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A.MmomoB. Xucobaam ycyraapu Ba MathCAD. YKy ycayomi
ky/uianma. Hamanran, Ham/1V, 2016.-100 6.

Ymby ykyB ycnyouii kyuianma yauepcuteraapauar 5130200-«Amanmii
maTemaTnka Ba uH@opmatukay, 5130100 «Matematukay HyHaIUIUIAD Y4yH
«Xucobmam ycymutapu» GaHUHH YpraHyBUMIAp YYyH MYIDKaJUIaHTaH Ba
amanjard YKyB pexxaiap, YKyB JacTypJiapu acoCujia Ty3WJIraH. Xap Oup mMap3y
acocHil TylIyHYanap Ba HaTWxanap (popMynanap), MaB3yHUHT MOXUSTUHU OYUO
OepyBuUr MyJioXa3ajlap caBoJUIap/iaH Ty3HIIraH.
1-xucM anredpa Ba aHaIU3 MacalajJapuHU TaKpUOU eduiira
Oarunuianrad. by epaa OuTTa HOUM3MK TEHIJIaMa, yJIapHUHT CUCTEMAaJIapH,
YM3UKJIM TEHIJIaMajap CUCTeMallapy, MHTEPIIONSLNS, TaKpHOUi
nuddepeHnramuial Ba MHTErpajulall Macajanapy Kapajira.
2-kucM nuddepeHIali Ba UHTerpall TEHTJIaMallapHu TaKpUOUii euunIra
KapaTuJraH.

bupunum mapta, 6apua xucobnam ycymnapu yuyH MathCAD
nporpammacua KOMIbloTepra KUpUTHWIrad HaTwxka Oepaaurad, ciHad
KYpWIraH, KYpUHHUIIA TaOMU —MaTeMaTUK €3yB OuiaH Oup X Oyiran
Macaja €YUIIHUHT aJITOPUTMIIAPU KEITHPUIITAH.

MathCAD MATHematica (matemaruka) Ba CAD (Computer Aided
Design — cucTeMbl aBTOMaTHYECKOTO MPOSKTUPOBAHUS, EKM MaTeMaTHK
CAITIIP-maTemMaTHK aBTOMATIAIITHPUIITAH JTOMMXAJAIl TU3UMIIApH)
cy3mapunan onunrad. llynnait kuano, MathCAD-xucobnariapau
aBTOMATJIAIITUPYBYH MATEMATHK axO0POT TU3UMHU JEMaKIUD.

Tuzum 1eb6 Kyiunran MakcaJJlapuHu amalira OUTUPHII YI9yH OUp BAKTHUHT
y3uga Xxam SroHa, XaM Xap XuJ DJIEMEHTIAPHUHT MaXKMYHU Je0 Kapaiuiliu
MYMKHH OYJIraH Xap KaHjaai 00beKTra auTuiaiam.

AXO0pOT TU3UMU- KYHUITaH MaKCaJHU amalira OIMUpHUII YUyH aXOOpOTHU
WWFULL, CaKjIall, KauTa uiuiam, KUAUPUILI Ba y3aTUILI YCYJIJIapy, BOCUTAIAPU
Ba XOJIUMJIAPHUHT ¥3ap0 OOFJIMK MaXKMYUIUD.

AXO0pOT TU3UMI'a HHCOH CaBOJI OWJIaH MyposKaaT KUila/id, y kaBo0

kaitapagu.@oiinananysun MathCADra macana 6uian MyposkaaT KUJaiau, y
»KaBoO KaiTapaau.

VKyB ycny6uii Kyaama yays Maceyir: T.¢.H.,nou.IT. Kapumos

YK 519.6 (075.8)
bbK 22.19
© Hamanran naBnar yHuBepcutety, 2016



MYHJIAPUKA

1-kucem. Mabpy3aaap.

l_\

1. KHPUI. XUCOBJAII MATEMATUKACHU HUMA ?.......c.cuuee...

1.2. HOYN3UK TEHIJIAMA YUYH UTEPAIIUA YCVYJIN.................

1.3. HOYU3UK TEHIJIAMA YUYH HBIOTOH YCVYJIU.......cccccvenveee
4. YU3UKJIU AJITEBPA MACAJIAJIAPUHU TAKPUBU EYMIILL....

. YATCHHU EYNIIHUHI' AHUK YCYJUIAPU.TAYCC BATAYCC-

D 0 ) o DN & L O 1
1.6. YN3UKJIU CUCTEMA YUYH UTEPALIUA YCVYJIH...................

=

==

1.11. JIATPAHK UHTEPTOJISILAA KYTIXAI . ...oeeeeeeeeeeeeeneannns
1.12. CINTAMHJIAP BIJIAH MHTEPTIOJISIMSJIALL......................
1.13 TAKPUBHA JU®PEPEHIUALIALL ®OPMYJIAJIAPH.

YEKJIU AUAPMAJIM XOCHIAJIAP. .....ccceeeeeeeeeeeeeeeieeeeeeeeeens
. TAKPUBU1 UHTETPAJLJIALLL ®OPMVYJIAJIAPH.....................

H
.|>

=

1
.16.
1.17.

($2

=
»

KBAJAPATYPA ®OPMYJAJAPUHUHI KOJAUKJIAPH............
O YHKIIUA MUHUMYMUHU TOIINIIT (MATEMATHK
HPOI'PAMMAUJIALI -MII MACAJIACH)........ccooiiiiiiiiiiiiie
1.18. YU3UKJIN ®PYHKIUA MUHUMYMHUHHU TOIINII (YU3UKJIN
ITPOTPAMMAJIAII (UIT) MACAJTACH)....cuceiersueicsnecssnnecsnecsnnecsaneeans

\l

NJIOBAJIAP.
1.AMAJINI UIIJIAP.
2. JABOPATOPUS NIITJIAP.
3. XucoOaln MareMaTHKACHAAH TECTIap
4. Byrok MaTeMaTHKIap.
5. Mathcad nporpaMmmacu OrJIaH MIILIALI

6.A1a0uéT

1 BOB.AJITEBPA BA AHAJIN3 MACAJIAJIAPUHU TAKPUBUI

3



EYMUIII.

1.1. KHPULI. XUCOBJIAII MATEMATHUKACH HUMA?

Acocuii mywynuanap: Macana euuw smaniapu, Xucooiawl ycyiiapu, amaiull
Mamemamuxa mapuxu, abcaiiom 6a HUCOUL Xamo, Myxum 6a UmoH4Iu
pakamiap, Xamoauxkiap Hazapusicurue acocuti macanacu ( QyHKYusHuHe
KUtMamuHu xucoonauoazu Xamo.iux)

Acocuii namudicanap:

1.Macana ewuw smannapu:
MOO0EIb—AN20PUMM—> 0ACHYP— KOMNbIOM eP— HAMUICA.

2. Xucobnaw ycyanapu:macaianu maxpubuti evunus yCyilaputu apamaou.

3. Amanuii mamemamuxa mapuxu:l-oasp spamuzoan agsan 3-4-mune tiunnap
onoun, Il-oasp Hvromonoan xetiun, I1l-oasp 1920 ii.0an ketiun(mypaxkkad
xucooaauinap 6a Komnvromep ).

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

,5a<8,,6 ,=A,/|a

A =0, |a|

5. DyHKYUs XAMOIUSUHU XUCOOIAUL.

n af n
ay=3 a>(<.C)AX- A, =maxy
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|y| ceG i1

i=1
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6. Mamemamux muzumaap (macanarapuu euysuu npoecpammanap):Mathcad,
Maple, MatLab.

1. Maremaruka Oy Tamkyd JyHEHUHT T€OMETPHK (popmanapu Ba COHJIH
MyHocabaariaapu xakuaaru dhauaup (DHIUKINOTEC N IaH ).

Xucobuar ycyiiapy (Xucooialn MaTeMaTHKACH) aMaliii MacajlaJapHUHT
MoeIapy OYJIMHIII MaTeMaTUK MacalajlapHU TaKpHOWid €UuIll y9yH TaKpuOui
(connn) ycyiap sipaTHIl OWJIaH HIyFyJIIaHaIH.

NxTuépuii amanuii Mmacaianu euyuin y4yH akag.A.A.Camapckuii ubopacu
OwJiaH aiiTraHAa XMcoOJall 3KCIEPUMEHTH YTKa3uiaaau. by 3KCepuMEHTHUHT
acocuit 00CKUWIApUHY KyWHJarnya TacBUpaml MyMKHUH:

MO€eJIb—AJTOPUTM—IACTYP—KOMIbIOTEP—HATHKA.

Amanuii macana 0y Oupop Bokea, xkapaéHaup. MacajaHUHT MaTeMaTHK
Mozenu Oy amanui MacajlaHu MaTeMaTUK MyHocabaTiap OuiaH 6aéH HTHO,
TUTIMK MaTeMaTUK Macajia cuHdura kentupumaup. CuabIaH edanMu aHUK
Macaja TaHJIaHuO, MacaJaH! €YUl YUyH aJlTOPUTM TaHIaHAau. AJTOPUTM
acocHjia KOMITBIOTEP y4yH AacTyp Ty3wianau. JlacTyp KoMmmbIOTepAa HIITa
TYIAPUINO HATWKA oiMHA . HaTrka MaBxKy eduM EKM MablyMOTiap OujaH
COJIMIITUPUIIATHU, yiIap MOC OyJica airOpUTM XaM, MOJIETTb XaM
KaHoaTJIaHapu €0 Tonmuiaaau.AKC X0/1a aMaluid Macana siHa TeKIIUPUINO
MoOJIeJITa Ty3aTHIIIap KUPUTHIAAN Ba X0Ka30. by skapa€H eunM eTapiu
AHUKJIMK OWUIaH TOMWJITYHYA 1aBOM ITaJIH.



XucoOamn 3KCIepUMEHTH aMajuid MacajlaHM €UHMIllla Ha3apuil
MaTeMaTHKa, XHucoOall yCcyJuiapu, alropuTMIIap Ha3apHuscy, JacTypJiall,
OXMHUHT YpHUHU SIKKOJ TaCBUPJIAIN.

2. MaremaTuk MacajaHW €4MIJa TypJid XWJ YCyJJlap WIUIATUIUIIN
MYMKHH. Arap MyMKWUH Oyica aHHK ycCyJiap, MyMKHH OyiMaca TakpuOuit
ycymtap wnmiatwianad. Connu  ycymuiap (xucoOmiamn ycyiuiapu) wmacania
CUMIITHUHT 3HT Ky4WIH BOCHTalapuaaH oupu xucobOnananu. Comma Xucobiarmd
ycyJutapunan 6m3 kyn Qoimananamus. MacanaH, KBagpaT WIAA3 YHUKAPHIIL
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 Oaiiopatu Oup Heda coarja XUCOOJaHUIIN Kepak,
KOCMHUK KeMa TPaeKTOpusicu OMp Heua MUHYT/Ia XMCOOJIaHUIIIN KEpaK Ba X0Kas30.
3amonaBuil xucobunam ycymwiapu Ba OXM nap OyHaall MMKOHHSTIApra ara.
XucoOnam ycyijgapyu MacajllaHd €udll Y4yH ajropuTM Oepaiu. AJIropuTM
acocHsla KOMIIBIOTED Y4yH AAacCTyp TY3WJIAJH.

AJNTrOpUTMHHU acociall MacajaHu TYFpPHU €4MII YYYH acoc XHUCOOJaHau.
JlexuH aJITOpUTMHUHT O0aXOCHHM amMaluii XxucoOnamap OaxapraHjaH KewHH
oepwianu. bup Hapcara 3pTubOO0p O6epuin kepak. KommnberoTep Ounan unuiaétran
doilnasianyBUu ¥3 aIrOPUTMH, JACTYPUHU CHHYMKIA0 TEKIIUPHO YHUKUIIH
kepak. Axc xonma Ilutep aiitrangex: “KommbroTep XuCOOJIOBUMHUHT
HOYOPJIUTUHU KYII MapTara omupaan’”’, 1erad Xoauca pyi OepHIld MyMKHH.

3.Mypakkab macaiajgapHd €UYHUII Y4yH, aJITOPUTMIIAp spaTwuil OusaH
IIYFYJIJIAHYBYM MaTEeMaTUKAHWHT OVJIMMHUHU aMaluil MaTeMaTuKa Jevuiiau.
AManuii MaTeMaTMKAaHUHT acOCMW  MacajaCu €YUMHU OepuiraH aHUKJIHK
owran Ttonumnaup. Kiiaccuk MaremMarnka €4MMHUHT MaBXYJUIUTH, SITOHAJUTH,
XOCCaJlapuHU aHUKJIAII OUJIaH IIyFyJUTaHaIH.

AManuii MaTeMaThKa TapUXUHU Y4 JaBpra OYynuin MyMKuH. bupuHun
naBp spamuszian 3-4 MUHT Wwin onauH OonuianraH. by maBpna ro3a, xaxmiap,
coaa MexaHu3miiap xucooOnanran. Wkkunum gaBp W.Heroronman (1642-1723
i.1.) 6omanrad. by naBpaa actpaHoMus Mmacaianapu, oaauid nuddepeHmnman
TEHrJaMajapra, YM3UKjIM TeHriamajap cCucTeMacura ojiud KeayBYu Macaliajiapu
eywia OomnuiaHau. XapOud wacanamgap ojaaMm Oakapulid KUWWH OViran
MacajllaJlapHd  €UMIra yHAaWau. YYWHYM JaBp-KoMIbioTepiap aaBpu-20
acpHuHr 60 Hwwulapugan Oonuianaau. by  gaBpma  Xycycuid Xocwuianu
nuddepennpan  TeHriamaap, HOYM3UK TEHrJaMajap Ba YyJIApHUHT
CUCTeMaJlapUHU €UMILl YyCYyJUIapH Haiino Oynau.

4. A-aHUK COH,a YHUHI TakpuOui KuitmaTu Oyica, A-a ailupma a -
TaKpuOMil COH XaTocH, Aa =|A-a| -TaKpHOUii COH a HUHT aDCOJIOT XaTOCH

neinnaan. Xap KaHaai A, >Aa COH TaKpuOHil @ COHHUHT YyerapaBuii abCcoIoT
XaTOCH JeHmnagy. da =Aa/|Al MEKIOp 3ca @ TAKpUOMH COHHUHI HUCOUI



XaTocH Aeinnanyu. A~ a Oyiaranu ydyH amanga &a=Aa/la| ne6 onuHanu. Xap
KaHJall 6, > 5 COH a TaKpuOWl COHHUHT YerapaBUil HUCOMI XaTocu JAeUnsIaiu.
Hemak, sa=Aa/|a|< 6, =A, /|a| sxanmurunan 6 ,=A, /|al,A ,=as, AbGcomoT Ba
HUCOUii Xxato €épaamMua aHUK COH A=a*A, =a(l+d,) KYpuHHUIIKIa E3UITaIH.

A a MuKIOpiap 6upop HopMaiaHran X (Da3oHMHT AJIEMEHTIIapu Oyica, y
XOJila IOKOpHUaaru Tabpudiap Kyiiuaaruya y3rapaiu:

Aa=|A-a|<A, da=Aalla|<s,,6,=A,1]a.

Mucoi 1.4/3 ~1,732050..., A=,3, a=1,7321, A, =0,0001, 5, =0,00006.

Arap a < AOGYica kamu OuiiaH, arap a> A OyJca Kynu OWiaH TakpuOui
COH onnHaau.Macainan, A= J3 y4yH, a=173 kamu OuiiaH, a=174 kynu Onnan

OJIMHMOK/JIA.
Mucon 2. A= 7 =3.14159... coH 0.00010 aHUKJIMK OWJIaH SXJIUTIAHCHUH.
KaBo0O, a=3.1416 .uyHku, A—a ~ 0.00001< 0.0001/2 = 0.00005.

Mumucon 3. A:J(f)zj f (x)dx mHTerpan a=J; (f) Tpameuusiap
b

dbopmynacu OMIIaH aIMAIITUPUIICHH:
IT(F) =g[f(x0)+2(f (%) +...t T (X_))+ F(X )% =a+ih,i=0,...n,h =b;na.

2
Keiinauanuk kypamuskw, |J(h)—J; (f )‘ = ;‘—2| f"(c)|,a<c<h.

Mucon 4. A= f(x) dbynkmus [a,b] kecMama n+1 Ta y3ayKCHU3 X0ocHiaiapra
ara OyncuH Ba X €[a,b],i=0,..,n HyKramapaa n- napaxanu Jlarpanx Kynxaiu
P (x) OusaH ycTMa-ycT TYIICHUH:

P(x)=f(x), i=0,.,n,P(x) =D FO)E).L0) = [(x=x)/(x —x,),
i=0 j#i
Y xomna | || f ()|, =mex{|f (x)|,x[a,b]} HOpMana Ky¥unaru 6aXxoHH OIAMU3:

max

f _ P < xe[a,b]
|| r"”C (n+1)|

Mucon 5. Ymymuii kypunuiga 6epunran LU = f muddepeniman

f (n+l)( )‘
(X=X ). (X=X,)] -

TEHIJIaMa aHUK €4MMH U =U(X) HUHT kaaBaiu U, =[U(X,),...,d(x )] ymoy Lu, = f,
YEKJIM alupMalld CXeMa €UuMH U, =[U,,...,u,],u. =~ T(x;), OnaaH aaMamTupUIaIq.

VYHpaa xaronuk cudaruna g, =0, —uU, = A—a MUKIOp OJIMHAIU Ba Y

||<9h || =max{| & |....| &, [}, & =0, —u,; HopMaaa 6axonanaau, ||, |=0(h"),h—0.

i

Sxautaam xarocu. a=aa, ,..8,a,a,.a, ,odpop mtn+l XoHamM
Xakukuii coH OYyyncuH. COHHMHT YHIM €3yBuaaru Xap Kanjpa 0 man dapxiu
paKkaMu MyXuM pakam aevunann. Mkkuta MyxuM pakamiap opacuaard HOJUIap
XaM MyXUM JEHHIayd, MyXUM pakamM KEMMHaJard HOJIb XaM MYXHM pakam
nevinnaay. Honra TeHr 6yaMaran pakamiiap ojaguaard Houtap MyXum Oy iMaiau.
Arap 11y €3yBJa COHHUHT a0COJIIOT XaTOCH BEpryJijaH KeMHHIU N — PAaKaMUHUHT
Oup OUpIUTKIaH oIMaca, (N — paKaMUHUHT OUp OUPIUTHHUHT SPMUJIaH OIlIMAaca)



KeHI' MabHOJa m+n+lTa MIIOHWIM pakamiapra sra Aeiwnanud (Top MabHOAA
m+n+1Ta MIIOHWIM paKamiiapra sra JAevuiaam).

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 Oapya pakamiuap Vuumpwiagu. HaTwkana ByxKynara 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 nunaa 0 nan dapkiawiapu Oyica , 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
opacuia MyHocabaT MaBxKy/I:

5,<10""a' (keHr mMabHOmA), J, <0.5*10""a’ (Top MabHOIIA).

AKCHHYA, arap COHHUHT JIUMHUT aOCOJIIOT HUCOUI XaTOCH YOy

5, <2(a, +1)t*10"
TEHI'CU3JIMKHU KaHOATJIAHTHUPCA, & COH TOP MabHOJA N Ta MIIOHYJIM paKamra sra.

5. y=f(X{,...,X, ) DYHKIIUSHUAT  KHHUMATUHU X=(X1,,...,Xn) TaKpHOMIA
HYKTajJia xyucooani 3apyp, xeG eR".

bepwiran: apryMeHTIapHUHT XaTOJMUKIApU: A, , &, , i=1..n. Tonum
J

X!

Kepak QYHKILIUSHUHT XaTOIMKIAPUHK: A , &, =? By Xarosnukmap
Ha3apMACMHMHT TYFpu Macanacu. Teckapu macanaza A, 6, nap Oepuianu,
A,, O

«» Oy, 1=1..n. JApHU TOIMIII KEPAK.

Evum: y=f(x) ¢pyHKiusan X HyKTaHUHT OUpOp aTpoduaa y3IyKCcu3
muddepeHnraniaHyBun JeHINK, X Iy aTpodra Teruiuum 0yacuH,
JlarpanHUHT YeKJI1 OpTTUpManap (popmynacura acoca

A=Y =y = £ %)= £0) = S D0, ) =3 T > F 0

C-YpTa KuiiMat, IbHU KyHuaaru GopMmynagsapHu E3UII MyMKHH:

Ay=gagi_x)}“vAﬁgagix)}% IIA Zamf(x)

Teckapu wmacama Hoanukaup. Euwmmmapgan Oupu  TEHr Tabcup
MPUHITUITUAAH TOMHIAIU. Y MyMHI XaTOJIMKKa Oapya apryMeHTIap Oup Xui xucca
Ky1aau 1e0 KaOyn KUJIuHaIU,STbHH
of (x)
3

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




By O6u3sra kyitugaru dbopmynanapHu oepaiu:

A =—F _j=1..n.
" nlef (/x|

Mucon 6. Arap r =15+0,02,h =19,1+0,05, 7 = 3,14, G¥1ica KOHYC Xa)KMHU
KaH/1aif abCaTroT Ba HUCOMI XaTONMHMKIap OMIaH XUCOOJAaHUIITUHY aHUKJIAHT.

Euynm.Mabnymkn,
v=rr’h/3=44981, ov/ox =r’h/3=1432,5, ov/or =2xrh =599,74, ov/ oh = xr® /3=235,5
OKAHJIUTH YIyH JUMUT a0CATIOT Ba HUCOMIA XaToJMKIap (hopMysIacura acocaH:
il NI, A, =26,06,5, =221 _ 0,006 —> v = 4498+ 26,1.
or or oh 4498

Mucon 7. Tyrpu 1¥pTOypuakHUHT 103uHU 0,1 TUMUT abCaATIOT XaTOJIUK
OwiaH XxucoOJaml y4yH YHUHT TOMOHJIApUHU KaHJ1all TUMUT abCalltoT XaTOJIMUK
Ownan xucoOmnai 3apyp?, a~4,b ~5M.

Eunm. PaBmianky, S =ab,A, =0,1.XaTonuknap Ha3apusACHHUHT TECKApU

A =

v

A+

Macajacu ¢popMmyialapuaH TOAMU3:

ﬁA zﬁA :i
x| n % las)
ni
OX;
§=b25’§=a=4’
oa ob
Aa:£:0,01, Abzﬂzo,OlZS.
2*5 2*4

6.X03upru maTaa MaTeMaTUK MacajlalapHu €YHIIHU JACTYp Ty3MacaH
eUyBYM MaTeMaTHK IporpaMMaiap maexya. Matchad, Maple, Mathematica,
MatLab, SWP, Derive, TK!Solver. Yiapuu maTeMaTuk TU3UMIIAP ACHUIAIN.

bynnait nporpammanap xumusi, pusrka, MEXaHUKa, UKTUCOIUET,
yM3MaYHINK Ba OoIKa coxamapaa xam maexkya :QSP, TORO,Excel
(onepanmsinapau Tekmupuin), GPSS (moaemnamtupun), LateX (Makonanap
taiiépna), Visio, AutoCad (Kypuiuiil, TEXHUKA, MAIlIMHACO3JIUKAA
novinxanani), Crocodile (MaremaTuka, pusnka, XMMHIL...), Socrat (4eT THIUIAH
Tap>KUMOH).

Yoy kypcna Matchad nactypu MaremaTuk MacajaajgapHu €4uIiaa
napasuien ypraruimb Oopuitain.

Ha3zapuii caBoJsiap Ba TONMHUPUKIAP

AGcaiioT xato, yerapaBuii abCoItOT HUMA?
Huc6wuii xaro, uerapaBuii HUCOMil XaTo HUMA?
HucOuii Ba abcairoT xato opacuaa KaHaai MyHoca0aT MaBKya?
DyHKIMS Ba apryMeHTIap XaTOJIMKIIApU opacuja MyHoca0aT KaHaam ?
Oynyuus y = f(x,,...,X,) HUHT XaToiukiap (opmyrnacu acocuaa TYpT
apu(pMETUK amMall yuyH XaToJUKIap POpMyTaCUHUHT YUKAPUHT.
6.Xaronukaap Ha3apUsCMHUHT TYFPU Ba TeCKapu Macajacura JI0up
AJIEMEHTAp TEOMETPHUSIaH MUCOJIIAP KEITHPHUHT. Mynpuapuxkara
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1.2. HOYU3UK TEHTJIAMA YYYH UTEPAIIUA YCYJIN

Acocuit mywmynuanap: Houuzux menenama myepucuda ymymutl myulyH4anap,
UTIOU3NAPHU AXCPAMULL, OUMMA MEeH2AAMA YYYH Umepayusi yCyau 6a YHUHe
XamoaueuHu 6axonaut, meH21amManu umepayus yCyaunu Kyalaul yuyH Kyaat
KypUHUMRSA KeNMUpuwt, yCyIHuHe 0acmypu, AKUHIAWUWL UaAPMU.
ACOCHH HATHIKAJIAP:
1. Houuszux menenama myepucuoa ymymuti mywynyanap: f(x)=0,f(£)=0.
2. Unousznapnu axcpamuw macanacu f(a)f(b)<0ws 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*"),& =limx, {(5)=0.

‘é—x‘k)‘<qk‘§—x(°)‘ ‘f_x(k)‘< q ‘x(k)—x("‘l’.
< : 19

4. Mathcad oa uuxu ¢pynkyusnap ea ancopumm.

1. Marematukaaa TeHrjamMajaap YM3UKIM, anreOpauk, TPUTOHOMETPUK,
KypcaTKUWwin KaOu rypyxJapra Oymuuaau. Onuii MareMaTukaaa sHa
muddepennman Ba UHTErpajl TeHriamanap maiino Oynaaun. Houusuk
TEHrJaMajap Typju aMallui macajajapHH €uMIljia y3-Y3ujaH maigo Oynanu.
Macanan, kmaccuk OYnuO keTran OepwiraH OypyakHM ydra TEHT  OYIuII
Macajacu ymoy ¢opmyiara acocan KyOMK TEHIJIamara om0 KeJaju:

a =cos(x) =4cos® (1) - 3003(5}
3 3

Arap cos(x/ 3) =y JIeCaK KyWHUJaru TEHIJIAMaHW OJIaMM3:
4y* —3y—a=0,( a=cos(x)).

WNkxnHum macana cudatuaa Oepuiarad b xaxXmuid KyOJaH Xa)KMHU UKKA
MapTa KaTTa KyO TOIMWJICHH JIeTaH MacaJlaHu Kapaliauk. PaBiianku, KyOHUHT
KAPPACHHHM X JeCaK KyHUaard OJIui KyOWK TeHrjamara Keaamus: X° =2b.

VupHuM Macana cHpaTHIa X =+/3 —/2 HppanroHaT COHUHA
HUMAJIUTHHA OMJIMOKYMMU3. Y XO0J/1a UKKH MapTa KBaJparra KyTapwuiil
yim0y TeHrjiamara oJu0 Kelaiu:

x* —10x*+1=0.

Typrurun mucon cudartmma, X"(x)+A°X(x)=0,X'(0) =0, X'()+hX(l) =0,
yerapaBuii MacajaHu Kapaiuk. Papmranku, ymoOy ¢yHkius — X =cos(d x)
TEHIJIAMaHW Ba OMPWHYM yerapa IIapTHU KaHoaraaHTtupaan.VKkuHuM derapa
mapT KaHoataanuimu yuayH —Asin(Al) +hcos(Al) =0=tg(Al) =h/ A, O¥numm kepax.
SlHa HOUMBHK TeHIrj1amara keiaauk: tg(Al) =h/A4.

byHnaii MucoImapHu Kynaad Kyl KeITUPUII MyMKHH. MacaiiaH, KypyInIl
MEXAHUKACUJIa XAM YHW3UKJIU UXTUEPUN HOBMAITYMIIA TEHIJIAMAJIAP CUCTEMACH
Ba UXTUEPHN Japakaaaru aireOpauk TeHIJIaMa mnaijao 0ynmaau.



AbGensb, ['anya HazapuscuaaH MabIyMKH, S5 Ba YHAAH IOKOPH Japakajiu
TEHIJIAMAJIApHUHT eYMMIIapuHU GopMynanap épiaMuaa aHuK E3UIl MYyMKHUH
smac. lllyHWHT ydyH, HOYM3UK TCHIVIaMaJap Ba YJapHUHT CHCTeMallapu
TaKpHOUIl eunIIam.

bab3u 6up Tabpud Ba TeopeManapHu Kenatupamus. y=f(x)dyHkuus [a,b]
Jla aHWKJAHTaH Ba y3iaykcu3 OYicuH. f(X)=0 TCHIJIMKHU KAaHOATIAHTUPYBUH
x e[a,b] HykTa f(Xx)=0 TEHIIaMaHU €UNMH EKU WIAN3HU JCHUIAIN.

Teopema 1. Arap f(x)eC[a,b], f(a)f(h)<0 O¥yuca, [a,b] ma f(x)=0
TEHIJJaMaHUHT Xed Oyiamaranjga Outra euumu Oop. Arap f(X) [a,b] na

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

Teopema 2.(anreOpaHuHr acocuii Teopemacu-I'aycc Teopemacu) n-
Japakainy anredpank TeHriaMa

P(X)=a, +aX+..+ax =0

HUHT Xe4 Oyimaranyia ourra eunmu 6op. (Kappaiapu, koMmiieke KymiManaapuHu
Kymmo xucobnanranga Oy eyumiap COHU N Ta TEHT).

f(x)=0 TeHIJIaMa eyUMJIAPUHU €YU 2 Ta 3TarnjaH ubopar o0ynaau.

1) wnausnapHU KpaTHIN, SHHU WIIU3Iap COHH, yJap >KOMIamraH
OpaJMKJIapHA aHUKJIAIIT;

2) axpaTuiiaraH WIH3JIapHU OJIMHIAH OepHIIraH aHUKJIMK OWJIaH TOITHIIL

Nnauznapau axkpatuil yuyyH rpaduk €Kd aHaTuTUK ycyn  (Teopama
(1.2.1)) umnaruwmumu mymuH. 'paduk ycynna y=f(x) Qyskmnus rpaduru
YU3UIUO WIU3 KOWIIAITaH OpaIMKIap TOMHMIIAIU. AHAIMTUK yCyiaa IIyHIaMl
[a,.b] kecmamap Trommmanuku, f(a )f(b)<0 OyiacuH.

AdxpaTuiiran Wian3JapHu OepuiIraH aHUKIUK OUJIaH TOMUII yUyH KECMaHu
ukkura Oynuiil, utepanus, HpoioToH Ba O01iKa ycyuiapuaad goitganaHuiaam.

2. Miau3inapHu asKpaTHIilL.

2.1. 'eomeTpHK yCYJI.

Arap MymkuH Oynca y= f(x) ¢ynkuus rpadurn umsmnagu. CYHT
rpaduKkaaH WIgU3NIAp COHW Ba ynap ETraH OpaluKJap aHWKJIaHaau.Arap
y = f (X) byHKuusHUHT TpadUTHHN YW3HUII MyMKUH Oynmaca f(x)=0 TeHriama
skBuBanient f(x)=f,(x) (f=f-f,;fBa f, -dyHxnusIap) KYpPUHHILTA
kentupuwiaau Ba y, = f,(x) Ba vy, = f,(X) dyHKumsuiap rpadukiapu Yu3UIaIu.
Papmianku, Oy  rpadukimap  KeCHIIraH HYyKTaJapHUHT  aluuccanapu
TEHIJITaMaHUHT e4uMIIapy OYaau.

Mucoa 1. f(x)=x-cos(x)=0, X e (—o0,+0) TEHIJIAMAHUHT WIAU3IAPU
aKPaTUJICUH.

Eunm. Tenrmamanu  x=cos(x) (f,(x)=x, f,(X)=cos(x)) KypuHHIITA
KEeNTUpHuo Yy, =X, Y, =cos( X ) GyHKImsu1ap rpaduruan yu3amMu3. Yusmagad sroHa
w3 [0,7/2] kecMazna éTTaHUHM KYPUII MYMKHH.

Mmucoua 2. x* —4x+1=0,x e(—o0+400) TEHIIaAMa WIAU3JIapU aXKpPaTUIICUH.
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Eunm. Tenrmamanu Xx*=4x-1 xypunuiiga &3m0 y, =x',y, =4x-1
byHKUUTApHUHT TpaguruHu yn3amu3. TeHTITaMaHUHT UKKATA XaKUKHA WITU3H
oop: x €[0,1],x, €[1,2], uyHKH

f(0)=1>0, f(1)=—2<0, f(2)=9>0.

2.2. AHanuTHK ycya. UnausnapHu aHaJdUTHK yCynja axXpaTdull y4yH
acocad, 1.2.1 Teopemanan orinananamus. OyHKIIUSHAHT aHUKJIAHUII COXACHHH
Oynakmapra Oynamus. by OYymaknapaad yekkanapuja HUIIOpaiapu Xap Xl
OynranmapuHu axkpatamus. Arap Oy kecMana (QYyHKIMS MOHOTOH OyJica Wiau3

aroHa. Macaman, f(x)=x-cosx=0 teHrnama yuyH f(0)=-1<0,f(z/2)= % >0

spHU [0,7/2] na unau3 6op; f'(x)=1+sin>0 JUTH YIyH WIAU3 ATOHA.
f(x)=x*—4x+1 tenmrmama yuyn f(0)=1>0,f(1)=-2<0,f(2)=9>0,
apau [0,1],[12] kecmanapaa wiauziap 0op.
f'(x)=4x’—4=4(x-1) xocuna [0,1] na manduii, [12] na MycOaTanru
yayH [0,1],[12] xecmamapmaru uigusnap sAroHa.

3. Urepammust ycyau. f(x)=0 TeHIJIamara utepamnus yCyJIuHd KYJIIaIn
YUYH YHU Iy KyJlall KYpUHUILITa KEJITUPULI KEPaK.
dapa3 KWIANIUK [a,b] na f(x)=0 TeHIIaMaHUHT STOHA WJIJIU3U OVJICHH.
Tenrnamann Oupop ycyn OmmaH x=g(x),xe[a,b] SKBHBaJeHT KypHHHIITa
KEJITUPANITUK.

Macanan: x=cosx, x=(x"+1)/4,x=%41-4x. Onarna g(x) KyWhumaruda
TaHJIaHAJIU:

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

(2) mapt uTepanuys yCyJIUMHUHT SKUHIAMNII [IApTH ASUHIIaau.
WUrepanust yCyaIMHUHT  MOXMSTH  Kyluaarugan uoopat: Mxtuépuii
x? e[a,b] Oouutanfud KuAMar (WTepaiysi, SKMHIAIINLI) OIMHHUO Kyinaard

KETMa-KeTIHK XOCHI KUINHAIU:

x® = g(x*DY)  k=12,.. 3)

(3) KeTMa-KeTJIMK UTepalys KeTMa-KeTIUIy Aeiunaan. YCylqHUHT MOXMSTHHH
ymoy pukp ound OGepaau

Teopema 3. g(x)e C[a, 6ymub, {x¥} KeTmMa-KeTIHK SKMHJIALIYBUM

OYICUH, STBHH & =£im{x(k)}e[a,b] Oyncun. ¥ xonma & HykKTa X=¢(X) TeHIJIama
(spHE  f(X) =0 HH XaM) WIAU3U OVIaau.
Hcoorm: x* =g(x*™") renrnukaa mumuTra yramMus:
&= lim{x(")}= lim g({x“ = Q(Lim{x(kfl)}) =g(%).,

sapHU E=0(&) €kn f(E)=0.
Tabpud 1. YOy mapTau KaHOATIAHTUPYBUYH (DYHKLKS

19(x)-9(x) I<alx = ,x,X, €[a,b],0<q <1, (4)
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[a,b] ma xecMaHM KHCKapTHPHO aKc STTUPYBUH ACHUIAIH.
Tawspud 2. £=9g(&) HyKTa g(X) aKCIAHTUPUIITHUHT KYy3FaliMac HyKTacu
neuniIaan.
Macanan: g(x)=0.1sinx ¢yHKUIUA R coHiap VKMHM KUCKAPTUPHUO aKc

TTUPAJN, YyHKU JIarpaH)XHUHT YEKJIM OPTTHpMAJIap XaKUJard TeopemMacura
acoCaH UXTHUEPUN X1, X2 HYKTAJIap y4YyH
|0,1sin x, —0,1sin x,| =0,1cosc| X — X, |< 0,1] %, — X, |

TEHTCU3IUK Oaxapwuiaau, Oy epaa ¢ - ypra Kuiimar.
Kuckaptupub akc sttupyBum (yHKOMsIap ydyH ojataa 1.1 Teopema
KYIIMHYA VPUHIM OYaau.
Teopema 4. ®apa3 kunainuk g(x) ¢ynkuusa G, ={x:|x—x, |<r} KkecMaHu
KHCKapTHUpUO aKc STTUPYBYM Ba OOLLJIAHFUY UTEpalUs yoy
|g(xo)_xo |<(1—q)r (5)
maptad  Kamoarmantupcud. Y xomma  {x® =g(x*™®)} urepanus kerma-
KeTJINTU SIKUHJIANTyBYaH Oynu0 Kyiuaaru pukpiap YpuHiu 0ynaau:
1). &=1im{x"} mamxyx, &=9(S),
2).|6-xW| < q*|e -x, (6)
k
‘é:_ x(k)‘ <4 ‘X(lo _ X(k_l)‘ <A ‘Xa) _ x“’" (7)
1-q 1-q¢
Hcoot. Ketma-ker ymly Gpukpiaapau ucOOTIaiMu3.
1. x9 =g(x*?)eG, k=12,.;
PaBmanku, x©@ <G Ae0 oaMu3, IIyHUHT Y4YH, arap ‘x‘k‘l) - x("" <royica, y
XOJI/Ia KyHuaaru TeHrCU3IIuKIIap Oaskapuiiau:
‘x‘k) _ X(O)‘ _ ‘g (x* D) —x© |< ‘g (x*Dy - g(X(O))H n
+‘g(x(°)) - x‘o)‘ <q|x*P —xO|+@-q)r<gr+@-q)r<r.
Jemak, arap x© eG 6ynca x“ eG, 6ynap skan.
2. x® =g(x*") KeTMa-KETIIMKHY AKUHIAIIYBYAaH DKAHJIMIHHHU KYpCaTaMms.
Pasmanku, | x*? —x© 4 g(x®)—g(x*?) |<q|x® —xEP <...<g* | x® —x?|
| X2 ) | k) (D) | |y (rpD) g ep2) ) D) (K0 |
<qg“(l+q +...+q"‘1)‘x(1) —x(o" <" | x? —xQ|@+q+..)<q" /0-q) | x® —=x?|.
STbHU

k
(k+p) _ () q ® (0
| X |<1 | X —x™ .

By Ttenrcusnmukma Kk — oo Jiecak | xP* —x®| >0 abHM {x(k) }HI/I
(GyHIaMEHTaT KeTMA-KeTIMK SKAHJIUTH KEJIUO YNKaIH. {x(")}e G, murumad Ba G,

HUHT EMUKJIUTUAAH IIyHAa & MaBxKyd Oynaauku & = II(im{x(")} ,0Vnaau. Y xonna

E=9g(&) €k f (&) =03KaHIUTU paBILIaH.
3.(6) TEHTCUBIIMKHU KYpCcaTaMu3:
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1E-xH (&) -9(x* ) <al§-x"*P|£q* [§-x P <. =g [§-x7] .

4.(7) TeHrCU3IMKHUA UCOOTIAaNMMU3.

PaBmanku,
£ =X Q| E=x*P [£q| £=x +x XV g1 £=xP 4] XV x|
by epnan
1-a)|&-x“ |<qx" —x"P.
By Tenrcuznukaan (7) HU TOIaMHu3.

(7) HUHT YHT TOMOHM  OCOHTMHA TOMWIAIW. YHU amocrepuop 6axo
nerunanu, SbHU KOJNAUK XaJl O0axoCcu EYMMHHMHI — TakpuOuii  KuiiMaTu
TONWJTaHAaH CYHI aHWKJaHaau.(6) Oaxo ampuop 0axo aemnaau. YHU Ou3
TaKpuOMil euynM TomwiIMacAaH Oaxonammmu3 MyMKuH.(6) Ba (7) Gaxomnap
UTEpalsUIapHU KQuOHTadya JaBOM JTTUPUO XUCOOJIAI 3apypiuTry aHUKJIAHA U,
Macanan, | & —x |< & 6Yaumm yuyn

q“|&-xY ke, (8)
qIx® —x*P/1-g)<e 9)
Oaxkapuiuim 3apyp.(9) TEHrCU3IIMK amalia KeHT KyJUTaHWIIa i,

Oumu f(x)=0 TeHrnamaHu X = g(X) KYpUHHUIITA KaHAal KWIHO KeITHPHUIIT
MYMKUHJIUTUHU Kypaiinuk. by epna ukku xon Oynumm myMmkuH. 1) dapas
Kunaitmuk  f'(x)> ( xocuaa MaBkyd Ba m< f'(X)<M TeHrcusmuk x <[a,b]na
OakapwicuH. Y xoiaa

X=g(X)=x=-If(X)=x=1(xX)/M,| =1/M ,
ne0 OTUIMMHU3 MyMKHUH, YyHKH
19’00 [H11- £'()/M |<[1-m/M | <1 xe[a,b],
ABbHU (=1-m/M neiium MymkuH. 2) Arap f'(x)<0 Oymca f(x)=—f (x)=0
TEHIJIAaMaHH Kapab ssHa FOKOpPHJIard X0Jra KeJIUI MyMKHH.

Mmucoa 3. f(x)=x"—-4x+1=0TeHrIaMaHH Kapaiiauk. MablIyMKH,

wigusnap [01], [L2]opanuknapna éranu Ba

<0, xe|0,1],
f(x)=4(x3—1)={<20 )z(e[[l 2]]

[01] naru eunm yuyn f,(x) =—f(x) =0 TeHrIaMaHu KapaiiMus.
By xonna g'(x)=41-x%), M =max{| f'(x),xe[0,1]} =4.
[yaunr yayH  g(X) =X—(@x—x*-1)/4=x"14+3x/4x+1/4.
[L2] naru eunm yuyn
M =max{| f'(x),x e[1,2]} =28
g(X)=x—(x* —4x+1)/28=32x/28-x"*/28-1/28;
[01] naru eunm yuyn x° =0 aeiimMu3 Ba KyHHIarnIapHU TOMAMM3:
x¥ =0,25;x® =0,2539062, x® =0, 2541561,
x¥ =0.2541725; x° =0, 2541725; x® =0, 2541736;
x" =0,2541737;
Papmanku, eanman 0,25417371€0 OTUIIT MyMKHH.
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[L2] naru eunm yuyn x© =1,2 1e6 onub Kyiimmaru XucoOIaNIapHU TONAMU3:
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;
Hemak, eunm cudatuaa 1,49293€COHHH OJTUIIT MYMKHH.

4. Mathcad na wuku PpyHKUHsSIJIAp Ba AJITOPUTM

MathCAD nmactypuma Oup HObMaTyMIJId HOYH3UK TEHTIaMalapHU
TaKpUOUM €4UIll yUyH CTaHAApT WUKUA QYHKIMSIIAp MaBXKY/1, yiiap

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

2) polyroots(v) -kynxamiu TeHriaama f(x)=a,+ax+...+a x" y4yH, Oy epia

T -koaddureHTIAp.

v=[ a,.a,,...,a,]
Kyiiuoazu kenruwyenu Kaoyn kunamus: Xap oup campoa MathCAD
KOMAHOACUHU MAOUUTI- MAMEMAMUK KYPUHUUIOA E3aMU3, CAMD A86aAl
KOMAHOGHU MYUWYHMUPYEYU MEKCH- U30X0AH 84 CYHZ KOMAHOAOAH ubopam
oynaou.MathCAD oiinacuoa uzox, manioonuacu Shift+” myemanap ounan

ouunaou.buz mexkcm- uz3o0xHu Kypcue Ounan a)3xcpamuod Kypcamamus.

Mucon 1.f(x)=x-cos(x)=0 TeHr1aMaHU TaKpUOUH euuI Kyhugaruya:

bownaneuy umepayus ea menenama x:=0  f(x):=x-cos(x)
Huxu pynxyusea mypooicaam r:=root(f(x),x)"
Hnousnu wuxapuuw r=0.7398

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

20

10
f(¥)

—
/

P
-10

~10 0 10
Mucomn 2. X f(X)=x*-3x*-x+3=0

TCHIJIaMaHHUHT 6apqa HWIIANU3JIAPpUHA TOIIHII
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Tenenama 8a koapguyenmaap f(X):=x*-3x*—x+3=0 v:=[3-1-31]
Huku ¢pynxyusnapea myposxcauumaap r:=polyroots(v)  s:=root(f(x),x)
Hnousnapnu uuxapuw r=(-1, 3,1)" s—(-1, 3,1)7

I'paguxnu xermupamusz (f(x)=x*-3x*-x+3,-10<x <10).

48, 100

()
T -100

= 192200
-5 0 5
—5, X
Ouau utepanus Ba HpI0TOH yCyJTapiHM TAIIKUII ATYBYHM XHUCOOIAII
XKapaCHIIapUHU Ty3aMu3, Oy yCyJUIapHH YpraTUiiia )Kyaa MyXHUM.
Mucon 3. Utepanus ycynu. f(Xx)=x-cos(x)=0 TEeHIIaMaHu KapaiMus.

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

i |
-5 0 5
X
bownaneuy umepayusa 6a umepayusnap conunu bepuiu X, =0 k:=0.10
f(x)=0 nHu x=9(X) Kypunuwiea Keimupuul, umepayusiap X, ., =COS(X,)
Hamuorcanu yvuxapuw x"=(1, 0.5403, 0.8576,..., 0.7314)

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

Tenenama f(X):=vx+2+0.7x
Ilapamempnap % =-1k:=0.10 a=-1b:=-2
Kecmanu 2 2a 6y ycynu X1 = X, +sign(f (x,))sign(f (Xk))bzk_—iJl

Hamuoicanu vukapuw X' ={~-1-15-1.125 —1.188 —1.242 —1.246 —1.244 —1.243}
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M30x. 1.f(x)=0 TeHIrIaMa y4yH 3HT COj/Ia yCya-0y KECMaHH TEHT MKKHTa
oy ycyauaup. by yeyaauar rosicu Kyimaarnda: {x* = g(x*™)} xerma-

KeTJIMK KyWH1aruya Ty3ujIaju:

x® = x* D +sign(f@)f(x*?)(b-a)/2%, k=1,2,...x% =a.
PaBmianku, aHUK e4uM OHJIaH TaKpHOW €4uM Opacuiary XaToJuK Kylujaarnya:
|£-x¥] < (b-a)/2".

2. I'pacduknap MathCAD ga xxyna ocon unsunanau. byHunr yayx

YM3WIaUrad (QyHKLMS Ba yHra 1acTia0Ku MabiIyMoTJap Oepuiiaju: MacajaH,
f(x)=x=*sin(x) a=0b:=6*7n:=100 h:==(b—a)/n x:=a,a+h.b

Kypcopuu unrum maiigonra Kyino, Kyposuiap naHeauaaH €K MEHIOIaH
Graph>X-Y Plot (Shift+2) xomannacu 6epminaau. Kepakiu mapkepiap ypHura
(GyHKUHMS Ba apryMeHT Oenrucu Kyinnaau. Enter 6ocunrau TacBup unkaau. bup
rpadukaa 16 taraua rpaduk sicamr MyMKuH. ['paduk yctuaa Ky uepTku
Oaxkapuica rpadMKHA (popMaTial UMKOHUSATH TyFUIaad. YHIA YKIap y4yH
MacmTabiap, TACBUP YUyH TYp, paHriap, YA3HK KaJUHIUTY, TYPUHU KYpCaTHUII
MyMKUH. @opmMaTiaiil aX1u KypuHMai Koirad rpadukiap yuyH doiina 6epau.

Ha3zapuii caBoJssiap Ba TONMUPUKIAP.

=

Uteparust yCyTMHUHT MOXUSITUHU alTHO OCPUHT.

2. Tenrmama urepanus yCyJIuHU KYJUIall yU9yH KaHAal KUinb KYpUHUIITA
KU TUPUIIA]IN.

3. Urtepanusa yCyNMHHWHT SIKMHHJAIIMII IIAPTHUHU MabHOCUHU aWTHO
OepuHT.

4. Utepanyss YCYJIMHUHI Ha3apuil Ba aMmajiud XaTOJMUKIAPUHUHT
MabHOCUHH alTHO OEpHHT.

5. Kyiiuparm TeHrnamaiap wurepauuss ycyid OWIAH  €UWJICUH

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

Koadbdenentnap tanna® onuucun. Ilackans Tuiamma mporpamma

Ty3WIHO ’kaBO0JIap OJIMHCHH. Mynpaapukara
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1.3. HOUMN3UK TEHI'JIAMA YUYH HBIOTOH YCYJIN

Acocuii mywynuanap: Hoiomon ycyiHune 80scu, ycyanune Koaiouau, umepayus
yeynu ounan boenanut, ycyaiHune 0aCmypu.

Acocuit namuycanap:

1. Yeynnune zoacu: x*M =x® — £ (x99 '(x¥),k=12,... , {(xO)f"x?)>0 ,

§:limx("), f(£)=0.
2. Yeynnune konouzu  |E-x¥| < q(EXx D2 |1ExV < (@EX ) 1g,9=M, /(2m,) .
3.Umepayus ycynu 6unran anokacu: X = g(x**),g(x) = x— £ (x)/ £'(x).
4, Mathcad oa uuxu ¢pynkyusnap ea ancopumm.

1. By ycyn amannma »SHr Kyn KyJUlaHWJIaIuraH ycysulapiaH Oupu
xucobmanaau. dapa3 KUIIAMIIHK, [a, b] na y=f(x) y3lIykCu3 HKKHA Mapra
nuddepenimananysun ¢yHkims Oeprran, seau f (X) € C*[a,b] 6yncun. dapas
Kutaimk f(£)=0, f(a)f(h)<0 Ba f'(x)=0 6yncun xe[a,b],x* ~& nebd f(x) Hu
x® arpoduma Teiinop popmynacu Oyitnua E3aMus:

0=f(&)=f(xY +&-x9) = F(x©)+ FOXW)(E-xO)+ TP () (E-xW)? /2

By epaa ¢ HobManyM opanuk MUKIOp. Xx* = £ Oyirammury yuyn (£ —x®)?
YEKCU3 KUYMK MUKIOp. YHHU 3 MUMTa OJTaH XaJIHU Taluiad ro0opamMus:

f(x®)+ £/ (x9)(E-x®) =0

By dbopMmysaaHuHr yan KECMUHE & 3Mac, 6orka oupop x* Honra
alJIaHTUPCHUH:

f(x )+ £/ (x¥)(x*? - x¥) =0.
by epnan
xED = x _ f (x) ] £(x0),k =1,2,... 1)
(1) ypunmanap €xu Hetoton ycynu peinnanu. Yuzmara MyporxaaT KHJIaWIuK.

é: ) (0

x© HykTama ypuHMa yTKa3zaMus:

y =)+ (x=x@)'(x?)
y=0 ne6 X nu Tonamus Ba xokazo . x“? HykTaga ypunma

y =f(x*D) + (x-x ) (x*?)
kypunuiiga 6ymagu. x* wmykraga y=0 ne6 (1) popMmymanu Xocun KHIaMH3.
[llyanHr yuyH HbBIOTOH yCyJIMHM KyIIMHYa ypUHMAIAp YCyJIU ACHUIIAIN.

Yusmanan kypunaguku, x© — & oymumm yayn
fxNfF"x?)>0 , (2).
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OakapuJIMIINK Kepak. by mapTtHu GOlLIaHFWY [IAPTHU TaHIa0 OJIMII IIAPTH
nevimman. xX“? & ra  x% wHucbaTaH SKUHPOK OYIIMIIM KEpak.

2.HbI0TOH yCYJTMHMHI KOJIAMFH.
dapa3 kunaiavk f e C’[ab] meiinuk Ba
M, =max{ [f'(x)|.x € [a,b]},
m,=min { [F(X)|.x € [a,b]}#0, g=M,/2m,.
Teitnop hopmymnacura acocan
0=F(& )=F(x*D )+ (x ) ( Ex D)+ f(c)( & x*V)? /2.
[ITynuHr yuyH
& =X DADYF(ED) Q) £X YR (<)),
by tenrnuknan HeioToH ycynuHuHT Qopmynacu Oynmui dhopmyia
x® =y kD )_f(x(k-l) ) /f '(X (k-1) )
HU aitupub ymoy 6axXOHU XOCHJI KUJIaMU3:
& X =F(Q)( Ex V) 2F (XY 3)
Jemaxk,
| ExO <al & x* VP, alex®] < {al ex" V. (4)
By TeHrcusnukaan KypuHaauky, arap q -x(*Y|<1 6yiaca HeroToH MeTomu Kyaa
Te3 SKUHJAIIAIu. Y MyMaH OJraHa a, = q‘g - x(k)‘ Jecak, a, <a’,, IIyHWHT Y4yH,

k v
a <a’,<a’,<..a’ ,Ba ONOUHIH Oenrmganuiapra KauTuO ymoy TEHTCH3IMKHU

oJIaMmu3

|£x¥1<(@lsx D" /q (5)
(1) ypuura ymoy GopMynaHu OJIUIII MyMKHH:

X =} D) FxED Y (xO), k=1,2,.... (6)

by ycynnu connanamrupuirad HeroToH ycynm nevvianm.

3.Arepanus ycy,iu OUIaH OOFJIAHUIIL.
Papmianku, | =0 Oynca

f(X)=0 <> x=x+ If(X) x=g(x), g(x)=x+ If(x).
Uteparus metoauaa |g'(x)| KaHYaIMK KUYHK OYIica y ITyHYaIUK Te3 SKUHIAIIa Iu.
Iyauar yaya g'(x*?)=0 ne6 kabyn Kumamus:
gx*N=1+1-f'x*)=0 —I=-2/(F'(x*"))
Ba sHA
x® =xCD)-f(x DY '(x*V),k=1,2,...
dbopmyrara Keixamus.
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4. Mathcad na mukm pyHKIHSIJIap Ba aJTOPHTM.

Mucon 1. HerotoH ycymu. f(x)=x—cos(x) =0 TEHrJIaMaHu KapanMu3.

bownanzuy umepayus 6a umepayusnap conu X =0 k:=0.10
Horomon ycynu  x* =x® — £ (xM) 7 /(x)  x, =X —(% —cos(x,))/L+sin(x))

Hamuoicanu wuxapuw x' =(1, 0.75036, 0.73911,..., 0.73909)

Hatwmxa nrepauus ycyaura Hucoatan T€3pOK OJMHIU Ba aHUKJIUK

SAXIIUPOK.

Ha3zapuii caBoJssiap Ba TONHPUKIAP.
HpIO0TOH yCYTUHUHT FOSACUHUHT alTHO OEpHHT.
HbIOTOH yCYJTMHUHT T€OMETPUK MabHOCHHH alTHO OEpHHT.
HbI0TOH yCYTMHUHT SIKUHJIAIIUII TAPTUON KaHa?
HBIOTOH yCYJIMHUHT KOJJIUK XaJUHUHT OAXOJIaHT.
Ky#nnaru tearnamanap HeloTOH yCyiin OMIIaH €4UJICUH.
ax® +bx? +cx+d=0, ax-bsin(x)=0, ax-bcos(x)=0  .Kosddenentaap Tanmad
oJinHCHH. [lackaib TUIMAA MporpaMMa Ty3uIuo kaBoOiap OJMHCHH.

MyHaapukara

o0 PE

1.4. UU3UKJIU AJITEBPA MACAJIAJIAPUHU TAKPUBUI EYAIII

Acocuit mywynuanap: Yusuxiu aneebpa macananiapu, y4 Oua2oHaIu
cucmemMaHu equul, NPo2oHKa (xauoaul ) ycyau , YCyaHuHe 0acmypu,.
Acocuii namuxcanap::

1. Qusuxau aneebpa macananapu:
Ax=D0b,B=A"x=A"DA=det(A), Ax = Ax.
2. Yu ouaconannu cucmemanu evuu:

DX, +CoX =0dy,a %, +bXx +Cx,, =d.,i=Il,..n-La X , +b X =d. .
—C, d-av .
ui+1: I ’Vi+1: I I I!I=01"1n_11u0=V0=0;
a,u; +b, a,u; + b,
d,—a\v, :
Xn = - Xi = ui+1xi+1 + Vi+]_ ' |:n-1l"1o
a,u, +b,

3. Mathcad oa uuxu gpynxyusnap éa ancopumm.

1. Yu3ukam anredpa Mmacajajnapu
Yuly 4u3uKIM TeHTJIaMallap CUCTEMacuHU KapaiMus:
8y X 8K, oA X, =0 =8y,
X +ayX, +..+a, X, =b, =a, , (1)

2n"*n

auX +a,X +..+a, X, =b, =4

2n"*n nn+1

by cucremanu ymly BeKTOpiap,MaTpuiia
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all a12 a’ln Xl a’1n+1
a21 a22 a‘Zn X a

A — X — 2 b — 2n+1
anl an 2 e ann Xn ann+1
KUPUTHO KUCKA KYPUHUILJA €3aMU3:
AX=h. (2)
AnreOpagaH MabJIyMKH, Oy epJla KyHuaard XoJuiap OYJIUIITN MyMKHUH:
1) det(A)=0 , cucrema sroHa eymmra odra: x=A'b éku Kpamep

dbopMynanapura acoca x, = % ,i=1..n,0y A=det(A),A, =det(A),A -maTpuma A

JaH I-ycTyH OmilaH ¢apk KWiaad, yHIa YHT TOMOH Koiamras, 0y epma A™* -
TECKapu MaTpuua ;

2) det(A)=0, Oy epHHHT y3ua UKKKTA X0JI OYJIMIITN MyMKHH:

a) A=det(A)=0,A, =det(A)=0,i=1...,n,
Oyiica Oy cucTteMa Ouprajiuvk/ia, akc Xojaa s’bHU

b) A=det(A)=0,3j:A; =det(A;) =0, j[l...n]
Oynca, Oy cucrema eyumra sra smac. by Gukpiap YM3MKIM aTMalITUPUIILIIAP
éplamMHia XOCHJI KWIMHAUTaH Ba JOMMUI TYFpu Oyiran ymoly alHUATIApAaH
Kenn0 YuKagu:

XA=A;,1=1..n.

Ax=Ix, X # 0 mapTiiapHi KaHOATJIAHTUPYBYU X -BEKTOP XOC BEKTOD, | -COH
X0c coH aecvmmanu. (1) CHCTEMaHUHT €YMMUHU TOMMII, det(A),A”, XOC COH, XOC
BEKTOpJIApHU TOMUII Macajajapyu YU3UKJIH alnredpa Macaiaiapu Aeiuinaiu.

2. Y4 1uaroHa/uim cucTeMaHu equll. by macananap amanga xyga Kyn
yupaiu, XaTTo 11y KypCHUHT y3uja oup Heya 0op unuatuinaau. Kyhiunaru
DX, +CoX =d,,
ax_,+bx +cx,=d,i=l.n-1 (3)
a,x,, +b.x,=d, .
KYpUHUILJIaTA CUTEMA Y4 JUAaroHaJlJId CUCTeEMA Jeuunanu. by cucrema
xangam (mporonka) ycymu (U.M.I'enbdana, O.B.JlokyueBckuii-1953ii.) 6unan
eunnanu. PaBmanku, eunmiap opacuaa

X, =U, X,y + Vi 120,101, (4)

i+17Vi+1 i

oornanum 6op(0- TeHrinama yuyH Oy aHUK, X, HHU l-cura KysMu3 Ba X0Ka3o0).

Jemak,
X, =uX; +v, ,1=1,..,n.

by Tenrnuknan doiinananu6 (3) Hu y3rapTupamus:

a (ux+v,) +bx. +cx,, =d,i=1,..,n-1

(aiui+bi)xi +CiXiy = di_aivi’ i=1,..n-1

X, = G - di —av Jd=1..n-1
au, +b, au, +b.

Oxupru TeHrJIUKHY (4) OuIaH COMUIITHPUO
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—C. d. —ayv,

1 —
' au +b,

S V) i=1..n-1 5
au +b " (5)

i+1

TEHTJIMKJIAPHU OJaMu3. YiapHu i=0, n yuyH keHraitupamus.(3) uunr O-uncuaan

OJIaMU3:
C0 dO

Xg =——= X +—-. 6

=y ©)

(5), (6) nan v,=0,u,=0 OYIMIIM KEpaKIWTMHU Tonamus. (4) naH Ba (3) HUHT

OXHUPTUCUAAH
Xn—lzunxn +Vn’anxn—1+ ann = d

n?'

X,, HH HYKOTCakK,

d,—a,V
an(unxn +Vn) +bnxn = bn > X, = "= n+l
a,u, +b,
HU Tomamu3. Jlemaxk,
{ui+l =—¢ /(au; +b),v,,, = (d; —av)) [(au, +b) ,i=0,...,n=1Lu, =v, =0; (7)
X, =(d,—a\Vv,)(@u,+b,),X; =U;, Xy, + Vi, , i=0-1,..,0 (8)
3. [Iporonka ycyJuHuHr qactypu: Macajsanu MaTkaaia equin
a) byx, +¢,x =dy,ax, +bx +cx,, =d,i=I,.n-La x , +bx, =d, .-HATC,
o) u,= _—C‘,vi+l = d-av ,i=0,..,n—=Lu, =V, =0-IPOTOHKA yCYJHUJa YHT IOPUII
au, +b, au, +b,
d,—a,V, .
B) X, = TR = Uy Xy TV, 1=0-1,..,0- IIPOroHKa yCyJHJa yal IpUIl
Yu ouoenannu cucmema kosghpuyenmnapu n:=10 i:=0.n a,:=0 c:=0
Yu ouoenannu mampuya éa yne momonHu obepuu
0- menenama xosgppuyenmnapu Moo =by My, ==Cy dy =%
I-menenama kosghpuyuenmapu i=l.n-1m,,=am,=b m, =c¢ d:=y
N- menenama kosgguyenmaapu. M, =a,m,=b d =y

Hazopam yuyn YATC mampuyacu 6a yne momMoHHU 3Kpanea YuKapamus:

0 1 2 3 4 5 6 7 8 9 0
0 0.1 0 0 0 0 0 0 0 0 0 0 0
1| 095]|-1.999| 1.05 0 0 0 0 0 0 0 116.301-10 -3
2 0] 095]-1998( 1.05 0 0 0 0 0 0 2 0.013
3 0 0] 0.95(-1997( 1.05 0 0 0 0 0 3 0.021
m= 4 0 0 0] 095]-199% | 1.05 0 0 0 0 d= 4 0.029
5 0 0 0 0] 095(-199| 1.05 0 0 0 5 0.038
6 0 0 0 0 0] 0.95(-199%4( 1.05 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] 0.95(-1992( 1.05 8 0.071
9 0 0 0 0 0 0 0 0 0.95(-1.991 9 0.085
10 0 0 0 0 0 0 0 0 0 0 10 0.1

Evumnune KML?MGWUZCIPMHZI yurapamus.:
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Ipozonxa xospuyuernmaapu U, =0 v, =0i=0.n-1u,  =— d —av

i+1

a,u; +b; B a,u; +b,
d,—ayv, .
Euumnu xucobnaw X, = 24— j=n-1.0 X, T UyXy + Vi
au, +b,
Euumnu uuxapuw X' =
01 2 3 4 S) 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

Ha3zapuii caBosuiap Ba TONIIUPUKIIAP.
Yusukiau anreOpa Macananapu 1ed KaHnail macanaiapra antuinann?
Uu3KUKIM CUCTEMaHUHT KAYOH €YMMU MaBXyJl Ba sTrOHA.
[Tporonka ycynu Heua 3tanjad ubopart?
IIporoHka yCyJauHHMHI TYPFYHJIMK IIAPTUHU TOIIUHI .
b,Y,+C,Y,=0,y.Y,,-2Y, +Y,,,=d,=-h’ f,, i=1..n-1,a y ,+b y =d  yd quoraHamIm
CUCTEMA POrOHKA yCyJIH OWUJIaH €YHJICUH

RN E

Mynnapuxkara

1.5. YATCHU EYUIIHUHI' AHUK YCYJUIAPH.
I'AYCC BATAYCC-KOPJAH YCYVYJIN.

Acocuit mywynuanap: I'aycc ycynu ea Kopoan - I'aycc ycyanapu, ycynnume
dacmypu
Acocuit namudcanap:
1. Taycc ycynu: Ax=b< LUx=bUx=y,Ly=b,LU=A L-xyiiu e6a U-woKopu
yuoypuax mampuyanap.
2. Kopoawn - I'aycc ycynu:
Ax=b < Dx=b,D=[d,,...d ], x =b /d,,i=1..,n.

3. [lemepmunanm éa meckapu Mampuyaru Xucooaiau’

D, =a,,D,,=a,,a",,D ,=.=a,a",,..a"™  [AE]=[E|B],B=A",det(E) =1
4. Mathcad oa uuku ¢ynxkyusinap ea aneopumm.

1.I'aycc ycynau
(4.1) cucremanu 'aycc ycynu OuiaH eduul FosiCM KyHujaruya:
1-xamam. a, #0 OyncuH. AKC X0Jija KOJTaH TEHIJIaMajapAaH X, OJIIua

HOJITa TEHr OynmaraH TeHriama (€ku MOAyJib OYHMYa X, OJAMJa SHI KarTa

kKod(pdunmMeHT M TeHrama) OWpPUHYM TEHIVIamMa KWiInO oyimHaau. bupuHun
TEHIJIaMaJlaH X, HU TOIUO 0JIaMuU3:

— — -~ 1 1
X, = (aln+1'a12X2'---'alnxn)/an_ _a( )1n+1'(a( )12X2+---+ a( )lan)
by Tenrnamanu Gapya KoJTaH TEHIJIaMaliapra KysMu3:
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@ Dy _ 4@
X1+812 XZ +"'+a1n Xn _a1n+l
afx, +..+allx =ald

......................................... (1)

allx, +..+alx, =al)

nn ' nn+1

ai(jl) =a.. /all’ j =l,2,...,n+1

1

ai(jl) =8 —a;,i=2,..,njJ=2,.,n+1.

2-kanaM. (1) cucTeMaHWHI WKKMHYUCHIAH arap, a, =0, Oyica, (akc
XOJIa TEHIVIAMaJlapHU YPHUHM Y3rapTHUpamu3), X, HH TONHO y4YHMHYHU
TEHIJaMaJaH Oonuiad X, HU MYKOTaMU3 Ba XOKa3zo. n-1 - KajaMja Kylduaaru
cucTeMara KeJlammus3:

Xn = a(n)n,ml

By €pAaH TOIIaMHU3.
a(k—l)
k) _ % . (k) _ 4(k-1) (k-1) (k).
I aij _aij — & *akl

Sl : 3)
k=12,..,nj=k+1..,n+Li=k+1..,n.

n
x, =al xi=abhh — > al'x, i=n-1..15 a=a,. (4)

nn+1? il £ ij ij
j=i+l

dopmynanap (3) ounan Naycc ycynuma wunniam (4.2) cuctemanu (3) yuOypuak
cuCremara keiatupaau (Tyrpu ropui), (4) popmynanap OuiiaH HOMabIyMiIap
TonmiIamu (Teckapu ropui). ['ayce ycymHu Kyduaarnda Tax il KHTAI
MYMKHUH: AX =b < LUx=hb,Ux=y,Ly=b,LU = A, Oy epaa L ,U-kyiiu Ba rokopu
ydOypuak MaTpuuanap, yiapjaad OMpUHUHT JUOTHAN dJeMEeHTIapu, MacaiaH, U-
HUHT 1rorHai anemeHTiiapu | ra tenr. ['ayce ycynuaa A=LU élinnma
TOINWIray, aBBall Ly =b cucrema, CyHr Ux = y cuCTeMa OCOH €YUJIaIH.

laycc ycynunma OGupop ag ‘0ol 3JIEMEHT HOJITa TeHT 0yJica CHCTEMaHUHT

JIETEPMUHAHTH HOJITa TeHT Ba Oy X0J1/1a cucTeMa € e4uMmra ara amac, € 4eKCHu3 Kym
€4uMra ora.
Mucon 1. Ym0y cucrema eunacud: AX=s,

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

CucreMaHu KEHraWTUPWITaH MaTpULa Ty3U0 CXEMaTHK PaBUIIAA €4aMU3:
5111 -1 0 11 -10 11 -1 0 11 -10

3 21
1 1-1 0|=|3 2 1 5|=|0 -1 4 5(=/0 1-4 -5 |=/0 1 -4 -5
4-15 3 4-15 3 0-59 3 0 0 -11-22 0 0 -11 -22
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by epnan, z=2,y=4z-5=3,x=-y+z=-1. )KaBo6:{-1,3,2}.

2. Kopaan-T'aycc ycyan.

Ouau XKopaan-I'ayce ycyaunu kKypud 4uKamus.
1-kamam. ["'aycc MeToau OunaH Oup Xui.
2-KajaMJa X, HObMallyM 2-TeHrjama épaamuaa 1-,3-,..,n-TeHIJamMaiapaaH
nykorunaau (I"'aycc meroauaa 1-TeHrnamagan HYKOTHUIMAC 3/1M) Ba X0Ka30 n-1 -
Kajamaa X,, -HOMabiayM l-,2-...,N-2,N - TeHrIamMaiapaad HYKOTUIIaIH.
Hatmxana ymoy cuctemara KeJIuHaIu:

X =a" % =a",..% =4 (5)
SbHU €uuM Tonumianu. JKopaaH MeToauaa TeCKapH IOpHUII HYK SKaH.

3.JleTepMHUHAHT Ba TeCKAPH MATPULAHN XUCOOJIAIII.
[Maycc ycynu €pnamupa JETEPMUHAHT Ba TECKApUM MATPHUIAHU XHUCOOJAII
MYMKUH.
n-taptuOmM KBaapaT Marpuna A=[a;] HUHr JaeTepMuHaHTH D, =det(A)Hu
XUCOOIaIIH Kapailiuk. PaBiianku, 3HT coia X0l n=2 1a oynaau:
a; a,

21 22

a, #0 1e6 D, HU KapaluK. Y X012 3JIEMEHTIIap ajdMallTHpULIap KyHUIaruiu

D,= det(A)= = a;;8y, —a;pay

oepanu:
1 a, a;, 1 00
Ds = det(A) =ay, a21/‘5‘11 ay, Qyl=ap; a21/a11 délz) dg) = a11D2-
/8, a;, ag ay/a, df df
by epna
® A0
a.’) a 1|a; &
D, = % a5 =% -aa,/a,=— a aJ :
a32 333 a11 il ij
[ynunr yuyn, al’ =a,a; —a,a,; JAecak,
djay A 1|8, 8y, A,  Qpp||dy; Qg
D — 31 ail aZl a22 ail aZl a23 — i aZl a'22 a'21 a23
P ey | 1ay ay|| aylan afan a;
ail a31 a32 ail aSl a33 a31 a32 aSl a32
STHbHU
o Ll all o e &
a,ay; ay S PR
Xyanu 1y kabu, UXTUEPHUM n yudyH KyHugaru MyHocabatiapHu XOCHIT KUITaMU3:
10 ... 0
A1 L L0
d 8y 1 la,, a.
Dn =ap, a, = alan—l’ ai(jl) =— |4 U= ai(jl) /all,
a ay; i aii
a—z af) al)
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@ O L@
8y A3y

Qo3+ Oan O A0 A0
D - B 1 (&, ag;..a,,
n-1— ” T oan-l
a9 oW a;

n2 +Gnn O A0 A0

a‘n2 a‘nS"'a‘nn
a; Q| (& a3 a; 4,
1 a‘21 a22 a21 a23 a2n—l a2n

D,=a,D,, = — |-

& & |8y G a; &,
a'n1 an2 an1 a‘n3 a

nn-1 nn
E€KU
— — @ - @ (n-1)
Dn _alan—l_alla 22Dn-1_"'_a11a 22"'a nn? (6)
Mucoiap 2.

2y DR L
1 Azi i’ ;:i 12 |1 3 :‘_5 —7‘:_18'
31 32
123 |1 2 3 1 2 3| 11 2 3
2. A=l 3 1= 0 1 5|=_o 1 s5l=l0 1 5|=_18

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

K¥ypcaTunran Mucosiap alroOpuTMHH TYFPUITUTHHYI OUIIANPAIH.

A'=B Teckapu MaTpPHUI[AHU XHCOOJAIl YUyH KEHTaUTHpWITaH Ax=E
MaTpULABUl TEHrJaMaHW KapailmMu3.YHu Outrta maTpunaid OUp Heda  YHT
TOMOHJIA YU3UKJIM TEHramanap cucTemMacH 1e0 Kapail MyMKUH, YHT TOMOHJIAp
oupiuk BekTopiap.YHra ['aycc ycynunu Kymaad EX=X=B=A" wmyHocabaTHU
onamu3. lllynnait kunub,reckapu MaTpHUIIaHU XUcoOJjalll yayH A MaTpula €Hura
OUpIMK MaTpulaHu €3U0 KeHralTHpWIraH MaTpula Ty3UIl Kepak dKaH,XOCHJ
OynraH  KEHraWTUpWIraH MaTpullaHd laycc  ycyauaard  dieMeHTap
anMamTupunuiap Epaamuaa A wmarpuua ypHuAa OWUpIMK MaTpulia XOCHI
KWIMHTYHYa y3raptupuil kepak skaH.lllynna £ matpuna ypHuga A ra teckapu
MaTpulia XoCuja Oyap dKaH.

Mucom 3.
1 2 3

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

Teckapu MaTpuLIaHU KEHTaUTUPWITaH MaTPULIA OPKAIU TONIAMU3:
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123100

1 100 123 100
2310 1 0|~/0-
0

2 3
1-5-2 1 0|=/01 5 2 -1 0|=

31200 1] [0-5-7-30 1| |[0-5-7-30 1
[ Tlio00 -2 L 7
10 -7-32 0] |10 -7-3 2 0 18 18 18
01 5 2-10[~01 5 2-1 0l~010 £+ =L _3>
0018 7 -5 1 7 51 18 18 18
) 00 1 18 18 18 00 1 ] 1
- ol 18 18 18 |
By epnaH, Teckapu MaTpHUIlaHU TOMIAMHU3:
5 1 7
18 18 18
At L T 5
18 18 18
7 5 1
| 18 18 18 |

4. Mathcad na muku pyHKUHsIJIap Ba aJTOPUTM.

MathCAD na »xyna Kyn Yu3uKiIM anredpa Macaialapy €4HJIMIIT MyMKUAH
Ba Oy >kapa€H TaOuMili MaTeMaTHKa TUIKaa 0O Ooprutanu.yY Hakajaap cojjia
Ba TYIIyHAPJIUKHU, OU3 alipuM acocuii KOMaHjajdapHu caHal yTui Ouiian
YeKJIaHAMMU3.

4.1. Teckapu maTpuIia ycyiu

40 1 1 1 43
Mampuya 6a yne momon A= 2 40 21 b= 4

2 2 2 2 46

1 1 2 40 44
Evumnu xucobnaw ea uuxapuu x=A"b x =[1111]

4.2. Nuxu dpyukmus 1solve(A,b) épnamuna euwnin

40 1 1 1 43
Mampuya 6a yne momon A= 2 4021 b= 4

2 2 2 2 46

1 1 2 40 44
Huku ¢pynxyusea mypoosicaam xunuu r :=Isolve(A,b)

Hamuowcanu uuxKapuu

rr=[1111]
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4.3. l'aycc ycynunuHr nuku ¢pyHkuusicu rref(A) épaamuaa eduin

Mampuya ea yne momon

Keneaumupunean mampuya

40 1
2 40
12 2
1 1

B :=augment(A,b) B=

1 1 43
2 1 45
b=
2 2 46
2 40 44
2 40 2 1 45
2 2 40 2 46
1 1 2 40 44

40 1 1 143}

1 0 0 01 1
01001 1
Huxu @pynkuus éa euum s:=rref (B) s= X=
Pymiy ® 5=y 01 01 1
0 00 11 1
4.4. Teckapu Matpuna
40 1 1
40 2
Mampuua A=
1 2 40
Huku pynxyus  6a ynu uukapui, mexuupuu C=A" C-=
0.0251 -0.0006 —0.0006 —0.0006 1000 1000
-0.0012 0.0251 -0.0012 —0.0005 0100 0100
= 1 CA= 1 A-C= 1
-0.0012 -0.0012 0.0251 —-0.0012 0010 0010
~0.0005 -0.0006 —0.0012 0.0251 0001 0001

4.5. DerepMuHaHT, XOC COHJIap, XOC BEKTOpJIap

Mampuya

40 1 1 1
2 40 2 1
12 2 2 2
1 1 2 40

Hemepmunanm, meckapu mampuya 0emepmMuHanmu, YiapHuHe Kynawmmacu

d:=|p| di=|c| d=2538588 d1=0.00000039 d*d1=1
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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
Xoc eekmopnap s = eigenvals(A) S=
0.606  0.5878 0 0.7295

0.4686 -0.6132 -0.7071 -0.4423

Ha3zapuii caBosuiap Ba TONIIMPUKIAP.

["aycc yCyaIMHUHT MOXUSATUHU alTUO OCpUHT.

2. FOxopn TapTUONIM  J€TEpPMUHAHTIAPUHM  XUCOOJAIIHM  KaHJal
KOUJalapyuHu Omnacus?

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

4. Teckapu marpunanu ['aycc ycynm Omnad XucoOJsall FOSCHUHU alTHO
OCpUHT.

5. T'aycc ycynunau goup Macananap Ty3uO OEpHHT.

=

MyHaapukara

1.6. YN3UKJIN CUCTEMA YUYYH UTEPALIUA YCYJIN

Acocuit mywynuanap: Mampuya nopmacu, YATC yuyn umepayus ycyau ea
VHUHZ XaMOAUUHU 0AX01aul, AKUHAAUULW WAPMU, YCYIHUHS 0acmypu. 3euoens
yeynu.

Acocuii namuorcanap:

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

2.Umepayus ycynunune nazapuscu.
Ax=b < x=Cx+d,x" :ka’l+d,|[imx" =& AE =D,

—_y® k _ (k-1 gk IC| k) (k1)
IE=xONNCI =X =] < e =x¢ ).

3. Coooa umepayus ycyu:
X9 = (b YaxY), k0.
& j# '
4 3etidens ycynu:
1 i-1 n
® _ ® -
X, _;(bi—éaijxj +j;1aijxj V), k=0,1,.... |

5. Umepayus ycynunune Mathcad oa oacmypu.

1. MaTpulIIaHMHT HOPMACH
X=(X,,....X,) €R", y=(y,,....y,) €R" OVICHH Ba y=AX aJIMaIITUPHUII
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all a'12 a'ln

8y A, .. A

nn
MaTpuIa OniaH OSpUIICHH.
R" na HOpMa cudartuaa ymody MUKIOpJIap OJUHAIH:

n n p
.. = max]x [, = 2. s I, ={’/le|xa| ’
i= i=

Tawvpud. |X|| xeR" HuHT Oupop HOpMacu OVJICUH. YIIOY

Al = X |[AX
oI

x¢0 ||x|| quﬁ
MHKJIOP A MAaTPULAHUHT ||X|| HOpMara MOC HOPMacH JI€NUIaIu.
Jlemma. ||x||, [IX|l,, [IX|l, HOpMara A MOC MaTpULIAaHUHT HOpMaJapy yoyaapaup:

n

|Al = miale:‘aij‘
=
n

|Al, = max le‘aij‘
=

I, < (33
i=l j=

Hcbot. x e R", y=Ax Oyncun. PaBmanku,

Zauxj i=1

[IIyHuHT yayH

||Ax||@=||y||w=m9xﬂ;%x,- Jsmﬁx[g\%\\xjgﬁ
< mgx(é\aﬂ](maxviw < mex[;\au\jnxnw AL ..

Hemak, xap KaHgaii x € R" yuyH
[Ax]. <[ Al ] . x=0.

Xyaau 1y kabu
Ax], =

IJJ

<3 3all< 3| Sl -

i=1 J*

< Z(max(Z‘aij‘D‘xj‘ =[ A [
[ J
|AX]|, < || Al [|x], - x# 0 xap Karmaii x 0.
Komu - bynskosckuii (LLBapiy)

n 2 n 2 n 2
2.apb, 52‘31‘ Z‘bj‘
i=1 i=1 j=1

TEHTCU3NUTHIaH (porinananamus. Y xomima
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2
a3 San, | -

n 2 2 n P 2
<> ‘aij‘ Z‘X,-‘ ZZ‘aij‘ Zl:‘xj‘ =||A||§||X||§
- =

i=1 j=1 j=1

i,j=1
JleMak,
||Ax||2 < ||A||2 ||x||2 ,X#0 xap KaHmaii x=0.

buprHYM Ba UKKWHYHA HOPMA Y4yH

A= [IAL Xl 1=1,2
BekTopiap Tomwianu. (MycTakuia — TONMHT). YUMHYM HOpMa y4uyH OyHaail
BEKTOp MYK.

Martpunanap yuyH siHa Oup HOpMa KUPUTaAMU3:

A, =nmaxa,].
by HOpMa uTepanus ycyauaa MyXum poib YiHauu.MabiayMKu,Y€KIU YI4OBIU
dazona 6apua HOpMasIap SKBUBAJICHT.

2.Ax=D UU3UKJIIA TCHIIaMaJIap CHUCTCMACHHU K&p&ﬁMH& YHn UTCpanus

METOJMHM KYJUIAll Y4yH KYyJIal KYPUHUIITA KEJITUPAMHU3:
X+l Ax=x+1b, 1=0

Xx=(E-1Ax+IDb, Ex=x,
C=E-IA d=1b
Xx=Cx+d,

Oy epna B - maTpuiia, d - BEKTOp .
Comma ureparust Meroan Kyiumaruda Xx° e R" uxTuépuil OOILIaHFUY
BEKTOpP OJIMHUO YOy BEKTOpJIAp KETMa-KETIUTH XOCHJ KUITHMHAIH.
X =Cx*Y +d, k=0,1.. (1)
Teopema. Arap ||C|| < 1 6Yyica, yXonga x=Cx+d(Ax=b) cucrema siroHa
e4yuMra Jra:
Ag =b (& =C&+d), & =limx®

VYHIaH Tamkapu Kyhdujgaru 6axosaap YpyuHIIu:

IE=xPI<IICl 1 =7 (2)
ICH 0 _ ke
E—xM| < x" —x (3)
B Ewrar H
Hcoor. EY4MMHUHT ArOHAIUTU Ba MaBxKyiuru. ®apa3 Kuiaimk
& =C¢& +d.
Y xonzaa
Il <= lIC +dif <=ICIllI& Il + idl,
1l
1S 1< ==
=[IC

Arap d =0 6ynca & =0 6ynamokna, ssbHU Oup KuHCIU cucteMa gakat 0 euumra
ara ’KaH.Y xojjaa Oup >KUHCIH OyIMara
x=Cx+d
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CHUCTEMa Xap KaHaau d Y4yH SIrOHa €4umra dra.
16): 0101
9 =¢&-x¥ ne6 £=CeHd, xW=Cx* +d
TEHIJIMKIIApHU OUp-OMpHIaH aitupcak
Ex® =Cc(E-x*) > r® =crd
TEHIJIMKHU OJIaMHu3. Y XO0Jijia
e 0 = Cr® < ICiir™ ) =
ICHICr* I I CIUr I &= x0T < [HCN &= x1I.

SKAHJIUTHIaH
&= QU NCh [1E -xOA+NCH [ x*-x2

@NICh I &-xO0 <ch 1x©-x
I & xe)j Iy
1-|[Cl

Teopemanaru 6upunuu 60axo (2) anpuop 6axoHu Oepanu, SbHU TaKPUOUiA
€YMM XaTOJUTHHHU CUCTEMaHW €uMacliaH OJIMHTU (Ha3apuii) 6axoHu Oepaju.
Teopemanaru MKKuHYM 0axo anoctepuop (amanuit) 6axoHu 0epaau. AocTepuop
0axo xap OWp TakpuOMi eyuM Tomuiarad, Oy TaKpuOWH €4MM aHUK €YHhMra
SKUHJIALISANTUME JIETaH caBoJira >kaBo0 Oepaiu.

-3/5 3/5
MmucoJa.B =
2/5 1/5

Teopemanan KypuHaIWKU, WTEpauus YCyJIM SKUHJIAIIMIIN Y4yH C
MaTpPUIAHUHT KaHJaUAup HOpMacu OupIaH KUYMK OYJIMIIM Kepak 3KaH, SbHU
IC|| <LC=E-IA Oynaraniurua y4yyH napametrp | HM LIyHAANl TaHJall Kepak

} MaTpHIa y4yH |||B||, =6/5 >1 ,||B||,=1 ,||B|l, =~/23/5 <1

AKaHKH, |E-IA|| < 1 6yncuH. Macanan: 4-HOpMaHU oJICaK
ICIl < max{|a;|/n,i,j=1.n} nme6 omum MyMKuH. byHmai Xxonma urepanus

YCYJIMHHU CUCTeMara TyFpUJIaH TYFpU KyJUIall MyMKHUH.

3.Conna urepanus €ku SAkoOM ycynu KyWumarudya Kypuwiaaud: Xap Oup
TEHIJIaMajaH a; =0 1ed x Jap Tonud OJIMHAIM:

X; =ai(bi— Zn:aijxj) , k=0,1,....
CyHr urepauusuiap Kyﬁnz[arlllzlqa K}J/pnnazm:
X% = i(bi— JZaijxj(“)) , k=0,1,....
4, 3eiigesan ycyJau. “
Ax = b cucremana a; #0 ne0 i-TeHraamanaH Xi HA TOUO oJamu3
a; X, :—iaij X; Zn: a;X; + d,
j=1

j=i+l
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— -iiiaij X, ii ay X +E, i =1..n.

&; o1 i j=i+l i

Hatmxana x = Cx + d xypuHHIITra Kenamus, 0y epaa

3CI/II[6JII) MCTOAMNda I/ITepaHI/IHJIap KYI/II/II[aI‘I/ILIa KypI/IJ'IaI[I/I

x"‘)—Zb X+ 3 bx Y +d, k=01,

j=itl

x%- uxTuépuii .

Teopema. Arap A Marpunaga AuaroHaia 3JIeMEHTIAp CaIMOKJIU Oyiica,
SbHU

S fayl <la, |, i=1,0n

j#1
AX = bcucTeMa AroHa eyuMra sra Ba 3eueiib MEeTOAN SKUHJIANIaIu:
£= lim x%

k—o0

Hcoot. Ongunru Teopemara acocaH

n
ICI, =max D ley| <1
ij=1
OyIuIn Kepak, K1

n

z|c.,| =S, =3 Pile g

ji a
Oymuimm kepak. Jlemax,

Z|a”| la,|,i=1,..,n

j#1

Mmuco.1.
2X, +X, =3
X, +2%, =3
2 2
2 2
X2
2

X,
1 \2 3

SAKAHJITAIUIIIIAPHA TOIIaMHA3.
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Xl(O) =(0,0),
x,V=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,9=1.03125 x,®=0.982375

5. Urepanus ycynuau Mathcad na tarike sTui.

40 1 1 1 43
2 40 2 1 45
Tenenamanap cucmemacunu oepuii A= b=
2 2 40 2 46
1 1 2 40 44
1000 0
I 0100 0
buprux mampuya ea 0- umepayus E =identity(4) E = 0010 X = 0
0 001 0
Umepayusa napamempu 7:=0.005

YATC nu umepayus y4yH Kyiau KypuHuuiea Keimupuul

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

Hamuowcanu uuxKapuul

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

0.99210.994 | 0.995 ( 0.996 | 0.997 | 0.998 | 0.998 | 0.999 | 0.999 | 0.999 [ 0.999 1 1

0.99410.995|0.997 [ 0.997 | 0.998 | 0.999 [ 0.999 | 0.999 | 0.999 1 1 1

w| N ]| 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

Ha3zapuii caBoJsiap Ba TONMHUPUKIAP

=

MartpuuanuHr HopMacu HuUma?

2. UM3MKJIM TEHIJIaMajlap CUCTEMAacH Y4yH COJiJla UTEpalus YCYJIMHUHT
SKUHJIAIINLI [IApTy KaHaau ?

3. 3eigen yCyIMHUHT SKMHJIAIIUII MAPTH KaHJau ?
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4. Unsuknu cucTeMa uTepalus yCYJIWHU KyJulall Y4yH KaHjal
KYPUHHUILTA KEJITUPUIAIU?
5. Xx+2y=3,2x+y=3 cucTeMa y4yH UTepaius yCyJIuHu KYpUHT.

MyHpaaprkara
1.7.MATPUIIAHUHI XOC COHJIAPUHHA TOIIMIII

Acocuni  mywynuanap: Mampuyanune xoc CcoOHAApU, XOC GEKMOpaapu,
I 'amunemon-Kennu meopemacu, cummempux mampuyaiap y4yH Xo¢ COHAAPHUHR
xoccanapu, YH2 Kamma Xoc COHU MOnuuL y4yH umepayus yCcyiu.
Acocun namuscanap:
1.Xoc connap ea xoc eekmopaap: Ax=x, x=0,.

2.Cummempux MaAMPUYanur2 xoc COHNIApU:
NAeR,2)AX=AX, Ay = uy, A+ u—>(x,y)=0.
3.OHe Kamma 912 KUYUK XOC COHAAp VYYH Umepayusi YCyau.

Dx = 4 A X e R X =14, > 4

2) yk — ,ukA_lyk_la yO c Rn,

4 Xapaxmepucmuk menenama Kypuwnune Jlesepve-@aoees ycynu.

5. MathCAD oa oacmypnap.

k > .

V| =1 s = ptin k> 0.

1. A=[g], i,j=1..,n KBagpar, XaKMKUi DIEMEHTIH MaTpula OepuiraHn
oyncun, AR" — R", E- Oupauk maTpuiia OyJICHH.

Yoy

Ax =X, X#0, (1)
TEHIJIMKHU KAHOATIAHTUPYBUM A COH A MATPUIIAHUHT XOC COHHU, X # 0 BEKTOP
3Ca XOC BEKTOPHU JIeUUIaIu.

A MaTpullaHUHT Oapya XOC COHJApHW TOIMWII XOC COHJIap MpoliaeMacu
nevinnanu. Kypaitnukuu, Oy Macana HuMmara o0 kenap skas. (1) Hu Kyhugarnya
€310 os1aMu3:

Ax—AEx = (A-AE)x =0. (2)
(2) Oup XKMHCITU CHCTEMa, y HOJb OYJIMaraH edumra 3ra OYJIUIIN y4yH, YHUHT
nerepmuHaHTH 0 ra TeHr Oynumm kepak: det(A—AE)= A—AE |=0.
JlexuH,

G A PR

[ITyHuHT yuyH,
det(A—AE) =(-)"(A "+ p,A "'+ poA "2 +..+ p,) =0. (3)

(3) Tenrnama A MaTpUIIAHUHT XapaKTEPUCTHUK (acpuid) TeHraamacu aeminanu. Y
n —mapaxanu anreopavk Terriama. [llynnait kunmmb, Xoc COHJIapHH TOHII YIyH
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areOpauk n -Aapa)xajid XapakKTepUCTUK TEHIVIAMAaHU Oapya e4nMIIApUHU TOIUII
KEpakK JKaH.

ANreOpaHuHI acoOCHMl TeopeMacura acocaH, XapaKTEepUCTUK TEeHIrjIama
anreOpauk n-aapakaid TeHrjgama OYJIraHIWId y4yH, Xap KaHaal A-marpuna
Kappajiapy, KOMIUIEKC WIAU3JIapUHU XUcoOra oJIraia n-Ta Xoc COHJapra ara.

I'amunomon-Kennu meopemacu. Xap KaHIal MaTpULA Y3 XapaKTEPUCTUK
TEHIVIMACUHHU KaHoaTiaaHTupaau: det(A-A E) = det(A- AE) =0.

Amanuérna, KYymuH4Ya MaTpUL@HUHT OMp Heya XOC COHJIAPUHU TOIIMII
Tanal 3TUIaI1, MacalaH, SHI KHUMK Ba 9HT KaTTa XOC COHJIApHU. Y JTapHU TOMHUIIL,
XOC COHJIAPHUHT XyCycuid mpobsemacu jneiunanu. bapya xoc COHIapHU TONMUII
XOC COHJIApHUHT TYJIUK MpoOieMacu Iednnaand. DHI KUYUK XOC COHU TOIMII
OOIIKa MaTpULIAHUHT SHI KaTTa XOC COHM TONMII MacajlaCura KeITUPUIIAIu.
XakuKaTtaH XaM, AX= AX <> A" x=x/1 3KaHJIMTHJIaH. A-MaTpuIlla YIyH SHT KaTTa
XOC COH, B = A" MaTpuIia y4yH 9HT KHYHK XOC COH DKaH.

X0C COHJIapHU TOMHMILHUHT OUp KaH4a yCyJUIapyu MaBXKy:DHT KarTa (3HT
KMYMK) XOC COHHU TOMUIIHUHT UTEpalus yCyiH.

1) ABBast XapaKTEpUCTUK TEHIIIAMaHHU, CYHI XOC COHJIAPHU TOMHII YCYJUIapH
(Kpsuios, JleBepre, DaieeB, HHTEPIIOISAINS, HOBMaTyM KoddduneHTnap...);
2)Xo0cC COHJIapHH XapaKTEPUCTHK TEHIJIaMa Ty3MacAaH TOIYBYH, STbHU
MaTpULlaJapHU aIMalITUPUIITa acoCIaHTral utepauus ycymiapu ( Jkobw,...).

2. Martpuiia Y3UHUHT TPaHCIIOPTUPJIAHTAHHUTA (KOMIUIEKC KYIIMacura)

TeHr Oyiica, €ku R" 1a ckajsap KynmakTMa MabHOCHIA
(AX’ y) = (X! A* y) = (X1 Ay)! X,y e R" (4)
TEHIJIMKHU KaHOATJIAHTUPCA CUMMETPUK JIEUUIIAIN.

CuMMeTpuK MaTpulla Y4yH XOC COHJap Xakuja Kyhujparu Guxpiap
VPUHIIN:

Teopema 1. CuMMeTpUK MaTPULIAHUHT XOC COHJIAPU XAKUKUH, Xap XUJI XOC
COHJIApra MOC BEKTOPJIap y3apO OPTOrOHAIL

HcooT. AX =X, Ay = 1y 6yncun. Dapas KUmaimik, A=A +id, A=14 —ii,
oyncun. Tavpudra acocas,

(AX, X) = (A%, X) = A(X, X) = (X, AX) = (X, AX) = A(X, X)
[TynuHr yuys, (1 —Z)(x, X) =0. X # 0 dKaHJIUTUIAH A = A= 4 € R. UkknHunnas,
(A, y) = A% Y) = (X AY) = (X 18y) = (%, Y)-
[Iynunr yuyH, (A—u)(X,y)=0, A# u >KaHIUTUAAH, (X,y)=0=>Xx LY.

T*T =E mapTHU KaHOATJIAaHTUPYBYH MaTpHUIlajiap OpTOroHal MaTpunaizap
Jnevunany, — paBIIaHKW, yiap yuyH T*T'=E. A=T*BT apTH
KAHOATJIAHTUPYBYU MaTpULAJIAp YXIIAl ACUUIIAIM.

Teopema 2. Yxmiam MaTpuuanap OMp XHJI COH COHJApra sra, Xoc
BEKTOPJIAp y3apo YM3UKJIN OOFJIaHTaH.

HcodoT. Ax= Ax , OVncuH, y Xonma Ax=T *BTx=Ax,Ba Tx=y Jecak

T*By=Ax=AT 'y = By = (T*) AT "y = AT *T) 'y = AEy = Jy
SdbHU, By=Ay 6a y=Tx DKaH.
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3. Ax=/x Macajajga SHT KaTTa XOC COHM TOIHIIra KApUInamus, Bupop
x@ e R" Bekrop omub x¥=Ax*" k=1,2,..., BeKTOpIap KETMA-KETIUTH KypaMus3.
Teopema 3. x© € R" uxtuépuii OOIIIAHFUY BEKTOP YIYH
x¥=(x,%,...x ¥)=AxY keTma-keTiHK Kypuiran OyicuH. Y xoiaa

X
= =A..,i=1..,n (5)

Ucbort. Ae, = Le, 6yJ'ICI/IH, i=l,... Papa3 KWIANIKK,

|4 R4, [ 2|4,

lim

k—o X

PaBmanku, x®=ae +.+a e, Jecak,
XY =Ax9 =jae +.+4ae,..,.xY = Ax P ae +.+Aae .
k k k
Dy e =(e,,e,,...6 ) aecak, x> = ae. +..+A‘a e, Ba
x{ ﬂlale +..+Aae

n>ni
XD e ..+ A ae.

1+ﬂz (2.8, /aey) +---+,Un (2.6, /aey) k-1
= 0
ﬂll+ﬂ;71(a292i /aleli)+"+/u: (a6, /ae;) AT 0l
Oy epna g = A/l4, i>1 SbHu,
X(k)

Sy =+ O 1, 1), (6)

by epnan (5) kenub ynkagy.

4. XapakTepUCTHUK KYNXaJHU TOMUIITHUHT HOBMayM Kod(duiieHTnap
YCYJIH.
D(1)=det(A-1E)=p, +p,A+...+p, A" +A" nernuk. p, KodpuueHTIapHu
TOMUII Y4YH
D(i)=d.,i=0,...,n-1, (7)
JleTepMUHaAHTIIApHU XUCOOMauK. PaBianku,
Po :do' Po +p1+"-+pn-1+1n :dl’ Po 'I'Zpl'l'"-'|'2n_1pn-1+2n :dzl --’po+(n'1)p1+---+(n'1)n_lpn-1+(n'1)n :dn—l' (8)
by epnan nappoB kenu0 ynkaguku, p,=d, Ba
pl+...+pn_1:dl-d0-1n, po+2p1+---+2n_lpn-1:d2' do '2na--y(n'l)pl"'---+(n'1)n_lpn-1:dn-l'do'(n'l)n-
(9)
OHau Yby MaTpuila Ba BEKTOPIApPHU KUPUTAMHU3:
M=[m, ]=[i j],i,j=1,...,n-1,p=[pl,p2 yoesPna l,0=[b, b, ,....b, ;1,b,=d,-d,-i".
Hatmxana (7.9) cuctemanu Kyiuaara KypuHuiaa €310 oI MyMKHH:
Mp=hb (10)
M maTpullaHMHT IeTepMUHAHTH HOJJIaH Gapkiu, y BanaepMoH
J€TEPMUHAHTHHUHT MHUHOPHIUP. YHHU eunb p =M™ b dopmynamxan
XapaKTEPUCTUK TEHTIIAMaHUHT KO3 (ULIEHTIaPUHU TONaMu3. XapaKTepUCTUK
TEHIJIaMaHu OUpop ycysl OulaH €4ud XOC COHJIAPHU TOMAMU3.
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5.Mathcad na xoc con Ba BekTopiap uuku GyHKIHsiap eigenvals(A),
eigenvals(A) OpKaJiIi OCOHI'MHA TOIIHJIA/IH.

40 1 1 1
2 40 2 1
Mampuya, uuku ¢ynkyusiap A=
2 2 2 2
1 1 2 40
Huku ¢pynxyusnap 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 r = S=
39.37 0.606  0.5878 0 0.7295
37.64 0.4686 -0.6132 -0.7071 -0.4423

VYHJaH Talkapu, Hr KaTTa Ba SHT KMYUK XOC COHJap (5) anroputm
acocua Xam TOMWIHIIA MYMKHH.
MyHaapukara

1.8. HOUN3UK TEHI'JIAMAJIAP CUCTEMACH YUYH
UTEPALIIUA YCYJIN.

Acocuit mywynuanap: Kuckapmupub axc smmupuw npunyunu. Taxpuobutl
eUUMHU XamonueuHy b6axonau, Hazapuil 6a amaiuil baxoiap.

Acocuit namudicanap:

1. Kuckapmupub axc smmupuus npuHyunu’

X =g(x),x* = g(x*"),k =1,...,£i££|0xk =& % EeR g -g(y)|<a|x-y[.0<qg<1.
2. Konouk xao yuyn baxonap:

1&-x g Il &-xUL N1 E-xM i< aqll x¥ -x*P [ /L-a) =q* | x¥ -x? || /(L~q)
3.Umepayus ycynu: f(x)=0< x=g(x),x* =g(x**),k=1..,limx* =& x,EcR".

k—»o0
4.MathCAD oa oacmypaap.
1. KuckapTupu6 akc YTTHPUII NPUHIUAIHA.

R" 1e0 n-YI40oBIM BEKTOPJIAp TYIJIAMUTa alTHIAIu. Y YM3UKIN HOpMaJlaHTaH
TymuK  (pa3o, xe R" Hopmacu (Y3YHJUTH) KyWHJard TCHTIUKIAp Ouiad

Oeprutau:
n
[1X|... =IIX[l, = {’fZI %", 1<p<eo
i=1
Kymnanas,

n n
XL =D 0% L=, [ 2 1% 1 1 x L= max | x|,
i=1 i=1

G Oupop €nuk coxa OyncuH. HWxtuépuit f:G—>R" akcimantupum N Ta N -
y3rapyBuUMiIu QyHKIUSIIAP
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f(%, 0 X,)
ACHY
£ (X, X,)
BekTop GyHKIMs épaamuna 6epuicud. [llynunr yayu

f(x)=f(x,...x,) =

f(x)=0 (1)
BEKTOp TEHIJIaMa N Ta TEHIJIaMa CUCTEMACH
(% %) =0
f, (X, X,) =0
f.(X,..X,)=0
ra SKBUBAJICHT. (2) HU ylIOy KypuHHUIIAA €3UII MyMKHH OYJICUH.
X = 0y (X Xy)
X, = 0,(X, X,)
2 2 Xl (3)
Xﬂ = gn(xl" ’Xn)
€KH BEKTOp KYPUHUILINIA
Xx=9(x) (4)

Oy epaa paBmaHky, g =[g,,...d,]" .
Tabpudg. Arap 0< g<lcoH TOonmwiuO, yimody TEeHICU3IIUK
1a(¥)-aN Il <a lIx-yll. vxy €G (5)
Oaxapuica, ¢:G—>Gc R, akcmantupumi Ge R" 1ga  KUCKapTHpuUO
akcimanTupum Acimtanu. KuckapTupuO akCIaHTHPHUIT y3TyKCU3IUP.
Tabpud. Arap xap kanaaii xeG yudyH g(x) e G OVica g HU Y3UHM Y3UTa
aKciaHTupanm aeiunanu: 9:G —» G éku g(G) <G.
OHau ymily mapTHU Kapailiuk:
G=S, ,={x eR": [|x-%[I<r}
Jlemma. Arap ¢:S— R" akcmanthpuiga S Jaa KUCKaApTUPHO
aKCIIAHTHPHIII, SHHH
19()-g(M l<alix-yll,0<q<L x,yeS, Ba [lg(%)- X% [<@-q)r 6¥ca,
g(S)cS O6ymaau, spHM g:S — S OYmamm.
HcooT. xeS(x,,r) UXTUEPHI HyKTa OYJICHH. YHIa
190 -% 1 9(X¥) - 90) 1+ 11 9(%) - X, ll<qr +@-a)r <r.
OHIU X = ¢(X) TEHTJIAMaHH TaKpUOW eYuIlra yTaMmus.
Tabpud. Arap £&=g(&) 6ynca £€G  HyKra ¢g(X) aKCIAHTUPHUILIHUHT
KYy3FaJIMac HyKTacu JACHUIaIN.
X=g(X) TeHrjaMa y4yH UTepalus yCyJu Kyruuaarnia Kypuiaiu:
x® =g(x*M),k=1,..., (6)
Ty3uinaan. by keTMa KeTJIMKHUHT MabHOCHHH YIIOYy TeopeMa euuod Oepaim.
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Teopema 1. Arap ¢g:G—>G y31IyKcu3s Ba ¢(G)c G, auMur
E =1lim{x¥, k - oo} MaBxyx 6Yica, £=g(£) TEHTIHMK YPUHIM, SbHU £ HYKTa g(X)
aKCIAHTUPUIIHUHT KY3FaaMac HyKTacu Oyiaau.

Hc6oT. Papmrankw, &= lim x = lim g(x*?) = g(lim x ) =g(&) .

Teopema 2. (kuckapTHUpuO aKC STTUPHII MPUHITUIIN).
Arap g(G)cG ©6ymub, g(x)-KUCKapTUpUO aKcIaHTHpuIl Oyica, y Xoiaa
g(x) :G—>G G TymaMmaa siroHa Ky3rajaMac HyKTara 3ra.

by k¥y3ranmac HyKkTa uTepanus KeTMa-KEeTJIUTHMHUHT JMUMHUTH cudatuaa
TONWIMILIA MyMKHUH. AHUK €4UM Ba UTEpalus opacuaard ¢apk Kyldugaruya
OaxoJiaHaaIu:

1&-x Na | &-x@1, (Ha3apuii 6axo) (7)

k
& - x® ||sﬁ|| x© - ||=1‘1—q|| x® -x® || (amammit 6axo)  (8)

Hcoor. 1) {x¥ } -bynmamenran kerMa-KeTIHK, SHHU
X x| =50, kp —> 00 .
XaKI/IKaTHaH XaM, ||X(k+i) _X(k+i+1)|| < q ”X(k+i—l) _X(k+i)|| < qk+i ”X(l) _X(O)” ’

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,

p-1 . 0 )
X - X x| 3 < x| S <0 [ X2 1-).
i=0 i=0

By epaan 0<q<1 skanmurugas || X" -x*? >0k, p - .
2) {x¥} ¢ynmamenrtan, R"TYIMK JMIMAaH WMyHgad & = lim x® MaBKyI;

x¥ e G; Ba G énukmmruman £e G.
3) 1- Teopemara acocan &=g(&).
4) ¢-srona. Akc xonma&=g(¢<,), &=9(&,) necak,
I &- &IHI9E)-9(ED N <all &- &l

Ba > 1 6ynub yukaau.by MymMKuH smac.

2. Konauk xaajapHu 6axoJai. Papmankw,
I &-xP 119 )-gx* DN =g [1£-x*V || <. <g° || £&-xV,
SHHU
I &-xP N q® [1&-xP].
JlexuH,
1Ex®|I< qllé-x* 2] < gf|&x® || +qlx® x|
by epnaH OCOHrMHa KyMuaru TEHICU3JINKHU OJIAMU3:
I&-x® 11 <a/@-a) [ x2-x"“.

(7) mazapuii 6axo aevrianu, Oy epia HObMAIYM €41M HIITHPOK STMOKA.

(8) amanuii 6axo meinnanu, Oy 6axonu 6u3 xap oup Takpudbuit eunm x“
TOMWJIrad XMCOOJAIMMHU3 MYMKHH.
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(7) 6Gaxo épmamuma x® HM TomMacmaH HeYTa HWTEpalUAAaH CYHT

| £-x¥|<e OYmummMHEM onaMHIAH aiTHO Oepuil MyMKHUH. ByHUHT yayH
|&=x®|<all x¥-x*? | /1-q)<e.
TEHICU3JIUK OaKapUJIMIIU Kepax.

(8) Gaxo oca || £-xM ||<e OYmumuaM TakpuOmii eummmap x*P | x®©
tomwaraggan cyur gx¥-x*V|/(1-g)<e Oynca OaxapuiIMIl MYMKHHIMTHHU
anuTub 6epaau.

Kuckaptupu® axc 3TTUPUIN NPUHUUIUHUHT TAAOUKIAPH KyJla KEHT. Y
OuTTa TEeHrjJamMa, TEHIVIaMalap cucreMacu, auddepeHuan, HHTerpal
TEHIJIAMaJIapHU TaKpuOuil eumijga unaTwiaad. baén stunran teopema (2)
uxtuépuii TYnuK X dazona xam Ypuninud. Macaman, X,Y -TYIMK METpUK
dazonap Oyicun, Oy epna Cla,b]HuHr ypHuHu X, MOAyJb YpHUHM (azonaru
HopMa Oocamu, f(x)=0 BekTOop TeHrIama X=g(X) BEKTOp TEHIJIamara
KEJITUPWIAIM Ba KOJTaH Oapua umuiap Oup Xui 6akapumiai.

3. Urepaums ycyau. (4) ydayH urepaius ycyau Kypamus. bupop x© e G
0Jin0 ymoy urepanus (BEKTOpIiap) KETMa-KETIUTUHU Ty3aMHU3
x®=g(x*M), k=1,2,..., ; 9)
€xu 0atadCcUipox
x,%9 =g, (%% ... x_ D),
................... (10)
x ©=g (%Y ...x (D)

YCyJIHUHT SKWHJIAIMIUIT [IApTHHH, sSBHA ¢(X):G —R" HUHT KadoH
KUCKapTUPUO aKC STTUPYBUYHM AaKCIAHTHUPHUII dKAHIUTUHU Tormamu3. PaBrraHkw,
arap ¢, G Oupop ypra kuiiMar OVyica, y Xoizga JlarpaHXHUHT YEKIH
opTTupmanap hopmyaacura acoca

Ex=0,(2 19 )= YOI &x), =L,

Jlemak, BEKTOp KYPUHUIINAA YIIOY TEHTJIMKKA TYFPU KeIaMH3:
&xY=g'(e)( &x“)
by renrnuknan xypunaauku arap q=max{||g'(x) |, xe G} necakx,
|l &x® <qr || x| (11)
oynau.
[ynunr yuys, arap, q<1 6ynca x> —¢& , k>0 MyHOcabar YpuHIH.
Bynnait xonma KucKapTUpUO aKe STTUPHUIT MPUHITUIIN YPUHIM OVaau.

Oumn f(x)=0 TeHmIamMaHu X=g(X) KYpHUHHILIHWIa KEATUPHUIIAA UMKOHH
Ooopuya q MHUKIOPHM KHYUK KWJIMO TaHJIa0 OJMIIHM Kypamu3. ByHUHT ydyH
g(x)=x+Lf(x) 1e6  onmamu3.  PaBmraHkwu, g'(x)=x+Lf'(x), Oy epna
9'(0) =[0;8;(x) ], F'(x) = &, ;(x) ] SIx0OM MaTpuuANAPH. 2 XOJT GYIHIIM MyMKHH:

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

()
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X(k) — X(k-l) _[f '(X(O) )]1 f (X(k-l))
(13)

2) g (xX*N=E+LF'(xX*Y)=0, L=-Lf' " (14)
X(k) — X(k—l) _[ f I(X(k—l) )]—1 f (X(k—l))
(15)
n=1xo1 yuyH (13),(15) bopmynanap, MabIyMKH, KyWHJIard KYPUHHILTA
ara
x® = XD £ (x DY/ £1(x@), f 1R >R, (13.1)
XO =xED £ (xED) 1 (xEY), f:R>R (13.2)

(13) copnmanamtupuirad Hetoton metonu, (15) sca HeroToHn MeToau aeiinnagy.

n=2 yuyH (13) popmynanap Kyiingaru KypUHHUILIHA OJA]IH.
ORNFYCE

1 FD £00) 1
Xi(k) _ X1(k -1) 1 1x; ’ (k) _ X(k -1) 1x 1 ’ (13)
det(f'(x@) |t £00 % % det(f'(xX?) £ £
N=2 yuyH (8.15) dbopmynanap Kyiugaru KypuHUAIITHU OJI]TH.
1 FOD g (D) 1 f-D (kD
Xi(k) _ (kD) _ 1 1x, ’ ng) _ gk -1) 1 1 , (15)
det(f'(x D) | £ 0D det(f'(x* D) £ 0D

By ¢popmynanap kelinnru naparpadaa agoxuaa Kapaiaiu.

[Iynunr yayH q=max{]| g'(X)||, xe G} <1 mapt x HUHT & Ta AKUH
KuiimaTiapuaa Oaxapunanu. by ¢ukpaan (13) nan (15) meton sxmmpox
SKUHJIAIINAIIY XaM KypuHUO Typuoau. by pukpHu Konauk xanmap 6axonaapu
XaM TabKuianau, (13) yusukium sKuHIamumra sra, (15) kBagpaTuk
SKUHJIAIIHIITA OTa.

Mucon 1. Uteparus ycymu épramunia {x; +x; =1, %; -x,=0 SUHJICHH.

Eunmi. x2 +x; =1 aiinaHa, X’ -x,=0 KyOuK mnapaboyia OWjIaH KECHIIHO
VKKUTa euyuMHU Oepanu. VYiapau um3ub & ,=[0,9;0,5] TakpuOuii ednMiapHu

Toramus. & yayH x(0)=[0,9;0,5] Gonutanrud eunm Ttarmaimus. {x“} Hu Tomum
yuyH (8.13) ycynHu TanmaiimMu3. PaBiianku,

x2+x2-1 2X, 2X 18 1
f(x):{ Lo },f’(x):{ ! 2}, f’(x‘o)):{ ’ },det(f’(x(o’):-3.6,
Z—X, 2%, — 1,8 -1

11
[f’(X(O))]-l:_% {-1.8 1.8}: -

yHuHT yuyH cucTeMaHu X=g(X) KYpUHUIIra KeaTupamus, 0y epia

_1 _1 2 2
g(x) = x+Lf () = {ﬂ 3_16 {_1.81.8}{:2:9}

X=g(X) cucteManu 3HIU uTepanus (coamanamtupuirad HeroToH) ycyiu Ounan
eyaMu3.bonutanFuy uTepauusIapHu KUPUTAMU3 Ba HATHUKA OJIAMH3:

k X1 X2 e

1 0.797222 0.625000 0.227778
2 0.787013 0.617188 0.018021
3 0.786315 0.618134 0.001644
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|4 | 0.786166 1 0.618022  0.000261
[lynnait Kuauo
& ] [0.786166
o Lﬁj - {0.618022}

neiui MyMKHUH. Y cylTHUHT pacTypunu 1.9 maparpadgaru HploTOH ycynMHHMHT
JacTypuZaH XOCWiJa MIUTHPOK JTraH YCTYHJIApHU OONUIaHFUY HYKTajaa
XMCOOJaHUIINIaH OJIMII MyMKUH.J{aCTYpHUHT ¥3u XaM KyHuaa KeITUPUITaH.
Mmucoan 2. Utepauus yCyIUHUHT TaJOMKU cudaTtuaa KyWnaaru HOUYM3HUK
onauit muddepeHnran TeHrIaMa yuyH yerapa MacajlaHu KapaiMmus:
u"=f(x,u),u@=Aub)=B
[a,b] kecMaHun a<x, < x <..< X, < b HyKramap Tymiamu OwnaH Oyiub Typ

sAcanMus. by HyKTanapaa TEHIJIAMaHU é3amus:
u"(x; )=f(x; ,u(x;)),u(x,)=Au(x, )=B. u"=f(x,u) XOCHWJIaHM HMKKUHYH TapTUOIU
YEeKJIM allpMalid Xocuiia OuiiaH aaMaIlTHpaMuU3:
u"(%) = (U(%)-2u(x.)+ u(x,,))/h* +h* u(d) (€)/24= Au(x ) +O(h).
u"(x) = (U(x,)-2 u(x.)+ u(x,))/h* +h*u® (c)/24 = f(x,u(x))
Yekcns kuunk Mukaop O(h?) mu Tamuiab 060pu6 Kyliugaru 4ekim

allpMalli CXeMara KeJlaMu3:

u, =Au,=B %:f(xi u),i=1,...,n,

by epma Ui wmwukmop U(Xj) eYUMHHHT TakpuOui kuitmatu. KypuHuoO
TypuOIUKU Oy HOUM3UK CUCTEMa, YHU HTEpaIUs YCYJIU OWIaH SUnIll MyMKHH:
ul® =Au? =B, U -2u" + ul)/h? = f(x,u®),i=1..,n

i+1
By cucrema xap OMp K yuyH IPOrOHKa YCyJIM OWJIaH €4rIa iy, uTeparusiap
| u¥i- u*i| < ¢ OYNryHua maBoM STTUPUIIAIM.

4. MathCADpaa wrepauusi yCyJIMHHHT JacTypH.
MathCAD nactypuia HOUM3UK TEHIJIaManiap CUCTEMACUHU TaKpUOUi

€UMIll YUyH CTaHAApT WUKK (QYHKUMsUIAp MaBxky, yiap given ..find Onoxwu,
minimize (f(x),x) nuku Qyskiusicu. Mucon cudaruna ymoly cucremMaiapHu
omamm3: f, (X, %) =x7+X2 =1, f,(X,X%,)=%>—%, =0,
1) given ..find Gnoku
bownanauy umepayusinu 6epuw x=1y=0 (x=-1 y:=0)
Tenenamanapnu 6epuw( 6apodap iyzon) Given x> +y°> =1 x* -y =0
Hnousnu yzeapyeuuea bepuuu r:=Find(x,y)

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

Nrepanys yCyauHU TAalKWI 3TYBYH YKapa&HIap Ty3aMM3.
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2) Urepamms ycynu. x +0.5c0sX, =1sin(x +1)—X, =1.2 clUCTeMaHu KapaiiMus.

Urepanms hyHKIusscuHu OepuIil g(x) = [1—0.5*cos(x2) sin(x, +1) —1.2]T
Bornanruy uteparust HU OepHii x*:=[04 05] x* :=[-0.6 -0.1]
Wrtepanusiiapau XxucoOan Ba YUKAPUIII k:=0.5 x™*" =g(x™)

0.4 0.562 0.515 0.510 0.511 0.511 —0.6 0.502 0.655 0.510 0.510 0.510
7| 0.5 -0.215 -0.20 —0.202 —0.219 —0.219

Ha3zapuii caBo/uiap Ba TONIUUPHUK,.
1. f =ax,+bsin(x,)=d,,f,=ccos(x,)+d-In(1+x*)=d, CHUCTECMaHU ATepaus
YCYJIMHM KYJUIalll Y9yH KyJIail KYPUHUIITA KEJITUPUHT.
2. f =sin(x, +a)+bx,=d,,f,=cx, +dcos(x,+e)=d, cucTemMaHu UTEpalUs yCYIHHH
KYJUIall YYyH KyJlal KYPUHHUILTA KEJITUPUHT.
3. f =ax +bsin(x, +c)=d,, f, =cos(x, +€)+dx, =d, cucTeMaHu uTepanusl
YCYJIMHHU KyJUlall Y4yH KyJlall KypUHUIITA KEITUPUHT.
4. f =tg(x +a)+bx, =d,, f, =cx +cos(x)+dsin(x, +e)=d, CHCTEMaHU
uTepalys YCYJIUHU KyJUlall YY4yH Kyjlald KYpUHHUIITa KEJITUPUHT.
f,=sin(x, +a)+bx, =d,, f, =cx +dsin(x, +e) =d, cucreMaHnu urepanus
YCYJIMHM KYJUIAlll Y9yH KyJIail KYpUHUILITA KEJITUPUHT.
MyHnapuxara

1.9. HOYMU3UK CUCTEMA YUYYH HBIOTOH-KAHTOPOBHUY YCYJIN

Acocuit mywynuanap: Houusux cucmema yuyn Hovromon -Kaumoposuu
umepayusi ycyu.
Hovtomon -Kanmoposuu umepayust ycyiuHuHe SKUHAAGUIULL UWAPU.
Acocuii namucanap:
1.Houuzux cucmema: f,(x) = f.(x,...x,)=0,i=1..,n< f(x)=0,f :R" > R"
2.Hvtomon- Kanmoposuu ycynu:

X =X [N D) L Ex® < Valall ExOIT g=mrzm,
3. Hetomon- Kanmopoeuu ycyrunune MathCAD oa dacmypu.

1. Houusuk cucrema
Yy HOUM3UK TeHIaManap cucteMacu Oepuirad OVJICUH.

(X%, )=0
.......... (1)
f, (X,,....X,,)=0
by cucremanu R" - n - ymaoBiau EBkinp ¢a30CHHUHT BEKTOpIIapH Ba
f=[f,,...f.: > R" BekTop dyHKIMS KUpUTHO OUTTA BEKTOP TEHIJIaMa
f(x)=0 (2)
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KYPUHHUIIN/IA €310 OJTUII MyMKHH. Y HUHT €4UMUHU & N1e0 OenrunaiimMus.Bextop
byHKUUSHE ¢ €YUMHUHT Oupop G aTpoduia MKKM MapTa y3JIyKCU3 XOocuiara
ora 1e6 dapas kunmamus, spHU: f (X) € C*(G).

busra mabnymku, f'(x) SIkoOu MaTpuiiacu - UKKY YI9oBim MaccuB, f "(X)
- ['eccuan - y4 yJI4OBJIM MAacCUB, S’IbHU

f'(x) =[6; f ()], £* (x) =[9,6; f, ()]

Oy epma o, f (x)=0of (x)/0x%, 0,0,f (x)=0,f (X)/ oxox,. PaBmanku, f'(x)y -
BekTop, f" (X)*y - matpuma, f" (X)*y*z - BEKTOp.

[f' (X)]* SIkoOu MaTpHIlackra TeCKapu MaTpuia OYJICHH. n=2 y4yH

[f r(X)]»l _ |:a11 8y, }_1 zl{azz Ay, :|= |:81f1 A }-1 zl{azfz '62f1:| ’
8y 8y Dl-a, ay a1f2 a2f2 D _alfz alfl

6y epﬂa D = a‘11a22 -a21a12 :al fl (X) 82 f2 (X) - al f2 (X) a2 fl(X) '

2. Hpioton-KantopoBuu ycyau. ®apaz rwiaimk  x“V k=12,..,
tomwiral 6yncus, x* Hu Tonainuk. Byrunr yuyn & =x*?+h*Y ne6 omu6 h&D
Ty3aTUIIHU Toramu3. Bynunr yayn f( &) vu x*?  arpoduna Teitnop popmyracu
oyitnua €3amMu3:

(& )=0=F(x*? +h*)=F(x* 1))+ £ (x“P)h D +0.5f" (c)[n*VT? 4)
Arap Hh(k’l) H YeKCH3 KWIMK MUKIOD 0Viica, (9.4) 1a OXMpry XaJ| XaM YeKCU3 KHYHK
MUKZOp OVmamu. Yuu Tammiab robopub h™Y ra mucbaran ymiOy TakpuOHit
TCHIJIMKHU XOCHJT KAJIAMH3:
0= (&)= F(X*D)4+ fO(xED) KD ~ g (5)
by epman h“Y (5)aun uyan tomonumHu 0 ra alIaHTUPYBYH BEKTOp €0
KaOyJn KuJicak yml0y Ty3aTMaHH TOTIAMU3:
[f AN =—F (D), hD =-[f (D) > F (D). (6),
Tysarmann & =x*Y+h*Y udonmara kysmus Ba ymoy hopMyliaHH TOIAMHE3:
£ X0 = 0D D kD) [ (DY f (y0DY
X9 = XD [F (D) (D) ()

(7) renrnuk  Hproton-KanTopoBuu  ycynu nevnnagu. DHIU n=2 y4yH

KyHuJgaru MyHocabatiapHu TOIaMu3:

{xl("”)}:{ x, }_ 1 { o,f,(x x,9) - 5zf1(X1(k),Xz(k))} @)
x40 x, ©| D|-af,x¥x,®) af x®x,%)
By ¢opmynanu axpatub xam E3uIl MyMKHH.
N 1 {f(xl(k>,x2(k>) o.f (6,1, ., ) }
Dk f2 (Xl(k)’ Xz(k)) 52f2 (Xl(k), Xz(k))
X (D 2y 00 _ 1 { o, 06,%, x,) £,(x,%, x,%) ]
Dk ale (X1(k)’ Xz(k)) f2 (X1(k)’ Xz(k))

oy epma D, =D(x®, x,®) =det([ f'(x®, x,*7).
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Oumu r® = £-x Hu 6axomaiimus. byrmga h*? = x® -x*Y Tllynunr yayn
r® =D _pD  (5) man Tomamus.
f(l) (X(k-l))h(k-l) — —f(X(k'l)), 8KH f(l) (X(k-l))(x(k) _ X(k-l)) — —f(X(k'l)),
bynu (4) ra kysamus:
(& )=F (XD +h “N)=f(x D)+ '(x D )r&D +0,5f " () [r*V T =
=f ' (x*N[r*D-h®D1+0,5F " () [r*V P ==f @ (x*P)r® +0,5f "(c)[r*P =0
by epnan
r=-05[f® x*)I'f )r*“ T (10)
Teopema 1. Arap I'eccuan HOpma OyiiMua derapajiaHraH, sikoOMaHTa
TEeCKapyu MaTpulla 4YerapajiaHraH, ’ibHU
IF"Cl <M,, x €G
IIf OI'll <1/m;, xe G
oyica
I Ex¥lI< allgx“IP (11)

I &x¥l< Lalall ExONF , a=M/2m, (12)
TEHTCU3JIMKJIAp YPUHIIU OYnaau.

HMcoor. (11) tencmsnuk  (10) man oconrnHa kemu® uyukamu (12)
TeHrcu3nuk (11)1an keTMa-KeT KyJulall HaTwKacuaa Keaud YMKaJIu.

NM3oxnap.Cognanammupuin Makcaauaa HpOTOH yCyIMHMHT KyWHaaru
MOAU(PUKAIUSIIAPUHU KYPUIII MyMKHH:

1) x &0 =x® f(x,%, x,%) X, = 0 f,(x, %, x,9)
alfl (Xl(k) ! X2(k) ) a21:2 (Xl(k+1) ! XZ(k))
w0 f; (Xl(k)’ Xz(k))

alfl (Xl(k)7 X2(k) ) ,
K _ fz (Xl(k)' Xz(k)) _ a11:2 (Xl(k)’ Xz(k))(xikﬁ) — Xik))
a21:2 (Xl(k) ' XZ(k)) aZfZ (Xl(k) ! X2(k))

By ycynnmapHuHr Kynaliauru ImryHJIakud yiapjaa SkoOu MaTpUIlaCHHUHT
TeCKapUCUHMU TOMHIN MapT sMac. by ycymmapuu O6u3 axpanaguran HproToH
ycyiiapu e aiiramus. by ukkana ycyn ymOy kypunuigaru HeiotoH ycynaa

f(l) (X(k-l) )(X(k) _ X(k-l)) — _f(x(k-l) )’
[fO(x*™)] ¥puura Kyliugars TakpuOUil MaTpUIaiap OJIMHUIIKIAH KETHO
YUKAJIU:

k=12,.., (13)

Xl(k+1) =x,
2) (14)

k=12,...

(k+1) —
X2 _XZ

o,f, 0.. 0 o.f, 0. 0
[FOXN =] .. o o |, [FOx*)] = S
0o 0 of o.f o,f o,f,
OxcnepumenTinap (9.13) ycynuu (9.14) ra Hucbatan ah3aTUTMHA
kypcarmokaa. KeitnHru ycynHuHT qactypu x, HU xpcoOuali

orepaTtopuaaruia (papk Kuiaam XoJoc.
Mmucoa .9.1. HptoTOH uTepanus yCyJIuHUHT TaAOUKu cudaTuaa Kyrnuaark
HOUM3UK oanuii muddepeHiman TeHIiaMa ydyH derapa MacallaHh KapanMmus
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u"=f(x,u)u(@=Aub)=B [ab] kecMann a<X,< X, .. <X, < b HyKramap

Tymnamu 6unad 0ynub Typ scaiimu3. by HyKTanapaa TeHrIaManu €3aMus:
u”(x) = f(x,ulx))ux)=Au(x,)=B.

XocuiaaHu UKKMHYH TapTUOJIN YEKIIU allupMalld XOCHJIa OMJIaH aiMaliTUPaAMU3:
U"(%) = (U(X1) -2 U(6) + U(x,))/h? +h2 u® (c)/24= A u(x, ) +O(h?).

Yekcus knank MEKI0p O(h’) HE Tamnniad 1000pud KyHumard 4eKiiu
allupMaiy cxemara Kejaamus3:
u, =Au, =B,
U,-2u + u,,/h*>=f(x,u),i=1..n,
by epna u, MuKAOp u(X ) eYMMHHUHT TaKpuOUil KuiiMatu. Kypunuo
TypuOauKH Oy HOUM3HMK cUcTeMa, yHH yiOy HbroToH utepanus ycynu ounax
€UUII MyMKHH:
u®; =Au® =B

U®  -@+nh?f,(x,u*P) u®, + u® )rh? = f(x,ubP)- £ (x,u*Y) =i=1..,n

Oxwupru MyHocabaT Kyiujgaruya TOTHIIIN:
FO6u") = F06u Y +u- ufP) = £06,u )+ £,06,u"P)(u® - 4 ) +0(u; - u ).
by ndona rokopugaru TeHIIIaMaHUHT YHT TOMOHWTA KYWHIIaIu Ba
TYpPYXJIAIITUPUIIA]IH. (Uexcn3 KWYMK MUKAOP Taluiad x00opuiIaamn.)
By cucrema xap 6up kK yd4yH NpOroHKa yCyJiu OujIaH e4riau, utepamnusiap
‘u(k)i - u‘k’l’i‘ <& OYNryHYa AaBOM STTHPHIIA]IH.

9.3. HbI0TOH yCYJMHUHT JaCTYpPH.

1) HeloTon urepamus ycyam: X% =x* —(J(x™))* f (x™).

Hnoekcnune bownaneuy Kuimamu ORIGIN =1
Hmepayusanoeuu pynxyusiapnu 6epu g(x)" =[x +%" =1x*~x=0]
2%, 2
Axobu mampuyacunu Kypuu J(X) = {22 Xj
Bownanzuy umepayusinu 6epuut x> =[-1 0] (x*:=[1 o)

Hotomon umepayusnapunu Kypuut k:=0.5  x™* =x* —(J(x™)) ™ f (x™)

‘= -1-1-0.833-0.788-0.786—-0.786 ‘= 110.8333 0.7881 0.7861 0.7861
| 01 0667 0619 0.618 0.618 1 010.6667 0.6190 0.6180 0.6180

Xoszupua popmyaa X =x* —(I(x*)N " (x™*) dpakar MathCAD na
UILTASIITH.
2) Munnmmsanus yeyan. f(x):=(x +x; —1)° +(x, —x’)> — min MacaigaHu
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Kapaiimus. PaBmanku, Minimize f(x)=0, spau f(x)=0. [lllyHuHT Yy4yH, TOAMM3:

Bownaneuy kuiimam x=-1x%:=0 (x=1x:=0)
Maxcao ¢ynxyus f(X) =[x +%" =1 +[x* = x,T
Huku pynxyusea myposxcaam s = Minimize(f, x, X,)
Hamuorcanap s’ =(-0.786 0.618) (

r’ =(0.787 0.618))

3) Minner muku dpyHKIMACHAAH (OMTATAHUIIT

Bownansuy kuitmam x =-1x=0 (x=1x:=0)
bnoxbowu Given x> +Xx,”—-1=0,x"-x, =0

Huku ¢pynxyusea mypoorcaam s :=Mineer(x;, x,)
Hamuorcanap r' =(0.787 0.618) (

sT =(-0.786 0.618))

Ha3zapuii caBoJjiap 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, cucremacuuu Hpl0TOH yCyarHH
KYJUIalll YYyH KyJlal KYPUHHINTA KEJITUPUHT.

3. f =ax +bsin(x, +c)=d,, f, =cos(x, +€)+dx, =d, cucremacunu HproTOH
YCYJIMHM KYJUIAlll Y9yH KyJIail KYpUHUIITA KEITUPUHT.

4. f =tg(x +a)+bx, =d,, f, =cx +cos(x)+dsin(x, +e)=d,  cuUCTeMacHHH
Hpr0TOH yCcynuHM KyJial y4yH KyJdad KypUHUILTA KEJITUPHUHT.

5. f,=sin(x +a)+bx, =d,, f, =cx +dsin(x, +e) =d,cucremacua  HproTOH
YCYJIMHHU KyJUlall YY4yH KyJlail KYpUHUILTA KEATUPUHT. MyH1apuxara
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1.10. HLIOTOH UHTEPIIOJIALIMSA KYIIXAIU

Acocuit  mywynuanap: Humepnonayus macanacu, Kynxaoaiap  Ounau
uHmepnoaayusiaw, OyIUHeaH auupmanap 6a yiapruue xoccanapu, Heromon
UHMEPNOAAYUS. KYNXaou, YCYIHUHS OACMYPU.
Acocuii namusrcanap:
1.Aumepnonsayusa macanacu: F(x)=y,, i=01..,n,FXx)=".
2.Kynxao 6unan unmepnonayusnaw: P, (x)=y,, i=01..,n,P (x)="7.
3.bynunean atiupmanap:
FDXre X ] = (F DX X2 X I = £ DX Xt D (X = X 1), K 21

4. Horomon unmepnonsayus gpopmynacu:

N, (£330 = £ 0) + F DX X0 5) e F g X, TX ). (X X, )

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 oidMHraH a=Xx, <..<x =b Hykramapga Oupop y= f(x)
byskuustHUHT Y, =f(X;), i=0,1,..,n KukMatnapuaa Oepwiran OVicuH.y = f(X)
GYHKIUSHUHT X, i =0,1,..,n HyKTamapaaH Qapkiud OyiaraH X HyKTala, SbHU
X#X,i=0,1.,n KUWNMAaTUHHU TONUII Tajgad STUIIAIN.

Arap y=f(x) (QYHKIUSHUHT aHAIUTUK KYPUHHIIA MabiyMm Oyica, Oy
uimHN ~ Oaxkapuimn  MyMmkuH. Jlekun Oy epna, Oy xucobnamima arap f(x)
GYHKUMSIHUHT aHATUTHK Mdoaacu xucoOmamira sSipokiau OyicaruHa Oaxkapuill
MyMKHH. Arap f(X)  (QYHKUMSHMHT aHaIUTHK udogacu Mypakkab(MacamaH,
uHTerpan Ouinad ndogananran €Ky oIKopMac KypuHuiaa oepuiran) Eku pakat
{(x, f(x)), i=0.1,..,n} xxanBanruna 6epuirat 0yica, Oy XMcoOnamHu Oakapuiil
MYMKHH 5Mac.

bynpmaii mapoutna kyumparmya wm kuinuHana: {(x, f(x)), i=01..,n}
xkajaBan oyiinua f(x) GyHkmusaTa sKuH Oynran oupop F(x) dyHKIMS Kypuiaau
Ba f(X)~ F(x)ne6 kabyn kununanu. by macanmaau f (x) byakuustau F(X) GyHKIMS
OWJIaH SKWHJIAIITHPHUII Macallacy JeHUIa IH.

By macamaHWHT KiIacCMK €YMMHM KyHujarmda Xau KuiuHaau: F(X)
byakuus x=x, i=0,1.,n, HykTamapga f(x) Ouwnan ycTMma-ycT Tymaau 1eo
KaOyJ1 KWJIMHAH, STbHU

FO)=f(x),i=01..n 1)
SAxunnamyBun ¢yaknus F(x) vE (1.10.1) mapTt acocuma TOIHUIIHA
UHTEPIOISALUS Macajmacu Jeuunagu. F(X) QYHKIUSHA WHTEPIOJSIUS

dopmynacu, X,,.,X, HyKTaJapHU MHTEPHOJALMS HyKranapu nedwitagu. (1)

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

byHKuMs, criaitH-QyHKIMS KYPUHULIAA OJIUII MYMKHH.
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(1) ypuura
FOx)=fP(x), i=01...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, +aXx+..+ax" = z anj
i=0

KypuHHIIAA u3nanmus. P (x)=Y,, i=01..,n 1e0 Tanad Kuiub ymoy YH3UKIU
TEHTJIaMaIap CHCTEMAachra KeJIaMu3:

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

By cucreMaHuHr neTepMUHAHTH aireOpajzaH Mabiiym Oyinran Banmepmona
JNETEPMUHAHTUAND:

1 X ..
D=| Xij |: Xl 1 Xl

=T (x;-x) O<i<j<n

PaBmanku, arap uHTEpnoysAusa HykTanapu xap xwi oynca D=0 . lyngai kuauo
Oou3 ymly Teopemara KeJaukK.
Teopema 1. Arap a=x,<Xx <..<Xx,=b 0ynca P,(x)=y, i=01.,n,
mapTiapH KaHOATJIAHTUPYBUM SITOHA WMHTEPHOJALMS Kynxaau P, (X) MaBxKyn
Amanna P, (x) unrepnomsiaus  kynxaauHuHr M. .Hetoton (1643-1727) Ba
KJLJlarpanx (1736-1813) Tonran KyJaid KYpUHULIUIAPY UILTATATIAIM.

3. ByauHran anupmaJap.
HproToH nHTEprIONANMs KynxaauHu
N,(f;x)=d,+d,(X-X,)+...+d, (X-X)...(X-X;)
KYPUHUIIIIA U3JIaraH, JIEKUH , apcycKH 11y epjaH 6ouiad y X,,...,X, HyKTajiap
Oup-OupuIaH TEHT y30KIUKIIap/aa )Kouamran ae0 ¢apa3 Kb Y3UHUHT HKKH
XU POpMyIIaCUHH SIPATIIH.
bus oca X,,...,X, HyKrajaap HXTUEPUH XKOWamran Ba Gakar x #X;, i# J,
ne6 dhapas KujiaMus.
Tabpud 1. Ymby mukmopiap
FD%, %= (FO) - FOON/(x =X, %o X X, 1= (F[%g, %1 F[%0, XD /(X - %)
FIXgres X I = (F DX X0 X 1= F DXy Xt 1) /(X - X0)

()

f (x) GyHKIUSAHUAT 1-,2-,...., kK - TapTHOIM OYJIMHTaH altupmaapu Aevuiaam.
Jlemma 1. f[x,...,% ], k<n, Oynaunran aiiupma ¥y3 aprymeHTiapura
HUCOATaH CUMMETPUKIUD.
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Ucbotr. k ra HucOaTtaH MHIAYKIUS METOJWHU KyJahmu3. k=1 1a
paBmanky, f[x,x]= f[x,%] OHaun k-1 yuyH nemmanu ypuniu ae0 dapas
KWIalmmk.  fx,,...,x] Aa X;,..,X JJAPHU E€KHA X,,...X,, JAPHU HUXTUEPUHN
anMamTupcak xam f[x,,...,.x, ] ¥y3rapmaigu. Jlemak, gakat X, OwimaH X, HH
anMamTupud  Kypui kepak. f[x,,...,x,] HUHT Tabpuduman Oy xoiga XaM y

y3rapmaiau.
Jlemma 2. f[X,,....,X,] OyauHran aitupma yuyH ymoy popmyna YpuHiu
- K
ROy BRALIELY L LIESL S N g L), (6)
X, =X 2T -x,)

j=i

Hcbot. beBocuTa KypaMH3Ky,

1 B VS 175 BN 1) BN 1
Xo=% X—X% , (Xo - Xl)(XO - Xz) (X1 - Xo)(x1 - Xz) (Xz - Xo)(xz - X1)

Konranu nnnykuus ycynu 6uinaH ucOOTIaHUIIN MYMKHH.

(6) OYnuHraH alMpMalapHUHT KJacCUK Tabpudu, (5) sca 3amMOHaABUM
Tabpudu.(5) TabpuGHUHT KyJaWIUTH YHUHT PEKYPEHTIUTH Ba XUCOOJAIl yUyH
KyJaIMTrugaaup.

Jlemma 3. Xap kanmaid k-1 - TapTUOJM KYNXagHUHT k - TapTUOIU
OYJIMHraH aupMacH HOJITA TEHT.

HUcboTr. OcoHrMHa Kypulll MYMKHUHKH, Y3rapMacHUHr |-tapTuOnu
OYnMHTraH alupmacH, YM3UKIA QYHKUMSHUHT 2-TapTUOIM OVIMHIaH allupMacu
Ba XOKa30, k-1 - TapTuOIM KYNXagHUHT K -TapTHOIM OYIMHTaH  ailupmacu
Hoyra TeHr (Yxmarumn:K-1-tapTubnu KYnxagHuHT K -XOCHJIACH HOJITa TEHT).

4. HblOTOH MHTEPHOJISAIHUA KYIXATH.

N,(X) HuUHT HOMabiayM d,, i =0,1,..n, kKo3hHULUEHTIAPUHN UHTEPIIOJIALINS

apTJIapuad TOIaMU3:

Nn(xo) = do = f (Xo)' In(xl) = do +d1(X1 B Xo) = f (X1) ==> dl = f[Xo’ X1]

N, (%) =dg +d, (X, - X,) +dy (X, - %) (X, - %) = T (%) =>d, = f[X;, %, %]
Ba X0Ka30, paBaHky, d, = f[X,,x,...,X,], k< n
Jlemak, uHTEpIIOIALMA KyIXaquHUHT HBIOTOH KypHUHUIIN

N, (F) = £ 06)+ F DX, XX Xg) oot F[Kopenn X, J(X X)X X,)

maksaa oymaau.

Arap x-x, = =.Xx X, . 0yica =tne6 (7) ypuura ymoy

n n

(X-%)
h

dbopMyJIaHu XOCUJT KHJTAMU3:
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 KyPHII JACTYPH.

MathCAD olinacuna Kyiugarn KoMaHaajJapHu TepaMu3:
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Tyayn nygkmanap, ¢ynkyus 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)

Kutimamaap x:=[0 1 2 3 4]T y=[0 0.8415 1.8186 0.4234 —3.0272]T

k k
Bynunean auupmanap k=0.n  a,="f(x) a,=> y,[]if (i=i11/(x—x,))

i=0 j=0

n i-1
Hviomon xynxaou Nn(t) =a,+ > a [ [t-x,)

i=1  j=0
Hamuorcanap Nn(2.3) =1.6893 Nn(2) =1.8186 Nn(3) =0.4234

HaTtuxa anropuTMHHUHT TYFpU UIUIAETTAaHUHU KYPCAaTMOK/IA.

Ha3zapuii caBoJss1ap Ba TONIHMPUKIAP.

HNHuTtepnionsuus macanacu HUMa?
Anebpauk MHTEPIOAIUS HuMa?
bynuHran ainpmaiap Hama?

HproTOH KynXaauHu €3uHT.

HpI0TOH KyTIXaIWuHU KOJIIUFA HUMAara TEHT.

o0 E

MyHaapukara

1.11. JATPAHXK HHTEPHOJIAINA KYIIXA A

Acocuni  mywynuanap: Jlacpanxc unmepnonsyus —Kynxaou, Jlacpanic
UHMEPNoNAYUs. KYNXaounune Koaouzu, Jlazpanoic unmepnonsiyus KynxaouHuHe
oacmypu, Hviomon ummepnonayus  Kynxaounume  Koaoueu, Heromon
UHMEPNONAYUSL KYNXAOUHUHE OACYPU.

Acocuit namudcanap:

1. Jlacpanoic unmepnonsayuss Kynxaou:

Ln(f;x):zn: L), L) =[[=—2Li=0L...n.

IES | i

X-X

2. Jlacpanaic unmepnoasyus 0acmypunune 0acmypu.
3. Uumepnonayus KynxaouHuHe Kowouu:

RY(F;x) = F[Xgseee X, XI(X= X)X X, )y @0, (X) = (X = X,) o (X- X))
1
RL f . — f (n+1) ]
2 (F1%) D! (&) o,(x)
4.Jlacpansc unmepnonsyus kynxaounuMathCAD oa kypuw oacmypu.

1. JlarpaH:k MHTEPHOJALMS KYIIXaAUHI
L, (1) = 06l 00 + £ ()L 09+ 4 £ (x)1, (X) 1)
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KYPUHHUINIA U30aau, Oy epaa |, (x) map n-mapaxany Kynxan 0yamo
,(x)=6,.6, =Li=]J, &, =0,i ],
miapTiapHU KaHOATJIaHTUpaau. PaBiiaHkw,
Ii (X) =G (X - Xo)(x - Xi-l)(x - Xi+1)"'(X - Xn)
Oymumu kepak Ba C, koadduruent | (x) =1 mapTaaH TONWIUIIH Kepak. J(emaxk,

X=X .
C, =L0% %)% %)% %)% )] 00 = [ [ i=00an (2)
IR j
L(f:)=>" f(x)L(X) (3)
i=0
TEHT Y30KJIUK/A )KOWUJIAITaH HYKTAJIap YUYyH
wi tt=2...(t=n) . _
L(X)=(-)" —Z2—2i=0,1..,n X=X, +th 4)
il(n-i)!
dbopmynanu (2) mJaH OCOHTHHA OJIMIII MYMKUH. HTEpHoOSIus Kynxaau
SICOHAJIUTUIAH, L, (f;x) =N, (f;x).
2. Jlarpan:K yCyJIMHUHT JaCTypH.
Jlarpanx wHTEpnossus kynxaau: L, (x) = Zn: f ()L (X)L (x) = ﬁ :((_ ))((j :
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 1=0.n vx, :=a+ih vy, = f (vx)
Kuiimamaap  vx=[0 1 2 3 4]T vy=[0 0.8415 1.8186 0.4234 —3.0272]T

Unoexcnapnune yseapuw coxacu i=0.n j:=0.n

Jlaepanoic unmepnonayus kynxaou Ln(x):= ZvyiHif (i =1, (x=vx;) [(vx; —VX;))

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

Harumxa nactypHu TYFpUIIMTHHU KypcaTaMus.

3. UuTepnonsinusi KyNXaJuHUHT KOJIJAUFHU.
RI(F;x)=f(X)-N,(f;x),R(f;x)=f(X)-L,(f;%),RN(f;x)=R:(f;x)=R (f;X)
VHTEPHOJISINUS KYIIXAaIUHUHT KOJIIUFU Aevunnanu. PaBianku, MKKaga X0 y4yH
R (f;x)=0, x=x, i=01..,n
R,(f;X) HUHT KYpUHUIIVNHU UKKH YCYyJI1a TOITAMM3:
oymuuran amupmanap (10.5) épmamupma Ba  f(X) QYHKIUSHUHT XOCHJIACH
épnamuna. (10.5) naru f[x,,x],x # x,, Tabpudunan

F(X) = F(%) + f[X,X] (x-X%) (5)
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dbopmynanu Tomamu3. Y  Ousra  JlarpaHwKHMHI — Y€KJIM OPTTHpMaliap
(dopMynacuHu 3cnaTaay Ba OM3 yuyH QyHKUUSHU X,,..,X, HyKTajmap aTpoduia
EUUI y4YYyH KaJIuT dbopmynanu o6epamu. f[x,,X,,X],X # X,,X, HUHT
TabpuduIaH
x5, X1 = T, X ]+ 1%, %, XI(X- %)
dbopmynanu xocui Kuitamus. by popmynanu (5) ra kyiicak
FO) = F06) + FD% ] (X-%) + D%, %, X1(x- % )(X- %) (6)
dbopmynaHu XOCHJI KuilamMu3. by uimHun
f%,0 X, X], X# X, 1=0,1,...k mapHu O0apyacu yuyyH OaxapuO, KeTMa-KeT
VpHuUra KyuunuiapHu oaxxapcak KyWuaarujiapHd XOCHUI KUJIaMH3:
f(x)=f (Xo) + f [Xo’ X](x- Xo) =f (Xo) +f [Xo' X1](X - Xo) + f [XO' Xps X](x- Xo)(x - Xl) =
= F(X)+ F[X X J(X= %)+ F[Xg0 s X, (X = Xg)- (X=X 1) +
+ Xy, X, X](X=%p)-.(x-x.) =N _(f;x) + R (f;x)

by epna
Nn(f;x):f(xo)+if[x0 ..... X J(X-%).. (X=X 4) (7)
RN (F;%X) = F[Xgseees X, X](X= X )e(X- X)) (8)

Jemak, 6u3 ymlOy HaTH>KaHU OJIJIHK.
Teopema 1. Arap f(x)[a,b] na y3mykcus Oyica
F() =N, (F;x)+R(f;%)
ENniMa YpUHIH.

PaBmianku, N.(f;x)-HproTon MHTEPIIOJISILAS Kynxajau,
RY(f;x)=f(X)-N.(f;x) yHunr Koimmru. ODHmu f(x) ¢yHKmus [a,b]kecmana
(n+1) Ta y3ayKcu3 Xocwiara sra (QyHKIusiap Tymuramu C'[a,b] ra xupaam
ne6 1-TeopeManu KydauTupamus.

Teopema 2. Arap f(x) eC"[a,b] O¥icaxap 6up x e [a,b] yuyH &=¢& (%)

HYKTa MaBXYIKH,
1

RnL(f;X)Zm FODE) 0,00, @) =(X-X%)-(X-X,) 9
TEHIJIMK YPUHIIH.
Hcoor. RE(f;x) = f(X)-L,(f;X) = Aw,(x) 1e0 omamu3. PaBmaHkw,
Ao FOO-L,(1,%)

@, (X)
7e0 OJUIIT MyMKHH..
A HUHr OyHIai KuiimMatuga u(t) QyHKOMS n+2 Ta HyKTajgapjaa
Xgye0r Xy Xy Xi,q,-0 X, 12 0 Ta @aliTaHau, SbHU N+ 2 Ta WIAM3TA 3ra OYIaau.
[Xo: % 1o eoes X%, X1, [X%,0] - [X,0,%,] KecMmasapra Pomis  TeopemacuHu
KyJ1a0
u'(x) yHkums n+1 Ta wiau3ra,
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u"(x) GyHKUOHUS n Ta WIIU3TA,
u™(x) dyskmus 1 Ta wigusra
sra jieran xyiocara keiaamus. dapas Kumaiauk &= £(x) Hykraga u™(£)=0
oymcun. JIekun, u™ (t) = f " (t) - A(n+1)! sKaHIMrHIAH
u™ (&) = (E)-An+1)!1=0 ABHU
Al )
(n+1)!
[lynnait Kuauo
Lok o TTPE)
RE(F;x) = F(X)-L, (f;X) = ——22(X=X%,)..(Xx—X,) (10)
(n+1)!
X HUHT UXTUEPUIIIMTUAAH FOKOPUAArd TEHIJMK Oapua X € [a,b] map yuyH
VPUHIIM SKAHIIUTH KeIUO yuKaau. Arap
M., = max{|f " (x)|, x e [a,b]}
necak, (11.16) nqan ymly TEHTCU3JIMKHU XOCHWJI KUJIaMU3:

|RnL(f;X)IS%IX—XOL.Jx—XH|
n+.!

XyJoca 1. Arap f(x) €C*[a,b] 6Ynca myngaii &= £(x)) HyKTa MaBXKyaKH
f (k1)
f[xo,...,xk]=%(x— Xp)---(X=X,)

2. (k -1)-tapTubau kynxagauar K-tapTubiau 6yaunaran aiitupmacu O ra TEHT.
Ha3zapuii caBoJiap Ba TONIHUPUKIAP

JlarpanHUHT 0a3uc Kynxaaiapu HUMa?

Jlarpanx Ba HpIOTOH KyIIXa[yapy TEHT SKaHIUTUHU KYpPCAaTHHT.

Jlarpanx Ba Hpl0TOH Kynixamiapunu GhapKIapyuHu alTHHT.

Jlarpanx KynxaauHu €3UHT.

Jlarpanx KynxaJuHUHT KOJAWFU HUMAra TeHr?

oW R

MyHpapuxara

1.12. CILITAMHJIAP BUJIAH UTHTEPHOJISAIUSIIAILLL

Acocuit mywynuanap: CniatiHiapHuHe mavpugaiapu, YU3UKIU UHMepnoaayusl
CNJIAUHU 8d YHUHE KOJOURU,KYOUK UHMEPNONAYUS CNIAUHU 80 YHUHE AHUKIO08YU
MeH2NAMANap CUCEeMAcH.

Acocuit namuycanap:

1.Cnaatinnaprune mavpugu:

s(x)eC IO_k[a,b], 1<k<p; s“P(x)=0,x <x <x,;s(x)=f(x),i=0,.,n.
2.Kybux unmepnonayus cniainu:

_y)3 ) —y )3 h? - ) 2 —_y
. S(f,X)= Mi(xi+1 X) + MI+1(X X|) +(fi _ Mlhl )X|+1 X+(fi+1_ Mthi )X XI ’
6h 6h 6 " h 6 h
2M, + M, =d,, M, +2M, + M, =d., i=12,..,n-1 oM, +2M, =d,

3. Kyoux cnnatinnu MathCAD oa xypuw oacmypu.
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1. CnnaiiHJIapHUHT TabpUpu

[a,b]kecma a=X, <X <..<X, =b HyKramap
Ownan Oynakiapra OynuHran OyicuH. p>1 HaTypaj COH OYJICHH.

Tabvpud 1. [a,b] na anuknanran mapaxanud k- aedexkTnum craiiH aeo
y0y MapTIapHd KaHOATIAHTUPYBYM (QYHKIMATA aUTHIIA]INU:

1)s)ecP Kab], 1<k<p;
2) S(X) = 8g; + 8, (X=X )+ +8, (X=X), X <X <X
K -nmapaxanu kynxan, spHH s*V(x)=0,x <X <X,

Tabpud 2. Arap s(x)=f(x), i=01..n Oynca s(x) cmiaiH f(x) Hu
WHTEPHOJSIUUIIAAIU Aemianqn Ba Kyiugaruda é3unaau: s(f,x)

Arap p=2m-1, m >1, k =1,... Oysca cIUlaiiH TOK Japa’kajid OJIUN CIUIaiiH
nevnnanyd. byHJa CIUIAalHHUHT — SPKUHJIMK AapakacuHu (koddduueHtiaap
COHHMHM) aHUKJTAMIIHK.

Xap oup kecma [x;,X,,,]1a s(f;x) 2m-1 - mapaxkanu Kynxana, SbHA A =2mn
Ta kod(pduuuentra sra. by kosdpduumentnapra Kyiuparu OofIaHUILIAP
KYWWJITaH:

a) muku n-1Tta (x,..,X ,) HykKTagapaa S,S',..,S™? xocumamap y3mykcus,
abHU (n-1)(2m-1) Ta mapT Oop;

0) (n+1) ta uarepnonsauust S(f;x )= f(x), i=01..,n maptiap Oop, IbHU
B=n+1+(n-)(2m-1) Tta mapmiap Oop. Papk A-B=2m-2 ra TeHr. by
eTUIIMaraH mapTjiap yerapa mapriap cudaruaa Oepuiaiu.

1-typ uerapa maptu: f P (x,), f P (x), 1< j< m-1 map OepwiraH, sbHHA
(ynmapHUHT COHM A-B=2m-2 ra TeHT.)
SO (F;t)=f(t), t=a éxu t=bj=1,...,m-1.

2-Typ 4erapa IapT: f O(x), f P(x), m<j< 2m-2, map Gepuira,
AbHU(YJIAPHUHT COHU A-B =2m—2 ra TeHr.)

SO (F;t)=1 9 (1), t=a &xu t=b,j=m,...,2m-2

2'-1yp uerapa mrapt: f @ (a), fP(b) xocmmamap Gepuamaran.  IlyHunr
yayn SY(f;t)=0, t=a éxu t=b, j=m,..., 2m-2 , (yJapHUHT COHU A-B =2m—2 ra TeHT.)
neb KaOyn KuiiMHaau. 2'- Typ 4yerapa mapTt TaOuui Jednsiaiu.

JaBpwuii yerapa mapt. Arap HHTEPIIOJSIIUSA KAIMHYBYH (QYHKIHS TaBpUi
oynca CILIaliH XaM JaBpui OyuIu kepak.lIyHuHr Y4yH
SO(f:t)=fi(t),j=1..,2m-2 , neb Tanabd KUIMHAIM.

Mucoa 1. Unsuknu uHTEpnosuus crjaiiHu. (m=1). PaBmanku, Xap
oup [x,x,,] opamukna S(f;x)=a +b(x-x) OYauO, a,b xoapdunuentnap
MHTEpIoius waptiapaad tonunagu: S(f;x)=f(x), S(f;x,,)= f(x,,) LIYHUHT
yayH & = f(x), b = f[x, %] h =x,-% necak,

S(FX)=F(x; )X )X X 1% < X< Xy,

Oynanu. PaBmianku, YM3UKIIU CIUIAWH KOJIJIUFU
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R(FiX) = £(x)-S(f1%) = (% X)(X-%,.), (1)

xap oup [x,X,,] YUyH aJoXuja OJIMHAIH.
(1) dopmymna (11.16) nan kenud YuKaaH.

Mmucoa 2. [Ilapabonuk crutaiiH. [a,b] KecMaHH a=X, <X <..<X, =b
HyKTanap ounat 2n 6ynmakka O0ymamMus.[X,, X, 1,[X,, X, 1, [%,, - 2,%,,] KecManapaa 2-
Jlapa)kanyd UHTEPIIONALNS KYIIXalHu KypuO ymoly QyHKUMSIHHU aHUKIAHMU3:

S(f;X):{ fO6) + T4 %, 00— %) + T, X0 X, T (X=X ) (X = X,,), )
Xel[x,x,),1=0,2,...,2n-2.
VYuu napabonuk crutaitd ne6 ataiimus. Konauk xanm Kyhugaruda 0ymamu:

R(H;x) = f(x)~S(f;x) =$(x—xg(x—xm)(x—xﬂz)

2. KyOuk MHTEpIOIsiuus CIVIANHU .
m=2,k=1  gmecax,
S(f;x)=a +b (x—=%)+C(x=%)*+d, (x=% )%, % <X<X,
¢dopMynara sramus.

PaBmianku, S"(x) - yM3uKIM (QyHKUMA, WIYHUHT yuyyH S"(x) =M, gecax
$7(6) = 57,0 = M, =2+ M, = X<,

dbopmynara kenamus. by epiaH, paBIIaHkw,

— 3 - X.
S(X):Miu-i_ I\/li-¢—l (X :I) + a; (X|+1_X)+ﬂ (X X) h _X|+1 Xi
ABBajo,
S(x)="f(x), S(x,)=f(x,,) dKaHIUIUAaH
fi M h2 |+1 Ile—lhz
a; = h , B= 5

[[IyHuHT yuyH,

M. (%, —X)° M, (x=x)° M.h> X, —X M. .h> X —x
S f,X — i+1 i+1 i f _ i i+1 f _ i+1° i 3
( ) 6hl + 6hI +( i 6 ) h +( i+l 6 ) ( )

by epnan 1-xocmitanu Tornamus: (3) maH Xi<x<Xj+1 y4yH

- 2 ) - X. 2 . — T. . - . .
S '(f : X) — . I\/Ii (Xi+1 X) + M|+1(X X|) + f|+1 fl N (MHl Ml)hl ’ XiSXSXHl, (4)
2h 2h h 6
(4) nan Oup TOMOHJIAaMa XOCHJIATAPHH  Xi,...,Xn-1 HYKTAJIapaa TOMaMus3:
CEE ) FEASR VIS ERVIR el RTINS BV N VR Sl
6 3 h, 6 3 h

[lapt O6yimua S', S" map y3mykcus. S'(f;X) HUHT Xi,...,Xp1 HYKTaJapjaru
XOCHJIAJIAPHU TEHTIAMTUPHUO YOy TEHTIaMaTapHU XOCHIT KUJIaMH3:

EMH h +h, |V| h| Mi+1 _ fi+1_ fi _ fi - fifl ,i =12,..,n-1
6 3 6 hi -1
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EKU
oM., +2M. + M., =d., i=12,..,n-1 (5)

Oy epaa
ai=L,,Bi=l-ai= hi ,
h,+h h,+h
05 %, = FIX05 %] Y.
d, =6 hl n - =6 X% %]

i-1 i
KyOuk nHTepnonsius CrulalHuHU TyJa TONUI y4yH (5) cuctemara siHa
2 Tayerapa mapT KyWHII Kepak.
1-Typ werapa maprt: S'(f;a)="f,", S'(f;b)="f"
(4) nan KyMuaaruiapHu TONAMU3:

S'(f;x +0):—h°M°+f1_f0_M1ho:f1
1 N0 3 hO 6 0
Sl(f;xn_o):M_Fth—kfn_fn_l:fnl
6 3 h

[IlyHuHT y4yH Yerapa mapTIAPHUHT KypUHUIILIAPU

2M, + M, =2 ( oty £ M, +2M, =2 (f - fo” Ty ).
hO hO hO hn—l
makiaa Oyinanu, nyHaan Kuiib ous

6 f-f

M, + M, = — (2 — f "),

0 1 ho( ho 0 )

aM_ +2M, +aM,, =d. i=1..,n-1, ©)

M., +2M, =2 (f bty
hO hn—l

cucremara keiamus. by cucremagan M, nap Tonumiray KyOuK cIijiaifH KuiMaTH
(3) bopmyna acocuaa xucoOaaHa M.
2-Typ 4derapa mapr.
S'(f,a)=M,, S"(f,b)=M,,
VY xonna dakar (4) euunaau, €ku
2M; + BM, =d, - M,
oM +2M, + M., =d.i=2,...,n-2, (7)
a M, +2M; =d ;- B M,
Sna, M,,..,M_  napaan ¢oitnananu6 S(f;x)HuHr KuiiMatu (3) Gopmyia
OusiaH XUCOOJIAHMUIIU MYMKHH.
2'- Typ uerapa mapt. M, =M_ =0. By (7) HUHT XyCyCHU#l XOJIH.

3. Cruiaiinjiap OMJIaH MHTEPHOJISAIMAIAL JACTYPH.
Crnaiinnap 6wnan uarepniossiusutani: s (X) = f(x )+ F[x, %, J(X=%), % <X<X; -

I\/Ii(xiﬁ-l_t)s_i_l\/lh—l(t_xi)3 Mh2 Xi+;.]_t+ f M h'2 t—X

S(fiy =" G (=) '

iy A
(i+1 6 ) hi .
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Uusukmu sl , kyOuk s3 crutaiiHiap Kyiuaarnda Kypuiiaiu:
Tyeyn nygkmanap, ¢hynkyus n=4 f()=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 18186 04234 -3.0272]
Cnnaunnap si(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 caBoJsiap Ba TONIHPHUKJIAP.

Cnnaiin Huma?

UYerapa maptiap Huma?

Crnaitnaunr neddextu Huma?

Un3ukm CITalHHUHT KOJIIUFU HUMara TeHr?
KyOuk crijmallHHUHT KOJITUFM HUMAara TeHT?

GOk wh e

MyHpapuxara

1.13. TAKPUBUH JU®PEPEHIIUALUIAII ®OPMYJIAJIAPA
YEKJIU AHUPMAJIA XOCHUJIAJIAP

Acocun mywynuanap: Taxpubuii oughghepenyuaniaw popmynanrapu éku 4exiu
AUUPMANU XOCULANAp 8a YIAPHUHE XAMOJUKIADU.
Acocuii namudicanap::
1. Takpubuii oupgepenyuaniaw macaiacu.
D f(xX)=A, f(x),D, f(xX)~A,f(X).
2. Yexnu atiupmanu xocunanap: A f(x), A, f(x), A% f(x), Al f(x),Al f(x),A f(x):

f(x+h)- f(X)_% f"(&)h=Af(x)+0(h),

fr(x) =

h
f(x) = f(x)_r‘:(x_h) +% f'(&)h = A, f (x)+0(h)
f(x) = f(“h)z‘hf(x‘h)+0(h2)=A3f(x)+0(h2),

f(x) = %[—31‘ (X) + 4(x +h) = f (x+ 2h)] + 0(h?) = A" f (x) + 0(h?),
f(x) =2—lh[f (x—2h) —4(x—h) +3f ()] +0(h2) = A" f (x) + 0(h?) ,

fx=h-2f00+ fx+h) £V . _ f (x)+0(h?)

f!IX —
) h? 12
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1. TakpuOmii AudpPpepHIHEANLIAIT MACATIACH.
bupop [a,b] kecmana xxagBanu
a=X<x<..<x =b (1)
HyKTajgap Tymiamu OepwiraH Ba Oy HyKrajmapaa Kamamgup y = f(x)
byakuustHuHT Y, = f(x),i=0,12,...,n KuliMatiapu Oepuiras.
Takpubuii  muddepenmmannam  Macanacuga DO f(x)=f"(x) xocunanu,
VMHTErpajulall Macalacuaa

IO =[ 10k ~YpfE) (2)

MHTETPaIHYU Tonuil Tanabd KkwmHaau. by epna p;,&i=0,1,...,n—koadduneHTaap
Ba TYI'YH HYyKTaJap, HUFUHAM TaKpUOWM WHTErpauiam ¢EKA KBaagparypa
dbopmyrnacu 1e0 alTUIAN.

by ukkana macanana xam y = f(x) QYHKUUSHUHT aHATUTHK KYPUHUIIA

Oupop YeKcU3 HWUFUHAM €KW WHTErpall KYpUHUIIMAa Oepuiiran OyiaraHaa xam
By)Kyara kenmamau. l'am IIyHaaku, WUFMHAM Ba HWHTErpal OuiaH Oepuiran
GYHKIUSHUHT  KUWMATIIApUHA XHMCOOJAIl KUHUH OYJNTraHjiWrd y4yH YHUHT
KMIIMaTH YeKJIM COHAArd, MacainaH, {x} HyKrajapaa XHcoOJaHrad KoJraH

HyKTajap/la XucoOail y4yH sSHTH JIEKHH COAAApOK (DYHKIHMS KypUiaau.
by nkku Macana xam Oup Xwi ycynja edwinaad. MacajgaH, UHTEPIIOJISIIIS
dbopmynanapu
N, (f;x),L,(f;x),S,(f;x)
kypunu6, (N, (f;x) Hstoton, L, (f;x) - Jlarpanx UHTEpHOISLMS KYTIXaaAdapH)
F00 =1, '(F,3(F)=3(1,(F;%)
ne6 onuHaau. byHna Kyiugaru xatonuknapra wyn Kyiuinaau:
n(f)="1"09-1,(f;x) 3)
r(f)= i[f(x)—In(f;x)]dx:j'Rn(f;x)dx (4)
K 6upop dbynkumsuiap tymnamu 0yiacuH. Arap
r(f)=0, fek (5)
Oynca Takpubuii mHTerpayuiam dopmynacu K TYmiaMja aHuK nevnnagu. (4)
dbopMynagaH KypuUHAIUKW, TaKkpuOud mHTerpamiam Qopmynsacu K=P -n -
Japakalid Kynxauiap TyIUIaMUIa aHUK dKaH.

TakpuOuii maTerpayam QGopmysnacura OoIIKada Xam TyC OSpHUIl MyMKHH.
N.(f;x) ypauzga L, (f;x) oscak

()~ L (F) =P (x) (6)

HU XOCHJI KWJIUIIIMHTA3 MYMKHUH, Oy epziaz
p, = Tli (x)dx; i=0,1,...,n (7)
Jlemak, TakpuOuii I/IaHTeraJIHaIH (bopMyIaCUHUHT KyMJIaZaH TaKpUOHii

nuddepennmannam Gopmynacuau (6) KYpUHUILINIA OJUII MyMKHH, MacajaH,
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D(M) =100 =6 F(x) ¢ =600=1x), . (8)

Takpubuit  guddepennmamiam  Gopmynanapu. Yeknu  adupmamu
xocunanap f'(x), f "(x) JapHUHT TakpuOuil Kuitmatnapuau Tonamus. Hykramap
TEHT Y30KJIMKJA skoinamran ae0 ¢dapa3 KuIialiuk.

HbroToH uHTEpnoasiuus popmyJiacuaan (poiaajaHUuLI
N, (F5%) = (%) +00-%) T X3 T4+ (X=X ) (% - %) T x5 %5 %, ]
dopmyragaH
—3f,+4f,— f, 0ef

F106) = N, (%) = 2N = fx,O:A;f(Xo) (9)

f_f def
2L = fx,legf(Xo) (10)

f(x,) = N, (f;x,)=

def
, , f —4f +3f
f(xz) ~N, (f;Xz):% = fx,z EAle(xo) (11)

def
, Y f—2f +f
f(Xl) ~ Nz (f;XO)=% = fxx,o = Axxf(XO) (12)

dopMynanapHu Xocwi1 Kuiamu3. By TeHriukiapaa YHI TOMOHJArd YYWHYHU
YCTYH XOCWJIAJJADHUHT TAKpUOW KuHMatTiapH, TYPTHUHYM Ba OCIIMHYM YCTYH
sca Oy TakpuOMil KUWMATIApHUHT MIapTiv Oenrunapuiu udopanaan. bynnan
keiiun def nudona rarpud O6yiinua neraH MabHOHU aHTJIATAIH.

ry(f;x)=R;(f;x) SKaHIUTUIAH

R(Fix) = £ /B -))06 - %) + (% =%) (% %) + (% = %5) (% =%)]
IIYHUHI' Y9YH

_ _ ®
Fin) = td4h=f T ¢ Lomy (13)
2h 3 '
f,—f, 9
fi(x)=—2_0_ h? = f h? 14
(%) oh 3 w0 +0(h%) (14)
_ ®
Fi(x)=Jo=2ht3h T ¢ L om (15)
2h 3 ’
Kyinna kypamusku,
_ v 2
o)==t O ¢ opty=a,tyromt)  (16)
(9) - (12) popmymnanap TtakpuoOmii nuddepeHuuaniam hopmyaacu EKA YEKIN
aiimpmanu  Xocwinamap geuminamu.  (13) - (16) Oy dopmymnagapHUHT

XaTONUKIIApUHU Kypcataau. (14) OupuHum TapTuOIM Mapkaszuii xocuina, (16)
UKKWUHYA TApTHOIM MapKasWil XOCWiIa JevuiIaau. YUYHHYHM XOCHIIA YeKIaHTaH
byakuusuiap cuHbuga Oy XOCWIAJIADHUHT XaTOJMKIApU OOIIKaTapHUKHUIAH
MKKH MapTa KHYUKJIUTH KYPUHUO TypuOau.

2. Teiisop ¢popmyaacuaan oigajaanuil.
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®apa3z  Kuwiainmk,  QyHKIUSA dbopmynanapaa MaBxKyHd Y3IyKCHU3
xocwmianapra sra O0yncuH. byruHr yuyH f(x) e CP[q;b], p <4, Oymumum 6u3 yayH
eTapiu.
Asgaio, f(x)e C’[a;b] neitmuk. Teiinop hopMmynacura acoca,
f(x £h)=f(x)* hf'(x)+h?/12f"(&,)
by epnan

foxth)-f(x) 1

+f'(x) = h Ef"(éi)h'

Oumu f(x) eC"[a;b] Oyicun, y Xonaa
f(x £h)=f(x):hf'(x)+h>/2f"(x) h®/3Lf"(x +h, /4f"Y (&)
Oy TEHTJIMKJIApHU KYIITHO
" f(x +h)-2f(x)+ f(x—h) h* FY(5)+ 1" (&)
F'(x) = " _E[ >
dopmynara kenamus. f " (x) e C*[a;b] nuruman
FY &)+ V(&) =2FY(8)
TEHIJIMKHU KaHOATIaHTUPYyBYN & HyKkTa MaBxyz. LIy 6ouc
FO =M -2f0) + oG +h) Y,
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,, = AL (x)+0(h?).,

]

£7(x) = = A, f(x)+O(h?) (19)

f(x) =2—lh[—3f (X) + 4(x +h) = f (x+2h)] + 0(h?) = A" f (x) + 0(h?)

by dbopmynanapuu ncootnanimus:

f(xth)=f(x)+ f'(x)h+ f”%+0(h3)
f(x£2h) = f(x) £ f'(x)2h+ f"(x)2h? +0(h°) *)
AF(xth)=4f(x)£4f'()h+ f"(x)2h? +0(h%) (**)

(**) mam (*) wm ahupub, f'(X)HM Tomcak HCOOTJIAUMHU3 Kepak OynraH
dbopmyrnanap Kenud YUKaIH.
Apatunran Oapua GpopMynanapHu OUTTa KaaBaira €3aMmus:

N+ | xocuia | Hexknu aiimpmasu xocuia | [lllapriau 0earucu | Kosguru
1] (%) f(x +h)—f(x) f.=ALf(x) -hf'(£)/2
2 | f(x) f(x+ hr)] — f(x) fo=Af(x) hf'(&£)/2
3| (%) f(x, +h)E f(x, —h) £, =A% (x) W™ (£)/6
41 £(x) —3f(x0)+42fh(xi)— f(x,) fo=Alf(X) h2f™ (£)/3

2h
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51 f(x,) f(x,,)—4f(x,_)+3f(x,) fo.=Af(X,) —h?f™" (&)/3
2h
6 f ‘(Xi) f (Xi_l) —2f (Xi)+ f (Xi+1) fxyi =N\, f (Xi) -h? £ (5)/12
h?

by Takpubuii nmudpdepenunanam GopMynanapu TEHIJIaMaJapHU YEKJIN
aliupMaiu cxemajuap €paamMuaa TaKpuOui euurIga MyXuM poJib yiHaNIH.
Mucoin 1. y'= f(X,y),y(a) = y,,a < x <b, Komm macamacuHu Kapaniux.

[a,b] kecMaga a=x, <X <..<X, =b, HyKTamap TYmIaMUHU KHPUTAMHU3.

(%) =106, y(%)), (%) = Yo, a<x<b,y'(%) = (y(X..) = Y ) /() + 1, = £, y(%))
ne6 onamus. Yekcus KMUMK XaaJapHy Tanuiad poopuod v, ~ y(x ) KuiiMaTiapHu
TONMII YUyH Dinep popmynacura kenamus: Y, , =y, + f(x,y,),i=01,...,n—-1
oepunran. Kypcatunanuku, y(x)—y, =0(h).
Ha3zapuii caBoJss1ap Ba TONHPUKIAP.
1. bupunuym TapTHONIM MapKa3ui UYEKJIM alupMad XOCHja Ba KOJJIUFU
HUMAara TEHT.
2. bupwHUM TapTHOIM YA YEKIW alMpMalid XOCHJIa Ba KOJIIUFU HUMara
TEHT.
3. bupunum TapTHONM YHT YeKIM alimpMaiy XOcuja Ba KOJJAUFU HUMara
TEHT.
4. VIKkuH4M TapTUOJM OMPUHYM Yall Ba YHT YEKJIM alupMalid XOCHJIa Ba
KOJIIUFU HUMara TeHT .
5. VKKkuHYM TapTWIM MapKa3ud YeKId alupMalid XOCHia Ba KOJIUFH
HHUMAara TEeHT.
MyHnpaapukara

1.14. TAKPUBHMI1 UTHTETPAJIJIAL (kBaaparypa)
®OPMYVY.JIAJIAPH

Acocuni mywynuanap: Taxpubuii unmezpannaw gopmyrarapu, Hvromon -
Komec ¢popmynanapu ea ynapnune konouxnapu, Tpaneyusa gpopmynacu, Cumncon
gopmynacu

Acocuit namuorcanap:

1. Hvtomon - Komec Gopmynanapu

b n n
M) =L (F0) = [ 27 F 0L 00dx =D F(x)p, -
i=0 i=0
n-1
2.Tyepu mypmoéypuaxnap gopmyracu 3,77 (f)=h>" .
i=0
3.Tpaneyus ¢hopmynacu: J,' (f) = g{f0 +2[f, +..+f ]+ f}
4. Cumncongopmynacu:

m-1

h
JF () =§Z[f2i +4f,., + f2i+2]=§[f0 +4(f, +..+ f, )+2(f, +..+F,, )+ 1,.].
i=0
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4. Unmeepannu maxpubuii xucoorawea ooup oacmyp.iap

1. HeTon-Kotec popmynamapu J“(f).
J(f)=int(f,a,b)) wHTerpamHum XwcoOnam y49yH JlaHTpak WHTEPHOJIAIHS
dbopmynacuaan GhoiataHaMu3:

Jh“K(f)zuLn(f;x»=jLn(f:x>dx=j:if(xi)ux)dx:if(xi)pi (1)
Oy epna
p, = [ 1,(x)dx = jb]‘[:__i’ dx (2)

(1) popmyna x,,-x =h, xon yuyn Heroron - Korec popmynacu nelinnanu, (2)
Heroton -Kotec koadduumentinapu neinnaam. (2) ga x = x+th aamamTupuin
Ooaxapcak dx =hdt, x >t,a—>0,b—n, h=(b-a)/n Ba
b—a ¢n i tt=1...(t—n
P :TL D i(!(n —)i)!((t—i)) a 3)
KYPUHHUIIHA XOCWJ KWJIaMu3. (3)HM XOCHWJI KWJIUIIIA
X=X, =(t-j)h x-x;=(@-j)h
TEeHIJIMKIapaH (oigaian/IuK.

2. Tyrpu TypToypuakaap popmymaacu J.' (f).
KBagparypa popmynacu (MHTErpan MUFuHIN) Aa
b n
I(H) =] F(0dx =D pfE) (4)
i=0
na &=x+h/2,p =hi=01..n-11e6 ymOy Mmapkazuid TYFpu TypTOypUakiap
dopmynacu J' (f) ra Kemamus:

n-1 n-1
J,T(f)=hY f(x+h/2)=h> f ;.
i=0 i=0

Mapxkasuii Tyrpu TYpTOypuakiap GopMyniacuaa >Tpy YU3UKIN Tpaneus 03U
yn3Maja KypcaTtuirad acociapu h Ba f(x, +h/2) ra Tenr Tyrpu TypTOypUaK

ro3anapuuuHr uruagrcd Jy'(f) ra anMamrupuiMoxa.

3. Tpaneuus popmyiacu J/ (f).
KBanpatypa opmynacunaé =x, p,=p,=h/2,p, =h,i=1..,n-11e0 onamus

n-1
IT(f) = Z% h= g{f0 #2(f +.+f )+ } (5)

i=0
(5) bopmyna Ttpanenus Gopmynacu nernnanau. Tpanemnus hopmynacuaa
STPH YM3UKIIH TPAISIHsl 103K Yr3Majia Kypcatuiran acociapu fi, fixg, h
OallaHIIMKKa ra Tpanenusiap o3anapuaunr iuruamcy J,'(f) Ounan
AIMAIITUPUIIMOK/IA. /




4, Cummncon popmyaacu JS ().

J(f) wunHTerpamHu Ttakpubuit xucobnam yuyn {(x, f(x)), i=0,1...,2n}
xKaaBasl oJub xap Oup [x,,%,;,,]1{i =0,1...,2n-2 } kecmana HplOTOHHUHT UKKMHYU
Japaxalmu KynxaauHu Kypamu3. by dynkmusap [x,;X,,] Kecmaga y3iIykcus
UKKUHYMA Jlapaxkainu (mapaOosuK) MHTEPHOJSIUs crlaiiHu S(f,X) HU TaIIKuma
KWJIa N,

f (%) + (X %) F X0 X554
S(F, %) = +0¢- X5 ) (X = Xoi0) F DX s Xoi05 Xs1.2] (6)
Xy X <X i=01..,n-1

Cyur J(f)~J(S)=J¢(f) neb xabyn kumamm3 Ba JC (f) Hu CumncoH Gpopmynacu

2i+2

ne6 aralimu3. PaBirankwy,

ANOE zj %Kf@W——Z“wMEm foal=

g{fo +A(f o+ T )+ 2(F, +o+ T )+ T}

Opanuk HaTWKa KyWuaarnda sspatuiagy. [X,,X,] kecmaga HeroToHHUHT 2-

JIApaKajid HHTEPHOJISAUUSA KYIIXaJIUHA WHTETpaiaiMu3.
Jlemma 1. Y6y cogna Cumiicon dhopmyliacu YpUHIIH:

_sz(x)dx —h(f, +4f,+f,)/13=JC(N,).
X0
Ucbort. a, = f,,a = f[x, x],a, = f[X,, %, %,] 1e0 KylnaaruiapHu oJ1amMus3:

jN (x)dx = j(a +a,(X—X,) +a, (X —X,)(X— X, )dx = 2ha, + 2a,h? + 2a,h* /3

Xo

3
= 2hf, + 2% (1, —f)/h+2h—(f —2f +f,)/2h? =h(f, +4f,+ f,)/3=JE(N,).

Jlemma 2. r(f)=f(x)—JS(f) mecak r°(x*)=0,a=0,1,2,3.
Hcbot. ¢=0,1,2 XOJUIAp paBUIAH, « =3 XOJ 3JIEMEHTAp KyPCAaTUIIAIN:

106 =5 0 —x) - e aco ey gy 206 - x) - (%) 3

5 [x+x] 0

5 . MaTerpasnu tTakpuoOuii xucoodJamra 1oup AacTrypJaap.
J= jsin(x)dx WHTETpaIHU XUCOOJMaANUIUK, J, = Zn:ci f(&) R=J-J,.
0 i=0
5.1. Ty¥pu TypTOYypUakiap hopmyiacu.

_h(b 8) crre

n-1
T =h> f(x+h/2), R "(c).
i=0
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dyuKyus, opanux, OYIUHUULLAD COHU
xucobaanaouean unmezpai
Kaoam, myeyH HyKmanap

T'T ghopmynacu ea Kutimamu

5.2. Tpaneuus (bopMynacn:

JT [M} hZf(X) RT—

dyuKyus, opanux, OYIUHUULLAD COHU

xucobaanaouean unmezpai
Kaoam, myeyH HyKmanap

Tpaneyus ¢hopmynacu

5.3.Cumrcon opmynacu:

S DT O+ 00+ 23 0],

dyuKyus, opanux, OYIUHUULLAD COHU

xucobaanaouean uHmezpai

Kaoam, my2yH HyKmanap

”mﬁz[um+um}

f(x)=sin(x) a=0b:=7n:=20
b

3= [ () J=2

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

JTT(n) = hzn: f(x.—h/2) JJT(n)=1.99

i=0

h*(b—a)
fﬂ
0 (c).
f(x):=sin(x) a:=0b:=72n:=20
b
3= [ F(x)dx J=2
hi=(b-a)/n i=0.n X, :=a+ih

hz f(x) JT(n)=1.996

=1

h“(b a)

R — £@(c

h 180 (c).

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

3= [ F(x)dx

hi=(-a)/n 1:=0.n x :=a+ih

Cumncon opmynacu

JS(m) = g[f (a)+ f(b)+ 4i f (X, 0)+ ZmZ_l f(x;)]

UHMe2PATHUHE AHUK 864 MAKPpUOUL KUtimamu J =2 JS(10) =2.0000067844

Hatwuxa Tyrpunnru kKypuHuO TypuoOIu.

Ha3zapuii caBosuiap Ba TONIUPUKIAP
1. Heroron-Korec kBanparypa dpopmyiaacunu E3UHT.
2. Yam Ba yHT TYFpu TYpTOYypuakiap GopMmyiaacuHU E3UHT.
3. Mapxkasuii TyFpu TypTOypuakiap GopmyiaacuHU E3UHT.
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4. Tpanernus GpopMynacuHu E3UHT.
5. CumricoH GpopMyIacuHH E3UHT .
MyHapuxara

M1.15. KYBATYPA ®OPMYJIAJIAPU.
Typroypuakaa kyéarypa popmyJiajJapuHi TAKPOPUH HHTErpPasJIall
acocuaa KypHuIl.

1. Takpopuii uaTerpamiam ycynu. ®apasz Kunainmk ymoy Kappaiu
WHTETPAITHU XUCOOIal Kepak OVIICHH:

J(f):” f (X, y)dxdy:jdxj f(x, y)dy, E(X) =j f(x,y)dy,D =[a,b]*[c,d]. (1)

Taxpopuil nHTErpaIam ycyauaa HHTerpal aBpajl OuTTa y3rapyBuu
Oyiinya CYyHr OOILIKa y3rapyBud OyilMua UHTErpaJlJIaHadu.

Teopemal. Takpopouii HHTETrpaIall YCYJIN KyHUJard KypUHUIITA 3ra:

‘](f)zklipilzi:klkZiipiqu(Xi’yj)' (2)

i=0 j=0

Oy epaa p;,q;- Oupop Oup yn4oBiu KBaapaTypa hopMyiatapuHUHT
ko3 dUIMeHTIapH, X, y,-yJIapHUHT TYTYH HyKTanapH, ki, k,-ymymuii
koadpureHTIap.

Ncbot. UuTerpannu xucobaam yuyH Oupop kBaaparypa popMynacuHu

Kyitaimus: [M1.14]:

j.F(X)dXz kli pF,F = F(xi)=j. f(x,y)dy,x =a+ih,h=(b-a)/m,i=0.m. (3)

V'3 napGaruaa ogamus
d n
F(Xi)=ff(Xi,Y)dyzkzquf(waj), f(x,y;))="f,y;=c+jl,j=0.nl=(d-c)/n (4)
c j=0

(4) uu (3) ra kyiub ymoly TakpopHil HHTETpall YUyH KyOarypa
dbopMyIacuHU OJIaMU3:

J(f)zklipilzi:klkZiipiqu(Xi’yj)' (5)

i=0 j=0

Koaddurmentnap yuyn 6up Heda MUCOUIAp KEITUPAMU3.
Tyrputyproéypuakmnap, Cumricon, Tpanenus, ['aycc popmynanapuaa Kyhuaaru
KO3 bULIMEHTIaApHU KypIUK:

p=p-=[111.111,p=p,=[1 42 .421] p=p=[22.2217],
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p:pG:[pO P pm]'

bynnait kxypuaHmga kyoarypa dhopMmynaapuHu 3caa cakiam ocoH. ["aycc
dbopmyrnacuaa kBaaparypa GopMyIaCUHUHT TYTYH HyKTanapu Jlexanap
P (X)=cd"(x* —1)/dx", KyIXaIUHUHT WIAU3IApH OYaamu, KodhUIMEeHTIapH 3ca
Jlarpanx ¢hyHAaMEHTA HUHTEPIOJIALMS POpMYJIaapUHUHT UHTETpaJId OYaau.

["aycca ycynuaa nxtuépuit TYpTOypuak [a, b]*[c, d] crammapt ompauk
kBajpart [-1,1]*[-1,1] ra y3rapyBuniapHu aMaIITHPHUII EpaaMuIa OJUO
KEJTUHA/IH :

X, =0.5[(a-+b) +(b-a)£],y, = 0.5[(a+b)+ (b—a)n,], pg, =0.25(b—a)(d —c)y, -
2. Konnuk xamamapydayH gopmymanap.
KBaaparypa popMmynanapuHUHT KOJIIUK Xaajapy Kyluaarnya:
Ry (f)=3(f)-37(f)=h*(b-a)f“(&)/ 24,
Ry (f)=3(f)-J3;(f)=-h*(b-a)f @ (£)/12,

22m+1 (m |)4

(2m)
(2mNH1(2m+1) e

R (f)=J(f)-J3(f)=-h*(b—a)f“(&)/180,R®(f) =

Teopema 2. Arap f(x,y) e C"?[D] 6yca sramus:
R, (f)=3(f)-J,,(f)=Lh"+L,h*, Oy epaa C"*[D] -xocunanapu
fO(x,y),i=0.r, j=0.s,L,L, >0y3nykcu3 QyHKIUsIAP CUHPH.

Ncb6ot. FOKopuna kuputuiarad Oenruianviapaad Gpoigananud Xocuil
KUJIaMU3:

J(f)=.l|1F(x)dx=Jh(F)+Rh(F)=klzm: pF(X)+MF(Eh,M, >0

i=0

F(x) = [ F06y)dy =3,(F (%, M)+ R (F(x, ),

J.(f(Xi,y))=kz_Zn:qjf(waj),RKf(Xi,Y)):sz(o's)(xi,ﬂ)ls,'\/'z >0.

[Myaunr yayn R, (f)=J(f)-J,,(f)=Lh"+L,h° , uyHKH ymIOy TEHTIUKIIAP

YpUHIU

J(F)= 3y () +Ry(F) =k 3 Pk, 0, £ 06, )+ M, O (g, T M, £ 00 (2t =

= ‘]h|(f)+M1f(r’o)(éﬂ)hr +klz pif(ovs)(xi’U)les =J,(F)+Lh" +L01°.

i=0
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3. KybGatyp dbopmynanap Ounan 33kcnepumenTiap. Kyituaaru narerpainu
Oup Heda ycys OuJlaH XucoOIanmMus:

J(f):j'dx'l[(x*x+ y*y)dy(J(f)=2/3).

Xucobmanap KyWniard skaiBajira oJim0 KeJIu:

@opmynsr | m=10, n=20 m=20, n=20 m=20, n=40 m=40, n=80
npsimoyronbHuKoB | 0.665625 0.66625 0.66640625 0.6666015625
Tpanerui 0.66875 0.6675 0.6671875 0.666796875
Cumricona 0.666666667 0.66666666667 | 0.6666666667 | 0.666666667
I"aycca m=5,n=5 a=0,b=1 c=0,d=1 0.651096560

lNaycc kBagparypa dhopmynacu yuyH ymlOy KodQPuIMeHTIapHUd OJaMu3,
m=>5:

X €[-11] P
X, X5 =+0.9325, x, X, =+0.6612, Py Ps =0.1713, p,, p, = 0.3608,
X,, X, =+0.2386 p,, p; =0.4679

4. Mathcad mactypuaa nporpammarnap.
a) Mapkazuit TypTOypuakiap dhopmyacu.
a=0b=1c=0d=1 llcoxa

b d
f(s,t) =5 +t2 Jf ::j j f (s,t)dsdt J = 0.666666666666667 [/

Oepuiiranaap,MHTErpal
m:=50 n==50 h:=(b—a)/m I:=(d-c)/n k:=h*I /] kamam, TyryH
HyKTaJIap

i:=0.m j:=0.n x:=a+i*h y,:=c+j*h f =1f(x+h/2,y,+1/2) // ceTka

p,=1 p,=10q,=1 q,:=1 l/xoadpunmentiaap

i=lLm-1 j=1.n-1 p:=1q;:=1 Il ko3 dunmrenTIap
JP =k *mi $ p*q;* f,; JP=0.666625 // kybaTtypa popmynacu

=0 -0

6) Tpamemnus popmynacu

a=0b=1c=0d=1 llcoxa
f(s,t)=s*+t* Jf = ﬁ f (s,t)dsdt J =0.666666666666667 I
Oepuiraniap,MHTerpal
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m:=50 n:=50 h==(b—-a)/m l:=(d-c)/n k:=h*I/4 // ceTka

i=0.m j=0.n x=a+i*h y,=c+]j*h f,=1(x,y;)

p,=1 p,=10q,=1 q,:=1 I/koaddunmenTap
i=l.m-1 j=1l.n-1 p=2q;=2 Il koaddurmenTIap
JP=k*> > p*q,*f, IP=0.66675 // xybarypa GpopMmynacu

i=0 j=0
B) CumrncoH dhopmynacu

a=0b=1c=0d:=1 [lcoxa

b d
f(s,t)=5"+t2 Jf = j j f (s,t)dsdt J = 0.666666666666667 //

Oepuiraniap,iHTerpal
m:=50 n:=50 h:=(b—-a)/m I'=(d-c)/n k:=h*1/9 //ceTka
i=0.m j:=0.n x=a+i*h y,=c+]j*h f,=1(x,y;)
p,=1 p,=10q,=1 q,:=1 I/koaddpunrenTIIap
m . n
i =1..E j:=1..§ Py =4 Gy =4 Il koaddurrenTIap
: m . n
i= 2..5 j= 2..5 Poiy =2 Gy =2 Il koadppurmenTIap
P =k*> > p*q;*f,; IP=0.666666666666667 // kybatypa popmynacu
i=0 j=0

r) T'aycca hopmynacu

a=0b=1c=0d=1 k=(b-a)*(d-c)/4 /lcoxa

b d
f(s,t)=s+t2 Jf = j j f (s,t)dsdt J =0.666666666666667 // GepuaraHIap, HHTErpa

ac

x, =—0.9325 x, =-0.6612 x,:-0.2386 x,=0.2386 x,=0.6612 x,=0.9325 //TyryH
p,=0.1713 p,=0.3608 p,=0.4679 p,=0.4679 p,=0.3608 p, =0.1713 //[x03¢.
i=0.m j=0.n s =(b-a)*x/2+(@+b)/2 t;:=(d-c)*y;/2+(c+d)/2 f ;=1(s;,t))

JG=k*> > p*p,;*f, JG=0.651096560148172 // xybarypa dopMmynacu

i=0 j=0
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1.16. KBAJIPATYPA ®OPMYJIAJIAPUHUHT KOJJIUKJIAPH.

Acocunr  mywiynuanap: Tpaneyus @opmyracunune Konouzu, Cumncou
Gdopmynacunue KoaOueu, XamoaukHu amanuti oaxonawnune Pyuee kouoacu,

maxkpubuil ycyrnune axuuiawHure Puuapocon sxkempanonsayus ¢popmynacu.
Acocuii namusrcanap:

1. Keaopamypa ¢hopmynanrapurune Koioukiapu:
(T(F)=-f@()h(b-a)/12, . (f)=f@(c)h*(b-a)/24, f(x) C[a,b],
EC(f)=-f@(c)h*(b-a)/180, f (x) € C*[a,b].

2.Pynee xouoacu ea Puuapocon sxkcmpanonayus goopmynacu.

rn=2-2, _M+0(hk+m), h—0.

Z*=2Z,+(Zy,- Z,)/ (Zk '1)’rh* =7 _Z; =0(hk+m) :

1. KBaagparypa ¢popmyJIaJJapuHUHT KOJAUKJIAPH.
Yy ndonanap 1" (f)=3(f)-3,7 () . 1°(F)=3(f)-3,5(F).57(F)=3(f)-3,7(F
Tpaneuusi, CHMIICOH Ba T.T. KBaJiparypa (QpopMyJaJapuHUHT KOJAUKIAPUIUD.
Teopema 1. Arap f(x) e C*[a,b] 6¥iica ymOy TeHITIMKIAp YPUHIH

LT (F)=-1@(c)h*(b-a)/12,r (f) = f@(c)h’(b-a)/24 . (1)
Teopema 2. Arap f(x) e C*[a,b] 6Yiica ymiOy TEHIIMK YPUHIIH
[C(f)=-f®(c)h*(b-a)/180. (2)

Hcoor. PaBmanky, L;(x)=f(x)+ f[x, %, J(x—x),x€[x,X,,] necax

n-1 % +1

() =2 [ [F00-L,(x) Jox= Zj[(fm(c»(x X)(x—%,.1)] ]/ 2dx =

i=0 % i=0 Xi

2f<2’(t)1 [(x= %) (x = %,.,)T]/ 20x Zof”)(t)h“: e blza"ifff)— h2 22 p

By epna unrterpan ydyH ypraua KuiiMar xakuaa reopeMaiad GpoiganaHank,

yyHkHa f "(X) - y3;mykews Ba (X-x)(X-X,,)<0.Oxupuga WAFUHIN YUYYH ypTa

KUMMAT XaKuJaru TeopeMa HWIUIaTWIAW, YyHKU f "(X) - y3iaykcus Ba
frOn)+..+ 1" () =nf" (), m.Selab].

(1) HuHT MKKMHYK opMyTacu Kyhduaaruia ucoornanaau. PaBmanku,

f(x)=f(x+h/2)+ f'(%+h/2)(X=X,5,,)+ F"(C)X=X15)°,

n—1 %isa n-1 Xis

Zj f(x)dx = thwﬁzj f7(C)(X—X.,,,)2dx = JTT(f)+h3(b a) £1(n)

'Ox |OX

(2) bopmyna xaMm 11y kabu UcOOTIAHAIN.
JlemMma 3. UxTtuépuii f(x) e C*[x,,%,] Y4yH yIIOy TCHIJIMK YPUHIH

h5
rhc(f’xo’xz):_% FO), % <11 <%,

Hcoot. Onmunru temmara acocat r- (P,(x)) =0, P,(x) = N,(x) +dx’,d e R.
P,(X) KyIIXa{H1 HHTEPIIOJIAIMS KYITXaId MAKIHIa OJaMu3:
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P(x)=f(x),i=0,12PB/(x)=f'(x). PaBmanku,

Ri(¥)=T()-R) =7 f(‘”(n)(x X)(X=%)*(X=X,) ,

ro(f)= j R, (x)dx =j 5f<4><n)<x—xo)(x—xy(x—xz)dx=

) N
_i (4) 3 B Y _i 4) " 200 __h5(b—a) @
ik (5)!0 (= 1) (X =1 (x =%, )b = f (ajh (t+)e? L=yt = == ().

OH/IM paBIIaHKH,

c __mlhs o) __ f(A)(U.)__ h* _ @
(=2 00 1 =i 0-a s = -2 ()

2. PyHnre kouaacu Ba Pu4apacoH 3xcrpanossinus (popmMyJiacu
Z, MUKIOp Z HUHI h mapamerpra OOFIMK OUpPOp TaKpuOWIl KUMMATH

OYJICUH Ba KyHUJaru acUMIITOTUK OOFJIaHUII MaBXKyJ OYJICHH:

Z=2Z +ch“ + O(h“™), c=const,h—>0 k,m -0OyTyH COHJap. (3)
Teopema 1. Arap (3) ypunnu 6ynca,
Z=2 +M+O(h"*m), h—0 (4)

MyHOca0aT YpuHiu Oynaau, sbHU ymoy dhopMmynanap YpuHIN:
Z Zh/2 k+m Zh _Zh/ * * k+m
Sh_Thiz 4 (kM) S Shi2 (o7 7" = 0(h
i ()~ S »=0(h")
2.*=2,+(Z,,-2) (2“-)=c, Z,,,+c, Z,,¢c, =2°/(2“ -1),c, = -1/(2“ -1).

Hcoor. (3) Hu h/2 na é3amus:

L=2-272,=

k
Z=2,,+C 2—k+0(hk*m), h—o0. (5)

(3) nan (5) Hu aitmpamMu3 Ba ¢ HU TOIIAMH3:
0=2 - Z,,, +c(2“-Dh* /25 +0(h*™), h -0,
c=(2,,- Z,) 212" -)h* +0(h*™), h > 0.
By tenrnuknu (3) ra kyiiub (4) Hu Tonmamus. by epian KypuHaIuKd, KOJIHUK Xa
r,=2Z -2, cuparuaa ymoy GpopMyiIaHH OJHILI MyMKHH KaH:
Zh/2 - Zh

N=2-2, = o +0(h*™), h—0 .

by xonauk xamuu xucoOnamHuHT PyHre Konmacu neb aitmnanu. Pynare
KouJacuaad Kyiuaaru Puaapacon skctpanossius GopMynacu Kenud YiKaIu:
Z*=Z,+(Zy,- Z,)! (Zk -D=c Z,,+¢, Z,,¢ = 2" /(Zk -1),c, =_1/(2k -1 (7)
Puuapacon skcrpanossinus GopMyJTaCHHUHT KOJAUFU KyHuaaruya:
r*=2Z-Z,*=0(h""), h—>0. (8)
Teopema 3. Arap f(x) eC*[a,b] 6yica ymlOy hopMmynanap YpHUHIIH.
rT(f)=Ch? +0(h*),C =-1/12] f"(x)dx,

Arap f(x)eC’[a,b]  O¥ica, ymlOy dopmynanap YpuHIIH:
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r°(f)=Ch* +0(h"), C =-1/180 ) (x)dx .

bupunun dhopmynanu Kuckada ucoorra oaubd 0opyBun GUKpPHU
KeNTHUPaAMU3. PaBHIaHKI/I

2 2
0 (f)———(b a)zf (") _h

[I f"(x)dx+0(h?)]=ch® +0O(h?).
Jlemaxk,
Lo (F) =0, (F)- 3,7 ())/3+0(h*) 9)
rh/2c(f) =(Jh/2c(f)' Jhc(f))/15+o(h6) (10)

Mucox 1. Tpanenws popmyaacu 6unan f(x)=1/v1+x* ¢yrxumsiaan [0,1]
KecMmaja uaTerpan ¢ =0,00001 aHuKIMK OuiaH Xxucobmancud.h;=0,1 Ba
h,=0,05 kamamiap onu6 [0,1] kecMama HKKUTa HyKTajdap TYILIaMH
onmamus: x =a+kh,x =a+kh, k =0,1..,10,k, =0,1,...,20. Xuco0b1abd
TONIAMU3: J;l =9,0916166, J,fz =9,0982576 . PyHre kongacu acocuaa

KOJIMKHU, Puyapacon gopMyrnacura acocaH MHTETPaTHU XUCOOIaiMU3:
=2-7, = Zh/kz -Z, ~ JFT& - J,
2" -1
Z*=2,+(Z,,-Z)! (2“-1) ~0,9094
Ha3zapuii caBojuiap Ba TONIMPHUKJIAP.
Hrroton-Kortec kBagparypa popMyiacuHi KOJIUFUHU E3UHT.
Mapkasuii Tyrpu TYpTOypUakiap GpopMyIaCUHUHT KOJIUFUHU €3UHT .
3. Tpaneuus Ba CuMIiicoH GpopMyJIacHHH KOJAUFUHU UCOOTIIAHT.

MyHaapukara

==0,0001106,

A

1.1/. ®yHKuusi MUHUMYMHHHU TONMHII (MATEMATHK NMPOrpaMMaJjiant
MacaJacH)

Acocuit mywynuanap: llepedbop ycynu,epaouenm nacamiuud ycyau,Macaianune
Matchad npoepammacuoa ewunuwiu .

Acocuit namuycanap:

1.Macananune yvunuu:

Z = £ = £ (%0 %,) > Min, 6,() =0,(%-%,) <B,  i=L.m.
manf (x) = Zf (&)=0< f(£)=0, i=1.n,

2. Ilepebop ycynu. min f(x)~ min f(x¥)=¢
xeDcR" D, ={x" D}

3. I'paouenm nacativw yeyau X% =x*? —hgrad f (x*?), k=12..,

& =argmin f(x), Ilmx‘k) £
xeGeR"

4. Aneopummu 6a npoepammacu.
5.Macananune Matchad npoepammacuoa ewunuuiu.

1. bupop kyn y3rapyBunian QyHKIIUSHUHT
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Z="F()="f(X,X,) Q)
() =9i(X%- %) <b,  T=1.m (2)
KaOu MIapTJIapHU KaHOATIAHTUPYBUM SKCTPEMYyM KUHMATIapUHU TOMHUII Tanad
stunaau. (1), (2) Macama mapTiau SKCTpeMyM Macajiacu aedunamu. z = f(x)
bynkuus makcan GyHkuus, g¢,(x)<b, i=1.m, mapriaap 4YeKJIAHUII MapTIapH
nedmnanu. Ymap opacupa x >0, i=1.n, mapmiap Xam OYIUIIM MYMKHH.
Makcan pynkius cadatuga KOCMUK KEMaHU
¢dazora onmb YUKUII YUYH 3apyp OViran EKUiIru MUKIOPU,MEXAHUK KOHCTPYLIUS
OFUPJIMTH, UILIA0 YMKapUiIa€TraH MaxCyJoT TaHHapXH, XapaxaTiap MUKIOPH
kabu KkypcaTkuunap Oynwmm MyMKuH. UYeknmaHumuiap 3apyp pecypciap
MUKJIOPUHH YEKJIAHTAaHIUTHUHU OWIIIUPAIH.
Arap wmacanaga (2) mapmiap OyiMaca Macajia HIAPTCU3 HKCPEMYM
Macajacu aeniaau. Sna oup Mucon cudaruaa
f.(x)=f(%-X)=0 1i=1ln (3)
TEHIrJIaMajiap CUCTEMACUHU OJIUII MYMKHH.
f(X) = F2(X)+ F2(0) +.. 4+ F2(X) (4)
GyHKUMSIHE Ty3ainuk.PaBmiaHku,
min f () = £(£) =0 (£ =0, i=1.n, (5)

abHU f(X) (QYHKIHUS MHHAMYMHHUHHU TOIMII TEHIJIAMaJap UCTEMACHHU CUHIII
OuaH sKBHUBajeHT. Ba uxtuépuii GyHkims f(X) HUHT MUHHMYMAHH TOIIHIII
of (x) .
fi(x)=T=0, i=1.n, (5)
CHUCTEMaHM e4HIl OujiaH 6apoobap.
Macanan, f(x) =X +x —x —x5 QYHKIHUSIHAHT MUHIMYMHHHU TOTHUII YIyH
2x2—x =0, 2x3-x,=0 (6)
Cucremara kesnamus. by cucrema eunmu (J_r V21 2, + V21 2) ra TeHr
2. Ilepebop ycynumHuHT Fosich kyna coama. bepunran D < R" coxana
D, = x® e Djnykranap Ttyrmiamu (typ) omammsz Ba f(x"))  KmitMariapHu

xuco0nab ymkamuiz. KuiiMarinap opacuja 3HI KHUYMK Ba YHra MOC HYKTaHU
MacaJlaHMHT TakpuOuii euumu ae6 kKaOyn kKuinamus. Arap n karra Oyica, Oy
Macaja aHd4a oFup Mmacana, Macanan, D=(0<x <1, i=1.n) rumepky6 GYyicHH.
h=0.1 kagam, 6mnan x, =ih, i =1.n, Typ sicaitnuk. Hyxkramap conu 10" ra TeHr
dbynakuus kuitmaTtuHu 1 Ta HykTaga xucobmam yayH 100N Ta aman HIIaTUICHH.
Anroput™ ydayn 10™? N Ta aman Gaxapuml Kepak. n=10 yuyH Tesmuru 10°
amajr/cek OYyiran KommbloTep OyHmaii macamanu 107 cexyuo ~ 4 y3IIyKCH3
unuiad 6axapuil MyMKHH.

3. f(x) pyHkus rpagueHTu 1e0

grad f (x) = f'(x) = (0, (x),....d,f (X))

BEeKTOpra auTuiaau. AHanu3gaH MabIyMKH (DYHKIMS TpaJdeHT HyHaaummaa
Ycamu, aHTHIpaAveHT WyHamumuga kamasan. Llyauar yaya 6upop x© eD
OollJTaHFUY HYKTaJlaH 0o1uiad
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x® =x*? _hgrad f (x*?), k=12,.., (7)
uTepanusiap Kypuiaaa, Oy epaa h urepanus kagamu aeiinnanu. Etapnu kuauk
h nmap yuyn

fxXN) > f(xP)>..> F(x™) > ... (8)
oynaau. Onataa uTepalusyIapHUHT TyraJljiaml mapTy cudaTtuia
I grad f (x) <& (9)

TEHTCH3JIMK KaOyJ1 KuinHaau £>0 —aHUKJIUK YerapacH.
Mucoa. f(x)=x/4+x> QyHKIHS yayH
x® = XD _ kD 12, x0 _xkD _hoxD h =01 x@ = (1)
xM' =095 x?=09025  x® =0,85574
x» =080; x»=0,6400, x3=05120
f(x?) =125 f(x¥)= ,F(x®) = 0,446
Arap tammanran h xamam yuyn f(x®) < f(x*™?)Gaxapunran, xamgam 2 ra
OYIMHaIU Ba XOKa3o.
DHT Te3 macaluIm ycyauaa Kagam h Kyluaarnia TaHjJaHaIu:

F(h)=minF(h), F(h) = f(x®)—hgradf(x®). (10)
Macanan, rokopugara mucon yuya x@ =(L,1) na (10) macana Kyiingarida

oymaau:
min E(l—g)z +(1—2h)2} (11)

Ba h*= % ra TCHI.

[MlapTinu SKCTpeMyM Macajacu IIapTCHU3 JKCTPEMYM Macajlacu TYypiu
yCcyJutap OWJiaH KeATHUpUIUIM MyMKUH: Jlarpawk ycynu, mrpad dyHKIusIap
yCyJii Ba X0ka3o. Macanan, mrpad QyHKUUsIIap ycyauaa

A0 = F(0+KY (@00 -b)%, k>>1  (12)
GyHKUIUS KUpUTUTIAAH, Oy epm;
(9 (%) —b;), :{

(12) QyHKUMSHHUHT MIapTCH3 SKCTpeMyM Hykramapu x% map XucoOmaaHamu.
Maxcyc Kypcnapaa ucbormanaguku, x* — &, Oy epaa & MapmiM DKCTEMYM
HyKTacH. XaKMKaTaH XaM, PaBIIaHKH,

@, (x) = min ¢ (x) > £ (x)
HIyaunr yayn, x* e D mykramap yaya @, (x¥)> o, ,(x*?)>...6¥ca,

9;(x)=b;, @eap g;(x)>Db,
0, aecap  g;(x)<b,. }

f(x%) > f (x*?) > ...6ymumura Mmaxoyp.

3. Mathcad na HOUM3UK QYHKIHUSHUHT SKCTPEMYMIAPUHH TOTTHI

MacaJllacuHu Kapaiimus, ymoly QyHKius Oepuirad 0yacuH:

f(x,y) = 2+2~x+2~y—x2—y2
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Macanauuar Matchad oliHacuIa e4YnIAIIN.

Given
x>0 first minimum poirt at (0,9),

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

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

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

9
Q = Minimize (f,x,y) Q = [ . ] f(Q0,Q1) = -61

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

1.18. Yu3ukau pyHKIUSI MUHUMYMHHH TOMHII
Acocuit mywmynuanap: 411 macanacu, cumnaexc ycya. Mathcaooa ewum onuu.
1. Il macanacunune kanorux kypuruwu f (xX)=cx —min, Ax=b(Ax<b, Ax>b).
2. YII macanacuea mucoanap: maxcumom, payuoH, mpancnopm macaiaiapu.
3. Il euuws yuyn cumniexc ycyia.
4 Macananune Mathcad npoepammacu époamuda euuu.
1. f(X)=cx +..+¢,x,=(c,x)=(c, X) UM3BHUKIN GyHKIMUS Ba YUBHUKJIH
TEHIrJaMajiap CucTeMacH (YekiaHunuiap) Ax =b oepuiran 6yicus, Oy epaa
A=[g], x=[x,...x,]eR"b=[b,..,b, JeR", A:R" - R":
{@X +a,%, +.F 8, X, = by, 8 X 8%, o+ 3 X, =D 1)
X, >0,i=1..n, bj >0, j=1.m, m<n,
Yusukiu pyuknus f(x) ra (1) mapTiapHd KaHOATIaHTHPAIWTaH
eunmutap U opacu/iaH SHT KHYKWHA KHMaT OepyBYHM HYKTaHH TOIHII KepakK:
min f (x) = min(c, x) = f (x*) (2)
U={XER”:Ax=b,x20, bZO} (3)
(2),(3) macana ynsukym GyHKIuSHAHT (UOM) MUHUMYME XaKu1ard MacaJaHUHT
KaHOHUK TITAKJIH JISHUTIaIHN.

YDM xakuaard MacaJaHUHT yMyMUN KYPUHUIIN Kydnaarnya Oymnaau:
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min(c,x) = (¢,x*), U={xeR":Ax=b, x>0, b>0} 4)

YMyMuil KypUHUIIIAr MacajllacCuAard TEHICU3JIMK OujaH OepwiiraH IiapTiap
TEHIJIMK IIapTyIapura KymuMya y3rapyBunjaap KUPUTHUIL Hynu OUJIaH OCOHTMHA
KeITHpWIAAU: MacalaH, aXx +..+ax <b (ax +..+a X, =b) TEHICU3INK SHTU

X,,, >0 y3rapyBuu KUpUTHUINO, KyHUAard TEHIJIMK XOCHI KUJIMHAIHU:
ax +..+ax +X,=b (ax+..+ax, —X.,=b).
Oyukuusra 0y y3rapysuu 0 kosdduuent Oumnan kupagu: f(x)=(c,x)+0x,,,.

2. Wkxuta wmacamanu Kapaimui. 1-mucon. PecypcnapHu onrtuman
TaKCUMJIAIll MacajlaCH. X;,..,X, MHKIOpAa N XWI TOBap MILIA0 YHMKAPUIICHH.
Viapau tai€pnam yayH M X amé Kepak OYIICHH. I-ToBap HMILTA0 YMKAPHUII
y4yH J-XOM amé€ JaH ajj MUKIOop/a Kepak OYJIcHH. j- XoM amé 3amacu bj 6YIicuH.
bup Oupiuk i- ToBap Ci ¢oiga 6epcuH. Y Xoyaa SHT Kyn ¢oiiga KWIUII yIyH
yl0y Macanara Kelamu3:

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

2-mucod. TpaHcnopt Macana. i-MyHKTAA, 1<i<m, a MHUKIOpAA MaxcysoT

0op, j-kabys1 MyHKTHra b, MUKIOpJAa MaxcyloT Kepak, I-IlyHKTJaH j-IyHKTra

Oup OMpIMK MaxCyJOTHH TonMiml ydyH C,, Iyl KeTCHH, PaBiuanku,

a+..+a,=b +..+b, Oynmumm xepak. TpacHcmopT Macajacuaa MaxCyJIOTHH
IIYHJai TOMHII KePAKKU, XapaxkaTjap SHT KHYUK OYJICHH.

f(x)= %cij X; — min (6)

i,j=1
ixij =a,, Zn:xij:bj, X;; = 0. (7)
Teopema 1.1216) q)yHKHII:IlHHI/I Kylnaarnda €3uil MyMKHH:
f(X) =zmlzn:ciijiyj =tr(Cx"),tr(A) :leakyk :
i=l j=1 k=1
Hcbor. Cx' =Cy=4 I[eﬁJ;HK. V xomma

a, = Zci,kyk,l :Zci,kxl,k1tr(CXT) :Zai,i = chi,kxi,k =Cx.
k=1 k=1 i=1

i=1 k=1
Teopema 2. (7) waptiapHu Kyiuaaruya €31 MyMKHUH:
x*e/ =a,x' *e; =b,a=[a,..,a,]',b=[b,..,b,1".¢ =[1,...1.]",¢; =[1,...1,]".
3.Cummiekc ycyin.(2)-(3) macanaHuHr MyMKHH Oyiran euumu ae0 (3)
WapTIapHA KAaHOATIAHTUPYBYM X =(X,..,X,) Bekropra aurtunagu. Papas
Kunaimmk rang(A) =m . CUMIUIeKC yCy KyWHIard UKKU KaJamIaH uoopar.

1-xkamam. Ax=Db cuctemMaga m Ta 0a3uc y3rapyBUd MaBXKyI. Y
xona [Maycc ycynu 6unan yHu KyHuAara KypuHUIIra KeATHPUII MyMKHH:

{Xl +alm+1xm+1 +"'+ainxn = ﬂl""’ Xm +amm+lxm+1 +...+C¥ian = ﬂm’ﬁi 2 0 (8)
yAapaaH X,..., X, JapHu Tonu6 f (x)yHKInIHNA
fFO)+ 70Xy Fet 7% = o (FO) = PrgXpy +oot PX, + ) 9
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KYpUHUIIra KeITUpUIll MyMKUH. By epaa  x,,..., x, 0a3uc y3rapyBumiap, x X

m+1?°**1 “n
—IPKHMH y3rapyBumiap. x.,=.=X =0,x =/,i=1...,m, KuiiMaTiIapH! TOIaMu3 Ba
x@ =(B,,., f.0,...,0) (10)

OOILJTaHFUY MYMKHH OYJIraH €4MMHU KypaMu3.

Teopema. (x© HykTaHHHI MHHMMaj ONTHMMAaUIMK miapt). Arap (9) ma
bapua y, <0, i=m+1..,n (=0, i=m+1,..,n) 6yuca, f (x)pyakuusausar f(x?)
KuiiMaTd 9Hr KHuuk (9Hr karra) Kuimar Ba x® (10) omruman eumM, 4yHKH

OUpOp SpKHMH ¥3rapyBud KUHMaTH orica (GYHKIUS KANMATH KaTTajallaiu
(kuuMKIIaIaanm).

dapas KUIalmuK, y; Jap Hauaa Manpuinapyu Maxya OyIcuH. Ynapaan
MOy Oy¥ir4a SHT KaTtTacH y, OVJICHH. J-ycTyH Xau KutyBuH Aevinnanu.(8)-(9)
HU YIIOY CUMILIEKC JKaJBaJia aKC STTUPAMHU3:

X X, Xn X1 X X, B Pi

1 O ' 0 %m+l alJ aln ﬂl pl
X, 0 1 . 0 O 27%) Uy, :82 P>
X Ay ay, a, B P
X 0 0 1 O ;s i IB m Pm
f 0 0 . 0 Y 7 Y fy

2-kagam. Sluru Oasucra (QyHKIUS KUWMAaTUHU KaMaWTUpUO YTHII y4yH
Sla,, 1<i<m, m+1<J<n coHmapHu KapaiMu3 By epna ukku xon Oynuiu
MyMKuH: 1) Oapua ajj map Manduii; 2) aj Jap opacuaa MycOataapu MaBxKy/Il.
bupuaun xonna f(X) ¢yHKIMS KyHugaH derapajaHMaraH, MKKHHYM XOJa 3ca
ymly KHHMaTHA TonaMus:  p, = f3, /|a,| = g}lzr(‘)\{ﬂ, lal,}=p.

I-catp xan KuiryBYM caTp nedunanu. SIHru 6a3uc e4uM Kypamus:
XY = (B, 1.0, Brirreees By Oy £40210),

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

(O B —oy%, 20, 1<i<m;x, =0,

' O,m+1<i<nx;, =p
By eunmpua f(x) HE Toamu3 Ba Kypamusky, T QyHKIMS KuiiMaTn kamaiam
f(x®)=fo+»,8 la, = fo+y,p<fh,7, <0.

By umHM onTuMan eduM sipaTryHya JaBOM 3TTHUPaMU3.

N3ox. Amanna, 2-KaJlaM OCOHTHMHA Oakapuiaau. a,, dJIEMEHT Xall
KUJTyBUH DJIEMEHT AeWunaau. | catp a,, ra OyiauHamu. a,; ypHuaa 1 xocui
oynagu. Y épmamuaa ['aycc ycynunu Kymnabd, J ycryHaaru 6apua
aneMeHTIapHu O ra ailmaHTUpamMu3. SIHTH CHUMIUIEKC JKaBajl XOCHJ Oyiau.

VYHAaH SHIY TassHY €4MMHU OJIaMU3. Y HU ONTUMAJUIMKKA TEKIIMPAaMU3 Ba X.K.
Mucon 1. f(x)=x +9X, +5X, +3x, +4X; +14X,,
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X +X, =20, %, + %5 =50, X; + X =30, X, +X; + X; = 60,X; > 0.

MacanaHvHr MaTpuiacu Kymuaarnia
1 00 100

01 0010

A= ,rang(A)=4.
0 010 1
0 00111

basuc e x,, X,, X, X, Y3rapyBUMJIapHU oJlaMu3. YJIapHU X, X, Ba MaKcaj
(GYHKIUSHE 3pKUH Y3rapyBuniap opKaiu Kyiuaarunda udoaaiaimus :

X, + X% + X3 =40, X, + X% =20, X5 — X — X3 =10, X + %, = 30,%; > 0., f(X) +7x +14x, =880.
Y1y CUMILIEKC JKaABAJIHU Ty3aMM3:

basuc X X X3 X Xs X5 B Pi

X, 1 1 1 0 0 0 40 40

X, 1 0 0 1 0 0 20

X -1 0 0 0 1 0 10

X 0 1 —- |0 0 1 30 30

f(x) 7 0 141 |0 0 0 880

Macasianu Kynujgarnya e4aMus3:

basuc X X, Xg Xy X5 Xg ﬁu 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 40

X, 0 0 1 0 0 1 30

f(x) 71 0 0 0 0 -14 -460

Bazuc X, X, X, X, Xs X B Pi
X, 0 0 0 0 -1 10

X, 0 -1 0 1 0 10

X 0 1 0 0 1 50

X, 0 1 1 0 0 30

f(x) 0 -7 0 0 0 -14 390

Hemax, 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 Y3TapTUPAMHUS: X, +2X, + X3 =4, X, + X, + X, = 3,2% + X, +X; =8,X; > 0.

basuc X, X, X, X, X5 Ji 0
X, 1 2 > 1 0 0 4 2
X, 1 1 0 1 0 3

X 2 1 0 0 1 8

f(x) 3 47 0 0 0 0
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basuc X X X3 Xy X B Pi
X, 1/2 1 1/2 0 0 2 4
X, o= |0 -1/2 1 0 1 2
X 1/2 0 -1/2 0 1 6 12
f (X) -1 |0 2 0 0 8
x¥ =(0,2,0,1,6), f (x”) =8
basnc X X X3 X, X5 7 Pi
X, 1 1 -1 0 1 0
X, 1 - |0 -1 2 0 2 2
Xs 0 1 -3 1 3 0
f(x) O™ |0 1 2 0 10
x? =(2,1,0,0,3), f (x?) =10 - max
4.Macananu Mathcad nactypu épnamuaa edwuii.
Hnoexcnapuune bow katimamu ORIGIN =1
Maxcao pynxyus B=[1 9 5 3 4 14] C:=B" f(x):=Cx
Yexnanuuinap mampuyacu, 6eKmopu
100100 20
A= 010010 b= >0 y=[0 0 0 0 0 1] x:=y'
0 01 001 30
000111 60
brok 6owu Given
Yexnanuwnap (6apobap iiy2om) Ax=b x>0
Huku pynxyusea myposxcaam r == Minimize(f,x)
Hamuoicanu wuxapuw r=[10 0 30 10 50 0]
DyHxyus Kuimamu f (r) =390 — min
Mucon 2. Kyiingaru TpaHcnopT MacaJIaCUHU €4aMu3.
Bl 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
FOxKka sxTnéx 70 80 150 110 |90 500 | 500
Hnoexcnapuue bow Katimamaapu ORIGIN =1

Mampuya, éekmopnap
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20
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

Maxkcao ¢ynxyus, eexmoprap F(x)=tr(Cx') =[1 1 1 1 1]T e,=[11 1]T
Bnox 6ow, uuxu ynxyus Given x*¢' =A x *¢ =B x>0 x:= Minimize(F, x)
70 0 40 9 O

Evumnu onuw x={0 110 0 0 90 F(x) = 3400
0 80 0 20 0

MyHaapukara
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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 nuku pyHkuusiiap épaamMmuga
Ba AJITOPUTM TY3UO OJIMHCUH, HATUKAJAPHUHT AKMHIMIUTA JPUIIMJICHH.
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 TONTUJICHH 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):ax3+bx2 +ex+d 0,107 | -0,4613 |2,3738 | 5,44
30 1,2755 | -3,601 -1,37 | 6,76
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spulnmiIcuH. I'padukiiap Yu3HJICHH.

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

N

1 |sin(x+D)-y=122x+cosy=2 2 | cos(x—1)+y=05x—cosy=3

3 |sinx+2y=2,co5(y-1)+x=0.7 | 4 | cosx+Yy=152x-sin(y-0,5)=

5 | tg(xy+0,4)=x%0,6x>+2y*=1 | 6 | sin(x+y)-16x=0,x"+Yy*=1

7 | cosx+y=152x-sin(y—0.5)=1 8 | sin(x+Yy)-12x=02,x*+y* =1

9 | {sin(x+0,5)-y=12x-sin(y-0,5)=1 10 {tg(xy+0,3) =x2,0,9% +2y =1

11 | Jcos(x+0,5)+y=0,8 12 | {sin(x+y)-1,3x=0,x* + y* =1
siny—2x=1,6

13 {cos(y+05)+x 0,8 14| (tg(xy+0,1) = x;
sinx—-2y=1,6 0,5x% + 22 =

15 | (2x—cos(y+1)=0; 16 | (sin(x+y)=11x-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 X*+2y% =

19 {sm(y+2) x=15 20 {sm(x y)- xy_—l,xz—y2—§
y+cos(x—2)=0,5 4

21 | [sin(x+1)-y=1 22 | (tg(xy+0,2) =x?;
2X+cosy =2 X2 4+2y? =1

23 | [cos(x-1)+y=0,8 24 | (sin(x+y)—-15x=0;
X—COoSYy =2 x> +y?=1

25 | [sinx+2y=16 26 | {tgxy =x*,0,5x* +2y” =1
cos(y—1)+x=1

27 cox+y=12 28 | [sin(x+y)=12x-0,2
2x—sin(y—0,5)=2 x> +y*=1

29 | (sin(x+y)=12x-0,2 30 | [sin(x+y)=12x-0,2
X’ +y*=1 X +y°=1
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3.Yu3uKiau ajaredpa Mmacajajapu.

NuauBuayan TONMmmpuKiIap.

Tenrnamanap cucremacu ["aycc, ureparysi, TeCKapu MaTpHlla yCyJUIapH
OunaH eywyicuH. XOC COHJIAp Ba XOC BekTopyap TomwicuH. Euum 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.,2)
3.77 7121+« 8.04 2.28 21.3+a
2.21 3.65-« 1.69 6.99 1454—-«
k 1 1 1 n+3
1 k 11 n+3
A= k=n+3,n+4,n+5,...b= Nn=12,...
1 1 k 1 n+3
1 1 1 Kk 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 OJMHCHH, HATH)KATAPHUHT SKUHIUTHUTA SPUIIAICKH. TYp HyKTanmapu
{x, =a+ih,i=0..n} gan papkau yura X, X, X, HyKTajJapaa HHTEPIOJIALUS
dbopmynanapy Ba QyHKIMSHUHT KMMMaTIapy XUCOOIaHNO, KuiiMaTiap
coOMMITUpUICHH. ['padukinap YM3UICUH.

T.p Hyxkranap OyHKIMA
Tonmmpukiap [a,b] COHM | XUCOOJIaHAQ/IUTAH.
HyKTasap

QD
(e
(@}
o

10 X, X, X,
[0.2]
f(x)=tg (ax)-bx

10

X
=

X
N

X
w

[3.4]

O© 00 NO U1~ WN -

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

10 X, X, X
[1,4]
15 f(x)=asin(bx)-cx

OO WNEFPOOTEWDNE

10 X, X5, Xy
[3,5]

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

[EE
[HEN

10

N
N
X
=
X
"
X
w

29 | f(x)=a x®+bx*+cx+d [2.5]

[EEY
(o]

WNNPRFRPROONOOOUTEWNRPFRPOOUOTEEWDNRPFPOOUOPRROWONPEFRPOOGEOWOWDNPE

WNROO~NODUORRWNROOORRWNROOORWNROUORAWDN R
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5. TakpuOuii MHTerpaLIaAII

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

SPUILIAJICHH.

1. jcos(x +x3)dx
0

11.

rl2
J' Insinx dx
14

21.

zl2

J (x+Insin x)dx
zl4

N

1
: jsin(x“ +2x° + x?)dx
0

12

. jcos(Zsin X)dx
0

22

s

. I(x + cos(2sin x))dx

0

esin de

w
O e

13

A 2
) J‘xze‘X dx
0

23

: I(x +x%7)dx
0

1 4 V4
4, _[sin xe > dx 14. J.x“e’XZ dx 24. J‘(x“e’X2 + X)dx
0 0 0
1 T V3
5. je“’”dx 15. jcos(x+x3)dx 25. I(X+COS(X+X3))dX
0 712 72
1 2 2
6. jch x2dx 16. jsin xdx 26. I(x+sin x*)dx
2 21 21
7. J.cos 2 dx 17. Ix’lln(1+ x)dx 27. I(x+x’lln(1+ x))dx
0 1 1
1 2 2
8. Isin(x+ x*)dx 18. Ix‘lexdx 28. I(x+x‘lex)dx
Q. Icos xe ™ dx 19. Ish x2dx 29. _[(x+sh x?)dx
02 ) i/4 i/4
10. Isin 2xe " dx 20. j xsin x>dx 30. J' (x+ xsin x*)dx
1 0 0
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HNaosa 2
JlaGopaTopus uniapu.2-kypc, 4-cemectp, 6 coar.
1-nabopamopus uwu.
Maeg3y:Houu3zuk menznamanap 6a yiapHuHz CUCEMANAPUHU MAKPUOUIL
euu
1.1.Ho4Hu3HK TeHIJIaMa YYYH UTepanus ycyJiu.

f(X)=e™ +2x—48=0,a =0.1k, =1+0.01k,k € N.
TEHIJIaMa UTepanus ycyiau ouian eunwicud. Xucoomnanuap [lackans Ba endu
TUJUTApUA TY3WITaH AacTypiap €pAaMuia aMalra OIIUPHIICHH.

1.2.Houu3uk TeHrjama yuyH HbI0TOH ycyJiu.

f(x) =X +4x— =0, 8=1+0.01k,k € N.
TeHrnaMa HpioToH urepanus ycynu owinad ednsicud. Xucoobmamnuiap [lackans Ba
Jendu Trmumapuaa Ty3uiarad qactypiap €paaMuia amaira 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)
e¥ =X —y+a,(x+05)° +y* =k, x0,y >0, =1+0.1m k =0.6+0.1m,m=0,...,5.
TEHIJIaMaJIap CUCTEMAcu HUTepalus ycyJu OuiaH ednsicuH. XucoOanuiap
[Tackainpb Ba [lendu Tumiapuaa Ty3wiral aactypiap €paMuia 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 cuctreMacu HbIOTOH utepaius ycyiau OuiaH €4uJICHH.
Xucoonanutap Ilackane Ba Jlendu Tumiapuaa Ty3uiral gactypiiap épaamuia
amajra OIIUPHUJICUH.
2-1200paTOpPHUs UIIIH.

YQuzuxnu menenamanap cucmemacu I'ayce, 000uit umepayus, 3eiioenn
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 MaTpuiia xucobaancuH. Xucobnanuiap [lackanb Ba
Hendu tTunnapuna Ty3wirad qactypiap épAaaMuia amanira OnupUiICHH.
3-1abopaTopusi MIIH.

Xoc connap ea xoc 6eKmopaaphu makpuouil xucoonau

2421+« 242 3.35
A= 231 3149+« 152 |,a=0.2k,p=0.2kk=0,..,5.
3.49 4.85 2872+«

MaTPUIIAHUHT XOC COHJIAPH Ba XOC BEKTOPJIAPH TaKPUOMIA TOMHMICHH.
1 )MakcHMaJl XOC COH Ba YHI'a MOC XOC BEKTOp UTepaIisl YCyJId OuIaH
€=0.001 aHuKIMKKa4a;
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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 HIIM-2 coarT.
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.

TakpuOuii nuaTErpaIam Ba un(l)(l)epeﬂuna.lmam Macajaacu
7l2

sin(ax) '? exp(ax) exp(—x )sm(ax) va+x?
L= [ = d ), = [l = | dx, I, _j
5 X s X 0 X+a’ 1+ cos(ax)
a=05+0.1k,k =0,...,5.
uHTerpaap tpanenus Ba CUMICOH (hopMyaiapy EpaaMuia HHTErPaUIaHCHUH.,
MyHaapukara

Niaosa 3.

Xucodmaam ycyjuiapu ¢panu o0yimua TECTJTA P
Ham/1V, ®M ¢akynbretn
Xucobmam ycymiapu S5 cemectp 1 OH
Tanaba rypyx 305
Tecr 5 6ax (1 /6), Hazapuii caBos-5 6amr. XKasmu=15 Gau.

1. f(X)=x>-5x+1=0 TeHTIIaMaHWHI HeuTa XaKMKHIl MIIU3/1apy MaBxKy,1?
A)l B)2 C)3 D)oynnait unausnap Wyk
2.f(x)=x3-5x+1=0 TeHrTaMaHUHT WIH3IApH KalCH KeCManap/a sKoiaamran?
A) ['3!'2]! [011]1 [2!3] B) [2!3]1 [3!4]1 [0’1] C) [3!2]! [011]1 [2!3] D)
[-3,-2], [-1,1], [2,3]
3.f(X)=x>-5x+1=0, 0< X <1, TeHrnama uTepamus yCyIuHN Kymiam yayn X=g(xX)=(x>+1)/5

KypuHuITra Kentupuirad. Kucui ko3¢ GUIeHTHHN TOHHT.
A)1/5 B) 2/5 C)3/5 D) 4/5

4. f(X)=x>-5x+1=0, -3 < X < -2, TeHIIamMa UTepanus yCyIHHN Kymiam yayn X=g(X)=x-f(x)/22

KypuHHIITA Kentupuirad. Kucnm kodddunentnan q = max{] g '(X)| ,—3 < X < -2} TOnuHr.

A)11/22 B)12/22 C)13/22 D)14/22
5. f(x)=x3-5x+1=0, -3< X < -2, TeHTIIaMa UTepalys YCYIMHH KyJLIall yayH
x=g(X)= x-f(x)/22 «ypunumra kentupuiran. X =-3.x®=?
A)-2.3 B) -2.4 C)-2.2 D)-2.5
6. f(x)=x3-5x+1=0, 0< x <1, Tenrnama Hpl0TOH uTeparus yCy/IuHH KYIUIall yayH

X=g(X)=x-f(X)/f(X)  kypunumira kentupuirad. bonutaHFuY UTEPAIMSIHHI TOHHT.

A) x<0.2 B)0 o)1 D)0.5
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7. f(X)=x>-5x+1=0, -3< X <-2, TeHrmama HbI0TOH UTepalys yCyIMHU KYJLUIAl yayH
X=g(X)=x-f(X)/f '(X) kypuHHuIITa KENTUPWITaH. BONLTAHFUY UTEPALUSIHUA TOIUHT.
A)-3 B)-2 C)-1 D) GomutanFuy. uTeparus

UVK
8. f(X)=x>-5x+1=0, 2 < X <3, Tenrnama Hpl0TOH UTepanus yCylIMHU KYJUIall yayH
X=g(X)=x-f(X)/f'(X) k¥puHuiITra KENTUPHITaH. BoIUTaHFUY UTEPAIIUSIHA TOIIHHT.

A)3 B)2 o)1 D)6apuacu
9. f(X)=x>-5x+1=0, -3< X <-2, HblOTOH UTepaus yCyJIUHH KYIUIall y9yH
X=g(X)=x-f(x)/f(X) xypurnmra kenrupumran: X© =-3. xP=?

A)-2.6 B)-2.5 C)-2.7 D)-2.1
10. f(x)=x>-5x+1=0, 2<x <3, Tenrmama Hpl0TOH UTepanus yCyIHHU KYIUIAl yayH
x=g(X)=x-f(X)/f(X) xypunumra kentupunran: x© =2, x®=?

A)2.4238 B)2.2148 C)2.1428 D)2.4428
11. f=x}+x -1=0, f,=x,-x’=0 HTC eunmiapu éTran coxanapHu K¥pCaTHH.
A)[-1,0]*[0,1] v[0,1]*[0,1] B) [0,1]*[0,1]v[0,1]*[-10]
C) 0.4*[0.]v[-L0]*[-10] D) [0,9*[0.1] v[-1,0]*[0,]

12. f,=x2+x2 -1=0, f,=x,-x?=0 HTC uu utepauus ycyiu GMIaH e4ul yqyH

X, = \/Z= 0,(%, %), X, =+J1-% =0,(X,X,) KYpHHHILIra KeITHPUIraH.

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?+x’ -1=0, f,=x,-x’=0 HTC uu urepauus yCyIuHy KyIanl yqayH

X =% =0,(%,%), X =+y1-%X =0,(X,X,) KypuHUIIra KENTHPHITaH.
x? =0.4,x” =0.6 yuyn q= Hg(l) H =?.
A) 0,6455 B) 0.7749 C)0.5 D) 0.8887
14. f,=x2+x% -1=0, f,=x,-x?=0 HTC uu HproToH ycy/u GWIaH eunIn yayH
X =X D1/ D= gl(xl’ Xz)' X, =%, —D, /D= gz(xvxz)’ D= flx1 f2x2 - flx2 f2><l '
D, =f,f, —f.f, D=1, f,—ff, xypunnwra xenrnpuiran sa
X = g, (X, xEP), x99 = g, X x$P)  urepanusmap kyananunran.
x? =05,x” =0.5 6ynca, x =2, x’ =?.
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 .HpOTOH UTepalus yCyIHHN KYPCATHHT.
A) x® =g (x*P,xEDY)i=1.,n B)x =g, (xX* P, xED x0 KED DY i=1,..,n
C) X(k) — X(kfl) —[f V(X(kfl))]fl .I: (X(kfl)) D) X(k) — X(kfl) —[f V(X(O) )]71 f (X(kfl))
16. f(x)=0,f:DeR" > R" HTC yuyn cognananiran Hel0TOH uTepanus yCyaIuHU
KYpCaTHHT.
A) x®O =g (x*,.xEDy)i=1..,n B)x© =g, (xX¥*P, . xE xO xKD DY) i =1,...,n
C) X(k) — X(k—l) _[ f I(X(k—l))]—l f (X(k—l)) D) X(k) — X(k—l) —[f !(X(O) )]—l f (X(k—l))
17. f(x)=0,f:DeR" ->R" HTC x=g(x):DeR" — R" skBuBaneHt KypuHuUIiIra
kentupunran sa urepamus yeymu X = g(x*™),k =1,2,..., kynnanunran. Hasapwuit
0axoHU KYpCaTHHT.

A) IExPl<dx®x“Pi2-0)  B)lIEx® =g Ix“x*VI/(1-0) C)
IEXxON<q“Igx? D)IIExYIl <q“1&x7
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18. f(x)=0,f :DeR" ->R" HTC x=g(x):DeR" — R" skBuBaNeHT KypHHUIITra
kentupunran sa urepamus yeymu X% = g(x*™),k =1,2,..., kynnanunran. Amanuit
0axOHU KYpPCATHHT.

A) (X9 <alx®-x D (-a) B)[IEx®) <g¥x®x* (1-q) C)IE-xVI<g g

D)[IE-x¥|l <g* g2

19. f,=x-e¥=0, f2=y-e*=0 cucrema miAN3IapU ETraH COXAHU KYPCATHHT.

A) 2-yopax B) [0,1]x[0,1] C)3-uopak D)4-4opak
20. x=g(X) Houmsuk cucrema uteparus ycya X©=g(x*") 6unan eunnmoxna. Yzoxnammum
mapty Kanjaii. (By epna g® (x)- SAxo6u matpunacu, gq=max{]|g*(X)||, x € D})

A)g>1 B)g<1 C)g=1 D)g<2
21. l"aycc ycynu 6unan KaHaail TeHramanap equiaam?
A)Houmzuk tenrnama  B)Houmsuk tenrnamanap cucremacu  C)Uu3uKiM TeHr1amaiap
cucTeMacu D)Yusukiu TeHriiama
22. Taycc ycynu Heva dTarnjaan nbopar?
A)l B)2 C)3 D)4

22. Taycc ycynua 9M3uKIM aareOpanK TeHIJIaMaaap CUCTEMAacH — VHT FOpHUIIIa KaH1ak
KYPUHHUILTA KeNTUpUIaan?
A) JluoroHan MaTpuIajii cCUCTEMara B) uamn Kyiin yuOypuak MaTpHIaad cUCTEMara

C) yur 1okopu yuOypyak MaTpHIlaIf CHCTeMara D) y4 quorsan Matpunaim
cucremara
23. AX=b <>x=Cx+d xypuHHIITa KEITUPHITAH Ba UTEPAIUS YCYIH KYJUIAaHHUITaH.
SIkuHIammnI mapTy KaHaan?

A)lIClI=1 B)IIClI=0 O)lICl>1 D)[ClI<1
24, Ax=b <> x=Cx+d KypuHHUIIra KSITUPUITAH Ba UTEPAIHS YCYJIU KYJUTAHUIITaH.
Hazapuii 6axoHU KYpCaTHHT.

ANEXCI g 16PN B)[1Ex®ll <dlx®-x*?|j/(1-q) OIEx“N<ad“ g7

D)[IE-x®ll <q“lIlgx?

25. Yu3uKJIM TEHTJIaMaliap CUCTEMacH Ax=b <>x=Cx+d xypuHHIITA KENTUPUITAH Ba
UTEpals yCYyIU KyJUlaHWIraH. Amanuii 6axOHU KYPCATHHT.

ANIEXON <q gl B)[£-x¥ <alix®x*Vy(t-q)  C)lIgx®||<q H|gx?]|
D)[IE-x¥Il <q“lIlgx?

26. Ax=b,A=[a;],x=[x I".b=[b],i, j=1..,Nn, 4u3uKIN TeHrIaMaNap CHCTEMACHHHHT
€YNMH Ka4OH MaBKy/l Ba ITOHa?

A) det(A) =0 B) det(A)=0 C)det(A)=0, Ji:det(A)=0 D)det(A)=0,
det(A)=0Vi

27. Ax=b,A=[a;],x=[x I".b=[b],i, j=1..,Nn, 9U3UKIN TeHTIaMaNap CHCTEMACH yIyH
Kpamep xoumacuuu kypcarunr. 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 1MOroHaNIM YM3KMKIU TeHrnamanap byX, +C,X =d, ,

a X, +bx +¢x

X, =d.,1=1..,n-1, ax ,+bX =d, cucremacu Kannait ycyn 6unan
eqmagn?

A) l'aycc B) utepatust  C) mporonka D) xBagpat unausnap

29. Ilporonka yCyJIuHUHT VHT IOPUIIUHU KYPCATHHT.

A) u,=0,u, =—¢ /(au +h),v, =0,v., =(d. —av))/(au, +h),i =0,..,n—1. B)x=A"D

i+1
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C) Xn :(dn _anvn)/(anun +bn)’xi =ui+1xi+l+vi+l’i =n_1’""0'
D) x =det(A)/det(A),i=1...n.

30. IIporoHka yCyJIMHUHT Yall IOPUILINHU KYPCATUHT.
A) u,=0,u, =—¢ /(au, +h),v, =0,v,, =(d. —av))/(au, +b),i =0,..,n-1. B)x=A"b

C) Xn :(dn _anvn)/(anun +bn)’xi _ui+1xi+l+vi+l’| =n_1’""0'
D) x, =det(A)/det(A),i=1...,n.

1 2 3 4 S) 6 / 8 9 10
C A C C D A B A B C
11 12 13 14 15 16 17 18 19 20
A B A D C D D A B A
21 22 23 24 25 26 27 28 29 30
C B D D B A B C A C
5 cemectp 1-OH
Hounsuk renrnama

1. Hounsuk tenrnama eunmu. UnausnapHu axxpatui.

2. HouM3uK TeHIJ1laMa yuyH KeCMaH| 2 ra OYiIuml Kyjaai KYpUHUIITa KeITHPULL.

3. Houun3uk TeHraMa yuyyH utepanus ycyau

4. Houn3uk TeHraMa utepanus yCyJauHH Kyiam yayH xaau. Hazapuit 6axo.

5. Houn3uk TeHrnama ydyH WUTEpanus YCYJIMHUHI KOJIUK YCYJIU.

6. Hounsuk TeHrnama yuyH UTepanus yCyJIUHUHT KOJAMK Xaau. AMaiuid 6axo.

7. Houn3uk tenrinama yuyH HeroTOH ycynu. I'eoMeTpuKk MabHOCH.

8. Hounsuk tenrnama yuyHn Hetoton ycynu Konauk xagHuHr 6axocu

9. Hounsuk tenrinama yuyH HproTOH ycynuia O0nuIaHFUY UTEPALUSIHN TaHJ1a0 OJIMILL.
10. Hounsuk tenrinama y4yH conganamrad HeroToH ycynu

Houusuk tenrinamanap cucremacu

1. HTC eunmu. Mnausnapau axxpaTyml.

2. HTC eunMHHUHT MaBXy]l OYIMaCIUK XOJUIapH

3. HTC yuyH nutepauus ycynu

4. HTC ra urepanus yCyJIMHM KyJIJIall Y9yH KyJald KYPUHUIITA KEJITHPUIT
5. HTC yuyH wutepanus yCyIHMHUHT KOJIUK Xaau. Hazapuii 6axo.

6. HTC yuyHn wutepanus yCylIMHHUHT KOJIUK Xaau. Amanuit 6axo.

7. HTC yuyn HproTOH ycynu. 'eomMeTpuk MabHOCH.

8. HTC yyn Hptoton ycynu Konauk XagHuHr 6axocu

9. HTC yuyH connanamrad HeroToH ycynn

10. HTC yuyn axpananurad HeroToH ycynu

Uu3uKM TeHr1amMajiap CUCTEMacH
1. YATC na Kpamep kongacu

2. YATC pa euuMHU TEKIIMPULIT
3. UATC na I'aycc ycynu
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4. YATC na I'aycc ycynu Omnad neTepMUHAHTIApPHA XUCOOIaIT

5. HATC pa l'aycc ycynu OmiiaH Teckapu MaTpUILlaHU XucoOan

6. UATC na urepanus ycyuiu.

7. YATC na copnia utepauus ycyiu

8. UATC na 3eitaens urepanus ycyau. Hazapuii 6axo.

9. YUATC na urepanusi yCyJIMHUHT XaTOJNUTH. AManuii 6axo.

10. YATC Hu euuin MyMKUH Oyiras cogaa xojuiap (yuOypyakx, yd IMOTHAUIA MaTpULIAIU
CHUCTEMaJIapHU €YHIII).

Xucobsaam ycyiaapu ¢panu 6yiimnua TECTJII A P
XY 5cem 2 OH (bam.ucm)

(rypyx)

1. f(x)=3x*+7x+1Kkym xax yuyH f[X,,X,,X,] MKKUHYH1 TapTUOIU OYIUHTraH

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

2. n- TapTuOi HEIOTOH HHTEPIONIANHS KYyIXaauaa X" oJauaarud

KO3 UIIEHTHH TOIUHT. A) (xXp)-.(x%,)  B)fxy,...x, 1 C)F(x,)
D)1

3. I, )} Jlarpamwxuunr pynaamentan kynxaanapu {I,(x;)=1, I, (x ;)=0}

ﬁHFHHI{HCH HHUMAara TCHI .
A)l B)2 C)3 D)0

4, HproTOH nHTEpIIONALMS KYIXaAuHA KYPCATUHT
A)F(xo)+D fIXg X JOX ) (67X ) Bl 00,00 C)
k=1

a,+ax+.+a x" D) (X)) +X ... X, X] (XX o). (X=X )

S. Jlarpanx MHTEPHOJALMS KYIIXaAUHA KYpCATHHT
n
C) a,ta x+...+a X

D) f(x,)+f[Xy,....X,, X](X-X,)...(X-X,,)
6. HiobToH MHTEPNONSLMS KYTIXaAUHU KOJIUFUHHA KYPCATUHT

A) X, X XXX ). (XX ) B)f™™ (&) (x-x.)...0x--x.)  C)
(n+21)!
£9(&) h?(b-a)/12 D) -f(4)(&£) h*(b-a)/180
7. Jlarpasx MHTEPIIOIALMS KYIIXAAUHU KOJIUFUHU KYypCAaTUHT
ANTDG X, X606 B) LD ).,
C)-f@(&) h?(b-a)/12 D) -£® (&) h*(b-a)/180

8. f(0)=1,f(0.5)=0,f(1)=4 dyHKUIMS KUAMaTIapH *KaJaBaau Oepuirad. Yn3ukiu
VHTEPHOJISILUS CIUTAMHUHUHT KuiMaTy Tonuicul S, (f;0.25)="2.

Al B)2 C)0.5 D)0,4
9. f(0)=1,f(0.5)=0,f(1)=4 dyHKIMS KUHMaTIApH KagBaIH Oepuirad. Yn3mukiau
WHTEPIIOIALNS CIVIAMHUHUHT KUMMaTuy Tonuicul S, (f;0.75)=2.
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A)l B)2 C)3 D)4
10. 1 neddextnu KyOUK UHTEPIOIAIMS CIUIAMHUHUHT Y3JIYKCU3 XOCHIaaap
COHM HeuTa?

A)2 B)2n C)3n D)4n
11. bupunun TapTubnu f(x,) Xocuiaa ydyH UKKUHYU TapTUOJIN aHUKIUKIAru
YEKJIM AalMpMalIi MapKa3ui XOCWIAHU KYPCATHHT.
A) (f,-4f +3f,)/2h  B) (f.,f.,)2h C) (f.,-f)h D)(f ,-4f  +3f )2h
12.  Bupunum Taptidau f(x,) Xocuiaa yuyH UKKMHUYU TapTUOJIN aHUKIUKAArd
YEKJIM AaMMpPMalIi XOCUJIAaHW KYpPCAaTHHT
A) (fi,f)i2h B)(F,,-4f . +3f )2h - C) (f-4f,+3f,)/2h D) (f,.,-2f +f,,)/ h*
13.  Bupunum taptibau f(x,) xocuiaa yauyH UKKMHUYU TApTUOIN aHUKIUKAATH
YEKJIM AaMMpMali XOCUJIAHA KYpPCATHHT
A)(f. )20 B)(F,-4f,+3f,)2h C)(f,,-4f,,+3f,)/2h D) (f,,-2f +f,,)/ h+0(h%)
14. UWxxkunHum TaptuOam f'(x;) XOcWia yuyH UKKMHYHM TapTHUOIN aHUKJIUKIArH
YEKJIM AalMpMalli XOCUJIaH! KYypPCaTHHT.
A) (f,,-f.)>h  B)(f,-4f,+3f,)/2h C)(f ,-4f +3f )2h D) (f,,-2f +f )/ h?
15.  Bupunum taptibau f(x,) Xocuna yuyH OUpUHYU TApTUOJIN aHUKIUKAATH
VHT YEKJIM aiupMalii XOCWIAHU KYpPCATHHT.
A)(f.-f)h  B)(f.,f.)2h  C)(f,-4f +3f,)/2h D)(f, -4f +3f )/2h
16. bupunun TapTubnu f(x,) Xocuia ydyH UKKUHYM TApTUOIN aHUKIUKIAru

i+1

YEeKJIM alupManu Mapkasui (opmysa Ba KOJJAUFUHA KYPCATHHT.

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

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

17. bupunun TapTubnu f(x,) XOCHIa yUyH UKKWUHYM TapTHUOIN aHUKJIMKIAr|

i+1

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?)

18. bupunuu TapTrbau f(x ) Xocuia yuyH UKKUHYM TapTUOJIU aHUKJIUKAArd
YEKJIM alMpMali XOCUia Ba KOJAUFUHA KYPCATUHT

A) (f..,-f.,)/2h+0(h?) B) (f,-4f, +3f,)/2h+0(h?)  C)(f,,-4f ,+3f )/2h+0(h?)
D) (fi+1'2fi +fi-1)/ h2+0(h2)

19. Ukkunun Taptubau f'(x,) Xocuia y4yH UKKUHYU TapTUOIN aHUKIUKIAru
YEKJIM alupMaJii XOCWa Ba KOJJAUFUHU KYPCATHHT.

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?)

20. bupunun TapTrban f(x;) Xocuia yuyH OUpUHYU TApTUOIN aHUKJIUKAATH
YHT YEKJIM alupMalii XOCWIA Ba KOJAUFUHU KYPCATHUHT.

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

D) (f,,-4f ,+3f )/2h+0(h?)
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21. Heroton-Kotec kBagpaTypa GpopMmynanapuaa aHUKJIUK TaPpTUOW KaH 1ai.

A)n B)1 C)2 D)3
22. Tpaneuus popmynacunu kypcatunr.(by epaa S =f +..+f, .,S,=f,+..+f, ,)

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

D) -f® (&) h* (b-a)/180
23. Cumrcon popmynacunu kypcatusr. (by epna S =f +.+f, . ,S,=f,+.+f, )

A)%(fo+4sl+282+fzm) B) h(f,+2f,+..+2f,,+,)2  C)-FA(&) h*(b-a)/12
D) £ (&) h* (b-a)/180

24. Tpamenus popmynacuaa Konauk kangaii. (by epga S =f +..+f, ,
SZ :fZ *.. '+f2m—2 )

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

D) -f9 (&) h*(b-2)/180
25. CumricoH Gopmyrnacuia aHUKINK TApTUOH Ba KOJIMK KaHani?

A)5,%(f0+481+282+f2m) B) 2, h(f,+2f +.+2f +f )2 C)1, -FP(&) h*(b-a)/12

D)3, -f® (&) h*(b-a)/180 ( Oy epmaS=f+..+f, ,S,=f,+. .+, ,)
26. Hetoton Korec kBaapatypa hopmynanapu kodpuiimeHTaap KaHmam?
A)p. =int(l,(x),a,b) B)p =h[121..121]/2 C) p = h[111..111] D) p = h[142..421]/3
27. TyrputypTOypuakiap kBajaparypa popmynanapu kodPphuiiueHTaap KaHmaam?
A)p, =int(l.(x),a,b) B)p=h[121..121]/2 C) p = h[111..111] D) p =h[142..421]/3
28. Tpamenius kBagparypa dpopmyrnanapu kodhdunueHTIap KaHaam?
A)p. =int(l.(x),a,b) B)p=h[121..121]/2 C) p = h[111..111] D) p =h[142..421]/3
29. CumricoH kBaapatypa popmynanapu kodphuiiueHTaap Kanaai?
A)p, =int(l.(x),a,b) B)p=h[121..121]/2 C) p = h[111..111] D) p =h[142..421]/3

30. YeOrnmmes kBaapatypa Gopmynanapu kod3GhUIHSHTIAP KaHaak ?
A)p, =int(l.(x),a,b) B)p=h[121..121]/2 C) p =[111..111] D)p=h[142..421]/3

141 1 2 5 6 7 8 9 10

TAD |11 12 13 14 15 16 17 18 19 20

™" 21 22 23 24 25 26 27 28 29 30
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5 cemectp 2-OH
Nutepnossanus
l.MaTepnionsnus Macanac.
2.K¥ynxannap OuiiaH HHTEPHOJSALMSLIIALIT
3.bynunran aiiupmaiap
4 HpI0TOH MHTEPHOJISALUS KYTIXaau
5.Jlarpanx UHTEPHOJIALMS KYTIXaIH
6. Hpr0TOH MHTEpHOIALMS KYIXaAu KOJIAUFU
7. Jlarpanx MHTEPNOIALMS KYTIXaIUHUHT KOJIUFU
8. CrutaifHIapHUHT TabpUPH
9.Yu3ukm Ba mapaboJIMK CTUTAHIIAP
10.Kybuk craitn
Takpubuii qud depeHnmnamian
1. Takpubwmii nuddhepeHnraiam Macaaacu

. O(x,) xocHna yuyH YHr GUpPHHYM TAPTHOIH YEKITH aiilPMaIH XOCHIIA
. FO(x) xocuma yays uan GupHHIK TAPTHOTH YEKITH AiMPMAIIH XOCHIIA

. FO(x) xocnma yuays mapkasuit GupHHUM TAPTHOIN YCKIH aifMPMATH XOCHIIA

2
3
4
5. f®(X,) xocuma yuyH yHr yerapaBuii GUPHUHUH TAPTHOIN YEKIN ARMPMAITH XOCHIA
6. f@(x,) xocuna yuys yan uerapasuii GHPHHUH TAPTHONM YSKIH AHPMAITH XOCHIA
7. £P(x) xocuma yays Mapkasuii HKKHHYH TAPTHOIN YSKTH ailipMay XOCHIa

8. fO(x,)~ NP (x,) Taxpubuit mupdepennuamtam Gopmynacu

9. fP(x)~N{P(x) rakpubuit nuddepenrmamant GopMyracu

10. fO(x,) = NP (x,) Taxpu6uii muddepenmmamam Gopmynacu

Taxpubuii nHTErpaIa
1. TakpuOuii uaTerpasIam Gopmynacu

2. Heiotou-Korec kBaapatypa dopmymacu I, (f)
3. Hetoron-Korec kBagparypa GpopMyInacuHUHT KOJAUFU

b £ (n+1)
LN (f) = J‘ﬁ(x— Xy).-(X =X, )dX

4. Tyrpu TyprOypuamap dopmymacu J;' (f)

5. Ty¥pu yprOypuaxmap dpopmynacuuunr komguru I (f)=h’f@(£)/24

6. Tpanenusuiap popmynacu J, (f)

7. Tpaneuusiiap popmyracuunsr kommuru I, (f)=-h*f @ (£)/12

8. Comna Cumncon popmynacu JS (f)=h(f, +4f +f,)/3,

9. Comna Cumrcon dhopmynacuunsr kommurn Io () =—h*f®(£)/90

10. Mypaxka6 Cumricon popmyiacu Ba yaunr komurn J () =h(f, + 40, +20,+ f,.)/3,
r(f)=-h"f®(£)/180

MvyHIapukara
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Nnosa 4
MaremaTuk cucTEeMaJiap
1.3aMoHaBHi MaTeMaTHK JacTypJiap AacTach XaKuaa.
2. MaremaTuk mmporpammariap.
3. Matchad mporpammacu xakuja.
4. Matchadnan ¢origamanumnn acociap.
5. Matchadna cranmapt MacanajiapHy €4HIIL.

1. MaremaTuk Ba WIMUN XUCOOJIAILIAP MIAXCUM KOMIBIOTEPIAPHUHT SHT
OoupuHum Bazudacu 6ynubd kenran. Kynmuaga 6omka han MyTaxaccuciiapu
KOMITBIOTEp/Ia Macaja €4t yuyH (akaT JacTypianl THUIapuaad oupuaa,
MmacanaH, [lackans, ®optpan, beiicuk, Jlendu, nactyp Ty3u kepak aed
Vitnamaau. Adcycku, OyHnaii smac. Xo3up Gpupmaiiap TOMOHUAH IIyHIaH
mporpamMmaiap Uiuiad YMKWITaHKy, yaap/ia Typiau XUl MacajalapHu JacTyp
Ty3Mac/Jlad €4ulll MyMKHH. byH1ail mporpaMmaiap X03Up LIyHIal KyII
SApaTUITaHKH, ylaap Xumus, Gu3nKa, MeXaHuKa, UKTUCOAUET, YN3MAUUITUK Ba
OolIKa coxanapaa xaM MaBxKy/l.

2.AnbatTa, 9HT KYTI TapKaJiraH mporpamMmaiap-MaTeMaTuK
nporpammanapaup.Xo3up aynéna Matchad nan tamkapu Matematika, MatLab,
Maple, SWP, Derive, TK!Solver kabu nporpammanap mapxya. borika
coxamapnaa sca: QSP, TORO, LINGO,AMPL,Excel (;kapaéHnap TaaKUKOTH),
GPSS(monemmamtupuin), LateX (Makonanap Taiépinam), Visio(UM3MaulIvK ),
AutoCad mammHaco3uK) Kabu rmporpaMmmanap MaBxKy/l.

Matematika-sHr Kyuu MaTemMaThkara SKMHpPOK rmporpamma, — MatLab
(Mathematic Laboratory)-umnsukim anreOpa Macanajgapy yayH MyJDKaJlJIaHTaH
nporpamma, Maple-keHr KaMpOBITH TYpJIM XUJT MacalajlapHU €UuIll yUyH
Mmyipkautanran nporpamma, SWP(Scientific Wook Place)-onuMmaauHT uin ypHwu,
WJIMHUM MacajajlapHu €4l YUyH MYyJDKaJUIaHTaH [mporpaMmma.

3. Matchad nporpammacu 1986 #iwim sipatiiiran Ba Tooopa
TakoOMUJUTAIKO 00pPMOKIA.

Xo3up Matchad épnamuia KaTopJiapHUHT WHFUHIWIAPUHN XUCOOJIAIIL,
JIUMUT, UHTETpaIuIap, Pyprwe, Jlanmac anMamTupuiuiap, XOCUiIalapHu
xucobuai, rpaduKiIap Yu3uill, Oup Ba OUp HEYa HObMATYMJIA YU3UKJIU Ba
YH3UKCU3 TEHTJIaMajlap CUCTEMAaCHHU €YHII, IETEPMHUHAHT, TECKapy MaTpPHUIIa,
X0C coHIap Ba xoc BekTopiapHu xucoodnam, OJT yuyn Komm Ba yerapa
MacayajapHy €4HMIl, XyCyCui Xocmianu nuddepeHiman TeHraaMmatapHu
TaKpuOUii euui (TYp yCyauaa), MHTEPHOJSIUS MacalaCHHU €UHIll, SXTUMOJLIap
Ha3apHsICH Ba MATEMAaTUK CTATUCTUKAHUHT CTaHJAPT MacajlalapuHU €4YHIl KaOu
UILIapHA OCOHTHHA MPOTrpaMMa Ty3MacAaH euuil MyMKuH. dakatruna,
macananu Matchad HuHr MaTemarukara SKUH OYITaH THIMA KYsI OJIHII Kepak
BA €YMMHHU Cypalll KEPAK X0JIOC.
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4. Matchad ma Macana equnn yayH YHUHT KypoJuiap MaHeuIapuaaH EKu
MeHIoJapuaaH GorganaHuin Kepak. DHT OCOHU KypoJuiap MaHeuapuIaH
doiinanaaui. Acocuii KypoJiap aHEIWHN KenTHupaMu3. Y 1apHUHT coHn 10
ta.Pacmia kenTupuiaran TapTudaa TaHUIIIAMHA3:

1)Kypomnap manenu Math-acocuii Kyposuiap nmaHenu, KoJraHiap 1ry
epaan ounnany, 2) Kypomnap nanenu Matrix-maTpuiia Ba BEKTOpap KCTuaa
amaiutap 6axapysun, 3) Kypomnap nanemu Evaluation-xuco06:manr
orepaTopiiapu nanenu, 4) Kypomrap nanenu Boolean-matukuit amamiap
nanenu, 5) Kyposmrap nanenu Calculator-kanpkynarop nanenu, 6) Kyposap
nanenu Graph-rpadukiiap Yu3uin IMKOHUSTHHA OepyBUM naHenb, 7) Kyposrap
nanenu Calculus-maTtematuk ananu3 manenu, 8) Kyposiap nmanenu
Programming-mporpaMmMa Ty3HIII y4yH 3apyp oneparopiap, 9) Kyposiap
nanenu Greek-rpek xapdaapu nanenu, 10) Kyposnap nanenu Sumbolic-
CHUMBOJUTH XUCOOJIanuIap maHesu.

MatemaTrk XpucoOmanap/a Kypoyiap NaHeId UIUIATHIA A,

-* Mathcad Professional - [Untitled:1]

@ Eile Edit Yiew Insert Format Math Symbolics Window Help - 8 X
DEed &Y fio B = P A 100z v B R
|N|:urmal jl.-‘l'«rial jl‘lﬂ j B 7 U |=E = = | :i=i=
+ L
Boolean
[EEE] o || = =2 = = = = = =
m MY M men — == fx = — A R -
§e% #xi Eu xf xfy xfy
Calculator E3)] Graph
nl i omen = =]
In &* =1 =" e
log ™ () »* [
tan 7 8 9 / -
PR Symbolic [x]
CoS =
] — m— tModifiers
sin 1 2 3 +
float complex assume
= ] — =
e [N I
factar expand coeffs
fu] g
i —————— gy 8 4 collect series parfrac
D8 L ok A K
AddlLi - foutier laplace Zirans
ine T
i ih . ¥ £ ® S invfourier  invlaplace invetrans
i otherwise
oW %W W HT N ] —
for wehile M BT A E Z
hreak continue Ha [ K A M
return an errar N = O Il F =
T % & = ¥ &2 hd
< >
For Help, press F1 ALUTO Fage 1
MyHpaapuxara
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