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HPEANCJIOBHUE

Hacrosinme Metoauyeckue peKOMEHJaluy aipeCOBaHbl CTYAEHTaM, MMOJTy4YaroliM
KBauuKauio OakamaBp mo HampasieHusM moAroToBku:. 44.03.05Ilemarornyeckoe
oOpa3oBanue (C JByMs TNpPOPWIIMH TOATOTOBKM),  mnpoduan: «Maremaruka WU
Nudopmatuka», «Marematuka u @Dusuka», «lexHomorus u HMHpopmaTuka»,
«Muadpopmaruka u Dusuka»; 44.03.01 Ilegarornueckoe obOpa3oBaHue, MNPOPUIH:
«Marematuka», «JHpopMaThka» U HampaBi€Hbl HA OKa3aHHE IMOMOIIM CTyACHTaMm B
OpraHu3alny HauboJiee palMOHATBLHOIO U3yYeHUs Kypca «HucaeHHbIe METOIbI».

YuclieHHbIE METOJbl — pasliel BBIYUCIUTEIHHOM MaTEeMAaTHKH, W3yYarolIui
NPUOJIMKEHHBIE CTIOCOOBI PEIICHUS] TUIIOBBIX MaTEMATUYECKUX 3aJ]1a4, KOTOpbIe MO0 HE
pemaroTcs, 1100 TPYAHO PEMIAlOTCS TOYHBIMU aHATUTUYECKUMHU MeTofamu. [Ipumepamu
TUMOBBIX 3aJlay SIBJIAIOTCS YHUCIECHHOE PEIICHUE YPAaBHEHUW M CHCTEM YpPaBHEHUH,
qyuCJIeHHble TudPepeHIIupoBaHNE U UHTETPUPOBAHKE U JP.

[enpro U3ydeHuss NUCHMILUIMHBI «YUCIEHHBIE METOABD SIBIsETCA (HOpMUpOBAHUE
MaTeMaTUYECKON KOMIETEHTHOCTH, OCHOBAaHHOM Ha MWCCJIEJOBAaHUU MaTEMAaTHUYECKHUX
MOJENCeH, W3YyYeHUH W TPUMEHEHWHW METOJIOB BBIUUCIUTEIHLHON MAaTEMAaTHKH,
peanu3alnuu METOJI0B C UCTIOJIb30BAHUEM aJTOPUTMU3AIUMU U TPOTPAMMHUPOBAHUS.

J71st TOCTUKEHUS MTOCTABIEHHOM 1IN HE00X0AUMO c(pOpMUPOBATH Y CTYACHTOB!

1) cucteMy B3HAHHMHA YHCICHHBIX METOJIOB alreOphbl, TEOPHH MPHUOIHKCHUIH,
METOJIOB YHUCIIEHHOTO TU(PdEepeHIIMpOBaHUS U UHTETPUPOBAHUS;, YUCIECHHOIO PEIICHUs
OOBIKHOBEHHBIX mudepeHIaIbHbIX ypaBHEHUH; YHUCJIIEHHOTO perieHus
mudepeHMaIbHBIX ypaBHEHUN B YAaCTHBIX MPOU3ZBOAHBIX B €CTECTBEHHOHAYUYHOM
0o0pa3oBaHUM OyIyIIETO YUYUTES;

2) HaBBIKOB, yYMEHHH M  TOTOBHOCTH  WCIOJB30BaHHUSA B  OyayIIeH
npodecCHOHAIBHON JeATEeIbHOCTH MOJYYEHHBIX 3HAHUHN Kypca «HHUCIIEeHHbIE METOABI».

[Iporpamma u3ydeHusi kypca «HuciieHHbIE METOABD» pa3paboTaHa Ha MOJIYJIbLHOU
OCHOBE. YueOHasi TUCIUIUIMHA pa3/iesieHa Ha YEThIPE OCHOBHBIE CTPYKTYpPHbBIEC €MHUIIBI,
MPEJCTABISIIONIAE JIOTUUYECKA 3aBEpUICHHbIC, WH(OOPMAIIMOHHO ¢  METOJIMYECKU
oOecrieueHHbIE OJIOKH, Ha3bIBa€Mble MOJYJISIMHU, KaXKIbIi U3 KOTOPBIX BKIIOYAET B CEOs
HECKOJIbKO YUYE€OHBIX 3JIEMEHTOB.

B meronuueckue pekoMEeHJAlMU BKIIOYEHO: OCHOBHBIC TEOPETHUECKHE CBEICHUS,
IMPUMCPLI PCHICHHA THUIIOBBIX BaﬂaHHﬁ, BAapUaHTbl MHIAWBUAYAJIbHBIX BaHaHHﬁ, METOANYECKUC
pPEKOMEH/IAIMM K BBIMOJHECHUIO HMHMBUAYAJIbHBIX 3aJaHUi, KPUTEPUU OLEHKH Y4eOHOM

ACATCIIbBHOCTU CTYACHTA, CIIMCOK OCHOBHOH U HOHOHHHT@HBHOﬁ JIMTCPATYPHI.
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TeopeTudeckue CBECHUS U MPUBEIACHHBIC TPUMEPHI PEIICHUSI HEKOTOPBIX 3aaHui
MpeJICTaBlIeHbl B 00bEeMe, TOCTAaTOYHOM ISl OATOTOBKH K MPAKTUYECKHUM 3aHITHIM M
BBITIOJTHEHUS] UHUBUIYAJIbHBIX 3a/IaHUMH.

Takum oOpa3oM, JaHHbIE METOAMYECKHE MaTepHayibl IO3BOJISIOT TOJYYUTh
CTYJCHTY IIEJIOCTHOE TMPEJCTABICHUE O COJEepKaHUU Kypca “UHCIEHHBIE METOJbI ,
MOJTOTOBUTHCA K MPAKTUYECKUM 3aHSITUAM IO COOTBETCTBYIOIIUM TEMaM, YCIEIIHO
BBITIOJHUTh UHJIMBUAYAJIbHBIC 3a1aHUsl. MeToIMYeCKUe peKOMEH Al MOTYT OKa3aThCs
MOJIC3HBIMU TIPW HAINMCAHUU KYPCOBBIX M BBIMYCKHBIX KBaTU(PUKAIIMOHHBIX pabdoT, a
TaK)Ke MPU MPOXOXKICHUH IPOU3BOJICTBEHHOM (IIeAarornyeckoil) MpakTHKA B CTAPIIHX
Npo(PUIBLHBIX Kiaccax.

1. YUCJIEHHBIE METO/bI AJITEGPBI

1.1. Metoanbl penieHusi HeJTUHEHHBIX YPaBHEHUI

Omoenenue KopHeii HeJIUHEUHO20 YPAGHEHUS

BONBIIMHCTBO HEJIMHEWHBIX YPABHEHUN C OJHOW MEPEMEHHOM HE PEIIAETCS MyTEM
AHATUTUYECKUX MpeoOpa3oBaHMil, MOITOMY Ha MPAKTHUKE WX PEIIAIOT YUCICHHBIMU
MeToJlaMH. PeluTh Takoe ypaBHEHHE — HTO 3HAYUT YCTAHOBUTH, UMEET JIM OHO KOPHH,
CKOJILKO KOpPHEW, M HANTHU 3HAYEHUE KOPHEU C 3aJJaHHOW TOYHOCTBIO.
3anuueM HEJIMHENHOE YPABHEHHE B BUJIE:

F(x)=0, 1)
rae F(X)ompeneneHa u HenmpepbIBHA HA oTpe3ke [& [ .

[TepBbIii 3Talm YMCIEHHOTO pelreHus ypaBHeHus (1) cocTOUT B OTHIEICHUM KOPHEH,
T.€. B YCTAaHOBJIEHHHM JOBOJIBHO «MaJIbIX» MPOMEKYTKOB, COJIEPKAIIUX TOJIBKO OJIUH
KOPEHb.

OtneneHve KOpHEW BO MHOTHX CiIydasX MOXHO TMPOU3BECTH TpaPUUECKH.
JleiicTBUTENbHBIC KOpHU ypaBHeHHS (1) —3TO TOoukM mepecedeHus rpaduka (yHKIUU
F(X) ¢ ochro abcumcc, AOCTAaTOYHO MOCTPOUTh rpaduk F(X) m orMernth Ha ocu OX
OTPE3KH, COJIEpKAIIUE 10 OJJHOMY KOPHIO.

[Tloctpoenue TpapuKOB ymaeTcs YHOPOCTHTh, 3aMeHUB  ypaBHeHue (1)
PaBHOCHIILHBIM €My ypaBHEHHEM. f (x) = f,(X).

B stoMm ciydae crpositcst rpadguku pyHkuui f(x) ¥ f,(x), a morom Ha ocu OX
OTMEYAIOTCS OTPE3KH, COAEPIKAINEe a0CIIMCCHI TOUEK MePeCceueHUs dTUX TpaduKoB.
['padraeckoe oTaeneHne KOpHEH HEOOXOAMMO MOAKPENUTH BHIYUCICHUSIMMU:

1) ecu HenpepbiBHas Ha [ b (yHkmms F(X)mpuHMMaeT Ha e€ro KOHIAX 3HAYCHHS

pa3ubix 3HakoB (1.e. F(a)[F(b) <0), To ypaBHeHue (1) ©MEET HA 3TOM OTPE3KE IO
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MeHblel Mepe 1 KopeHb;
2) ecim pynkus F(X)emie u cTporo MOHOTOHHA, TO KOPSHb Ha [&; b eaMHCTBEHHBII.

Jlns otnenenust kopHed MoxkHO 3 dexkTuBHO ncnoab3oBath [1K. IlycTh Bce kopHU
ypaBHEHUs HaXoIsaTcs Ha oTpeske [A B|, B kotopom F(X) ompeneneHa, HempepbiBHA U

F(A)[F(B)<0.TpeOyercst OTAEIUTh KOPHU YpaBHEHHWs, T.€. YyKazaTh BCE OTPE3KHU
[ab O] A B, comepxamue 1mo oAHOMY KOpHIO. byjaeM BbluucHATh 3HaueHus F(X),
HaYWHas ¢ TOYKKM X= A JBUTasCh BIPABO C HEKOTOPHIM MIAaroM h 10 TeX mop, Moka He
noiieM 110 koHna orpeska [A B]. Kak Tonbko 00OHApYy>KHUTCS MMapa COCEAHUX 3HAUEHUU
F(X), uMeromux pa3Hble 3HAKHA, TO COOTBETCTBYIOIIME 3HAUYECHUS apryMEHTa X MOXHO

CUMTATh KOHIIAMU OTPE3Ka, COAEPKaIlero KopeHb. Pe3ynbTaToM pelieHus 3ajaadd OyayT
BBIBOJINMBIC Ha TI€UaTh B ITUKJIC 3HAYCHUS MapaMeTpOB X, X, (KOHIIOB BBIICICHHBIX
OTpe3koB). 3HaueHus h JTOHKHBI OBITH JOCTATOYHO MAJIBIMH.

[IpenctaBuM MOpOrpaMMHYK0  pealu3alvio  JaHHOTO METOJIa Ha  SI3BbIKE
nporpamMmmupoBanus Pascal. PaccmorpuM mpumep 3agaur, B KOTOpOH HE0OXO0IMMO

X
BHIOpaTh OTPE3KH, cOjepKallhie KOpHH ypaBHeHus: F(X)= X — ©2, 3a/aHHOrO Ha
uHtepBane [—4;4]. g sToro, HaunHas ¢ HA4aJIbHOTO 3HAYEHMS, HEOOXOIUMO CMEIaTh
orpe3ok jumHONH h=0.1 B UKIIe U KOXKABIA pa3 aHAIM3UPOBATh 3HAYCHUS (QYHKIIUU Ha
KOHI[aX 3TOro oTpe3ka. KopeHb NpucyTCTBYET, €CJIM 3TH 3HAUYCHUS PA3HOTO 3HAKA.
Oynkuust F(x) MeHseT 3Hak Ha oTpeskax:[—1.5;—-1.4], [0.8;0.9], noaTomy KOpHU

YpaBHEHHSI HAXOIATCS Ha OTHX OTpe3kax (puc. 1).
Memoo npocmoit umepayuu
3amenuM ypaBHeHHE (1) paBHOCHIIBHBIM €My YPaBHCHUEM:
x=f(X). (2)
Ilycte y—xopeHp ypaBHeHHS (2), a x,-TOJydYeHHOE KaKHM-JIHOO CIOCcOOOM
npuOIIKeHne K KopHio ). IlogcraBum x, B mpaBylo 4YacTh ypaBHeHUs (2), TOIXydnM
qucio x, = f(x,). [IpoxenaeM 1o ke camoe ¢ x, noiy4daeM x, = f(x) # T.X. IIpumenss
COOTHOILIEHUE X, = f(x ), 00pa3yeM 4HCIOBYIO IIOCIEA0BATEILHOCTD:
Xos Xyeees Xy 1ens (3)
KOTOPYIO HAa3bIBAIOT UMEPAYUOHHOU NOCIE008AMENbHOCHbIO.
Ecmu mocnenoBarenbHOCTh (3) cxomutes, a pyHkiusa f(X) HempepbIBHA, TO MpeEALIT

ocIeI0BaTeNIbHOCTH (3) SBJIIeTCS KOPHEM ypaBHEHUs (2).



(25 pascalABC.NET
®ain Mpasxa Bug Mporpamma Cepeinc Mogynu MomMows

DEHS B9 o aEE=gE 5EE

s

" eProgram1.pas”® [3anywen] |/Program2.pas |

program roots separation;

jconst h=0.1;
{fonection f{x:real) ireal;
begin

fi=sgr(x)—-exp(-x/2);
end;

mar a;bireal;
vl,y2:real;
begin
Writeln ('Samaiire xosum orpesxa [a:b]');
Readln {a,b):

yl:=f(a);
while a<=k do
begin
br=a+h;
y2:=f(b):
if yi*y2<=0 then writeln (' Kopedks HaxXomMTcs Ha oTpelke[',at4:1,',',b:4:1,'1"'}):
a:=b:
y_,-zy:
end
end.
<
OkHo BElBOAG
SamaiiTe KOHUH oTpe3ka [a;b]
e -
Kopens HaxomuMTchE Ha orpesxe[-1.5,-1.4]
Kopess HaxomMTca Ha orpesxe] 0.8, 0.9]

Puc. 1.Tlonck otpeska B PascalABCgonepxartiero KopeHb ypaBHEHHSI
Jocmamounvble ycnogus cxooumocmu umepayuoHHo20 npoyecca

[Tycte ypaBHeHue (2) MMeeT €IUHCTBEHHBIM KOpeHb Ha oTpe3ke [ab w
BBITIOJIHCHBI YCIIOBUS:

1) f(x)omnpenenena u nuddepennupyema Ha [& b ;

2) f(X)O[a d s ecexx[a g ;

3) cylecTByeT AEHCTBUTEILHOE YUCIIO (, UTO ‘f'(x)‘ < Q<1 g Becex xO[a .

Torma wrepalMoHHAs TMOCIENOBATEIBHOCTh X = f(X_,) CXOOUTCS TpU JHOOOM
HayaJabHOM wieHe X, [ & b .

VYpaBuenne (1) mpuBegemM K wurepalioHHOMy Buay (2), 3aMeHHB ero
PaBHOCHIIbHBIM ypaBHeHHEM: X = X— MOF ¥, m# 0, rie m — KOHCTaHTa.

Tornma w3 ypaBHenus (2): f(X)=x-mOR %Y. duddepenuupyem mnocneanee
paBeHCTBO: f'(x) =1- mOF (x). it TOro, 4ToObl BHINOJHWINCH JOCTATOUYHBIE YCIOBUS
CXOAMMOCTH HWTepamuoHHOro mpouecca, T. e.|f'(X)|=[1-mIF (X< o<1, nocrarouno

nogoOpaTh M Tak, YTOOBI JIJIst BCEX X oTpe3ka [& [ 3mauenue mF'(x) <1. Haitmem m 1o

dopmyne: m== , 3HaK 4KClia M BBIOMpPAEM U3 BTOPOTO YCIOBHUS CXOJAUMOCTH.

1
m%AF ')

[&

J7ist py4HBIX BBIYMCICHUM KOPHSI IO METOJy UTE€pALlUid UCTIOIb3YEeTCs TaOauIa;

7



X, X1 = T(%) X0 = X

X X = f(%) % = %

X, X, = () %, = X

JIise HaxOXICHHUS KOpHS ypaBHEHHs (2) METOJIOM HUTEepaluii ¢ TOYHOCTHIO &
HYHO TPOJIOJKUTh UTEPALINU JO0 T€X MOP, OKA HE OYJIET BBINOJIHEHO YCIOBUE!

£ll-q)

X1 = X[ s —— :

r7€ £ —3aJaHHasi TOUHOCTh BBHIYUCIICHUSI.
Memoo nonoeunnozo oenenus
[Tycte ypaBHenue (1) umeer Ha oTpe3ke [ab] eIMHCTBEHHBIH KOpEHB, MPUYEM

bynkiusa F(X) Ha 3TOM OTpe3ke HenmpephiBHA. Paziaenum otpe3ok[a b momonam Toukoi
a+b _
c= — Ecmu F(c) #0, To BOBMOXHBI 2 clTydast:

1) F(X) menster 3Hak Ha[& d ;2) F(X) MeHseT 3HaK Ha[C; b .

BriOupast B KaKI0M CiIydae TOT U3 OTPE3KOB, HAa KOTOPOM (YHKIIMSI MEHSET 3HaK, U
IPOIOJDKas TPOIECC MOJOBHHHOIO JEACHHS JalbIe, MOKHO JOWTH J0 CKOJb YIOJIHO
MAaJIOro OTPe3Ka, COAEPIKAIIETO KOPEHb YPaBHEHHS.

Ecim F(a)[F(c) <0, to momaraem b = C, B mporumBHOM ciydae, & = C. Jliusa
HaXOKJIeHUS KOpHS ypaBHeHHs (1) METOIOM IOJIOBUHHOIO JEICHUS C TOYHOCTHIO &
HY>KHO MPOJO/UKHTH HTEpalldd [0 TeX Iop, II0OKa He OyJeT BBIIOJIHEHO

yCJIOBHE:. |b - a| < 25, rac € —3aaaHHasd TOYHOCTH BBIYHCIICHU.

a+b
Kopens ypaBHeHUs HaiijieM 1o Gpopmyre: X = —

[IpeacraBuM MpPOrpaMMHYIO peau3aliil0 METOoAa JEJEHHs OTpe3Ka IomnoJjam

ypapuenns F(X)=X -e? ¢ Tounocteio € =0.0001 Tporpamma division,

peanu3yromias aaropuT™, IpuBeeHa HUKE Ha PUCYHKE 2.



B PascalABC.NET [ pascalABC.NET

©alin  Mpaska Bua Mporpamma Cepsuc  Mogynn  MMowmows ®afin  Mpasxa Bua MMporpamma Cepsuc  Momymu  MMomows
DEJd@ BlooegaDlogEs=gELisda B9~ EE|» 8 E|Es|T
Program1.pas ]/Program?_.pas)/-Programlpas*l Program1.pas }/Pru:ugram?_.pas)/oPrqgramlpas*
program division: program division;
const e=0.0001; const e=0,0001;
war x,al,blireal; wvar x,al,bl:real;
yvl,v2,yv:real; vl,y2,yv:real;
begin begin
al:=-4; al:=0;
bl:=0} bl:=4;
vl:=power (al,2)-exp(-al/2): v1l:=power (al,Z)-exp(-alfl):
v2:=power (bl,2)-exp(-bl/2); v2:i=power (bl,2)-exp(-k1/2);
while zbs(kl-al)>Z%= do while abs(kl-al)>2Z*sz do
begin begin
x:=al+(bl-al)/2; xi=al+ (bl-al)/Z;
vi=power (x,2) -exp (-®/2); vi=power (x,2)-exp(-x/2);
if yl*vy<0 then kl:=x else ali=x; if yl*y<0 then kbl:=x else al:=x;
end; end;
writeln (' wopesHs ypabBHesEmA x=', (al+bl)/2:6:4); writeln (' KoOpEHE VpaBHeHMA X=", (al+bl)/2:6:4);
end. end.
£ <
OEHO BRIBOAR OkHo BbIBOAA

KOpeHE YVPpaBHeHME X=-1.429%96 KOpeHE ypabHeHuA x=0.28156

Puc. 2. Peanuzauus B PascalABGuerona nmogoBUHHOTO JIEIEHUS
Memoo Horomona (kacamenbHuix)
ITycts xopens ypaBHenus (1) nexxut Ha [a 1] . Bosemem Ha [al] Takoe x,, mpu
KOTOPOM F (X,) MMEET TOT K€ 3HaK, 4TO U F"(x,), T.€. F(x,) (F"(x,) > 0.
IIpoBenem B TOouke M (x,; F(X,)) KacarejpHyro K KpuBod Y=F(X). 3a

NpUOIMAKEHHOE 3HAYEHUE KOpHS MNpUMEM alCHHUCCy TOYKM TEPECEUYEHUsl HSTOU
KacatelbHOU ¢ 0chio OX. DTO NMpUONMIKEHHOE 3HAYCHHUE KOPHSI HAXOUTCS 110 hopmyTie:

_, _F(%)

[IpuMeHUB 5TOT IpYEM BTOPUYHO B TOUKE M, (X; F(X,)), HAauAeM:

_y - F()

=X —— - HT.JI.

SCY
B o0miem ciiyuae, umeem:
_. _F(x)
Xn X’l—l F’(Xn_l) '

[TosydeHHas MOCIENOBATENBHOCTD Xy, X, %, ... IMEET CBOMM IPEIECIOM HCKOMBIN
KopeHb. lIporecc mpomomxaeM 10 Te€X MNOpP, MOKa HE OYAET BBHIMOJIHEHO YCJIOBUE!

|)<n - )§1_1| <¢&,€— 3amaHHas TOYHOCTh.



1.2. Metoabl penieHUs1 CUCTEM JIMHEHHBIX ajiredpandyecknux ypaBHeHHH
Memoo I'aycca (cxema eOurncmeennozo oenenusn)

HYCTB JaHa cucreMa n JII/IHCI\/’IHBIX aJIFC6paI/I‘{€CKI/IX ypaBHCHI/Iﬁ C NHEU3BECTHBIMU.
(X, + a,%*...+ &, %= b

a21X1+a22X2+"'+ a:h )S: bZ’ (4)
ayX+a,%t..+a,%=h

B ocnoBe MCTOJAa JICKUT HACA ITIOCICAOBATCIBHOI'O HMCKIIOYCHHSA HCU3BCCTHBIX.

CymecTByIOT pa3iauyHbIE BBIYMCIMTENBHBIE CXEMBI, PEATU3YIOIIUE 3TOT METOL.
PaccmoTpuM OZHY M3 HMX — CXEMY €QMHCTBEHHOI'O JEJIEHMs. PydHble BBIYMCIICHUS I10
CXE€M€ €IMHCTBEHHOI'O JEJEHUs yA00HO OQOpMIISITH B BHJAE CHELMAIBHON pacueTHOM
Ta0NUIBl, B HEW OCYIIECTBISIETCS OpsAMOM Xon Mmeroaa ['aycca — mocienoBarenbHOE
UCKITIOYEHUE HEW3BEeCTHHIX. [IpuBenemM mpumep Takoil TaOMUIBI AJISE CUCTEMBI U3 3-X
JMHENHBIX YPABHEHUH ¢ TpeMs HEM3BECTHBIMU. 3/1€Ch 2 — CTOJIOEI] KOHTPOJIBHBIX CYMM,
S— cronben; CTPOYHBIX CYMM. OTH CTOJOLBI OCYIIECTBIAIOT KOHTPOJIb Haj
BBIUMCIICHUSIMH, 3HAYCHUS B HUX JIOJDKHBI TPAKTUYECKH COBManaTh (Tabmuma 1).

. L,
DIIEMEHTBI TaOJHUIIBI «CO MITPUXaMu» Beraucistores mo gopmyne: K'=k-p, Up,

31€Ch K'— BBIUMCISIEMBIN 3JIEMEHT HOBOTO paszzena; K — COOTBETCTBYIOIIUMU 3JEMEHT
NpEeABIIYIIETO pa3liena, [,— BEpTUKalbHAas MpoeKIius 3yeMeHTa K (HaxomuTcs B

BBIJICICHHON CTpPOKE); [),— FOPU3OHTANbHAS TPOCKIWs 37MeMeHTa K (KpalHWid JeBBIN

3JIEMEHT CTPOKH).

OOpatHbIii X0 MeToaa ['aycca COCTOMT B HAaXOXJICHHWW 3HAYCHUIH HEU3BECTHBIX,
KOTOpBIC ONPEACIAIOTCA W3 BBIACICHHBIX CTPOK TaOJMHUIBI IMyTeM COCTaBIICHUS
ypaBHEHHMI (B 00OpAaTHOM IOPSIIKE).

JIOBOJIBHO YacTo, W3-3a OKPYIJIEHUH, pPe3yNbTaT PEIICHUS CUCTEMBI COACPIKUT
BBIUMCIIUTEIBHYIO TOIPEIIHOCTh. 3HAYCHHS Pa3HOCTEH MEXIy CBOOOIHBIMU YJICHAMHU

cucrembl Q,i=1,N u pesynpraramu MOJACTAHOBKM B YPaBHEHHUS CHCTEMbI HAMIEHHBIX

3HaueHuit HemsBecTHBIX B ,i =1,NHasbBator Hes3kamu: & = —B,i=1,n

Memoo npocmoii umepayuu
[Tepennmem cucremy (4) B Bue:
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X =apXtapXto a5+ 6,
X, A Xt A X0 a4+ B, (5)

Xn :anlxl+an2X2+"'+anan+ bn

Bri6paB HavanbHy0 TOUky X = (xlo, X, >{$), MOYKHO TIOCTPOMTH UTEPAIMOHHYIO

IMOCICA0OBATCIBHOCTD TOUCK N — MEPHOT'O IPOCTPAaHCTBA.

XO x®  xm (6)
Tabmuna 1
X, X, X3 b > S
all a:I.Z a:l.3 b.‘I. Z1 = a11 + a12 + a13+ bl (1)
a
a;1_ a22 a23 b2 z2 = a21 + a22+ a23+ b2 (2)
Z:3 = a3l+ a'32+ a33+ bE
ay, as, b, (3)
1 | ap/an| as/ay b/a, S = % s=l+a,/a,*+| (1)
1 a,/a,th/a,
&, s b, 25 S,=a,ta,th, (2’)
S, =a,+a, +b,
as, ay, b; P (3)
1 | &/%| b/a, X5 S, =1+a,/a,t | (27)
b/a,
"3 b:;' 23" Sg :a,;,'3+bg (31’)
1| bya, 5" sy =1+m/a, | (37)

[Tpu ompeneNeHHbIX YCIOBHUSAX IOCIEAOBATEIbHOCTh (6) cxomuTcs U €€ mpenen
SIBJISIETCS PEIICHUEM CHCTEMBI.

BreneMm omnpeneneHue.

Oyakuio o(X, Yy), ONpenesiony0 PaCCTOSHUE MEXKTy TOUYKAaMH XU Y MHOXKECTBA

X , HA30BECM Mempukoii, CCJIN BBITIOJIHCHDBI YCJ'IOBI/ISI:
1) p(x y)=0,
2) p(x,y)=p(y %,

11



3) p(X,¥)=0 < x=y,

4) p(x,y)<p(x 2+ p(3z Y.

[Ipy mnpakTHYeCKOM NPUMEHEHUM METOJa HTepaluid yaoOHO paccMaTpuBaTh
CHUCTEMY JIMHEMHBIX YPABHEHUM B IPOCTPAHCTBE C OJHOU U3 CIEAYIOIIUX TPEX METPUK:

1) pi(x,y)=maxx -y,

I<isn

2) oy (X, y)=i\x -y

3) p(xy)=

Jlis Toro d4roOBI mMOCaeaAOBaTeabHOCTH (6) Obla CXOASIIEHCS, JTOCTATOYHO
BBITIOJTHEHHUSI OJTHOTO U3 CIEIYIONIUX YCIOBUM:

I<isn 4

n
a) B IPOCTPAHCTBE C METPUKON p, : O = maxZ‘aij ‘ <1,
=1

n

0) B MPOCTPaHCTBE C METPUKOH p, : O = maXZ:‘a'ij ‘ <1, (7)

I<jsn i

=1

B) B IIPOCTPAHCTBE C METPUKOH p,: O =

PaccMoTpUM TIPaKTUYECKYIO CXEMY PELNICHUS CUCTEM JIMHEWHBIX YpaBHEHUU
METOJIOM MPOCTON UTEPAIUM.

Cucrema (4) momkHa ObiTh mepenucana B Buae (5). Ilpu sTtom rapanrtueit
CXOJMMOCTH UTEPAMOHHOIO MPOIIECCa MOXKET CIY>KUTh BBIIIOJTHEHUE XOTS ObI OJHOTO
U3 TOCTaTOYHBIX yciaoBuit (7). s oOecnieueHnsl yCIOBHM CXOAMMOCTH HY)KHO TIOJTYyYUTh
cucremy Buna (5) m3z cucrembr (4) Tak, 9ToOBI KO3(PQGUIMEHTHI TPU HEU3BECTHHIX B
npaBoil YyacTh ObUIM CYIIECTBEHHO MEHBIIE E€AMHUIBI. DTOT0 MOXKHO JOCTUYb, €CIIH
HCXOJIHYIO crcTeMy BHa (4) C MOMOIIBI0 PABHOCWIBHBIX MPEOOpa30BaHUI MPUBECTH K
CUCTEME, Y KOTOpPOM aOCOIIOTHBIE BEIUYUHBI KOA(DPUIMEHTOB, CTOSIIUX HA TJIABHOU
JMaroHaiau, ObUIH OOJIbIlle aOCOJIFOTHBIX BEJIMYUH KaXKJOro U3 APYTrux Ko3(P(OUIIMEHTOB
NPU HEHM3BECTHBIX B COOTBETCTBYIOIIMX YpPaBHEHUSAX (TaKyl CHCTEMYy Ha3bIBAIOT
CHCTEMOHW ¢ MpeoOiafaroMMK JUaroHabHbIME Kod(ddunmentamu). Ecnu  Temnepn
pa3eNiuTh BCE YPaBHEHUSI HAa COOTBETCTBYIOIIHUE JUAroHalIbHbIE KO3(P(UIMEHTHI U
BBIPA3UTh W3 KaXKJOIO0 YpPaBHEHUs HEU3BECTHbIE C Ko3(duimeHToM, paBHbIM 1, Oyner

noyiyaeHa cucrtema Buma (5), y KoTopoil Bce ‘au‘<1. Ecmm mocme yka3aHHBIX

npeoOpa3oBaHWii HU OJHO W3 YCIOBHUH (7) HE BBINMOJHSACTCS, CICAYET BO3BPATUTHCS K

I/ICXOI[HOf/'I CHUCTEMC U IIOIIBITATHCA BBIIIOJIHUTH Hpe06p33013aHI/151 Takx, YTOOBI I[O6I/ITBC$I
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aydmero 3¢¢ekra. Jlagee HaxXoaUTCS 3HAYCHHWE Q IO OAHOMY u3 ycioBuid (7). 3a

HayaJIbHOE MPUOJIMKEHUE MOXKHO B3SITh X© = (0,0,...,0. IToxcraBnsieM B MPaBYIO 4acTh

cucremsl (5), naxomum X u 1.1. UTepanun npomosmKaroTcs 10 TeX Iop, HoKa He Oyaer

_ cl(l-a .
BBIIIOJIHEHO  YCJIOBHE! p(X(" 2 X("’) SM, 0 —METpUKa, M0 KOTOpOW Oblia
a

YCTaHOBJIEHA CXOAUMOCTb, £ — 3aJlaHHAasi TOYHOCTh BBIYUCIICHUM.

Memoo 3eidensn

PaccmarpuBaeTcsi cucTeMa JIMHCHHBIX ypaBHeHHMH (4) W OSKBUBaJICHTHas U
npuBeneHHas cucreMa (5). O003HAUMM 3JIEMEHTHI UMECIOIIECTOCS MPUOIMKCHUS Yepes3
X, X5..+y %, @ DJIIEMEHTBI BBIYUCIIIEMOTO IPUOIVKEHUS —Yepe3 Y, Vs, ..., Y, -

OcHoBHas naca McEroaa 361\;II[€J'I$I COCTOUT B TOM, YTO Ha KaXIAOM IIarc
UTCPAIMOHHOI'O IIpoHecCa IIpyM BbIYHMCICHHMH 3HAYCHUA yI YUYUTBIBAIOTCS  YIKC

IMOJIYYCHHBIC 3HAUCHUA yl’ yz,...,y_l. COOTBeTCTBYIOHII/Ie BBIUYUCJIINTCIIBHBIC (bOpMy.TIBI

UMCIOT BU.

Yi= Zalj X] + 181’
j=1
Y, S0y Yyt ) Q%+ B,
i=2

....... (8)

n-1
yn :Zanjyj +ann)§1+18n
=

[IpeumymiectBo mMeTona 3eHAens COCTOMT B TOM, UYTO OH oOecneduBaer Ooiiee
OBICTPYIO CXOJIUMOCTb, YEM METO]I MPOCTON UTEPALIUH.

OnwuieM MPaKTHYECKYIO MPoLeaypy NpeoOpa3oBaHHs HCXOJHON cuctemsl (4),
rapaHTUPYIOLIYI0 CXOJUMOCTh WTEPAIlMOHHOTO Tpolecca MeToja 3eujens s
COOTBETCTBYIOIICH cucTeMsl (5).

3anmmiem cuctemy (4) B MaTpuaHO# hopme:

ALX = B. (9)

OGosHaunM uepe3 A pe3ylbTaT TPAHCIOHUPOBAHMS MaTpuLbl A. VMHOXKAM
JIEBYIO U IIPaByIo YacTh cucteMsl (9) cinesa Ha matpumy A :

A" ALX = A [B.

O6o3uaunm C = A A D= A [R.
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[IpeoOpazoBanHas cuctema wumeer Bua: COX=D. Takoro pojaa cucremy
Ha3bIBAKOT HOPMAIbHOU.

HopMmanbHble cucTeMbl 00J1aJ1at0T PSJIOM CBOMCTB!

1) matpuna C k03 PUIMESHTOB MPU HEU3BECTHBIX HOPMAJIBHON CUCTEMBI SBIISICTCS
cummempudeckoi, T.e. & =;;i, j=1,2,..n

2) BCE OJJIEMEHTHI TIJIABHOW JHAroHaJM wmartpuibl C HOPMaJIbHOM CHUCTEMBI
IOJOXKUTENBHEI, T.€. a, >0;i=1,2,...n

Bpoaum HavanbHoe npubmmkxenre X ©B mpaBylo yacTh HOPMAIBLHON CHCTEME,
Haxogum X® u 1.1, IloayunM UTEpalMOHHYIO HOcIenoBaTenbHocTh (6). OKkoHYaHHEM
UTEPAIIMOHHOTO Tpoliecca OyAeM cYuTaTh MOMEHT, Korja Juisi BceX Tmap
COOTBETCTBYIOIIMX 3HAYEHUW B JIByX TMOCIEIOBATENbHBIX MNPUONMKEHUAX OyJeT

BBITIOJIHATHCSI COOTHOIICHUC: ma)(l Y. — X‘ <¢&,f&— 3agaHHasA TOUYHOCTbD.

1.3.Metoa HboToHa (KacaTeJbHbIX) PellIeHUsI CHCTEM HeJITHHEHHBIX ypaBHeHMii
[TIycTp 1aHa cucteMa HETMHEWHBIX YPABHECHUN
{F (x,y) =0,
G(x y)=0.
Cornacno metony HproToHa mocnegoBaTesbHble MTPUOJIMKEHUS BBIYUCIISIIOTCS IO
dbopmynam:

(10)

.1 [FF(Xn,yn) F (% ¥)
T TG 0 ) 1606 ) G (% W) 1)
y ooy oL #F;(xn,yn) F (%, Yo

" 3% ) [Gl(%n Y GO% W)

Ry R,
G(xy Gxy

HauanbHbie IPHOIMKEHUS X, Y,0yJeM ONpeAensaTh npuoamkeHHo (rpadudeckn).

rae J(X y) =

BBoanM HauvanpHBIE TPUOIIKEHHS B TIpaByro dacTb ¢opmyn (11), naiinem x,y, u T. 1.
WrepanmoHHbIil ipoliecc MpooJKaeM JI0 T€X MOop, MOKa He OYIyT BHIIIOJHEHBI YCIOBUS:
‘xnﬂ - xn‘ <&u ‘ynﬂ - yn‘ < &,& —3a/1aHHasi TOYHOCT.

Pemm cucremy ypaBuenuii B PascalABCe ncnonb3oBanuem meroaa HeroToHa:
2

%8| cos™ | =0

y

y2X2+2
X?+y*=9,
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Jlinst aTOro HaiiieM 4YacTHbIE MPOM3BOJHBIE NEPBOTO TOpsiaka (YHKIUN ABYX
MePEMEHHBIX

F'(x, y) = 2x7 + 2 [BIn2+ 2cod sin
y Yy

F (% y)=2yX + 22 [O-5In2)+ 2cos§— SiR [ -—

y Ly

Gi(x, y)=20% Gy (% y)= 20,

HauanbHble npuOIvKeHUsT HalieM, UCTIOb3ys rpadudeckuil meros. IlocTpoenue
rpadpukoB  (QYyHKIMHA  BO3MOXKHO C  HUCIOJb30BaHHEM  rpadornocTpouTeneH,
CHCIIMAIM3UPOBAHHBIX OHJIAWH-CEPBUCOB U MaTEeMAaTHYECKUX IMAKeTOB, TaKMX Kak: Scilab
wim  WxMaxima. JlocTaTodHO XOpOIIUM CPEICTBOM SBISCTCS TPadoOroCTPOUTENH
KmPlot, Bxoasmuii B maker ob0pa3oBarenbHbix mporpamm KDE EducationProjeci
pacupoctpansemblii  cormacHo GNU  GeneralPublicLicense.llporpamma  KmPlot
MO3BOJISIET BBISIBUTH 3aKOHOMEPHOCTHM 3aBUCUMOCTH CBOWMCTB (YHKIIUM OT €€
aHanuTudeckoro 3amanus. OcoOeHHO S(PPEeKTUBHO NTPUMEHEHUE MPOTPaMMbl IPHU
U3yYEHUU B3aWMHOTO pacmnoiokeHusi rpadpukoB (QyHKIUNA U Tpaduueckoro crnocobda
pEIICHUSI CUCTEMbI HEJTUHEUHBIX YPABHCHUN.

Hcnone3yeM onmnaitH-cepBuc http://matematikam.ru/calculate-online/grafik.phyp,
KOTOPOM MOCTPOUM TpadUKu HEIBHO 3aJaHHbIX (pyHKUUN. Mcxoas u3 pucyHka 3, BUIHO,
YTO TOUYKA NIEpeceueHUs Ipa@uKOB YpaBHEHUH, HAXOIAIIAsACs B MEPBOM YETBEPTH, UMEET

KOOpAHUHATEI X, = 0,34y, = 2,9¢.

Foncrapa] v (B | 2 @ ®

MocTpoeHme rpacukos oHMaliH

Puc. 3.Iloctpoenue rpadkoB HESIBHBIX (DYHKIIUM B OHJIAMH-CEPBUCE

Ha pucynke 4 mnpejacrtaBieHa peanu3alus pEeIICHUS CUCTEMbl HEIMHEWHBIX
ypaBHenwmii BPascalABC.
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[} PascalABC.NET - —

@ain  Mpasxka Bua  Mporpamma  Cepsuc  Moaymnu  Momous
b BvepE @ EFsHE TR

Prugramﬁ‘pas)/-FrogramS.pas ]

program newton 2;

const e=0.001;
war x0, y0,F, G, Fx,Fy,Gx,Gyv,x1,¥1,I:real;

begin

write('BeemaTe x0= ')

readln (x0);

write('BeemaTe v0= ')

readln(y0);

repeat

Fi=sqr (x0) *sqgr (v0) +power (2, 3*x0-5#%y0) —=gr (cos (x0/v0) ) ;

G:=sgr (x0)+=sgr (y0)-9:

Fx:=2#*x0%=sgr (y0) +power (2, 3%x0-5%v0) #*3%1n(2)+2%cos (x0/v0) *sin (x0/y0) *1/v0;
Fy:=2#%y0*sqr (x0) +power (2, 3%x0-5%y0) * (-5%1n(2) ) +2*cos (x0/y0) #sin (x0/¥0) * (-x0/=qr (v0) ) ;
Gx:=2*x0;

Gy:=2’=y0;|

I:=Fx*Gy-Fy*Gx;

x1:=x0-(1/T)* (F*Gy-Fy*G)

v1:i=y0-(1/I)* (FR*G-F*GX);

x0:=x1;

voi=yl;

until (abs(xl-x0)<e) and (abs(yl-v0)<e);

writeln(xl:6:4, ' ", vl:6:4);

end.

] m

OkHo BbIBOAR

Eremure x0= 0.34
BeemuTe y0= 2.98
0.3334 2.9814

Puc. 4.Peanu3zanus B PascalABGuerona HeroToHa Ju1st peliieHus: CHCTEM HEeJTUHEHHBIX
YpPaBHECHUM

1.4. UupuBuayajabHoe 3aganne Ne 1 no reme «HucjieHHbIe MeTO/bI AJredOpbI»

3aganue 1.
1) OTnenuTh KOPHU 33JaHHOTO YPaBHEHUS:

a) rpaduuecky;

0) ¢ ucnoanr3oBanueM I1K.

2) C moMOIIbI0 MHKPOKAJIBKYJIATOPa BBIYKUCIMTH OJWH KOPEHb YPaBHCHHS C
TOYHOCTBIO £ =107°, HCIIOJIB3YSI METO] TPOCTON MTEPAIIUH.

3) CocraButh mporpamMmy s BbIYHcIeHHS ¢ momoripio [IK Bcex kopheit
3aJIaHHOT0 YPaBHEHHUS METOIOM ITOJOBUHHOTO JEJEHHUS ¢ TOYHOCTRIO £ =107,

4) CocTaBUTh MPOrPaMMy I YTOUHEHHUS OJHOTO M3 KOPHEH YpaBHEHHS METOI0M
HproToHa ¢ TOYHOCTBIO £ =107,

1. cosx—( x—1)2 =0; 8.3x—-cosx-1= 0
2. 8c0Sx— x= 6; 9. sin(x-0,9- X%+ 0,5 C
3. O,5X+1:(x— 2)2 : 10. 2x*> - 5= 2*;
4.2x-1gx-7=0; 11.x*-2+0,5' = 0;
5. x[lh(x+1):1; 12. x-sinx= 0,25
6. 20Ig(x+7) - 5sinx= 0 13.1,2- Inx= 4cos X

: +7) - 5sinx=

o ™ 14. x[og, (x+1) = 1;

7. log, (—X) fx+2) =-1;
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15.x° +4sinx= 0
16.x+2-€ =0;
17.27* =10- 0,%°
18.3x+cosx+ 1= 0O
3amanue?.

19, V4Xx+ 7 = 3C0oX
20.tg(0,3x+ 0,4 =¥

Pemurh CHUCTEMY JIMHEHHBIX YpaBHEHHH C TOYHOCTBIO £ =107 pasauyHbIMH

criocodoamu:

1) meromom T'aycca (1m0 cXeMe EIWHCTBEHHOTO JCICHUS) C TNPUMEHECHUEM

MUKPOKAJIbKYJIATOPA,

2) MeToA0M IpocToii urepaiuu Ha [1K;

3) meroaom 3eiiaens Ha [1K.
3,01x, — 0,14, — 0,1%, = 1,0(
1411% + 0,1%, - 0,7%= 0,1
0,17x, - 2,1k, + 0,7¢= 0,1
9,12¢, + 5,6%,+ 7,8%= 9,8(
243,84 + 51%,+ 2,88,= 6,7
4,18 + 5,7%,+ 1,2% = 5,82

~1,14% — 0,04, + 0,2%=— 1,2
340,25 - 1,2%, - 0,1%,= 0,95,
0,21 - 0,1%,+ 0,88,= 2,56
0,73 + 1,24,- 0,38,= 0,5
411,25 + 0,66&,~ 0,78 = 0,6
0,75% + 1,2, — 0,8%,= 0,9
-9,11 + 1,0X,— 0,7%,=- 1,2
547,6% + 6,25~ 2,3%,= 2,33,
4,64, +11%,~ 8,88,=- 3,7
5,43 - 2,36+ 3,44,=— 3,5
644,28+ 1,7%, — 2,38,= 2,73
3,47x + 2,4%, + 7,4%,= 1,88;

1,08 + 0,2k, — 1,8 =— 1,24,
740,25 - 1,2%,+ 0,22, =- 1,1
0,15¢ - 0,3%,- 1,16,= 2,56;

17

10.

11.

12.

13.

1,02+ 0,7%,— 0,6%= 1,2
0,74 - 1,24, - 1,78,= 0,7
1,78 + 2,3%,+ 0,74,= 1,1¢
1,02 + 0,7%,- 0,6%= 1,2
0,74 - 1,24~ 1,78= 0,7
1,78 + 2,3%, + 0,74,= 1,1¢
~0,20x + 1,60, — 0,18,= 0,3
-0,30¢ + 0,16, - 1,58 = 0,4
1,20x — 0,20, + 0,3%,=— 0,6

0,78 - 0,0%,- 0,1%,= 0,5t
0,0% - 0,86 + 0,04,= 0,7
0,12 + 0,44, — 0,7%,= 1,01

3,85¢ + 4,1k, — 2,35%,= 4,84
-21% + 3,94, - 588= 3,3
1,82 + 1,16, - 2,13,= 5,89;

~1,13¢ - 0,04, - 1,8,=— 1,2
-0,2% + 0,14,- 0,18= 2,5
0,15¢ - 0,3%,+ 0,8%=- 11!



1,53 - 1,6%,— 0,76,= 2,18,
140,86 + 1,1% + 0,84= 1,95,
0,32 - 0,6%,+ 1,1k =— 0,4
0,66x + 0,44, + 0,22, =— 0,F
154 1,54 + 0,74+ 1,54=— 0,3
1,42 + 1,4% + 0,86,= 0,83;

7,12 + 6,84, + 6,13,= 7,0«
194 5,06 + 4,8%,+ 53%= 6,1
8,26x + 7,8%, + 7,18,= 5,8!
0,15¢ - 0,3%,+ 0,0&,= 1,25,
20:1,2% - 0,04,+ 0,24=- 1,2
-0,21x, - 0,14, + 0,88,= 2,5

7,12¢ + 6,8%, + 6,1%,= 7,0.
164 5,06 + 4,8%,+ 53%= 6,1
8,26, + 7,8%,+ 7,18,= 5,8

0,15¢ - 0,3%,+ 0,06,= 1,25,
1741,2% - 0,04 + 0,24=- 12
0,21 — 0,14, + 0,88,= 2,5

1,06x, + 0,34, + 1,26,= 1,17
184 2,54 - 1,16, + 0,55= 2,2
1,34x, - 0,4%,- 0,8%,= 3,2l
3aganue3.
PemmTh cuCTEMY HEIUMHEWHBIX YpPaBHEHUNM METOAOM HBIOTOHAa € TOYHOCTBHIO
£=10"

1 sin(x+y)—-1,6x=0

tg(xy+0,4)= ¥,
0,6x° + 2y* = 1;

2.

w

S|n(x+ y) 1,2x= 0,1

H

S|n(x+ y) 1,2x= 0.2

92

6. tg(xy+0 1) X,

|
|
4 f[o’; Yo
"
"
I
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- Y =xX - y+1,1,
' (x+0,57 +y*=0,7,

8 {tg(xy+0,3): X,

0,5x* + 2y* = 1;
9 sin(x+y)—-1,3x= 0
. X2 + y2 :1’

10, )19(xy+0,3)= X,
0,9x° + 2y* = 1;

1 e¥=x-y+1,2,
|(x+0,5¢+y*=0,8

12, sin(x+y)—-1,2x= 0
X2+y2:1;



13.

1

e

15.

16.

1

2

7

9.

0.

{sm(x+ y)-1,5x= 0,1

x>+ y* =1

tg(xy) = X
0,8°+2y*=1
e¥=x - y+1,3,
(x+0,5F +y*=0,9
tg(xy) = X

0,6x° + 2y =1
S|n(x+ y) 1,2x= 0,1

e¥=xX - y+1,4,
(x+0,57 +y* =1
S|n(x+ y) 1,5x= 0,2

1
o=z,
|
e
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1.5 PekoMeHAanUH K BBHINMOJTHEHUIO HHAUBUAYAJbHOTO 3a1anus Ne 1

3aganue 1.

1) a) I'padmueckn HaxomATCs OTPE3KH HEOONBIION JUIMHBI, COJEPIKAIIUE I10
OJTHOMY KOpHIO ypaBHeHHs. Pe3ynabTar BbINIOJHEHMs 3anaHus (epedeHb OTPE3KOB)
IPOBEPSICTCS AHATUTHYESCKAM CIIOCOOOM.

0) Jlns 3a7aHHOTO ypaBHEHHS YCTAHABJIMBACTCS OTPE30K, COACpKAIIUN BCE KOPHU
(cM. m.a)). CocraBisieTcss mporpaMMa OTACIICHUs KOpHEH ypaBHEHHs. 3Ha4YeHHE mara h
nojaraercst paBHbiM 0,1. BeimuceiBaeTcsi pe3ynbraT pabOThI MPOrPaMMbI — CIUCOK
OTPE3KOB, COACPIKAIIUX MO0 OJHOMY KOPHIO YpaBHEHHUS.

2) Jlis BBITIOJIHGHHS 3aJaHMsl BBIOMpACTCS OTPE30K, HM3OJUPYIOMIUN OJWH W3
KOpHEH ypaBHeHUs. VcxolHOe ypaBHEHHME MPUBOAMTCS K BUay X=f(X) Tak, 4ToOBI Ha
BBIOpaHHOM oTpe3ke (yHkims f(X) ymnoierBopsiia JOCTATOYHBIM YCIOBHIM CXOJIUMOCTH
UTEPAIMOHHOTO Tiporiecca. [{Jisi BBIYUCIICHUH KOPHS 10 METOJy MTEpaIfid UCIIOIb3YeTCs
pacueTHas TabJMIA:

n X, X = F(X,) X1 = X|

3)CocraBisieTcss TporpaMma BBIUMCICHHS BCEX KOPHEH YpaBHEHUS METOIOM
MOJOBUHHOTO JieneHus. [lporpamma MoXeT OBbITh MOJIydeHa NyTeM OOBbEIUHECHUS
QITOPUTMOB OT/CJICHUS U TOCJIEAYIOIIEro YTOYHEHHS KOPHEH METOJIOM IOJIOBUHHOTO
neneHus. BeimuceiBaeTcs pe3ynbTaT pabOThl MpOTrpaMMbl — BCE€ KOPHHU 3aJaHHOTO
ypaBHEHMUSI.

4) JIns BBIMOJTHCHHWS 3aJaHUS BBIOMpPACTCS OTPE30K, HM3OJHUPYIOIIMA OJIUH U3
KOpHEHW YypaBHEHHS, Ha KOTOPOM BBITIOJHSAIOTCA YCJIOBHS TPUMEHSEMOCTH METOja, a
TaKX€ COOTBETCTBYIOIEE HadalbHOE mNpuOMDKeHue Xxo. CocTaBisercss Mporpamma
BBIYMCIICHUSI OJIHOTO KOpPHSI ypaBHEHUs MeTojoM HrroToHa. BeImuckiBaeTcs pe3yabTar
pabOThI MPOrpaMMbl — KOPEHB 3aJJaHHOTO YPABHEHUS Ha BLIOPAHHOM OTPE3KE.

3amanue 2.

1) CocraBnsieTcss pacdeTHas TaOJWIA, KOTOpas IPEIyCMAaTPUBACT OCYIIECTBICHHUE
KOHTPOJISI HaJ BBIYHCICHUSIMH B TPSIMOM M oOpaTHOM xojae Merona laycca. Ilomydennoe
pEIICHUE MOACTABISCTCS B HCXOJHYIO CHUCTEMY, MPOM3BOAATCS BBIUMCIACHUS M HAXOIATCS

HCBA3KHU 81,82,53 (3Ha‘ICHI/I}I paBHOCTCﬁ MCKIY CBO6OI[HLIMI/I YJICHAaMHM MCXOJHOM CHCTEMBI U

pe3yabTaTaMu MOACTAHOBKH B YPaBHEHUS CHUCTEMbl HAWICHHBIX 3HAYCHUH HEU3BECTHBIX).

2) HUcxomHas cucreMa mpeoOpa3yeTcst K CHCTeMe ¢ MPeo0JIaaonuMi THaroHaIbHbIMU
koad¢umeHTamMi, a 3aTeM K MpUBEACHHOMY BHUAY. [Ipom3BoauTcsi mpoBepka YCIOBH
CXOJIUMOCTH HWTEPALMOHHOW IOCJIEAOBATEIbHOCTH, HAXOAUTCA 3HAYEHUE O IO OJHOM W3

3 .
MeTpuK 0,0, Wi P, mpocrpanctBa R°. CocraBisercss mporpaMma peIIeHUs 3aTaHHON
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CHCTEMbI JIMHCWHBIX YPaBHEHHWH C y4eTOM JOCTATOYHBIX YCIOBHI cxommmocTu. Haxomutcs
PUOTHKEHHOE PEIIEHHE CHCTEMBI C 331aHHOM TOYHOCTHIO.

3) Hcxomuas cucrema A[X = Bmpeobpasyercs k nopmansHoit cucteme CIX = D
(C=A[AD=A[B, A" — pesynsrar TpaHCIOHHpOBaHWs Matpuipl A), a 3areM K
npuBeeHHOMY BuAy. CocTaBisieTcss NporpamMma pemieHuss METOAOM 3eiens 3aJaHHOU
CHCTEeMBbI JIMHEHHBIX ypaBHeHHU. Haxoaurcsi mpuOImKeHHOe pEelIeHHe CUCTEMbI C 3aJaHHON
TOYHOCTBIO £ .

3ajanne 3.
I'paduyeckn HaxomaTcss HadalbHble NPUONMKEHUS X,,Y,. Ecim cucrema wnmeer

HECKOJIBKO pemeHul, To MeTtonoM HprooTtoHa yrounsercs oaHo u3 Hux. CocraBnsercs
nporpamMma pemeHus Merogom HproToHa 3amaHHOM cuctembl ypaBHeHMM. Haxonurtces
npUOIMKEHHOE PEIIEHUE CUCTEMBI C 3a/IaHHON TOYHOCTBIO & .

2. TEOPUSA NPUBJINKEHUN

2.1. HUntepnosupoBanue GpyHKIUii
Hnmepnonayuonnwtii mnozounen Jlazpansca
[TycTh u3BecTHBIC 3HaUCHUS HeKoTOopor PyHkiuu f(X) oOpazyroT TabauIry:
X Xy X X,
f(x) Yo Y Yn
TpebOyercst monyunuts 3HaueHue GyHkuuu f(X) AJist Takoro 3Ha4YECHUS apryMeHTa X,

KOTOPOE BXOJUT B OTPE30K [X,; x], HO HE COBMHAJaeT HU C OJAHUM M3 TaOJIUYHBIX
3HaueHul x (i =0,1,...n) Iloaxoxn k 3agaue noctpoeHus npudamxkarouieil pynkuun F(X)
OCHOBBIBAETCS Ha TpeOOBaHWM CTPOIoOro coBmaaeHus 3HadeHuit f(X) m F(X) B Toukax
X(1=0,1,...n), T.€. F(X,)= VY, F(X)= ¥,-.., F(%)= V.

Haxoxnenne npHOIMKCHHOH (QYHKIMM  HA3BIBAOT  unmepnonsyuet  (WIH

UHMEPNOIUPOBAHUEM), & TOUKH Xy, X,,...,X, — V3IAMU UHMEPNONAYUU.

[Iycte dynkums f(x) 3amana Ttabmunei. IlocTpouM HMHTEPHOISAIIMOHHBIN
MHOTO4JIEH L (X), CTEIIEHb KOTOPOTO HE OOJIbIIE N .

bynem uckatb L (x) B Bume: L, (x)=I,(x)+1(x)+...+1 (x), Tae |, (x) — MHOTO4ICH
CTEIEHU N, IPUYEM
)= {0 (12
MHorousneHsl |, (x) COCTaBUM CJIEAYIOLIUM CIIOCOOOM:

(X)) =¢(X= %)(X= %)...(x x,)( ¥ X,)...( ¥ X),TOe ¢ — NOCTOSHHBIA KOA((DULIHEHT,
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3HaYCHHUE KOTOPOro HaleM U3 IepBoi yacTH yciaoBus (12):
yi .
(% = %) 0% = X )(X = %) (X= X)
[loncraBuM ¢ B L, (X), IOJIy4YUM UHTEPIOJALMOHHBIA MHOTOUIEH Jlarpanxa:
(X )%) (X X—l)( X= ?(+1)(X_ 3()
L.(X) =¥ :
Z (% = %) (% = X ))(X= Xp)-(X= X)

PaccMoTpuM mipotienypy opranusanuy BelYucieHuit no gopmyse Jlarpamxa.
Beenem o003HaueHuUs:

M (X) = (X= %) L Xx= %)...( %= %),
ML () =(X= %) A Xx= %)..(x XD ¥ X)...(x X,

Ipu X=X 1ML (%) = (% = %) HX = %)..(x= X)) X= X1)...(iX= X).
Tornma gpopmyse Jlarpanxa MOXKHO TPUAATh O0JIee CHKATHIN BU/I:

1,09
L n
W= oo =Y G

Opranuzaiuss  BbluucieHud 1o  Qopmyne Jlarpanka  yiaydmiudrcsi, €cCiH
OJB30BAaTHCS CIIEUAIBLHON BEIYUCIUTEILHON CXEMOM.

[Toctpoum cxemy st 4 y3i0B (i =0,1,2,3) (Tabnuma 2).

Po=(X=%)(%= X%~ %( %= %, P.=0%~%)(X= (X~ %)( %~ % AT.L

Mo (X) = (X=x) A Xx= )W x= %)L x ¥, L,(x)=M1 (xS

Ecnu n3BecTHO aHAIMTUYECKOE BbhIpakeHUE UHTEepnonupyeMon ynkuuu f(X), To

MOJXHO ITPUMCHSATDH q)OpMYJ'IBI JJIs1 OLICHKU ITOTPEHIHOCTHA MHTEPIIOJIMPOBAHMSA .

[R(3I=] F(R = LA,
1M M .= .
R3] (m),\ v, 1 My = max| £ (x)
Tabmuua 2
BoruucanrtegabHas cxeMa
Y,
X Xy X X, X3 P Yi T
B
Yo
Xy X=X Xo = %X X = % Xo = X3 Po Yo F
0
A
X X~ X X=X X=X X~ X Py Y1
Py
Y,
X, X, = %X X, =X X=X X, = X5 P Y, F
2
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Y; __

Humepnonayuonnvie mnozounenvt Hoiomona
YacTto wuHTEpmoaupoBaHUe BeAeTca s (DYHKUMM, 3aJaHHBIX TaOaUIEl C

PaBHOOTCTOSIIIMMU ~ 3HAYEHUSIMM apryMeHTa. B a3TroM cimydae 1mar TaOiMIbl
h=x, - %(i=0,1,2,...) dBJISICTCS BEINYNHOMN IIOCTOSHHOMU.

ITycts ¢yHKuusa 3agaHa TaOMMLEH € TOCTOSHHBIM IIaroMm. Pa3HocTH Mexay
3HaYEHUSIMU (QYHKIIMM B COCEJHUX Y3JIaX MHTEPHOJSLUU HA3BIBAKOTCS KOHEYHbIMU
PA3HOCMAMU nEp8o2o nopaoka:. Ny =y, — y(i=0,1,2,...)

M3 KOHEYHBIX pa3HOCTEH NEPBOro MOpsKa O00pa3ylTCS KOHEeYHble pPA3ZHOCMU
emopozo nopaoka. Ny, =Ny, —Ay(i=0,1,2,... u T.x.

KoHeuHble pa3HOCTH JI1000T0 MOPSAAKAa MOTYT OBITh MPEICTABIICHBI YEPE3 3HAUCHUS
byHKIUU:

A%y, =AY, = DY = (Yo~ Y =(Yer™ M= %o— 2, Yat+ ¥

DY =D, = DY =(Yiu =2 Vot Y = (M= 20)0% W)= Y~ 3Vt 3y, W
T.[.

k(k-1)
2!

TaOJynna KOHEUYHBIX PA3HOCTEN UMEET BUJI.

Ay, = Yy — Kyt Yo =+ (1 Y.

X y Ay N’y Y,
X, Yo Ay, A%y, Ny,
X Y Ay, %y, A%,
X, Ya Ay, A%y,
Xs Ya Ay,
X4 Ya
P(X)=y +1Ay+ it _Il)A2 ¥+..+ tt=D).t=n+ 1), Y —nepeas

n!
unmepnoaayuorHas popmyna Heromona.

Orta ¢dopMmyna TpUMEHSETCS JUIsi HMHTEPIOJMPOBAaHUS B Hadajle OTpe3ka
HHTCPIIOJIAIUHN.
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Koma SHAYCHHUC apryMCHTa HAXOIUTCA OJIMKE K KOHIY OTPC3Ka HMHTCPIIOJIAINU,
IIPUMCHACTCA emopasid UHMEPNOJAYUOHHAA d)OpMlea HbiOMOHa, KOTOpaAa 3alliuCbIBACTCs
B BUJIE:
tt+1) ., tt+1)...t+n-1),
Ay .t

2! " n!

Cyomaobyaupoeanue (pynkyuii

F)n(x): yn+1Ayn—1+ ¥

HNHTeprniofupoBaHUEe MOXKET NPUMEHSThCA Ui YIUIOTHEHUS 3aJlaHHOW TaOIuIIbI
(GyHKIUH, T.€. BEIYUCICHUS 110 UCXOJAHOUN TabJiMile HOBOM TaOJHIIBI ¢ OONBIIUM YUCIOM
3HAYCHUN apryMeHTa Ha MPEKHEM Y4acTKe €ro M3MEHEHHUs. DTy OIepalliio Ha3bIBaOT
HHOTAa cyomabynuposaruem HyHKITUU.

B cnyuae, korma ucxoaHast Tabnuia 3aJ1aeTcsl C MOCTOSIHHBIM IIaroM, IPUMEHSIETCS
MHTEPIOISAIMOHHBIN MHOTOUYIeH HhroTOHA.

BoimonauM — cy6rabymupoBanue  GyHkimu  F(X)=2[X[EIN(EX ), mons3ysick
UHTEPIOJAIMOHHBIME (hopmyitamMmu HeroToHA.

[TpenBaputenbHO B 3ieKTpoHHBIX TaOmuiax MicrosoftExcell 2013paccuntaem
KOHEYHbIE PA3HOCTU OT HEPBOTO JO MIECTOro mopsaka And x1[0,5;1 ¢ marom H =0,05

(puc. 5).

DAR TNAEBHAR BCTABKA PAIMETEA CTPAHILLEI COPMY B JAHHEIE PELLE

s X a - —
B Calibri - A A === ®- E  |UYncnosai
g -
Berasute . K K M- - DA S==&EE BH T 44
Bydpep oBmeHa Tu WpwngT Fl EblpaBHWBaHWE Fl Yucno
H5 - fr | =665
A B C D E F G H

CybTabynvpoBaHWe QyHHLMK ]_:'(_1-) =2.5. SiIl(S ._1-3)

H= 0,05

o W pa

b ¥ Ay ﬁz\; ﬁay rfy ﬁsy A5
0,5 0,948985  0,149147 -0,0738661 -0,046561 0,005509 0,014?34| D,DDESSd.l

0,55 1,098131  0,070486 -0,125222 -0,041052 0,020243 0,017568 -0,002007
0,6 1,168617 -0,054736 -0,166274 -0,02080%9 0,037811 0,015561 -0,009730
0,65 1,113881 -0,221010 -0,187083 0,017002 0,053372 0,005781 -0,0190338
0,7 0,892871 -0,408094 -0,170082 0,070374 0,059153 -0,013258 -0,026157
10 0,75 0,484777 -0,578175 -0,099708 0,129527 0,045895 -0,039415
1 0,8 -0,093339 -0,677383 0,029819 0,175422 0,006430
0,85 -0,771282 -0,648064 0,205241 0,181502
0,9 -1,419345 -0,442823 0,387143
0,95 -1,862168 -0,055680

1 -1,917849

- on o wn

O o

. OhoLn fo L3 pa

Puc. 5.Pacuer tabnuipl koHewHBIX pasHocTelt B Microsoft Excell 2013
CocraBum nporpammy B PascalABCnns ymioTHeHHsS 4YacTH TaOJMIIbI 3aJaHHON
(ynkuun. Bosemem untepsain [0,6;0,7] ¢ marom cyorabynuposanus h=0,01 , Tak Kak
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BBIOpaHHBIM MHTEpPBAJl HAXOAUTCS B Haudalle OTpe3Ka HWHTEPIOJIALNH,
WCIIOJIb30BaTh MEPBYIO MHTEPIIOSIHOHHYI0 opmyiny HetotoHa (puc. 6).

(35 PascalABC.NET

dain  Mpasxka Buo  Mporpamma Cepenc  Mogyma  Momows
NEd@ @9~ E@5 | Z=0E 37T
:_/’ sProgram7.pas*

i [

TO

;'program subtalb;

jconst a=0.4&8;
b=0.7;

mwar x,h hl, t,v,¥vl,dyl, d2yl,d3yl,d4yl,dSyl,déyl:real;

Oynem

t:i=(x—-a)//h;
vi=yl4 (dyl®*c)+ (d2yl® (£* (£-1)) /2)+(d3yl* (c* (t-1)* (t-2) ) /E)+
(dayl® (£* (c-1)* (E-2)* (£=3) ) /24) + (d5y1* (L% (-1} * (-2} * (£=3) * (L-4) ) F120) +
(dévl* (T2 (T-1) * (E-2) * (-3} * (T-4) * (£-5) }/T20) ¢
writeln{x:4:2," ', w:10:86)};
x:=x+hl:;
mntil x>b+0.01;
end.l
L4
OkHo seiBoga
0.60 1.168617
0.61 1.169300
0.62 1.164461
0.63 1.153812
0.64 1.137051
0.65 1.113881
0.66 1.084016
0.87 1.047193
0.68 1.003180
0.69 0.951787
0.70 0.8582871

Puc. 6.IIporpammuas peainzanus yIUIOTHEHUS 3aJaHHON (QyHKIIMU

Kak BumHO u3 pucyHka 6, mpu 3HadeHWn x=0,65:y=1,11388. [lomyueHnHnoe

3HAYCHHUC COBIIaAacT CO 3HAYCHHCM B TaGJ'II/II_IC KOHCYHBIX pa3HOCTCﬁ, HpGHCTaBHCHHOﬁ

Ha PUCYHKE O.

2.2. Ilpubdauxenue Ta0AUYHBIX (DYHKIMA MeTOI0OM HAUMEHbIIUX KBA/IPATOB

Jlunennan pecpeccus

[TycTh B pe3ynbTaTe U3MEpPEHUN B MPOIECCE OMbITa MOTyUYeHa Tabnia HEKOTOPOU

3aBUCUMOCTH f :

X X X,

X

n

f(x) Y1 Y,

Yn

Hy>xHo HaiiTu popMyity, BEIpaKAIOUIYIO 3Ty 3aBUCHUMOCTb aHATMTUYECKH.

[TocTtaBuM 3aady Tak: HAUTU (QYHKIUIO 33JJAHHOTO BU/1A
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y=F(%, (13),
KOTOpast B TOYKAaX X, X,,...,X, [IPUHUMAeT 3HAUE€HUs KaK MOXKHO Oojee OnM3Kue K
TaOJMUYHBIM 3HAUCHUSIM V,, Y,,..., Y, -
dopmyna (13) Ha3bIBaCTCS dIMAIUPULECKOL hOPMYIION U YPABHEHUEM pecpecCuul Y Ha X.

PaccmorpuM  cmoco6  HaxoxkaeHus  popmynsl  (13). Ilpeamosioxkum, dYTO
npubnxaromas GyHKus F(X) B TOUKaxX X, X,,..., X, IMEET 3HAUCHUS

Vi Vorees Vo (14)
Bynem paccmartpuBaTh COBOKYNMHOCTH 3HaueHUM ¢GyHKkumu f(X) u3 Tabmuibl U

COBOKYITHOCTH (14)kak KOOpAMHATHI ABYX TOYEK N —MEpPHOTO MPOCTPAHCTBA.

C yweroM 93TOro, 3ajadya OpUONOKEHUS  (QYHKIMUM  MOXET  OBITh
nepeopMynupoBaHa CIEAYIOIMIMM 00pa3oM: HallTH Takyr (yHkuuio F(X) 3amaHHOrO
BUJA, YTOOBI PACCTOSHUE MEXIYy TOYKaMu M (y,,Y,,...,y,) H M(Vy?z,--ﬁ’n) OBLIO

HauMeHbIIUM. Takum o0Opa3om, NPUXOIUM K TPEOOBAHUIO, YTOOBI BEIMUUHA

\/(y1_71)2+(y2__yz)2+---(¥|__¥)2 (15)
6BIJ'Ia HaI/IMCHBHICI\/JI, 9TO paBHOCHIIBHO CJICI[YIOH_[CMY: CyMMa KBaJpaToB
(y1_V1)2+(y2__yz)2+---(¥__X)z (16)

JIOJKHA OBITh HAMMEHBIIIEH.

Takasi 3a7jaua HOCUT Ha3BaHUE MPUOIMMKEHUS (PYHKIIMU METOJO0M HAWMEHBIITUX
KBaJIpaToB.

3HaueHUsT pasHOCTEM vy, - F(x)=¢&(i=1,2,...,n) Ha3bIBAIOTCA OMKIOHEHUAMU

UBMEPEHHbIX 3HaYeHull Y om ebiyuciernblx o popmyse (13).

Jliis smnupudeckord Gopmysasl (13) MOXKHO HAWTH CYyMMY KBaJIpaTOB OTKIIOHCHHIH:
og=>¢ (17)

KOTOpas, B COOTBETCTBUM C TPUHIIUIIOM HAWMEHBIIUX KBaJpPaTOB, JOKHA OBITh
HaWMEHBIIIEH.
Haiinem npubmmkaronryo GyHKIIMIO B BUJIE TUHEHHOW (QyHKITUU:
F(x,a,b)=ax+ b

. OF oF
Torna yacTtHbIe ITPOMU3BOJHLIC 110 IMapaMETpaM. — = Xi—— = 1.

ob
2 (v —ax - B Ox=0,
2.(y—ax-p=0.

I[EUICC, BBITIOJIHAA Hp606pa3OBaHI/I}I ypaBHGHI/Iﬁ U IOACIMB Ka)XXI0€ YypaBHCHHC Ha I,

CocraBuM cucremy:

26



EN
(%ijcm b=%2 y.

BBeneM 0003HAYEHHS; 1Z:)g = MX;EZ y = My;—lz Xy= I\/Ly;—lz X=M,.
n n n n

MOJIyYaeMm:

M, &+ M, b=M,,
Torma cucrema npuMeT BU/I:
M, [a+b=M,.
PemmB cucteMy, moiydyuM 3HA4Y€HUs MapamMeTpoB a W b, a ciegoBaTenbHO, U
KOHKPETHBIN BUJI JIMHEMHON (DYHKIIUH.
Keaopamuunasn pezpeccus

Haiinem mpubimkaroniyo GyHKINIO B BUJIe KBAAPATUUHON (DYHKIIUH:
F(x,a,b 0= ax+ bx ¢
YacTHble IPOU3BOAHBIE 10 ITApaMETPAM: oF _ xz;a—F = x;a—F =1.
da ob ac
2. (v, —af - bx- 90X =0,
CocTaBuM cUCTEMY: Z:(yi —ax — bx— 90x=0,
2.(% —af = bx-9=0,
Ny ¢ yueToM aHaJTOTHYHBIX 0003HAYCHUM JJI ClTydasi TUHEUHOW perpeccun:
M.[@a+M,b+M,[t= Mg,
M,@a+M, b+ M, [t=M,,
M, [a+M,[b+c= M,
Pemenue »Toil cucTeMbl JaeT 3HAYeHUs] MapaMeTpoB a,b,c i 3amanHOM

IpUOIMKAIONIEeH (QyHKITUH.
[IpuBenem npumep BBIYUCICHUS 10 3aaHHOM TabJuvIle 3HaUeHUN (PYyHKIIMU pacyeT
KkBajgpaTuaHO perpeccun B MicrosoftExcel 2013.
X 1,30 1,40 1,60 1,70 1,80 2,00 2,10 2,30
y 6,10 4,80 3,90 3,20 4,00 5,10 5,30 6,0}
s sroro quanazon A3:B103anonHseM UCXOIHBIMU JAHHBIMU, J1aJIC€ BEITOTHICM

Ul

npoMexkyTouHsle Beraucienus: X, X0y, X, X', X 0y. 3atem B nuanazone sueek A11:G11

paccuMThIBaEM CYMMBbl 3HAYEHUH MO CTOJONAM M CpeJHHE 3HAYCHHUs] B JIMala3oHe
Al12:G12.MsI NOTYYHIIM CUCTEMY TPEX YPaBHEHUU C TpeMsi HEM3BECTHRIMH &, D, C (puc.
7).
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TNABHAR BCTABKA PAIMETKA CTPAHWLBI GOPMYNBI JAHHEIE PELIEH3MPOBAHWE EIA
“D ; ) Times NewRoma ~[14 - A" o7 = = — K2 B Yucnosoi -
BecragwTe - M K M - i fy . A - === &= 3= E . =2, 04 000 ‘353 _,Sg ¥cnoeHoe Topw
- GOpPMATUPOBAHNE ™  KaK ™
Bydep oBMeHa = WpKgT [F} BripaEHWEaHWE [} Yucno ] CTran
A1l - Jr | =cymm(az:a10)
A B C o} E F G H J
1 KepagpaTudHas perpeccus
2 X v * w*y 'Y < Oy F e e
3 1.300000|  6,100000 1.620000 7.930000{ 2197000 2856100 10309000 5700684 0399316| 0.159453
4 1.400000|  4.800000 1.960000 6,720000| 2744000 3.841600 9408000 4.987740| -0,187740| 0.035246
5 1.600000|  3.500000 2560000 6.240000| 4096000 6.553600 9984000 4.091136| -0,191136| 0.036533
6 1,700000( 3200000 28590000 5.440000) 4.913000) 8352100 9.243000| 3.907477( -0.707477| 0500524
7 1.800000|  4.000000 3.240000 7.200000{ 5.832000| 10497600 12960000 3.900246| 0,099754| 0.009%51
8 2000000 5100000 4.000000| 10200000 §.000000| 16000000 20400000 4415071 0.68492%| 0469128
9 2100000 5300000 4.410000( 11.130000] 9261000 19448100 23.373000| 4.937126| 0362874| 0.131677
10 2.300000{ 6050000 5.290000| 13915000 12,167000| 27984100 32.004500| 6.510522| -0.460522| 0212080
11 | 14.2000001 38.450000| 26.040000( 68.775000| 49210000 95533200 127.686500 1.554592
12 1775000  4.806250 3.255000 8.596875| 6.151250| 11941650 15960813
13
14
15 1194165 *a+ 6,15125 *b+ 3255 *c= 15.96081
16 6,15125 *a+ 3,255 *bt+ 1,775 *c= §.596875
17 3255 *at+ 1,775 *b+ c= 4. 80625
18
19 a= 8.821426
20 b= -30,9472%96
21 c= 31.023959

I[J'I}I PCHIICHUA HOHYHCHHOﬁ CUCTCMBI OTHOCHUTCIIPHO IIapaMETpPOB a, b,C MOZKHO

Puc.7.PacueT kBagpaTUIHOMN pErpeccuu

UCII0JIb30BaTh OHIaH-cepBuc http://matrixcalc.org/slu.html

2.3 UnauBuayaabHoe 3aaanue Ne 2 no teme «llpudamkenune GpyHkumii»

3aganue 1.

1) ITo 3aganHO¥ TabnuIle 3HaUYCHUH (YHKIUHA COCTABUTH POPMYITY

HHTCPIOJLINUOHHOI'O MHOT'OYJICHA Harpacha. HOCTpOI/ITB cro Fpa(l)I/IK U OTMCTHUTDH Ha

HCM Y3JIOBBIC TOYKHU.

1.

X -1 0

-3
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X 2 4 7 X -9 -7 -4

y -1 -6 3 y 3 -3 4
8 15.

X 0 1 4 X -8 -5 0

y 7 -1 y 9 -2 4
9 16.

X -7/ -5 -4 X 1 4 9

y | 4 | 4] 5 y | 2| 9 3
10. 17.

X 7 9 13 X 7 8 10

y 2 -2 3 y 6 -2 7
11 18.

X 1 2 4 X -3 -1 1

y -3 -7 2 y 11 -1 6
12 19.

X 2 4 5 X 0 1 4

y 9 -3 6 y -2 6 3
13 20.

X -1 1 3 X 1 3 4

y 4 -7 1 y 0 -3 3

2) BBIYUCIATE ¢ IOMONIBIO KAJIBKYJIATOPA OJTHO 3HAYCHHUE 33JaHHOW (QYHKITUU IS
MPOMEXKYTOUYHOTO 3HAYEHUSI apTyMEHTA C ITOMOIIBI) MHTEPIOJSIIMOHHOTO MHOTOYJIEHA
Jlarpan»a v OIEHUTh NOTPEUIHOCTh UHTEPTIOJISALINH.

3) CocTaBuTh mporpamMmy IS YIUTOTHCHHS YacTH TaOJHIIBI 3adaHHOW (YHKITUH,
MOJIB3YSACh HWHTEPIOSAIMOHHBIMU  dopmynamMu HproToHa; miar cy0TaOynaupoBaHUs
H=0,01.
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Tab6auua 2.1

X
F(x) = Ig X,
1,3 1, 7777
2,1 45634
3,7 13,8436
4,5 20,3952
6,1 37,3387
7,7 59,4051
8,5 72,3593
Taoauna 2.2
X
f(x) =In(2,3x) 08
X
1,2 0,3486
1,9 1,0537
3,3 1,7844
4,7 2,2103
5,4 2,3712
6,8 2,6322
7,5 2,7411
Tab6auua 2.3
X f (x) =2,15in(0,3'%&
-3,2 -1,9449
-0,8 -0,6126
0,4 0,3097
2,8 1,8068
4,0 2,0913
6,4 1,4673
7,6 0,6797

30

Taoauna 2.4
X | f(x)=1,73/x-cos(0,4 0,%
2,6 2,1874
3,3 2,8637
4,7 3,8161
6,1 3,8524
7,5 3,1905
8,2 2,8409
9,6 2,6137
Homep maobauya X
sapuanma
1 2.1 3,8
2 2.2 3,5
3 2.3 0,5
4 2.4 4.8
5 2.1 4,1
6 2.2 3,9
7 2.3 3,3
8 2.4 4,0
9 2.1 2,9
10 2.2 5,3
11 2.3 4,1
12 2.4 7,6
13 2.1 4,4
14 2.2 2,5
15 2.3 5,2
16 2.4 6,8
17 2.1 6,5
18 2.2 55
19 2.3 50
20 2.4 5,0




Tabnuia 2.5

X sinx
0,60 0,56464
0,65 0,60519
0,70 0,64422
0,75 0,68164
0,80 0,71736
0,85 0,75128
0,90 0,78333
0,95 0,81342
1,00 0,84147
1,05 0,86742
1,10 0,89121

Tabnuia 2.6
X COSX
0,05 0,99875
0,10 0,99500
0,15 0,98877
0,20 0,98007
0,25 0,96891
0,30 0,95534
0,35 0,93937
0,40 0,92106
0,45 0,90045
0,50 0,87758
0,55 0,85252
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Tabmnuia 2.7
X sinx
1,10 0,89121
1,15 0,91276
1,20 0,93204
1,25 0,94898
1,30 0,96356
1,35 0,97572
1,40 0,98545
1,45 0,99271
1,50 0,99749
1,55 0,99978
1,60 0,99957
Tabnuia 2.8
X COSX
1,00 0,54030
1,05 0,49757
1,10 0,45360
1,15 0,40849
1,20 0,36236
1,25 0,31532
1,30 0,26750
1,35 0,21901
1,40 0,16997
1,45 0,12050
1,50 0,07074




MCTOAOM

Konywvr ompeska cyomabynuposarus

HOMep eapuarma ma@zuua a B
1 2.5 0,65 0,75
2 2.6 0,10 0,20
3 2.7 1,15 1,25
4 2.8 1,05 1,15
5 2.5 0,70 0,80
6 2.6 0,15 0,25
7 2.7 1,20 1,30
8 2.8 1,10 1,20
9 2.5 0,75 0,85
10 2.6 0,20 0,30
11 2.7 1,25 1,35
12 2.8 1,15 1,25
13 2.5 0,80 0,90
14 2.6 0,25 0,35
15 2.7 1,30 1,40
16 2.8 1,20 1,30
17 2.5 0,85 0,95
18 2.6 0,30 0,40
19 2.7 1,35 1,45
20 2.8 1,25 1,35

3aganue 2.

[lo 3amaHHON TaOnMIEe 3HAYCHUH (QYHKIMH TOCTPOUTH

HAaUMEHBIIUX  KBAJAPATOB JIMHEHHYKO W  KBaJpPaTUYHYK)  PErpeccuu
HUCIOJIL30BAHUEM.

1) KaNbKyIATOPA;

2) TIK.
CpaBHI/ITB BCIIMYMUHBI CPCAHCKBAAPATHICCKHUX OTKJIOHEHUH.
1.
x |0,10 [030 [ 040 [ 0,60] 0,70] 0,80] 1,00 1,10
025 |050 | 0,65 | 055| 042 0,30 0,22 0,15
2.
x 130 [1,40 [ 160 [ 1,70 1,80] 2,000 214 2,30
6,10 | 480 | 3,90 | 320 | 400 5,10 530 6,05

C
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Ul
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\—J
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Ul
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O

\—

\—

\—

\—

\—

\—

\—J

X 1,30 1,40 1,60 1,70 | 2,00 2,10 2,30 2,5(
2,40 1,80 1,20 1,40 | 2,30 2,90] 3,00 3,2(
4.
X 0,40 | 0,70 | 0,90 1,10 1,40 1,60 1,70 2,0(
0,15 | 0,83 1,65 152 | 0,90| 0,31 0,25 0,1(
5.
X 200 (250 | 2,70 | 290 | 3,20| 3,40{ 3,7€ 4,0(
0,11 | 0,81 1,05 | 090, 0,23| 0,18 0,10 0,01
6.
X 0,0 | 0,20 | 0,30 | 0,40 | 0O,50| 0,80 1,00 1,2(
2,30 1,20 1,056 | 0,90 1,20 2,10 2,25 2,4(
1.
X 1,10 | 2,00 | 2,50 | 2,90 | 3,50 4,000 4,3C 4,8(
0,62 |035 | 0,10 | 0,80, 0,22, 0,37 0,45 0,5¢
8.
X 0,30 | 0,50 | 0,80 | 0,90 1,20 1,40 1,50 2,0(
1,10 | 0,60 | 0,40 | 0,38 | 0,65 0,90 1,00 1,11
9.
X 0,0 0,20 | 0,30 | 0,40 | 0O,50| 0,70, 0,90 1,2(
1,30 | 3,50 | 420 | 4,00 2,80 1,60 1,45 1,2(
10.
X 1,20 1,40 1,50 1,60 1,80, 2,10 2,40 2,8
090 |330 | 410 | 390 | 2,80 1,10 0,85 0,7(
11.
X 0,0 | 0,20 | 0,40 | 0,50 | 0,80| 0,90 1,20 1,5(
0,15 | 0,61 1,20 1,25 1,10, 0,70, 0,22 0,1(
12.
X 0,20 030 | 0,40 | 0,70 | 0,80 1,00 1,20 1,5(
1,40 | 090 | 065 | 051 | 040 0,75 0,86 1,3(
13.
X 0,20 030 | 050 | 0,70 | 0,90 1,20 1,50 1,7(
0,0 | 2,50 | 4,15 | 460 | 4,10 3,90 2,20 0,2(

O
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14.

220 (250 | 260 | 2,80 | 3.10| 3,20f 3,4Q 3,60

1,0 1080 | 0,52 | 0,30 | 0,10, 0,54 0,89 1,50
15.

0,0 | 0,20 | 0,30 | 0,40 | 0O,70| 0,90 1,20 1,50

1,10 | 2,30 | 4,00 | 455 | 240 2,00 1,15 0,52
16.

210 |[3,30 | 440 | 460 | 4,70 4,80[ 5,00 5,10

1,25 1,50 1,65 1,55 1,42 1,30 1,22 1,15
17.

330 | 340 | 3,60 | 3,70 | 3,80| 4,00 4,10 4,30

7,10 | 580 | 490 | 420| 5,00 6,10 6,3C 7,05
18.

240 2,70 | 290 | 3.10| 3,40 3,60f 3,7C 4,00

1,15 1,83 | 2,65 2,92 1,90 1,31 1,25 1,10
19.

400 |450 | 4,70 | 490 | 5,20, 5,40  5,7C 6,00

1,11 1,81 2,05 1,90 1,23 1,18 1,10 1,05
20.

210 (220 | 230 | 240 | 2,50 2,80 3,00 3,20

3,30 | 2,20 | 2,05 1,90 | 2,20 3,10] 3,25 3,40

2.4 PexoMeHIAIMU K BHINOJHEHUIO HHAUBUAYAJbHOTO 3a1aHust Ne 2

3amanue 1.

1) Ilpu BBIIOJIHEHUH 3aJaHMsI COCTaBIsAeTCS MHOrowieH Jlarpamka,
POU3BOAATCS HEOOXOAMMBIE BHIUYUCIICHUS U MPUBEAEHUE MOI00HBIX WieHOB. [1o
MOJTYy4YeHHOW Qopmylie CTpOUTCSs TpaduK HMHTEPHOJUPYIOMIEH QYyHKINH, Ha
KOTOPOM OTMEUAIOTCS Y3JIOBBIE TOUKH.

2) BoruncieHus MpoBOIATCS C MOMOINBIO KallbKyJsTopa (Tabmun Excel)mo
CHenuaJbHOM pacueTHOM cxeme U 3aHociaTcss B Tabmuiy. Pesynbrar
WHTEPIIOJIMPOBAHUS CPABHUBACTCS C BBIYHCICHHEM 3HAaYeHHs] (QYHKIHH TI0 €€
BBIDOKCHHUIO,  3aJlaHHOMY B  TaOJuIEe,  OIEHHWBACTCS  IOTPENTHOCTH
MHTEPIOJUPOBAHUS.

3) Ilo 3amanHO¥ Tabauie (YHKIMH C PABHOOTCTOSIIMMHU 3HAUYCHUSIMHU
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apryMeHTa COCTaBJsieTCd TaOJuIla KOHEYHBIX pa3HOCTed U Ompeaessercs
MOPANOK HMHTEPHOJSIMUOHHOTO MHOrowieHa Hprorona. B 3aBucumMoctu o1
PaCIONIOKEHUsT OTpe3ka CyOTaOyJIMpOBaHHUS OTHOCUTEIBHO HCXOJIHOW TaOIUIIbI
BBIOMpAeTcsl TMepBas WM BTOpas HHTeprnojsiuuoHHas ¢opmyna HproToHa.
CocrapmnsieTcst mporpamma Jyisi yIUIOTHEHUSI 4YacTH TaOJIMIIbI 3aIaHHOW (PYHKIIMH C
MpUMEHEHUeM BbIOpaHHOW Qopmynbl HeroToHA. BeInuchIBaeTCS pe3yJibTaT
paboThI MporpamMMbl — YIUTOTHEHHAs Tabmua ¢ marom H Ha otpeske [a;b].

3aganue 2.

1) BbIUKCIEHHS C WCIOJB30BAHUEM KaJIbKYJISITOPA OCYIIECTBISIOTCS B
pacueTHbix Tabnunax. Haxondarcs mnapameTpbl JIMHEHHOW U KBaJpaTUYHOUN
perpeccuil. OnpenensiroTcsl CPEIHEKBAAPATUUECKUE OTKIOHEHUSI T I KaxKI0u
U3 HaWJICHHBIX NPHUOIIDKAIONUX (YHKIIMHA U CpaBHHMBAIOTCSA MeXAy coboil. Ha
KOOPJIMHATHOM TIJIOCKOCTH CTPOUTCS TOYEUHBIN Tpaduk 3aJaHHOM TaONHUIbI, a
TAKXKE€ JINHEWHAS U KBaJAPATUYHAS PETPECCUH.

2) CocraBiseTcss TmporpaMma C BBIBOJOM 3HAYCHHH IMapaMeTpOB
npuOmKaromux (QyHKIUHA 3amaHHoOro BuAa (IMHEHHAs W KBaJpaTUYHAS) H
COOTBETCTBYIOUIUX UM CPEIHEKBAIPATUUECKUX OTKIOHEHUU. Pe3ynbTaThl paboThI
MIPOrPaMMBbI CPABHUBAIOTCS C pe3yJbTaTaMH pacyeToB 1. 1).

3. YUCJIEHHOE JN®®EPEHIIUPOBAHUE U
HUHTEI'PUPOBAHUE

3.1. Yucaennoe qudppepeHuupoBanue

Hucnennoe oughpghepenyuposanue na ocHose UHMEPRONAUUOHHOU PopMYIIbl
Jlazpanoica
BeiBegeM ¢opmyny uuciaeHHoOro auddepeHuupoBaHus, IS 3TOrO

MHOT'OYJICH Harpaml(a 3aruuieM B BUJC.

L“(X):ﬂn+l‘x)5;io<x-x)cy|ﬁ' 7€ [0 =0 %0 -0 ),

[7,.200 =06 = %)= 0 (X= X)X %) (% %),

X
[IpuMeM MOACTaHOBKY: T =t, X1~ % =h h-const Torna
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X=X
X=X=X-(x+h=x %x— h ht I [ tl1),
X=%=X—(%+2h=x -2 ht 2k Il{ft 2),
X=x = ht-1).
r| L0 =h"(t=1)(t- 2)...( - n).
Beemem  oGosmauenme:  t" =t(t-1)(t-2)...t—-n), ciemoBarensHO,
[,.00 =™,
IIpu mocTossHHOM wIare:
X =%+iti=0,1...n
X % =
X=%=x-(%*h=x-x%- ki F b+l),
X -%=x-(%+20= x- -2t i 2k I 2),
X=x% = h(i-n).
Bcero N crpok, mpuyeM 3HAaYCHHS pPa3HOCTEW U3 TEPBBIX | CTPOK
MOJIOKUTEIIbHBI, @ OCTAJIbHBIE — OTPUIATEIbHBI, B ’TOM CJIy4ae:

[loncTaBuM mOJlydeHHOE B T€pBOHaualibHyr0 ¢opmyny Jlarpanmxka wu

_1 n—it[n+1]
nosryauM (opMyIty I paBHOOTCTOAIMX y310B:. L, (X) = Zy I'((n )i)l(t )
_O . -
Hanee Hponn(b(bepeHquyeM MHorowieH Jlarpanxka no X kaxk pyHkuuo ot t:

(1)n| d l[n+1]
o= L”(X) Zo: - )'dt{t—i}

dx
YynTeiBas, uyro X=X +1th ot =h, okoHYaTeaBbHO mMOJy4aeM @opmyry

YUCTeHHO20 Oupepenyuposanusi HaA OCHOBe UHMEPHOTAYUOHHOU (HOpMYTbl

_\n-i [n+1]
Jazpanoca: L (X)== Zy, ) E{t }

h< in-i) dt| t-i

OneHka TOTPEUIHOCTH YHUCJIEHHOro auddQepeHupoBaHuss B y3Jax

]

HAXOAHMTCA MO OpMYJIE: |r, (x,)] < ‘(M i =t oe Mo, = max
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Ilpumep.
Brruncnuts npubIMkeHHOE 3HAYEHUE MPOW3BOJAHON (YHKIMHU, 3aJlaHHOU

TabauLEel B TOUKE X = 4.
X 3 4 5

f(X) 2 -1 6

Pewenue.
W3 Ttabnuubl BUIHO, 4YTO n=2,h=1. [lomcraBum naHHble TaOMULBl B
dbopmyy uuciaeHHoro audepeHIupoBaHus:
1 1d

f'( )~—(2E—I2—|d (t-Dt-2)- ——(t(t— 2)) + 6@1 (t([ :I)j— 10— 8

Haiinem t = X_hxo = 41 =1,u torga f'(4)=2.

Yucnennoe oughpepenyuposanue na 0cHoge UHMEPNONAUUOHHOU POPMYIb
Hviomona
[IepBblii MHTEPIIOISAIIMOHHBIA MHOTOYJICH Hbl0TOHA MMEET BU:
t(t2—|l)A2 y+ t(t —ng(t - 2)A3 - t¢- 1)...1'{— n+ 1) , v
! ! n!

P()=y+Ay+
[lepenwuimeM MHOTOYIEH, PACKPHIBAs CKOOKH:
_ 3 _ 2
P(X)=y,+ Ay + ZtA ){)+$A3){,+....

HuddepenurpyeM mnpenpiayiiee paBeHCTBO IO MepeMeHHou [, Torma
MOJIyYUM:

P09 ~%(Ayo +

—~ +

2-1. - 3’- 4 2. X J
6

[TycThb X=%=1=0, CJIeJOBATEIBHO, dopmyna YUCTIEHHO20

oupgepenyuposanus Ha ocHoge UHMEPNONAYUOHHOU popmynbl Hoiomona nmeer

DY, D% DM A% )
2 3 4 5

-

OneHKa MOrPENIHOCTH 4YuciaeHHOro aud@epeHnupoBanus 1o (opmyse
(_1)nAnyo

Hrrorona: T, S
proToHa: I,(X,) h(n+1)

Ilpumep.
Haiitu 3Hauenue npousBoaHON GyHkiuu f(X) =Jx B TouKe x =32,
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3aJaHHON TAOJIUIIEH.

X 32 33 34 35 36
y=/x 5,657 5,745 5,831 5,916 6,0
Pewenue.
CocrtaBuM Ta0IUIly KOHEUHBIX PA3HOCTEM:
X y=+/x Ay A’y Ny A'y
32 5,657 0,088 -0,002 0,001 -0,001
33 5,745 0,086 -0,001 0
34 5,831 0,085 -0,001
35 5,916 0,084
36 6,0
[TogcTaBuM 3Ha4YEHWs TEPBOM CTPOKH TAOIUIEI B (POPMyITy YHCICHHOTO
b depeHrpoBaHus Ha OCHOBE MHTEPIOJIAIIMOHHON bopmyIbI
HrroTona: f'(32)= 0,088+ 0,002, 0,001 0,08.
3.2 YmucieHHoe HHTEIPUPOBaHME
Dopmyna npAMOy20,1bHUKOE YUCTIEHHO20 UHMEZPUPOBAHUS
Meronq  HpSMOYTOJIBHUKOB  HEMOCPEACTBEHHO  HCIOJB3YET  3aMEHY

OIpENEEHHOr0 HHTErpaga MHTErpanbHoi cymmoit. Ilycth Ha [ab] 3amaHa
bynkius Y= f(X). C momomsio Touek X91 Xy--1 X Pa300bEM OTPE30K [a;b] HA N
snementapubix otpeskoB [X_; X] (1=1,2,..n ) npuyem X, =& % =b Ha xaxmom
U3 PTHX OTPE3KOB BhIOEpeM INpou3BOibHYI0 TOuky V (X, <K <X) u Haiizem
Ipou3BeACHUE S 3HA4YeHHd (QPYHKIUMM B OTOM TOuke f(y) Ha UIMHY

AJIIEMEHTApPHOTO OTPE3Ka AX, = X — X,

s = f(y)Dx. (18)
COCTaBI/IM CYMMy BCEX TAKHUX HpOI/I3B€,Z[CHI/II>'I:
S =s+s+..+ 5= W)MA x (19)
i=1

CyMMa S, Ha3bIBACTCS MHTETPAIBbHOM CYMMOHW. ['€OMETpHYECKHil CMBICIH

BBC/ICHHBIX MTOHITHUN POWILIIOCTpUpYeM s ciydas f(x) >0 (puc. 8).
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|
|
|
|
|
s |
0 x, v, X ¥, X2 VXY, X, T Te %, X

Puc. 8.T'eomerpudeckas narepnpetarus GopMyIIbl TPIMOYTOJIPHIKOB

Beipaxenus (18) mpu i=1,2,..n ONUCBHIBAIOT IUIOMIAIU 3JIEMCHTAPHBIX
npsAMOYTOIbHUKOB. MHTerpansHas cymma (19) —mmomanas ctyneHuaTou Gurypsi,
o0pa3zyeMoil 3TUMHU MPSAMOYroJibHUKaMU. [Ipu HEOrpaHMYEeHHOM YBEIUYEHUU

YHUCJIa TOYEK JCIICHMS U CTPEMJICHUU K HYJIO BCEX DJIEMEHTOB AX BEPXHSA
rpanuiia Gurypsl (JlJoMaHas) mepexoauT B a0 Y = f(X).
[Inomanae moyiydeHHOW (QUTYPBI, KOTOPYIO Ha3bIBAIOT KPUBOJIMHEHHOU

Tpaneuueil, paBHa OnpeeICHHOMY UHTETpaily.
B meTozie npsAMOYroJIbHUKOB B KAUYECTBE TOYEK ), MOYKHO BBIOMpATh JIEBBIE

(yI = Xi—1) HJIA TIPpABbIC (yI = XI) I'paHUIBI JICMCHTAPHBIX OTPC3KOB.

[IIupoko pacnpocTpaHEHHBIM W 00Jiee TOYHBIM SIBIISIETCS BUI (HOPMYJIbI

NPAMOYTOJBHUKOB, HCIONB3YIONMI 3HaueHHs (YHKUUMHM B CPEIHUX TOUKAX
b n
SIEMEHTAPHBIX ~ OTPE3KOB  (IOIIYIENBIX y3nax):jf(x) dx=> hf(xy,, rae

a i=1

o h .
K—llzz%: X_l"‘E,I:l,Z,...,n

Ilon memooom npsamoyzonvuuxoé OyaeM NMOHUMATH MOCIEAHUN AITOPUTM
(oH eme Ha3pIBaeTCA METOJOM CPEIHMX). BaXHBIM YacTHBIM CiIydaem
PacCMOTPEHHBIX  (OPMYJT  SIBISIETCS WX TPUMEHEHHE TPU  YHUCIECHHOM

WHTETPUPOBAHUH C IIOCTOSTHHBIM IIarom h = h= const i=1,2,...,n)

b n
dopMya IpAMOYTrOJIbHUKOB IIPUHUMAET BUJIL: J f (x)dx= h[z f(X/0)-
2 i=1

39



Pacuernas tabiauna mist n=10:

[ X; Xi-1/2 Yi-1r2
+
0 Xo X = % > a Yia = F(%5)
+
1 % X310 = a 5 % Va2 = F(Xs,)
2 X2 )(5/2= X2-2'-X3 y5/2: f(X5/2)
3 X3
4
5
6
7
8
+
9 Xq X912 = % 2X10 Yior2 = F(Xi9,2)
10 X10 - -
- - - S:Z Yarz

Ha ocHoBe pacueTHOM TaOiUIlBI MHTETpajl BBIUMUCISIETCA 10 (opmyrie:
10

| =hDZyi_1,2=hE5
i=1

OneHka nmorpemHocTd GopMyJibl IPSIMOYTOJIBHUKOB:

R s%wz,me M, =max f" (x).

asx<b
YQucnennoe unmezpupoeanue ¢ OMoulblo ¢0p.1lfly]lbl mpaneuuﬁ
qDOpMYJ'IBI, HUCIIOJIB3YCMBIC JIA HpPIGJII/I)KCHHOTO (‘II/ICHCHHOTO) BBIYUCJICHHU A
OJHOKPATHBIX HWHTCIpaiOoB, HA3LIBAIOT Keadpamypﬂbmu cﬁopmyﬂamu. HpOCTOﬁ
IIpUeM IHOCTPOCHU A KBaApaTypPHbIX (1) opMYyJl COCTOUT B TOM, qTo
MNOABIHTCTPaIbHasA (bYHKI_II/I}I f (X) 3aMCHACTCA Ha OTPE3KE [a; b]
HHTCPHOJLIIUMOHHBIM MHOTOYJICHOM, HAIIPpHUMCED, Harpalmca Ln(X) .HonyqaeT cia

b b
MPUOIHNKEHHOE paBeHCTBOZI f (X)dx= J L, (X dxm

a a

40




J1st paBHOOTCTOAIIUX Y3710B: A = j

b b Mn +1(X) : : L +1(X)
f (x)dx= : dx= n
J 10002 egmaon ¥ Moe nim.cs

( < S | P
!f(x)dx~§ ¥ 4 e A _i(x-x)ﬂﬂ;ﬂ(x) g

Paznenum otpe3ok [a 0] Ha n paBHBIX wacrelix,, — x = h, h—consth=

(_1)n—it[n+1]
5, (N =it —i)
[lepeitmeM B MHTETpANIE K IEPEMEHHOMN

_ X" X% dx b- a

= dt=—,dx= hdt=——dt
h n

dx1=0,1,...n

IIpu x:><0:t:0;x=>§1:>tzx"—;x°=n

_ b_ an (_1)n—i t[n+1] _ ~
forna A== Ji!(n—i)!(t—i) w=E-an,
1n ( 1)n |t[n+1] .
nj;l'(n L dt,|—0,1,...n

Yucna H, Ha3zbBaroTcs ko3 punuentamu Koreca.

OKOHYATEIBHO MOJYYaEM:

J f(x)dx=(b- 3 DZ: y H—«eaopamypuvie ¢hopmynvr Heromona — Komeca.
2 i=0

[Ipu n=1 umeem i =0;1.

_ORtt-D ¢ 1., .1
Ho =~ t dt——_[(t—l)dt—E,Hl——jtdt—E.

0 0 0

Tornma Ha [x,; x] IOJly4aeM MHTETpall:

J100dx=0x= )0 Hy+ w)=2( %+ ).

X

['eoMeTpuyeck 3TO O3HAYaET, YTO IUIOUIAJb KPHUBOJUHEUHOWU (UTYPHI

3aMEHSETCS IO IbIO TPaICIUH.

Pacnpoctpanum ¢opmyiy Ha Bce OTpPE3KH pa3OHeHus, MOIYyYUM OOUIYIO

Gdopmyny mpaneyuti 11s1 oTpeska [a; b
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b
J;f(x)dx: ){%+ y+ yp+..+ y_ﬁlzn).

PacuetnHass Tabnuia [y BBIUMCICHUS OINPENENICHHOTO HWHTErpaja 1o
dbopmyre Tpanemnuii:

X, %0 :O;n) y.(i=1,...n—-1)
X % i
- Y;
X, - Yz
X I _
2
i Yo, Y RS
§=2+3 S, le y
Ha ocHoBe pacueTHOU TabJIUIbl HHTErPAJl BBIYUCIAETCS TI0 GopMyIie:
| =h[{S+S).

OlleHKa TOTPEIIHOCTH YHUCJIEHHOIO HWHTETpUpPOBaHUS 1O  (opmyre

Tpaneunﬁ:‘R]‘ <M, &lt% rae M, = max

asx<b

f"(x).
Dopmyna CuMnCOnA HUCTIEHHO20 UHMEZPUPOEAHUS

[Ipu n=2 umeem i =0;1;2 Kosppuuuentrsl Koteca B 3TOM cityyae:
2

HO = —EJZAWCH :_1, Hl = —EIWCH :_2

27 t 6 29 t-1 3
2 — —

szlj-t(t DE-2)g -1
43 t-2 6

Torpa Ha [x,; x,] MOJIy4aeM UHTErpal:

X2

J 1090k (= QT+ Hyr By =2 i ge2 veg o) e

X2

2h (v Y.
f(X)dx=-2L+2y+22 |
| f(dx 3E€2+ x+2j

X

FCOMGTpI/I‘ICCKI/I, B COOTBCTCTBHU CO CMBICIOM HHTCpHOHﬂHHOHHOﬁ
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dopmynsl Jlarpanxa, mpun = 2UCHOJIb30BaHKE 3TONW (POPMYJIbl O3HAYAET 3aMEHY
noJbIHTErpasibHON (pyHkumu f(X) mapabosiof L,(x), MPOXOAsIIEH Yyepe3 TOUKHU
M; (%, ¥)(i=012).

Ecnu cuutarh, 9yTo n-yetHoe (N=2m), TO MOJIYy4YUM OOLIYIO popmyny

Cumncona. Jf(x)dx 2;[€Yo 2y2m+2){+ Y+t 2y 1)

Pacuetnass Tabmuia 1 BBIUMCICHUSI OINPEJENCHHOTO HWHTErpaja 1o
dopmyne Cumrcona:

X Yi=on) | 20(=135.n-1 | %(i=246.)
. % : :
X - ZY1 -
X2 - - y2
X5 - 2y3

Xn—l - 2yn—1 -
N Ya _ _

2
- §=%+% s=Y2y s=%y

Ha ocHoBe pacueTHOM TaONMIIBI HHTETPal BBIYUCISETCS 10 hopMyJie:
= Eﬂsl +S+ §).

OueHKa MOTPEIIHOCTH  YUCICEHHOTO MHTErpUpOBaHUsA 10  (opmylie

_ 4
Cumricona: |R | < M4M e M, fe (xj

180 asx<b
HpeﬂCTaBI/IM IMporpamMmmy BBIYHUCIICHUA OIIPCACIICHHOTO HHTCTpAJIa

J o popmyne Cumricona B PascalABC fuc. 9).
L XN+ J1+1Inx
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#Program_integrirovanie.pas™ }/ Programl.pas™

Program Simpson;
wvar x, a, b, h, s, n : real;
E‘u.nc:ltion vixl:real):real;
begin
vi=1l/ (x1*sqrti(l+ln(x1)));
end;
begin
WritelN('SamarTe orpesox [a,b]"):
ReadLW(z,kb):
WritelN|('SapaiTe Ha CHOJBEO HwacTel n Bymer pasfur orpesor [a,b]l’):
ReadLlN (n):
h:=({b-a)/n;
z:=0;
x:=a+h;
While =<k do
begin
si=s+27y(®);
x:=x+h;
Z:1=3+y () :
Hi=H+h;
end:
s:=2*n/3*% (s+v(a)/2-v(b)/2);
WritelN('HuaTerpan =",s5:10:4);
end.

|

SapmaWTe oTpe3ok [a,b]

1 7.38%

[amalTe Ha CRONEKO dwacTel n Bymer pasBur orpesox [a,b]
50

HaTerpan = 1.4641

Puc. 9. Anroput™m BEIUKCIICHUS ONpeielicHHOTo nHTerpaia B PascalABC
BremonHuM npoBepKy pernieHus B oHnaiH-cepsuce (puc. 10).

Apply the fundamental theorem of calculus.

Matho24 _biz

A oA —
The antiderivative of g AT

Vi
AHanu3 QyHKUMM 3
¢1Y ! -9 \/;l
[paduK GyHKLMK ;
Matpuuipl
Mpepen! Evaluate the antiderivative at the limits and subtract.
2V =243 —241 =2(v3 —1):
[pou3soaHble 1
Answer:
[punoXeHus uHTerpana =2 [\/3 -1)
Pafbl
pi2 1
YpaBHeHus ’ —————dx=2(V3 -1)~ 14641
L
Jluddepenumansusie xy 1-+1oglx)
ypaBHEHMS 5
Hepaseucrsa 08
@YHKLMK W KOHCTaHT bl £E
0.4
02
0.0

Puc. 10.1IpoBepka perieHust onpeneeHHOro UHTeTrpaia B OHJIaH-CEpBUCE
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3.3 UnauBuayajasHoe 3aganue Ne 3 o teme «YucjieHHoe
augepeHUNPOBAHNE U MHTETPUPOBAHUE»
3ananue 1.
Bb4ucauTh ¢ MOMOIIBIO KaJIbKYJISITOpA 3HAYEHUE NMPOU3BOJHON (YHKIUH,
3aJJaHHOM TaOJIMYHO, UCIIONIb3YSI:
1) wunTepnonAnMOHHYIO GopMyny Jlarpamka, OIEHHTH MOTPEIIHOCTD
METO/a;

2) wuHTEpHOJAIMOHHYI (opmyny HbpOTOHA, OIEHHUTH MOTPEIIHOCTD

METO/1A.
Homep | QhyHKyus Homep | QhyHKyus
sapuanma f(X) X0 sapuanma f(X) X
1 Sinx 0,60 11 SinX 1,20
2 COX 0,05 12 COX 1,10
3 Sinx 1,10 13 SinX 0.75
4 COX 1,00 14 COX 0,20
5 Sinx 0,65 15 SinX 1,25
6 COX 0,10 16 COX 1,15
7 Sinx 1,15 17 Sinx 0,80
8 COX 1,05 18 COX 0,25
9 Sinx 0,70 19 SinX 1,30
10 COX 0,15 20 COX 1,20
3aanue 2.

1) BbUHCAUTE C TOMOINBIO KaJbKYJISATOpPAa HWHTErpail 3aJaHHOM
¢byakunu mpu N=10mo dhopmye:
a) IPSIMOYTOJILHUKOB,;
0) Tpamenui;
B) CumMmIicoHa.
[Ipon3BecTH OIEHKY MOTPEITHOCTH METOAOB HHTETPUPOBAHUS.

2,2| 2 2,4 0,03
1 | de; 2 je—dx;
X X

12 0.4
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2,3

< sin( 2 _
. j#dx; 13. | SINGC ~ 1)y
0,4 X 1,3 ZB/;
3,6 2
X X
= —|d 14. | (x+1,9 ESln—dx;
mzmg( Zj X {( )sin
1 2,5
. j(x—ezx) 15, sz dg= dx

-1
® cosx

6.j ——dx 16. \/x+1cos(x2 Hx
06X+1 0.2
2In(4+x)-In8 1.2 In(Z—X)

7| b 17. [ ———Ldx
1 (4_X)B/;( dz&lﬂ/ﬂ

8. j—dx, °s tg( % +0,5)
0,4 0 5X 2 18. > d
- s 2X°+1
<[ X . X
Jz 2 2 19.J'—dx;

11.

12.

2

01 X

0,5
zo.j (3% +tgxX)dx

-0,5

‘ (2x+0,5) Csinxdx
4
,.6

1

d
4 x+sin(0,5x) .

0,6

2) CocTaBUTh MPOTPAMMy BBIYHMCIICHHS WHTETpalia 3aJlaHHOW (YHKITUH IO

dbopmyne Cumncona.

3.4 PexkoMeHJalMU K BHINOJHEHUI0 HHAMBUIYAJbHOTO 3a1anus Ne 3
3ananue 1.

Jst

BBITIOJTHCHU S 3aJaHUs COCTAaBJISICTCA Ta6J'II/II_Ia n3

MeCTu

PaBHOOTCTOSIIUX 3HAYCHUH apryMeHTa, HauuHas ¢ Xo 1 maroM h= 0,05 &= X + i

*h;i=0,1, 2, 3, 4, 5) cooTBeTCTBYIONTMX 3HaUCHUH 3amanHON QyHKIIHf(X):

X

X X1 X2 X3 X4 X5

f(X)

f(xo) f(xa) f(>x2) f(xs) f(x) f(xs)

JI7g  BBIYMCIIEHUST NPOU3BOJHOM MCIIOJB3YIOTCS JAHHBIE COCTABICHHOU
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TaOJIULIBI.
BriOuparorcsa cneayronme ydyacTku Tabmauibl 1 AudPepeHupoBaHus ¢

HCITOJIb30BAHHUEM.

1) popmyibl Jlarpanika — nepBbie TPU TaOIMUHBIX 3HAUCHUS:

X X0 X1 X2
f(x) f(%o0) f(x1) f(x2)
2) dopmyibl HeroToHa — IsTh TAOJUYHBIX 3HAUYCHUM, HAYMHASI CO BTOPOTO:
X Xt X2 X3 X4 Xg
f(X) f(xa) f(x2) f(Xs) f(xa) f(Xs)

[IpousBonHasi omnpeneynsieTcss B Touke Xj;. OIEHMBAIOTCS TOTPEUIHOCTH
METOJIOB.

3aganue 2.

Otpe3ok wuHTerpupoBaHusi pazdouBaeTcs Ha 10 paBHBIX dacTed, u
IPOU3BOJUTCS BBIYMCIEHUE WHTErpajia 1o QopmysiaM MPSIMOYTOJbHHUKOB,
Tpanenuii 1 CuUMIICOHA B pacueTHbIX Tabiaumax. OIEHUBAIOTCS MOTPEIIHOCTH
METOJIOB.

CocrapnsieTcs mporpaMma BBIYUCIICHUS WHTETpaja 3aJaHHOW (PYHKIHMH I10
dopmyne CumrcoHna. BeiuceiBaeTcs pe3yibTaT padOThI IPOTPaAMMBI.

4, YUCJIEHHBIE METO/ bl PEHIEHUSA ObBIKHOBEHHbBIX
TU®PEPEHIIUAJIBHBIX YPABHEHU U YPABHEHMUI C
YACTHBIMU ITPOU3BO/IHBIMHA
4.1. OobikHOBeHHbIE MU epeHIuaNbHbIE ypaBHeHHsI. 3axaya Kommn

Memoo Jiinepa

Metoabl pemienust nuddepeHuaIbHbIX ypaBHEHUNH MOXXHO pa30uTh Ha
CJIETYIOIME TPYIIIIbI:

1) I'pagpuueckue memoodvl WHCIONB3YIOT TEOMETPUUYCCKUE ITOCTPOCHUS
(pemenue — B BujC rpaduka);

2) Ananumuveckue memoosvt u3ydarTcs B Kypce «/uddepeHnnanbabie
ypaBHEHUS» (PEIICHUE — B BHJIC AHATTUTHUECKOTO BBIPAKEHUS);

3) Ipubnuowcennvie memoosbl UCHOIB3YIOT PA3IMYHBIC YIPOIICHUS CaMUX
ypaBHEHUW TyTeM OOOCHOBAaHHOTO OTOPACHIBAHHUS HEKOTOPHBIX COACPIKAIIUXCS B
HUX YJICHOB,

4) Yucnennvie memoosi, Korga HCKoMmas (GYHKIUS IOJy4aeTcs B BHUJC
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TaOJIULIBI.
3aoaua Kowu popmynupyeTcst Caeayomnum o0pa3om:
JUist 3aJaHHBIX X, Y, HAUTH Takoe pemeHre Y = Y(X) ypaBHeHUs y' = f(X,y),

970 Y(%) = Yo

B ocHOBe MeTo/1a ToMaHbIX Dityiepa JeKUT ujiest Tpapuyeckoro mocTpoeHuUs
pemieHust aud@PepeHInATbHOTO  YPaBHEHUS, OJIHAKO OSTOT METOJ  JaeT
OJITHOBPEMEHHO U CIOCOO0 HAXO0XJICHUSI HUCKOMON (YHKIMM B YHCICHHOU
(tabmuunoit) hopme. [lycTs nano ypaBHeHue y' = f(x, y) C HAYAIBHBIM YCIOBUEM:
y(%) = Y,. [lodyueHnue Ttabnuupl 3Ha4eHU UCKOMON (QyHKIUU Y(X) MO METOAy
Dilyiepa 3aKJIF0YaeTCA B [IUKJIMYECKOM MPUMEHEHUHU Mapbl (HOpMYyII:

Ay, = hOf(X, %), Y1 = NTAY, K0,1,2,...,r

PexoMennyemas pacuerHas TaOmuia pemeHus 3agaun Komm s

muddepeHnabHOTO ypaBHEeHUs Y = f (X, y) MeToJ0M Diliiepa Ha OTpE3Ke [a:D].

Xy Yk Ay, = hOf (X, %)

X =a Yo Ay, = hOf (%, ¥p)

X, =X +h Y. = Yo +AY, Ay, = hOf (%, W)
Xn = Xn—l+ h: b yn = yn—l+Ayn—l -

Meron Oiinepa oOnagaer mManod TOYHOCTBIO. K TOMy k€ MOIrpemHOCTh
Ka)KJIOTO HOBOTO IIara CUCTEMaTUYECKH BO3PACTAET.
Memoo Jiinepa — Kowiu

CyllIecTBYIOT pa3jIMuHbIE YTOYHECHHUS METOJAa DUiepa, MOBBIIAIOIIUE €ro
TOYHOCTh. Moaudukamuu Metoaa JDijaepa OOBIYHO HampaBjeHbl HA TO, YTOOBI
0ojiee TOYHO ONPENEIUTh HAIPABJICHHE IEPEeXoJa U3 TOYKU (X,y) B TOUKY
(X.» Y.,)- Meron Oinmepa — Komm pekoOMEHIyeT CIEAyHUUMN MOPSI0K
g+ haf G+ FX, V)

2

['eoMeTprdeck STO O3HAYAET, YTO Mbl OIPEACIISIEM HAIMPABICHUE

BBIYMCICHUI: Y, = Y + hOf(X, y), Vi, =

UHTETPalbHON KPUBOW B MCXOJHOM TOUYKE (X,Y) M BO BCIIOMOTaTEIbHON TOYKE

(X.1s ¥41), @ B KQUECTBE OKOHYATEIIHLHOTO OEpeM CpelHEee ITUX HalpaBJICHUH.
PexoMeHnnyemass pacuerHass TaOnuna pemieHuss 3agaun Kommwm s

muddepennranbHoro ypaBuenus y' = f(x, y) Metoom Diisiepa Ha OTpe3Ke [a:D].
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Ayk - th (Xk’ yk)+ f(xk+1’ y*k+1)

% Yi f (Xk’ yk) y;+1 f (Xeoa y;+1) 2
¥ = Yo + hOf (%, ¥) ) )
X Yo fOo¥) | P o) Ayo=th(X°'y°);' UG
- \ ) f(x. fOoy
X | =Yoo Ay, | FOLW) | Y, =Y +hOf(%, y) f (%, ¥) By, = hi (% yl)-; (%1 ¥o)
)q“ Yo = yn—1+Ayn—1 - - - -

[IpeacraBum pemienue 3agaud g AuQdepeHnaIbHOr0  YpaBHEHUS

y'=cosx— Yy’ ) Ha orpeske [-1; 1] mnpu 3aJaHHOM HAYaIbHOM YCIOBHH

y(a) = 0.2u trare uaterpupoBanus h=0.2 B MicrosoftExcelmeromamu Ditnepa

u Diinepa-Komm (puc. 11).

W | = ot W=

A B C D F H
X METog, MeTog JAnepa-
Jiinepa Kowm
-1 0.2 0.2
-0,8] 0301244 0,313505087 h=
-0.6] 04271 0,447314904
-0,4] 0,568864 0.693183977
-0,2 0,718748 0,743530679
0| 0,869557 0,891684766
0.2 1,015056 1.031896974
0.4] 1,149982 1,159745796
0,6 1.270754 1.272909729
0.8] 1,376309 1,371560649
1] 1.468056 1.457808575
1.6
1.4 /.,4
1,2
1 / ——MeToA 3inepa
0.8 =

—m—meToa 3inepa-
KoLm

0:2 —j

086 !,/
0.4

X -1 08 06 04 02 0 02 04 06 08

Puc. 11.Peniennie 0ObIKHOBEHHOTO UMD PEPEHIIUATIBHOTO YPaBHEHUS

MeTo1amu Dusiepa u Jdiniepa — Komu

Memoo Pynze — Kymma

Meton DOiniepa u metox Jisiepa — Komm oTHOCATCS K CEMENCTBY METOA0B

Pynre — Kyrra, umerommx crnenyrommid Bua. OHUKCUPYEM HEKOTOPHIE YHUCHA!

[0 (YN ] o Y o B ,8IJ ,(X |<I1<Qq nocinenoBaTeIbHO BEIYUCIISICM:
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k,(h) = hOf( % y),
k,(h) = hOf(x+a,h y+ B, k( h),

ky(h) = hUf(x+a,h y+ By K(h+..+ Bogs K. ().
N nonaraem: y(x+ h) = y( ¥ +Zq: P k( M.

B BBIUKMCIUTENBHON MpaKTUKE HauOOJEe YacTO UCHOJIb3yeTcs MeTo PyHre
— KytTa ¢ g =4.Co0TBETCTBYIOLIUE pacUueTHbIE (DOPMYIIBIL:

o (h) = hETF(x ),
() = hOF(xr 3, y+-3),

h kK

h) = hOf( x+—, y+-2),
ky(h) ( > Y 2)
k,(h) = hOf(x+ h y+ k),

1

Ay=g(k1+2kz+2k3+ Kk,) -
[Tonyuennoe metonoM Pynre —Kyrra pemenue Oyaer 0JIM3KHUM K TOYHOMY.
Pemum 3amauy s auddepeHmanisHoro ypaBHeHus: Y = COS(X — yz) Ha

orpeske [-1; 1] mpu 3agaHHOM Ha4YaJlbHOM YyCIOBUM Yy(a)=0.2 W 1are

uarerpuposanus h=0.2 B PascalABGueronom Pynre —Kyrra (puc. 12).
4.2. YpaBHeHHs ¢ YACTHHIMH NMPOU3BOJHBIMH
Memoo KoneuHbIX paznocmell peuieHus ypasHeHull JITURMUYecKo20 munda
MeTo/ CeTOK WJIM METOJI KOHCUHBIX Pa3HOCTEH SBIISETCS OJHHUM W3 CaMBIX
pPacpOCTPAaHCHHBIX METOJIOB YHCIECHHOTO PEIICHUS YPaBHEHUH C YaCTHBIMHU
IPOU3BOJHBIMU. B €ro OCHOBE JIGKHUT HJes 3aMEHbI TPOU3BOJHBIX KOHEYHO-

Pa3HOCTHBIMU OTHOIIEHUSIMU. 3HAYEHHS MCKOMOM (PyHKIMHM U=U(X )) B y31ax

CETKH 0003HaYMM 4epe3 U, = Uu( %, + ilh y+ kO.

50



[ty . - o= | < @ L EE| | = RE B || S | wBl @l wR

Program_integrirovanie.pas® I/Programl.pas/]/-Program_Runge_Kutta.pas*

Program Simpson;
wvar =%, v, dv, a, b, o, h, k1, k2, k3, k4 : real:
Fonction f(x,v:real):real;
begin
fi=cos(®x-=3gr(v)):
end;

repeat
WritelN(=x:6:4," 'yyibeid) s
kl:=h~f(x,v):
k2:=h*f (x+h/2,v+kl/2);
k3:=h+*f (x+h/2, v+k2/2);
k4:=h*f (x+h, v+k3);
dy:=1/6% (K1+2*k2+2*k3+k4d) :
yi=y+dy;
x:=x+h;

Dntil =x>b:

end.
4

OkHo ERIECAE

-1.0000 0.2000
-0.8000 0.3136
-0.6000 0.4463
-0.4000 0.5859%
-0.2000 0.7373
0.0000 0.8825
0.2000 1.0206
0.4000 1.1481
0.6000 1.2632
0.8000 1.3659
1.0000 1.4573

E] Oxno eeiBoga || gy Cnncok owmbok | [S] Cooblyenna komnunaTopa |

Puc. 12.Peanuzanus pemeHus: 00bIKHOBEHHOTO UM EepEeHIIMAIBHOTO YpaBHEHUS
merogoM Pynre —Kyrra

B KaXA0OM  BHYTPCHHEM  y3JIC 3aMCHHM  YaCTHBIC  IIPOU3BOJHLIC

du ou
Pa3sHOCTHBIMHU OTHOIICHUAMU: | — < Yo~ Boae FOU S Mica ™ Y
X )i ay K 2l

2h

B rpann4HbIX y31ax OyaeM Mojab30BaThCsi MEHEEe TOUHBIMU OopMysIamu:

(@) ~ |+lk q,k @ ~ _ bkl Mk |k+1 qk
0X J, h "\ oy K I

AHaJIOrMYHO 3aMEHSIOTCS YaCTHBIS IIPOMU3BOAHBIC BTOPOI'O IMOPsAKA.

a_zu -~ Uk ~24, + Yy (0% ~ Uik qu+qk1
ox* ) h? oy )., |2

ik
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3aMeHbI NMPOU3BOJHBIX B KaXXJIOM Y3JIE€ CETKH IMO3BOJISIOT CBECTH PELIEHUE
YPAaBHEHHM C YACTHBIMH MPOU3BOJAHBIMU K PEIICHUID CUCTEMBI PA3HOCTHBIX
YPaBHEHHU.

IlepBas kpaeBas 3amada, wid 3aaada JJupuxie mis ypasaenus [lyaccona
Au=—+—=1f(XxY) (20)
X

CTaBUTCS CICAYIONIMM 00pa3oM: HAUTU QYyHKIUIO U= U(X Y), YIOBIECTBOPSIOUIYIO
BHYTpHU HekoTopoit oonmactu GypaBaenuio (20),a Ha rpanuie I” yciaoBuro:

ul. =a(x ), (21)
rae @(X, y) —3agaHHas HeOpepbIBHAS (PYHKIIHS.

3amenuM ypaBHeHue (20) KOHEYHO-Pa3HOCTHBIMHU YPABHCHUSMU:

Uiy _2ui2k Yoy 4 Yk~ 2l;'k oW £ (22)
h ,
VYpaBHenuss (22) 00pa3ylOT CHUCTEMY JIMHEWHBIX  aJreOpandecKux
ypaBHeHul. Hamboisiee mpocToil BHI 3Ta CHUCTEMa MMEET ISl MPSMOYTOJIbLHOMN
oOyactu 1 i | =h.
B aTtom ciydae ypaBHeHHs (22) 3aITUCHIBAIOTCS TaK:
Uk T Uy t Ut Y~ 404, = HDifk' (23)
IMIpu f(x,y)=0 ypaBuenne (20) HaspiBacTcs ypaBHeHueM Jlammaca wu
COOTBETCTBYIOIINE KOHCUHO-PA3HOCTHBIC YPABHCHHSI HMCIOT BUI:
Uig ¥ Uge ¥ Ypr+ Yy~ 404, =0. (24)
[Tpu cocTaBnennn ypaBHeHu# (23)u (24) Obli1a UCTIOIB30BaHA CXeMa Y3JI0B:

(i,kt1)

(i-Lk) & ik (it1,k)

L
(i,k-1)

Puc. 13.Cxema y350B
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Memoo Koneunvix paznocmeil pewieHus ypaeHeHuil napadoaIuiecKkozo muna
PaccmoTpuM cMmemaHHyl0 3ajady JUisi YPaBHEHHUS TEILIONPOBOJHOCTH:
HalTU QYHKIUIO U = U(X 1), yTOBIETBOPSIOUIYIO YPaBHEHUIO

ou 0°u
ot e ox>’ (25)
HavdaJIbHOMY YCJ'IOBI/HO.
u(x0)= f(x),(0< x< 9 (26)
U KPaeBBIM YCIIOBUSM:
u(0,t) =g (t);u(s H=¢ (1. (27)

K sToi1 3a1aue mpuUBOINUT, B YACTHOCTH, 3a7la4a O PACHPOCTPAHEHUH TEILIA B
OIHOPOJHOM CTEP>KHE JIJIMHBI S.

ou 0d°u

[Tycte a=1, Torna ypaBHeHue (25) mpumer BWI: T :ﬁ' 3amMeHuM
YJaCTHBIE MPOU3BOIHBIC KOHEYHO-PA3HOCTHBIMU OTHOIIICHHUSIMH -
(a_zu\J ~ ui+1,j _qu + l'rl—lj (28)
2 2 !
0x” ), | h
a_ltj OJIHAM U3 JIByX Pa3HOCTHBIX OTHOIIICHUH:
ou) _UYju—y;
i
ou ui,' - q" -
[Ej <t i (30)
i

Torma nans ypaBHeHus (25) mpu a=1 momydaem 1Ba THUIAa KOHEYHO-
Pa3HOCTHBIX YPAaBHECHUM:

Ij+l L'j _ lTI+1j 2“] + “—1,

) 31
I h? (31)
_Ll,j—].:l'il+lj 2|iJj +“1 32
I h2 ( )
O003HaUUM 0 = #,an/IBeneM ypaBaenus (31), (32)k Buny:
ui,j+1 = (1_ ZU)LI i + U(u+1j + U-Jj, ) (33)
(1+ za)ui,j _U(q+lj + u—lj )_ Uj, 1= 0. (34)
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Jlns cocraBiaenuss ypaBHeHus (31) Obuta WCMOJIB30BaHA SIBHAs CXeMa Y3JIOB
(puc. 14).

(i,j*+1)
L

i-1,j) ® o (i+1.j)
e (i) h

Puc. 14.fIBHas cxema y3J10B

Jliis ypaBHenus (32) —HesiBHas cxeMa y370B (puc. 15).

Eig)s ol . 1)

(1,j-1)
Puc. 15.HesBHas cxema y3/10B

Hau6onee ynoOHbIi Bua ypaBHeHue (33) UMeeT npu 0 = % :

Uy + Uy,
Ui :I_LJT%; >
1 1
u 0261 Ui j+1 :E'(q—lj HAU; Uy ) (36)

4.3 UnuauBuayanbHoe 3aaaHue Ne 4 o teme «UucjieHHbIE METOAbI pelIeHH s
00bIKHOBEHHBIX TH((epeHIIHATBbHBIX YPABHEHHH U YPABHEHUI ¢ YACTHBIMH

MPOM3BOAHBIMM»
3ananue 1.
Pemnte 3agauy Komn nns nuddepennmnanbHoro ypapaenus y' = f(x, y) Ha
OTpe3Ke [a:b] Ipy 3aJaHHOM HaA4YaJlbHOM YyCIOBHUM Yy(a)=C © 1Iare

MHTErpupoBanus h:
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1) metoaom Diinepa:

a) Ha kampkyisaTope, 0) Ha IIK; B) mocTpouTh Tpaduk HMHTErPaTLHOM

KPUBOW;

2) meToioM Diinepa — Komu:
a) Ha KaJBKYJIATOpE; 0) MOCTPOUTH rpad)k MHTETPAILHOW KPUBOH;
3) metonom Pynre — Kyrra nHa I1K.

Homep
sapuan f(x, y) A b C h
ma
1 1—5in(0,75<—y)+ﬂ 0 1 0 0,2
X+1
2 xwos% 1.8 2.8 2.6 0,2
3 Xy +sin X 0 1 2 0,2
4 cos(L,x -y ) 1: -1 1 0,2 0,4
5 1+ 0, 2y Osinx— y? 0 1 0 0,2
6 | cosk-yyiZX 0 1 0 0,2
7 x+co% 1,6 2.6 4.6 0,2
8 x+35in% 1,6 2.6 2 0,2
9 g ') Loy 0 0,5 0,3 0,1
COSX 2
10 X+l-0,5y 0 1 0 0,2
11 1- (x—D)GBiny+ Zx+ y) 0 1 0 0,2
y
12 X+COSE 0,6 1,6 0,8 0,2
13 Xy+ € -1 0 0,5 0,2
14 cos(L5/ + X } 1, 1 2 0,9 0,2
15 1+ 0,4y Csinx— 1,5/ 0 1 0 0,2
cosy
16 | are b2 0 1 0 0,2
y
X+ COS—
17 Ni 0,5 1,5 0,6 0,2
18 0,605inx— 1,4+ : 0 1 0 0,2
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19 xwosﬁ 2.1 3.1 2.5 0,2
20 cos(Lx+y }r K-y, 0 1 0 0,2
3amanue 2.

1)IIpumeHsis METOJT KOHEYHBIX Pa3HOCTEH,
d°u
- 4+ =

Hupuxne mis ypaBHeHus Jlamaca v
y

2

)

BeprmHaamu A(0;0), B(0;1),C(1;1),D(1;0) ¢ marom h:% :

KpaeBsbie yciioBust IpUBEACHBI B TA0IUIE BAPUAHTOB.

HANTH pEIICHUE 3aJa4yu

0 B kBaapare ABCD c

H.
GaijZIf];’la U |AB U |BC U |CD U |AD
1 30/ 30(1x°) 0 0
2 30(1y) 204 20y 30(1x)
3 20/ 20 20y 10x(1-X)
4 0 50simx 50y(1-y) 0
2

6 40 [y 40(1x) 20y(1-y) 0
7 20,y 20 20/ AOX(1-X)
8 50y(1-y) 20¢°(1-X) 0 A4(1-F)
9 50/(1-y) 0 0 50simx
10 50sinty 304/ x 30y 50simmx
11 20cosY 30¢(1X) 30y(1) 20(15)
12 20siny 30x 30y 20x(1-X)
13 40 40 Na 4OSiTg(1- x)j
14 20y 20 207 50x(1-X)
15 40y2 40 40 40sin

2
16 30/(1-y) 50simmx 0 10¢(1-X)
17 30/ 30(1x) 0 A0C(1-X)
18 0 50x(1x) 50y(1-y°) 50x(1-X)
19 20y 20(1x) 30,/y (1-y) 0
20 40(1y) 30/x 30y 40(1x)

56




2) MHcmonw3ys MeTOJ CETOK, pEIIMTh CMEIIaHHYI0 3ajady s
ou 0d%u

mudpepeHIaIbHOTO YpaBHEHUS MapadO0IMdecKoro THIa 5 :F (ypaBHEHUS
X

TEIIONPOBOIHOCTH) MPH 33JIaHHBIX HaYaIbHBIX ycioBusax U(X,0)=f(x),u(0, t)=p(t),
u(0,6, t)=y(t), roe X € [0; 0,6]. Pemenue Bommonuuth npu h=0,1 ms t e [0; 0,01],
cuntas o =1/6:a) Ha kanpkyisTOpe; 0) Ha I1K.

HauasbHble YCIIOBUS IPUBEICHBI B TA0IMIIC BAPHAHTOB:

— 9 o(0) 70
1 COSX 1-& 0,3624
2 2(1-x)+0,2 0,2 t+0,68
3 0,3#%(x+0,4) 0,3 6t+0,9
4 lg(2,63%) 3(0,14%) 0,3075
5 X(x+1) 0 2t+0,96
6 sirk+0,08 0,08+ 0,6446
7 (x-0,2)(x+1)+0,2 @ 0,84
8 1,5%(1-X) 3(0,54) 1,26
9 1,24g(x+0,4) 0,8+ 1,2
10 cos(x+0,19) 0,982 0,1798
11 X(0,3+%) 0 a+0,9
12 cosk+0,845) 6(+0,11) 0,1255
13 sinX 2t 0,932
14 X(x+0,2)+0,4 2+0,4 1,36
15 sink+0,48) 0,4618 3-0,882
16 1g(2,424X) 0,3838 6(0,08)
17 X(2-X) 0 t+2,52
18 lg(x+0,26)+1 0,415t 0,9345
19 sink+0,02) 3+0,02 0,581
20 0,6+(0,8%) 0,6 3(0,24%)
21 14g(x+0,4) 1,4 t+1
22 sink+0,45) 0,435-2 0,8674
23 cosk+0,48) 6+0,887 0,4713
24 cosk+0,66) 3+0,79 0,3058
25 sin(0,5%+0,03) t+0,03 0,354
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4.4 PekoMeHIAIIUM K BHINOJHEHUI0 MHIANBUAYAJIbHOT0 3a1anus Ne 4

3amanue 1.

1) a) BeluuciieHus ¢ UCHOJB30BAHMEM KaJbKyJsATOpa ¢ Imarom h
OCYUIECTBIISIIOTCS B pacueTHOU TaOJIuIIE.

0) CocraBnseTcss  mporpamMva  pemieHus — 3amaun  Kommw i
audhepeHITMAIEHOTO YpaBHEHUS IIEPBOTO TOPSIKAa METOJOM Diiiepa ¢ marom h.
PesynbpTaThl pabOThI MPOTpaMMBbI CPABHHBAIOTCS C PE3YJIbTaTaAMU PACUETOB II. a) B
COOTBETCTBYIOIIUX y3JaX.

B) [lo BBIYMCICHHONH Ha KaJIbKYJIATOpPE TaOmuIe (YHKIUH CTPOUTCS
TOYEYHBIN TpaduK U MPOBOJIUTCS TJIaBHASI KPUBasl.

2) a) BrbluucieHHs ¢ WCHOJB30BAaHMEM KaJbKyJsATOpa ¢ Imarom h
OCYULIECTBIISIIOTCS. B pacueTHOM Taliuie. Pe3ynbTarbl pacdyeToB CpaBHUBAIOTCA C
pacueTamu, IPOBEJACHHBIMHU B II. 1).

0) ITo BBIYMCIIEHHOH HA KaJBKYJIATOpPE TAOIUIIE B I1.a) CTPOUTCS TOYCUHBIH
rpaduK U TPOBOAUTCS MUIaBHAsl KpuBas. MIHTerpaibHble KpUBbBIC, MOJIYYEHHBIE C
NPUMEHECHUEM METOJOB Jiiiepa u Jisiepa — Kouiu, cTposiTCsl B OJHOM CUCTEME
KOOPAMHAT.

3) CocraBuaseTrcs  mporpamMma  pemieHus — 3agaun  Komm i
muddepeHINAIBHOTO YpaBHEHUs TepBOro mnopsiaka merogom Pynre — Kytra c
maroM h. Pe3ynabprarbl pa®oThl MpOrpaMMbl CPaBHHUBAKOTCS C pe3yJbTaTaMH
pacyeToB 1. 1) 1 1. 2) B COOTBETCTBYIOIINX y3JIax.

3amanue 2.

o 1
1) Crpoutcst 00JIacTh pEUICHHS M IOKPBIBACTCS CETKOW C IIarom h:g.

BbraucisiroTest  3HaueHUsT MCKOMOW (YHKIMH U(X, Y) B TpPaHUYHBIX TOYKaX
obsactu. [y KaxxJ101 BHYTPEHHEW TOUKHU 00J1acTH 3aiaHHOE ypaBHeHUe Jlamnaca
3aMEHSETCS] KOHEUHO-Pa3HOCTHRIM ypaBHEeHUEM. [lonydeHHas cuctema JIMHEHHBIX
ypaBHEHUH perraercs JIIoObIM U3 U3BECTHBIX METOJIOB, U BBIITUCHIBACTCS OTBET.

2) a) Ilapabonnyeckoe ypaBHEHUE PEHIACTCS METOJOM CETOK MOCTEIICHHBIM
HepexoaoM OT 3HadeHuH QyHKIuM U(X, fj) k 3HaueHMAM U(X;, lj1); mpuueMm
tu=t+k, rme k=o(h’. BplumMCIeHHS C WCIOJB30BAHHEM KATbKYIATOPA
OCYIIECTBIISIFOTCS] B pACUETHOM TAOJUIIEC C YEThIPbMS ACCATUYHBIMU 3HAKAMHU.

0) CocraBisieTcst mporpaMMa pelieHus CMEIIaHHOW 3a7auu JIJIsl YPaBHCHUS
TEIUIONPOBOIHOCTU.  Pe3ynmbTaThl  pabOTBl  MpPOTpaMMBI  CPAaBHUBAIOTCA  C
pe3yabTaTaMu PacyeToB II. a).
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5. KPUTEPUU OIIEHKH YYEBHOMU JEATEJIBHOCTH
CTYJIAEHTA 11O JUCHUIIJIMHE

MaxkcruManbHOE KOJIMYECTBO, KOTOPOE MOXKET HAaOpaTh CTYACHT IO UTOTaM
U3YYCHHSI YeThIpeX MOAyJIeH (B Xoae TeKymied paboThl W €€ KOHTPOJIA) II0
obs3aTenpbHBIM (hopmaM padoTel — 80 darnee. I1o cocraBnser 80% ot obmIero
BO3MOKHOT'O KOJTMYECTBA 0aJIOB.

1. TlocemieHne JEKIM W KOHCIEKTUPOBAaHWE J00aBISET B PEUTHHT
cTyneHTa 1o 1 éanny 3a kaxmaoe 3aHsATHE.

2. [locemnenne NpakTUYECKOTO 3aHATHS ¢ KOHCTIEKTUpOBaHueM — 1 oasnn.

3. Ilo wroram wW3y4eHUS KaXJAOTO MOAYJS CTYIACHT BBIOIHSICT
VMHINBUIYyaTbHOE 3a/1aHNE, 32 BBIIIOJHEHHE KAXKIOTO IMTyHKTa KOTOPOTO, OH MOXKET
3apaboTath 2 fana.

CTyaeHT MOKeT BOCIIOJIb30BAThCSI BO3MOXKHOCTBIO YBEIUYHUTH YHCIIO
HaOpaHHBIX OAJJIOB, UCTIONB3YsI POPMBI PaObOTHI TOMOIHUTEIBHOTO MOAYJs. [Ipu
3TOM, eciiu cTyieHT HabupaeT ot 10 no 20 6amioB JOMOJIHUTEILHOTO MOAYJIS, OH
OCBOOOXKIAETCS OT MPOXOXKICHUS UTOTOBOTO KOHTPOJIS (B BHJIE 3auéTa). 3a4eTHOE
3aJlaHie BKIIFOYAET B Ce0S 2 9aCTH: TEOPETUUYECKYIO M TIPAKTUUYECKYIO. 3a KaXKIYIO
M3 4acTel 3a4eTHOTO 3aJaHus CTYJIeHT MoXeT HabpaTh 10 10 éannos.

PediTuHT cTymeHTa 1O JUCHUIUIMHE OMNpEACNsIeTCs B  pe3yibTare
CYMMHUPOBaHHUSI  JTaHHBIX  TEKylled paboThl ©W  HWTOTOBOTO  KOHTPOJIS.
MaxkcumansHoe gucio 6amnoB — 100. Ctynent, HaOpaBmnii o UTOraMm paboTH B
cemectpe MeHee 30 danno6, He TIOTYUaET NOMYCK K 3a4ETy.

OlleHKa «3auTeHO» CTAaBUTCSA B ciydae, eciim cTryleHT Habupaer 50-100
bannoe, «ue 3auteHo» —Huxe 50 danos.

B ciyuae 3auéta ¢ OlEHKONW HaOpaHHble Oayuibl TEPEBOASTCA B
TPaJUIIMOHHBIEC OIICHKH TIO CIEAYIOIIEH IIKaIe:

— 86u Oosee — «OTIIMYHOY;

— 70—-85— xopomro»;

— 50—69 — w1oBIETBOPUTETHLHO;

— 491 MeHee — <«HeyI0OBICTBOPUTEITHHO.
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