =(0.5833-0.4839 =0.0994 ; A =|0.6714—0.5833 = 0.0871 .

AHHMK MHTEIrPAJHU TYFPU TYPT OypYaK ycyJuaa Xuco0d/am aJropuTuMH.

1.UuTerpan octumaru f(X) GyHKIUSHY , X € [a;b] OpalMKHYA Ba & XHCOOJIAI
AHUKJINTHHYA aHUKJIA0 OJIaMu3.
2. Opanuknu 6ynunuiap connau N=0 Ba S=0; OyicuH.
3. S1=S; n=n+10; wuHTerpasHu TaKkpuitbaH XucooOIaANMU3:
b-a

h=—— x,=a+i-h; i=012,-,n-1
n
n-1
S=h2f(xi)
i=0

4. Arap n=10 6ynca xucobunain 3 — myHKTra OOpPCHH aKkc Xoja 5- MyHKTra OOpCHH.
5. Arap [S1-S|< ¢ Oynca xucobmnam 6- MyHKTra OOpPCHH aKc XoJia 3 — MyHKTra OOpCHH.

6. Xucobiam 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 KuiMatiaapuHu 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 UHTETpaIHU TYFpu TYPT Oypuak eunmuHH Kyiaa 0.01 aHUKIMKAAQ TOMMAaH .
3. Ilackan Tunuaa Ty3uiarad aactyp épaamuaa anuk uaterpatHuar 0.0001lanukmukaaru

CYMMHMU TOIlaaH.

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

5 —kaaBaJ.
T.P | AHuk uHTETpaNI T.P | Anuk unTerpai T.P | Anuk unterpan
1.5 / 9
1 _[—2(2 05 4 2 _[x/6X2 —3x + 4dx 3 2j§ \/O-5X2 +1.5 dx
eV x —Lrax 2 733/0.6X2 +1.3x +1.2
4 J- J3.1x +4 S | X +4 dx 6 T VX2 + 2x i
aNO05X® +x+1.4 07V3X% + 2+ X 5V 2X% +1+ 2X
T g 8|t e |
o V2x® —3x% +1 0av2x® +1.8x+1 A 2x? +x+2
10 j 3x+21 11 T 1 4 12 1I sin(x +1)
12X +4 JiV2x2 +6 5,2 +cos(x? +1)
13 T cos(x? +0.4) 14 ‘]-8 sin(0.4x2 +0.1) 15 lj cos(0.4x + 0.6)
$40.2+sin(x +0.5) $,0.2+sin(x+0.5) $50.4 +3sin(0.5x +1)
16 1.2 17 0.8 .- 2 18 1.3
(3x +1)sin(x)dx _[sm(xz—+0'5)dx ! dx
0.2 e 2X°+1 05C08(X) + VX% +1
1 14 20 | 18 21 | 22
o _f\/x +1cos(x)dx 0 _[(2+3x)sin(x2 +1)dx sz Ig(x)dx
0.5 . 0.5
22 14 23 15 2 24 1.5
J'Md '[de I /1—lsin(x2)dx
1.2 X"+ 3 0.5 X+ 1 0.5 2
2 2 2 1.5 27 2.4
> Oj (Ig(x +2) + 2.8)dx 6 Ojs(: +1jcos(§)dx sz %In(%Jr 2)dx
2 1.3 2 15 1.3 2
8 [ (Vx +Dsin(2x)dx o j e*1d 30 [~ Lo
06 05S|n(x +l) o5 Sin(x)
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AHMK UHTErpa/ulapHu TAKPUOMH XMCOOJIAIHUHT TPaNeuus Ba
Cummncon (mapaooaagap) ycyJiu.
1. Tpaneuust ycyJiu.

By ycymma xaM Tyrpu TYprOypuakigap ycyiumard Kabu [a; blkecmanm

a=Xg,X,...X, =b HyKrasap Ounan N Ta TeHr Oynakka Oynamu3. Xap Oup TYryH
a-b o

HyKTajap opacujarun Mmacoda h= — [a;b] xecmanm OYyayBuM HykTanapman

qyerapaBuil TPy YM3HK OWJIaH KECHUINTYHTa Kajap NEPIeHIUKYIIp YTKazaMu3. Orpu

YH3UK MOC HYKTaJIApUHHT OpJIVHATAJIAPHUHUHT

y, = f(xo), y, = f(xl), A f(xn_l), y = f(xn)

[epnenaukyaspaapauar Y= f(X) uu3uk OWIaH  KECHIITraH  KYIIHH
HYKTQJJApUHM BaTapiap OujaH OMpJIAITHpAMU3 Ba XOCUJI KWJIMHTaH Xap Oup TYFpH
YH3UKJIU TparelUsJIapHUHT I03MHA TONaMU3:

Yo ™Y1 h: ity o Yna T Yn -h:
A 2 2 2
| V=09 Bapua n Ta Tpanemus 031MHA KyIaMu3

S= h[yzo+ Y.+ Y, +...+>;“}

JleMak. Orpu YM3HKJIN TPaNCIUsIHUHT 1031
> TakpuOaH KyWujarura TeHT

b
I f (X)dx ~ h( Yo er Yo +Y, +Y, ot yn_lj

a=Xo X1 X2 ... b=x,

ékn y, = f(@), y =f(b) x =a=ih necax, rpanerus ycynmununr Gomynacn
b n-1
S = [ f(0dx = h~[w+2f(a+kh)}
a k=1
oynanu.

AHMK UWHTeTrpajulapHu TakKpuOuWil XucOOJamHUHr Oapya ycyuiapuaa n
OYIUHUIIUTAD COHWHU OPTTUPHUIN Ty(}aiin XaTONMK MHUKIOPUHH KaMaWTHPHII
MYMKHWH, YyHKHA OYJIWHWIIJIAP HATIKACHAA XOCHJI OYiraH 103a KaHYaJIUK KHYUK
oynca, hopmyna opKaiu Tonmaérrad (UTYPaHUHT F03U 3TPU YUK TPATCIIUSTHUHT

1031Ta IMTyHYAINK SKWH OViIaau.
Xucobmam aHUKIMTM & acocaH h  Kagam KyHUJard TEHTCHU3JIMK OpPKaIH
TOTIVITA]IH.

RN =221 @n | sefab] [R,(D]<e

by epna f (¢) yHkius x e[a;b] opanukmarud f (x) HUHT aOCONIOT KUXATAaH SHT
KaTTa KUAMaTUIup.
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1
Macajaan : S = I\/;dx uHTerpaiau 0.1 aHUKIMKIA XUcoOJIalll Tajaad dTUICHH.
0.25

Eunm. F(x)=+/x wunTterpan octu ¢yskimscu yuyn [0.25;1] xecmana Kyiimmaruua
XUCOOJIaMu3:

2
F(=-2x>, [f'(0|<2,a=025, b=1,h=22_075
4 n n
. . 1 1 1
\f (a)\:max\f (5)‘:"@:0'25@:2
0.75 .,0.75,, 0.03515625

R, (f) < —2(—) = —

n
JHleMak, N=2 kaOyJ KWIMIIA MYMKHH. Y X0Jij1a h = ? =0.375.

Ky#ingarunapau Xxuco06iaimMms;

X, =a=0.25 ; X, =X, +h=0.25+0.375=0.625; X, =X, +h=0.625+0.375=1

Yo =% =+/0.25=05 ; y, =+/x, =+/0.625=0.7906 ; y, =/x, =+1=1
Tomminran KHﬁMaTHapﬂaH doiinanann6 6epuiirad HHTETpaTHU XUCOOIaiMM3:
0. 5 +1

S—j\/_dx h(lo Y2 y2+y1) 0.375(

0.25

+0.7906) = 0.577725

AHVK eUuMHU.

1
S= J.\/;dx=§o(\/1—3-\/0.253) —~0.5833

0.25
XucoOJall XaTOIUKHHA TEKILIUPAMM3:
= |0.5833— 0.5777] =0.0054 ;

AHUK UHTErpaJiHi TPaneuus yCyJauaa Xuco01am aJropuTumMH.

1.Uurerpan octuparu f(X) dyHKIusIHE , X € [a;b] OpaJuKHN Ba & XHCOOJAII
AHWKJIUTUHU aHUKJ1a0 OJlaMu3.

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

3. S1=S; n=n+10; wuHTerpasmHu TaKpuiitdbaH XuCcoOIANMU3:

h=P=2.  atich i=012-n;
n

S - [f(x0)+f(x) Zf(x)]

4. Arap n=10 6ynca xucobnair 3 — myHKTra 60pCHH aKc x0J1a 5- MyHKTra OOpCHUH.
5. Arap [S1-S|< ¢ Oynca xucobna 6- MyHKTra OOpPCHH aKc XoJia 3 — MyHKTra OOpCHH.

6. XucoOmam HaTaKaCHHU OocMara duKapamus.

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(' OpaJIMKHUHT YerapaBuil KWiMaTiapuau Kuputuar A=");read(a);
write(" B=');read(b);

write(' XwucoOmnam 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('aTerpanuuur Takpubuii kuiimatun  S=';s:8:4);end.

2.CMMIICOH YCYJIH.

|a; b] xecma y3ymamruam h :az_—b Oyaran 2n Ta KyPT OYIAKKA Xy, Xp,.es Xy 4
n

HYKTaJIap OPKaJIU aKpaTamMus3.
[xo ;ij’ [x2 ;x4J, [x2n_2 ;inJ kecmanap xocun OYmanu.  x =0, X, =b
oynanu. by kecManapHUHT ypTalapu MOC PaBUIIAA X, Xs,...,X,, 4 HyKTanap oynamu.y

XoJiaa
X X X

b 2 4 2n
[ f()dx= [ f(x)dx= [ f(dx=...= [ Ff(x)dx
a X X X
0 2 2n -2
UHTErpaj HHFUHINTA aXXpaTaMu3.
Xap Oup [x2i ;x2i_2J, [x2i ;x2i_2J (i=0mam  n-1 raua) Kecmanapia
(X, 5 Yai )r (Koias Yaia)s (Xaias Yaip) HYKTAJAp OpPKaM XaMMa BakKT mapadoiia YTKa3uml
MYMKHH, Iy Ouian Ouwpra OyHmai mapabona [X,;Y,.,] KecMama (akar Ourra
oynagu. Epnamum mapaGona OuimaH uerapagaHrad drpu UM3HKIM Tpanelus 03H
TaKprOaH OepPHUIITaH SIPU YN3HKIN TPAICIUSHUHT FO3UTra TEHT

X2i+2 X2i+2
[f()dx= [ | Ax? +Bx+C (dx
Xoi Xoi
[TapaOosara TeruIumM xap y4ra HyKTa Y4yH FOKOPHJIArd TCHIVIAMAaHU E3aMM3:
axz +bx, +c=y,
2
Xy, +DXy, +C=Yo,

2
aXyi, t+ bX2i+2 +C =Y.
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Xocun Oynaran a,b,C HOMabJIyMJId ydTa TEHIrJamajaap CUCTEMAaCHHU €4uO,
a,b,c jmapHUHr KMIMaTWUHU WHTerpan udojara Kynnd, xucoOmaitmMusz. Xap Oup
KeCMaJlap y4YyH VYJIApHUHI KUHAMaTWHMA KymuO, mnapadojanap ycyJlIdra MOC
dbopMyTiaHN XOCHIT KHJIAMH3.

n

T x)dx_{ )+f(b)+4-if(a+(2i—1)h)+2-2f(a+2ih);
a

k=1
2n
XucoOman aHUKJIMTY & acocaH h KajgaM KyWuaaru TeHrCU3JIMK OpKaJiyd TOMUJIaIH.

(b—

oy epna h=

R (f)=—2=2 50 fm@ht | fefab] R (F)<e

by epna f (¢) dyHkIMsS  x e[a;b] opaymkmarua f (x) HUHT aOCOJIOT KUXATAaH SHT
KaTTa KUAMaTUIUP.

1
Macajan : S = I\/;dx unterpaianu 0.1 aHuKIMKIA XKUcoOal Tajnad STUIICUH.
0.25

Eunm. F(x)=+/x wunTerpan octu ¢yskiumscu yuyn [0;0.25] xecmana Kyiimparuua
XUCOOJIalMU3:

2
P =—t.x3, °(0[<2, a=0.25, b=1, hoPb-a_075
4 n n
: : 11 1
|7 (a)| = max|f (é)‘:_'\/ﬁzo'zs'oy =2
0.75 _ 0.75, 0.00263671875
R.(F)<o=-2(=2)" = a
180 n n

JHemak, N=4 kaOyJ KWJIMIIA MYMKHH. Y X0Jij1a h = % =0.375.

Ky#nnarunapau xucoomainmms:

Xo=a=0.25; x, =X, +h=0.25+0.375=0.625; X, =x;, +h=0.625+0.375=1

Yo =% =+/025=05 ; y, =./x, =+/0.625=0.7906 ; y, =[x, =+1=1
Tonunran KHﬁMaTnapz[aH dboitnanannb 6epuiaTraH UHTETPATHA XUCOOIaiMuU3:

S= \/_dx——(y +y +4y)—@(05+1+4 0.7906) =0.5828
0 2 1

0.25

AHVK eUnuMHU.

S = j\/_dx_— (J1* -40.25%) = 0.5833

0.25
XwucoOnan XaTOIMKHY TeKIupamu3: A =|0.5833—0.5828 = 0.0005 ;

AHUMK MHTerpajHu CMMIICOH yCyJIHAa XHCO0JIAII AJITOPUTHMH.

1.Uuterpan octunaru f(X) GyHKuMsHN , X € [a;b] OpaNvKHU Ba & XHCOOJAII
AHUKJIUTUHYA aHUKIIA0 OJIaMU3.
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2. Opanukuau 6ynunmap connau N=0 Ba S=0; 6ynacuH.
3. S1=S; n=n+5; uHTErpasHu TaKpuitbaH XHUCOOIaNMM3:
h:B ; X, =a+i-h; 1=012,--2n;
2n

S =1L )+ 104) 443 F0x ) +2: 3 106,

4. Arap n=>5 6ynca xpcobaant 3 — myHKTra OOPCUH aKc Xo0/1a 5- MyHKTra OOpCHUH.
5. Arap [S1-S|< ¢ Oynca xucobnam 6- MyHKTra O0pPCHH aKe XoJia 3 — MyHKTra OOpCHH.

6. XucoOuamr HaTa)KacMHU OocMara YnKapamus.

AHUK nHTerpajau CuMicoH ycyauaa xucoosamHuHr [ackan gacrypu.

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— »aaBiIaaH 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. Ty¥pu TYpT Oypuak, Tpaneuus Ba CUMIICOH yCyJUTapH/A OJIMHTaH €UUMJIAPHU TaXJIul
KWIAIH.
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{ - MabLPV3a MAIIFVJIOT

Onamii iudPpepennmal TeHriaama Jijiep yCyJanaa edmi.

Huddepenuran  TeHrIamamsap HMKKATAa acocuil  cuH(ra, sSbHU  OAAMIA
au(ppepeHnral Ba Xycycuil XocuJjaaau Au¢pepeHunan TeHriamanap.

Onmuit nuddepenman TeHriamanapaa dakar Oup y3rapyBumra OOFIUK (YHKIIHS
Ba YHUHT XOCHJIATApH KaTHAIIAIH, SHHU

F Y,y y™)=0 (1)

(1) TeHrnamama KaTHAITYBYM XOCHJIAIAPHUHT SHT IOKOPH TapTHOW auddepeHImal
TEHIJIAMAJIADHUHT TAPTHOM Aeiivianu. Arap TEHIJIaMa M3JaHyBuUd (YHKUUS Ba YHUHT
Xocujlanapura HucOaTaH YM3MKIA OVyica, yHra 4YM3MKJIAd AuddepeHnmnan TeHriama
Jenunau.

Huddepeniinan TeHrIaMaHUHT YMYMUIl e4uMHU J1€0, YHU aifHUSATra ailllaHTUPyBYH
X Ba n Tta C,C,,Cs,...,C, ¥y3rapMaciapra OOFIMK UXTUEPHN (QYHKIMITa alTHIIAIH.
Macanan (1) TteHrjgaMaHuHr ymymuid euumu Y = @(X,C;,C,,...,C,)  KYpHHHUIIIATH
dbynkuusiapgan  ubopar. Arap C;,C,,C;,...,C,  y3rapmaciiapra MyaWsH KuimaTiap
Oepuica, yMyMud e4uMIaH XyCyCUM €4UM XOCHJI KWJIMHAIU. XYCYCUH €YHMMHHU TOIHUII
yayH Cy,C,,Cs,...,C, y3rapMaciapHUHT MOC KUMMATIApHHHA aHUKJIAII JIO3UM. byHUHT yayH

3ca €YMMHHU KaHOATIAaHTHPYBUM KyLIMMYa MIapTiapra sra OYJIMIIMMH3 Kepak. Arap
mudepeHnnan TeHraama N-rapTudiau Oyica, sroHa XyCyCuil €4MMHH TOIUII YYYH XYJIIU
IIyHYa KyIIMMYa Imapmiap kepak. XycycaH, I-TapTuOim TeHrnama F(X,y,y') =0 HHHT
yMyMmuii euuMu Y = @(X,C) maru ¢ y3rapMacHH TOMHUII YYyH | Ta KYIIMMYa IMApTHHHT
Ooepunuin Kudosi.
Kymumua maprinap Oepunuinura kypa nauddepeHiuan TeHriamanap yayH 2 Xuil

Macana Kyuuiaiau:

1) Komu Macayiacu.

2) YerapaBmuii MacaJja.

Arap xymmmua maptiap outra X = X, Hykrajga Oepwica, nuddepeHunan TeHIJIaMaHu
eyl y4yH Kyuwwiran Mmacanma Komm  macamacu nerwmnanun. Komwm macanacuparu
KYIIMMYa MapTiap OONLIAHFUY mApPTIAap, 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
dbopmyranap opkaiu aHUKJIaHAIH.

Takpuduii ycyanapna nuddepennuan TeHriama Ba KymiMua maptiap y €ku 0y
Japakajia conaiamTupuiInd, Macaaa OCOHPOK Macayiara KeITHPHIIA N,

Conam ycy/uiapaa 3ca €4uM aHAJIWTUK IMAKIga 3Mac, Oalku COHJIAp KaJaBaju
KypuHUIIKAa onuHaau. Anbarra OyHma muddepeHran TeHraamaniap OJJIWH JUCKPET
TEHIJIaMaJlap OwjaH ajnMamTupu® onumHaau. HaTwxkama coHNM ycysuiap BOCHTAacHa
OJIMHTaH €4MM XaM TaKpuOui 0ynaau.
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YMmyman onranga, oaauit auddepeHiman TeHrIaMaJapHIAT SYUMIIAPUHA aHATUTHK
ycyn €pllaMyjia TOMHUII MMKOHU JKyAa Kam OVIraHaurd y4dyH, amajja KyluH4Ya yJapHH
COHJIM yCyJutap €paaMuia TaKpuOui XxucoOaaHaIu.

Jiliep ycyu

busra kyihugaru OupuHun  TapTHOMM  auddepeHIman
,_y TeHrmama (Komm macanacu) Hu

/ y'=f(x,y) (2)

AE.E [a,b] opanuknaru Yo = Y(X,) OOIUTaHFIY HIAPTHH
D13 KAHOATJIAHTUPYBYN €YMMUHU TOIIHIII JIO3UM OYJICHH.
h Komm macanacunu Oinep ycynu €paamuja €4MII Y4YyH,
nactnab muddepeHnran TEHTIaMaHUHT C€YUMH KUIUPWIATIUTaH
Xo X1 Xi-1 Xi Xi+1

[a,b] kecmamu X, X,,...,X, TyryH HyKramap OuinaH Oyaakiapra
oynamus. Tyryn HYKTaJapHUHT KOOpJMHATaJIapu

X,y =a+i-h (i =0, n—l) GopMmyna opkamd aHUKIaHagM. Xap OMp  TyryHaa
Y(X;) eunMHMHT KMAMATIApUHU YEKIM alupMmaiap €paaMuaa TakpuOuWid Y, Kuiimartiap
OWJIaH aaMaIITUPUIIAIHN.

Maswnymku, Y = f(X) ¢pyakmusauar X = X, Hykra atpodumarun Teinop katopura
ENNIMAaCHHM Kyiuaarnya €3uil MyMKUH:

Y04 = YX) Y (<) + -y (%) ¢

Ym0y uekcu3 KaTOPHUHT OOIIMIAry UKKUTA Xaa OuilaH yerapajiaHuO, OMpUHYN TapTUOIU
XOCHJIa KaTHAIITaH Xa{HU aHHUKJIall HaTHXKacuaa KyWuaard 4eKiu aiupMaiu popmyianu
XOCHJT KMJIAMU3:

' Xiy) — Y(X
(2) Ba (3) man y',= (X, ;) sKaHHHHK XHUCOOra OJINO, KyHHIAaTHHA XOCHI KHJIAMU3!
Yia® Yia +h- 105, y) (4)

Xocwn kuiuHTaH (4) dopmyna Diiiep yCYIUHUHT aCOCHE MITIH (hopMyiacu O0Yuo,
YHUHT €paaMuia TYTyH HyKTajgapra moc Oynran auddepeHiuan TEHIUIAMAaHUHT Y,
XyCyCUil edrMIIapuHu Tomwuin MyMKuH. FOkopumarun ¢opMmymnanaH KYpuHUO TypHOIUKH,
Yi,u €YMMHU TONHMII YYyH Yy, €YMMHUTMHA Omnuin kudos. [emak, Ditnep ycynu Oup
KaJaMJId yCyJIap >Kymiiacura Kupasu.

Macanan: Kyiiunaru quddepeniyan TeHriama
y =x+y
OOLUTaHFUY IIAPT
y(0)=1

acocua ditep ycynuaa [0;1] opaquKaard COHJIM €YMMUHU TOIIAMM3.
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BynuHr yuyH Kylingaru ketMa — KeTJIMKHH Oa)kapaMus.

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

b 1-0_

=——=01
10

; X, =a+i1-h=0+i-01=0.1-i

; 1=123,;--10.

2. Kyitunaru ¢opmyna épaamuaa y;, QyHKIUSHUHT KHAMATIapUHU TOTIAMH3.

X, =1.01=01; y, =y, +h-f(x,)=1+0.1-(x, +¥,)=1+0.1-(0+1) =1.1

X, =1-0.1=01 ;
X,=2-01=0.2 ;
X, =3-01=03 ;
X,=4-01=04 ;
Xs =5-0.1=05 ;
X¢ =6-0.1=0.6;

Xg =8-0.1=0.8;

3.bepunran nuddereHman TeHrIaMaHUHT €YUMU: Yy = 2-e* —x—1.

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

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

Yy, =Y, +h-f(x,)=122+0.1-(x, +y,)=1.22+0.1-(0.2+1.22) =1.362

Y, =Y;+h-f(x;)=1.362+0.1-(x; + y;) =1.362+0.1- (0.3+1.362) =1.5282

ys =y, +h-f(x,)=15282+0.1-(x, +y,) =1.5282+0.1- (0.4 +1.5282) =1.7210
Yo =Y +h-f(x;)=17210+0.1-(x; +y;) =1.721+0.1-(0.5+1.721) =1.9431
X, =7-01=0.7; y, =ys+h-f(x;) =1.9431+0.1- (X, + Ys) =1.9431+0.1- (0.6 +1.9431) = 2.1974
Yo =Y, +h-f(x;)=21974+0.1-(x, +y,) =2.1974+0.1- (0.7 + 2.1974) = 2.8159
Xg=9-01=0.9; yy=y;+h-f(x;) =2.8159+0.1- (x5 + Yg) =2.8159+0.1- (0.8 + 2.8159) = 3.1875
X0 =10-0.1=1; y,o =Y, +h:f(X;)=3.1875+0.1- (X4 + Y,) =3.1875+0.1- (0.9 + 3.1875) = 3.6062

TapuOuii e4UMHHM aHUK €4YUM OWJIAH COJTMIUITHPUII KAABAJIH.

T.p| Aprymesr x AHUK e4nM Dinep ycyauaa TakpuOuii euum
HUHT KUMMaTH y=2-e" —x—1. TONWITaH €4UM TOMUIJIATH 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
5 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. Iuddepennman rearnamanunr f(X,)) GyHKIMICHHY , X € [a;b] OpaTUKHU Ba N

OpaJIUKHH OYJIHMIILIAp COHUHU aHUKJIAHMU3.
o b-a
2. Kagamuu aHuKIanmms: h=——.
n

3. kyitnaaru ¢popmyna Epaamuaa y; QyHKUUSHUHT KHAMATIapUHHU TOTIAMU3.

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

udpepeHunan 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 OYiIMIIIIap 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
€4MMHHU TOIAIH .
4. EunmiapHM TaxJInI KUJIaIu.
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6- >xkaaBall.

T.P Tenrnama bomanruy mapt Opanuk
1 |y =(x+)y+2Jx y@®)=1 [1: 2]
2 |y =X 41y +x®+1 y(0)=14 [0 1]
3 |y =Jx+1-y—+/x+2 y(2)=0.8 [2; 3]
4 |y =2Jxy-x° y@@) =-2 [1; 2]
5 |y =3/x241.y+3.x2 y@d) =16 [3; 4]
6 | y=05x*y-x° y1)=0.6 [1; 2]
7 | y=35x-y+2-X y(0)=04 [0 1]
8 | y=42-x-y-3.x° yd) =24 [1; 2]
9 |y =34.-x-y+25-x* y(2) =1.06 [2; 3]
10 | y =65-x2-y—3.3-X y(3) =2.07 [3; 4]
11 |y =2.8-x>-y—/x+1 y(0)=1.8 [0 1]
12 | y =35.x3.y—/x* +1 yd) =28 [1; 2]
13 |y =42-x-y—+/x+1 y(2)=27 [2; 3]
14 | y =226-x3-y—x>+1.4 y(3) =-5.04 [3; 4]
15 | y =35-x+1-y—x° y(0)=2.9 [0 1]
16 | y =04-x-y+06-x*+1 y@) =028 [1: 2]
17 | y =05-x2-y+sin(x) y(2) =219 [2; 3]
18 | y =314-x+12-y-x*+14-x y(3) =10.04 [3: 4]
19 |y =21-/x-y-15-x y(0)=1238 [0 ;1]
20 | y' =33-%/x+1.y-2.8-x? y(1) =215 [1: 2]
21 |y —/x*+25.y-35.x y(2)=11.18 [2; 3]
22 |y =\x*112.y-25-x y(3) =-6.05 [3; 4]
23 |y =(x*+1)-y—3.4-x y(0) =4.6 [0 ;1]
24 | v 3. x2+4.y+36-%° y(2)=-1.14 [2; 3]
25 | y =3.x2+1.y-25.x2 y(3) =43 [3; 4]
26 | y =sin(x)-y—+/x y(0)=0.9 [0 ;1]

55




Onanii iu¢pepenumnan tenriniama Pynre - Kyrra yeyanaa equu.

Diinep ycynuaa auddepeHiuan TeHTJIAMaHWHT €YMMUHU TOTTaHAa KajgaM KaHda
KHYUK OyJica €YMMHU IIyHYa aHUKJIUK TOomuIl MyMKuH. Kamam kuuumk Oynranja
xucoOmam Kym OYnuimy HaTWKachaa IIyH4Ya XaTOJWKIap maimo Oymamu. MacamaHWHT
IOKOpY aHHUKJIMKIA €YMMHUHU OepaauraH Oup KaJaMiIu OIIKOp YCYJUIAPHHUHT OOIIKa Oup
HEYa XWUIAPU XaM MaxyJ. YJIApHUHT WYMJa aMmaija dHT Kyl WIIaTUiIagurand PyHre-

Kytra ycynu xucobnananu. Ycyn maptura Kypa xap oup sHru X,; TYT'YH HYKTajgard Y,
eunMHu tonuil yayH f(X,y) dyHkuusau 4 mapta xap Xui1 apryMeHTIap yU4yH XHCOOanl
Kepaxk.

bupunun Taptbnu quddepennuan renriama (Ko Macanacu) Hu
y'=f(xy) (1)
[a,b] opamukmaru Y, = Y(X,) OoLuIaHFuy MAPTHU KAHOATIAHTHPYBYM €YMMUHM TOIIMIII

J103UM OVJICHH.
YceyaauHr unmau popmyiiacu Kyrugarnda €3usiau:

Yia = Yi +%(k0 +2k, +2k, +k;) 1=01,..,n

6y cpaa ko = f(XUYi);

h h
k,=f(X. +—,y. +—-k,);
1 (|+2y|+2 0)

h h
k, = f(xX, +—,y. +—-k,):
2 ( i 2 yl 2 1)

ke =f(X +h,y, +h-k,);

h:—b_a , X, =a+i-h,
n

Macanan: Kyiiunaru quddepeniyan TeHriama
y =Xx+y
OOLUTaHFUY IIAPT
y(0)=1
acocupa Pynre - Kyrra ycynuaa [0;1] opalnukaard COHJIM €4MMUHU TONAMU3.
ByHUHT yuyH Kylnaru KeTMa — KeTJIMKHHU Oakapamus.

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

h:%:o.l ; X, =a+1-h=0+1-01=01-1i ; 1=123;--10.
1 -xapam: x0+g=0+0.05=0.05 ; i=1 'y, aHUKIaUMWu3.
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Ko =T (X, ¥0) =X+ ¥, =0+1=1
k, = f(x,+0.05y,+0.05-k,) =0.05+1+0.05-1=1.1;
k, = f(x,+0.05y,+0.05-k;) =0.05+1+0.05-1.1=1.105,

Ky = f(X,+0.1,y, +0.1-k,) =0.1+1+0.1-1.105=1.2105

Y=Y, +g(k0 +2k, + 2K, +k;) =1+%1-(1+2-1.1+2-1.105+1.2105) =1.110342

2 -KajaM: X, +g =0.12+0.05=0.25 ; i=1, Yy, aHUKIANMWu3.

ko = f(x,y,)=x +Yy, =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,) =1.4429804,

y, =1.110342+ % -(1.210342+2-1.320889+ 2-1.326385+1.442980) =1.242805

3 -Kajgam: X, +2 =0.2+0.05=025 ; i=2;, Yy, aHUKIAUMU3.

ko = f(X,,Y,) =X, +Yy, =1.442805 k, = f(x, +0.05,y, +0.05-k;) =1.564945;
k, = f(x,+0.05y,+0.05-k,) =1.571052; k, = f(x, +0.1,y, +0.1-k,) =1.699910

y, =1.242805+ %1 -(1.442805+2-1.564945+2-1.571052+1.699910) =1.399717

4 -kajaMm: X, +g =0.3+0.05=035 ; i=3, Yy, aHUKIAHMWus3.

Ko = f(X;,Y5) =X, +Y, =1.699717, k, = f(x,+0.05,y,+0.05-k,) =1.834703;
k, = f(x;+0.05y,+0.05-k,) =1.983862; k, = f(x;+0.1,y, +0.1-k,) =1.983862

y, =1.399717+ % -(1.699717+2-1.834703+2-1.983862+1.983862) =1.583648

S -Kajgam: X, +g =04+0.05=045 ; i=4; Yy, aHUKIAUMWU3.

ko = f(X,,y,)=%X,+Yy,=1.983648 k, = f(x, +0.05y, +0.05-k;) =2.132831;
k, = f(x,+0.05y,+0.05-k,) =2.140290; k, = f(x,+0.Ly, +0.1-k,) =2.297677

y. =1.583648+ % -(1.983648+2-2.132831+ 2-2.140290+ 2.297677) =1.797441

6 -KagaMm:. x5+g=0.5+0.05=0.55 ; i=5, Yy, aHHUKJIaWMU3.

Ky = (X, Ye) = Xe + Vg = 2.29744% Kk, = f (%, +0.05,y, +0.05-k,) = 2.462313;
k, = f (X, +0.05,y, +0.05-k,) = 2.470557; k, = f (X, +0.1,y, +0.1-k,) = 2.644497

Yo =1.797441+ 0—61 -(2.297441+2-2.462313+2-2.470557+ 2.644497) = 2.044236.
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[ -Kajgam: X, +g =0.6+0.05=0.65 ; i=6; Yy, aHUKIANMWU3.

Ko = F(Xs,Ys) =Xs +Ys =2.644236 k, = f(x; +0.05,y, +0.05-k;) =2.826448 ;
k, = f(X; +0.05,y, +0.05-k;) = 2.835558; k, = f(x; +0.1,y, +0.1-k,) =3.027792

Yo = 2.044236.+O—6'l -(2.644236+2-2.826448 +2-2.835558+3.027792) = 2.327503.

8 -Kamam: X, +g =0.7+0.05=0.75 ; i=7; Y, aHUKJIAUMMU3.

ko= f(X;,y,)=X%,+Yy, =3.027503 k, = f(x, +0.05,y, +0.05-k,) =3.228878,;
k, = f(x,+0.05y, +0.05-k;) =3.238947; k, = f(x, +0.1,y, +0.1-k,) =3.451398

0.1

y, =2.327503. + Y (3.027503+2-3.228878 + 2-3.238947+ 3.451398 = 2.651079.

9 -xagam: x, +g =0.8+0.05=0.85

; 1=8; 'y, aHUKIaWNMWU3.

Ko = T (Xg,Yg) =X + Vg =3.451079 k, = f (X3 +0.05,y, +0.05-k;) =3.673633;
k, = f(x; +0.05,y, +0.05-k,;) =3.684761; k, = f (X, +0.1,y, +0.1-k,) =3.919555

0.1

Y, =2.651079+ Y (3.451079+2-3.673633 +2-3.684761+ 3.919555 = 3.019203.

10 -kamaMm: x, +g =0.9+0.05=0.95

; 1=9;

Y, AHUKIANMU3.

Ko = F(Xg,Yg) =X, + Y, =3.919203 k, = f(x, +0.05,y, +0.05-k;) =4.165163 ;
k, = f(Xg +0.05,y, +0.05-k,) =4.177461; k, = f(x,+0.1,y, +0.1-k,) = 4.436949

0.1

Y0 =3.019203+ ra (3.919203+2-4.165163 +2-4.1774611+ 4.436949) = 3.436559.

TapuOuii e4MMHU AHMK e4UM OMJIAH COJUIITHPHULI KAABAJHU.

T.p| Aprymenr x AHHK e4yuM Pynre - Kyrra Takpubuit eunm
HUHT KMIMaTH y=2-e —x—1. YCyJIMA TONWITAaH | 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

58




JAnddepenunan renraamanu Pynre - KyTrra ycyanaa xuco0J1am aJJropuTuMM.

1. Iuddepennman rearnamanunr f(X,)) GyHKIMICHHY , X € [a;b] OpaTuKHU Ba N

OpAIMKHU OYJIHIIIAp COHUHU aHUKJIaiMU3.
o b-a
2. Kagamuu aHuKjiIaimMu3: h = ——.
n

3. Kyitnnaru ¢popmyna épaamuaa y; QyHKIUSHUHT KHAMATIapUHA TOTIAMH3.

Vi =V, +g(kO +2k, +2k, +k;) 1=01...,n

Oy epaa h:B , X, =a+i-h
n

k0 = f(wai) ; k1: f(xi +g’Yi +g'ko);

Ko = £04 0y, + Dk K = £0g 0y, +heky);

Judppepenunan tenrinamanu Pynre - Kyrra ycyanaa ycyanaa
xuco0aamHuHr Ilackan gacrypu.

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(" Bournanruy maptau kuputuar y=');read(y);

writeln(" OpanukHUHT OYIMIIap 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. ludbdepennuan TeHrnamanu oepuirad opanukaaru Pynre - Kyrra ycynuna eqaumMuHu
opanukuau 10 Ta HykTara 6ynu0, Kynma XucoOmaiam.
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 AuddepeHnuas TeHrjIaMagap CHCTeMACMHA Ba IOKOPH
TapTuoau onauid nuddepenunan renraama o Pynre - Kyrra ycyjauaa equu.

bupunun taptu6 opamii quddepereHnnan TeHriaManap CucTeMacu Kynuaaru
KYpUHHUIIIIA OYIaIu:

yi = Fl(xl’ YirYar Yar oo ym)
y‘z = FZ(Xl’ YirYar Yau oo ym)
y‘s = FE(Xl’ YirYar Yo oo ym) (1)

y;11 = Fm(X1’ YirYar Yo oo ym)

OOLITaHTY HIapTIap

¥1(X)) =C,

Y2 (%) =C,

Y3 (Xo) =C, (2)

Oyepma C; ,(j=123:-,m) ¥y3rapmac COHIapIup.

(1) mudpdepenman Tenriamara Kyunras (2) — Ko Mmacanacuau yMyMud KYpUHUIIIA
KyHujgaruda E3uill MyMKHH.

1=123--,m. (3)

y] = Fj(X!Y)
yj(XO) :Cj'

oyepaa Y =(Y,,Y, Vs - ¥,,) BEKTOP Y3rapyBUHIUP.
Huddepennman tenrnamanap cucremacuau Pynre — Kyrra ycynupmarum — ummyau

dbopMynacu Kyiumarnda E3uaiu:
vyl =y +g(kg +2k! +2k) +kJ) i=0L..,n. j=01...m. (4)
Oy epxa ko =(x.Y));

. hoo h
k]_J = Fj(Xi +§,Yil +§kol),

k) = Fi(X +2'Yij +g'k2j);
ki =F;(x; +hY +h-kj);
_b-a
o

h . % =a+i-h
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FOxopu TapTudim nuddepennuan tenraamadepuiran 6yiacun. Macanas:

y(n) = F(Xv Ys yl’ y L y(n—l)). (5)
benrunam iy Ounan 6epuirad nuddepeHnran TeHrjaaManu oaaui quddepeHiman
TEHTJIaMaJIap CUCTEMAaCUTa KEITHPUII MyMKWH, IbHU:

y‘ =1,
2,=12, ,
Zi =1, (6)
2;1—1 = f(X'Zl’ZZ’ZS"”’Zn—l)'
Hatmwxkana  rokopumaru (4) dopmymaman  dorgamanno6,(5) auddepeHIIAT

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

V'42.y —y=2+4-x—x° (7)

OOIIIAHFUY IIAPTHU
y@) =1 6
y(1)=2 ®)

[1;15] opamuknary GONLIAHFUY MIAPTIAPHA  KAHOATIAHTUPYBYM €YMMHHU TOIMIL
JI03UM OVJICUH.

Euwntn:

y =z ;y =z Oenruiam KUPUTHO, HKKH HOMAbIyMIIM TCHIJIAMaIap CUCTEMACHHHU XOCHII
KHJIaMU3.

y =z,
7 =2+4-Xx-x*=2-71+Yy
OOlUTaHFUY TIApTIIAP:

y@) =1
z() =2

Pynre — KyTTanunr uirau GopMmynacuHu €3aMus:

Vi = Yy + S0+ 2K 2K +KD)
h 1=01...,n
2.,=12 +E(k02 +2k7 + 2k +k2)

Oy epaa
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h
k; =z, +E-k11;

k§:2i+g-k§.
Ko =2+4-X - X} —2-7,+Y, ;ti:Xi+§;

2 2 h 2 h 1
ki =2+4-t -, _2'(Zi+5.k1)+yi+5.k1

kZ=2+4-1, —'[i2—2-(zi+g-k22)+yi +g-k§

k:=2+4-t -t?-2-(z,+h-k2)+y, +h-k}

h=22"1_01, x =1+i-01

5
MacajaHHHTI €Yl KeTMA — KeTJIMIH.

1.i=1; x,=%y,=1; z,=2 MabiaymoTiapjaan poiganuauod y, , z, ;
Ke=2,=2;

kj:z0+g-kg:2+o.05-2:2.1;

ki =z, +g~k11 =2+0.05-2.1=2.099875;

ki=2z,+h-k! =2+0.1-2.105=2.200275

K2 =2+4-X, X —2-2,+Y,=2+4-1-1 —=2.2+1=2; t, = X, +0.05=1+0.05 =1.05;
% :2+4-t0—t§—2-(zo+g-kf)+yo+g-kll:1,997500,

ki =2+4-t,-t; —2-(zo+g-kf)+yO +g‘k11 =2.002750,

k2=2+4-t)—t2 —2-(zy+h-k2)+y, +h-k} =1.999438.
v = Y, +g(k; 2K+ 2k! + k1) =1.2100

Z, =1, +%(k§ +2k/ +2kZ +kZ)=2.199999,
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2.i=2; x, =11y, =12100; z, =2.199999 MawbiaymoTiapmaaH hoigammauod y, , z, ;
kg =z, = 2.199999 ;

K =2z, +g-k; = 2.299999

k=2, +g- k! =2.299874

kl=2z,+h k! =24002743
ki =2+4-x,—%} —2-2,+y,=2.200003 t, = x, +0.05=1.15;

ki =2+4-t, —t; —2-(zl+2-k02)+yl+g-ké =1.997502

kX=2+4-1 -t —2-(zl+g~kf)+yl+g~kl1 =2.002752t, =x, +0.1=1.2

ki=2+4-t, -t/ —2-(z,+h-k2)+y, +h-k; =1.999439;

Y, =Y, +g(ké + 2k, +2k; +k;) =1.440001;

Z,=17,+ g (k2 +2k2 + 2k? + k2) = 2.3999998

3.1=3; x =12;y, =1.440001; z, =2.3999998 MawiaymoTiaapaas ¢ponaauaud y, , z, ;

kg =z,=2.399998 ;

Ki=z,+ g k! =2.499998

K=z, +g. k! = 2.499873

k!=z,+h-k! =2.6500274
ki =2+4-x,-x2-2-2,+Yy,=2.000004 t, = X, +0.05=1.25;
kKl =2+4-t, -t —2-(22+g-k§)+y2 +g-ké =1.997504;

k2=2+4-t, -t —2-(22+2-kf)+y2 +2-k11 =2.002754t, =X, +0.1=1.3

ki=2+4-t,-t2-2-(z,+h-k})+y,+h-k; =1.999441;

Vs =Y, +g(ké + 2k, + 2k} +kI) =1.690001;

Z, =1, +g(ko2 + 2k +2k? +kZ)=2.599997.
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4.i=4; x,=13y,=1.6939; z, =2.5967 MabaymMoTIapjaH GoWganuuub y, ,

k! =2z,= 2599997 ;

K=z, +g-k3 = 2.699998

K=z, +g.k11 = 2.699873

kl=z,+h k! =2.800273
K2 =24 4%, — X2 —2-2,+ y, = 2.000006; t, = X, +0.05=1.35:
ki =2+4-t,—t? —2-(23+2-k02)+y3+2-k3 =1.977505

ki =2+4-t,—t? —2-(z3+g-kf)+y3+g-kl1 =2.002755t, = x, +0.1=1.4

ki=2+4-t,-t2-2-(z;+h-k2)+y,+h-kj =1.999442

Y, =Y+ g (kg + 2k} +2k; +k3) =1.960001;

Z, =1, +g(ko2 + 2k +2k? +kZ)=2.799997.

5.i=5; x, =1.4; y, =1.96000% z, =2.799997 MabaymoTiapaaH poiganuaud y, ,

k! =z,=2799997 ;
K=z, +2-k§ = 2.899997;

ki =2z, +g-k11 =2.89972,

k!=2z, +h-k! =3.000273
ki=2+4-x,-x.-2-2,+y,=2.000007 t, = X, +0.05=1.45;

ki =2+4-t, -t —2-(z4+g-k§)+y4+g-ké =1.997506;

kX=2+4-1, —t; —2-(z4+g~kf)+y4 +g'kll =2.002756t, =x, +0.1=1.5

ki=2+4-t,-t;-2-(z,+h-k2)+y,+h-kj =1.99443

Ys =Y, +g(ké +2K; + 2k; +k3) = 2.999997;

2, =1, +g(k§ +2k? +2k? +kZ)=2.500001
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TapuOuii e4uMHH AaHUK €4UM OMJIAH COJMIITHPHII 5KABAJIN.

T.p| Aprymesr x AHUK e4uM Pynre - Kyrra Takpubuii eunm
HUHT KUAMaTu y=x2 YCyJIMJIA TONWITAH | TOIMILJIATH XaTOJIHUK
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 tenriaamanu Pynre - Kyrra ycyamnaa xucooJaam
AJIrOPUTHMH.

1. duddepennman rearnamanunr f(X,)) dyHKImscHHY , X € [a;b] opaquKHU Ba N

OpAIMKHU OYJHIIIap COHUHU aHUKJIaiMU3.

2. Kagamauy anuKmaimus: h = b-a
n

3. Kyitunaru ¢popmyna épaamuaa y, GyHKIUSHUHT KAHMATIAPUHA TOITAMHU3.
Vir = Yy + 502K 2K+

H i=01,...,n
2.,,=1 +E(k°2 +2kZ +2k2 +kZ)

B Ko =2+4-% =% —2-2;+Yy, ;ti:Xi+g;
2 2 h 2 h 1
ki =2+4-t —t. —2-(zi+§-kl)+yi+?k1

kX=2+4-1 —ti2—2-(zi+g-k22)+yi +g-k§

ki=2+4-t -t?-2-(z,+h-kZ)+vy, +h-k;

h:—b_a , X, =a+i-h,
n

65




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 OYIIMIIIIAp 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. Inddepennman rearnamanuur eaumuan Pynre - Kyrtra ycynuna 6epunran
OpaJuKHU S Ta HyKTara 6ynuo, Kynaa Xxucooianu.
3. [Mackan Tunuaa Ty3wirad aacrypiap €pnamunaa auddepeHiman 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 i2xy+3y=15 y(06) =11 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/x=x y(0) =1 y(0)=24 [0;1]
5 y +xy—y/(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 y +(15)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; 7/2]
9 y —sinxy +(x+1)y =2x y(0.)=14 y'(0.1)=23 [0.1;1.1]
10 | y —cosxy +3x%y=x y(0)=0.5 y (0)=2.4 [0;1]
11 | y' —3xy —1.5y=x+1 yl.)=14 y'rn=21 [1.1:1.2]
12 | y' —(x+1)y +3xy = 2x yd.4)=1 y (1.4)=1.2 [1.4;2.4]
13 | y' —(2x+1y —3xy =X y(0)=1.1 y'(0)=2 [0;1]
14 | y' —(x+3)y —4xy = 2x y(0)=1.4 y(0)=24 [0;1]
15 | y +2xy —xy=17 y(0) =1 y'(0)=14 [0;1.4]
16 | y +ctgxy —y=3 y(0) =1 y'(0)=1.6 [0; 7/2]
17 | y +2xy —(Gx+1)y=2 y(0) =2 y'(0)=26 [0;1]
18 | y +sinxy —2y =3x+1 y(0)=1.2 y (0)=1.8 [0; z/4]
19 | y" +3xy —1.8xy=1.4 y(0) =2 y'(0)=26 [0;1]
20 | y +(0.2x+1)y —4y=3x yl.)=17 y (1.1) =36 [1.1;21]
21 | y +xy —14y=2x+1 y(0)=16 y'(0)=4.2 [0 0.6]
22 | y' —3xy +y=3xsinx y(0)=33 y (0)=4.2 [0; 7/2]
23 | y +2.3xy —6xy =4x y(0)=1.2 y'(0)=1.4 [0;0.8]
24 |y +3xy —cosxy =sin X yly =1 y D=2 [1.1;2.1]
25 |y —(Bx+1y —4x=2 y(0) =2 y'(0)=25 [0; 0.4]
26 |y +y/(B3x)-y=3/x y(0.6) =13 y (0.6)=2.4 [0.6; 1.6]
27 |y +2x?y +4y=x+1 y(0.7) =1 y'(0.7)=23 [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 /2+2y/x=xl4 y1.1)=09 y'(@.1)=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:

y' 00+ POy () +a0y() =f(x) (1)
mubdepeHMan  TEHITaMaHMHT euumiapura |a,b| opaaukauer uetku a Ba b
HyKTajapuja
{mo y(@)+my'(a)=m, )
goyY()+9,y'(b) =9,

yerapaBuii maptiap Oepwiran OyncuH, (1) TeHrinama Ba (2) derapaBuil IapTIapHU
KaHoaTIaHTupyBun Y = Y(X) ¢yHkuus mud@depeHiman TeHrIaMaHiiar  XyCyCHil eanMu
JaedunJIaan.

(1) ma Gepwiran p(x), q(x), f(x) koddduueHT pyHkuusaIapHuHT [a, b] opanukia
Y3IYKCU3JIUTH Tajlad KUJIWHAIUW. my,m,,m,,d,,d,,d, UerapaBuil mapt Oearuiapu OYyiraxH
y3rapmac coHjap xucoOJiaHaIu.

Yexiu aiMpMasiap ycyJiu.

Nkxunun Ttaptu® (1) nuddepennuan TeHriamara Kyuwiaran (2) derapaBuit
MacajaHu 4YeKJId alupMmaliap ycylid OwiaH eduil ydyH [a,b] opamukHu X, =a+i-h

dbopmyna €pnamuaa 6ynakiapra 0ynamus, Oy epaa h = b-a KaJiaMm, N - OpajuKHU OYJ1aKka
n

oyunuiap, €k TyTyH HyKTajuap COHHU.
X, HyKTaJap ydyH okopugaru (1) TeHrnmama VpuHiau OYAraHu ydyH, YHU IIy
HyKTanapja €3u0 ojlaMu3:

YO )+ p(x )Y (%) +a0x )y(x )= f(x) (3)

KyJaiuIiK yuyH, Oy TeHTJIaMaHu KyHuJaru KypuHuiiaa €3ud ogamus:

YSiApYi gy = 1 (4)

(4) TeHrmamamaru y;,y; XOCHIalap YpHHWra KyHUIard yJIapHUHT YeKIH aiupma
dbopmynanapHu KysSIMuU3:

] yi+ _yi—
yiz 1h2 : (5)
' i+ _2 i+ i—
g Yin h{ Yis

Hatwxana (1) nuddepennuan Tenrnama YpHura xocuiajap KaTHalIMaraH Ba Y,
HOMAabJIyMJIapJiaH nOOpaT TEeHTJIaMajap CUCTEMACHHH :
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Yia — 2yi +¥ia +p Yia — Yia
h? ' 2h
XOCI/IJI 6§/HFaH TCHITIAaMaHU Xap MKKajJla TOMOHHMHHU h?ra Kyl'[aﬁTI/IpaMI/IB Ba MOC XaaJapHHU
prHHaHafIMHS, HaTU>Xajga Kyﬁnnam TCHITIaMaJ1ap CUCTEMACHHH XOCHUJI KWJIaMHU3:

+q; = f,. i=123.-, n-1.

AYiu—BYi+Cy, =D . (6)
by epna:
h h
=1+—p. C=1-—p
A i 2 P ' 2 P i=123,;--, n-1.
B, =2-h*q, D, =h’f,
KU

Ay, —By, +Cy, =D,
AzY3 - BzYz +(:2)/1 = Dz
A2Y3_82y2+C2Y1:D3 (7)

An—lyn - Bn—lyn—l + Cn—lyn—z = Dn—l'

Xocui 6yaran cuctemMa Y,,y,...,Y, JapaaH uoopat (n+1)Tta HomMabIymiud, (n—1)Ta

TEHIJIaMa/laH uoopat y4 JUaroHauId YU3HUKJIM TeHIIamanap CuCTeMacuial uoopar.

VY4 nuaronamnu 6ynummura cabad, cuctemaaaru xap Oup TeHriaamaza dakar 3 taga
HOMAbJIyM KATHAIITaH Xaajap MaBxyl OYnu0, cuctemajza yJapHUHT >KOMamraH YpHU
acOCHi TMaroHall, yHU MacTy Ba IOKOPUCHUJIATH TUaroHaJiapra Moc Keaaau

MabiyMKH, TEHIJamMajap CUCTEMACHHUHT SITOHA EYUMHHHM aHUKJIAll Y4YyH
TEHIJIaMallap Ba HOMAabJIymjiap COHM TeHr Oymumu kepak. IIIyHHMHT y4yH HKKHUTa
TEHIJIAMaHM 4YerapaBuil mapT Xxucooura TYIAUpUO OJlaMU3. X, Ba X, OPATUKHUHT YETKH
HyKTajapu yuyH (2) maprtiapHu Kyinaaruda €3u0 ojgamus:

{moyo + mly(/) =m,
JoYn + 01Yn = 0

ye,y,-mapan moc pasumga (10) Ba (11) ueknm aidimpmanap ¢opmynanap OwiaH
aIMAIITUPAMU3, SbHH Y(X)HM X=X, €KH X =a HYKTaZard XOCHJIACH Y4YyH VHI YEKJIH
aiipma (HOpMyJIaCHHH, X=X, €KM X =b HyKTaJardm XOCHJIACH y4yH Yall 4eKId ainpma
dbopmyrIacuHu KYsIMHU3:

My Yo +m1% =m,

JoYn gl%: 9,

KyhHujgarnda oenruianuiapHid KAPUTHO |,
Ay =hmy-m, ;B,=m, ;C,=hm,

An:hgo+gl;Bn:_gl;Cn:h92'
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Xocusl KWJIMHIaH TeHrinamanapHu (7) TeHrjiamanap CHUCTEMacura KylllamMu3 HaTuKaja
(n+1)Ta HOMaBIYyMIIH, (n+1)Ta TeHrnamamaH wubopar  Y,,Y,,..Y, HOMabIyMIH

KyHHIara Yu3uKIf anredpark TeHIiaMaiap cucTeMacura ara 0yiamMus:

Aoyo+Boy1:Co L
Aiyi+1_Biyi+Ciyi—1:Di (i:1,n—1) (8)
Anyn + Bn yn—l = Cn

Mabnymku, KuaupuiaéTrad TakpuOul €YMMHHHT aHHMKJIUK JIapa)KaCUHHU OLIUPHUII
y4yH [a,b] opanukaa KUpUTUITAH X, =a+i-h TYpHUHT h KagaMUHU KAYPAUTHUPHUII JIO3UM.

By MHKIOpHM KWYpaWTHpUII YYyH 3ca y3 HaBOaTWJIa TYT'yH HYKTajap X, HHHI COHHHH

KecKuH ommimura onub kenamu. lynamail kunub, Kyiwiran MacajaHu 3apyp aHUKIUKIA
CUMINl YYYH XOCHJI KMJIMHTaH (§) CHCTEMaHMHI TapTUOW MUHT, allpuM XxoJuapjaa 3ca VH
MUHT/IaH XaM OPTUK OVIUIIN MyMKHH.

KOxopuna »scrnatraHUMU3IEK, CHUCTEMaHUHI Xap Oup TeHriamacuaa  (axar
yuTaJaHTMHA HOMAabJAyM KaTHAIlTaH XaJjap MaBxXyJ KOJTaH HOMabIyMJIAPHUHT
koaddunentiapu 0 ra Tenr. Arapaa 6u3 OyHaail cucremanu anbaHaBui ycyiap (I"aycc,
Kpamep, Teckapu Marpuna kaOu) €paamMuaa euMoKuu OYIIcak, HOJUIap YCTHUAA MabHOCH3
OynraH xaXmaaru aMajulapHy OaXapuIUMU3ra TYFpy KeJlaau.

IyHuHT yuyH, OyHJal Maxcyc cucTEMajJapHU €YUIIHUHT Maxcyc yCyJulapu uiiad
YUKWITaH. by yCyJUTapHUHT 3HT COAJAcH, JacTypjalra KyJlahHh, XaTrojaap WUFUIMAacUHU
XOCWJI KWJIMalIUranu “xaujamr’ yecyJiu XucoOiaHaiu.

Kyiinna “Xaigam ~ yCyJuHUHT KHCKa4a MOXUSTH OWJIaH TAaHUIINO YMKaAMU3.

Maxcyc, AMaroHaJlid CUCTEMallapHHM €uYHIlra MyJDKaulaHraH “‘Xapam’ ycyiau
WKKHA OOCKHYJIaH HOopart:

- HOMabJIyM Kod(PuIeHTIapHU aHUKJIaIl (TYFpU OOCKUYH);
- CHCTEMaHHMHT €YMMJIAPUHU aHUKJIAII (TeCKapu) OOCKUYH.
1-6ockuuaa (8) cucTeMaHUHT HOMAabJIyM €UMMUHU KyWHIard KYPUHUIIIA KUIUPAMU3:
Vi =i Yia + Bia (9)
Oy epaa «;,, Ba f,,, HOMablyM Xaiaam kordpuieHTaapu.

Homabnym «,,,, ., ko3 dunentnapau Tonuil yayH (9) TEHINIMKHU X = X; , HyKTajapJard

i+1

KypuHUIIMHA (8) (popmynagar MKKMHYM TEHIJlaMara KyunO KyWHaard TeHrjiamaniap
CUCTEMACHHHU:

AYin =By +Ci(ayy; + ) =D, (10)
(10) TenrnukHu y, HCOATaH e4amMu3 , IHHU:
_ An . Ci 'ﬂi - Di 11
Yi B, _Ci'ai yi+l+Bi _Ci'ai ( )
(9)Ba (11) TeHrnuknapnaH «;,,,p;,, HOMabIyM KO3(DPUIIEHTIAPHU TOMUMU3:
Ai . C i ﬂi — Di N
L= B ==l T 11 12
aH—l Bi _Ci . ai ] ﬂ|+1 Bi _ Ci . Ofi ) I n ( )
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Maskyp pekkypeHT ¢opMynagaru 0apya «;, Ba f,, JapHU aHUKJIALI Y4yH
JacTiadKu «, Ba [, KUMMAaTjapHU TONMIIMMM3 Kepak. by KuilmMatiapHM TONHMIIMMU3
YU4yH X =a HYKTaJarud 4erapaBHil MIapTAaH XOCWJI KWIMHTaH (8) ¢popMynanaru OMpHUHYA
TEHTJIaMaIaH (porimananmMus.

AyY, + B,Yy, =C, TEHIJIaMaHU Xap MKKajda TOMOHUHU A, Ta 0yiu0, y, HU TOIMAMM3:

o= by, + 0
0 AO 1 AO '
(9) dopmynanuHr i=0 pgarm KuMMaTuUIa XOCWJI KWJWHTaH Y, =a,,Y, +/3, OuWian
COJIMIUTUPUIINO «, Ba f3;, aHUKJIAWMU3:
al=—&=——ml ; ﬂl:&:—h*mz .
A\) h*mO_ml Ao h*mO_ml

a,,3, Map MabIyM Oynrad, 6apya KeHUHTH «,,3, 1ap (12) pexkypeHT GopMyianaH
tonuaaau. by skapacn “Xaipanr” yCyJIMHUHT TYFPU OOCKUYMHHU TAIIKWJ TaIH.
2-0ocku4aa «;,p; Oapua kuiiMatiapu tonwirad (9) pekkypeHt gopmyia Epaamuaa
€4MM Y, JIJApHU TOMMILI MyMKHH, Oy epa XaM JacTiaOKu KuiMar cudaruia y, Ha

aHUKJIaI JTI03uM. by uniHu O6axkapuill yuyH X = b HyKTajaru yerapaBuid MapTIaH XOCUIT
KWIMHTaH (8) CUCTEMaHUHT YYUHYU TEHIJIaMacu

AY,+B.Yy,, =C, (13)
Ba i=n-1 ned (9) popmynanan vy, , =«a,y, + 4, anukiaiimu3z Ba (13) TeHrnuKka Kynuno
y, HA aHUKJIaiMHU3:
:Cn_Bnﬂn _ h'gz+gl'ﬂn . (14)
" A +Ba, h.g,+0,-9 a,
Hemak vy, nmapHu Kyiiuaaru GpopmynagaH aukjianMus:
Vi =g Yia + Bia (i= m,O) .

Macanan: kyiugaru auddepeniman teHriamanu eunmuan Pynre — Kyrra ycynmma
TOIHIL KypaMHu3.
y'42-y —y=2+4-x—Xx° (15)

OONUTAHFUY IIAPTHU

4.-yD)+2-y (1)=8
| (16)
3-y(2)-2-y(2)=4
[1;2] OopajuKIard OONUIAHFUY MIAPTIAPHU  KAHOATJIIAHTUPYBYHM €UUMHHH TOTHUII

JI03UM OYJICHH.

Eummn: [1; 2] opamukuu 10 ta 6ynakka 6ynamus.
h:B:Z—_lzo.l y X =1; %X =1+i-h;
n 10

(15) Tenrnamanaru y,,y, Xocwiajap YpHUTa KyHHIard yJIapHUHT YeKIH alupma
dbopmynaapHu KysSMus:
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< Yier = Yia o Y~ 2y + Y4

y'i h2 y hz
Kylnparu TeHrnaManap CUCTEMacUHU XOCHII KUJIaMU3:
AYii—BY +Cyi, =D .
by epaa:
p=2;q=-1;f=2+4.-x,—x> ; m0=4; ml=2;m2=8;9go=3;9l=-2;092=4;
h h
=1+—p, C =1-—p
A 2 P ' 2 P =123 09.
B, =2-h’q, D, =h?f,

a,.,,fB.,, HOMAbIIyM KodhdureHTrapau Tyrpu Wyn OunaHkyhugaru gopmyna €paamuaa
XUCOOIaiMuU3;

AL Cf-D. . ¢
=g S ZPTE g (17
aH—l Bi_Ci'ai ﬂ|+1 BI_Ci ai ( )

B m C h*m
=t =
Ab h m, —m, Ao h m, —m,

bepunran macana y4dyH:

A0:1+07'1~pi =1+0.1=11 ; B,=2-0.01-(-1)=2.0L C, =1-0.1=0.9;
a, =—&=——ml =125 ﬂ]_:&: " L =0.5;
Ao h*mo_ml Ao h*mo_ml

JeMak vy, mapHuU Teckapu iyn OunaH Kyhunard popMynaaaH aHUKIANMU3:
Yi =iy Vi + Bin (i= 5!0) .
Oy epaa :
_ Cio — BioBio _ h-g,+9, 8, —3.0255,
Ao +Ba,, h-9o+9,-0,-a,

Yio

h =0.1kagamM OuaH XucoOJIall HUTKAJIApUHK KyHUJAr skaBajl KeJITUPUMU3.

T.P AprymMeHr a, Yol 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
/ 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 =0.01kagam OmIaH XucoOJaI HUTKAJTAPUHN KyWHIary )KaBajl KEITUPUMU3.

T.P AprymeHT a yi2 Anuk | Takpubuit Xwucoomanr
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 15 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.Tudbdepennnan renrinamanunar P(X), q(X), f(x,y) GyHKIuACHHY , X € [a;b] opaTuKHK
Ba N OpaJMKHU OYJIUIUIAp COHMHHU aHUKJIANMU3.
2. YerapaBuii mapTiapaara m,,m,,m,,d,,d;,9,. kKoddpdunnuentiap KnimaTIapuHu

AHUKJIaUMH3.

3. Kamamuu anukmnaitmMus: h = B.
n

4. a,,,p;,, HOMabliyM Kod(phULICHTIApHU TYFPU WY1 Ounankyiuaaru Gopmyna
Epramuaa XucooJanMus:

Ai . C'iﬁi_Di. - 1A
=, s |=1,9
O!|+1 Bi —Ci 'Ofi ﬂ 1 BI —Ci 'ai
C h*
Oy epna alz_ﬂz_L; p=-0-_""M
A, h*m,—m, A, h*my-m,

X =a+i-h; A :1+g p, ,B =2-h%q ,C, :1—2 p, , D, =h’f
5. 'y, JapHHM Teckapu Wyn OumnaH Kyiuaara GopmynagaH aHUKIAHMU3:
Yi =iy Vi + i (i= E,O) .
Oy epna :
_ h- g, +0;- :Bn
yn - '
h-9,+0,-0,"a,
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Nxxkunum TapTudam 1uddepeHuunan 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-m1);

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— xaaBannaH *KypHajlgaru TapTud pakamu Oyinya TONMIIUPUKHU OJIA]IH.

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

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

4. Pynre — Kyrra Ba *“ Xaiigam “ ycynuja TONWITaH €4UMIIapHUA 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 0.4yD) +y'@D)=2 [06;11]
2 Y —xy +3y = 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 —0.6y —2y/x=x y(0)=1 y@®)-0.5y'1) =18 [0;1]

5 y +xy-y/(2x) =1 y(2)+2y'(2) =1 y(2.8)=25 [2;2.8]

6 y' +4xy'—2yx = 4x y(0.2)-1.5y'(0.2) =1 |y(2.2)-0.5y'(1.2)=2 [0.2;1.2]
7 y +(@15)y—(3x+5)y=4 y(0.6) =14 2y(1.6) -1.5y'(1.6)=1.8 |[0.6;1.6]
8 y +sin xy'+2yx =1.2 y(0)=14 y(z12)-2y'(z12)=2 |[0; =/2]
9 y —sinxy +(x+1)y=2x y(0.1)=1.4 ye.)-23y't)=21 |[0.1;1.1]
10 | y' —cosxy +3x%y =X y(0)=0.5 y@) =24 [0 1]

11 |y —3xy —15y=x+1 2y(LY) +6y'(1.1) =14 | y(1.2)—05y'(1.2)=2.1 [1.1;1.2]
12 |y —(x+Dy +3xy = 2% y(1.4) =1 y(2.4) -3.2y'(2.4) =1.2 [1.4;2.4]
13 | y —(2x+1y —3xy=x 1.1y(0)-0.2y'(0) =11 | y()+0.5y'()=2 [0;1]
14 | y' —(x+3)y —4xy =2x y(0)=1.41 y' Q) =24 [0;1]

15 |y +2xy —xy=17 y(0) =1 2y(1) +0.5y'() =1.4 [0;1.4]
16 | y +ctgxy —y=3 y(0)=1 y(p/2)=16 [0; 7/2]
17 |y +2xy —(Gx+1y=2 y(0) =1 2y() +0.4y'(1)=1.8 [0;1]
18 | y +sinxy —2y =3x+1 y(0)=1.2 y(z/4)=18 [0; z/4]
19 | y +3xy —1.8xy=1.4 y(0) =2 y(@)+0.8y'(1) = 2.6 [0;1]

20 |y +(02x+1)y —4y=3x | y@.1)=17 y(2.1) +2.4y'(2) =36 |[1.1;2.1]
21 |y +xy —14y=2x+1 y(0)+1.4y'(0)=16 | y'(0.6)=4.2 [0:0.6]
22 |y —3xy +y=3xsinx y(0)+12y'(0)=33 | y(z/2)-4y (z/12)=4 |[0; #/2]
23 | y +2.3xy —6xy = 4x y(0)-1.2y'(0)=1.2 y(0.8)=14 [0,0.8]
24 |y +3xy —cosxy =sinx y(1.)-14y'(1.) =1 | y(2D)-21y'_2YH=2 [1.1;21]
25 |y —(Bx+1y —4x=2 y(0) +1.4y'(0) =2 y (04)=25 [0; 0.4]
26 |y +y/(3x)—y=3/x y(0.6) =1.3 0.5y(1.6)—y'(L1.6)=4 [0.6; 1.6]
27 |y +2x°y +4y=x+1 y(0.7)-2y'(0.7)=1 | y(.7)-3y'1.7)=23 [0.7;1.7]
28 y —3xy —y/(2x)=0.7 y(0.4)=14 y(0.7)+1.4y'(0.7)=2.1 |[0.4;0.7]
29 |y -y /2+2ylx=x/4 11y@.)-y'@1)=9 | 3y(1.6)+0.5y'(1.6)=1.8 | [1.1;1.6]
30 |y +3y —y/x=x+1 y(0.5) =1 y(0.8)-2y'(0.8) =14 | [0.5;0.8]
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I'anépkuH ycyauaa yerapaBui MacaJjia equul .

Takpubuiti-ananutuk ycynna Oepwirad auddepeHuan TEeHITaMaHUHT €YUMU
TaKpuOui aHUKJIaHTaH Gopmynanap épaamMuaa TONUIAAN Ba ajlbaTTa, €4uM XaM aHAIUTHK
kypuHuia udonananaau. AifHuUKca, KynruHa (Qu3Mka Ba MEXaHHWKa MacajlaJlapUuHUHT
CUMMHUHHN AHAIWTUK KYPUHUILJA KAJUPHILI JO3UMIIUTU, TAKPUOUN aHAIUTUK YCYJUIApHU
ypraHuuira KaTra 3XTUEK TYFAUPAIH.

Hesipnu  Oapua TakpuOMii-aHATUTUK YCYJUIAPHUHT aiNropuTtMiapu Oup-Oupura
yXmam Oyiaranu yayH Kyhiuaa ['anépkuH yCyIuHU yprasuil OuiaH YeKIaHaMu3.

busra sHa aBBanrm MaB3yjgard KaOW, Kyiluaaru uerapaBuil Macaja OepuiraH
OYJICUH, TBHMU:

y"(x)+ p(x)-y'(x)+a(x)- y(x)=f(x) (1)
TCHIJIaMa Ba
{moy(a)"‘mly'(a):mz (2)
goy(b)+9,¥(b)=g9,
I‘Iel_‘al‘)aBI/H\(JI IMapTHU KaHOATJIIAHTUPYBYHN CUMMHHN TOIIHMII KCPAK.
Onuif MaTeMaTUKa KypCUAAH MabIyMKH, MXTUEPUM y3IyKcu3 (QYHKLIUSHH YEKCH3

KAaTop KYypUHHUIIKIA U(Ooaananl MyMKHUH.
y(x) =U(X)+ D c;u;(x)
i=1

Fanépkun ycynuna ymly Karopaarm N Ta 4Yekid Xaj OwiaH derapajaHuo,
YyerapaBMii MacaJlJaHMHT €YUMHUHY KyWHIard KYPUHUILIA KUAUPULT TaKIU( STUIIA]IH.

V(X) =g (X) + 36U, (X) ©

By epna mryHu scnatu® yTHIN JTO3UMKHU, YCYTHUHT WYJ KYWWJITaH SrOHa Ba acOCUi
XaTOJIUTH YEKCHU3 XaJ/UIM KATOPHU YEKIW XaJJIi KaTopra ajMallTHpPUIIAaH UOOpaTaup.
Kartopnaru xajnap COHMHM KaH4ya KyN OJICAK, IIYHYAJIWK OJIMHIaH HaTWXKanap WIIOHYIU
Ba aHUK eunMTa SKUH OYnanu. JIekuH, MKKHHYM TOMOHJIaH, KaTOpJiaH KYIPOK XaJ OJIMIITa
UHTWINII KyJa OakapuiiaJuraH amajlap COHUHU KeCKWH opTTupubO robopaau. by sca
WY KYUWIAIIYM MYMKUH OYJITaH XaTOJUK YXTUMOJIUHHU KeCKUH opTTupanu. Lllynunr yayn
amajgard Xuco0 unuiapuaa » <10 mapTyaH Kenud YuKuIagu.

OHAM YbTUOOPUMU3HU STHA €YMMHU KUAMPHUINTA KapaTcak, ¢popMmynajgaru c,,c,,..C, -
Jap KuiiMaTiaapyu HOMabJIyM OYIraH y3rapmaciap XucoOJaHaIu.

Uy (X),U;(X),..,u,(X) Jap aca XMCOO HIUIApUHU OakapyBYM TOMOHHJIAH TaHJa0
olvHaguraH [a,b] Kecmaga WMKKA MapTa y3nykcu3 Jud@epeHunariaHyBud, YHU3UKIN

OoFnuK OynMaraH (yHKOUsIAp XUCOOJIaHaaAM, SbHU yjap 0a3uc CUCTEMACHHHM TalllKHII
KWIMO, ¥y3apo OpPTOTOHAUIMK IIAPTHHW KAHOATIAHUPHUIIH Kepak. DyHKIUsIapHU
OPTOTOHAJUIHMK IIAPTH KyHUarnda aHuKJIaHa K.

b

0]
[u 00U () -dx =4 wapn=m
a

azap__nN=m
6y epra A -OPTOrOHAIHK KO3(DMUIHEHTH.
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basuc ¢yHknumsutapHu TaHnamjga Kyduaard ImapTiapHu xucoOra oscak, (3) ¢opmyna
OujaH aHMKJIAHYBYM MacajllaHMHI €4YMMU C,,C,,...,C, Y3rapMaclapHUHT HXTHEPHIA

TaHJIaHTaH Xaauzaa XaM 4YerapaBuil MacaJlaHMHI (2) derapaBuid IIApTIAPUHU
KAHOATJIaHTUPAIH.

bazuc (pyHKUMsUTapHU TaHIall KyluJarnia aMaira OIupHIaau.
ABBaJ KyiiM1aru ornepaTopjapHi MyoMaiara KUpuTailIuK:

LLYy(x)]=y" (x) + p(x)y'(x) + q(x) y(x),
L.Ly(x)]=mgy(x) +m,y'(x) 4)
L,[y()I=g,y(X) + 9, ¥'(X)

1) Uo( X) byHKIUS - OepwiraH 4YerapaBUil IMIAPTHU KAaHOATIAHTUPYBUM (DYHKITHS
OYIUIIIN JTIO3UM, STHHU:
{mouo(a) rmup@=m, o Lalug(a)l=m,
9ol (0) +9,Up () = 9, Lo [uo(b)]l =9
2) u;(x),u,(x),...,u,(X) dysxmaIapu sca GepUIraH derapaBHii MAPTHUHT
1-KUHCIIN XOJIOTUHU KaHOATIAHTUPYBYH (QYHKIUSIAP OVIIUIIN JT03UM, STHHHU:
{moui(a)+m1ui/(a):0’ i=1,_n EKH La[ui(a)]:O
goui(b)+glui/(b):0 Lb[ui(b)]:O

Connanuk yuyH n=2 aed u,(x),u;(x),u,(x) 0a3uc QpyHKUUSIIApHU TaHJIANMU3
HATWKaJa »HHAM dYerapaBuil MacajaHUHT euynuMu (akaT ¢, Ba C, HOMabIyM
kod(pdunieHTIapra 60FaUK OYIMO KOJIau. ¢, Ba ¢, y3rapMaciapHu dca ['anépkun ycynuaa

aHukiam yuyH, gactiabd (3) tenrnamanu (1) nuddepenuman TeHriamara Kyiuo,
Kyhnaard TapoByT QyHKIMSICHHU XOCHIT KUJIaMU3:

R(%,¢,,¢,) = Lo (0] + 3 ¢, - LIu, ()]~ F(3) (5)

By ¢ynkuus dyerapaBuii Macaja E€YUMUHHUHT aHUK euuMaadH  (apKUHU
XapakTepjJoBYM MUKIOp OYViImb, y c,, ¢, y3rapMaciiapra 4Yu3WKIU OOFIUKAUp. Arap

taBoyT QyHKIusacu aitHan O Ta TeHT OyIica, TAaKpUOW €4YrM MacajlaHWHT €YuMHU OWJiaH
yCTMa-yCT TyIIaau, JeKUH TadhoBYTHU XaMMa BakT xaMm 0 ra aimanTtupu® OyiaBepmaiiam.
c, Ba C, HOMabiyM Kod(pduueHTapun TahoBYyT (GYHKIHUSHA MIN Ta SPUIITHPHUII

IApPTU/IaH aHUKJIauMu3, sbHU min{R(x,c,,C, )} .
TadoByT PyHKUMSHU MUHUMAJIAIITUPUI MIApTH ["anépkuH ycyinuaa Kylugarnda
nudoaananay.

TR(x,cl,cz)-ul(x)-dx= 0

(6)

_TR(x,cl,cz)-uz(x)-dx: 0

Sbau  TagoByT (yHKmusHM Uu,(x), (i=1,n) 6asuc (yHKUMATAPra OPTOrOHAJIMK

mraptugad Qoitnananamus. (5) dopmynamgaru R —tadoByT dynkiusacuan (6) cuctemara
KYsIMU3.
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j{(L[UO]+C1-L[U1]+CZ-L[UZ]— f(X))'Ul(X)'dXZO

_T(L[Uo]+c1'|—[u1]+cz'L[Uz]_ f(X))-UZ(X)'dX=O

EKH

_t|"L[u0]-u1(x)-dx+cl -TL[ul]-ul(x)-dx+cz -j.L[uz]-ul(x)-dx—j‘ f(x)-u(x)-dx=0
; b P " (7)
[ LIuoT-u, (9 - dx+c, - [L[u ], (x) - dx+C, - [ L[u,]-u, (x) - dx = [ £(X)-u, (x) - dx =0

(7) cucreMa yuyH Kyiugarnda Oeqruianuiap KApUuTaMms3:

b

by = [(F()-LIu,D)-u,(x)-dx b,

a

m11:iL[U1]'U1(X)'dX; leZj.L[uz]'ul(X)'dX;
m21:iL[u1]-u2(x)-dx; m22:'b[L[u2]-u2(X)-dx;
!

(F(x)=LLug])-u,(x)-dx

m,.C, + m,,c, =b
Hartmxkana: { w e (8)
m,,C, +M,,C, = bz

c, Ba c, HOMabiymyapHu (8) YM3MKIM anreOpauk TEHIJIaManap CHCTeMaJiaH
tonamu3. Hatwxkana y(x) TakpuOWil - aHAIMTUK €UUMHHU KyWHaaru KypuHuiga &3a
0JIAMUU3 :

y(X) =U(X)+C; -u;(X)+C, -U,(X) 9)
Macanan:Yerapasuii macasianuar nud@epeHiman TeHriaMacu Kyhuaarnda KYpUHHIIIA
Oepunran OYJICHUH:

y' 2y +x% .y =12x* —-8x° + X’ (10)
Juddepenunan TeHrmaMaHUHT €4MMUTa KYWHJITaH yerapaBuil mapriapra 3ca
0)=0
y(0) _ (11)
y(1)=1

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

1. bazuc ¢pyHKUMsIIapHU Kyiiuaard tTapTudia taninad onamus:
1) uy(x) HU OepuiraH yerapaBHii apT, SHHHA u,(0) =0 Ba U,(l) =1 mapTHH
KaHOATIaHTUPAIUTaH KUIU0, Kylnarnda Tannad omamMus: U,(X) = X.
2) u,(x) Ba u,(x) JapHu 3ca OEpHUJITaH YerapaBuil mapTra MOC OMp KHUHCITH
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maptiapau, seHu u,(0) =0,u,(1) =0 u,(1)=0 Ba u,(0)=0, u,(1)=0 mapTHU
KaHOATJIAHTUPAIUTaH Ba ¥y3ap0 YM3HKIM OOFIIMKCH3 KHIMO, KyWHgaruda TaHia0
0JIAMH3:
u (x)=x(x-1)=x*-x;
u,(x)=x*(x-1)=x>-x2.
Nnran popmynanapaa Gorgaranuiaanrad Kyduaard ornepaTopiapHi XHUCOOIANTHH
TAIIKWJI KUJIaNIUK.
L[u,]1=2-2(2x-1)+x}(x* =x)=2-4x+2+x° —x* =
=x°—x* —4x+4
L[u,]=6x—-2-2(3x* -2x)+x*(x®-x?)=
=6X—2—-6X2+4x+x® —=x°> =x® —=x* -6x? +10x—2;
Llug] = X"2X'+x°Xx=0—2+ x* = x* -2
DHAW KyHugard TeHIJamajgap CHCTEMacHHMHT Kod((HIIEHTIapd Ba 0301
XaVIAPUHU XUCOOJTAIIHA TAITKHUII dTAHIIHK.

{mllcl +Mmy,C, = bl
m,,.C, + M,,C, = bz

(12)

1 1 1
m,, = I L[u,]-u, (x)dx = I(xs —x* —4x+4)- (x> =x)dx = j(x7 —2x% 4+ x> —4x® +8x* —4x)dx =
0 0 0

=(—x8—3x7+1x6—x4+§x3—2x2)\g 12,1 1.8 5 030738
8" 77 6 3 8 7 6 3

m,, = j-L[ u,]-u, (x)dx = j(x —X® —6x? +10x —2) - (x* — x)dx = '[(x —2x" +x® —4x* +8x° —4x*)dx =

e st Ly Ay o ——x3)‘ BT e S Y P74
9 4 7 5 9 4 7 5

’
1

m,, = I Llu,]-u,(x)-dx = I(x —x* —Ax+4) - (x* =x*)-dx = I(x —2x" + X% —Ax* +4x% —4x%)-dx =
0
SE RIS I x3)‘(1)=£—
9 4 7 5 9

1 1

:_[(x6 —x° —6x* +10x-2) - (x° —x2)-dx=.[(x9 —2x% +x7 —6x° +16x* —12x° +2x?) -dx =

e O e Y
47775 3

w2y, Ly e 1005 gy 2 3)\ 1 2,1 5,36 5 2 A63sss
5 10 9 8 5 3

b, I(12x —8x° +x" = x*+2)-(x* —x)dx = I(x —x® —8x° +19x* —11x® + 2x* —2x) - dx =

0

:(ix“’—lxg+ﬂx6+19x5 11x4+gx‘°’—x2)‘%J 1 1,489 11,2, 2.038888
10 9 3 5 4 3 10 9 3 5 4 3
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1 1
b, :.[(lzx2 —8x}+x" —x*+2)-(x* —x*)dx :=.[(x1° —x? —8x°® +19x° —11x* + 2x® —2x%)-dx =
0 0
:(ix”—ix10+§x7+§x6—1—1x5+lx4—3x3)‘g:i—i+§+§—1—l+l—g=1.1004329
11 10 7 6 5 2 3 11 10 7 6 5 2 3

Tormiran kosddunmenmiapan (12) yu3ukin anreOpavk TEHIIaMajap CHCTEMacH
KylaMu3.

—.32738c, +0.40397c, = 2.03889
{ 1 2 (13)

—-1.129365¢, —1.46389%c, =1.10043

(13) Tenrnamanap cuctemacujaH c, = -3.6656 Ba C, =2.0764 napuu anukna® tomamms
Ba (9) dopmynara kyiicak (10) Ba (11) macasmaHWHT €YUMUHU OJIAMHU3:

Y =Uy(X)+C, -U, (X) +C, - U, (X) = X—3.6656(x*> — X) +2.0764(x° — x*) = 4.6656X +5.742x* + 2.0764x°
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10- mabpy3a MAIFVIIOT

JHI KMYHUK KBaJApaTjap ycyJu.

AManuii Macananapja ydypaiaurad MacajaJapHUHI KYPUHUIIM KyIUHYa MYpakkKao
Oynub, yJapHUHT aHAIUTUK WGOJACMHU TOMMII MYMKMH sSMac. byHmalt xoiapna
Oepwiran Mypakkad (QyHKIUSHM YpraHuil KyJalpok OyiraH coanapok (yHKIUsS OusiaH
¢ku nuddepeHian TEeHrJaMajJapHUHT XYCYCUM COHJIM eyuMmjapra MOC KejlaJuraH
oupopTa GyHKIM OWjIaH aJIMaIITUPUII MaKcaara MyBOOUKIUD.

ByHUHr y4yH HSpKiM Yy3rapyBud apreMyeHT OwiaH (YHKIMSHUHT COHJIHM MOC
KUMaTIiapu opacujard MyHocabaTHU (PYHKIIMOHAJI OOFJIAHUIIHUHT TaKpUOUM EKU aHUK
aHAMTUK M(OJACHHU UHTEPHOJsinusi dopMynaiapu €K SHT KHYUK KBaJpatiap yCyiH
OpKAaJU TY3UII MYMKHH.

Kynuaua Typmymina Ky3aTumnoiap Ba TaXpuOaliap OpKald SMIHUPUK (hopMyragapHH
KENTUPUO YNKAPUII MyMKHH.

Macanan: XxapopaTHMHI KYTapuiauiid ¢€KU aKCMHYa MacaluIIMHA, CUMOO
YCTYHUHHMHI KyTapuiumy €KW nacaiumura kKapad Ounum MyMmkuH. Jlemak, Xapopar
OwiaH cuMOO YCTUHHM YpTacuAard YU3UKJIM OOFJaHUII OOpPJIUTHMHH TaKpuOa OpKaIu
OWJIMIIT MYMKHH.

OHI KMYUK KBajpatiap ycyiu Oupunuu maprta 1874 viunga ["aycc TomoHuan uiiad
YUKWITaH 0ynuo, aitpum anabuétnapaa Oy ycyn ['aycc yecynu n1e6 atananu.

JHI KHYUK KBQJAPaTiap YCYJIUHUHT MOXUSITH.

Taxpuba Ba amanuii MacajalapHy e4uiga Oepuiran MabIyMOTJIap acocHjia yjapra
MOC HaTaXajlap OJUHTaH OYyicuH, sbHU N Ta Oepunran X,, X,, X,,..., X, 3pKIu

n

y3rapyBUmiIapHUHT KuiiMatiaapura moc Y,,Y,, Y., ..., Y, OyHKIUI KuiiMaTiapu Oepriiral
oyncun. Kyituaaru Mucosiapia SHT KHYMK KBaApaTiap yCyJIWHUA KYpUuO YnKamus.

Macanan: MabIyMOTIIap KaBaJl KYPUHUILA OYIJICUH.

X X, X, X, X
Y Y, Y, Y, Y

n

n

by kuniimatiapra MOC HyKTaJapHA KOOPAUHATA TEKUCIUTUIA TACBUPJIANIIUK.

A

b 4




Hemak, Oy X Ba V' y3rapyBumniap opacunaru GyHKIIMOHAT OOFJIaHUIIHU KyHUAaru ya
oenrunanmMus:

Y = F(X) 1)

Macananu euuill yuyH 013 aHa 11y TakpuOa HyKTajgap/aH *Kya kam ¢apK Kujiaaurad
y=ax+b QyHKIHSIHH KYPUITUMU3 Kepak.

X; aprymeHT Ba V. =aX: +bdyuknua kuiimatn Owian Oepmwiran X, Ba Y,
p y I I y p 1 1

MabJIyMOT KHAMATIAPU alMpMACHHUHT KBaApaTIapy HMFUHIUCH MUHUMYM OYJICHH:

Z(al;b):Zn:(yi — (ax; +h))’ minz =? (2)
i=1
Ym0y mapT Oaxapuiauiid y4yH, HObMadyM Kod(h(dUIIEeHTIapAaH OJIUHTaH XYCYCHi
XOcHuJiasiap HOJIra TeHT OYIIHIIN Kepak, sS’bHU 22 =0; ?b =0;
a
oz -
_:z.Z(yi—(axi+b))-(—xi)=0 (3)
oa i1
0z .
—=2-> (y; —(ax; +h))-(-1)=0
oa i-1

—Zn:xiyi +azn:xi2 +bzn:xi =0
i=1 i=1 i=1

" ) ) (4)
>y +a) % +bY 1=0
i=1 i=1 i=1

E€KU
aznlxiyi + bznlxi :Zn:XiYi
i=1 i=1 i=1
azn:xi +b-n:Zn:yi
i=1 i=1

(5) cucremanan a Ba 6 HoMabiayM K03 (OHUIICHTIAPHU TOIIAMU3 Ba HATHXKAa YA3HKIH

()

y=ax+Db

GyHKUMSIHY UPOTACHHU XOCHIT KHIJIAMHU3.
MacaJjiaH: HOYM3UKJIM Ba NAPAMETPHUK 3aHKUPJIAPAA CUTHAJUIAPHM Y3rapTHPHIIL
Hounzukiiu KapmmiankHy BobT — amiiep TaBcudu (BAT) sxagBanaa kenTUupuira.
[y TaBcuduu rpadukaa ndogananr Ba yHM UKKUHYM Japakaly Kynxaja OuiaH
annpOKCUMAaLUSJIaHT .

Uk U, U, U, | eeeeee U,

i |, i T i
i=pU)=a,+a,-U~+a, -U? (6)

KBanparinapy WHFUHANCHHUHT ailMpMacUHK ()YHKIUSCHHU Ty3aMH3:
Z(ag;a;a,) =Y (i, — (8, +a,-U, +a,-Uf))? minz=?  (7)

k=1
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Homabnym koa¢dduiieHTIapaan oMMHraH XyCycuil Xocuiiajaap HOJra TEHTJIaliMu3:

oz 0z 0z
—=0; —=0; —=0
oa, o0a, oa,
oz < 2 .
=-2>(i,—(a, +a,-U, +a,-U2)=0;
oa, Py
0z S (8)
_:_ZZ(IK —(a, +a, U, +a,-U{))-U, =0 ;
aal k=1
oz - 2 2
=—22(|k—(a0+al~uk +a, -Ug))-U:s=0.
aaz k=1

HaTI/DKa,[Ia HOMAbJIYM K03(1)(1)I/IHI/I6HTHapFa HucoOarad TCHIJIaMaJIap CUCTEMACHUI'da KCIIaMU3:
n n n n
2 -

> 1+a, ) Ug+a, > ui=>i

k=1 k=1 k=1 k=1

n n 2 n 3 n .
a, ) U, +a > Ui+a, > Ui=>iU, , )

k=1 k=1 k=1 k=1

aOZn:Uk2 +aliuk3 +a2iu4 :iikuf :
k=1 k=1 k=1 k=1

Tenrnamanap cuUCTeMacHUHH €4HO, HOMABJIYM @, ,3, ,a, Kod(uImeHTIapuu

aHukiaiMu3 Ba (6) dopmynara kyicak kaBajja KEATUPWIraH MabiIyMOTJiIapra acocaH

anmpoKcuMaIus (GyHKIUSHA TormaMu3. Macanad anmpokcuMarus GyHKIUIACH KyiHugarnda
OYJICHH.

i =U)=01+1.03-U +1.15-U?
®ynknus rpadpurnan Maple THimHUHT MKKK YT90BIM TpaduKac EpaaMuaa YH3aMms.

>plot(0.1+1.03*u+1.15*u”2,u=0..5,color=red) ;

30-
25
20
15
10
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