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«Xucobmam ycymutapu» GaHUHH YpraHyBUMIAp YYyH MYIDKaJUIaHTaH Ba
amanjard YKyB pexxaiap, YKyB JacTypJiapu acoCujia Ty3WJIraH. Xap Oup mMap3y
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MathCAD MATHematica (matemaruka) Ba CAD (Computer Aided
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1 BOB.AJITEEPA BA AHAJIN3 MACAJIAJIAPUHU TAKPUBUH
EYMUIII.

1.1. KHPULI. XUCOBJIAII MATEMATHUKACH HUMA?

Acocuii mywynuanap: Macana euuw smannapu, Xucooiawl ycyiiapu, amaiull
Mamemamuxa mapuxu, abcaniom a HUCOUti Xamo, Myxum 6a UMoH4IU
pakamiap, Xamoaukiap Ha3apusacurue acocuti macanacu ( QyHKYusaHune
KUtiMamuHru xucoonauoazu Xamo.ux)

Acocuii namudicanap:

1.Macana ewuw smannapu:
MOO0E1b—aAN20PUMM—> 0ACHYD— KOMNbIOM EP— HAMUICA.

2. Xucobnaw ycyinapu:macaianu maxpuoutl evuns yCyilaputu apamaou.

3. Amanuii mamemamuxa mapuxu:l-oasp spamuzoan assan 3-4-mume tiunnap
onoun, Il-oasp Heromonoan xetiun, Ill-oasp 1920 1i.0an ketiun(mypaxkkad
xucooaauinap 6a Komnvomep ).

4. Xamonuknap:
Aa=|A-a|<A,,6a=Aa/|4~

5. DYHKYUsL XaMOIUSUHU XUCOONAUL.

Ayzgﬁgic SIS 5) af(-C)}A 2
aIn £ (c) 8l  (x)

o, = — A,

|y| g Zl: X, }A -2—1: X, }AXi

6. Mamemamux muzumaap (macanarapuu euysuu npoecpammanap):Mathcad,
Maple, MatLab.

1. Marematuka Oy TallKd TYHEHUHT T€OMETPUK (PopMasiapu Ba COHJIU
MyHocabaariaapu xakuaaru dhanaup (DHIMKINOME N IaH ).

Xucobuar ycyiaapu (XUcooialn MaTeMaTHKACH) aMaliiii MacajlaJapHUHT
MoeIapy OYJIMHIII MaTeMaTUK MacalallapHU TaKpHOWid eUuIll y9yH TaKpuOui
(connn) ycyiap sipaTHIl OWJIaH HIyFyJIIaHA M.

Nxtuépnii amanmuii Macasann  eyumi  yuyH akaa.A.A.Camapckuii
ubopacu OwiaH alTranjga XucoOJall — SKCIEPUMEHTH YTKasuiaaun. by
IKCMIEPUMEHTHUHT aCOCHI OOCKUWIAPHHU KyHuaarnya TaCBUpJIall MyMKHH

MO/1eJIb— AJTOPUTM—IACTYP—KOMIIbIOTEP—HATHkKA.

Amanuii macana 0y Oupop Bokea, xkapaéHaup. MacajaHUHT MaTeMaTHK
Mozenu Oy amanui MacajlaHu MaTeMaTUK MyHocabaTiap OuiaH 6aéH HTHO,
TUTIUK MaTeMaTHK Macaia cHHura kentupunyup. CuHbIaH e4uMH aHUK
MacaJia TaHJIaHWuO, MacajJaHu €UuIl YU9yH aJlTOPUTM TaHJIaHaIu. AJITOPUTM
acocujia KOMIBIOTEp Y4YyH AacTyp Ty3wiaau. JlacTyp KoMmblOTepJa HIITa
TYIIUPUINO HaTHXa oduHau. HaTika MaBxKy/] eunM €K MabJIyMOTiIap OuiiaH
COJUIITUPHUIIAAN, yJap MOC Oyica alropuTM Xam, MoJIeIb XaM
KaHoaTJIaHapJu 1e0 Tonmuiaaau.AKC X0/1a aMaInid Macana siHa TeKIIUPUINO
MoJieJra Ty3aTHIIUIap KHPUTHIAAHN Ba X0Ka30. by jkapa€n euum etapiu
aHUKJIMK OUIaH TONWITYHYA 1aBOM 3TaJIH.
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XucoOamn 3KCIepUMEHTH aMajuid MacajlaHM €UHMIllia Ha3apuil
MaTeMaTHKa, XHucoOall yCcyJuiapu, alropuTMIIap Ha3apHuscy, JacTypJiall,
OXMHUHT YpHUHU SIKKOJ TaCBUPJIAIN.

2. MaremaTuk MacajaHu €4MIJa TypJid XWJ YCyJlap WIUIATHIUIIN
MYMKHH. Arap MyMKWUH Oyica aHHK ycCyJiap, MyMKHH OyiMaca TakpuOuit
ycymnap wmmatwianad.  Connum  ycymiap (xucoOmamm ycyiuiapu) macaia
CUMIITHUHT 3HT Ky4WIH BOCHTalapuaaH oupu xucobOnananu. Comma Xucobiarmd
ycyJutapunan 6m3 kyn Qoiimananamus. MacanaH, KBaapaT WIAW3 YUKAPHIIL
Mynnaii macanamap OopkH, Mypakka® XucoOmanutapHu Tanad Kuiaau: 00-
XaBOHM Oamopar KWIMII, KOCMHUK KeMa XapakaTH, KyI WWJUIMK pekajapHu
apatuml . Kyn xomapaa xucoOganuiapHu Te3 Oaxapuliura TYFpU Keaiu.
Macanah, cyTkanuk 00-xaBo Oamopatu Oup Heda coarja XUCOOJaHUIIN Kepak,
KOCMHUK K€Ma TpaeKTOpusicH OMp Heua MHUHYTAA XUCOOJAHMIIU KEpak Ba
X0Ka30. 3aMOHaBUi Xucoouail ycyiuiapu Ba DXM nap OyHaail UMKOHUSTIapra
sra. XucoOJail ycyJulapyu MacalaHd €4Yull y4YyH aJllOpUTM Oepaiu. AIroputm
acocHsla KOMIIBIOTED Y4yH AAacCTyp TY3WJIAJH.

AJNTOpUTMHHU acociall MacajaHu TYFPU €YMII Y4yH acoC XUCOOJIaHaIu.
JlexuH aJITOpUTMHUHT O0aXOCHHM amMaluii XxucoOnamap OaxapraHjaH KewHH
oepwianu. bup Hapcara 3pTubOO0p O6epuin kepak. KommnberoTep Ounan unuiaétran
doilnasianyBUu ¥3 aIrOPUTMH, JACTYpPUHU CHHYMKIA0 TEKIUPHO YHUKUIIH
kepak. Axkc xonma Ilutep aiirrangexk: “KommbproTep XuCOOJIOBUMHUHT
HOYOPJIUTUHU KYII MapTara omupaan’”’, 1erad Xoauca pyi OepHIld MyMKHH.

3.Mypakkab macaiajgapHd €UYHUII Y4yH, aJITOPUTMIIAp spaTwuil OusaH
IIYFYJIJITAHYBYM MaTEMaTUKAHWHT OVJIMMHUHU aMajuil MaTeMaTuKa JIevuiiau.
AManuii MaTeMaTMKAaHUHT acOCHMW  Macajacu €4YMMHU OepuiraH aHUKJIHK
Oownan Ttonumaup. Kiaccuk MaremMarnka €Y4UMHUHT MaBXKYJJIUTH, SITOHAJIUTH,
XOCCaJlapuHU aHUKJIAII OUJIaH IIyFyJUTaHaIH.

AManuii MaTeMaThKa TapUXMHU Y4 JaBpra OYnuin MyMKuH. bupuHun
JaBp spamusnian 3-4 MUHT w1 onauH OonuianraH. by maBpna ro3a, xaxmiap,
coja MexaHu3miiap XucooOnanran. WMkkuxum gaBp W.Hetoronman (1642-1723
i.1.) 6ommanrad. by naBpaa actpaHoMusi macananapu, oanui nuddepeHiuan
TEHrJaMajapra, YM3UKjIM TeHriamajap cCucTeMacura ojiud KeayBYu Macaliajiapu
eywia OomnuiaHau. XapOud wmacanangap ojaaMm Oakapuiid KUWWH OViran
MacajllaJlapHd  €UMIra yHAaWau. YYWHYM JaBp-KoMibioTepiap aaBpu-20
acpHuHr 60 Hwwulapugan OonutaHaau. by  gaBpaa  Xycycui Xocuianu
nuddepennpan  TeHriamaap, HOYM3UK TEHrJaMajap Ba YyJIApHUHT
CUCTeMaJlapUHU €UMIL YCYJUIapH maiino Oynau.

4. A-aHUK COH,a YHUHI TakpuOuil KuiimaTtu Oyica, A-a aiiupma a -
TaKpuOU COH XaTocu, Aa=|A-a| -TaKpHOMIi COH a HHMHT aOCOJIIOT XaTOCH

neinnnaau. Xap Kanaa A, > Aa COH TaKpuOMil @ COHHUHT YyerapaBuii abCoI0T
XaTOCH JeHUuiIaan. éa = Aa/ |A| MUKIOp 3Ca a TaKpUOUM COHHUHT HHUCOMI



XaTocH Aeinnany. A~ a OynaraHu ydyH amanga éa=Aa/la) ne6 onunanu. Xap
KaHJal 6, > 5 COH a TaKpUOWii COHHUHT YerapaBHil HUCOMI XaTocu JAeHnIaau.
Hemak, sa=Aalla|< s, =A, /|a| sxanmurunan & ,= A, /|al,A ,= as, AGcomoT Ba
HUCOU XxaTo €paaMuaa aHUK COH A=a+A, =a(l+d,) KYpUHUIIMIA E3UITAIM.

A a MUKIOpJap Oupop HopManaHran X (pazoHUHT 3eMeHTIIapu Oyica, y
X0JI/1Ia IOKOpHUAAru Tabpuduiap Kylunariuya y3rapaiam:

Aa=|A-a|<A, da=Aal|a|<é6,,8, =A,/|al.

Mucon 1.4/3 =1,732050..., A=,[3, a=1,7321, A, =0,0001, &, = 0,00006.

Arap a < AOGYyica kamu OuiiaH, arap a> A OyJica Kynu OviaH TakpuOui
coH onuHaau.Macanan, A=+/3 yuyH, a=173 kaMu OwmiaH, a=174 kynu Ounan

OJIMHMOKJ1A.
Mucon 2. A=z =3.14159... coH 0.00010 aHUKJIUK OWJIaH AXJIUTIIAHCHUH.
’KaBo0O, a=3.1416 JAyHKH, A—a =~ 0.00001< 0.0001/2 =0.00005.

Mumucon 3. AzJ(f)zI f (x)dx uHTETpaN a=J; (f) Tpameuusap
b

dbopmynacu OMIIaH aIMAIITUPUIICHH:

J;(f):g[f(x0)+2(f(x1)+...+ f(x_ )+ F(x)],x =a+ih,i :0,...,n,h:b;na.

I0)-37 (1] =1

Mucon 4. A= f(x) dyHkuus [a,b] kecMana n+1 Ta y3IyKCHU3 XOocHiaiapra
ara OYicuH Ba X €[a,b],i=0,.,n HyKTamapaa n- aapaxanu Jlarpanx kynxaau

KelmHuanuk kypamusKu,

f"(c),a<c<b.

P.(x) OmiiaH ycTMa-ycT TYLICHH:
P.(x)=f(x), 1=0,..,nP,(x)= Zn: f(x)L (X)L (x)= ﬁ(x— X)) 0% —X%;) ,
i=0 j#
V xonza | | f(x)|, =mex{|f(x)|,xe[a,b]} HOpMana Kyiiunaru 6aXxoHHU OIaAMU3:

max

f -P < xela,b]
” n”C (n+1)|

Mucon 5. Ymymuit kypunuiiga oepwirad Lu = f nauddepenmnuan
TEHIJIaMa aHUK UMMM U = U(X) HUHT KaaBaau U, =[u(X,),..,u(x )] ymoy Lu" = f"

f (n+1) ‘
[(X=%).-(x=%,)].

YEKIIM allupMalii cxeMa edruMu u" =[u,,...,u,],u; ~ u(x,), Onian aaMamITHpHIaIu.
VYuua xatosmk cudartuga &" =u, —u" = A—a MHUKIOp OJMHAIN Ba y
thH =max{| &°|,...| " [}, &' =u,; —u",HOopMaaa Gaxonanagy, | &"|l=0O(h"),h —0.
JAxauTaam xarocu. a=a,a, ,..8,,a,a,.a, ,oupop mtntl XoHamu
XaKuKuii coH OYyyncud. COHHMHT YHIM &€3yBuaaru Xap Kanmah 0 man dapxiu
pakaMu MyXuM pakam aevunann. Mkkuta MyxuM pakamiap opacuaard HOJUIap
XaM MYXHM JIEUMWIaId, MYXUM paKaM KEWWHAJArd HOJIb XaM MYXHM pakam
nevinnanu. Honra tenr OViamaran pakamiap OJWJAard  HOJMIAp MYXHUM

OynMaiinu. Arap 1y €3yBJa COHHUHT aOCOJIIOT XaTOCH BepryJjjaH KeHMHHTH N —
pakaMUHHMHT OMp OWpIMTHUaH oliMaca, (N — paKaMUHUHT OUp OWPIUTHHUHT
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ApMHJIaH oOIlIMaca) KEHI MabHOJAa m+n+lTa UIIOHWIM pakamiapra isra
nerunanu (Top MabHOAA M+n+1Ta UIIOHWIN paKamiiapra sra Jeuuiiaam).

TakpuOuit coH  myHgal E3WIAAUKU, YHAA HWIIOHWIM  pakamiap
caknaHagu. CoHHM Oupop pakaMUHMHT | Oupiururaya aHUKINK OWJIaH
AXJIUTIIAM (KeHT MabHOJA UIIOHWIM paKkamyap cakjall ) yu4yH U1y pakaMHU YHT
TaMOHJaru Oapua pakamiap Vuupwiagu. HaTmwkana BykKynara KenraH COH
YyurpuiaMai KoJArad pakaMHUHT | OuMpIMrujaH ommManu.

Connn O6upop pakaMUHUHT | OUPIUTHHUHT SpMHUTaya aHUKIUK OWiIaH
AXJIUTIIA (TOp MabHOJA MUIOHWIM pakamyiap Cakjall) y4yyH IIy pakaMIaH
YHrAa TYpraH pakamyiap VUupwiaad Ba a) Yuupwira€TraH pakaMJIApHUHT
OupuHYNCH 5 mMaH KarTa Oyica, cakiaHaéTraH OXUPTH pakamra | Kymmiamau, 0)
VuupunaraétraH — pakaMJIapHUHT  OMpHMHYMCH S5  JaH  KH4YMK  Oyjca
y3rapTupuaManau , B) VuupuiaéTraH pakaMHUHT OupuHUMCcH 5 OYynuo,
Koarannapuau nuuaa 0 nan dapkiawiapu Oyiica , OXUpru pakamra 1 Kymunaam,
r) Vuupwira€TraH pakamJIapHUHT OupuHuyucu 5 Ba Kodranmapu (0 O¥yica
cakJiaHa€TraH COH TOK OyJiica yHra | kymmnaau, ;kydt 6yica KymiMaiiu.

TaxpuOuii COHHUHT TUMUT a0COJIIOT XaTOCH OMJIaH MIIOHWIN paKaMiiapu
opacuaa MyHocabaT MaBxKy/I:

5,<10""a' (xeHr MmabHOMa), &, <0.5*10""a’ (Top MabHOIIA).

AKCHHYA, arap COHHUHT JIUMHUT aOCOJIIOT HUCOUI XaTOCH YOy

5, <2(a, +1)*10"
TEHI'CU3JIMKHYU KaHOATJIAHTHUPCA, & COH TOP MabHOJA N Ta MIIOHYJIM paKamra sra.

5. y=f(X{,..,X,) DyHKIUSAHUHT  KUHUMATUHU X=(X1,,...,Xn) TaKpUOUH
HYKTajia xyucoonaii 3apyp, xeG eR".

bepunran: aprymMeHTIapHUHT XaTOJ'H/IKJIapI/IZAXj, 6., i=1l.n Tonum

X!

Kepak QYHKIIUSIHAHT XaTOMUKIAPUHA: A ,» 0, =? by xaTonukiap
Ha3apUACUHUHT TYFpu Macanacu. Teckapu Macanana A , §, nap Oepunaim,
A,, 0

a1 Oy, i =1...n. JapHU TOMUII KEpaK.

Evumn: y=f(x) QyHkuusHu X HyKTaHUHT OUpop aTpoduia y3IyKcHu3
nudepeHnmanIanyBun IeHINK, X 11y arpodra TeTUIum OYIJICHH,
JlarpaHKHUHT Y€KJIU OpTTUpManap (QopMmyjacura acocaH
AY =Y =y = £ (K X, )= £ (%) = SO (x ) =3 T C e 5200

i1 OX i1 OX i1 OX
C-YpTa KuiiMat, IbHU Kyiuaaru GopMmynagapHu E3UII MyMKHH:

of (X) & et (%) 1, &lainf
ox, }Axi’Ay_g‘ OX; AX"gy_IYIAy_le: OX; }A

Teckapu wmacama HoaHnukaup. Eummmapgan Oupu  TEHr TabCcup
OPUHLUNUIAH TONWIAIU. YMyMUH XaTolIMKKa Oapua aprymMeHTiap Oup Xui
Xycca Kymanu Ae0 Kadyn KWiInHAIU, IbHH
of (x)

n

Ay=>"

i=1

A, =const,i=1,..,n.




By O6u3sra kyitugaru dhopmynanapHu oepaau:

A, =——1 —i=1..,n
. n‘af (x)/axi‘

Mucon 6. Arap r =15+0,02,h =19,1+0,05, 7 = 3,14, 6¥71ca KOHYC XaXKMH
KaH/1aif abCaTioT Ba HUCOMI XaTONMHMKIap OMIaH XUCOOJAHUIITUHY aHUKJIAHT.

Eunm.Mabnymku,
v=rr’h/3=4498,1, ov/ox =r’h/3=1432,5, ov/or =27rh =599,74, ov/ oh = zr* /3=235,5
HKAHJIUTH YUYH JJUMUT a0CaIIOT Ba HUCOUI XaToJMKIIap GopMysacura acocaH:
N NIA 1 VIA, = 26,06,5, =251 _ 0,006 - v = 2498+ 26.1.
or or oh 4498

Mucon 7. Tyrpu TYpTOypuakHUHT 103uHU 0,1 TUMHUT abCaIIOT XaTOJIUK
Owiad XucoOan yuyH YHUHT TOMOHJIAPUHU KaHJal TUMUT a0CaIioT XaTOINK
Owan xucoOmani 3apyp?, a ~4,b ~5M.

Eunm. PaBmanky, S =ab, A, =0,1.XaToJIMKIIap HA3apUSCUHUHT TECKAPU

A, = A+

Macayiacu (popMyJiajgapyuaH TOIaMU3:

@A _ﬁA - AS
x| * n % las)
ni
OX;
B _po5® 4y
oa ob
0,1 1

A, =—==0,01, A, =——=0,0125.
2*%5 2%4

6.Xo03upru naitaa MaTeMaTHK MacalalapHu €UUIIHHA JacTyp Ty3MacaaH
eJyBYM MaTeMaTHK nporpammanap mapxyn: Matchad, Maple, Mathematica,
MatLab, SWP, Derive, TK!Solver. Yiapuu maTemMaTuk TH3UMIIAP JCHUIA N,

bynnait nporpammanap xumusl, pu3nka, MeXaHuKa, HKTUCOINET,
YU3MayMIMK Ba OolKa coxanapaa Xam maBxy/ :QSP (onepanusiiapHu
tekmupuin), GPSS (monennamrupuir), LateX (Makonanap tait€piair), Visio,
AutoCad (kypuuiil, TeEXHHKA, MAIIMHACO3IMKAa Jouxana), Crocodile
(maTemaTuka, GU3MKa, XUMHSL...), Socrat (4eT THIIUIAaH Tap>KUMOH ).

Ymby kypcna Matchad nactypu maTemaTuk MacaiajapHH €UUIIIIA
napayien ypratuaud Oopusiaau.

Ha3zapuii caBosjiap Ba TONIMPUKJIAP

AGcaoT xaTo, yerapaBuii abCoItOT HUMA?
Huc6uii xaro, uerapaBuii HUCOMI XaTo HUMA?
HucOuit Ba abcantoT xaTo opacujia KaHjaai MyHocabaT MaBxy/1?
OYHKIUSAHAHT XaTOJIMTH Ba apryMEHTIIAp XaTOJMKJIApH OpacHja
KaHaall MyHOCOAT MaBKya?
5. Uxtuépuit y= f(x,,..,X,) QYHKUHUSHUHI y4dyyH aOCOIIOT Ba HUCOMIA

xaTonuk (Qopmynanapuau €30 TYPT apuUPMETHK aMauiap y4yH
XaTonuKiIap GopMyTaCHHUHT YUKAPHUHT.
6.XaTonukinap Ha3apUSCUHUHT TYFPU Ba TECKapH Macajacura Joup
AIIEMEHTAap F€OMETPHSIIaH MUCOJIIAp KEITHUPHUHT. Mynnapukara

o




1.2. HOYM3UK TEHTJIAMAHM TAKPUBUI EYUII YUYH
UTEPALIMA YCYJIN

Acocuit mywynuanap: Houusux menenama myepucuda ymymuti myulyH4aiap,

UTIOU3NAPHU AXCPAMULL, OUMMA MEeH2AAMA YYYH Umepayusi yCyau 6a YHUHe

Xamoaucunu 6axonaul, MeH21aManu umepayusl YCyauny Kyanaul yuyH Kyaat

KYPUHUWRA KEIMUPUW, YCYIHUHS 0aCmypu, AKUHAAUULL WAPMU.

ACOCHH HATHIKAJIAP:

1.Houuzux menznama myepucuoa ymymuti myuiynuanap: f(x)=0,f(£)=0.

2. Unousnapnu axcpamuw macaracu f(a)f(b)<O0w- 3c: f(c) =0.

Kecmanu 2 2a 6ynuw yeynu: x®=x*Y +sign(f@@)f(x*?)(b-a)/2*, k=1,2,...x% =a.
|&—x®| < (b-a)/2".

3.Umepayus ycynu:

f(x)=0 < x=g(x), g(X)=x-Af(x),A £0, X = g(x*™"),& = Iimék ,f(&)=0.

‘g—x(k)‘qu‘g—x(o)‘, ‘é—x(k)‘ﬁlq ‘x(k) —x(k‘l)‘.
—q

4. Mathcad oa uuxu ¢pynkyusnap ea ancopumm.

1. Marematukaaa TeHTJaMajap YMU3UKIH, alreOpank, TPUTOHOMETPUK,
KypcaTKUwin KaOu rypyxJapra Oymuuaau. Onuii MareMaTukaaa sHa
nuddepennman Ba WHTErpajll TeHrNamanap mnaigo Oymaan. Houmsuk
TEHIJIaMaJIap TYpJIM aMalluii MacajlajJapHU €uulaa y3-Y3uaaH naigo Oyianu.
Macanan, kmaccuk OYnuO keTrad OepwiraH OypyakHM ydra TEHT  OYIuII
Macasiacu ymoy gopmysara acocaH KyOUK TEHTJIamara oju0 Kelaju:

a = cos(x) = 4cos® (ﬁj - 3cos£§j.
3 3
Arap cos[gj =y JecaKk KyHuJard TEHIJIAMaHH OJaMu3;

4y® -3y-a=0.
y epaa a=cos(x).

WNkknnum macana cudartuaa Oepuiiarad b Xaxmin KyOaaH XaXMu UKKU
MapTa KaTTa KyO TOIWJICHH JIeTaH MacaJlaHu Kapaliauk. PaBiianku, KyOHUHT
KHPPACHHU X JieCaK KyHuaard ojauid KyOWK TEeHIjamara Keiamus: x° =2b.

Yyuaun Macana cudatuga X =+/3 —+/2 uppanuoHaa COHUHU
HUMQJIUTUHA OWJIMOKYMMU3. Y X0JIJIa UKKU MapTa KBajpaTra KyTapulll
yii0y TeHriamara oJyu0 Kenaiu:

x*-10x*+1=0.

Typrunun mucon cudaruma, X"(x)+A°X(x)=0,X'(0)=0,X'(l)+hX(l) =0,
yerapaBuil MacanaHu Kapainmuk. PaBmanku, ymOy ¢yHkuus X =cosi X)
TEeHIJJaMaHW Ba OWPUHYM uerapa MIApTHU KaHoatIaHThpaau.MKkuH4YM yerapa
mapT KaHoaTJIaHuIM yuayH —Asin(Al) +hcos(Al) =0=tg(Al) =h/ A, OYnumm Kepax.
SIHa HOUMBHMK TeHrjiaMara kejaauk: tg(Al)=h/A.



bynmaii mucoiutlapHu  KynjaH Kyl KEeNTUpUIl MyMKUAH. Macanas,
KYpWIUII MEXaHUKACHUJIAa XaM YHU3UKJIW UXTHUEPUM HOBMATYMIIA TEHIJIaMaiap
CUCTEMAaCHHU Ba UXTUEPUHN Japaxkajaru aireOpank TEHrJaMaHU XOCUJ KWJIMIII
MYMKUH.

AGenb, ['anya HazapusicujaH MabJIyMKHd 5 Ba yHJAaH IOKOPHU Japaskaiu
TEHTJIAMAJIAPHUHT eYUMIIApUHU GopMmyranap EpaaMuia aHUK TOMHII MYMKHH
sMac. bolllka HOUM3KUK TEeHIrIamanap Ba YJIAPHUHT CUCTEMajiapu XaM TaKpHhOwuii
CUWIIAIN.

bab3u Oup Tabpud Ba TeopemanmapHu KenTupamus. Y =f(x)dyHKIUS

[a,b] 1Ha aHuKIaHraH Ba y3IyKcu3  OYJICHH. f(x)=0 TCHIJUKHU
KaHOATIAHTUPYBUM Xe[a,b] Hykra f(x)=0 TCHITIAMaHU €UUMH EKU WIIU3H
JennIaau.

Teopema 1. Arap f(x)eC[ab], f(a)f(b)<0 O¥ymca, [a,b] ma f(x)=0
TGHINIAMaHU Xe4 Oynmaranga Ourra euumu Oop. Arap f(x) [ab] ma

MOHOTOH O¥jca (macainas, signf(x)=const) Oy eduM sirOHa.

Teopema 2.(anreOpaHuHr acocwii Teopemacu-I'aycc Teopemacu) n-
Japaxanu anreOpauk TeHIjiaMma

Pn(x):_iaixi =0

HUHT Xeu Oyiamaranja outra euumu Oop. (Kappanapu, KOMILIEKC
KYIlIMaJIapuHU KYyIuO XucoOnanranga Oy edumiap COHM N Ta TEHT).

f(x)=0 TeHrJaMa eyuMJIapUHU €YUl 2 Ta 3TanjaH uobopat Oynaau.

1) wnaM3apHU aXpaTHIl, SbHA WIAW3Iap COHHU, yJap >KOWiallraH
OpaJMKJIApHU aHUKJIAIIL;

2) axpartWiaaraH WIAU3JapHU OJIMHAAH  OCpHIraH aHWKJIMK OWiIaH
TOTIUIII.

Nnpauznapan axkpatuil yuyyH rpaduk €Kd aHaTuTUK ycyn  (Teopama
(1.2.1)) numatunumm MyMmkuH. ['paduk yecynma y=f(x) dynkaus rpaduru
YU3WIMO WIAW3 OKOWIAMTaH Opalukjaap TOMWIAAu. AHATUTHK yCyiaa
mwyHnai [a,,b,| xecmamap romunanuku, f(a,)f(b,)<0 OyicuH.

ApaTwiiran WiAAU3JIapHU O€puiraH aHUKIWMK OWIaH TOMUII Y4YyH
KECMaHW UKKUra Oymuii, urepauusi, HeloToH ycymnapuaan doiiaananuiagy.

2. Wnau3napHu asKpaTHIiL.

2.1. 'eoMeTpHUK yCYyJI.

Arap MymkuH Oynca y=f(x) dynkuus rpaduru umswiagu. CYHT
rpadukgaH WIgU3NIAp COHUM Ba ynap ETraH OpaluKIap aHWKJIaHaau.Arap
y = f (X) GyHKUMSIHUHT TpaUTMHA YU3UII MYMKUH Oynmaca f(x)=0 TeHriama
skBuBanieHT f,(x)=f,(x) (f=f-f,;fBa f, -pyHxumsnap) KYpUHHIITA
KenTupuiand Ba y, = f,(x) Ba y, = f,(X) ¢QyHKUMsap rpaduxiapu YM3uIaIu.
PaBmianku, Oy  rpadukiap  KECHIIraH HYKTaJapHUHT  aluuccanapu
TEHIJIAMaHUHT e4yuMiIapu Oyiaau.
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Mucoa 1. f(x)=x-cos(x)=0, X e(—0,+0) TEHIJIAMAHUHT WJAU3IAPH
QXXPaTUJICHH.

Eunm. Tenrmamanu  x=cos(x) (f,(x)=x, f,(x)=cos(x)) KypuHHUIITra
KeNTUpuod y, =X,y,=cos(x) QyHkmusmap rpaduruan  um3amu3. Yuzmamad
sroHa wian3 [0,7/2] kecMana €TTaHUHU KYPUII MYMKHH.

Mmucoa 2. x* —4x+1=0,x (—oo+00) TCHIIIAMA WIH3JIAPH AKPATHIICHH.

Euum. Tearnamann x* =4x—1 kypuHunga &3uo

{yl =X (GYHKIUSUTApHUHT TPAQUTHHA YU3aMU3.
y, =4x-1
TeHriaMaHuHI UKKUTA XaKUKUN uiau3n 0op:  x, €[0,1], x, €[1,2], yyHKH
f(0)=1>0,f()=-2<0,f(2)=9>0.

2.2. AHaIMTHK ycyJ. VnousnapHu aHaJuTUK YCyJiJa aKpaTHIl Y4YyH
acocan, 1.2.1 Teopemaman doinaranamMus. OYHKUMSAHUHT  aHUKJIAHUII
coxacuHu Oynakmapra 0ynamus. by Oynaknapaad dyekkajgapujia uiopajgapu Xap
Xu1 OynraHigapuHu axparamus3. Arap Oy kecMmana (yHKIHMS MOHOTOH Oyica
W13 SITOHA. Macainas, f(x)=x-cosx=0 TEHIJIaMa YUYyH

f(0)=-1<0,f(x/2) = % >0 SBbHH [0,%] na  wiau3 6op; f'(x)=1+sin>0 nuru
YUyH HIAU3 SITOHA.
f(x)=x*—4x+1TeHr1ama yayH f(0)=1>0,f(1)=-2<0,f(2)=9>0
SbpHU [01],[1,2] kecManapaa uiaausiaap 6op.
f'(x)=4x’—4=4(x’-1) xocuna [0,1] na manduii, [1,2] na MycOaTnuru
yayH [0,1],[12] kecmanapparu unusiap sAroHa.

3. Urepamms ycyau. f(x)=0 TeHIJIamara urepaius yCyJUHH KyJUTaiil
YUyH YHU 11y KyJlal KYPUHHUILTA KEITUPHUIL KEPaK.
dapa3 kunainuk [a,b] ma f(x)=0 TeHINIAaMaHMHT STOHA WIAU3H OYJICHH.
Tenrnamanu Oupop ycyn OunmaH x=g(x),xe[a,b] >KBUBaNEeHT KypuUHHIITra
KEJITUPANIIUK.

MacaJjaH. X =cCosX, x=(x“+1)/4,x=‘{/m. Oparna g(x) Kydumaruda
TaHJIAHAIU:

f(x)=x-g(x)=0 (1)
q=max{| g'()[}<1. (2)

(2) mapt uTepanys yCyJIMHUHT SKUHIAINII [IapTH AeHUIaIu.
WUrepanust yCyaIMHUHT  MOXMSTH  Kyluaarugan uoopat: Mxtuépuii
x e[a,b] OomutanFny KUAMAT (MTEpalys, SKUMHJIALIMII) OJIMHHUO KyHHIarn
KETMa-KETJIMK XOCUJ KUIUHAIH:
x© =g(x*?),.k=12,... (3)
(3) xeTMa-KeTIUK UTepanusi KeTMa-KeTJIMIU JeUnaaan. Y CyJIHUHT MOXUSITHHU
ymoy pukp ound OGepaau
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Teopema 3. g(x)eC[ab] 6ymmb, {x¥} KeTMa-KeTIMK AKMHJIALIYBYH
OVIICHH, SBHH & :Eim{x(")}e[a, b] 6yncuH. Y Xonnma & HyKTa X=g(X) TeHIJIama

(srpHE  f(X) =0 HU XaM) WITU3H OYIIaIu.
Hcoorn: x™ =g(x*™") TeHrMKIa TUMUTTa YTaMK3:
¢= lim{x“”}: lim g{x* P = g(lim{x(kfl)}) =9(%).,

sspHU £E=0g(&) €km f(£)=0.
Tabpud 1. YOy mapTau KaHOATIAHTUPYBUYH (DYHKIUS

19(x)-90%) Kk alx =% 1,%,% €[a,b],0<g<1, (4)
[a,b] ma kecMaHM KHCKapTHpUO aKc STTUPYBYHM Aeiinnanu.
Tawspud 2. £=9g(&) HyKTa g(X) aKCIAHTUPUIIHUHT KYy3FaliMac HyKTacu
JennIaau.
Macanan: g(x)=0.1sinx ¢yHKIHUI R COHIap YKUHU KUCKApTUPHO aKc
ATTUPAIN, YyHKHU JIarpaH)KHUHT YEKJIM OPTTHUpMAJap XaKuJaru TeopeMacura

acoCaH UXTHUEPUM X1, X2 HYKTaJIap y4yH
|0,1sin x, —0,1sin x,| = 0,1cosc| X, — X, [< 0,1] x, = X, |

TEHI'CU3JIMK Oaxkapuianau, Oy epaa ¢ - ypTa KMiMar.

Kuckaptupub akc stTupyBuM (yHKUMsIap yuyH oxatna 1.1 Teopema
KYIIMHYa YPUHIM OYIau.

Teopema 4. ®apa3 kunanuk g(x) QyHkuua G, ={x:|x—x, |<r} KecMaHu
KHCKapTHUpUO aKc STTUPYBYM Ba OOLILJIAHFUY UTEpalUs Yoy

|g(xo)_xo |<(1—q)r (5)
mrapTHu  KaHoariaantupcud. Y xomma  {x* =g(x*™®)} urepanus xerma-
KETJIUTH SIKMHJIAIIyBYaH 0ynuo Kyiuaaru Gpukpiap ypuHiu Oyiaaau:
1). ¢ =lim{x“} mapxyx, &=9(8),

2).Je-x|<q"|g-x7), ©)
‘5 x(k"< ‘x(k’ ¥ (K 1)‘ <4 ‘x‘l) (0)‘ )
Hcoor. Kerma-ker ymly (bHKpnapHI/I I/IC6OTJ'IaI/IMI/13.

1. x® =g(x*?)eG, k=12,..;

PaBmanku, x© <G ae0 ojgamu3, IIyHUHT Y4yH, arap ‘x(k‘l) —

x“’" <ro6yca,
y X0lJa KyiHJ1aru TEHICU3IHKIIap OakapHuiaau:

‘x‘k) _ x“’" _ ‘g (x* D) - x© |< ‘g (x<Dy - g(X(O))H "

+‘g(x(°)) - x‘o)‘ <g|x P x| +@Q-g)r<gr+@-qg)r<r.

Jlemak, arap x© eG 6ynca x® G, 6ymap skaH.
2. x¥ =g(x*?) keTMa-KETIUKHU SIKUHIAIITYBYaH SKaHJIUTHHU KypcaTaMus.
PaBmanky, |x*® —x® 4 g(x®)-g(x*?)|l<q|x® —x*?V |<...<g" | x®P —x©|
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<4 XD = xO 4" xP = xO | 4.+ g4 P P —x@ |<

k
< qk(1+q+...+q"’1)‘x(l’ —x‘o)‘Sq" [x® —x91+qg+..) slq—| x® —x@].

ABbHU

k
(k+p) _ (k) q ()
| X X |<1 [ x¥ —x™ .

By Ttenrcusmukma k — oo Jecak | xPH —x®| 50 saBpHK {x(k)}HH
(GyHIaMEHTAT KETMa-KeTJIMK JKAHIMIH KEIUO YHUKAIIH. {x(k)}e G, JMTHIaH Ba
G, HUHT ENUKJINTHAAH [yHAal & MaBkKya OVIIaauKu §=£im{x‘k)},6}“fﬂaﬂn. A%

—0

xomma &=g(&)exku  f (&) =03KaHIUTU PABIIIAH.
3.(6) TEHICUBIIMKHU KypCcaTaMH3:
1&-xYH9(©)-g(x* ) <al§—x"V |<q* [ § X" <. <q | £-xO .
4.(7) TeHTCU3NUKHU UCOOTIaNMU3:
PaBmanku,
1§-x¥ <l g-x P =g &-xO +xO —xEPV < q[&-xY [+q] x® —x*P
by epnan
Q- &—xY =g x® —xE V.
by Tenrcuznukaan (7) HU TOIaMus.

(7) HUHT YHT TOMOHM  OCOHTMHA TONWJIAIW. YHU amocrepuop 6axo
neduniaay, SbHA KOJJUK Xaa O0axoCu €YMMHUHI  TakpuOuil — KuhMatu
TONMWJTaHAaH CYHI aHuKJaHaau.(6) Oaxo ampuop 6axo aewnaau. YHu Ous
TaKpuOMil eunM TomwiIMacAaH Oaxonammmu3 MyMKUH.(6) Ba (7) Gaxosap
UTEpallMsUIApHUA KAYOHTaua JaBOM STTUPUO XUCOOJIAIl 3apypiIUTy aHUKTaHAIH.
Macanas, | £ —x® |< & Oymumm yayH

q“1¢&-xY ke, (8)
qx® —x"P|/Q-g)<e 9)
Oaxapuuiny 3apyp.(9) TEHrcu3IMK amania KeHT KYJUTaHWIaIu.

Oumu f(x)=0 TeHIIaMaHU X = g(X) KYpUHHUIITA KaHAal KWIKMO KeITUPHUII
MYMKUHJIUTUHU Kypainuk. By epna ukku xon Oynaumm mymkuH. 1) dapas
KuIaimk  f'(x)> ( Xocmia MaBxygd Ba m< f'(x)<M TeHrcusmuk xe[a,b]ma
OaxxapuicuH. Y xoiaa

x=g(xX)=x-lf(X)=x—-f(X)/M,I =1/M,
ne0 OJIUIIUMHU3 MYMKHUH, YyHKH
19’ () [H1-f'(x)/M |<[1-m/M | <1,xe[a,b],
AbHU (=1-m/M neiiumr mymkuH. 2) Arap f/(x)<0 Oymca f(x)=—f (x)=0
TEHTJIAaMaHM Kapab sHa FOKOPHIard X0JTa KeJIUII MyMKHH.

Mucoa 3. f(x)=x"—-4x+1=0TeHIrIaMaHu Kapaiuk. MabiyMKy,

wnusnap (0], [L2]opanmuknapaa éraau Ba

; <0, xe[0,1],
PO =40C-D=1 1 0 xe 2]
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[01] maru eunum yuyn f,(x) =—f(x) =0 TeHrIIaMaHU Kapaimu3.
By xonna g'(x)=41-x°), M =max{| f'(x),xe[0,1]} =4.
4
lyauHr yayH  g(X) = X—(4x—X* —1)/4:%+%x+%
[L2] maru eunm yuyn
M =max{| f'(x),xe[L 2]} =28
g(x) =x—(x* —4x+1)/28=32x/28—x"/28-1/28;
[01] narm eunum yuyn x° =0 meiiMu3 Ba KyHHIaruIapHU TOIAMHU3:
x® =0,25;x? =0,2539062, x*® =0, 2541561,
x¥ =0.2541725; x° = 0,2541725; x® =0, 2541736;
x" =0,2541737;
PaBmanku, eduumMau 0,25417371€0 OJTUIIT MyMKHH.
[L2] marm eunm yuyn x© =1,2 1e6 onub Kyimmaru XEcoOIaNLIApHU TOIAMUS:
x® =1,2616571; x® =1,31156881; x® =1,360912;
x =1,3971063; x'1,3951456; x© =1,42343308;
X" =1,4444457;..., X" =1,4927254; x“*) =1,49236;
x* =1,492936;
JHemak, eauM cudatuaa 1,49293€COHHH OJIUIT MYMKHH.

4. Mathcad na wuku pyHKIHsIJIAp Ba aJITOPUTM

MathCAD nactypuna 6up HObMaJIyMJIM HOYM3UK TEHIIaMajJapHu
TaKpUOUl €YUl YIyH CTaHAAPT UUKK (DYHKIUsIIAp MaBXKYy/, yjap

1) root(f(x),x) ), given ..find, minimize(f(x),x) -uxtuépuii f(x)=0 TeHrIama
YIyH,

2) polyroots(v) -kymxammm TeHriama f(x)=a,+a,x+..+a X" y4yH, Oy epaa

v=[a,,a,,..,a,]"

-koahpuneHTIap.

Kytuiuoazu keruwyenu kaoyn kunamus: Xap oup campoa MathCAD
KOMAHOACUHU MAOUUIl- MamMeMamuK KypUHUWLOA E3amMu3, camp aeea
KOMAHOGHU MYWYHMUPYEUU MEKCM - U30X0aH 64 CYHZ KOMAHOAOaH uoopam
oynaou.MathCAD oiinacuoa uzox, manioonuacu Shift+” myzmanap ounan
ouunaou.buz mexcm- uzoxnu Kypcue ounan axcpamuod Kypcamamus.

Mucomn 1.f(x)=x-cos(x)=0 TeHIrJ1aMaHU TAKpUOUH eduIl Kyhuaaruya:
bownaneuy umepayus ea menerama x:=0  f(X):=x-cos(X)

Huku ¢pynxyusea mypoorcaam r:=root(f(x),x)"
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Hnousznu wuxapuw r=0.7398

I'pagpuxnu xearmupamus (f(x)=x-cos(x),-10 < x <10).

20

10
) /—/
0 /
-10

-10 0 10
X

Mucon 2. f(x) = x> —3x* —x+3=0 TEeHTJIaMaHUHT Oapya WIIu3IapuHH

TOTIMIII
Tenenama 6a kosgp@uyenmaap f(X)=x*-3x*-x+3=0 v:=[3-1-31]
Huku ¢ynxkyusnapea myposcauumiap r:=polyroots(v)  s:=root(f(x),x)

Hnousnapnu uuxapuu r=(-1, 3,1)" s—>(-1, 31)"

I'papuxnu xermupamus (f(x)=x*-3x*-x+3,-10<x <10).

48,100
0

f(»)
-100

— 192500
-5
—5, X
Ouau utepaius Ba HpI0TOH yCyJTapuHM TAIIKUII 3TYBUM XHUCOOIaI
XKapaCHJIapUHU Ty3aMu3, Oy YCYJUTApHU YpraTUIIIA Kyaa MyXHUM.

Mucon 3. Utepanus ycynu. f(x)=x-cos(x)=0 TEHrJIaMaHu KapauMus.

[-5,5] kecmaoa epagpux vuzamus Graph>X-Y Plot (Shift+2)

-5
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bownaneuy umepayus 6a umepayusnap conunu bepuut X, =0 k:=0..10
f(x)=0 Hu x=g(X) KypuHuwea Keamupuul, umepayusiap X,y -=COS(X, )
Hamuorcanu vuxkapuw x"=(1, 0.5403, 0.8576,..., 0.7314)

Mucon 4. Kecmanu 2 ra 6ymuir ycynu. f(x):=+/x+2+0.7x=0.

Tenenama f(X) =Vx+2+0.7x
llapamempnap X =-1k:=0.10 a:=-1b:=-2
Kecmanu 2 2a 6ynuw ycynu X,q = X, +sign(f (x,))sign(f (x, ))bzk_—;le

Hamuowcanu yukapuw X" ={~1-1.5-1.125 —1.188 —1.242 —1.246 —1.244 —1.243}
M3o0x. 1.f(x)=0 TeHrIaMa y4yH 3HT COAJa YCYJI-0y KECMaHU TEHT

UKKHUTra Oyum yeynmuaup. By ycymuunr rosicu Kyinmarnda: {x* = g(x*™?)}
KETMa-KETIINK KyHHIarnia Ty3uiIajiu:

x® = & +sign(f@)f(x“) (b-a)/2, k=1,2,...x* =a.
PaBIIIaHKI/I, AdHUK CYUM 6I/IJ'IaH TaKpI/I6I/Iﬁ CUMM OpaCHuaaru XaToJInK Kyﬁﬂz{arnqa:
|Ex¥] < (b-a)/2".

2. I'papuknap MathCAD na xxyaa ocoH un3minaaud. byHUHT yayH

YU3uIaAnrad QyHKIMS Ba yHra JacT/Ia0Ku MablyMOTiap Oepuiiaiu: MacalaH,
f(x):=x=sin(x) a:=0b:=6*7n:=100 h:=(b—a)/n x:=a,a+h.b

Kypcophu ummau Maiiionra Kyino, KypoJuiap naHenuaaH €Ki MEHIOIaH
Graph>X-Y Plot (Shift+2) xomannacu 6epunaau. Kepakiu mapkepiap ypHura
dbyHKIMS Ba apryMeHT Oenrucu Kyinnaau. Enter 6ocunrau tacBup unkaau. bup
rpadukna 16 Taraua rpaduk sicarn MmyMkuH. ['paduk ycTuaa Ky 4epTKu
Oaxxapuica rpadukHE (popMaTiall UMKOHUSTH TyFUJIaAu. YHJA YKIap yayH
MacmTabyiap, TaCBUp YIyH TYp, paHriaap, YU3HK KaJTUHIUTH, TYPUHU KYPCaTHIIT
MyMKUH. @opmaTiail axiuy KypuHMmai Koiarad rpadukiap yuyH doiaa 6epaau.

Ha3zapuii caBojjiap Ba TONIIHPHUKJIAP.

=

Wtepanusi yCyJTUHUHT MOXUSTUHHU alTHO OCpUHT.

2. Tenrmama wuTepanus YCYJIUHHM KYyJUlall Y4yH KaHAad KuinO
KYPUHUIITA KSIUTUPUIIA]IN.

3. Urepanusa yCyNMHHWHT SIKAHJAIIWIN IMAPTHUHU MabHOCUHU aWTHO
OepuHT.

4. Utepauus YCyJIMHUHT Ha3apuil Ba aMajiud XaTOJHUKIAPUHUHT
MabHOCUHH alTHO OEpHHT.

5. Kyiimmarn  TeHrnmamaiap wWrepamus ycyiu OWilaH  €4YWJICUH

ax’ +bx® +cx+d =0, ax+c—bsin(x) =0,ax+c—bcos(x) = 0.

Koaddenentnap tanna® onuucud. Ilackans Tuiamaa mnporpamma

Ty3WJIHO )KaBoOJIap OJUHCHH. MyHnapuxkara
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1.3. HbIOTOH YCVYJIN

Acocuii mywynuanap: Hoiomon ycyiHune goscu, ycyanune Koaiouau, umepayus
yeynu ounan boenanut, ycyaiHune 0aCmypu.

Acocuit namuycanap:

1.Veynnune 2osicu: X 0 =x® — £ (x®)/ £'(x),k=1,2,... , f{x)f"x?)>0 ,

£=1limx®, £(£)=0.
2. Veynnune gonouzu  |ExW|<q(Ex )2 |ExY < @ X)) 1a,0=M, /(2m,) .
3. Umepayus ycynu bunan anokacu: x* = g(x**),g(x) =x— f (x)/ f'(x).
4, Mathcad oa uuxu ¢pynkyusnap ea ancopumm.

1. By ycyn amannma »SHr Kyn KyJUlaHWJIauraH ycysulapiaH Oupu
xucobnanamu.  ®apas  kwmaiinmk, [a,b]  ma  y=f(x)  y3aykcus
nudepennrananyBun  GyHKuus Oepwiran, seHE  f(x) eC'la,b]. Dapa3
Kuwnaimk f(£)=0, f(a)f(b)<0 Ba f'(x)=0 Oyncun xe[a,b],x® ~¢& ned f(x)
au x* arpoduma Teiinop popmynacu O6yitnua E3amus:

0="f(&)=f(x+&—x") = F(x)+ F OO —xD)+ T2 ()& —x)* /2

by epma c¢ HobManym opamuk MuKIOp.x™ =& OyNraHaMra  ydyH
(E—x®)?yekcu3  KHYMK  MUKIOp. YHHM ¥3 HWuUWra OJITaH XaJHU Tamuiad
1000paMu3:

f(xX*)+ £/ (x*)(E-x9) =0
By dopmymanunr yam KucMuHu & 3Mac, bomka oupop x“ Homra
AUJIAaHTUPCUH:
F(X®) + £/ (x9)(xED —x®) =0,
by epnan
X0 = %0 _f (x0) £/(x0), k =1,2,... (1)
(1) ypunmanap €xu HertoToH ycynu aevmiaau. Yusmara MyposkaaT KHJIaiIUK.

£ @ ()

x© HyKTaga ypuHMa yTKa3zammu3:

y=f(x?)+(x=x) ' (x?)
=0 ne6 X Hu Tonamus Ba xokazo . x*Y HykTaza ypuHMa

y = F(x*D) + (x- x ) F(x )
kypunuiiga 6ymagu. x* wykrama y=0 me6 (1) popmymanu Xocun KHIaMM3.
[IIyaunr yuyyH HprOTOH yCynvMHUM KyNIMHYA yPUHMAJIAP YCYJIU ACUUIIAIHA.

Yusmanan kypunaauku, x% — & Oymumm yayH
fx)F'x?)>0 | (2).
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OakapuIHMIIK Kepak. by maprtay OOLUIAHFUY I[IAPTHHM TaHIa0 OJMII LIAPTH
nevimmanu. X £ ra  x® wHucbaTaH AKMHPOK OYJIMIIN KEpak.

2.HbI0TOH yCYJTMHMHI KOJIAMFH.
dapa3 kwaimk f € C’[a,b] aeiuk Ba
M, =max{ [f'(x)|.x € [a,b]},
m,=min { [F(X)|,x € [a,b]}= 0, g=M,/2m,.
Teitnop hopmymnacura acocan
0=F(& )=+ )( XD PR & X0) /2
[IIyHuHT yayH
& XENFEDYROCD)E ) EX YRS ().
by tenrnuknan HeioToH ycynuHuHT (Qopmynacu Oynmui dhopmyia
x®  =x D )-f(x (k-1) M (X (k1) )
HU aitupub ymoly 6axXOHU XOCHJI KUJIaMU3:
EX© = EXDY 125 (<) 3
Jlemaxk,
| &Y <al & x*F, al &xY < {al ExXMIY. (4)
By TeHrcusnukaad KypuHaauku, arap g &-x(*P|<1 6ynca HeioTon MeTomu kyma
Te3 SKUHJIAIIAIU. YMyMaH OJITaH/a a, = q‘é - x‘k)‘ Jecak,a, <a’ ,, IyHUHT Y4yH,

k (V)
a <a’,<a’,<..a ,Ba OJNIUHIH Oelnrmianuiapra KaituO ymoly TEeHTCH3IHMKHU

oJIaMHu3
] < @EXTD (5)
q
(1) ypuura ymoy GopMysiaHu OJIUIT MyMKHUH:
x© =xED)FxEDYE(XO), k=12, (7)

by ycynnu connanamrupuirad HeroToH ycynm nevvianm.

3.Atepanus ycyau OWjIaH OOFJIaAHUIII.
PaBmanku, | =0 6yica
f(X)=0 <> x=x+ If(X) x=g(x), g(x)=x+ If(x).
Utepamust meromuaa |g'i(X)) KaHYaIMK KUHYMK Oyica y INIyHYQIMK Te3
skunaamann. Hlyauar yayn g'(x*?)=0 1e6 kabyn Kuaamus:
gx*)=1+1-f'x*P)=0 —1=-1/(f'(x*?))
Ba sHa
x® =xEN)f(x*VYF(x*Y) k=1,2,...
dbopmyara Kejramus.
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4. Mathcad na mukm pyHKIHSIJIap Ba aJTOPHTM.

Mucon 1. HerotoH ycynu. f(x)=x-cos(x) =0 TEHriamMaHu KapauMus.
bownanzuy umepayus 6a umepayusnap conu X =0 k:=0..10
Hotomon yeynu  x* =x® — £ (x©)/ £/(x9)  x, =x — (% —cos(x,))/(L+sin(x,))
Hamuoicanu wuxapuw x" =(1, 0.75036, 0.73911,..., 0.73909)

HaTwmxa nrepauus ycyiaura HucOaTan T€3pOK OJIMHIU Ba aHUKJIHK

SAXIIUPOK.

Ha3zapuii caBossiap Ba TONMUPUKIAP.
HbIOTOH yCYJMHUHT FOSCUHUHT alTUO OEpUHT.
HbIOTOH yCYJTMHUHT T€OMETPUK MabHOCHHH alTHO OEpHHT.
HbI0TOH yCYTMHUHT SIKUHJIAIIUII TAPTUON KaHai?
HBIOTOH yCYJTMHUHT KOJIJIUK XaJUHUHT OAXOJIaHT.
Kyinnaru tearnamanap HeloTOH yCyiin OMIIaH €4UJICUH.
ax® +hx? +cx+d=0, ax-bsin(x)=0, ax-bcos(x)=0  .Koaddeuentnap TtanIad
onuHcHH. [lackane THIMAA porpaMma Ty3uiIHO xaBoOIap OJMHCHUH.

Mynnapuxara

WO E

1.4. YN3UKJHA AJITEBPA MACAJIAJTAPUHU TAKPUBUI
EYUnII

Acocuit mywynuanap: Yusuxiu aneebpa macananiapu, y4 Oua2oHauIu
cucmemanu eduut, NPO2oHKa (xaruoawt ) ycyau , VCyIiHuHe 0acmypu,.
Acocuit namudcanap::

1. Qusukau aneebpa macananapu:

Ax=b,B=A"x=A"D A =det(A), A = AX.

2. Yy ouaeonannu cucmemanu eduud’

boxo +CoX, :dO’aixi—l+t1|Xi +GCXy :di' I :I""n_:Laan—l + bnxn =dn .
—C d-av .
= —,V,, =——,i=0,.,n-Lu; =v, =0;
a,u, +b, au, +b
d —ayv .
X, = ——, X, = U, X;y; +V,, ,1=n-1,..,0
a,u, +b,

3. Mathcad oa uuxu ¢pynxyusnap éa ancopumm.

1. Unsukiu anredpa macajajgapu
Yuly 4u3uKIM TeHIJIaMallap CHCTEMacuHU KapaiMus:

X + 8K+t 8 X, =0 = Ay,
A, X +auX, +...+a,. X, =b, =a, ,

o €y

aan1 + an2X2 +.o.t aZan = bn = ann+l
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by cuctemanu ymily BeKTOpIiap,MaTpuIia
8; &, .. &, X )

A: a21 a‘22 a2n ,X: X2 ,b: a2n+l
a, a, .. a, X a .
KHPUTUO KUCKA KYPUHHUINIA €3aMH3:
Ax=b. (2)
AnreOpagaH MabJIyMKH, Oy epJla KyHuaara Xosurap OYJIUIITN MyMKHUH:
1) det(A)=0 , cumcrema sroHa edumra ora: x=A’'bEéku Kpamep

(dopMynanapura acoca X, = %,i =1,..,n, 0y A=det(A),A =det(A),A -MaTpuua A

JaH I-ycTyH OWiiaH ¢apk KHJIaad, yHIa YHT TOMOH JKoiairan, 0y epma A™* -
TECKApU MaTpuULA ;
2) det(A)=0, Oy EpHHHT y3H]a UKKUTA X0J OYJIUIIN MyMKHH:
a) A=det(A) =0,A, =det(A)=0,i=1..,n,
Oyica Oy cuctema Oupraivkia, akc XoJaa SbHU
b) A =det(A)=0,3j:A; =det(A) =0, j €[L...,n]
Oynca, Oy cucrema eyumra sra smac. by (ukpiap YM3HKIM aTMalITUPUIILIAP
éplaMHia XOCHJI KWIMHAIUTaH Ba JOUMUI TYFpu Oyiran ymoly alHUATIApAaH
Kenuo YuKagu:
XA=A,1=1..n.
Ax=Ix, x # 0 mIapTIapHU KaHOATIAHTUPYBYU X -BEKTOP XOC BEKTOP, |-COH
X0C COH aevmnanu. (1) CACTEeMaHWHT €UMMUHU TONUII, det(A),A”, X0C COH, XOC
BEKTOPJIAPHU TOMMILl Macajlalapy YM3UKIM aiaredpa Macananapu Jeiunaim.

2. Y4 quaroHa;uim cucreManum eummi. by Macamanmap amanga xyzaa
Kyl  y4pailid, XaTrTo IIy KypCHUHT Y3uaa Oup Heua OOp HIUIATHIIAIH.
Kyiunnarn
byXy +CoX, = dy,
ax_,+bx +cx,=d,i=1,..n-1 (3)
ax,,+bx, =d .
KYPUHUILJIaTA CUTEMA Y4 JUAaroHaJlJI CUCTeMa Jeuunanu. by cucrema
xarnam (mporonka) ycynu (U.M.T'enbdang, O.B.Jlokyuueckuii-1953i1.) Ounan
eywiaau. PaBimankuy, ednmiiap opacuia
X, =U., Xy +V;

i+17%i+1 i+l

i=0,1,..,n-1, (4)
oornanum 6op(0- TeHrnama yuyyH Oy aHUK, X, HHU l-cura KysMu3 Ba X0Kas3o).
Jlemak,

X, =U.X: +Vv, ,i=1,..,n.

by Tenrnuknan ¢oitgananu6 (3) HU Yy3rapTupamus:
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a,(ux,+v;) + b,x; +c;x;,;, =d;, i=1,...,n-1

(a,u,+b,)x; +c;x,,, =d;-a,v;, i=1,..,n-1

X = x d —av i=1..,n-1

au, +b a,u; +b,
Oxwupru TeHTTUKHY (4) OUIaH COTUIITHPUO
—C, d,—av, .

= Ly, =——"11j=1..n-1 5
" au+b "t au +h )

TEHIJIMKJIAPHU OJIaMH3. YJIApHH i=0, n Y4yH KEHralTHUpaMu3.

(3) Huar O-uncuman
C0 dO
Xg = ——2 X, +—2 6
=S ©)
(5), (6) man v,=0,u,=0 OynIMIIM KEpaKJIWTMHU Tomamus. (4) naH Ba (3) HUHT
OXUPTUCH]IaH
Xn»lzunxn +Vn’

anxn—l+ ann = dn’

X., HH HYKOTCakK,
an(unxn +Vn)+bnxn = bn > Xn :M = Vo
a,u, +b,
HH Tomlamu3. Jlemak,
{ui+1 =—C /(au; +0),v,,; = (d; —av)) [(au; +b;) ,i=0,..,n=1Lu; =v, =0; (7)
X, = (dn _anvn)/(anun +bn)1 Xi = Uiy Xjq + Vi, i:n_]'!"’o (8)

3. [Iporonka ycyauHuHr gacrypu: Macananu MaTtkajgaa eunin

a) byx, +¢,x =dy,ax_, +bx +cx, =d,i=I,.n-La x , +b x, =d .-HATC,

6) U, =— v = d,—av, ,i=0,.,n-1u, =V, = 0-IPOroHKa YCYJIHIa YHT IOPHIII
a;u; +b, au; +b,

B) X, = H, X; = Uy Xpy, + Vi, ,i=n-1,.,,0- MPOTOHKA YCYJIH]IA Yall FOPHUII

Yu ouoenannu cucmema kosghpuyenmaapu n:=10 i:=0.n a,;=0 c:=0

Yu ouocnannu mampuya éa yne momouHu bepuui

0- menenama xosgpgpuyenmaapu My =by My, =Cy dy =7,

I-menenama kosghpuyuenmaapu i=ln-1m,, =am,=b m_ =c d=y

N- menenama kosgpuyenmaapu. m,..=am, =b d =y

Hazopam yuyn YATC mampuyacu 8a yHe moMOHHU IKPAH2A YUKADAMU3:
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0 1 2 3 4 5 6 7 8 9 0
ol o1 0 0 0 0 0 0 0 0 0 0 0
1| 095[-199 | 105 0 0 0 0 0 0 0 1[6.301-103
2 0| 095|-1998| 105 0 0 0 0 0 0 2 0.013
3 0 0| 095[-1.997| 1.05 0 0 0 0 0 3 0.021

me|4 0 0 0| 095|-199| 105 0 0 0 0 d-l4 0.029
5 0 0 0 0| 095[-1.995| 1.05 0 0 0 5 0.038
6 0 0 0 0 0| 095[-1.994| 105 0 0 6 0.048
7 0 0 0 0 0 0| 095[-1.993| 1.05 0 7 0.059
8 0 0 0 0 0 0 0| 095[-1.992| 105 8 0.071
9 0 0 0 0 0 0 0 0| 095[-1.991 9 0.085
10 o 0 0 0 0 0 0 0 0 0 10 01

Euumnune xuimamaapunu yukapamus:

— —0i= __ =6 _ di — &V

Ilpoconka koagppuyuenmnapu u,=0 v,=0i=0.n-1u,, = au+b " Tansh

d,—ayV, :

Euumnu xucobnaw X, = —+—% i=n-1.0 X; = U, X, + Vi,

au, +b,

Euumnu wuxapuw X =

0|1 2 3 4 5 6 7 8 9 10

0|0 |0.526E-3 | 0.907E-3 | 0.028 | 0.065 | 0.126 | 0.217 | 0.344 | 0.513 | 0.729 | 1

SARE SR A

1.5. YATCHU EYUIIHUHI' AHUK YCYJUUIAPH.

Ha3zapuii caBoJiap Ba TONMHUPUKIAP.
Yuzukum anredpa Macananapu Ae0 KaHaal Macajianapra antuiaaau’?
Yu3ukIM CHCTEMaHUHT KaYOH €YMMHU MaBKyJ Ba STOHA.
[Tporonka ycymnu Heua 3Tanjgad nuoopart?

[Iporonka yCyJUHUHT TYPFYHJIMK IIAPTUHU TOIHHT.

BoYo+CoY1=do.Yis-2Y, "'Yi+1:do:’h2 f,i=l.n-1,a,y,,+by,=d, y4 quoranamm

CUCTEMA POrOHKA yCyIu OUJIaH €YUIICUH

I'AYCC BATAYCC-KOPJAH YCVYIJIN.

MyHaapukara

Acocuit mywynuanap: I'aycc ycyn ea Kopoan - I'aycc ycyanapu, ycynnume
dacmypu

Acocuit namudcanap:
1.
yubypuak mampuyanap.
2. Kopoawn - I'aycc ycynu:
Ax=b< Dx=b,D=[d,,...d ],x =b /d.,i=1..,n.
3. Hemepmunanm ea meckapu Mmampuyanu Xucooaau:

— — () - = @ (n-1)
Dn _alan—l_alla 22Dn-1_---_ana 208

nn’

4. Mathcad oa uuxu ¢pynkyusnap ea ancopumm.

22

[AE]=[E|B],B=A", det(E) =1

Taycc ycynu: Ax=b < LUx=b,Ux=y,Ly=b,LU = A,L-kyiiu 6a U-toKopu




1.I'aycc ycynu
(4.1) cucremanu ['aycc ycynu Ounan eduin FosicM KyHujaruya:
1-xkagam. a, =0 OYicuH. AKC X0J/1a KOJTraH TEHIJaMalapAaH X, OJAujaa
HOJITa TEHI OyimaraH TeHriama (€Ku MOAyJdp OyiiMya X, OJIu[a 3HI KaTTa

kodpbunMeHTIM TeHrlama) OWpUHYM TEHIVIaMa KWiIuO oimHaau. bupuHum
TEHIJIaMaJaH X, HU TOMUO OJaMu3:
_ ——,® 6 ®
X= (aln+1'alzxz'""a1nxn)/an_ =a 1n+1'(a X, Tt a 1nxn)
By Tenrnamanu 0apya KOJraH TEHIVIaMallapra KysMu3:
x +ax, +..+alPx =al

n+1

afx, +..+alx =ald

2n™n T

1
alx, +..+alx, =al, (1)
al) =4, /aﬂ,J_12 n+1
al’ =a; —a,a;,i=2,.,n j=2,.,n+1.
2-xanam. (1) cucTeMaHMHT WKKUHYMCHIAH arap, a,,” =0, Oynca, (akc
X0ljla TEHIJIaMallapHU YPHUHH Yy3rapTUpamu3), X, HH TONHO YYHHUH
TEHIJIaMaaH oouutad x, HM MYKOTaMU3 Ba XOKa3zo. n-1 - Kagamja KyWujaaru

cucremMara Ke€jiaMus:

n = a(n)n,n+1
by epnan Tonamms:
ald
() _ al) = ah _ gD x50,

ki T a(k_l); ij ij ki (3)

kk

k=12,..n j=k+1,..,n+Li=k+1..,n

=a” , x =al - Za(') Loi=n-=1..1% al”=a;. (4)
j=i+l

dopmynanap (3) ounan Naycc ycynuna wnniam (4.2) cuctemanu (3) yuOypuak
cuCremMara Keiatupaau (Tyrpu topui), (4) popmynanap OuiiaH HOMabIyMiIap
tonwiaau (Teckapu opuii). ['aycc yCynmuHU KyHuIarnva Tax,imin KAIdII
MyMKHH: AX =b < LUx=hb,Ux=y,Ly=b,LU = A, Oy epna L ,U-Kyiiu Ba roKopu
y4Oypuak MaTpuIlaiap, yaapJaH OUPUHUHT TUOTHAJ JIEMEHTIapH, MacanaH, U-
HUHT JUOTHAI 3ieMeHTiapu 1 ra tedr. ['aycc yeynauna A=LU éinnma
TONWJIray, aBBal Ly =b cucrema, CyHT Ux = y CUCTeMa OCOH €4HJIaJIH.
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["aycc ycynuna Oupop af ‘0ol 3jIeMeHT HoJIra TEHT OyJica CUCTEeMaHWHT

JETepMUHAHTH HOJTa TEHT Ba Oy Xo0Jia cUCTeMa € e4uMmra sra sMac, € 4eKCcH3
KYII €4AMIa Ora.
Mucon 1. YOy cucrtema eunsicu: AX=s,

3 2 1 5
A=|1 1 -1|,b=|0]|.
4 -1 5 3

CucreMaHu KEHTaWTUPWITaH MaTpHLa Ty3U0 cXeMaTHK paBUILIA €YaMU3:
321 511 -10 11 -10 11 -1 0 11 -10

1 1-1 O3 2 1 5|=|0 -1 4 5|0 1-4 -5 |=/0 1 -4 -5
4-1 5 3 4-15 3 0-59 3 0 0 -11-22 0 0 -11 -22
by epnan, z=2,y=4z-5=3,x=-y+z=-1. )Kao6:{-1,3,2}.

2. Kopaan-T'aycc ycyan.

Ouau Kopaan-I'aycc ycynuHu kypul 4uKaMus.
1-kamam. ["aycc MeToau OunaH Oup Xui.
2-KagaMJa X, HObMajlyM 2-TeHrjama épaamuaa 1-,3-,..,n-TEHriaManapaaH
nykorunamu (I"'aycc meroguaa 1-teHrnaManan WYKOTUIIMAC 31M) Ba XOKa3o n-1
- KagaMaa X, -HOMabiayMm 1-,2-,...,N-2,n - TeHrIaManapiad HyKOTHIAIH.
Hartmwxkana ymoy cuctemara KeJIMHa/Iu:

X =a %, =a %, —a ©)
AbHU €4unM Tonwianu. JKopaan meroauaa TECKapHy IOPHUII MYK SKaH.

3.JleTepMHUHAHT Ba TECKAPU MATPULAHU XUCOO/1a1I.
laycc ycynu Epnamuaa ACTEPMUHAHT Ba TECKapW MaTpUIlaHU XucoOJall
MYMKHH.
n-Taptubnu KBaapaT Mmartpuna A=[a;] HMHI JIeTepMHHAHTH D, =det(A) Hu
XUcoOmanHu Kapaiauk. PaBianku, 3HT cojiia X0l n=2 aa oynaau:
8, 8

21 22

a,#0 ne6 D, HM Kapaluk. Y X0JAa »3JIEMEHTIap aJIMallTHUpPHUIILIap

D, = det(A)= = 84585 — 88y

KyWduaruau Oepaju:

1 a, a;, 1 00

D3 = det( A) =ap a21/a11 Ay, Ay =y a21/a11 dz(lz) dg) = ailDZ'

/a8, a, ag a,/a, df df

by epna
1

® _ _
- aa(? a%) ’aijl - aij _ailalj /au —a
[ynunr yuyn, al’ =a,a; —a,a,; /Aecak,

@) (8]
_ a;, ad; & aij

& g

2
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1
&
1

a,

8; 8,
aZl a22
8, a,
83 8y

1
8
1

a,

a; Q3 a;
8y Q|| _ 8y 8y
a; Qg a, ([d1 Gy
A3 g3 8y Ay

8y, g
a'21 a23
8, A
aSl a32

D3:a11

SABbHH

@ @
D. = 1la; ag
= —

a,|a;,  as
Xynaau ury kabu, uXTHEPUil n yuyH KyWuaaru MyHocabaTiapHu XOCHIT KUJIaMU3:
10 .. 0
a
ey a

_. |a _ w_ 1
D,=a; =ayD, .y, o =—

8, &

a; g

o=
' ij

a‘ll a..
il —a® /a,,,

=y

n

Q A0 L0

® 0 Qy; Q3.9

QO A0 L0

_ _ 1 |a; @ag..as
Dn—l " -

nn @ O 40

a,, ag;...a.,
8 Q| (A Gy 8, a,
8 Gyl [y A 8n1 8y

8, 8| |8y A 8, 8y
anl anZ anl an3 a

nn-1 nn
KM
— — (€] - = @ (n-1)
Dn _a‘lan-l_alla 22Dn-1_"'_a11a 22"'a nn? (6)

Mucosnap 2.

2y B2R L
L Azi i ;:1 12 1 3 =‘_5 —7‘:_18'
31 32
123 |1 2 3 1 2 3/ 1 2 3
2. A=231=% 1 5|=—0 1 5|=l0 1 5|=-18.

31 2 0 5 7 0O 5 -7 |0 0 18

K¥pcaTuiran Mucosiap alropuTMHU TYFPUITUTHHYI OUIIANPAIH.

A'=B Teckapy MaTpHIIaHU XHCOOJAll y4yH KCHrauTupwiran Ax=E
MaTpUIaBUN TEHrJaMaHu KapailmMu3.YHu Outra mMaTpunaid OWp Heda  YHT
TOMOHJIA YU3UKJIM TEHrjamaiap cUCTeMacH J1e0 Kapail MyMKHH, YHT TOMOHJIAp
Oupiuk BekTopiap.YHra ['aycc ycynunm Kymiab EX=X=B=A" wMyHocabaTHU
onamu3. Illynnait xkunmO,Teckapy MaTpULIAHM XHcOOJall ydyH A MaTpula
¢Hura OUpPIUMK MaTpulaHu &3U0 KEHraWTHUpWITaH MaTpulla TY3HII Kepak
9KaH,XOCWJI OYJIraH KeHrauTUpuUiaraH matpuianu ['aycc ycynamaaru sneMmeHrtap
anMamTupunuiap Epaamuaa A Marpuna ypHuga OUpPIMK MaTpulia XOCHI
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KWIMHTyHYa y3raptupuil kepak skaH.lllynga E marpuna ypauga 4 ra teckapu
MaTpHIla Xocuia Oyiap sKaH.

Mucon 3.
1 2 3

A=|2 3 1| At=".
31 2

Teckapu MaTpULIaHU KEHTAaUTUPWITaH MaTpUIA OPKAJIM TOIIAMU3:
12310 0|1 23 100 123 100

23101 0|»0-1-5-2 1 001 5 2 -1 0|=
31200 1] |[0-5-7-30 1 0-5-7-30 1

] [ 1100 -2 L 1L
10 -7-3220]110-7-3 20 18 18 18
01 5 2 -1 0|~01 5 2 -1 0l~lo10 X = _3>
18 18 18
0018 7 -5 1 7 5 1
- 00 1 —-—— — 0011__5 i
i 18 1818 | TIRE 5 |

By epnaHn, Teckapu MaTpHUIlaHU TOTIAMHU3:

5 1 7
18 18 18
ato| L L3
18 18 18
7 -5 1
| 18 18 18 |

4. Mathcad na nuku GpyHKIUsIJIAp Ba aJrOPUTM.

MathCAD na xyzaa k¥ yu3ukiu aaredpa Macajiajiapy 4 MyMKIUH
Ba Oy >kapa€H TaOuMii MaTeMaThKa TUiIuaa oiud Oopriaau.yY Hakajaap cojjia
Ba TYUIYHApJIMKH, OU3 allpuM acoCHil KOMaHJaJlapHU caHad YTuIl Ouiax
YeKJIaHaAMM3.

4.1. Teckapu maTpuLa ycysiu

40 1 1 43
. 2 40 2 45
Mampuya éa yne momon A= b=
2 2 2 2 46
1 1 2 40 44
Euumnu xucobnaw 6a wuxapuu x=A" x =[1111]

4.2. Nuxu pyukams Isolve(A,b) épnamuna euwnr
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Mampuya ea yne momon

40 1
2 40
12 2
1 1

Huku ¢hynxyusea mypoorcaam xunuu

Hamuowcanu uurapuul

rM=[1111]

1 1 43
2 1 45
b=
2 2 46
2 40 44
r :=Isolve(A,b)

4.3. l'aycc ycynunuHr nuku ¢pyHkuuscu rref(A) épaamuaa equrn

40 1 1 43
Mampuua ea yne momon _| 2 4 b= o
PUHa se y 12 2 2 " | 46
1 1 2 40 44
40 1 1 1 43
Keneaumupunean mampuya B :=augment(A,b) B 2 402 145
1 = , =
P Ul g 2 2 40 2 46
1 1 2 40 44
1 0 0 01 1
0 1 001 1
Huku ¢hynkyus ea euum s=rref(B) s= X=
pyrrcy (B) 0 01 01 1
0 00 11 1
4.4. Teckapu maTpuia
40 1 1 1
2 40 2 1
Mampuya A=
Pl 2 2 2 2
1 1 2 40
Huku ¢ynkyus  6a ynu uukapuid, mexuupuu C=A" C=
0.0251 -0.0006 —0.0006 —0.0006 1000 1000
-0.0012 0.0251 —0.0012 —0.0005 0100 0100
C= ' CA= ' .C= '
-0.0012 -0.0012 0.0251 —0.0012 0010 0010
~0.0005 —0.0006 —0.0012 0.0251 0001 0001
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4.5. DerepMuHaHT, XOC COHJIAp, XOC BEKTOpJIap

40 1 1 1
2 40 2 1
Mampuua A=
puY 2 2 2 2
1 1 2 40

Jlemepmunanm, meckapu mampuya 0emepmMuHanmu, YiapHuHe Kynauwmmacu

d=|A| di=|c| d=2538588 d1=0.00000039 d*d1=1

Xoc counap r=eigenvals(A) r’ =[44.49 38.866 39.37 37.644]

0.3582 -0.1852 -0 0.0958
0.5338 0.7658 0.7071 -0.5129
0.606  0.5878 0 0.7295
0.4686 -0.6132 -0.7071 -0.4423

Xoc eexmopnap s =eigenvals(A) S=

Ha3zapwii caBo/uiap Ba TONMPUKIAP.

["aycc yCyaIMHUHT MOXUSATUHU alTUO OCpUHT.

2. IOxopn TapTHONMM  JE€TEPMUHAHTIAPUHM  XUCOOJAIIHU  KaHJal
KOUJIaJIapuHU Onjacus?

3. lNaycc ycynu Ounan JeTepMUHAHTHM XucoOJamHu 2 TapTHOIU
JeTEPMHUHAHTIIApra KEITUPHUII FOSICUHA alTUO OCpUHT.

4. Teckapu matpunanu ['aycc ycynu Owminad XucoOuaimn FOSCUHU alTHO
OepuHT.

5. T'aycc ycynunau goup Macananap Ty3uO OepHHT.

=

MyHaapukara

1.6. YN3UKJIN CUCTEMA YUYH UTEPALIUA YCYJIN

Acocuit mywynuanap: Mampuya nopmacu, YATC yuyn umepayus ycyau ea
VHUHZ XamOoaueunu 6axonaul, AKUHIAWULL Wapmu, YCYTHUHS 0acmypu. 3etioens
yeyau.

Acocuit namudcanap:

1. Mampuyanune nopmacu:||A| = max||Ax| .
Ixl=2

2. Umepayus ycymunune Ha3apusicu.
Ax=b < x=Cx+d,x" :ka‘1+d,£imxk =& AE =D,

le-xN <ol e, fe-x < EL |‘|3(':' =5t

3. Coooa umepayus ycynu:
XY = i(bi_ Zaijxj(k_l)i) , k=0,1,....
a, :

J#i

4 3etidens ycynu:
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x,® = (b Zauxj("br Za“xj(“)) k=0,1,....

j=i+l
5. Umepayus ycynunune Mathcad oa oacmypu.

1. MaTpyuaHMHI HOPMACH
X=(X,,....X,) €R", y=(y,,....y,) €R" OVJICHH Ba y=AX aJIMallITUPHUIII

a,, d, .. 4,

a a .o a
A=| 2 22 2n

d, d, ... dy,

MaTpuIa Ouian OEpUIICHH.
R" na HopMa cudartuja ymody MUKIOPJIAp OJUHAIM:

n n p
. = max|x. [, = 2P} I, = {’/Elxil ’
1= 1=

Tabpud. ||x|| x eR" HuHT Oupop HOpMacu OYyicuH. YOy

I = max 12 - x|

x::O ”X” HxH;tl
MHKJIOP A MaTPHULIAHUHT ||X|| HOpMara MOC HOpMacHu JIeUuIaIu.
Jlemma. |||, ||l [IX]l, HOpMara A MOC MaTpUIIAHUHT HOpMAaJIapu YIIOyIapaup:

A, = mx S
|Al, = max iZ_ll\au\

A, < ,/ZZ&S
i=1 j=1

Hcbot. x e R", y=Ax O¥ncuH. PaBmanku,

Zauxj i=1

[ITynuHr yuyH

||Ax||w—||y||w—maxﬂ2a., ,]smex[i\auuxj\]s
<o 31 ) < S =1L ..

Hemak, xap KaHmaii x € R" ydyH
[Ax]. <[[Al.[x]..x=0.

Xyaau mry Kabu

n n
||AX||1 = Z & X;
g ey

<33l Sl o=
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= Z(max(Z‘aij‘D‘xj‘ =|A, ||
i i
IAX||, <|| A, ], ,x =0 xap xanmait x=0.
Komm - bynskosckuii (LLBapiy)

n ? d 2 2
>apb, SZ‘ai‘ Z‘bi‘
j=1 j=1 j=1

TeHrcu3Iuruaad goigananamus. Y xomaa

2
Iaf -3 Sap | =
j=

n_n o 2 n PRl 2
<22 fa| 2l = 2lal 2l =[AL I
i=1l j=1 j=1 j=1

i,j=1
Jemaxk,
|AX]|, <||All, X[l . x #0 xap xanmait x=0.

bupuHYM Ba UKKWUHYUA HOPMA YUYH

A= 1AL Il 1=1,2
BekTOpsiap Tomuiaau. (MycTakuia  TONHUHT). YYUHYM HOpMa ydyH OyHJaii
BEKTOP UYK.

Martpunanap yuyH sitHa Oup HOpMa KUPUTAMMU3:

|Al, = nmiax‘aij :
by HOpMa uTepanus ycyauaa MyXum poib YyiHauu.MabsiayMKu,Y€KIU YI4OBIU
dazona 6apya HOpMaIap SKBUBAJICHT.

2.AX = b YM3HMKJIW TEHIJaMajlap CHCTEMACHMHU KapalMu3. YHU uTeparus

METOJIMHU KYJUIAll YYyH KyJIail KYPUHHUILTA KEJITUPAMU3:
X+l Ax=x+1b, I=0

x=(E-l1Ax+1b, Ex=X,
C=E-IA d=Ib
X=Cx+d,

Oy epna B - marpuiia, d - BEKTOD .
Comnma utepanuss Meroau Kyhumaruya Xx° e R" uXTUEpu OoILIaHFAY
BEKTOP OJMHHUO Y10y BEKTOpJIap KETMa-KETJIMTU XOCUJI KUJTUHAIH.
x® =Cx*? +d, k=01,... (1)
Teopema. Arap ||C|| <1 Oynca, y xonga x=Cx+d(Ax=b) cucrema
SrOHA €UYMMTa dra.
Ag =b (& =C¢+d), & =limx¥

YHaan Tamkapu Kyinjaarua 6axonap YpyuHiIu:

IE=x®l<lCl 1= X" ()
R e S IO
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HNco0T. EYMMHMHT siroHaUTU Ba MaBxkyaauru. @apa3 Kuianiuk
& =C¢& +d.
VY xomnna
I Sl <=IICS +dl[ <=[IC[| IS | + lldll,
jee el
1-[|Cl
Arap d=0 Oynca £=0 OynMokna, spHU Oup skuHCIM cucteMa ¢akar 0
e4yuMra 3ra 9kaH.Y Xojjga Oup >XKUHCIU OYyiIMarad
X =Cx +d
cucteMa Xap Kanmaii d ydyH sroOHa ednMra Jra.
DHan
¥ =& x® ne6 &=Ce+d, x¥=Cx*? +d
TEHIJIMKJIapHA Oup-OupuaaH ainpcak
E-x¥ = C(E-xMD) o 10 = Crtd
TCHIVIMKHU ojJaMu3. Y XoJjja
e = fer® < e =

ICCr“ICIPNr 2 IICIUr LN &= x1 < e &- x1.

OKAaHJIIUTnaaH
&= x20NICh g -xP+lICl XY -x* 2

@IC I &-x2U <ich 1x®-x"
I & xt < B oy
=[[Cll

Teopemanaru 6upunun 6axo (2) anpuop 6axoHu Oepaau, SHHU TaKpUOUi
€4MM XAaTOJUTHUHU CUCTEMaHU e4YMac/laH OJIIWHTY (Ha3zapuii) 0axoHu Oepaju.
Teopemamaru UWKKMHYM 0axo amocrepuop (amanui) OaxoHu Oepaaw.
Anoctepuop 0axo xap Oup TakpuOuil edrM Tonuiray, 0y TaKpuOUil e4uM aHUK
eurMra SKMHJIAISITAMHY JIETaH caBoJira )kaBoO Oepaju.

3 3
Mucoa. B=| ° i Matpuia yuyH | Bl =6/5>1,|Bl,=1 |IBll, =v23/5 <1
5 5

TeopemManan KypWHAAWKW, WTEpalUs YCYJIW SKUHJIAIWIIA Y4yH C
MaTpPUIIAHUHT KAHMAWIAP HOpPMAcH OWpJlaH KWYUK OYIUINN Kepak OJKaH,
apHU ||C|| < LC=E-IA Oynrannura y4yyH napameTp | HHM IIyHAald TaHIall
KEpaK DKaHKHU, |E-IA|| < 1 6yncuH. MacanaHn:4-HopMaHU 0JICaK
ICIl < max{|a|/n,i,j=1.n} nme® omum MyMKuH. byHmaii Xxonma urepanus

YCYJIMHU CUCTEMAara TYFpUIaH TYFpPHU KyJUIall MyMKHH.

3.Conna urepauus €ku SAkoOu ycynum Kyhujaruda Kypujaad: Xap Oup
TEHIJIaMa/aH a; =0 1eb x Jjap TOnuO OJUHAIM:

X; =a1i(bi— Zn:aijxj) , k=0,1,....

J#
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CyHr urepauusiap Kyﬁm[amqa KypI/IJ'Ia/I[I/I'

xi(k’— (b~ Za X ), k=0,1,.

i j#i
4. 3eiigenan ycyJu.
Ax = b cucremazga a, =0 nae0 i-TeHrJIaMaJaH X; HU TONHO oJlaMu3

—Zau X, ZauxJ +d.

j=i+l

_ -iIZau X; -—z 3 X +a— i =1..n.

an j=1 || j=i+l

Hatmxana x = Cx + d KypuHuUIIra Kenamus, Oy epna

0,j=i
3eiaens MeToanaa I/ITepaHI/IHJIap Kyﬁm[amqa KYpHIau:

X9 =3 bx O+ 3 bx Y +d, k=01

j=1 j=itl
x%- uxTUépuii .
Teopema. Arap A marpuiiaja JuaroHaia dJIeMEHTIAp CaTIMOKJIU Oyiica,

STbHU

n

Z lag| < la; |, i=1

j#1
AX = bcuctema SiIrOHa €4rMra 3ra Ba 3ei/ieJib METOU SKUHJIAIIaIu:

£= lim x%

k—

HcooT. OnauHru Teopemara acoca
n
ICll, = max Z|Cij| <1
ij=1
oYM Kepak, EKu

n

z|c.,| =Sk, =3 Bl

ji a
oy kepak. Jlemax,

Zlaijl <lag|,i=1

j#1

Muco.r.
2X, +X, =3
X, +2%, =3
2 2
2 2



LY s

SIKUHJIAIIUIIAPHU TOIIAMM3.
x,% =(0,0),
x,M=3/2=15 ,x, =15
x,® = 3/2 - (1*3)/(2*2) =3/2 - 3/4= 3/4=0.75
x,?=0.75
x,® = 3/2-(1*3)/(2*4)=3/2-3/8=9/8=1.25
x,® =1.25
x, =0.9375 x,¥=1.03125 x,®=0.982375
x, =0.9375 x,%=1.03125 x,=0.982375

5. Urepanus ycynuau Mathcad na tarike sTui.

40 1 1 1 43
2 40 2 1 45
Tenenamanap cucmemacunu oepuul A= b=
2 2 40 2 46
1 1 2 40 44
1 000 0
o 0100 0
bupnux mampuya ea 0- umepayus E =identity(4) E = 0010 X = 0
0 001 0
Hmepayusa napamempu 7:=0.005

YATC Hu umepayus yuyH Kyaau KypuHuuiea Keamupuul

C=E-7A d=7b x=d+Cx
HUmepayusnapnu Kypuw k:=0.30 x™*:=d+Cx™

Hamuowcanu uuxKapuul
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19 20 21 22 23 24 25 26 27 28 29 30
0.989(0.992 | 0.993 [ 0.995 | 0.996 | 0.997 [ 0.997 | 0.998 | 0.998 | 0.999 | 0.999 | 0.999

0.992(0.994 | 0.995 ( 0.996 | 0.997 | 0.998 [ 0.998 | 0.999 | 0.999 | 0.999 | 0.999 1 !

0.994(0.995|0.997 [ 0.997 | 0.998 | 0.999 [ 0.999 | 0.999 | 0.999 1 1 1

w| N k| O

0.991(0.993|0.994 (0.996 | 0.997 | 0.997 [ 0.998 | 0.998 | 0.999 | 0.999 | 0.999 | 0.999

Ha3zapmuii caBosuiap Ba TONIIMPHUKIAP

=

MaTpuiiaHUHT HOpMacu HUMa?

2. Yn3uKIM TEHTJIamauap CUCTEMacH Y4yH COJAJa UTepalusl YCYJIUHUHT
AKAHJIAIIUII IIApTU KaH1ai ?

3eraen yCyIMHUHT SKUHIAIINII [apTy Kanaau ?

Yu3ukin cucteMa uTepaluus YCYJIMHM KyJUlalll y4YyH KaHjaau
KYPUHHILTA KEJITUPUIAIN?

5. x+2y=3,2x+y=3 cHUCTeMa yYyH UTepalus YCYJIUHU KYPUHT.

B W

MyHaapukara
1.7.MATPUIIAHHUHI  XOC COHJIAPUHHA TOIIMIII

Acocunn mywynuanap: Mampuyanune Xxoc COHIAPU, XOC BeKMOPIApU,
I'amunemon-Kennu meopemacu, cummempux Mmampuyaniap y4yH Xo¢ COHAAPHUHL
xoccanapu, dHe Kamma Xoc¢ COHU MONnUuwL Y4yH umepayus yCyiu.
Acocuii namudcanap:
1.Xoc counap ea xoc eekmopaap: Ax = Ax, x=0,.

2.Cummempux MampuyaruHe xoc
coHnapu: YA e R,2)AX=Ax, Ay = uy, A # u—(x,y) =0.
3.OHe kamma 9He KUYUK XOC COHAAp VYYH umepayusi YCyaiu.

1)x =4 A X e R X =14, > 4

max’k_)oo'
2) yk :#kA—lyk—l’yO c Rn,

ka:]'huk _)/umin’k_)oo'

4 Xapaxmepucmux menenama Kypuuwnune Jlesepve-Daoees ycyiu.
5. MathCAD oa oacmypaap.

1. A:[aﬁ], i, j=1..,n KBaapaT, XaKUKUW DJIEMEHTIM MaTpuila Oepuiran
oyncuH, AR" — R", E- Oupiuk MaTpuiia OYJICHH.

Yoy

AX =X, Xx#0, (1)
TCHIJIMKHM KaHOATJIAHTHPYBYU A COH A MaTPHUIIAHUHI XOC COHH, X # 0 BEKTOP
3Ca XOC BEKTOPHU JACHUIIAIN.

A MaTpulaHUHT Oapya XOC COHJIapU TOIHUII XOC COHJap mpoOiemMacu
nevinnanu. Kypadnukum, Oy wMacama HuMara onu0 kemap %kaH. (1) Hu
Kyhnaaruua €30 ojlaMu3:

Ax— 2Ex = (A= AE)x =0, 2)
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(2) Oup KUHCIM CHCTEMA, Y HOJIb OYJIMaraH edumra sra OYJIWIIN Y4yH, YHUHT
nerepMuHadTH O ra TeHT OYnuIM Kepak: det(A—AE) =| A—AE |= 0.
JIekuH,
a,— A4 a,.a,
_ 8y 8y — Ay,

[ITyHuHr yuyH,

det(A-AE) = (-)"(A "+ p, A "'+ p,A "2 +..+ p ) =0. (3)
(3) Tenrnama A MaTpHUIIAHMHT XapaKTEPUCTHUK (acpuil) TEHIJIaMacHu JEeHUIIaIu.
Y n —papaxanu anreOpauk TeHriama. lllyngal Kuinb, XOC COHJIApPHU TOMMIII
yUyH anreOpavK n-Aapa)kaju XapakTEpUCTHK TEHIJIaMaHu 0apya ednMIIapUHU
TOIMII KEPAK JKaH.

AnreOpaHuHT acoCUil TEOpEMAacHura acoCaH, XapaKTEPUCTHK TEHIJIaMa
anredpavk n-gapakajd TeHrjama OYITaHIUTH Yy4YyH, Xap KaHjaad A-maTpuia
Kappajapu, KOMIUIEKC WIJAU3IAPUHA XUcoOra oJiraH/ia n-Ta XOC COHJIapra ara.

T'amunomon-Kennu meopemacu. Xap KaHIal MaTpULa y3 XapaKTEPUCTUK
TEHIJIMAaCUHU KaHoaTiIaHTupaau: det(A-A E) = det(A- AE) =0.

Amanuérna, KynmMH4a MaTpULI@HUHT OMp Heya XOC COHJIAPUHHU TOIMIL
Tanad ATWIAAM, MacajaH, SHI KUYMK Ba HHI KaTTa XOC COHJIApHU. YJapHU
TOIUII, XOC COHJIAPHUHT Xycycuil mpobiiemacu nerinianu. bapya xoc connapHu
TONUII XOC COHJIAPHHUHI TYJIUK MpoOiemMacu Jedunaan. JHI KMUYUK XOC COHHU
TONWII OOIlIKa MATPUUAHUHI SHI KaTTa XOC COHM TONHWII Macajacura
KeATUPUIAIA. XaKUKaTaH XaM, AX= AX <> A’ x=x/1 dKaHJIUTHIaH. A-MaTpulla
YUYH 3HT KaTTa X0C COH, B = A" MaTpHIIa y4yH SHTI KHYHMK XOC COH JKaH.

X0C COHJIapHU TOMHMILHUHT OUMp KaH4a yCyJUlapyu MaBxXKyd:JHT KarTa (3HT
KMYMK) XOC COHHU TOMUIIIHUHT UTEpalus yCyiH.

1) ABBas XapaKTEpPUCTHK TEHIITAMAHH, CYHT XOC COHJIAPHU TOIHUIII yCYJUIapH
(Kpsuios, JleBepne, DajieeB, HHTEPIIOJAIUS, HOBMATYM Ko3dduueHtaap...);
2)Xo0cC COHJIapHH XapaKTEPUCTHK TEHIJIaMa Ty3MacAaH TOIYBYH, TbHU
MaTpULlaJapHU aIMalITUPUIITa acocaaHral utepauus ycymiapu ( Skobwu,...).

2. Martpuia Y3UHUHT TpPaHCIOPTUPIAHTAHHHUTA (KOMIUJIEKC KYIITMAaCHUra)
TeHr Oyiica, €ku R" na ckajsp KynakTMa MabHOCHIA
(A y) = (X, A*Y) = (X, AY), X,y R’ (4)
TEHIJIMKHU KaHOATJAHTUPCAa CUMMETPUK JISHUIIa N,
CumMeTpuK MaTpuila Y4yH XOC COHJap Xakuga Kyuugaru Qukpiap
YpUHIIA:
Teopema 1. CuMMeTpUK MaTPHUIIAHUHT XOC COHJIApU XAKUKHUM, Xap XHII
XOC COHJIapra MOC BEKTOpJIap y3ap0o OPTOrOHaJ.
HcHoT. AX = Ax, Ay = ry 6yncun. Dapas Kumaimik, A =4 +id, A=A —il,
oyncun. Tabpudra acocan,
(AX, X) = (1%, X) = A(X, X) = (X, AX) = (X, AX) = A(X, X)
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[IyHunr yuyH, (1 —Z)(x, X) =0. x # 0 DKaHJIMTHaH A = A= A € R. UkxknHunpan,
(A% y) = A% y) = (%, Ay) = (X, 18y) = p(X,Y)-
[Iynunr yayH, (A—u)(X,y)=0, A# u SKaHIUTHAAH, (X,y)=0=Xx LY.

T*T=E IIApTHU  KAHOATJIAHTUPYBYM  MaTpulagap  OpTOroHal
MaTpullayiap IeHuiaan, paBIIaHKH, ynap yuyH T*T*'=E. A=T*BT maptu
KAHOATJIAHTUPYBYM MaTpULaiIap yXmam JIeHHIIaIu.

Teopema 2. Vxmam MaTpuuaiap OWp XWJI COH COHJapra ira, Xoc
BEKTOPJIap y3apo YM3UKJIN OOFJIaHTaH.

HcboT. Ax= Ax , OYicuH, y Xoiga Ax=T*BTx=Ax,Ba Tx=y Jecak

T*By=AX=AT 'y = By =(T*) AT 'y = A(T*T) 'y = AEy = Ay
SAbHH, By=1dy 6a y=Tx DKaH.

3. Ax=Ax Macajajga 3HT KaTTa XOC COHM TOIMIITa KUPUIIaMu3, Bupop
x© eR" BexTop 00O x¥=Ax*" k=1,2,..., BeKTOpIap KETMA-KECTJIUTH KypaMu3.
Teopema 3. x© e R" uxtuépuii GONUIAHFUY BEKTOP YUYH
x¥=(x,%,...x, ¥)=Ax® keTMa-KkeTIHMK Kypuirad OyicuH. Y xosma
X

lim = o= =dppri =10 (5)
Hcbot. Ae, = Ae,0yiacuH, i=I,.... ®apa3 KUIailuK,

|4 R4, 22|
PaBmanku, x®=ae +.+a e, 1ecak,
X9 =AX9 =286 +.+ 4,88, .. X = Ax“Difae +..+ Lag,.

Ouau e =(e,,e,,....e ) aecak, x> = ae, +..+A‘a e, Ba
x© 2fae +..+Afae

n %n*ni
Xi(k—l)

T ag .t A e,
1+,uz (a2e2i/aieli)+"'+:un (a6, /aey) k-1
- =1+0
ﬂll+ﬂ;71(a2e2i /aleli)+"+:u (an SN =40l
Oy epna u = Al 4, i>1 SbHu,
X(k)

i = A+ 00 17, (6)

by epnan (5) kenub ynkagy.

4, XapakTepUCTUK KYNXaJHU TOMUITHUHT HOBMaTyM KOd(hPuiieHTIap

CyJIH.
™ D(1)=det(A-1E)=p, +p,A+...+p, A" +A" nernuk. p, KodpueHTIIapHH
TOINHIN YYYH
D(i)=d,,i=0,...,n-1, (7)
JletepmuHaHTIapHU XUcOOmainuK.PaBmankuy,
Po :dO’ po+p1+-"+pn-1+1n :dl’ p0+2p1+"-+2n_1pn-1+2n :dzi --’po+(n'1)p1+---+(n'1)n_lpn-1+(n'1)n :dn—l'(8)
By epnan nappoB kennb uynMkaauku, p,=d, Ba
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p,+..+p,,=d,-d,-1", p,+2p,+..+2"p, ,=d,- d, -2",..,(n-1)p, +...+(n-1)"*p,,=d,,-d,-(n-1)". (9
)
OHIu Y0y MaTpuia Ba BEKTOPJIApHU KUPUTAMM3:
M=[m, 1=[i i,=L,...n-1,p=[P;,P; s Py J,D=Iby by .o by, 1., =0, g i7"

Hatmwxkana (7.9) cucremanu Kyiuaaru KypuHHIaa €310 oMU MyMKHH:

Mp=Db (10)
M maTpullaHMHT JeTepMUHAHTH HOJaH papkiu, y Banaepmonn
JICeTePMUHAHTHHUHT MUHOPHUIUP. YHH e4nd p=M™b Gopmymnagan

XapaKTEPUCTUK TEHTJIAMAHUHT KOd(h(DHUIICHTIapUHYU TOTaMu3. XapaKTEPUCTHK
TEHTJIaMaHu OUpOp yCys OmIaH e94ud XOC COHJIAPHH TOMIAMU3.

5.Mathcad na xoc con Ba BekTOpJap 4K QYHKIUSIIAP
eigenvals(A) , eigenvals(A) OpKajau OCOHI'MHA TOIHUIAIH.

40 1 1 1
2 40 2 1
Mampuya, uuxku ¢ynkyusniap A=
2 2 2 2
1 1 2 40
Huku ¢ynxkyusnap r:=eigenvals(A) s:=eigenvals(A)
44.49 0.3582 -0.1852 -0 0.0958
38.86 0.5338 0.7658 0.7071 -0.5129
XOC COH Ba BEKTOpJIAp I = s=
39.37 0.606  0.5878 0 0.7295
37.64 0.4686 -0.6132 -0.7071 -0.4423
VYHaaH Tamkapu, SHT KaTTa Ba 9HT KUYHUK XOC COHJIap (5) alroputM
acoOCH/Ia XaM TOMUJIMIINA MYMKHH.
MyHnpaapukara

1.8. HOUN3UK TEHI'JIAMAJIAP CUCTEMACHU YUYH
UTEPALIA YCYJIN.

Acocuit mywynuanap: Kuckapmupu6b axc smmupuws npunyunu. Taxpubuii
SUUMHU XaMOIUSUHY O6axX01aul, Ha3apuil 6a amaiui baxoaap.

Acocuii namudcanap:

1. Kuckapmupub axc smmupuus npuHyunu:

x = g(x),x* = g(x*"),k :1""’;!ka =& x EeR g -g(y)|<alx-y|.0<q<1.

2. Konoux xao yuywn 6axonap:
1E-x9N<g I &-x0 1€ -x© < qll x© -xEP [ 1a-g)=q" || x¥-x? || /(1-q)
3.Umepayus ycynu: f(x)=0< x=g(x),x* =g(x**),k=1..limx" =&x,EeR".

K—o0
4.MathCAD oa oacmypaap.

1. KuckapTupu6 ake YTTHPHMII NPUHITATIN.
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R" 1e0 n-YI4oBIM BEKTOpJap TYIUIaMuTIa auTuiaau. Y YM3UKIM HOpMaJlaHTaH
VK~ ($a3o, xe R" HopMmacu (Y3yHJWUrd) KyHuJard TEHIJIUKIap Owiad

oepuitaiu:
[1X[].e =I1X1,= {’/ZI %", I<p<oo
i=1
Kymnanas,

n n
IXIL=D 1% LI =, [ D 0% 1l x L= max | %
i=1 i=1

G Oupop €nuk coxa OyncuH. HWxtuépuit f:G—»R" akcimantupum N Ta N -
Y3rapyBUHIN QYHKITHSIIAP

£, X,
f
F) = () = | 2005
f (X, X,)
BekTOp (yHKIMS Epaamuaa 6epuicut. LIlyHuHr yayn
f(x)=0 (1)
BEKTOp TEHIJIaMa N Ta TEHIJIaMa CUCTEMAacH
f,(x,....x,)=0
f2()(1""’)(n) 0 (2)
(4 %,) =0
ra 5KBUBAJICHT. (2) HM ymOy KYpUHUIIAA €3UII MyMKHH OYJICHH.
X =0, (%, %)
X2 :g2(X1""’Xn) (3)
X, =0, (X, X,)
€KHM BEKTOp KYPHUHHUILIN]A
X =g(X) (4)

Oy epna paBmaHku, ¢ =[g,,....9,]" .
Tabpud. Arap 0< g<lcoH TonwiuO, ymody TEHICHU3IIUK
1900-gM 1l <q Ix-yl, Vxy €G (5)
Oaxapuica, ¢:G—->Gc R, akcmantupumi Ge R" Jga  KUCKapTHpUO
akclaHnTupuin aernnaau. Kuckaptupub akCIaHTUPHUIN Y3ITYKCU3IUDP.
Tabpud. Arap xap xaHmaii xeG yuyH ¢g(x)eG Oyica g HU Y3UHH
y3ura akciaHTupaau aeumunanu: g:G — G éku g(G) < G.
OHaM ym0y MapTHUA Kapaniuk:
G=S, ,={x eR": [[x-x[<r}
Jlemma. Arap ¢:S— R" akcmaHTHpUIa S Ja KUCKapTUPHO
AKCIIAHTUPHIILL, THHU

190)-9 li<allx-yl.0<g<l x,yeS, Ba [g(x)- X ll<@-a)r 6ynca,
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g(S)cS OVynmaau, spHM ¢S — S OYmagu.
Hcoor. xeS(x,,r) uXTUEpUi HyKTa OVJICHH. YHIa
190 -% 19 () - 9(o) [ +119(%p) - X%, ll<ar +@-g)r <.
OHIM X = g(X) TeHIJIaMaHU TaKpUOUHN eduIra yTaMus.
Tabpud. Arap &E=g(&) O6¥nca £eG HykTa ¢(X) aKCIAHTUPHUIITHUHT

KY3FaJaMac HyKTAacu JECUHIIa/IN.
X =g(X) TEHIJaMa y4yH UTepanus yCyJd Kyuugarnia KypwIaan:

x® =g(x*M),k=1,..., (6)
Ty3uiaau. by keTMa KeTJIMKHUHT MabHOCHHM YIIOy TeopeMa eund Oepaau.
Teopema 1. Arap ¢g:G—>G y3IyKcHu3 Ba ¢(G)c G, aUMHUT

E =lim{x®, k —oc} MaBxyn Oyica, £=g(£) TEHIIMK YpPUHIH, SBHH & HYyKTa
g(X) aKCIAaHTUPHUILHUHT Ky3FaaMac HyKTacu Oyiau.

Hcoor. PaBmianku, &= lim x® = lim g(x*) = g(lim x* ) =g(&) .

Teopema 2. (KuCKapTUPHO aKC STTHPHUII IPUHIIMIIN).
Arap ¢g(G)cG 06ymub, g(x)-KUCKapTUpHO akcIaHTUpHUII OVica, y Xojja
g(x) :G—>G G TymiaMaa sSroHa Ky3rajaMmac HyKTara ora.

by xy3raimac HykTa wTepaius KeTMa-KeTIUTHHHHT JUMUTH cudaTtuia
TONWJIMIITN MyYMKHH. AHUK €4UM Ba UTepalys opacuaaru (apk Kyhujgaruya

OaxoyiaHaIu:
1E-x9 i gt || £-x2 ), (Hasapuit 6axo) (7)
k
1£-x® i< 2 x® x4 fle o | x® -x® | (amamaii Gaxo)  (8)
—-q —-q

Hcoor. 1) {x¥ } -byHmameHTaa KeTMa-KETJINK, THHA
X% x®)|| -0, kp —> .
Xakukataan xam, [0 x )< g [x&HD x @ < g [x© x|,

p-1 ) _ p=1 _
” X(k) _ X(k+l) ||S ZHX(kH) _ X(k+|+l) < zqkﬂ ” X(l) _ X(O) ”
i=0 i=0

Jlemak,
pL I
IXE =X X xS g < x@ -x O D g T < gt | x@ x| /(L) .

i=0 i=0
By epunan 0<q<1 skammurugad || x* -x*? >0k, p > .
2) {x¥} dynmamenran, R"TYIMK JWUTHIaH [MyHAad & = lim x MaBxKyI;
x¥ e G; Ba G énukimuruman & e G.
3) 1- Teopemara acocan &=g(&).
4) ¢-arona. Akc xonmaé&=g(&,), &=9(¢,) nmecak,
| &- &IHIE)-9(E ) <all &- &

Ba (> 1 Oynub unkanu.by MmymkuH smac.

2. Konauk xaajaapau 60axosam. Papmanku,
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I €-xO 19 )-g0x* )| <q [€-x ) < .. < g || £&-x9),
ABHU
I &-x¥0< g% 1E-x.
JIekuH,
1EX®N < all x| < gl éx®| +afx@-x ]

by epian oconrmHa Kyiujaaru TEHICU3JIMKHU OJIAMU3:
| &-x90 <a/@-q) || x9-x .
(7) Hazapuit 6axo aerinnaay, 0y epja HObMaayM €4UM HUIITHPOK ATMOK/IA.
(8) amanmii 0axo nmerinnaau, Oy 6axoHu OM3 Xxap Oup TakpuOuii cunm x*
TOIMJIra4 XMCOOIAIIUMHU3 MYMKHH.
(7) ©6axo épmamuma x“ HM TOmMacHaH HeYTa WTEpAlMSOaH CYHT
| £-x®||<e OYMUIIMHM OJIUHAAH aRTHO OCpUIl MyMKHH. ByHUHT yuyH

[e-x¥<qll x¥ -x“2 |l a-q) <&

TEHICU3ITUK Oa)KapUJIMIIU Kepax.

(8) 6axo aca || £-x¥ |<e OYmummHM TakpuOuii eunmmmap x*P | x
tomwirangan cyHr qlx®-x*Y|/(1-q)<e Oynca Oakapwivil MyMKHHIMTHHA
anuTub 6epaau.

Kuckaptupu® axc STTUPUIN NPUHIUIMHUHT TAAOUKIAPH KyJla KEHT. Y
OWTTa TEeHrjJamMa, TEHIVIamMallap cucrteMacu, JuddepeHnnan, HHTErpal
TEHIJIAMAJIapHU TaKpuOuii eumiga unatwiaad. baén stunran teopema  (2)
uxtuépuii TYnuK X dazona xam Ypunau. Macaman, XY -TYIHK METpPUK
dazonap Oyncun, Oy epna Cla,b]lHuHT YypHUHU X, MOAYJIh YpHUHU (a3zomaru

(k-1) (k)

HopMa Oocamu, f(x)=0 BekTOp TeHrIamMa X=g(X) BEKTOp TEHIJIamara
KEeJITUPUIIAJIY Ba KOJITaH Oapya HILiap Oup Xuj Gakapuiaiu.

3. Urepanus ycyau. (4 ) ydyH utepamnus ycyid Kypamus. bupop
x? e G onub ymoy urepanus (BEKTOpJap) KETMa-KETIUTHHH Ty3aMH3
x®¥=g(x*?), k=1,2,..., ; 9)
€xu 0aradCcUiIpox
Xl(k) :gl (Xl(k_l) L ’Xn(k-l) )’
................... (10)
x ¥=g (x[D . x €0
VCyIHUHT SKAHTAINMII [IApTHHH, SBbHU ¢(X):G —R" HHUHI Ka4oH

KUCKapTUPUO aKC STTUPYBYHM AKCIAHTUPHUII dKAHIUTUHU TormaMu3. PaBiiaHkw,
arap ¢, eG Oupop ypra xKuiimMatr OVyinca, y Xonna JlarpaH>KHUHT YEKIH

opTTHpMaJIap @OpMyHaCI/IFa aCcocCaH
C.)Zi_xi(k) :gi(é: )'gi(xi(k-l)): ig:(ck)( éj_xj(k-l))’ i=1,..,n.
=1

JleMak, BEKTOp KYpUHHIIIKMIA YIIIOY TEHTJIMKKA TYFPU KeJaMu3:
Ex¥=g'(e )( £-x"Y)
by Tenrnmuknan kypuHaauku arap q=max{|| g'(x)|, xe G} mecakx,
| Ex¥l <qge || £xO (11)
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oynasu.
lynunr yuyH, arap, q<1 6yiaca x* — & | k >0 MyHOCA0AT YpHHIIH.
Bynnait xonaa KucKapTUpUO aKC STTUPHUII MPUHITUIN YPUHIHM OViaau.

OHmum f(x)=0 TeHrnamaHu X=g(X) KYPUHHUIIUIAa KEITHPULIAA UMKOHHU
Oopu4a q MHUKIOPHM KHYUK KWJIMO TaHJIa0 OJMIIHM Kypamu3. ByHUHT ydyH
g(x) = x+ Lf (x) 1ed OJIaMU3. PaBmianku, g'(X) = x+Lf'(x), Oy epna
9'(0) =[0;8;(x) ], F'(x) =| 8, ;(x) | SIxoOM MaTpuIANAPH. 2 XOJI OYIUIIM MyMKHH:

1) g(x") =x+Lf'(xX?)=0, Ex=x , L=-[f'(x)]* (12)

¥ = y kD _[ f r(X(O) )]1 f (X(k-l))

(13)
2) g'(x*P)=E+LF'(x*V)=0, L=-[f(x*)] (14)
X(k) — X(k—l) _[ f r(x(k—l) )]—1 f (X(k—l))
(15)
n=1xo01 yuyH (13),(15) popmynanap, MablyMKH, KyHUJaru KypUHUALITA
ara
x®) = x®D £ (xED)/ £/(x?), f :R—>R, (13.1)
X =xt D - f (xEY) £ (xEP), I RHR (13.2)

(13) copgmanamupunrad Hetoron metoau, (15) sca HeroToH MeToau neiinnaiy.
n=2 yuyH (13) dopmynanap Kyliunara KypUHHUIIIHA OJIA]IH.

1 fkD £ 1 £O fKD
Xl(k) _ ka ) 1 1x, , (k) _ (k=) _ 1% 1 , (13)
det(f'(x@)| £ £90" % 7 det(f'(xX?)|£0 £
n=2 yuyH (8.15) dopmynanap Kyiuaara KypuHUIIHA OJIAIH.
1 f (k-1) f (k-1) 1 f (k-1) f (k-1)
X1(k) — kD) 1 1x, , (K) _ y(k-1) _ 1% 1 , (15)
det(f'(x* )[40 472 72 det(f(x* V)| f4D £

By dopmynanap xelinaru nmaparpadia anoxuaa Kapaiaau.

[Iynunr yuyH q=max{]|g'(X)|, XxeG}<1 mapt x HUHT & ra AKUH
KuiimaTiapuaa O6axapunanu. by dukpaan (13) nan (15) meton sxmmpox
SKUHJIAIINAIIT XaM KypuHuO Typubau. by dpukpau Konnuk xanmap 6axonapu
XaM TabKutaau, (13) yn3ukim skuHIamuira ara, (15) kBagpatuk
SKUHJIAIINIITA OTa.

Mmucoa 1. Utepanus ycynu épaamuaa {xf +x5 =1, X} -X,=0 EYHIJICHH.

Euunm. x2 +x; =1 aiimana, X’ -x,=0 KyOuk mapabona OwWiaH KecHUIIHO
UKKUTa €4MMHHU Oepagu. VYiapHu umsn0® & ,=[0,9;0,5] TakpuOuii e4nMIapHU
tonamm3. & yuayH x(0)=[0,9;0,5] Oonuianruyu eunm Ttamnaiimms. {x“¥} Hu TommII

yuyH (8.13) ycynHu TannaiimMu3. PaBiianku,
2

21 2X, 2
f(x): X; +X2 'f,(x): X1 X2 ’ fI(X(O)): |:1|8 1 j|'det(f 1(X(0)):_3l6,
5 2x, -1 1,8 -1

1 -1
[f,(X(O))]_lz'% {-1.8 1.8}: -

yHuHTr yuyH cucTeMaHu X=g(X) KypUHUIIra KeATHpaMus, 0y epia

41



g(x)=x+Lf(x)= L

1 |-1-1
36 |-1.8138

X=g(X) cucremanu SHIU HTeparys (coananamTupuiaran HetoToH) ycyiu Onian

euamu3.bomanrug UTCpaUsJIapHU KUPUTAMH3 BA HATHXKa OJIaMU3.

K X1 X2 €

1 0.797222 0.625000 0.227778
2 0.787013 0.617188 0.018021
3 0.786315 0.618134 0.001644
4 0.786166 0.618022 0.000261
[ynaait kKuauod

& ] [0.786166
o {gj - [0.618022}
JeHuIn MyMKUH.Y CyTHUHT nactypunu 1.9 maparpadaaru HbeloTOH yCyTuHUHT
JACTypuJaH XOCWJIa HIITHUPOK OTraH YCTYHJapHH OOLUIaHFUY HYKTajaa
XUCOOJTaHUIIN/IaH OJIUII MyMKHUH. [[acTypHUHT Y31 XaM KyinJia KeITUPHUITaH.
Mmucoan 2. Utepanus yCymMHHUHT TagOWKH cudartuaa KyWnaaru HOUM3HUK
onnuit nuddepeHnnan TeHriIaMa yayH yerapa MacajaHu KapaiMus:
u"= f(x,u),u(@=Aub)=B
[a,b] xecMaHum a<x, < x <..< X, < b HyKrajgap Tymiamu Ounan Oyiub Typ
ACAaUMM3. by HyKTajlapaa TEHIJIAMaHU €3aMu3:
u"(x; )=f(x; ,u(x;)),u(x,)=Au(x, )=B. u"=f(x,u) XOCHJIaHM WKKHHYHM TapTHUOIN
YEeKJIM alupMali XoCcuiia OMIaH aiMalITUPAMU3:
U"(%) = (U(%1) -2 U(%,) + U(x,))/h® +h? u(d) (c)/24= Au(x )+O(h?).
U7(%) = (U(X1) -2 U(%.) + U(%,))/h? +h? u® (c)/24= f (x,U(x))
Yekcns kuunk Mukaop O(h?) mu Tanuiab 60pub Kylugaru 4ekim
allpMaJi cxemara Kejlamus!

L -2u +
u, =Au, =B e

h—‘2u‘+1=f(xi,ui),i=1,...,n,
by epma Ui wmwukmop U(Xj) eYUMHHMHT TakpuOuid kuitmatu. KypuHuo
TYpuOAUKY Oy HOUM3HMK CUCTEMA, YHH HMTEPAIUsl YCYJId OWJIaH €UMIN MyMKHH:
ul® =Au? =B, Y -2u" + ul)/h? = f(x,u®),i=1..,n

By cucrema xap OMp K yY4yH [POrOHKa yCyld  OwuiaH
eumnaau,ureparysiap | u®i- u*vi|< e 6yaryHya 1aBom STTHPHIAIN.

4. MathCADpaa wrepanusi yCyJHHUHT JACTYpPH.

MathCAD nactypuna HOYM3UK TEHIJIaMallap CUCTEMACHHU TaKpUOUit
€UMIll YUyH CTaHAApT WUYKK (QyHKLIMsUIap MaBxKy, yiuap given ..find 610kw,
Minimize (f(x),x) nuku GyHKuscu. Mucon cudaruaa ymly cucreMaiapHi
omamu3: f (x,%,)=x"+x5=1, f,(x,%)=%x"—x%, =0,

1) given ..find Gnoku

42



Bownanauy umepayusnu 6epuw x=1y=0 (x=-1 y:=0)
Tenenamanapuu 6epuwi( bapobdap uyzon) Given x*+y* =1 x>~y =0
Hnousnu yzeapyeuuea bepuuu r:=Find(X,y)

Hnousnu uuxapuw r' =[0.7861 0.6181] (r' =[-0.7861 0.6181])

Nrepanys yCyauHU TAlIKWI 3TYBYH Kapa&HIIap Ty3aMM3.

2) Urepanus ycynu. x, +0.5c0sX, =1sin(x, +1)—X, =1.2 CHCTEMaH! KapaiMus.

Ureparus GpyHkumsiciHu 6epuii g(x) =[1-0.5*cos(x,) sin(x, +1) —1.2]T
Bonutanruy uteparus HU Oepwuii x* :=[04 05] x* =[-06 -0.1]
Wrepanusiiapau XxucoOaan Ba YUKAPUIILL k:=0.5 x™* =g(x™)

O 4 0.562 0.515 0.510 0.511 0.511 —0.6 0.502 0.655 0.510 0.510 0.510
0.5 -0.215 -0.20 —0.202 -0.219 -0.219 —0.1 -0.811 -0.202 -0.203 —0.202 —0.202

Ha3zapwuii caBoJsiap Ba TONIIHUPHK,.
1. f,=ax, +bsin(x,)=d,,f,=ccos(x,)+d-In(1+x*)=d, CUCTEMaHU ATepaLus
YCYJIMHHU KyJUIall YU4yH KyJiall KYpUHUILITA KEJITUPUHT.
2. f =sin(x,+a)+bx,=d,,f,=cx, +dcos(x,+e)=d, cucTeMaHu UTepalus yCyJIuHH
KyJUIall y4yH KyJal KYpUHHILNTa KEJITHPHHT.
3. f =ax +bsin(x, +c)=d,, f, =cos(x, +€)+dx, =d, cuUcCTeMaHu uTepaIus
YCYJIMHHU KyJUlall y4yH KyJlal KYpUHUILITa KEITUPHUHL.
4. f,=tg(x, +a)+bx, =d,, f, =cx +cos(x) +dsin(x, +e) =d, CHUCTEMaHU
UTEpalyrs YCYJIUHU KyJUlall YUyH KyJal KYpUHHIITA KEJITUPHHT.
f,=sin(x, +a)+bx, =d,, f, =cx +dsin(x, +€) =d, cucTeMaHu UTepanus
YCYJIMHHU KyJUIall YU4yH KyJlail KYpUHUILITA KEITUPUHT.
MyHnapuxara

1.9. HOUM3UK CUCTEMA YY4YH HBIOTOH-KAHTOPOBHUY YCYJIN

Acocuit mywynuanap: Houusux cucmema yuyn Hovromon -Kaumoposuu
umepayus ycyu.
Hbvromon -Kanmopoeuu umepayus ycyrunune aKUHAQUIULL WADMU.
Acocuit namudicanap:
1.Houuszux cucmema: f,(x) = f.(x,...x)=0,i=1..,n< f(x)=0,f :R" > R"
2.Hviomon- Kaumoposuu ycynu:

X = XOD [ (DN (D) | £x < gl XY, g=Mr2m,
3. Hetomou- Kaunmopoeuu ycyrunune MathCAD oa dacmypu.

1. Houn3uk cucrema
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Y0y HOUM3UK TeHJIaManap cucTeMacu Oepuiran OYJICHH.

f,(X;,....%,)=0
.......... (1)
f, (X%, )=0
by cucremanu R" - n - ynuoBiu EBkinp ¢a30CMHUHT BEKTOpIapH Ba
f=[f,,....f 1:—>R" BekTop QyHKIUSA KUPUTUO OUTTA BEKTOp TEHrIama
f(x)=0 (2)
KYypuHUIIKAa €3u0  ONUII  MYMKHH. YHUHT eUMMUHU & 1ed

oenrunaiimu3.Bektop GyHKusSHN ¢ eduMHUHT Oupop G aTtpoduaa UKKU MapTa
y3JIyKCH3 Xocuiiara ara ned dapa3s xkuinamus, spHH: f (X) € C*(G) .

busra mabaymku, f'(x) SxkoOum MaTpuiiack - UKKHA YIYOBIM MAaCCHB,
f "(x) - 'eccuaH - y4 yJI4OBJIM MacCuB, S’IbHU

') =[o, f. (], £ (x) =[9;0; f, ()]

Oy epma o, f (x)=0cf (X)/0%, 0,0,f (x)=0,f (X)/ oxox,. PaBmanku, f'(x)y -
BeKTOp, f" (X)*y - Marpuma, f" (X)*y*z - BEKTOD.

[f' (X)]" SIxoOu MaTpuIiacura TeCKapu MaTpulia OYJICHH. N =2 y4yH

[f /(X)]—l _ {au a, }_l =l{a22 A, }: |:alf1 azfl ]l =l{82f2 _82f1:|’
Ay D —8y ay alfz a21:2 D _ale alfl

6y epﬂa D = alla'22 _a21a12 :al fl (X) a2 f2 (X) - al f2 (X) a2 fl(X) '

2.Hoioron-KanropoBuu ycyau. @apaz kwmaiaunk  x* P k=12,...,
Tormwiras 6yncun, x* nu Tonainuk. Bynunr yayn & =x“+h®Y ne6 omu6 h*D
Ty3aTUIIHM Tomamu3. bynunr yuyn  f(&) wm x*P arpoduma Teiimop
dbopmyrnacu 6yiinya €3aMus:
F(£ )=0=F(x*D +hD )=f(x <))+ £+ (x<9 )t +0,5 () [ (4)
Arap [n“?| gexcus kuumk mukgop Oyica, (9.4) ma OXHPrM XaJ XaM UYEKCH3
KHYAK MHKAOp Oymaan. Yeu Ttanuiab  ro6opub h*® ra mumcbaran ymoy
TAKpUOUN TEHTJIMKHUA XOCHJI KHJIAMU3:
0=f(&)=Fx D)+ FOXD)hD ~ 0 (5)
By epman h*Y (5)uu uwan tomonuHu 0 Ta alIaHTHPYBYH BEKTOp €0
KaOyJ KuJicak ymly Ty3aTMaHH TOIIAMU3:
[fEIND =—f ("), hOD = f D) F(xY). (6),
Tyzatmanu & =xP+h*? udonara kysmu3 Ba yuody GpopmysaHu TOAMK3:
Er X0 = XKD L 0Dy D [ (DY f (x DY
X = X0 [ (xEDYI (xOD) (7)
(7) renrnmuk Hproton-KanTopoBrnu  ycynu nednnagu. DHIW n=2 y4yH
KyHuJaaru MyHocadaTiapHu TOIaMHU3:

k+1 K K K K K
|:Xl( ) }:I: Xl() }_il: azfz(xl()’xz()) 'azfl(xl()’xz())
k+1 K K K K K
Xz( ) X, © Dk 'alfz (Xl( )’Xz( )) alfl(xl( )vxz( ))

by dopmynanu axpaTub Xxam €3uIl MyMKHUH.

(8)
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D | f,x,%, x,%¥) 8,f,(x¥, x,%)
Xz(k+1) le(k) _i|: of (Xl(k)’ Xz(k)) f, (Xl(k)’ Xz(k)) :| )
D oif, (Xl(k)7 Xz(k)) f, (Xl(k), xz(k))
Oy epaa D, = D(x®, x,%) = det([ f'(x*, x,'7]).
Oumm r® = £-x“ um Gaxonaiimus. bynna h® = x® -x"D Illynunr yayn
rt =@ -h 9 (5) nan Tonamus.
fO (X(k—l))h(k—l) — _f(X(k-l) ), Exu O (X(k-l))(x(k) - X(k-l)) — _f(X(k—l))’
bynu (4) ra Kysmus:
f(§ ):f(x(k-l) +h (k—1))=f(x(k-l) )+f v(x(k—l) )r(k-l) +0,5f " (C) [l‘(k'l) ]2 _
=F '(x*D)[r*? -n*D71+0,5F " (C)[r*V P ==F @ (x*V )r® +0,5F "(c)[r*D =0
by epnan

(9] K () k)
k+1) —y (K 1 f(Xl 1 Xy ) alfl(xl » X5 )
X D=y O _ =
1 1

r® =-0.5[f® x*“NIf ') [r*“ T (20)
Teopema 1. Arap I'eccman HopMa OVyiimua dYerapajlaHraH, sSKoOMaHTa
p p P Yy p
TEeCKapu MaTpulla 4erapajiaHraH, SbHU

IF"Cll <M,, x G
IIF' Ol <1/m,, xe G
oyica
| Ex¥ < allgx I (11)

I &x®ll< Laldll $xPI , g=M/2m, (12)
TEHICU3JIMKJIAp YpPUHIIU OYnaau.

Hcoor. (11) tencmzmuk  (10) man oconrmna kenud uywmkagu (12)
TeHrcu3nuk (11)1an keTMa-KeT KyJjam HaTHXKacuaa KeauO YUKau.

NM3oxnap.Copnanammupuin  Makcaauaa HBIOTOH yCyIMHUHT Kylugaru
MOAU(PUKAIUSIIAPUHU KYPUIII MyMKHH:

1) Xl(k+l) le(k) _ f(xl(k): Xz(k)) 2(k+l)
alfl (Xl(k)’ XZ(k) )

(k) fl (Xl(k) ! Xz(k))

' a11:1 (Xl(k)’ XZ(k) ) ’

®K fz (Xl(k)’ Xz(k)) _ 61f2 (Xl(k)’ Xz(k))(xikﬂ) — Xik))
aZfZ (Xl(k) ! X2(k)) a21:2 (Xl(k) ! X2(k))

By ycymmapHUHT KyJmaWjaurd IIyHAAKd yiaapaa SIkoOw MaTpuIlaCHHUHT
TECKapUCHHHM TOMHIN MmapT sMac. by ycymmapam 6u3 axpananurad HeroToH
ycyiapu 1e6 aiitamus. by ukkana ycyn ymoly kypuHuigara HeroToH yeymnaa

f(l) (X(k-l) )(X(k) _ X(k-l)) — _f(x(k-l) )
[f®(x*?)] ¥puura Kyiiugars TakprOHii MaTpuIagap OJHHUIINIAH KETH0

f2 (Xl(k+l) ! XZ(k) )
aZfZ (Xl(k+l) ! X2(k))

=y K
=X, =

k=12.., (13)

Xl(k+1) —

2) (14)

(k+1) — -
X, =X, k=12,..

YHUKAIU:
of, 0.. 0 of, 0. 0

[FOXN] =] . o |, [FOX)] =

0 0 of of  a,f of

n-'n nn
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OxcniepumenTnap (9.13) ycynnu (9.14) ra Hucbaran ad3asIuruHu
KkypcaTtMokaa. KeinHaru ycysHUHT gactypu x,* HE XpcoOsa
orepaTopuaaruia papk Kuiaam XoJoc.

Mmucoa .9.1. HpioTOH uTepanus yCyJIuHUHT TaAOUKKu cudaTuaa Kyiuaark
HOUM3UWK oanuii nauddepeHiman TeHrlaMa y49yH dYerapa MacajlaHd KapanMus

u"=f(x,u),u(@=Aub) =B [ab] kecManu a<Xx,< X, .. <X,< b HyKTazap
TYy1mIaMu Ouan 6ynuob Typ scaiiMu3. by HykTanapaa TeHTJIaMaHu €3aMu3;
u"(x) = f(x,u(x)),ulx) =Au(x,) =B.

XOCHIIaH! UKKHHYH TAPTHOIIN YEKIIM alipMaJId XOCHIa OMJIaH alIMamITHPaMHU3:
u"(x) = (u(x.) -2 u(x.)+ u(x.,))/h* +h>u® (c)/24=A_u(x )+0O(h?).

Yekcus knuuk MUKAOP O(h?) HU Taruiad 1000pu0 KyiHaaru 4eKkin

allpMalii CXxeMara KeJlaMu3:
u, =Au, =B,
u,-2u + u,/h*>=f(x,u)i=1..,n,

By epna u, MUKAOp u(X ) CYMMHUHT TakpuOuii kuitmatu. Kypunub
TypuOuKu Oy HOUYM3UK CUCTeMa, YHU Y0y HbeloToH uTepaius ycynu OunaH
€YML MYMKHH:
u®, =Au® =B

U9, -2+ 07, (x, WD) U, + u®, )70 = £, utD) -, (x,u%Y) =i =10,

Oxupru MyHocabaT Kyiinaaruya TOMHIIIN:
f (Xi ' ui(k)) = f(xi!ui(khl) U - ui(khl)) = f(xi!ui(k-l)) + fu (Xi ' ui(k-l))( ui(k) - ui(khl)) +0(] Ui - ui(k-l) |2)
by udona rokopuaaru TeHrIIaMaHUHT YHT TOMOHHUTA KyWHaau Ba
TypyXJalTUPUIIATH. (Uexcu3 KWYMK MUKAOP Taluiad xo0opuiaam.)
By cucrema xap Oup K ydyH MpOrOHKa YyCylud OWJaH €4HIIaJH,
uTepanusap ‘u(k)i —~ u(k‘l)i‘ < ¢ OYnryHYa JaBOM DTTHPHUIIA]IH.

9.3. HbI0TOH yCYJIMHUHT JACTYPH.

1) HpI0TOH HTepamus yeyau: X% =x™ —(J(x™*) ™" f(x™).

Unoexcnune bownaneuy Kuumamu ORIGIN =1
Umepayusnosuu (pynxyuanapuu bepuu g(¥)" =[x’ +%" =1x*-x=0]
2 2
Arobu mampuyacunu Kypuu J(X) = {22 Xj
Bownanzuy umepayusinu 6epuw x> =[-1 0] (x*=[1 0])

Hbotomon umepayusaapunu Kypuut k:=0.5 x™** =x* —(J(x*)* f (x™*)
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_ {—1—1—0.833—0.788—0.786—0.786} ‘= |:1 10.8333 0.7881 0.7861 0.7861}
0 1 0.667 0.619 0.618 0.618 010.6667 0.6190 0.6180 0.6180
Xosupuya popmyna x** = x> —(J(x*)) " f (x™*) dakar MathCAD na
UILLIAsIITH.
2) Munnmvmszamus yeyan. f(x):=(x +x; —1)%+(x, —x’)> — min MacajgaHu

Kapaiimus. PaBmanku, Minimize f(x)=0, spau f(x)=0. lyHUHT y4yH, TOIAaMM3:

Bownanzuy kuiimam x=-1%:=0 (x:=1x:=0)
Maxcao ¢ynrkyus f(X) =[x+ %> =1 +[x° =%, ]
Huku pynxyusea mypoorcaam s = Minimize(f,x,X,)
Hamuorcanap s' =(-0.786 0.618) (

r’ =(0.787 0.618) )

3) Minner nuku GyHKIUsICHAaH GHOWTATAHHUIIT

Bowwnanzuy kuiimam x =-1%:=0 (x:=1x:=0)
FBnoxbowu Given x*+Xx,”—-1=0,x"-x, =0
Huku pynxyusea mypoorcaam s = Mineer(x,, X,)
Hamuorcanap r" =(0.787 0.618)

(s" =(-0.786 0.618))

Ha3zapwuii caBoJsiap Ba TONMHUPUKIAP.

1. f,=ax,+bsin(x,)=d,f,=ccos(x,)+d-In(1+x*)=d,  cucremacunu HpIOTOH
YCYJIMHM KYJUIAlll Y9yH KyJIail KYPUHUIITA KEITUPUHT.

2. f, =sin(x, +a)+bx,=d,,f,=cx, +dcos(x, +e)=d, cucreMacunu Hpl0TOH yCyanHM
KyJUIall y4yH KyJlal KYpUHHINTa KEJITUPUHT.

3. f,=ax +bsin(x, +c)=d,, f, =cos(x, +e)+dx, =d, cucremacunun HproTOH
YCYJIMHHU KyJUlall Y4yH KyJlail KYpUHUILTA KEJITUPUHT.

4. f, =tg(x, +a)+bx, =d,, f, =cx +cos(x)+dsin(x, +e)=d,  cucTeMacuHu
HpBI0TOH yCynuHHM KyJTal y4yH KyJlad KYpUHHUIITA KEITUPUHT.

5. f,=sin(x +a)+bx, =d,, f, =cx +dsin(x, +e) =d, cuctremacuHu Hproron

YCYJIMHHU KyJUlall YY4yH KyJlaldl KypUHUILTa KEITUPUHT. MyHaapuxara
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1.10. HLIOTOH UHTEPIIOJIALIMSA KYIIXAIU

Acocuit  mywynuanap: Humepnonayus macaiacu, Kynxaoiap  Ouniau
UHmMepnoaAYuUsANaw, OYIUHeAH auupmanap 6a yiapuuue xoccanapu, Heromon
UHMEPNOAAYUS. KYNXaou, YCYIHUHS OACMYPU.
Acocuii namusrcanap:
1.Aumepnonsayusa macanacu: F(x)=y,, i=01..,n,FXx)=".
2.Kynxao bunan unmepnonayusnaw: P, (x) =y, i=01..,n,P (x)=".
3.bynunean atiupmanap:
FIX% -0 X I = (F[Xgs s X o X 1= F[%oseos Xt D /(X - X p), K 21

4. Horomon unmepnonsayus gpopmynacu:

N, (F30) = (%) + F DXy X T0K- %) et F DX X, JOX ) (XX,

N, (f;x) = f(x,)+hf[x), xJt+...4+h" F[xg,..., X, Jt(t-D)...(t -n+1), x =%, +th.

5. Hotomon unmepnonsayus kynxaounuMathCAD oa Kypuw oacmypu.

1. MaTepnossinmsi Macajacu
[a,b] kecMagaH oaMHraH a=Xx, <..<x =b HyKTamapga Oupop y= f(x)
GyHKkuustHUHT Y, =f(X.), i=0,1,..,n KukMarinapuna Oepwiran OYJCHH. Y = f(x)
GYHKIUSHUHT X, i =0,1,.,n HyKTajapaaH (apkiau OynraH X HyKTajga, SbHU
X#X,1=01.,n KUMMATHUHU TONHUII Tajiad dTHIIAIU.
Arap y=f(x) QYHKIUSHUHT AaHAIUTUK KYPUHUIIUA MabiIyM Oyica, Oy
uimHN ~ Oaxkapumn  MyMmkuH. Jlekun Oy epna, Oy xucobmamiga arap f(x)

GYHKUMSIHUHT aHAMUTHK Mdoaacu xucoOmamira sSipokiau OyiicaruHa Oaxkapuil
MyMKUH. Arap f(x)  QYHKIUSHUHT aHAJIUTUK UoJachu Mypakkad(macalaH,
uHTerpan OwiaH udonananrad €KW OIIKOpMAac KYpUHUIIA OepuwiraH) €Ku
dakar {(x, f(x)), i=0,1..,n} xkanBanruHa Oepwiran Oyica, Oy XHCOOJAUIHU
Oa)xapuil MyMKHH 5Mac.

byHnnaii IapOUT/IA Kylnaarnya 50001 KUJIMHAIN:
{(x%, f(x)), i=01..,n} xagBan Oyiinua f(x) ¢yHKUUATa SKUH OyiraH Oupop
F(x) dynkmus xypuiamgu Ba f(x)~F(x)ne6 xadyn kunuHamu. by macamanm
f (x) pynkuusan F(x) QyHKIMsS OUlaH SKMHJIAIITHPUIN Macajlacu JeHuiaiu.

by MacanmaHuwHr KjaccMK e4MMH KyHuAaruda xXan KWiuHagu: F(X)
bynkus x=x, i=0,1.,n, HyKramapga f(x) Ouman ycTtMa-ycT Tymamud 1ed
KaOyJ1 KWJIMHAH, STbHU

F(x)=f(x),i=01.,n (1)
SAxunnamyBun ¢yaknus F(x) HE (1.10.1) mapTt acocuma TOIHIITHU
UHTEPIOISALUS Macajmacu Jeuunaan. F(x) QYHKIUSHA WHTEPHOJSAINS

dopmynacu, X,,.,X, HYKTQJIapHU MHTEPHOJSALMS HyKTasapu aeimnagu. (1)

n
IaPTHU UHTEPNOJSILUS [APTIIAPH TEUHIIAIN.
F(x) GyHKIUSHU Aapakalu KYmxaj, TPUTOHOMETPUK KYTXal, parroHal

byHKuMs, criaitH-QYyHKIMS KYPUHULIAA OJIUII MYMKHH.
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(1) ypuura
FOx)=f9(x), i=04..,n; j=01.,k (2)

Xocun 6ynran hopmyna IpMUAT UHTEPIOSAINAS KYTIXaau JCHIIAIN.

2. Kynxaa OuyiaH MHTEPHOISALMAIALL .
F(X) (QYHKIUSHHA KYTIXas

F(X) =P (x)=a, +aX+..+a X" :i a;x!
=0

KYpUHHILAA U3anmMu3. P (x)=Y, i=0,1..,n 1e0 Tanad Kuaub ymoy YM3UKIU
TEHIJIaMaJIap CUCTEMacura KeJlaMus.

iajxij = f(x), i=01..,n (3)

By cucremanuHr nerepMuHaHTH anredpanaH MabiyM Oynran Banmepmonn
JNETEPMUHAHTUAND:

1 X, Xpo v X"

1 2ox" | o
D=|Xu|: % X = (xj—xi) 0<i<j<n

1 x X2 .. x"

PaBmanku, arap uHTEepnojsuus HyKTanapu xap xwi Oyinca D=0 . Illynmait
Kb 6u3 ymdy Teopemara KeJauk.
Teopema 1. Arap a=x,<x<..<x =b 0yaca P(x)=y, i=01..,n,
mIapTiapH KaHOATJIAHTUPYBUM STOHA MHTEPHOJALMS Kynxaau P, (X) MaBxynd
Amanna P, (x) uatepriossinus  kynxaguHuHr M. .Heroton (1643-1727) Ba
K.JLJlarpamxk (1736-1813) Tonran Kynai KYpUHUIIUTAPU UILTATATIAIM.

3. ByJuHran aiupmaJap.
HproToH nHTEprIONANMs KynxaauHu
N, (f;x)=d, +d,(X-%,)+...+d, (X-%)...(X- X ;)
KYPUHHUILAA U3JIaraH, JIEKUH , adCyCcKH 11y epAaH oomnald y X,,...X, HyKTajgap
Oup-OupuIaH TEHr Y30KIWKIApa koujamran ned (apa3 Kuaud Y3WHUHT
WKKHU XWI (POPMYTIACUHU SPaTAH.
bus sca x,,...,X, HyKTajgap UXTUEpUN KoWalrad Ba gakar x # X;, 1# ],

ne6 dhapas KujiaMus.
Tabpud 1. Ymby mukmopiap
f[XO’Xl]:(f(Xl)_ f(Xo))/(Xi'X 91 f[XO'XﬂXz]:(f[Xo’Xz]' f[Xo,Xl])/(Xz-Xl)
FDX0es X I = (R DX X X 1= DXy Xt D (X - X,)
(5)

f (x) QyHKIUSHUHT 1-,2-,...., K - TapTUONMM OYJIWHTAH altmupManapy ACHIIaIu.
Jlemma 1. f[xy,..,x ], k<n, OyauHran aiiupma ¥y3 aprymeHtTiIapura
HUCOATaH CUMMETPUKINP.
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Ucbor. k ra HMcOaTaH UWHAYKIMS METOAWHU KyJahmui3. k=1 1a
paBumanky, f[x,x]= f[x,%]. OHau k-1 yuyH jemmanu ypuniu ne6 ¢apas
KWIAUIUK. f[X),....,X] A& Xy,..., X, JapHHA €KU X,,...X,, JAPHU HXTUEPUN
anMamTupcak xam f[x,,....x,] y3rapmaigu. Jlemak, ¢axkat x,_, Ownan x,
HU aJMamtupud Kypuul kepak. f[x,,....,.x,] HUHT Tabpupuaan Oy XoJsga xam
y y3rapManiu.

Jlemma 2. f[x,,....,.x,] OYynuHran aiiupma ydyH ymoOy ¢opmyia YpuHIu
]= f[xl""’xk]_ f[XO"""Xk—l] :Zk: f(xi) (6)

k
Xk_xo =0 (Xi_xj)

F[Xgseees X,

i

Ucbot. beBocuTa KypaMusku,

L {5 NN ¢ N £ R 1
Xo =% X=X Y (Xo_x1)(X0'X2) (Xl_xo)(x1'xz) (Xz_Xo)(Xz'X1)

Konranu uHaykuus ycyiu Ouinad HCOOTIIAHUILIA MYMKHH.

(6) OYynuHraH alMpMaJapHUHT KIAcCUK Tabpudu, (5) sca 3aMOHABUM
Tabpudu.(5) TabpudHUHT KyJaWIUTH YHUHT PEKYPEHTJIMTY Ba XUCOOIall YUyH
KyJaiurugaaup.

Jlemma 3. Xap kanmaii k-1 - TapTUONM KYNXagHUHT k - TapTUOIU
OYnMMHTaH alMpMacy HOJIra TEHT.

Ncbor. OcoHrmHa Kypuill MyMKHHKH, V3rapMacHUHT |-TapTuOnu
OYnMHTaH anuupmacuy, YU3UKJIA  (DYHKIUSHUHT 2-TapTUONM  OYJIMHraH
allupmacu Ba XOKa30, k-1 - TapTUOAM KYNXaAHUHT K -TapTHONM OYIMHTaH
aiimpmacu Hoira TeHr (Yxmaruni:K-1-tapTuOnm KYmXagHWHT K -XOCHIIach
HOJITa TEHT).

4.HbI0TOH MHTEPHOJIALMA KYIXAJAHU.

N, (X) HUHT HOMabiayM d., i =0,1,..n, KO3pPULIUEHTIAPUHU UHTEPIOJIALUS

HIapTiaapugaH TOIIaMM3:

Nn(XO) = do = f (Xo): In(xl) = do +d1(X1 - Xo) =f (Xl) ==> d1 = f[Xo’ Xl]

N, (X)) =dy+d, (X, - %)) +d, (X, - X )(X, - %) = T (X,) =>d, = f[X,, X, %,]
Ba X0Ka30, paBLIaHKH, d, = f[x,,x,... X, ], k< n
Jlemak, HHTEpIIOIALMSA KyNXaquHUHT HBIOTOH KypHUHUIIN

N, (F1%) = £ (%) + T %] (X %)+t £ [ ooms X, 10K ). (K- X, 1)

makyaa oymaau.

Arap x-x, = .=.X x _0O¥yica =tned (7) ¥ypuwra ymoy

n

(X-%,)
h

dbopMynIaHu XOCHJT KUJIaMU3:
N, (f;x)=f(x)+hf[x,xJt+...+h" f[x,,...x Jt(t-1)...(t-n+1), X=X, +th

5. Hb10TOH HHTEpPNOISIUsS KYNXaAUHA KyPHUII JaCTYyPH.

MathCAD olinacuaa Kyiujgara KOMaHaaJlapHd TepaMu3:
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Tyayn nygkmanap, ¢ynkyus n=4 f(t)=x*sin(t) a:=0 b:=4h:=(b—-a)/n
Hnmepnonayusa wapmaapu I=0.n x=a+ihy, =f(x)

Kutivamaap x:=[0 1 2 3 4] y=[0 08415 1.8186 04234 -3.0272[

k [
bynunean aunupmanap k=0.n a,="f(x,) a = ZyiHif (i = J,L1/(x —x;))

i=0 j=0

n i-1
Hbviomon kynxaou Nn(t) =a,+ > a][t-x,)

i=L  j=0
Hamuorcanap Nn(2.3) =1.6893 Nn(2) =1.8186 Nn(3) =0.4234

HaTtuxa anropuTMHHUHT TYFPU UIUIAETTaHUHU KYPCAaTMOK/A.

Ha3zapuii caBoJss1ap Ba TONMIHPUKIAP.

WuTepnossinns Macanacu HuMa?
AneOpauk UHTEPIOSAIUS HUMa?

bynuHran ainpmaiap Hama?

HproTOH KynxXaauHu €3uHT.

Hp10TOH KyTIXaIUuHU KOJAUFA HUMAara TEHT.

o0 E

MyHaapukara

1.11. JATPAHXK HTHTEPHOJIAIUA KYIIXA A

Acocuni  mywynuanap: Jlacpanxc unmepnonsyus —Kynxaou, Jlaepanc
UHMeEPNoNAYUs. KYNXaounune Koaouzu, Jlazpanoic unmepnonsiyus KynxaouHuHe
oacmypu, Hviomon ummepnonayus  Kynxaounume  Koaoueu, Heromon
UHMEPNONAYUS KYNXAOUHUHE OACMYPU.
Acocuit namuorcanap:
1. Jlacpanoic unmepnonsayus Kynxaou:
n
Ln(f;x):ZO: f(xi)li(x)lli(x):l—[
i

J#i Xi j

X-XJ—
-X.

2. Jlazpamorc unmepnonsayus 0acmypuHune 0acmypu.
3. Uumepnonayus KynxaouHuHe KOJIOUU:

RY(F;x) = F[Xgeee X, XI(X=Xg)en (X=X, )y @0, (X) = (X = %,) o (X- X))
1
RY(fx) = f (n+1) .
2 (F:%) D (&) o,(x)
4.Jlacpansc unmepnonsyus kynxaounuMathCAD oa kypuw oacmypu.

1. JIarpaH:K MHTEPNOJALMSA KYIIXaJUHA
L (7550 = 1061 0 + T 0L 0+ 4+ 061, (%) 1)
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KYPUHHUIIIA U303, Oy epaa |, (x) map n-gapaxanu Kynxazn 0yian0
() =06,,8, =Li=, & =0,i=],
HIApTIapHU KaHOATIaHTUpaau. PaBiiaHkw,
Ii (X) =G (X - Xo)(x - Xi-l)(x - Xi+1)"'(X - Xn)
Oymuiu kepak Ba C, ko3ppumueHt | (x) =1 mapTaaH TONWINIIN Kepak. Jlemak,

G :1/[(Xi 'Xo)---(xi _Xi-l)(Xi 'Xi+1)---(Xi 'Xn)] , () = H :-_))((J ,1=01..,n (2)

jEi N j

n

Ln(f;x):ZO: () (%) (3)
TEHI y30KJIMK/A XKOWIALlraH HyKTajap y4yH
I.(x)=(-1)”"w i=0,1..,n, x=X, +th 4)
' in-i)r T
bopmynanu (2) 1aH OCOHTMHA OJMII  MyMKHUH. MHTepnonsuus kynxaau
SATOHAJIUTUJIaH, L, (f;x) =N, (f;x).

2. JlarpaH:K yCyJMHMHI JACTypH.

n n X—X.
Jlarpanx HHTEPHOJSIIAS KYyIIXaIU: Ln(x):Zf(xi)Ii(x),li(x)z H " xj :
i=0 j=0,j=i N T A

MathCAD olinacuna Kyiugaru KoMmaHaajgaapHu TepaMus:
Tyeyn nykmanap, ¢yHxyus n=4 f(x)=x*sin(x) a:=0 b:=4 h:=(b—a)/n
Hnmepnonayusa wapmaapu i1:=0.n vx, :=a+ih vy, = f (vx.)
Kuiimamaap vx:=[0 1 2 3 4] w=[0 08415 18186 04234 -3.0272]

Hnoexcnapnune yseapuwi coxacu i=0.n j=0.n

Jlaeparowc unmepnonayus kynxaou Ln(x):= ZvyiHif (i =J,L (X =vx;) /(vx; —=VX;))

i=0 j=0
Kutimamnap Ln(2.3)=1.689 f(2.3)=1.715 Ln(1) =0.841 Ln(2) =1.8186

Hatwxa nactypHu TYFpWINTMHA KypcaTamMus.

3. UuTepnosinus KYyNXaJuHUHT KOJJIUFHU.
RI(F;x)=f(X)-N,(f;x),R:(f;x)=f(X)-L,(f;%),RN(f;x) =R (f;x) =R (f;X)
MHTEPHOJSAUMS KYTIXaIUHUHT KOJUFH einnaan. PaBiiankuy, MKkaia X0 yayH
R (f;x)=0, x=x, i=01..,n
R, (f;X) HUHI KYPUHUILIUHU UKKHU YCYJI1a TOIAMU3:
Oynuuran aitmpmanap (10.5) épmammuna Ba f(X) (QYHKUUSHUHT XOCHJIACU
épnamuaa. (10.5) naru f[x,,x],x = X,, Tabpudunan

f(x) = (%) + f[X,X] (X-%) (5)
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dbopmynanu Tomamu3. Y  Ousra  JlarpaHwKHMHI — Y€KJIM OPTTHpMaliap
(dopMynacuHu 3cnaTaay Ba OU3 yayH QYHKIUSHU X,,..,X, HyKTajmap atpoduia
EUUI y4YYyH KaJIUT dbopmynanu Oepanu. f[x,,x,,X],X # X,,X, HUHT
TabpuduIaH
F0%, XTI = 1% X I+ F[%, %, XI(X - %)
dbopmynanu xocui Kuitamus. by popmynanu (5) ra kyiicak
FOO = F00) + FIx, %] (x-%5) + FIx5,%, XJ(X-%,)(X- X)) (6)
dbopmynaHu XOCHJI KuilamMu3. by uimHmn
f[X%, %, X], X# %, 1=0,1,....k JapHH Oapuacu ydyH OaxapuO, KeTMa-KeT
VpHUra KyHunuiapHu oaxapcak KyWuaarujiapHd XOCUI KUJIaMH3:
FO) = T0%)+ X XI(X-%0) = F(%) + [0, X J(X= %) + F[X0, %, X](X - %) (X - %) =
= f(Xo)+ f[)(01)(1]()(')( )+t f[xo' g n](X X ) (x- an)+
+ X%, X](X-Xo)-.(x-%x.)=N_(f;x)+ R (f;x)

)nv

by epna
N (f;x)= f(xo)+zn: f (X X J(X=%0) o (X=X y) (7)
Ry (F5%) = F[Xgyeees X XI(X = %) -oo(X - X,) (8)

Jemak, 6u3 ymlOy HaTH>KaHU OJIJIHK.
Teopema 1. Arap f(x)[a,b] ma y3aykcus Oyica
f(x)=N,(f;x)+RY(f;%)
ENniMa YpUHIH.

PaBmanku, N,(f;x)-Hproron VHTEPIOIALMA Kynxaiu,
RY(f;x)=f(x)-N (f;x) yaunr kommmru. DHmum f(x) ¢yHKIUA [a,b]kecmana
(n+1) Ta y3IyKcH3 XOCWiara sra (QyHKOusuiap Tyramu C''[a,b] ra kupamu
ne6 1-TeopeManu KydauTupamus.

Teopema 2. Arap f(x) eC"'[a,b] OVyinca xap Oup xe [a,b] ydyH
E=¢&(X) HyKTa MaBXyIKH,

R0 = T 00, @) =(x0x)-0x-x,) 9)
TEHTJINK YPUHIIH.
Hcobor. RE(f;x) = f(X)-L,(f;X) = Aw, (x) 1e6 oramu3. PaBmanku,
A f(x)— L, (f,x)

@, (X)
7e0 OJUIIT MyMKHH..
A HuHr OyHnmai kuimMatujga u(t) QyHKOUsS n+2 Ta HyKTajgapia
Xy, X3 X, X g0 X, @ 0 ra aillaHagu, SbHA N+ 2 Ta WIAKU3TA Ara OyIaau.
[%: % s eeens X%, X1, [X %01, o [X,0,%,] KecMasapra Pomis  TeopemacuHu
KyJ1a0
u'(x) dbyHKUMs n+1 Ta WIAKU3TA,
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u"(x) (yHKIHUS n Ta WIAU3TA,

u™(x) dbyaknus 1 Ta wiausra
ora jierad xyiaocara kenamu3. @apas kumainuk &= £(x) Hykraga u™(£)=0
oyncun. JIexkun,u™ (t) = f ™ (t) - A(n+1)! dKaHIUTHIAH
u™ (e = F(E)-AN+1)!=0 SbHU
_ ")
~ (n+D)!
Mynnait kuanbd
Fo9E)
RE(F;x)=f(X)-L,(f; x)_ D! (X=Xg)-.(X=X,) (10)
X HUHT UXTUEPUATIUTHIAH FOKOpUIATd TCHIJIMK O0apya X e [a,b] jmap yuyH
VPHHIIM SKAHJIUTH KeIUO ynuKaau. Arap
M, = max{] f (x)‘, x e [a,b]}
necak, (11.16) nan ymly TEHTCHU3IMKHU XOCHJI KUJIaMU3:

M
RE(FiX) |8 —2L | x— X, X —X
IR, (f;x)[|< s 1)|| l...] ol

Xyaoca 1.Arap f(x) €C*[a,b] Oyica myHmai &= £(X)) HyKTa MaBKyIKd
f(k+1)
Xy, X ]= kl(g‘) (X—=%)--(X—=%,)

2. (k -1)-tapTudmu kynxagauHar K-tapTubiam 6ynuaran aitupmacu O ra TeHr.
Ha3zapuii caBosjiap Ba TONLMPUKIAP

JlarpanHUHT 6a3uC Kymxaamapu HuUMa?

Jlarpanx Ba HpIOTOH KyIIXajapy TEHT 3KaHJIUTUHU KypCATHHL.

Jlarpanx Ba HproTOH KyTnixamiapunu dhapkIapyuHu Al THHT.

Jlarpan KynxaJavHU €3UHT.

Jlarpanx KynxaJuHUHT KOJAWFU HUMAra TeHr?

o0 E

MyHaapukara

1.12. CINTAWHJIAP BWJIAH UHTEPIOJISIIIUSITALLL

Acocuit mywynuanap: CniatiHiapuune mavpuiapu, YU3UKIU UHMepnoasyus
CNIIAUHU 84 YHUHE KOJLOURU,KYOUK UHMEPNOAAYUS CHIAUHU 64 YHUHE AHUKIOGYU
MeH2NAMANap CUcmemacu.

Acocuit namudicanap:

1.Cnaatinnapuune mavpugu:

s(x) eCp_k[a,b], 1<k <p; s*“P(x)=0,x <x <x.,;s(x)=f(x),i=0,..,n.
2. Kybux unmepnonsayus cniainu:
S(f;x)= M; (X.+1 ) n Mi+l(x_xi)3 +(fi _Mi_r]iz)u+(fi+l _ Mi+1hi2) X =X ’
6h, 6h, 6 h 6 h,
2M, + M, =d;, M, +2M, + BM,,, =d,, 1=12,..,n-1 ,0, M, +2M, =d,
3. Kyoux cnnatinnu MathCAD oa xypuw oacmypu.
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1. CnnaiiHJIapHUHT TabpUpu

[a,b]kecMa a=x, <X <..<X, =Db HyKramap
Owtan Oynmakiapra OynuHTaH OYJICHMH. p>1 HaTypal COH OVIICHH.

Tabvpud 1. [a,b] na aHukIaHran aapaxanu k- gedekTim craiiH aeo
y0y MapTIapHd KaHOATIAHTUPYBYM (QYHKIMATA aUTHIIA]INU:

1)s(x)ecP Kab], 1<k<p:
2) S(X) = a, +a, (X=X ) +..ta,(X—%) % <X< X,
K -mapaxanu kynxan, seHH s (x)=0,x <X <X,

Tabpud 2. Arap s(x)=f(x), i=01..n Oynca s(x) cmiaitH f(x) HH
MHTEPHOJSINUIIANAN JEUIIIaIn Ba Kyuuaaruda €3unann: s(f,x)

Arap p=2m-1, m >1, k=1,... O6yica cIjlaliH TOK Japakajld OJIUN CIUIaitH
nevunanu. byHaa CIUIAlHHUHT — SpKUHIMK JapaxkacuHu (kosdduiieHtaap
COHUHM) aHUKJIANIIHK.

Xap oup kecma [x; x.,]aa s(f;x) 2m-1 - gapaxkanu Kynxana, SbHA A =2mn
ta kKodhdummentra sra. by kosddummentnapra Kyilmparu OOFIaHUIILIAP
KYHUITaH:

a) mukd n-1 T1a  (X,..%,) HyKramapma S,S'.,S®™?  xocumanap
y3IyKCcHu3, SBHU (n-1)(2m-1) Ta mapt 60p;

0) (n+1) Ta uHrepmomsauus S(f;x)=f(x), i=01..,n maptiap Oop,
abHU B=n+1+(n-1)(2m-1) Ta maptiaap 6op. Papk A-B=2m-2 ra teHr. by
€TUIIIMaraH mapTiap yerapa mapriap cudaruaa Oepuaiu.

1-typ uerapa maptu: f P (x,), f P (x,), 1< j< m-1 map OepuiraH, sbHH
(ynmapHUHT COHU A-B=2m-2 ra TeHr.)
SO (f;t)=f!(t), t=a éxu t=b j=1,...m-1.

2-Typ 4erapa ImaprT: f D(x), f P(x), m<j< 2m-2, nmap Gepuiras,
AbHU(YJIAPHUHT COHU A-B =2m—2 ra TEeHr.)

SOFD="f O (t), t=a éxu t=b,j=m,...,2m-2

2'-Typ uerapa mapt: (@), fP(b) xocwmamap 6epunmaran.  [lyHuHr
yayn S (f;t)=0, t=a éxu t=b, j=m,..., 2m-2 , (YJIapHUHT COHU A-B =2m—2 ra TEHT.)
neb KaOyn KuiiMHaau. 2'- Typ 4yerapa mapTt TaOuui Jednsiaiu.

JlaBpuii yerapa mapT. Arap UHTEPHOJISIUS KWIMHYBYM (PYHKIIUS TaBpUid
oynca CILIaliH XaMm JaBpum Oyumu kepak.[lyHuHr Y4YyH
SO(f;t)=fi(t),j=1..,2m-2 , 1eb Tamad KWIMHAIMN.

Mucoa 1. Uusukiu HMHTEpHONALMS cCIlaiHd. (m=1). PaBmanku, xap
oup [x,x,,] opanmukaa S(f;x)=a +b(x-x) 0ymuo, a,b kosdPunmentaap
UHTEpHOans mapriaapaad tomwiaagd: S(f;x)= f(x), S(f;x )= f(x
yayn a = f(x), b = f[x, %] h=x,-% Zecax,

SEX)=F0X, ) +HX-X )X Xy, I X < X< X
oynanu. PaBmanku, YM3UKIN CIUTAMH KOJIJIUFU

) LIYHWHT

i+1

i+1?
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R(0 = 109-5(10 = 2 (x-x)(x-1,.), (1)

xap oup [x,X,] YUYH aJoXuJa OJIMHAIH.
(1) dopmyma (11.16) nan kenud YuKaH.

Mmucoa 2. [IlapaGonuk criaiH. [a,b] KECMaHH a=X, <X <..<X, =b
HyKTajap 6unas 2n Oynakka 0ymamus.[x,, X, 1,[%,, X, 1, [%, - 2,%,,] KecManapna 2-
Jlapa)kanyd UHTEPIIONALNS KYIIXalHu KypuO ymoly QyHKUMSIHHU aHUKIAHMU3:

S(f;X):{ FOG) + T4 X, JO0= %) + F I, X0 X, JO= X)) (X = X%,,), 2)
Xel[x,x,,1=0,2,..,2n-2.
VYuu napabonuk crutaitd ne6 ataiimus. Konnuk xanm Kyhugaruda 0ymamu:

R(f;x)=f(xX)=S(f;x) =%(x—xi)(x—xm)(x—xi+2)

2. KyOuk MHTEepnoJsinus CIUIAiHU .
m=2,k=1  1ecax,
S(f;x)=a +b (x—=%)+C(x=%)*+d, (x=% )%, % <X<X,
dbopmyiara sramus.

PaBmanku, S"(x) - YM3UKIM (PYHKIMS, LIYHUHT y9yH S"(x) =M, Jecak

5700 = 85,00 = M, 2L+ M, = x € [ %,0],

dbopmynara kenamus. by epiaH, paBIIaHkw,

3 v )3
S(x) = M; %"' Mi+l%+ a (X, -X)+B(x-%x), h=x,-X,
ABBajo,
S(x)="f(x), S(x,)=f(x,) dKaHIUTrUIaH
fi M h2 |+1 MthZ

“Th e AT e

[ITyHuHr yuyH,
M. (X, —X)® M_,(x—x)° M.h* X —X M. h> X —x
S f,X — i+l i+1 i f _ i i+1 f _ i+1" 0 i 3
( ) 6hl + 6hl +( i 6 ) h +( i+1 6 ) ( )

by epnan 1-xocminanu Tornamus: (3) maH Xi<x<Xj+1 Y4yH

M, (X, - X)° N M., (X-%)? N fi,—f B (Mi,; -Mih
2h 2h h.

S'(f;x)=-

s XisX<Xij+1, (4)

(4) nan Oup TOMOHJIAaMa XOCWUJIAJAPHU  X1i,...,Xn-1 HYKTaJap/ia TONaMu3:

si(fix -0 ="am, +Dam s T sk v =i oM, 4 S
6 3 h 6 ' 3 h

i-1 i
Mapt 6yiinya S', S" map ysnykcu3. S'(f;X) HHUHT Xi,...,Xp.1 HyKTaJapaarua
XOCUJIAJIapHH TEHTJIAIITUPHUO YOy TEHTJIaMadapHU XOCHIT KUJIaMH3:

EMH h +h, M h| Mi+1 _ fi+1_ fi _ fi - fifl ,i 21,2,._”"]_1’
6 3 6 hy h_,
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€KH

aM., +2M. + M., =d,, i=12,.,n-1 (5)
Oy epaa
a, :L p=1-a = n :
h,+h h,+h
di :6 f[Xi;XHl]_ f[Xi—l;Xi] — 6f[xi_1;xi;xi+1] i
hi-l+hi

KyOuk nntepnossims CrylalHUHU TYIa TONUII y4yH (5) cucremara siHa
2 Ta yerapa mapT KYWHII KEepak.

1-Typ werapa mapt: S'(f;a)=f,", S'(f;b)=""
(4) nan KyluaaruiapHu TOAMU3:

Si(fix+0)=— oMo, i fo My _ g
o 3 h, 6 °
SY(f;x, —O)=—h"*1M”*1 JFEMn +—f” ~ oy _ fl
6 3 h

n-1
[ITynuHr yuyyH derapa mapTiapHUHT KypUHULIIIApU

2M, + M, _8hh £ M, +2M, =2 (f, bty
h " b hy h,y
makiaa Oyinanu, nryHaan Kuimb ous

6 f-f

2M, + M, = —(+—2- 1),

0 1 ho ( ho 0 )

aiMi_l+2Mi+(ZiMi+1=di,i=1,...,n-l, (6)

M., +2M, =2 (f, bty
hO hn—l

cuctemara keiaamus. by cucremanan M. nap Tonwiray KyOMK CIUIaiiH KMMMaTH
(3) bopmyna acocuaa XucOOIaHAIH.
2-Typ 4erapa mapr.
S"(f,a)=M,, S"(f,.b)=M_,
VY xonna pakar (4) eurnianu, Eku
2M, + fM, =d, - 4 M,
oM, +2M, + M., =d.,i=2,..,n-2, (7)
a M, +2M; =d ;- BuM,
Sna, M,,..,M  napnan ¢oitnananu® S(f;x)HuHr kuiimMati (3) ¢popmyna
OwiaH XHUCOOJIaHUIITU MYMKHH.
2'- Typ uerapa mapt. M, =M, =0. by (7) HUHT XyCyCUl XOJIH.

3. Cinaiinjap OMJIaH MHTEPHOJIAIMSAJIAN JACTYPH.
Crunaiinnap Ownnan uHTepnomsuusaan: s (X) = f(x)+ fx, X, J(X—%), X <X<x, .

Mi(xi+l_t)3+Mi+l(t_Xi)3 M;h? Xt M hY =X

S f,t = + f_# i+1' %
(130 6h, 6h ( )

f o —liy: A
6 h (s 6 h
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Uusukmu sl , kyOuk s3 crutaiiHiap Kyiuaarnda Kypuiiaiu:
Tyeyn nygkmanap, ¢hynkyus n=4 f(t):=x*sin(t) a:=0 b:=4 h:=(b—a)/n
Hnmepnonayusa wapmaapu 1=0.n x=a+ihy =f(x)
Kutimamnap x=[0 1 2 3 4] y=[0 08415 1.8186 04234 -3.0272]
Cnaainnap sl(t) =linterp(x,y,t) M :=cspline(x,y) s3(t):=interp(M, x, y,t)
Kutimamnap s1(1.5) =0.868 s3(1.5) =0.98 f(1.5) =0.997

Hatwxanap nactypHy TyFpU MIUIAETTAHIINTUHA KYPCATSIN.

Ha3zapuii caBoJss1ap Ba TONHPUKIAP.

Cruraiin Huma?

Yerapa maprtiap HUMa?

CrnaiiHHuHr ne@dexktu Huma?

Yu3uKIn CINIaMHHUHT KOJJIMFY HUMAara TeHr?
KyOuk crijmalHHUHT KOJITUFM HUMAara TeHr?

o0 E

MyHaapukara

1.13. TAKPUBUI JUOPEPEHIIUAJLIALL ®OPMYJIAJIAPHU
YEKJIU AHUPMAJIA XOCHUJIAJIAP

Acocuit mywynuanap: Taxpubuti oughgepenyuaniawt popmynanrapu éxu 4exiu
QUUPMAIU XOCUIaNap 8a YiapHuHe Xamoauxiapu.
Acocuit Hamudicanap::
1. Takpubuii oughghepernyuannaw macanacu.
D, f(X) ~ A, f(X),D, f(X)~A,f(X).
2. Yexnu atiupmanu xocunanap: A:f(x), A, f(x),ASf(x),ALf(x),A f(x),A f(x):

09 ==L 2 e = a0+ oh),

_fx)-f(x=h) 1 _, _A-
= . +12f (&)h= A, f(x)+0(h)

_ f(X+h)2—hf(X_h) +O(h2)=A2f(X)+O(h2)1

f'(x) = 2—1h[—3f (X) +4(x+h) — f(x+2h)]+0(h?) = A f (x) +0(h?),

f(x)

f(x)

£1(x) :%[f (x—2h) —4(x —h) + 3 ()] + 0(h?) = A" f (x) + 0(h?) ,

f(x=h)-2f(x)+ f(x+h) V(&)

f”X —
) h? 12

h? = A f(x)+0(h?)
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1. TakpuOmii AudpPpepHIHEANLIAIT MACATIACH.
bupop [a,b] kecmana xagBanu
a=X<X<..<X =b (1)
HyKTajdap TyIulamu OepwiaraH Ba Oy HyKrajapaa KaHmaigup y = f(x)
(GYHKITUSHUHT y, = f(x),i=012,..,n KUAMaTiIapu OepuiraH.
Takpubuii  aupdepenmmamnam wmacagacuga DO f(x)=f(x) xocwuianu,
WHTErpajuiam Macajiacuaa

J(D=[ 1008 =Y pfE) )

MHTETPANHU Tonuul Tanab KkuimmHagu. by epna  p;,&i=0,1,...,n—kodddunentiap
Ba TYIryH HYyKTajap, WUFUHIM TakKpuOMil HHTerpauiaml €K KBajapaTypa
dbopmyrnacu 1e0 alTUIAN.

by ukkaina macanaga xam y = f(x) QyHKUMSHUHI aHAIUTHK KYpUHUIIU

OMpOp YEKCU3 HUFUHAM €KUM MHTErpall KYpUHUIIKMAA Oepuiiral OyiaraHaa xam
By)Kylra kenaau. l'anm IIyHJaku, WUFUHAM Ba UHTErpajl OuiaH Oepuiras
GYHKUMSIHUHT — KMMMaTJIApUHU XUCOOJall KUHWWH OYJITaHIWIKd y4yH YHHHT
KUWMaTul YeKJIM COHJaru, Macaial, {x} HyKTajapaa XucoOjaHrad KOJraH

HyKTajapJa XHcOoOJall y4YyH SIHTH JIEKHH COAAAPOK (DYHKIMS KypUJIaau.
By uxku Macana xam Oup xuj ycyiaa edunaan. MacanaH, MHTEPHOISIUS
dbopmynanapu
N, (f;x),L,(f;x),Sy(f;x)
kypumO, (N (f;x) HeroTon, L (f;x) - Jlarpanxx unTEepHoasuus KynxaaiapH)
fx) ~1,'(F5%),3(F) = 3(1, (%)
ne6 onmuHaau. byHna Kyiuaaru xatonukiapra Wy Kydumauu:
n(fi) =" 00-1,'(f;x) 3)
r(f)= j.[f(x)—In(f;x)]dx:iRn(f;x)dx (4)
K Oupop dbynkumsuiap tymnamu 6yiacuH. Arap
r(f)=0, fekK (5)
Oynca Takpubuii nHTErpasUiam dopMmynacu K Tymiamaa aHuk aendunanu. (4)
dbopmynanaH KYpUHAAMKHU, TaKpuOWil mHTerpamiam Qopmynacu K=P -n -
Jlapakalid Kynxauiap TyIUIaMUIa aHUK dKaH.

Takpubuit mHTerpamam  Qgopmynacura Oomikadya Xam Tyc Oepwiil
MyMKHH. N, (f;x) ypHuzga L (f;x) oncak

()~ 1L () =Y p T (x) (6)

HU XOCHJT KWJIUIIIMHTH3 MyMKHH, Oy epzll_a(l)
p, = jli (x)dx; i=0,1,..,n (7)
Jlemak, TaxpuOuii I/IaHTeraJIHaIH (opMyITaCHHUHT KyMIIaJaH TaKpuOuii

nuddepennmannam Gopmyiacuau (6) KYpUHUIIKA OJHMIIT MYMKHH, MacaJiaH,
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D(M) = 100 =Y T() 6=c(0=1), . (8)

Takpubuit  guddepennmamiam  Gopmynanapu. Yeknu  adupmamu
xocunamap  f'(x), f"(x) JapHUHT TaKpuOMii KUHAMATIApUHU  TOTIAMU3.
Hykranap TeHr y30KJIuK/Ia xoinamran ae0 ¢apa3 KuIaiivk.

HbroToH uHTEpnoasiuus popmyJiacuaan (poiaajaHUuLI
N, (F53) = T06) + (%= 30) T [Xo3 X 13 (%= %) (X=%) F X5 %5 %]
dopmynangaH

F06) = N, (%) = = Fo=A(Xo) (9)

2h
f—f def .
fl(Xl) ~ Nz(f;xl): 22h L = fx,l EAxf(xo) (10)
def

, , f —4f +3f
f(x,) =N, (f;xz):$ = fx,z EAle(xo) (11)

_ def
) = N, ()= 2t e g o fx,) (12)

dbopmynanapHu Xocusl Kwiamu3. by TeHrmkiapga YHr TOMOHAArd YYUHYH
YCTYH XOCWJIAJIADHUHT TaKpUOUl KuhMatiapu, TYPTUHYM Ba OCIIMHYM YCTYH
sca Oy TakpuOuii KUUMATIApHUHT [APTIIM OenruiapuHu udoaananu.
bynnan keiinn def udoma tappud Oyiinya qeraH MabHOHU aHTJIATAIH.
ry(f;x)=Ry(f;X) »KaHIUTHIAH

rz(f;xi) = f(3)(§)/3![(xi 'X1)(Xi 'X2)+ (Xi 'Xo) (Xi 'X2)+ (Xi 'Xo) (Xi 'X1)]

IIYHAHT YYyH
_ _ ©)
Fin) =~ t4h=f e ¢ Lomy (13)
2h 3 ’
f,—f, 9@
fi(x)=—2-2- h?=f ,+0(h’ 14
(x,) on 3 o +0(h%) (14)
_ @®
fi(x) =t =20 t3h 1) ¢ Lom (15)
2h 3 ’
Kyiinna kypamuskmy,
_ WY 2
()=t O g o) =a, fx)+0M)  (16)
(9) - (12) popmymnanap TtakpuoOuii muddepeHnuaniam hopmyaacu EKA YEKIN
aiimpmanu  Xocwnamap aewminamu.  (13) - (16) Oy dopmymagapHUHT

XaTONMMKIIApUHU Kypcataau. (14) OupunHum TapTuOIM Mapkaszuii xocuina, (16)
UKKWUHYA TApTHOIM MapKasWil XOCWiIa JevuiIaau. YUYHMHYH XOCHIIA YeKIaHTaH
byakuusuiap cuHbuga Oy XOCWIAJIAPHUHT XaTOJMKIApU OOIIKaTapHUKHUIAH
UKKU MapTa KHYUKIUTH KYpUHUO TypuOIu.

2. Teiisop ¢popmyaacuaan ¢oigajaanuil.
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®apa3z  Kuwiainmk,  QyHKIUSA dbopmynanapaa MaBxKyHd Y3IyKCHU3
xocunanapra sra OyincuH. byHuHr yuyH f(X)eCP[a;b], p<4, OYynumm Ous
YYyH €Tapiu.
ABBaio, f(x)e C*[a;b] neitmuk. Telnop ¢popMyacura acocas,
f(x +h)=f(x)+ hf'(x)+h?/12f"(&)
by epnan

f(x £h) - f(x) 1

(%) = h Ef"(égi)h-

Oumu f(x) eC"[a;b] OYicuH, y xona
f(x £h)=f(x)£hf(x)+h2/2f"(x) h*/31f "(x +h, 4" (&)
Oy TEHTJIMKJIApHU KYIIUO
FOq+h) =2f(x)+f(x—h) h? FY(&)+ 1" (&)
h? 1! 2
dopmynara kemamus. f " (x) e C*[a;b] muruman
FYE)+ 1Y) =217 ()
TEHTJIMKHU KaHOATJIAHTUPYBYH & HykTa MaBxky. [y Gowmc
f(x —h)—2f(x)+ f(x +h) _ flv(é)hz
h? 12
(16) dbopmyna wucbor Oynau.(13),(15) dopmynanap xam KyHugaruya
YMYMJIAIITAPHIIAIIN MYMKHH

f/(x) =2—1h[f (x—2h) —4(x —h) +3F ()] +0(h?) = f,, = A" f(X) +0(h?).,

£(x) = ]

f(x) = = A, T (%) +0(h%) (19)

f(x) = 2—1h[—3f (X) +4(x +h) = f (x+ 2h)] +0(h?) = A" f (x) + O(h?)
by dbopmynanapuu ncootnanmMus:
f(xth)=f(x)% f'(x)h+ f "%m(rﬁ)
f(x£2h) = f(x) £ f'(x)2h+ f"(x)2h? +0(h°) *)
4F(xth)=4f(x)£4f'(x)h+ f"(x)2h? +0(h?) (**)
(**) mam (*) wm aimpuO, f'(X)HE TOmcak HCOOTJIIATMMHU3 Kepak Oyirad

dbopmynanap keaubd YuKaau.
Aparunran Oapua GpopMynanapHu OUTTa KaaBaira €3amMus:

N+ | xocuia | Yekun aiimpmasn xocuia | Hlaprau oearucn| Koaaurun

1] () fFOq+h) - f(x) f=Af(x) -hf($)2

2| (%) f(x +hr;— f(x) f=A (%) ht'(£)/2

3| (%) f(xi+h)Ef(xi—h) f,=A%F(x) h2f" (£)/6

4| (%) —3f(x0)+42fh(xi)— f(x,) fo=AlT(%) h2f™ (£)/3
2h
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5 f ‘(Xn) f (Xn—z) _4f (Xn—l) +3f (Xn) fx,n = Alx f (Xn) _hz f " (5)/3
2h
6 F'(x) fox ) -2f0x)+ F(x.) f=Af(x) |tV (&2
h2

by Takpubuii nuddepennmanam Gpopmynaiapyu TEHrjIaMajlapHU YEKIU
aliupMaiu cxemajuap €paamMuaa TakKpuOui euurIga MyXuM poJib YiHaNIH.
Mucon 1. y'= f(x,y),y(a) = y,,a < x <b, Komn Macanacuuu Kapaniuk.

[a,b] kecMana a=x, <X <..<x =b, HyKTajgap TYIUIaMUHU KUPUTaAMHU3.
y'(%) = F(x, y(%)), Y(%) = Yo,a<x<b,y'(x) = (Y(X..) = Y)) [(h) + 1, = 0, y(X;))
ned onaMu3. Yekcu3 KHYMK XaUIapHU Taluiad 1000puod y, ~ y(x ) KuiMaTiIapHu
TONUII YUYyH Dilsiep popmynacura keinamus: Y., =Y, + f(x,Vy),i=0,1...,n-1,
oepwirad. Kypcatunaguku, y(x) -y, =0(h).
Ha3zapuii caBoJsiap Ba TONIHUPHUKJIAP.
1. bupuHuyn TapTHOIM MapKa3Wil YEKIM alpMalid XOCHJIa Ba KOJIJIUFU
HUMara TeHr.
2. bupwHUM TapTHOIM YA YEKIW alMpMalid XOCHJIa Ba KOJIIUFU HUMara
TEHT.
3. bupuHuM TapTHONM YHT YEKIW aliupMalid XOCHJIa Ba KOJJIUFM HHUMara
TEHT.
4. VIkkuH4M TapTUOIM OMPUHYM Yall Ba VHT YEKJIM alupMalid XOCHJIa Ba
KOJIIUFU HUMAra TeHT .
5. VKKkuHYM TapTWIM MapKa3ud YeKId alupMalid XOCHia Ba KOJIUFH
HHUMAara TEeHT.
MyHnpaapukara

1.14. TAKPUBMI1 UHTET PAJJIALI (kBagpaTypa)
®OPMY.JIAJAPU

Acocuni mywynuanap: Taxpubuii unmezpannaw gopmyrarapu, Hvromon -
Komec ¢opmynanapu ea ynapuune xonouxnapu, Tpaneyus gopmynacu,
Cumncon gpopmynacu
Acocuii namuorcanap:
1. Horomomn - Komec

dopayranapu 3 (£)=I(L,(f:x)= "> £ x)h(9dx =Y F(x)p, -
i=0 i=0
n-1
2.Tyepu mypmoéypuaxnap gopmyracu 3,7 (f)=h>_ f, ¢
i=0
3.Tpaneyus gpopmynacu: J," (f) = g{fO +2[f +..+f ]+ 1}
4. Cumncongopmynacu:

m-1

h
JF(f) =§Z[f2i +41f,.,+f,.,] =§[f0 +4(f,+..+ ) +2(F, +..+F, )+ 1, ]
i=0

4. Uumeepannu maxpubuii xucoobaawea ooup oacmypiap
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1. HeTon-Kotec popmynamapu J“(f).
J(f)=int(f,a,b)) wHTErpamHu XucoOnam y49yH JlaHTpak WHTEPHOIAINS
dbopmyrnacuaan QoiigaraHaMu3:

(D) =3 (F0) = [L(Fidk =[] 2 FOOLXI = F(x)P, ®
Oy epna
p=[ 1 (2)

(1) popmyna x ., -x =h, X011 yuyH HI)IOTOH Kotec dpopmynacu nerinnanu, (2)

jil

Heroton -Kotec koadduumentinapu neinnaam. (2) ga x = x+th aamamrupuin
Oaxkapcak dx = hdt, x —t, a—>0 b—n h=(-a)/n Ba

o (E=D...(t=n)
J. D (n=DIt-1) at (3)
KYPUHUIITHA XOCHJT KUJITaMU3. (3)HI/I XOCWJI KWJIHIIIIA
X=X =(t-h x-x;, =(@i-j)h

TEeHIJIUKIIapJaH (oianaH/IvK.

2. Tyrpu TypToypuakaap popmymaacu J.' (f).
KBagparypa popmynacu (MHTErpan MUFuHIN) Aa

3D =[ 100 =Y pif(&) (4)

na &=x+h/2,p =hi=01..,n-11e0 ymOy Mapkazuil Tyrpu TYpTOypUaKmap
dopmyrnacu J;' (f) ra kenamus:

n-1 n-1
J.T(f)= hz f(x. +h/2) :hz fios -
i=0 i=0

Mapxkasuii Tyrpu TypTOypuakiap GopMyniacuia 3rpy YU3UKIU Tpaneus: 13U
yr3Maa Kypcatuiran acociapu h Ba f(x +h/2) ra teHr Tyrpu TypTOypUaK
1o3a1apuHUHT Muruaaucu Jy' () ra anMainTupuaIMoka.

3. Tpaneuus: popmyiacu J/ (f).
KBanparypa opmynacunaé =x, p,=p,=h/2,p, =h,i=1..,n-11e0 onamus
o fo+ f

Jp(f)=2 - 2'”h——{f +2(f +. 4 )+ ) ()

i=0
(5) bopmyna Ttpamnenus Gopmynacu nernnanu. Tpanemnus hopmynacuaa
STPH YM3UKJIH TPAIeIysl 103K Yu3Maja Kypcaruiaran acocuapu fi, fixg, h
OanaHIMKKA 5ra TpaleuusIap 03aaapuHunr iurunaucu J,'(f) Ounan
aJIMAIITHPUIMOK/IA. /




4, Cummncon popmyaacu JS ().

J(f) VMHTETPaIHU TaKpuOuii xucoOant Y4YH
{(x,f(x)), i=01,..,2n} xaaBan oaud Xap oup [%,,%,.,]1{i=01,..,2n-2}
kecMaga HBIOTOHHMHT WKKWHYM Japaxaid KYMXaauHd Kypamu3. by
GyHKIUAIAp [x,;%,,] KecMaaa y3IyKCHU3 HKKHHYM Japaxainu (mapadovk)

VMHTEPHOJISIIUS CIUIAHU S(f,X) HU TAlIKWUI KWJIQIH.
() + (X - %) F[Xo0, %5111
S(f,%) =9 +(X= %) (X - Xo,0) F[Xo00 X110, X1, (6)
Xpi S X< Xy,,, 1=01,...,n-1
Cyar J(f)~J(S)=J5(f) nme6 kaOyn kmmamu3 Ba JS(f) HEm CuMICOH
dbopmynacu neb araiimus. PaBiianku,

HOE Zj L x)dx——Z[fz.+4f2.+l ol =

E{fo +4(f,+..+ 1, )+2(f,+..+f, )+ f,.}

Opanuk HatWXka Kyhdugaruya sipaTuiaau. [X,,X,] kecmaaa HeroTOHHUHT

2-7apa)<aJld MHTEPIONALNS KYIIXaAUHU HHTETpaJuIaiMu3.
Jlemma 1. Yoy conna Cumncon gpopMmynacu YpUHIIN:

[ N, O)dx=h(f, +4 1+ ,)/3=IF(N,).

Xo

Hcbor. a, = f,,a = f[x,,x],a, = f[%,X%,X,] 10 KyHnaaruaapHu oJlaMu3:

jN (x)dx = _[(ao +a,(X—X,) +a, (X — X, )(X— X, )dx = 2ha, + 2a,h? + 2a,h* /3
3
= 2hf, +2n°(f,— f )/h+2h—(f —2f,+ 1,)/20% =h(f, +4f,+ f,)/3=J°(N,).
Jlemma 2. ro(f)=f(x)-J7(f) mecak r°(x*)=0,a¢=0,1,2,3.
Hcbor. ¢=0,1,2 XO0JU1ap paBllaH, o =3 X0J dJIEMEHTap Ki’/pcaTHnaz[H:

00 =20 ) - B g gty g Ly GRS

[o ( ) 2]=Z(X2_X0) 6 [X +X] 0

5 . MaTerpannu tTakpuoOuii xucoodJamra qoup aacrypJap.

J = I sin(x)dx MHTErpaIHu XUCOOIANIUK, J, = ZCi f(&) R, =J-J,.
0 i=0

5.1. Ty¥pu TypTOYypUakiap hopmyiacu.

_Pb-a) .,

4 (©).

n-1
I =h> f(x+h/2), R
i=0
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dyuKyus, opanux, OYIUHUULLAD COHU

xucobaanaouean unmezpai

Kaoam, myeyH HyKmanap

IT ¢opmynacu 6a Kutimamu

5.2. Tpanenus q)opMyJIaCH:

JT {M} hZf(X) RT—

dyuKyus, opanux, OYIUHUULLAD COHU

xucoobaanaouean unmezpai

Kaoam, myeyH HyKmanap

Tpaneyus ¢hopmynacu

5.3.Cumricon (hopmymacu:

¢ :=g[f (a)+ f(b)+4i f(xzi1)+2§ F (01,

@dyuKyus, opanux, OYIUHUULLAD COHU
xucobaanaouean uHmezpai
Kaoam, my2yH HyKmanap

Cumncon gopmynacu

UHMe2PATHUHE AHUK 864 MAKPpUOUL KUtimamu

JT(n):=h

f(x):=sin(x) a:=0b:=72n:=20

b
J::jf(x)dx J=2

h:=(0-a)/n i:=0.n x,:=a+ih

ITT(n) = hi f(x, —h/2) JIT(n)=1.99

i=0

2
n*(0-2) .

B ().

f(x)=sin(x) a:=0b:=72n:=20

b
3= [ f(x)dx J=2

h:=(b-a)/n i:=0.n x :=a+ih

[M} +h3 F(x) IT(n)=1.99

i=1

4
h*(b-a) F9(c)
180
f(X)=sin(x) a=0b:=72n:=20

R =-

J ::.T f (x)dx

hi=(b-a)/n i:=0.n x =a+ih

JS(m) = g[f (a)+ f(b) +4Zm: f(Xy )+ ZE f(x,)]

J =2 JS(10) =2.0000067844

Hatwuxa Tyrpunnru kKypuHuO TypuoOIu.

Ha3zapuii caBoJiap Ba TONIMHUPUKIAP
1. Hsroton-Korec kBagpatypa hopmynacuHu €3uHr.
2. Yam Ba yHT TYFpu TYpTOYypuakiap GopMmyiaacuHU E3UHT.
3. Mapxkasuii TyFpu TypTOypuakiap GopmyiaacuHU E3UHT.
4. Tpaneuus GopMmynacuHu E3UHT.
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5. CumncoH ¢popMyJIaCUHU E3UHT.
MyHnapuxara

1.15. KBAJIPATYPA ®OPMVYJIAJIAPMHUHT KOJJINKJIAPH.

Acocuni  mywynuanap: Tpaneyus Gopmynacunune xonoueu, Cumncon
Gopmynacunue Konoueu, Xamoaukuu amaiui odaxonawmume Pymee kouodacu,
maxpubutl yCyaHune axuunawnune Puyapocon skcmpanonayus gopmynacu.
Acocuii namudicanap:
1. Keaopamypa ¢hopmynanrapurumne Koioukiapu:
(T(F)=-f@()h(b-a)/12, . (f)=f@(c)h*(b-a)/24, f(x) C[a,b],
LC(f)=-1“(c)h*(b-a)/180, f (x) e C*[a,b].
2.Pynee xouoacu 6a Puuapocon sxcmpanonsayus gpopmynacu:

Z ,,-Z
r=2-2, :ﬁ+0(hk+m), h—o0.

k

Z2*=2+(Z,,,-Z) 2“-1),r, =Z-2; =0(h“"") .

1. KBagpartypa ¢popmyJiaJIapUHUHT KOJAUKJIAPH.
Y6y upoganap r, (£)=3(f)-3,"() . 1(f)=I(H)-3,5(F).57(£)=3()-3,7 ()
Tpaneuus, CUMIICOH Ba T.T. KBajparypa (QopMyIaJapuHUHT KOJIUKIAPUIMP.
Teopema 1. Arap f(x) e C*[a,b] O¥nca ymly TeHITTUKIAp YPUHIH

ET(F)=-f@()h(b-a)/12,r,” (f) = f@(C)h’(b-a)/24 . (1)
Teopema 2. Arap f(x) e C*[a,b] O¥yica ymOy TSHIIIMK YpUHIH
[C(f)=-f@(C)h*(b-a)/180. (2)

Hcoor. PaBmanky, L ;(x)=f(x)+ f[x, X, J(x=X),x€[x,x,,] Aecak
n-1 %+1

BT (f)= Z j [ £(x)— Ly, (x) Jox = Zj[(f<2>(c))(x %) (X=X, )] |/ 20 =

|0x I:x

n-1 n-1

b-ag () b—a
FOE) [ [(x=x)(x—x.,)1]/ 2dx fAEINL=-h’ =-h’ f@(c

<>j( Jx=x.)1] Z (t) Ty o120
By epna unrterpan ydyH ypradya KuiiMar xakuaa TeopeMaiad GpoiganaHiank,
yyHKM f "(X) - y3iykcu3 Ba (x-X)(X-x,,)<0.Oxupuga WMFUHIM YUyH ypTa
KUAMAT XaKuJard TeopeMa WOUIATWIAW, YyHKH f "(X) - y3JIyKCHU3 Ba

f ) +..+ 1" () =nt" (), n.¢<lan].

(1) HuHr UKKUHYK opMyTacu Kyhduaarnia ucoornanaau. PaBmanku,
f(X)=f(x+n/2)+ f'(x +h/2)(X=X.,,,)+ F"(C)X=X,1,)°,

n—1 %is n-1 %ia

D RICTE WIS W RSN S RGN O3

i=0 x i=0 x
(2) bopmyna xam 11y kabu UCOOTIAHATH.

JlemMma 3. UxTtuépuii f(x) e C*[x,,%,] y4yH ymlOy TEHITIUK YPUHIIH
5
(%) == 1900 X <0 < %
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Hcoot. Onmunru temmara acocas r (P,(x)) =0,P,(x) = N,(x)+dx’,d eR.
P,(x) KYIIXaqJHU UHTEPIIOAUA KyIIXaaH MAKINAA OJIAMHU3:
R(x)=f(x),i=012P/(x)=f'(x). PaBmanku,

Ri(¥)=T0)-R0) =7 1“4)(77)(X X)(X=%)*(X=X,) ,

rhc(f) = J. R3(X)dX :J.ﬁ f@ (m)(x— Xo)(x_ Xl)z(x_ Xz)dx =

Xo a -
:lf“)(g)xf(x—x)(x—xl)Z(x—x)dx:lf“%g)}(t+h)t2(t_h)dt:_mf<4>(5)
41 AR Y o 90 '

OHIU paBIIaHKH,

(e (f) = Zigof“%m)—

i=0

f(4)(77 h4
Do Mgy
2*90 )Zo: 180( ) ()

2. PyHre kougacu Ba Puyapacos sxcrpanoasinusi popmyJiacu
Z, MUKJI0p Z HuUHr h mnapamerpra OOfiIMK Oupop TakpuOui KuilMatu

OYJICHH Ba KyHUJaru acUMIITOTUK OOFJIaHUII MaBXKyJ OYJICHUH:

Z=2, +ch* + O(h“™), c=const, h—>0 k,m -OyTyH coHJap. (3)
Teopema 1. Arap (3) ypunnu 6ynca,
Z=2 +%+O(hk*m), h—0 4)
MyHoca0at ypuniu 6ynaau, sbH ymoy dhopmynanap YpUuHIH:
Z -7 Z -7 . «
=Z-Z7, =" M2 Q") x T2 gt =7 - 70 = 0(h*
O & S =7 2] =0 )

2.*=2,+(Z,,-2,) (2“-)=c, Z,,,+c¢, Z,,¢c, =2°/(2“ -1),c, = -1/(2“ -1).
Hcoor. (3) uu h/2 na &é3ammus:
k
Z=2Z,,+cC 2—k+0(hk*m), h—0. (5)
(3) nan (5) Hu aitmpamMu3 Ba ¢ HU TOIIAMH3:
0=2,- Z,, +c(2-Dh* /2“ +0(h**™), h >0,
c=(2,,- Z,) 212" -)h* +0(h**™), h > 0.

By tenrnuknu (3) ra kyiiub (4) Hu Tonamus. by epian KypuHaIuKd, KOJIHUK Xa
r.=Z-2, cuparuga ymoly GopMyIaHu OJIHUII MyMKHH 3KaH:

n=2-2, _Zh’2—+0(hk+m), h—0.
2“ -1

By konnuk Xxagau xucoonamHUHT PyHre Kouaacu ae6 aitunaau. Pynre
KouJacuaad Kyiuaaru Puaapacon skctpanossius GopMynacu Kenud YUKaIu:
Z*=2Z,+(Zy,- Z,)! (Zk -D=c Z,,+¢, Z,,C = 2" /(Zk -1),c, =_1/(2k -1 (7)
Puuapacon skctpanossius GopMyJTacCHHUHT KOJAUFU KyHuaaruya:
r*=2-2,*=0(h""), h—0. (8)
Teopema 3. Arap f(x) eC*[a,b] 6ynca ymOy dhopmymnanap ypuHIm.
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i (f)=Ch? +0(h*),C =-1/12[ f"(x)dx

h = 1o = a '

Arap f(x)eC°’[a,b]  O¥uca, ymOy ¢popmynanap YpuHIH:
r°(f)=Ch* +0(h"), C =-1/180 £ (x)dx .

bupunun dhopmynanu Kuckada ucoorra oaubd 0opyBuu GUKpPHU
KETTHUPAMU3. PaBHIaHKI/I

' (f)———(b— )Z

Jlemaxk,

fm(c) LY If”(x)dx+0(h )]=ch? +0(h?).

hrz ()=, (F)- 3,7 ())/3+0(h?) 9)
hro ()=, (F)- 3,°(1))/15+0(h°) (10)

Mucon 1.Tpaneuus hopmynacu omnan f () ~1/1+ X dbyunkusgas [0,1]
KecMmajia uHTerpan ¢ =0,00001 aHUKIUK OuiiaH xucobsancud.h1=0,1 Ba
h,=0,05 kamamiap onu6 [0,1] kecMana HKKUTA HyKTajap TYILIaMH
onamus: x, =a+kh,x, =a+kh, k =0,1..,10,k, =0,1,...,20. Xucobaabd
Tonmamus: J; =9,0916166,J; =9,0982576 . Pynre kouaacu acocuna

KOJIIMKHU, Pudapacon ¢popmynacura acocaH MHTETpaJIHU XUCOOIaiMu3:
Zoys-Zy I~
rn=2-7Z,= hZ/kz—lh ~
Z*=2Z +(Z,,-Z)! (2“-1) ~0,9094
Hasapuii caBoJu1ap Ba TONIIMPHKJIAP.
Hrroton-Kortec kBagparypa popMyiacuHU KOJIUFUHU E3UHT.
Mapxkasuii Tyrpu TYpTOypUakiap GopMyIaCUHUHT KOJIUFUHU E3UHT.
3. Tpaneuus Ba CuMIicoH GopMyTIacHHH KOJAUFUHU UCOOTIIAHT.
MyHaapukara

" =0,0001106,

A

1.16. ®yHKUus1 MUHUMYMHUHHU TONMHUII (MATEMATHK MPOrpaMmMaJiai
MacaJjacH)

Acocuit mywynuanap: llepebop ycynu,epaouenm nacauuud ycyau,Macaianune
Matchad npoepammacuoa ewunuu .

Acocuit namudicanap:

1.Macananune Kyuunuu:

Z="1(x)="f(x,...X,) > min, g,(x) =0,(x,...., X,) <b, 1=1.m.
min Z £2(x) = Z f2(&) =0 f.(&)=0, i=1.n,
<R 3 i-1
2. Ilepebop ycynu. min f(x)~ min f(x®)=¢
xeDcR" Dh:{x(k)eD}

3. I paouenm nacavuw ycyau
X(k) :X(k -1) hgradf(x(" 1)) K = 12,..., § arg min f(X) ||m X(k) _ é:

xeGeR"
4. Aneopummu 6a npocpammact.
5.Macananune Matchad npoepammacuoa ewunuwiu.
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1. bupop k¥ y3rapyBunian GyHKITUSHUHT
Z=f(X)=f(x,.X,) Q)
g;(¥) =9,(%,,....X,)<b, i=1.m (2)
KaOu MIapTJIapHU KAaHOATIAHTUPYBUM SKCTPEMYyM KUHMATIapUHU TOMHUII Tanad
srmnand. (1), (2) macana mapTid 3KCTpEeMyM Macaiacu aeuunagu. z = f(x)
bynkus makcan QyHkmms, g,(x)<b, i=1.m, mapriap YEKIaHWII IIapTIapH
neiwnagu. Ymap opacupga x >0, i=1.n, Imapmiap XaMm OYJIUIIM MYMKHH.
Makcan pynkius cadatuga KOCMUK KEMaHU
¢dazora oud YUKUII YIYH 3apyp OViraH EKUIFU MUKIOPH,MEXaHUK KOHCTPYIIHS
OFUPJIUTH, UILIA0 YMKApUIAETTaH MaxCyJloT TaHHApXH, XapaxaTiap MHUKIOPU
Kabu KkypcaTkuwiap OYyiaumM MyMKUH. YeknaHuuuiap 3apyp pecypciap
MUKJIOPUHH YEKJIAHTaHIUTUHU OWIIIUPAIH.
Arap wmacanaga (2) mapmiap OyiMaca Macaia HIAPTCU3 AKCPEMYM
Macajacu aennaau. Sna oup Mucon cudaruaa
f.(x) = f,(x,..X,)=0, i=1n (3)
TEHIrJIaMajlap CUCTEMACUHU OJIUII MYMKHH.
f(x)=f2(X)+ (%) +...+ 2 (X) 4)
byHKUUSHA Ty3aliauk.PaBmiankwy,
min f(x) = f(§) =0« () =0, i=Ln, (5)

abHUA f(X) (QYHKIIMS MUHUMYMUHUHH TONUII TEHrJamanaap UCTEMACUHU €UMII
OwtaH SkBUBajJeHT. Ba uxtuépuii pyakmmst f(X) HHHT MUHUMYMWHH TOTIHIII
of (x) .
fi(x)=a—Xi=0, i=1.n, (5)
CUCTEMaHM e4uIl OujiaH 6apoodap.
Macanan, f(x)=x'+x'—x’—x% QyHKIUSHUHT MUHUMYMHHH TOTIHUII Y4YH
2P —x =0, 2x3—x,=0 (6)
Cucremara kesnamus. by cucrema eunmu (J_r V21 2, + V21 2) ra TeHr
2. Ilepebop ycynumHUHT Fosich kyna coana. bepunramn D < R" coxana
D, = X e Dfuykramap Tymmamm (Typ) omamms Ba f(x¥)  KuiimaTiapHu
xuco0nab ymkamuiz. KuiiMarinap opacujia 3HI KMYMK Ba YHra MOC HYKTaHU
MacaJlaHMHT TakpuOuii euumu ae6 KaOyn kKuinamus. Arap N karra Oyica, Oy
Macaia aH4a OFup Macaia, Macaman, D=(0<x <1, i=1.n) runepky6 GyicuH.
h=0.1 kagam, Ounan x =ih, i =1..n, Typ scaiinuk. Hykranap conu 10" ra TeHr
byukius KuiimMatuHd 1 Ta HyKTraga xucoOnam yuyH 100n Ta amMall
UILIATHICHH. AJNTopuT™ yuyH 10™° N Ta aman Oakapuin kepak. n=10 ydyH
tesmuru 10° aman/cex Gynran kommbrotep OyHmait Macananu 107 cexyno ~ 4 Mnn

y3JIyKcH3 Hiiad 6akapuill MyMKHUH.
3. f(x) byukmus rpagueHT 10

grad f(x) = £'(X) = (6, (X),...8, f (X))

69



BEeKTOpra autuianau. AHanu3gaH MabiIyMKH (DYHKIMS TpaJMeHT HYHamuImuaa
Ycamu, aHTUrpagueHT HyHamumuaa Kamasaud. IlyHunr yuyHn Oupop
x©® e D GomutanfuY HyKTagad 60muad

x® =x&Y _ngrad f (x*?), k=12,.., (7)
uTepanysiIap Kypuiaau, 0y epaa h urepamnus kagamu neivnaau. Etapim kuauk
h map yayn

fXD) > f(xP)>..> F(x™)> ... (8)
oynaau. Onaraa uTepanysIapHUHT Tyrajulall IapTi cudaruia
| grad f (x) |l< & 9)

TEHICU3IUK KaOysl KuianHaau >0 —aHUKIUK Yerapacu.
Mucoa. f(x)=x/4+x. QYHKIHS yIyH
X = xED )P 12, x —x D —h.2xéP h=01 x@ = (1))
xM =095 x?=09025  x® =0,85574
x" =080; x»=0,6400, x5 =05120
f(x9) =125 f(x¥)= , T (x®) =0,446
Arap tamnanrad h xkamam yuayn f(x®)< f(x*?)6axapuiran, kagam 2 ra
OYJIMHaIU Ba XOKa3o.
OHT Te3 macaumm ycynuaa Kagam h Kylngarnia TaHjIaHau:
F(h)=minF(h), F(h)=f(x*)-hgradfxY). (10)
Macanan, rokopumaru wmwucon yuyH x©@ =(1 nma (10) wmacana
Kyluaaruua O0ynaau:

.11 h
Z(@1--)?+ (1-2h)? 11
rin| L~ 0y @20’ (1)
10
Ba h*:? ra TCHI.

[MlapTinu sKCTpeMyM Macajacu IIapTCHU3 JKCTPEMYM Macajlacu TYypJu
yCcyJutap OWJIaH KEeATHPUIUIM MyMKHH: Jlarpamk ycymu, mrpad GyHKIUIAp
yCyJii Ba X0ka3o. Macanan, mrpad QyHKUIUsIIap ycyauaa

(0= 0 +KD (@00 -b)%,  k>>1  (12)
byHKIUS KUpUTUTAAH, Oy epm;
(9:(X)=b,), = {

(12) GYHKIUSHUHT MApTCH3 3KCTpeMyM HyKTaigapu xY map XucoOJaHaiu.
Maxcyc kypcnapaa ucbormanaauku, x* — &, Oy epaa & mMapTid 3KCTEMYM

9;(x)—b;, aeap g;(x)>b,
o, acap  9;(x) <b,.

HyKTacH. XaKMKaTaH XaM, PaBIIaHKH,

@, (x¥) = min ¢ (x) > f (x“)
HIyuunr yuayh, X e D mykramap yaya @, (x¥)> o, ,(x“?)>...6¥ca,
f(x®) > f(x*?) >...0ynummra Mmaxoyp.
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3. Mathcad na HOYM3UK GYHKIHUSHUHT SKCTPEMYMIIAPUHH TOTHIII

MacaJlaCuHU Kapaimus, ymoy GyHKIHs Oepuiarad OYJICHH:

f(x,y) = 2+2-x+2-y—x2—y2

Macanauuar Matchad oliHacua €YWL,

Given

x>0 first minimum point at (0,9),

the uppermost vertex of T
0<y<9-x

0
P := Minimize (f,x,y) P = ( o j f(Pg,P1) = —61

second minimum point at (9,0),
0<y<9-x the rightmost vertex of T

9
Q := Minimize (f,x,y) Q = ( . j f(Qo.Q1) = 61

Sna Takpopnaitmus, 0y Macananap Tyrpu Matchad oliHacuaH onuHTaH.
MyHnapuxara

1.17. Ynzukau GyHKIMs MUHMMYMHMHHM TOIHII
Acocuit mywynuanap: 411 macanacu, cumnaexc ycya. Mathcaooa ewum onuut.
1. 911 macanacunune xanonux xypunuwmu: f (x) =cx — min, Ax=b(Ax<b, Ax>b).

2. YII macanacuea mucoanap: maxcumom, payuoH, mpancnopm macaiaiapu.
3. YII eyuw yuyn cumniexc ycyi.

4. Macananune Mathcad npoepammacu époamuda euuu.
1. f()=cx +..+C6X=(C,X) =(C,X),, YM3UKIM (YHKUUS Ba YU3UKIH
TEHIrJaMajiap CUCTeMacH (YekiaHunuiap) Ax =b oepuiran 0yicuH, Oy epaa
A=[a;], x=[x,...x,]eR" b=[b,..,b, ]eR", A:R" - R":
{@yX +a,X, +.+a, X, =by, e, 8 X Fag, X+ + 3 X, =hy, 1)
X. >0,i=1..n, bj >0, j=1.m, m<n,

Ymsukym pyaknus f(x) ra (1) mapTmapHu KaHOATIAHTUPAIUTaH
eanmiiap U opacuaaH SHT KWIKUHA KHMaT OepyBYHM HYKTaHU TOIHUII KEPaK:
min f (x) = min(c,x) = f (x*) (2)
U={xeR":Ax=b, x>0, b>0} (3)
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(2),(3) macana wuyum3ukaum GyHKIUIHUAT (UOM) MUHMMYyMH XaKuaaru
MaCaJIAaHVUHT KAHOHUK LIAKIU AeHuIaau.

YDM xakumaru MacalaHMHT YMYMHU KYPUHUIIN Kyduaaruda 0yiaau:
minc,x) = (¢,x*), U={xeR":Ax=b, x20, b>0} (4)
YMyMuil KypuHUIIAArd Macajlacujard TEHICU3JIMK OujaH OepuiiraH Iaptiap
TEHIJIMK [IapTJIapura KylyMua Y3rapyBunjiap KUPUTHIL Hyau OuilaH OCOHTHHA
KCATUpHWIAAW: MacalaH, aXx +..+a X, <b (aXx +..+a X, =b) TCHICU3JIMK SHIH

X, >0 y3rapyBuu KUPUTUINO, KyHUAard TEHIIIUK XOCHI KUITUHA/IU:
ax +..+ax +x.,=b (@x+..+ax —x.,=b).
Oyunkuusra 0y y3rapysuu 0 koapdunent Ounan kupagu: f(x)=(c,x)+0x._,.

2. Vkkura wMmacanmaHu Kapaimus. 1-mucon. PecypcnapHu onrtuman
TaKCUMJIAIl MacajlaCH. X,..,X, MHKIOpAa N XWI TOBap MILIA0 YHMKAPUIICHH.
Viapau Tai€pnam yayH M X am€ Kepak OYIICHH. I-TOBap HMILIA0 YMKAPHUIII
y4yH J-XOM amé€ JaH ajj MUKIOopa Kepak OyJIcHH. j- XoM amé 3amacu bj 6YIcuH.
bup Oupnuk i- ToBap C; ¢oina OepcuH. Y xoiaa SHT Ky (oiiga KM yayH
ymi0y Macajiara Kejaamus:

f(x)=(c,x) > max, U ={xeR": Ax=b, x>0, b>0} (5)

2-mucon. TpancnmopT Macania. i-myHKTHAa, 1<i<m, a MHKIOpAa MaxCyJoT

0op, j-kabys1 MyHKTHIa b, MUKJIOpJIAa MaxcyjloT Kepak, I-IlyHKTJIaH j-IyHKTra

Oup OWpIMK MaxCyJOTHM TonMiml ydyH C,, Iyl KeTCHH, PaBianku,

a +..+a,=b +..+b  OYymumm kepak. TpacHcmopT Macainacujga MaxCyJOTHU
IIYHJai TOMUII KEPAKKU, XapaxkaTjap SHT KHYUK OYJICHH.

f(x)=‘nzm C,; %; — min (6)

> oxg=a, > % =b;, X;=0. (7)
j=1 i=1
Teopema 1. (6) pyHKIUSIHN Kyiugarnda €3Uill MyMKUH:
m n |
fO)=D> "¢ % =tr(Cx"),tr(A)=>_a,, .
i=1 j=1 k=L
Ncbot. Cx' =Cy = A4 netinmk. Y xoiaa
&) = zci,k Yk =Zci,kxl,k’tr(CXT) :za‘i,i = zzci,kxi,k =Cx.
k=1 k=1 i=1 i=1 k=1
Teopema 2. (7) mwaptinapHu Kylujaarnya €3uil MyMKHH:
x*el =a,x" *e] =b,a=[a,..,a,],b=[b,...b.1,¢e =[1,...1.1,¢e =[4,...1,.] .
3.Cummieke ycyn.(2)-(3) macaiaHuHr MyMKuH Oynran eunmu ae0 (3)
apTiIapHA KaHOATIIAHTUPYBYUA X =(X,..,X,) BeKropra anrtuwinagu. Papas
Kiiaiauk rang(A) =m . CuMImieke ycys KyWuaari HKKA Kajgamaad nuoopar.
1-kagmam. Ax=b cuctemaga M Ta 0a3uc y3rapyBUd MaBXKyld. Y

xonza ['aycc ycynu Ounan yHU KyHuIard KYpUHUILITA KSATHPUIIT MyMKHH:
(X + Qg F oot @ Xy = Bl Xy + Ao Xipag o+ XX, = B, B 2 0. (8)

yAapaaH X,..., X, JapHu Tonu6 f (x)hyHKIMIHA

mm+1
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f(X) =y Xy ety X A+ T (FO)+ P, X+t P X, = To) 9)

KYpPUHUIIra KeJITUPUIL MyMKHUH. By epaa  x,,..., X, 0a3uc y3rapyBumiap, X ..,..,X,
—3PKHMH y3rapyBuuiap. x,,=..=x,=0,x =4,i=1..,m, KHUIMaTIapHu TOIIaMH3 Ba
x® = (B,,... 8,,,0,...,0) (10)

OOILJTaHFUY MYMKHH OYJIraH €YMMHU KypaMu3.

Teopema. (x© mykTanuHr onTuMauivk Imaptu). Arap (9) ma Oapua
7 =0, i=m+1..,n Oyaca, f (x)pynkuusaaunar f(x®)KuiiMaTi >Hr KUYUK (3HT
katta) kuiiMaT Ba X (10) onmTuMan ednM, YyHKH OUPOp IPKUH Y3rapyBuH
KAiMaTH orrca PyHKIMA KHAMaTH KaTTanamaay (KHIuKIamiam).

dapa3 KuIalmuK, y; Jap nauaa MaHQuiinapy MaBxys OyacuH. Yaapaan
MOJyNb OViimya »HT KaTtTacu y, OyncuH. J-ycTyH Xan kuinyBun aeinnann.(8)-(9)
HU YIIOY CUMILIEKC JKaJBaJa aKC STTUPAMHU3:

% X, Xn X Xy X s Pi
X1 1 A ay, Ol1n B -
X2 1 a2m+1 aZJ aZn ﬂz pl
X, X oy — iy B P
Xm 1 Olmm+1 Oy Qmn P P
O O 0 pm+l pJ T pn fO

2-kagam. Sluru Oaszucra (QyHKIUS KUWMAaTUHU KaMaWTUpUO YTHII y4yH
Bla,, 1<i<m, m+1<J<n coHJapHU Kapaiimu3 by epaa ukku Xon Oyauiu
MyMKHUH: 1) Oapua ajj map MaH¢uii; 2) ajj Jap opacuga MycOaTaapu MaBxKy/Il.
bupunun xonga f(x) ¢dyHKUMS KylWuJIaH yerapajaHMaraH, UKKHHYM XO0JiJla 3ca
ywoy KuiiMatHu Tonamus:  p, = S, /e, | = g}lzg{ﬂ, llal }=p.

|-carp xan KuityBUM catp aeiunanu. SIHru 6azuc eyuM Kypamus:
XY = (B, 1.0, Bisoens Bni0yeces p1-21,0),

Oy epana p -J-ypunna. X; Hu 6a3ucaan yuKapuoO, X; HA Oa3ucra KHpaTUMU3:

(O B —ay;%x, 20, 1<i<m;x, =0,

' 0,m+1<i<n;x, =p
By eunmpua f(x) HE Toamu3 Ba Kypamusky, T QyHKIMS KuiiMaT kamaiam
fx®)=fo+r,B 1oy =Tf+y,p< T, <0.

by niiHM onTrMan e4uM spaTryHda I1aBOM STTHUPAMU3.

N3o0x. Amanna, 2-kagam OCOHTHHA Oa)kapuiiajid. a,, SJIEMEHT Xal
KUJTyBUM 3JIEMEHT AeWunanu. | catp a,, ra OyauHamu. a,, ypHuaa 1 xocun
oynamu. Y €pnamuna ["aycc ycynuau kymnabd, J yctyHaaru 6apua
aneMmeHTNIapHu 0 ra ailmantupaMus. SIHIM CUMILIEKC JKaJiBaJl XOCUIT OYIaau.

VH/aH SHIU TassHY €YMMHHU 0JIaMH3. Y HU ONTHMAaJUIMKKA TEKIIMPaMH3 Ba X.K.
Mucon 1. f(X) =x +9x, +5x, +3X, +4x, +14x;,
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X +X, =20, %, + X5 =90, %; + X5 =30, X, + %5 + X =60, %; = 0.
MacanaHvHr MaTpuiacu Kymuaarnia
1 00100
A 010010
001001
000111
basuc n1e6 x,, X,, X, X, Y3rapyBUMJIApHU OJIaMH3. YJIapHU X, X, Ba MaKcaj
(GYHKIUSHE 3pKUH Y3rapyBuniap opKaiu Kyiuaarunda udoaaiaimus :
X, + % + X, =40, X, +X =20,% — % —X; =10, X, + %, =30, %; > 0., f(x) =880—7x, —14x;..

,rang(A)=4.

Y1y CUMILIEKC jKaABAJIHU Ty3aMM3:

bazuc X, X, X, X, Xs Xs i/ o)
X, 1 1 1 0 0 0 40 40
X, 1 0 0 1 0 0 20
Xs -1 0 0 0 1 0 10
Xq 0 0 1 — 0 0 1 30 30
f(x) -7 0 -14 1 0 0 0 -880
Macananu Kyriugarnya e4aMums3:
basuc X X, X3 Xy X Xg B, Pi
X, 1— 1 0 0 0 -1 10 10
X, 1 0 0 1 0 0 20 20
Xs -1 0 0 0 1 1 40
X, 0 0 1 0 0 1 30
fx) |-71 0 0 0 0 14 -460
basuc X X, Xq Xy X5 Xg B, Pi
X, 0 1 0 0 0 -1 10
X, 0 -1 0 1 0 1 10
Xs 0 1 0 0 1 0 50
X, 0 1 1 0 0 0 30
f(x) 0 7 0 0 0 14 -390

Hemak, f(x) =390 — min, x" =x_,, =(10,0,30,10,50,0).
2-macana. f(x)=3x +4x, »>max, X +2x, <4,X +X, <3,2x +X, <8,X; >0.

YekTaHUIITapHA Y3TapTUPAMMS: X, +2X, + X3 = 4, X, + X, + X, = 3,2X + X, +X; =8,X; > 0.

basuc X X X3 X Xs B Pi
X, 1 2 > 1 0 0 4 2
X, 1 1 0 1 0 3 |3
. 2 1 0 0 1 g |8
f(x) 3 41 0 0 0 0

x© =(0,0,4,3,8), f (x®)=0
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basuc X X X3 X Xs B Pi
X, 1/2 1 1/2 0 0 2 4
X, “ — |0 -1/2 1 0 1 2
X 1/2 0 -1/2 0 1 6 12
f(x) -1 7 |0 2 0 0 8
x® =(0,2,0,1,6), f (x?)=8
bazuc X X X3 X Xs B, Pi
X, 1 1 -1 0 1 0
X, 1 - |0 -1 2 0 2 2
X 0 1 -3 1 3 0
f(x) o1 |0 1 2 0 10
x? =(2,1,0,0,3), f (x?) =10 — max
4.Macananu Mathcad nactypu épraMua €UmILL
Hnoexcnapuune bow Katimamu ORIGIN =1
Maxcao ¢pynrkyus B=[1 9 5 3 4 14] C:=B" f(x):=Cx
Yexnanuwnap mampuyacu, 6eKmopu
1 00100 20
o100 10 |50 o
“lo 0100 1 b= 20 y=[0 0 0 0 0 1] x=y
000111 60
brok 6owu Given
Yexnanuwnap (bapobap iyeon) Ax=b x>0
Huku pynxyusea mypooicaam r = Minimize(f,x)
Hamuoicanu yuxapuw r=[10 0 30 10 50 O]
DyHKYUs KuUMamu f(r)=390 — min
Mucon 2. Kyiingaru TpaacnopT MacaJaCUHU €4aMu3.
B1 B2 B3 B4 B5
Al 4 11 6 5 15 200
A2 8 7 9 13 10 200
A3 10 5 12 7 20 100
FOkKka »XTHéx 70 80 150 [110 |90 500 | 500
Hnoexcnapuue bow katimamaapu ORIGIN =1
Mampuya, eekmopiap
70
4 11 6 5 15 200 80 11111
C={8 7 9 13 10| A={200] B=|150|x=(1 1 1 1 1
10 5 12 7 20 100 110 11111
90

Maxcao ¢ynxyus, éexmoprap F(x)=tr(Cx") e:=[1 1 1 1 1]T e,=[1 1 1]T
bnox 6owu, uuku ¢hynxkyus Given x*e’ =A X' *e,' =B x>0 x:=Minimize(F, x)
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70 0 40 90 O
Evumnu onuw x={0 110 0 0 90 F(x) =3400
0O 80 0 20 O

MvHpapumxara
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HiaoBa 1

AMaJiuii Ba MYCTAKWJI HIILJIAP
NMHANBUAY AJI TOIILIMPUKITIAP

1. Tenrnamanap urepanusi, Ho1oToH ycyaiapu 6uian eunwjicud. Euum
Mathcad (Maple, Mathematica) nactypuaa vuku QpyHKuusijiap épaamMmuga
Ba AJITOPUTM TY3HO OJIMHCUH, HATH/KAJIAPHUHT AKUHIMIUIA JPUILLIHIICHH.
I'paduxnap 4yu3nJICHH.

Tp Tonmmpukiap a b C d
1 f(X)=0 tenrnamanunr sur | 0,6319 | 0,9217 - -
2 KWYMK HOJJIaH apKiv 9,4637 | 13,8249 - -
3 mycoOaT eunmu Tonmiacun | 0,9464 | 1,3825 - -
4 f(x)=tg (ax)-bx 8,5174 | 12,4424 - -
5 1,8927 | 2,7650 - -
6 4,4164 | 6,4516 - -
7 f(X)=0 Tearnamanunr 3ar | 0,3049 | 0,3436 0,5 -
8 KaTTa MycOaT €UnMH 9,1464 | 10,3081 1,0 -
9 TOIWJICUH 0,6098 | 0,6872 15 -
10 f(x)=In (ax)+bx-c 8,5366 | 9,6209 2,0 -
11 0,9146 | 1,0308 2,5 -
12 7,9268 | 8,9337 3,0 -
13 f(X)=0 TeHrmamMaHUHT SHT 0,33 2,3 0,5
14 KMYHMK HOJTaH apKiIv 10 7,375 7,75 -
15 MycOaT €4MMHU TOTTUJICUH 1 2,2 1 -
16 f(x)=asin(bx)-cx 6,3 5,189 5 -
17 1,67 2,5 15 -
18 8 6,18 6,25 -
19 0,312 0,7586 - -

20 0,893 0,52 - -
21 f(X)=0 renrnama eunncun | 0,0385 0,963 - -
22 0,944 0,51 - -
23 f(x)=a exp(-bx)-x 0,25 0,8 - -
24 0,67 0,6 - -
25 0,5 0,667

26 0,6857 0,56

27 0,982 0,503

28 f(X)=0 tenrnama eunacun | 0,8896 | -2,813 |3,6929 | 11,2
29 f(x)=ax’+bx*+cx+d 0,107 | -0,4613 |2,3738| 5,44
30 1,2755 | -3,601 -1,37 | 6,76
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JpulmiIcuH. I'padukiiap Yu3HJICHH.

2. Tenraamanap urepanusi, HoI0TOH ycyssiapu OMJIaH eYUJICHH.
Eunm Mathcad (Maple, Mathematica) nactypuaa nuku pyHKmusiap
épaamMuaa Ba aJropuTM TY3U0 OJMHCHH, HATHKAJAPHUHT AKMHJIUTUTA

N
1 | sin(x+1)—y=1.2,2x+cosy=2 2 | cos(x—1)+y=0.5x—-cosy=3
3 | sinx+2y=2,cos(y—-1)+x=0.7 | 4 | cosx+y=152x-sin(y-0,5) =1
S | tg(xy+0,4)=x%0,6x>+2y*=1 | 6 | sin(x+y)-16x=0,x*+y’ =1
7 | cosx+y=152x-sin(y—-0.5)=1 8 | sin(x+y)-12x=0.2,x*+y* =1
9 | {sin(x+0,5)-y=1,2x-sin(y-0,5)=1 10 {tg(xy+0,3):x2,0,9x2+2y2 -1
11 {cos(x+0 ,5)+y=0,8 12| {sin(x+y)-1,3x=0,x*+y* =1
siny—2x=1,6
13 | [cos(y+0,5)+x=0,8 14 | [tg(xy+0,1) = x%;
{smx 2y=16 {0 5x°+2y* =1
15 {ZX cos(y+1)=0; 16 {sm(x+y) =1,1x-0,1;
y+sinx=-0,4 X +y>=1
17 {cos(y+0 5)—x=2 18 {tg(x y)—xy =0
sinx—-2y=1 VG +2y
19 | (sin(y+2)-x=15 20 3
{y+(é’os(x) -0 {sm(x y)-xy=-1x*-y’ = =
21 {SII‘](X#—l) y=1 22 {tg(xy+0 ,2) = x5
2X+cosy =2 x2+2y? =1
23 {cos(x )+y=0,8 24 {sm(x+y) ~1,5x=0;
X—CoSy =2 X +y* =1
25 {snnX+2y 16 26 | {tgxy =x*,0,5x" +2y* =1
cos(y—1)+x=1
27 {cox+y 1,2 28 {sm(x+ y)=1,2x-0,2
2x-sin(y—-0,5)=2 X2+y?=1
29 {sm(x+y) 1,2x-0,2 30 {sm(x+y) =1,2x-0,2

X +y>=1
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3.Yu3uKiau ajaredpa Mmacajajapu.

NuauBuayan TONMmmpuKiIap.

Tenrnamanap cucremacu ["aycc, utepariusi, TeCKapu MaTpulla yCyJUlapu
OunaH eywyicuH. XOC COHJIAp Ba XOC BekTopsap TomwicuH. Eunm  Mathcad
(Maple, Mathematica) mactypuma wuku (QyHKOEsUTap €paamMuaa Ba aJfOPUTM
Ty3u0 OJIMHCHH, HATHKATAPHUHT SKUHJIUTHTa SPUTIHIICHH.

8.30 262+« 4.10 1.90 16.92+
3.92 8.45 7.78— 2.46 22.61-
1) A= “ b= “|a=02kk=0,..n.,
3.77 721+« 8.04 2.28 213+«
221 3.65-« 1.69 6.99 14.54—«
k 1 1 1 n+3
1 k 1 1 n+3
2) A= k=n+3,n+4,n+5,....b = n=12,..
1 1 k 1 n+3
1 1 1 K n+3
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4 THTEpnoIsSIUsl MacaJIacu

bepuiran @yukius yayn HproToH, Jlarpank HHTEpHOALMS KYTIXaiapH,
YU3UKJIU, KyOUK UHTEPIOJIALNS CciulaiiHnapu Kypuicud. Euum Mathcad
(Maple, Mathematica) nactypuaa ndku QyHKUIusuIap EpaaMua Ba airOPUTM
Ty3u0 OJIMHCHH, HATHKATAPHUHT SKUHIUTUTA SpUIIICHH. TYp HyKTanapu
{x, =a-+ih,i=0..n} nan ¢apkau yura X X, X, HyKTajgapa UHTEPIOJALMS
dbopmynanapy Ba QyHKIMSHUHT KMMMaTIapy XUCOOIaHNO, KuiiMaTiap
coOMMITUpUICHH. ['padukinap YM3UICUH.

T.p Hyxkramap OyHKIMA
Tonmmpukiap [a,b] COHU | XHUCOOJIaHA/IUTaH.
HyKTaJIap

QD
(e
(@}
o

10 X, %, X,
[0,2]
f(x)=tg (ax)-bx

10

X
=

Xl
N

Xl
w

[3.4]

O 00N OIS WN -

f(X)=In (ax)+bx-c

10

Xl
i~

Xl
"

Xl
w

[1.4]
15 f(x)=asin(bx)-cx

OO WNEFRPOOTEEWDNE

10

Xl
i~

Xl
"

Xl
w

[3.5]

22 f(x)=a exp(-bx)-x

[EEY
[HEN

10

X
=

Xl
N

Xl
w

N
N

29 | f(x)=ax’+bx*+cx+d [2.5]

[EEY
(o]

WNhNRrROOO~NOOOUOITWDNREFROUUIRRWDNREFRPOUOUORROWONREFROOGEAWOWDNPE

WNROONOURARWNRPPORWONROORWNROUORNWNERE
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5. TakpuOuii MHTerpaLIaAII

WNurerpannap ty¥pu TYpTrOypuakiap, rpanemus, Cumicon, ["aycc
ycyimapu ouinan Tonwicud. Euum Mathcad (Maple, Mathematica) nactypuna
WYKU QYHKIMSUIAP Ba aITOPUTM TY3UO OJIMHCHUH, HATWXKAJAPHUHT SIKUHJIUTUTA

SPUILIAJICHH.

1. jcos(x +x3)dx
0

72

7l2

11. [ Insinx dx 21. [ (x+Insinx)dx
zl4 714
1 V4 V4
2. J'sin(x4 +2x° +x¥)dx | 12. J'cos(ZSin x)dx 22. J'(x+cos(23in x))dx
0 0 0
1 V1 V4
3. .[eS‘”dx 13. J.xze‘xzdx 23. J'(x+x2e‘xz)dx
0 0 0
4, jsin xe ¥ dx 14, Tx“exz dx 24, _T(x“exz + X)dx
0 0 0
1 T V4
5. Ie°°”dx 15. jcos(x+x3)dx 25. I (x+cos(x+ x*))dx
0 x 712
1 2/2 2
6. jch x“dx 16. J'sin x3dx 26. _[(x+sin x%)dx
2 21 21
7. [cos * dx 17. [xIn(L+x)dx 27, [(x+x7In(L+x))dx
0 1 1
1 2 2
8. jsin(x+x3)dx 18. _[x‘lexdx 28. _[(x+x‘1ex)dx
0 1 1
1 2 2
9. jcos xe ¥ dx 19. Jsh x2dx 29. I(x+sh x2)dx
02 , 711:/4 711:/4
10. J.sin 2xe ™ dx 20. J. xsin x3dx 30. I (x+ xsin x*)dx
1 0 0
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HNaosa 2
JlabopaTopus unuiapu.2-Kypc, 4-cemectp, 6 coar.
1-nabopamopus uwu.
Maeg3y:Houu3zuk menznamanap 6a yiapHuHz CUCEMANAPUHU MAKPUOUIL
euuu
1.1.Ho4Hu3HK TeHIJIaMa YYYH UTepanus ycyJiu.
f(x)=e” +2x—-4p5=0,a=0.1k, #=1+0.01k,k € N.
TEHTJIaMa UTepalus ycyau ounan eunsicud. Xucobnamnuap [lackans Ba lendu
TWJUTApUA TY3WITaH AacTypiap €pAaMHuIa aMalra OIIUPHUIICHH.
1.2.Houu3uk TeHrjama yuyH HbI0TOH ycyJiu.
f(x)=x3+4x— =0, f=1+0.01k,k € N.
TeHrnama HetoToH utepauus ycynu Ounan edusicud. Xucoonaumap [lackans Ba
Jendu Trmumapuaa Ty3uiarad qactypiap €paaMuia amanra OIUPUIICHH.
1.3.Houn3uk TeHrJIamanap CUCTEMAcH Y4YyH UTE€palus yCYJu.
A)ax® —y*-1=0,xy° ~y—-4=0,a =1+0.5k,k =0,...,5.

B)eY =x* —y+a,(x+05)* +y* =k,x.0,y >0, =1+0.1m,k =0.6 +0.1m,m =0,...,5.
TEHIJIaMaJIap CUCTEMAcu HUTepalus ycyJu OuilaH ednsicuH. XucoOamnuiap
[Tackainp Ba [lendu Tumiapuaa Ty3Wiral aactypiiap €paMmuia aMmaira
OIIUPHUJICHH.

1.4 Houu3uK TeHriamaJap cucremMacu yuyH HeoToH ycyJm.
A)ax’-y*-1=0,xy* —y—-4=0,a =1+0.5k,k =0,...,5.
B) tg(xy +k) =x*,ax’ +2y* =1, x>0,y >0, =0.5+0.1m,k =0.1m,m =0,...,5.
TeHrjJamManap cucreMacu HbIOTOH utepanus ycyiau OuiaH €4usICHH.
Xucoonanuiap Ilackane Ba Jlendu Tummapuaa Ty3uirad gactypiiap épaamuia
amajra OIIUPHUJICUH.

2-1200paToOpPHUs UIIIH.
Yuzurxnu menznamanap cucmemacu I'ayce, 000uii umepayus, 3eiioens
ycyanapu 6unan e4uicun
2421+« 2.42 3.35 30.24

A=l 231 3149+« 152 |, b=|40.95-43|,6=10"a=0.2k, f=0.2k,k =0,...,5.

3.49 4.85 2872+« 42.81

JleTepMUHAHT Ba TeCKapu MaTpuila xucobmancuH. Xucobnanuiap [lackans Ba
Jendu Trimapuaa Ty3uiarad qactypiap €paaMuia amanra OmUpUiICHH.
3-1a0opaTopusi MILH.

Xoc connap 6a xoc 6eKmopaapHu maxpuouii xucoonau

2421+« 2.42 3.35
A= 231 3149+« 152 |,a=0.2k, g=0.2kk=0,..,5.
3.49 4.85 2872+«

MaTPHUITAHUHT XOC COHJIAPH Ba XOC BEKTOPJIAPU TAKPUOWI TOMUIICHH.
l)mMakcrman Xoc COH Ba yHTa MOC XOC BEKTOP UTEpaIsl yCyJu OuiaH
€=0.001 aHuKINKKa4a;
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2)0apya XOC COHJIAp Ba XOC BEKTOPJIAP XAPAKTEPCTUK TEHIJIaMaHU €4MIII
acocuna;

3)JIeBeppne Ba DaseeB ycyiu acocuia;

4)KpbUIOB yCYJIM acOCHIA.

3-Kypc, 5-cemecTtp, 6 coar.4-1a00paTopus MIIM-2 coaT.
HNHuTepnojsinusa Macajgacu
f(x)=acos(bx+c)+dx=0,0<x<1,h=0,2,n=5
¢ynkius Hetoton Ba Jlarpanx ¢opMynanapu Epramuaa
UHTEPIOJIALUSAIAHCHH. .
S-nabopaTopus UIIK-2 COAT.

Takpuoui nHTerpa.]mam Ba qu(pepeHHaIAN MACAIACH
72

- _[ sin(ax) dx, I, J > exp(ax) a1, J»exp( X )sm(ax) dx J» Ja+x?
Pod o x S X ] X +a’ %l 1+cos(ax)
a=05+0.1k,k =0,...,5
uHTerpauiap tpaneius Ba Cumiicon hopmyianapu épaaMuia MHTETpaIaHCHH.
MyHiapuskara

Haosa 3.
Xucodaam (MaTeMaTHKACH) yCyJLIapU
danu 6Viinua TECTJIA P

Xucooaam ycyiapu ¢panu 0yiiuua TECTJIT AP
XY 6 cem 1v (pam.ucm)
(Typyx)
1. f(x)=x*-5x+1=0 TEHIJIAMAaHHHT HEYTa XaKUKUH WIAH3Iapu MaBxKy?
Al B)2 C)3 D)0ynnaii ninausnap
HYK
2. f(x)=x*-5x+1=0 TeHTJIaMaHUHT WIIU3JapH KaiicH KecMasap/ia skoimamran?

A)[3-2], [01], [23] B)[23],[34], [0.1] C)[3.2], [0.1], [2.3]
D)[-3-2], [-1,1], [2,3]
3. f(x)=x>-56x+1=0, 0< X< 1, TCHIJIaMa UTepalus yCyJUHH KyJUIall y4yH
x=g(X)=(x*+1)/5 KypuHwuIlra KexTuprirad. Kucuin ko3QpGUIieHTHHA TOIHHT.

A)1/5 B)2/5 C)3/5 D) 4/5
4. f(x)=x*-5x+1=0, -3< X< -2, TCHTJIaMa UTEPAIUsl YCYJIMHU KYJIall YayH
x=g(X)=x-f(x)/22
KypuHuIIra kentupwirad. Kucuin kosgduiieHTHHI
q = max{]g'(x)|,~3 < X < —2} TOTuHT.
A)11/22  B)12/22 C)13/22  D)14/22
S. f(x)=x*-5x+1=0, -3< X < -2, TEHIJIaMa UTepaIHs yCYJINHU KyJUTall yayH
x=g(X)= x-f(x)/22 kypunuira kenrupuwirad. x? =-3.x0=?
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A)-2.3 B) -2.4 C)-2.2 D)-2.5
6. f(x)=x-5x+1=0, 0< x <1, TeHrTama HpI0TOH HTEpaIysl yCyITuHU Ky Al
yuyH X=g(X)=x-f(x)/f(X)  KYpHUHUILTa KEJITUPWITaH. bolUIaHFUY UTEPALIUSIHU
TOIIHHT.

A) x<0.2 B)O C)1 D)0.5

7. f(x)=x*-5x+1=0, -3< x <-2, TeHriIama HpIOTOH uTepalus yCyJIMHA KYyJUIam
YUyH  X=g(X)=x-f(X)/f (X) KYpHHHUIITra KEITUPUITaH. bolTaHFUY UTEpALIUSTHA
TOIIMHT.

A)-3 B)-2 C)- 1 D)
OOLTAHFUY. UTEPALHS HYK
8.  f(x)=x*-bx+1=0, 2<x <3, TeHrIama HpOTOH UTeparus yCyaIuHH KYyIUIall
yuyH Xx=g(X)=x-f(x)/f(X) KypuHHUIITa KEATUPWITaH. bonuianFud ureparusHu
TOIIHHT.

A)3 B)2 C)1 D)6apuacu
9. f(x)=x*-5x+1=0, -3<x <-2, HbIOTOH UTEpalys yCYJINHU KYJUIAll YIyH
x=g(X)=x-f(x)/f(x) KypuHumra KenTupuirad: x© =-3, x®=?

A)-2.6 B)-2.5 C)-2.7 D)-2.1
10. f(x)=x’-5x+1=0, 2<x <3, TeHr1aMa HpIOTOH MTepanus yCyJuHH KyJUIall
yayH x=g(X)=x-f(x)/f(x) kypuHwuiura kenrupuirad: x =2. x®=?

A)2.4238 B)2.2148 C)2.1428 D)2.4428
11. f,=x2+x2 -1=0, f,=x,-x;=0 HTC eunmnapu €Tran coxajaapHu KYpCaTHHT.
A)[-1,0]*[0,1] v[0,1]*[0,1] B) [0,11*[0,1]v[0,1]*[-1 0]
C) [0,19*[0,1]v[-1,01*[-1,0] D) [0,17*[0,1]v[-1,0]*[0,1]

12. f=x?+x2 -1=0, f,=x,-x’=0 HTC Hu utepanus ycyau OMIaH e4nl yIyH
X =% =0,(X,%), X =+1-%X* =0,(X,X,) KYpHHHIIra KEATHPHITaH.
x?=0.7,x" =0.6 ,6ynca x =2, x” =2.

A) 0.7868, 0.7341 B) 0.7746, 0.7141 C) 0.7546, 0.7241 D)
0.7946, 0.7541

13. f=x}+x2 -1=0, f,=x,-x’=0 HTC Hu nTepanus yCyJIuHU KyJUIalll YIyH

X, = \/Zz 0,(X, %), X, =+/1=X =0,(X,X,) KYpUHHIITA KSATHPHUITAH.

X =0.4,x" =0.6 yuyn q=|g|=2.

A) 0,6455 B) 0.7749 C)0.5 D) 0.8887
14. f=x?+x5 -1=0, f,=x,-x=0 HTC uu HptoTOH ycCynu OniaH eyuin yayH
X, =%—-D,/D=g,(X%,X%), X,=X—-D,/D=09,(X,%,), D= fle f2X2 - f1X2 f2Xl ,

D, = f,f,, —f,f, D,=f, f,—ff, KypuHHIIra KCATUPHITaH Ba

X% =g, (4 xEP), x0 = g, (X, x¢P)  urepanusiap KyutaHUITaH.

x? =0.5x” =0.5 6ynca, xP =2, x{ =2.

A) 0.3425, 0.645 B) 0.3125,0.625 C) 0.3625, 0.665 D) 0.875,
0.625
15. f(x)=0,f:DeR"—>R" HTC .HbtoToH uTEpanus yCyJIuHU KYPCATUHT.
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A) x® =g (D, x D) =1 B)x® = g (xFY, . xED x xED Dy g g
C) X(k) — X(k—l) _[ f I(X(k—l) )]—1 f (X(k—l)) D) X(k) — X(k—l) —[f !(X(O) )]—l f (X(k—l))

16. f(x)=0,f:DeR"—>R" HTC yuyHn cognanamrad HetoToH wuteparus
YCYJIMHU KYPCATHHT.

A) xO =g (x*PxEDyi=1.,n B)x® =g (x¥P,..x®P x® xED  xED) i=1,..,n
C) X = y (k1) —[f !(X(k—l))]—l f (X(k—l)) D) x®) = y (k1) —[f f(X(O) )]—1 f (X(k—l))
17. f(x)=0,f:DeR" >R" HTC x=g(x):DeR" —R" 3KBUBaJICHT KYPHUHHUIIITA
KeITUPWITaH Ba urepanus ycyau x =g(x“™),k =1,2,..., KyJUlaHWITaH.
Hazapuii 6axoHu KypcaTHHT.
A) [1EXBN<alx®x i) B)lIgx®) < g Ix9x*“]/(1-q)
COIgx®N<a“igx D)[Igx¥l <q“l&x?|
18. f(x)=0,f :DeR" »>R" HTC x=g(x):DeR" - R" 3KBHBaJICHT KYPHUHHUIIITA
KeATHpHITaH Ba urepanus ycyau x© =g(x*™?),k =1,2,..., KyuIaHHITaH.
Amannii 6aXOHU KYpPCATUHT.
A) [1ExP)<alx¥x ia-a) B)llgx®) <qfIx¥x“Jia-a) CYlIEx®l<q g
D)lIgx®ll <q“lgx?|
19. f =x-e¥=0, f2=y-e*=0 cucTema WIAN3Tapu €TTaH COXaHU KYpPCATHHT.
A) 2-4opak B) [0,1]x[0,1] C)3-uopax D)4-4gopak
20. x=g(x) HOUM3UK cucTema ureparus ycyan x®=g(x*") Ouaan eunnmoka.
V3oxmammm maptu Kaagai. (by epaa g (x)- SIkobu marpumacu,
g=max{|lg* (¥)Il, x € D})
A)g>1 B)g<1 C)g=1 D) g<2
21. Taycc ycynu OminaH KaHJail TeHrIamasiap equiaam?
A)Houmsuk tenrnama  B)Houusuk tenrnamanap cucremacu — C)Uusukiu

TEHIJIamajap CUCTEMACH D)Yu3ukau TeHraama
22. Taycc ycynu Hewa 3TamnjaH nbopar?
A)l B)2 C)3 D)4

22. Taycc ycynuaa 9YM3uKIn aareOpank TeHIJIaMaaap CUCTEMacu — VHT
IOpHUILIA KaHAal KYpUHUIITA KEATUPUIaan?

A) JlnoroHan MaTpUIaid cCHCTEMara B) wam kyitn yuOypuak
MaTpHULIaJIN cUCTEMara

C) VHr 10kopu yuOypuak MaTpHUIIAIH CHCTEMara D) yu nquorHan
MaTpHULIaJIN cUCTEMara
23. Ax=b <>x=Cx+d KYpUHHILITra KEITUPWITaH Ba UTE€PALHs YCYIU
KYJUIaHWITaH. SIKUHIAIUII [apTyU KaHgaan?

A)llCl=1 B)IIClI=0 C)licl>1 D)IICli<1
24.  Ax=b <>x=Cx+d KYpUHUIIra KeJITUPWITaH Ba UTEpALs yCYIH
Kynanuiarad. Hazapuii 6axoHu KypCcaTHHT.
A)IEXI < Xl B)llex®l<dlix®x*ia-a)  CYIEx®)<g|Ex|

D)IIg-x®ll <a"|Ig-x®|
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25. Un3uK/IM TeHraaMaiap cCucTeMacu Ax=b <>x=Cx+d KYpHUHUILIa
KEJITUPWITaH Ba UTEpaIs yCylIH KYJJIaHWIran. Amanuii 0axoHU KYpCaTUHT.

ANIEXON g 1exPll B)lIgx®lI<alx®x**lia-a) CYlIE-x¥ =g g

D) lIg-xYIl <a*ll&x|
26. Ax=b,A=[a;],x=[x1",b=[b] i, j=1...,n, YN3UKIU TEHIIamManap
CHUCTEMAaCHHUHT €YUMH Ka4OH MaBXy/[ Ba sSroHa?
A) det(A) =0 B) det(A)=0 C)det(A)=0, Ji:det(A)=0 D)det(A)=0,

det(A) =0V
27. Ax=b,A=[a;],x=[x1",b=[B],i, j=1,...,n, YU3UKIN TEHIIaManap CACTEMAacH
yuyH Kpamep koungacunu kypcatunr. A) det(A) =0 B)

x. = det(A)/det(A),i=1...n C)det(A)=0, Ji:det(A)=0 D)det(A)=0, det(A)=0Vi
28. Y4 quoroHaIM YM3UKIA TeHTIamanap hbyx, +c¢,x =d,

,ax,+hx +cx,,=d,i=1..,n-1, ax ,+bx, =d, cucremacu KaHgai ycyna ounax
eunIagn’?
A)T'aycc  B) urepanus C) nmporonka D) kBagpat wiausnap
29. IIporoHka yCyJIMHHUHT YHT FOPUIIMHHA KYPCATHHT.
A) u,=0,u,, =-c /(au, +b),v, =0,v,, =(d, —aVv,)/(au, +b),i=0,..,n-1. B)x=A"D
C) X, =(d, —a\v,)/(@u, +0,), X =U;, X, +Vi,p,i =n-1...,0.

D) x =det(A)/det(A),i=1,...n.
30. [IporoHka yCyJMHHHT Yall IOPUILINHU KYPCATUHT.
A) u,=0,u, =-c /(au, +b),v,=0,v., =(d, —av,)/(au, +b),i=0,..,n-1. B)x=A"D
C) X, = (d, —av,) (@, +b,), % =U,, X, +Viy,i=n-1...,0.

D) x =det(A)/det(A),i =1,....n.
31. f(x)=3x*+7x+1xyn xan yuyH f[x,,X,,X,] UKKHHYH TapTUOIU OYIIMHTaH

alilMpMaHM TOMUHT. X,=0, X,=0,5, x,=1. A)3 B)0 C)2
D)6

32. n- TapTuO Hpr0TOH HHTEPIIONSIHS KyTiXanuaa X" oJiIuaaru

KO3 UIIEHTHH TOIHHT. A) (X-%p)-.(xx,)  B)fxy...x,] C)F(x,)
D)1

33. I, ()} Jlarpamwxkuunr GyngamenTan kynxamapu {l;(x;)=1, I;(x;)=0}

WUFUHAMCH HUMAara TeHT.
A)l B)2 C)3 D)0
34. HwbIOTOH MHTEPNOJIALMS KYNXaIUHU KYPCATUHT

A) f(Xo)+zf[Xo X k](X'X o)---(X'X k—l) B) f(Xo)Io (X)+"'+f(xn )In )
k=1
C) o FAXTFAXT DY () )HX o0 X 1 XT(XX ). (XX )
35. Jlarpanx MHTEpPHOALUS KYIXaJUHU KYpCaTHHT
C) a,+a,x+..+a X"

D) f(x,)+f[Xg,....X,, X] (X=X, )...(X-X,,)
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36. HiobTOH MHTEPNOJSALNS KYTIXaQAUHN KOJIUFUHU KYPCATUHT

A) X, X, XXX ). (XX,) Bﬂ%}%luﬁﬂ4»«d

C) -f@(&) h?(b-a)/12 D) -f(4)(&£) h*(b-a)/180
37. Jlarpanx UHTEPIOALUS KYIIXaJUHU KOJIUFUHU KYPCAaTUHT

A) X, X, X (XX, ). (XX,,) B)% (XX ). (XX )

C)-F? (&) h? (b-a)/12 D) £ (&) h*(b-a)/180

38. f(0)=1,f(0.5)=0,f(1)=4 dyHKIMSI KHAMaTIApH KaaBaau Oepuiran. Yn3ukim
UHTEPIOIALNS CIVIAMHUHUHT KUMMaTH Tonuicul S, (f;0.25)=2.

Al B)2 C)0.5 D)0,4
39. f(0)=1,f(0.5)=0,f(1)=4 dyHKIHSI KUAMaTIApH *KaaBaIu Oepunran. Yn3ukiIu
WHTEPIOIALNSA CIUIAMHUHUHT KHiMaTuy Tonuicul S, (f;0.75)=2.

A)l B)2 C)3 D)4
40. 1 meddexTnm KyOMK MHTEPHOSAIMS CINIARHUHUHT y3JIyKCH3 XOCHIIaIap
COHM HeuTa?

A)2 B)2n C)3n D)4n
41. bupunum TapTHOAM f(X,) XOCHIIa YUyH UKKUHYM TAPTUOIN aHUKIUKIATH
YEKJIM alpMalId MapKa3uil XOCHUJIa Ba KOJIIMFUHU KYpPCATHUHT.
A) (f,-4f +3F,)/2h+0(h?)  B)(f.,,-F.,)/2h+0(h?) C) (f,-4f,+3f,)/2h+0(h?)
D) (f ,-4f ,+3f )/2h+0(h?)
42. bupunum tapTubnm f(x,) Xocuiaa yuyH UKKMHYU TAPTUOIN aHUKIUKAATH

i+l
YEKJIM alMpMalii XOCUJIa Ba KOJIUFUHA KYpCATHHT
A) (f,,-f.,)/2h+0(h?) B) (f ,-4f ,+3f )2h+0(h?*)  C)(f,-4f, +3f,)/2h+0(h?)

D) (f..,-2f +f_,)/ h*+0(h?)
43. bupunum taptubnm f(x,) Xocuia yayH UKKHHYU TAPTUOIN aHUKIUKIATH

i+1

YEKJIM alpMaJIi XOCWIIA Ba KOJIUFUHU KYpPCATHUHT

A) (f,,-f.,)/2h+0(h?) B) (f,-4f,+3f,)/2h+0(h?) C) (f,,-4f ,+3f )/2h+0(h?)

D) (f.,,-2f, +f_,)/ h*+0(h?)

44, VIKKkWHYHM TapTHOIU f'(x;) xocuia y4yH HKKUHYHU TapTUOIM aHUKJIUNKIATH
YEKJIM alupMaii XOCUJIaHU KYpCaTHHL.

A) (f..,f.)12h+0(h?) B) (f,-4f +3f,)/2h+0(h?)

C) (f,,-4f ,+3f )/2h+0(h?) D) (f.,,-2f +f_,)/ h*+0(h?)

45.  bupunum TapTubOiu f(X,) XOcHiIa ydyH OMpPUHYM TapTUOJIN aHUKJIUKAArU

i+l

YHI 4EKJIM aiupMalii XOCWIA Ba KOJAUFUHU KYPCATHUHT.

A) (fi+1'fi )/h+0(h) B) (fi+1'fi-1)/2h+0(h2) C) (fo '4f1+3f2)/2h+0(h2)

D) (f, ,-4f ,+3f )/2h+0(h?)

46. Hrproron-Kotec kBaapaTypa Gpopmynanapuia aHUKIMK TapTUOU KaHIail.

A)n B)1 C)2 D)3
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47. Tpaneuus popmynacunu kypcatunr.(by epma S =f +..+f,  ,S,=f,+..+f, ,)
A) % (f,+4S,+2S,+f, ) B) h(f,+2f +..+2f +f )2 C)-fP(&) h*(b-a)/12
D) -f® (&) h*(b-a)/180

48. CumncoH popmynacunu kypcarunr. (by epna S =f +..+f, ,,S,=f,+..+f, ,)
A) % (f,+4S,+2S,+f, ) B) h(f,+2f +..+2f ,+f )2  C)-f@(&) h?(b-a)/12
D) -f (&) h* (b-a)/180

49. Tpamenusa popmynacunaa Koaauk kanmgai. (by epaa
Sl =‘I:l *. '+f2m—l ! SZ :f2 *.. '+f2m—2 )

A) % (f,+4S,+2S,+f, ) B) h(f,+2f +..+2f ,+f )2 C)-f?(&) h?*(b-a)/12

D) -f® (&) h*(b-a)/180
50. Cumrcon ¢opMynacuaa aHUKJIAK TapTHOW Ba KOJIWK KaH1an?

A)5, % (f,+4S,+2S,+f,)  B)2 n(f,+2f+.+2f +f )2 C)1,-F?(&) h*(b-a)/12

D)3, -f® (&) h*(b-a)/180 ( OyepmaS=f+.+f, ,S,=f,+.+, )

HT 1 2 3 4 5 6 7 8 9 10
C A C C D A B A B C

HTC |11 12 13 14 15 16 17 18 19 20
A B A D C D D A B A

YATC |21 22 23 24 25 26 27 28 29 30
C B D D B A B C A C

TW/Mue |31 |32 |33 |34 |35 |36 |37 [38 |39 |40
D D A A B A B C B A

TU 41 42 43 44 45 46 47 48 49 50
B C C D A A B A C D

MyHaapukara

Nnosa 4
MaremaTHuK cucTeMaJiap
1.3aMoHaBHii MaTeMaTHK JACTypJap JacTaCH XaKua.
2. MaTteMaTtuk nporpammarap.
3. Matchad mporpammacu xakuma.
4. Matchadgan ¢oiigamanuin acociapm.
5. Matchadaa cranmapt MacanajapHy SUHIIL.

1. MaTemaTuk Ba WIIMHNA XUCOOJAIIIAP MIAXCUH KOMITBIOTEPIAPHUHT SHT
Ooupunun Bazudacu 0ynubd xenran. Kynunga Oomika pan Mmyraxaccuciapu
KOMITBIOTEP/Ia Macaja euuill yuyH (akat JacTypiaml TUJuiapuiad Oupuna,
Macainas, [lackanb, @opTpan, belicuk, Jlendu, nactyp Ty3ui kepak 1eo
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Vinamaau.Adcycku, OyHaait amac. Xo3up dhupManap TOMOHUAAH ITYH 1l
porpamMmaiap Uiuiad YMKUWITaHKH, yiaapia Typiau XUl MacajalapHu JacTyp
Ty3MacJaH €4ulll MyMKHH. byHan nporpaMmmanap X03up IyHIam Ky
SApaTUWITaHKy, yiaap Xumus, Gu3nKa, MeXaHuKa, UKTUCOAUET, YN3MAUUITUK Ba
OolIKa coxanapjaa XxaM MaBxKy/l.

2.An0atTa, 9HT KYTI TapKaJlraH mporpamMmmaiap-MaTeMaTuK
nporpammaiapanp.Xo3up aynéna Matchad nan ramkapun Matematika, MatLab,
Mapple, SWP, Derive, TK!Solver kabu mporpammanap MaBxy. bormika
coxanapza sca:QSP (onepanusinapau Texkmupuii), GPSS(Moaennamrrupuiin),
Lat.X (Makonanap tanépmamr), Visio(unm3madmimk), AutoCad MarmmHaco3/1HK)
KaOu mporpammanap MaBxyz.

Matematika-sHr Kyuin MaTemMaThkara SsKUHpPOK rmporpamma, —MatLab
(Mathematic Laboratory)-uusukim anreOpa Macanajgapy yayH MyJDKaJlJIaHTaH
nporpamma, Mapple-keHr KaMpOBIIM TYPJIA XHJI MacaJlaJlapHU €YU YIyH
Mmyipkayutanrad nporpamma, SWP(Scientific Wook Place)-onuMmHHUHT Uil ypHHU,
WIMHNA MacajajlapHH €4HIll YU9yH MYJDKaJUIaHTaH MPorpaMMma.

3. Matchad nporpammacu 1986 #inm sipatiiran Ba Tooopa
TakoMUJUIamuoO 00pMOKIA.

Xo3up Matchad épnamuia KaTopJiapHUHT WAFUHIAIAPUHU XUCOOJIAIIL,
JUMUT, UHTErpaimap, Oypswe, Jlammac anmamTupuiuiap, XOCUaalapHU
xucobuai, rpadukiIap Yu3uill, Oup Ba OUp HEeYa HObMATYMJIU YU3UKJIU Ba
YU3UKCHU3 TCHTJIaMaJIap CUCTEMACUHU SYHIIl, ICTCPMHUHAHT, TECKapy MaTpHIIa,
X0C COoHJIap Ba xoc BekTopaapHu xucoduam, OJT yuyn Komm Ba uerapa
MacajaJapHu e4uIll, XyCycui Xxocunanu nudQepeninan TeHriaMantapHu
TaKpuOuil euu (TYp ycyauaa), MHTEPIOJISALNS MacalaCHHU €UHIIL, YXTHUMOJIIap
HA3apUACH Ba MAaTEMAaTHK CTATUCTUKAHUHT CTaHAApT MacajaJlapyuHu €4HIll Kabu
UIIUTApHU OCOHTMHA MpOrpaMMa Ty3MacaaH euuin MyMKuH. dakaTruna,
Macayiani Matchad HUHT MaTeMaTHUKara SSKMH OYJIraH TUIUIA Kys OJUII Kepak
BAa €YMMHHU CYypalll KEPAK XO0JIOC.

4. Matchad na macana eduinn yd9yH YHUHT KypoJulap MaHeapuaan €Ku
MeHIoJapuaad Golgananuin Kepak. DHT OCOHU KypoJuiap MaHeapuIaH
dbornananunl. Acocuit Kyposuiap MaHeJIMHU KeaTupaMu3. Y TapHUHT coHu 10
ta.Pacmia kenTupuiaran TapTudaa TaHUIIIAMA3:

1)Kypomnnap manenu Math-acocuit KypoJuiap naHenau, KoJarasiap 1ury
epaan ounnany, 2) Kypomrap manenu Matrix-maTpuiia Ba BEKTOpIap KCTUaa
amaiiap 6axapysun, 3) Kypomnap nanemu Evaluation-xuco06:mam
oneparopiapu nmanenu, 4) Kyponnap manenu Boolean-matukuii amasmiap
nanenu, 5) Kyposmrap nanenu Calculator-kanbpkynsrop nanenu, 6) Kyposmap
nanenu Graph-rpadukinap 4u3uIl UMKOHUSTHHE OepyBUM maHemnsb, 7) Kyposiap
nanenu Calculus-marematuk ananu3 nanenu, 8) Kypoinap nanenu
Programming-mporpamma Ty3uill y4yH 3apyp omepatopiap, 9) Kyposmap
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nanenu Greek-rpek xapdaapu nanenu, 10) Kypomnap nanenu Sumbolic-
CUMBOJLIM XHcOoOIaiap maHeu.
MatemaTuk XpucoOmamap/aa Kypoiap NaHeId UIUIATHIA M.

-* Mathcad Professional - [Untitled:1]

@ Eile Edit Yiew Insert Format Math Symbolics Window  Help
el &Y iy B = oA | [100% ~ || G R
|Mormal || aurial =l B 7 O |===|i=i=
+ e
Calculator ]
nl i omon =, x]
In &% =1 W e
log 7 () >* 7
tan ¥ 85 9 1 e D e ————— [
0B 3 Symbolic [x]
Cog =
] — -— Modifiers
sn 1 2 3 +
float complex assume
= 1] —_ =
= solve simplify  substitute
- =
Greek El factar expand coeffs
e @ & v & 2 ¢ collect series patfrac
D8 ok A K
addlLi P fourier laplace Ztrans
ine T
it ih . » & o S invfourier invlaplace invzirans
i othenwvise
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