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1. IIporpamma kypca "UunciaeHHbie MeTOaABI" .

Tema 1._llorpemHocTs pe3yibpTaTa YMCIEHHOIO pEHICHMs 3afadu. VcTouHMKM H
KJIaccu(uKamusl  TOrpemHocTeil. AOCONIOTHAsT W OTHOCUTENbHAs  IMOTPEIIHOCTH.
[Morpemnocts ¢pyHkmuu. OOpaTHas 3a1a4a TEOPUH MOTPELUTHOCTEH.

Tema 2._Ilpubmmwxenue ¢ynkuuid. ITocraHoBka 3amaun npubnukeHus (QyHKUUH.
Knaccet  anmpokcumupyromux — gynkuuil.  Kputepum  cormacus.  IlorpemHocTts
aIIpOKCUMALIUN.

WuTepnonsiuvoHHble  MeToabl  npubimkeHus — QyHkuuil.  AnreGpandeckoe
uHTepIoyipoBanue. MHorouseH Jlarpanxa 1 ero octaTouHblil uieH. OnTuMu3anus y3aoB
UHTeprnonupoBaHus. MHorounensl YeOblmeBa. PazneneHHble pa3HOCTH M UX CBOMCTBA.
HuTtepniossiimonHsle MHOTOWIeHs! HBbIOTOHA € pas3ieneHHbIMM pa3HOCTAMU. KOHeuHbIe
pasHOCTH M HMX cBoMcTBa. MHTepnossannoHHble MHOrowieHsl Hprorona, Ctupnusra un
beccens. WurepnonupoBaHue ¢ KpaTHbIMU Yy3iamMu. OOpaTHO€ HMHTEPHOJIUPOBAHUE.
Wutepnonsuus 1 npuOIMKeHne CrulaifHaMH.

Tema 3. Ywucnennoe muddepenmmporanue. BoiBog dopmyn ducIeHHOTO
muddepenuupoBanuss. OcraToyHas HOTPEHIHOCTb. BBIUMCIUTENbHAS MOTPELIHOCTh IMPH
YHCIICHHOM UG GEPEHIIMPOBAHNN M BEIOOP ONITUMAIILHOTO II1ara TaOJIUIIbI IIPOU3BOIHBIX.

Tema 4._YucnenHoe wuHTerpupoBanue. IIpocreiime kBaapatypHble (OPMYJIbI.
Kanmparypusie ¢opmynsl  Herotona-Koreca. OrneHka MOTPEIIHOCTH —KBaJApaTypHOM
¢dopmybl. [ToBbIIeHNE TOYHOCTH MHTEIPUPOBAHUS 32 CUET pa30MEHUsl OTpe3Ka Ha YacTH.
WuTerpupoBanne QyHKIMH C 3aJaHHOW CTEMEHBIO TOYHOCTH. IIpakThdeckast OIEHKa
norpemHoctu. [Ipasuio Pynre. KBanparypusie popmyssl [aycca.

Tema 5. Pemenne HenWHEHHBIX VPaBHEHUM M METOALI OJHOMEPHOU ONTHUMH3AIUH.
Otnenenune KOpHeEW: mpaBWiIoO Kojbla, Teopema Jlarpanxka, reopema llltypma. YTounenue
KOpHEH: wMmeTtonx wurepaunid, merox Herorona, wmeron xopxa. IlocraHoBka 3agaum
OIHOMEpHOM onTtuMu3anmu. Ilonck oTpeska, comepXkKalero TOUYKYy OSKCTpEMyMa.
Juxoromuueckuii mouck. MetoJ 30510TOr0 ceuenusi. MeTon cpeaHeil Touku (OUCeKIun).
Meton xopa. Meton JCK-Ilayamma. Merox kyOuueckoil ammpokcumanuu. Meton
Hrrorona-Padcona.

Tema 6._Yucnennsle Meronbl anrebpbl. Meron [Maycca ¢ BbIOOpOM TJIaBHOTO
aneMeHTa. TepanmoHHbIE METOJBl pEIICHHS CHCTEM JIMHEMHBIX ailreOpanyecKkux
ypaBHEHHI. MeToz IpoCTOi UTepaly, yCIOBUSA €70 CXOAUMOCTH. OL€HKa NOTPEIIHOCTH.

Tema 7. OCHOBHbIE TOHSATUS YHCICHHBIX METOJIOB pEIICHUsS OOBIKHOBEHHBIX
mnddepeHnanbHbX ypaBHeHUH. [loctaHoBka 3amaun. UuclieHHBIE METOMbI PEILEHHS
3amaun Komm. Metonael Pynre-Kyrra. Kontpone nmorpemnoctu Ha mare. Ilonstue o
KOHEYHOPA3HOCTHBIX METO/axX. OKCTPANOJSALUOHHAS U HMHTEPIOJALUOHHAS (DOPMYIIBI
Anamca.

2. Bomnpocsl mo kypey '"UuciaeHHsie MeToabI'.

. MaremaTrueckue XapakKTepUCTHKH TOYHOCTH MPUOIMKEHHBIX YHCE.
. Obmas popmyiia norpemHocTen.

. [lorpemrHocTh apupMETHIECKUX ACHCTBUH.

. ObpartHas 3a7auya TEOPUH MOTPELIHOCTEH.

. IHTEepnoNsIMoHHbIi MHOTOWIEH Jlarpanixa.

. Onenka norpemHocrell MHOrouieHa Jlarpanxa.

. KoHeuHbIe pa3HOCTH U X CBOMCTBA.

. UnaTepnonsiunonnsie popmyinsl HeroToHa.

. UnTepnonsiuronnsie Gopmysl Ctupnunra u beccens.

10. O6paTHOE UHTEPIIOIUPOBAHHE.

11. Yucnennoe muddhepeHIpOBaHHE.

12. ®opmyisl uucieHHoro auddepeHnupoBanms, OCHOBaHHbIe Ha popmynax HeroToHa.
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13. ®opmyel uncieHHoro auddepeHnupoBaHms, OCHOBaHHbIE Ha Gpopmyse CTUpIHHTA.
14. Uucnennoe unterpupoBanue. ®opmysa npsMoyroabHHUKOB.
15. ®opmyna Tpaneuui.

16. ®opmyna CumicoHa.

17. IuTerpupoBaHue ¢ 3aJaHHOW CTENEHbIO TOYHOCTH.

18. Pemenue anredpandeckux U TPAHCIICHICHTHBIX YpaBHeHUI. OTaeeHrne KOpHeu.
19. MeTtoa 1oJIOBUHHOTO JIeNeHUs. AJITOPUTM.

20. Meton xopa.

21. Metox HrroToHa.

22. Metoa urepauui.

23. Metox CBeHHa.

24. MeTo IMXOTOMHUYECKOT'O IIOMCKA.

25. MeTtoJ 30710TOTO CCUCHHS.

26. Meton cpeaHeil TOUKH.

27. Metoa cekyuux (oJHOMEpHasi ONITUMU3ALINSA).

28. Mertox Hrerotona-Padcona.

29. Metox I'aycca ¢ BEIOOPOM TIIaBHOTO JIEMEHTA.

30. MeTon mpocToi uTeparuu.

31. Meton Ditnepa.

32. Meton Diinepa-Komm.

33. Meron Pynre-KyTra.

34. Meton Anamca.

3. Bsenenme.

[Tporpamma oOydeHust Ha 320YHOM OTJeNeHUH 1o crnienuansHoctu 0719 npegycmarpuBaet
BBINIOJIHEHUE CTYyACHTaMU 10 Kypcy "UucineHHble MeTobl" OJHONW KOHTPOJIbHON paboThlI.
OTa KOHTpOJIbHAs paboTa COCTOMT M3 13 THUHOBBIX 3ajjay, OXBATHIBAIOIIMX CIIYIYIOLIHE
pas3zensl Kypca:

1) mpuOnrxeHHbIe BEIYUCICHUS - 3a1aun A1,A2;

2) uarepnionupoBanue GpyHkiwmii - 3axaun b1, b2, B3, b4;

3) uncnenHoe auddepeHpoBanue - 3aaa4a B;

4) yncneHHoe HHTerpupoBanue GpyHKIWI - 3aa4a [

5) pelieHNe HEMUHEHHBIX ypaBHeHHH - 3agaun J11, J12;

6) peleHne cUcTeM JIMHEHHBIX ypaBHeHUl - 3anaun E1, E2;

7) peienue nuddepeHIanbHbIX ypaBHEeHUH - 3a1a4a XK.
Jns kaxxknont u3 3amau (Al, A2, b1, B2, b3, b4, B, I', 1, /12, E1, E2, XX) npennoxeno 25
BapuaHTOB. HoMepoMm BapuaHTa CTyleHTa SBISETCS OCTAaTOK OT JAENEHHs MATH3HAUYHOTO
mudpa (HoMep 3a4€THOM KHIKKH) Ha 25.

4. MeToan4yecKkue yKa3aHusi M TUNOBbIE 3a1a4H.

4.1. Ipubauscennvie ebluucieHus.

Yucna mounvle u npudausxcennvle. Xapaxmepucmuku npudnusxcennvix uucen. Oouian
¢opmyna nozpewtnocmu. Qdpamnas 3a0aua meopuu noZpewiHocmeil.
Pemenne OosbIIMHCTBA TPAKTUYECKUX 3a/a4 C ONPEACICHHOW CTENEHBIO YCIOBHOCTH

MOYKHO IPEACTAaBUTh B BUJIE JIBYX IOCJIEJOBATEIbHBIX 3TAIIOB:

1) MmaTemaTHUeCKOE ONMUCAaHUE pacCMaTPUBAEMOM MPOOIEMBIL;

2) peuieHne copMyIMpOBaHHON MaTeMaTHYECKON 3aiauu.
Ha ICPBOM 3TaAllC MbI BCTPCUACMCA C ABYMSA XaPaKTCPHBIMU HUCTOYHHMKAMH IHOTPCUIHOCTH.
Bo-nepBbIX, 3TO TO, YTO peaibHO MPOTEKAIOIIHE MPOIECChl HE BCErJa MOXHO TOYHO
OMmUCaTb MAaTEMaTUYCCKHW, 4 BBOAUMBIC 3HAUCHHA AAaOT BO3MOXHOCTH IMOJYYHUTH JIMIIb
Oonee WIM MEHee WACANU3UPOBAHHBIE MOJENHU. BO-BTOPBIX, 3TO HETOUYHOCTH 3aJaHMs



UCXOAHBIX MAapaMETPOB, MOJIYYAEMbIX, KaK MPAaBHIIO, U3 DKCIEPUMEHTA, JAIOLIETO JIUIIb
NpUOJIMKEHHBINA pe3yibTarT.

B cootBercTBHM € 3THM CyMMapHas MOrPEUIHOCTh MaTeMaTHUYeCKON MOJeNu U
HayaJIbHBIX JIaHHBIX 00BEANHACTCS B IOTPELIHOCTh UCXOAHOM HHpOpMaLUK.

Nmes B Buay HE3aBUCHMOCTb 3TOIH MOrPELIHOCTH OT BTOPOrO 3Tama pEeleHUs
HWCXOJHOM 3a/1auH, €€ YaCTO Ha3bIBaIOT HEYCTPAHUMOM ITOTPELLIHOCTBIO.

[lonyyeHnne TOYHOro pemieHUs MaTeMaTHUYeCKOM 3amaud  (BTOpoOH  3Tam)
HE3aBHCHMO OT TOT'0, CTPOUTCS JIM OHO aHaJUTHUYeCKH Wiau Ha OBM, kak npasuio, He
ocyuiecTBUMO. [103ToMy B IpakTHUECKHMX pacueTax HCIOJIb3YIOTCS METOJbl MOIYyYEHHS
IpUOJIMKEHHBIX PEIIEHUH U, B IEPBYIO OUEPE/Ib - YUCIICHHBIE.

Takas BBIHY)XJIEHHAsl 3aME€Ha TOYHOTO PELICHUS NMPUOIMKEHHBIM U MOPOXKIACT
[NIOI'PEHIHOCTL METOHA, wumm, kak ee¢ dacto HaspBawT, IIOI'PEIIIHOCTD
ANMNMPOKCUMALINN.

Hakonen, B mporecce penieHus 3aa4d Mbl IPOM3BOAMM OKPYIJIEHUE HUCXOIHBIX
JTAHHBIX, MPOMEXYTOYHBIX U OKOHYATEJbHBIX PE3YyJbTaTOB. DTU MOIPEUIHOCTH, & TAK¥kKe
HOTPEIIHOCTH, BO3HMKAIOIIME TPU BBINOJHEHUH apU(METHUECKUX oOmepanuil Haj
NpUOIMKEHHBIMU YUCIIAMH, B TOW WM MHOH MEpe MEePEHOCITCS B Pe3yJIbTaT BEIYUCICHUH
U 00pa3yloT TaK Ha3bIBAEMYIO BBIYMCIIMTEJIbHYIO IIOT'PEHIHOCTDL win
[IOT'PELLIHOCTH OKPYTJIEHHUI.

B cBs3u co cka3aHHBIM IpU MOCTAHOBKE 3a/a4yM JIMOO yKa3blBaeTcsi Tpedyemas
TOYHOCTh OKOHYATEIbHOI'O pPE3yJbTaTa, TO €CTh 3aJaeTCi IMOTPEIIHOCTb, MaKCUMAalIbHO
JoMycTUMasl B Ipoliecce pelieHHs MaTeMaTHYecKoW 3alaud, Ju00 OrpaHHMYUBarOTCS
TpeOOBaHUEM MOJICUETa CYMMapHOU MOTPEIIHOCTH Pe3yJibTaTa.

B mpakTuke BBIUMCIIEHUH YacTO BO3HHMKAET HEOOXOAMMOCTh B OKPYTJICHHUHU YHUCIIA,
TO €CTh B 3aMEHE €ro JpPYyrdM 4YHUCJIOM C MEHBIIMM KOJIMYECTBOM Lu(pp, mnpuueM
COXpaHseTCs 0JIHA UM HECKOJIbKO LU(p, CUNUTAs cleBa HAIPaBo.

Cohopmynmupyem  IIPABUJIA  OKPVYIJIEHUS, kotopsiMu MBI Oynem
II0JIb30BAThCS B AAJIBHEHIIIEM.

1. Ecau orOpacwiBaeMble HHU(PBI COCTABISAIOT YHCIO, OOJbINEE IOJIOBUHBI
€MHUILIBl TIOCJIEHETO OCTaBIIEMOro pas3psga, TO IOCIETHSS OcTaBisemas Ludpa
ycuinBaercs (YBeIUYMBAeTCs Ha EAVHHULLY ).

Ecmn  orOpacbiBaemble LHM(PB COCTaBIAIOT YHCIO, MEHBIIEE [OJOBHUHBI
€IMHUIIBl TIOCJIETHETO0 OCTaBJSIEMOTO paspsiia, TO OCTaBlisieMble IHQPHI ocTaroTcs 0e3
MN3MEHEHUS.

2. Eciu xe otOpackiBaeMble IM(PBI COCTABISAIOT YHCIO, PaBHOE MOJOBHUHE
€IMHUILIBl TIOCJIEHETO OCTaBIIEMOro paspsga, TO IOCIETHSS OcTaBisemas Ludpa
YCHUJIMBAETCS, €CIM OHA HEeUeTHasl, U OCTaeTcs 0e3 U3MEHEHHUs, €CIIM OHa YEeTHasl.

IIpumep. Ymecna Al = 273,25001; A2 = 2,71828; A3 = 273,15;
A4 =273,25 okpyIJIUTh A0 AECATHIX JOJEH.

Pemenue. Crienys npaBuily OKpYTJIEHUS, UMEEM
al =273,3;a2=2,7;a3 =273,2; a4 =273,2.

B mnoBcenHEeBHON MPAKTUYECKOW AESATEIBHOCTH, a TAKXKE MPU PELUICHUH TOW WU
MHOW MaTeMaTMYeCKOM 3aJauu MCNonb3yroTcss uucia aAByx ponxoB: TOUHDBIE wu
[MTPUBJIMDKEHHBIE.

I[MTPUBJIMDKEHHBIM YUMCJIOM a nnsg To4HOro 4mciia A Ha3bIBaeTCS YHCIIO,
HE3HAYUTEJIbHO OTJINYAIOIIEECS OT TOYHOTO U 3aMEHSIIOIIETO €0 B BHIYMCICHUAX.

Onpenenenne 1. ABCOJIFOTHOU ITOI'PEIITHOCTBIO Aa npu6ImkeHHOTo umcia
@ Ha3bIBACTCS BEJIMYMHA, HE MEHbIIAs a0CONIOTHOTO 3HAYECHUSI PA3HOCTH MEXKIy TOYHBIM
YHUCJIOM A U ero npuOIMKEHHBIM 3HAUEHUEM 4 :
Aazla-Al. )
Takum o0pa3om, TOUHOE YUCIIO A 3aKII0YEHO B TpaHUIaX :
a-Aa <A<a+Aa.



OTOT QaKT COKpAIIEHHO MOYKHO 3aliCcaTh TaK :
A=a tAa.

Onpenenenne 2. OTHOCUTEJIBHOU TTOI'PEITHOCTBIO §a mpubmmkeHHOro
YHCIa ¢ Ha3bIBACTCS BEIMYUHA, ONpeieNsieMas HEpaBeHCTBOM :
[4-d

oa>——, (a#0). (2)

g

Takum 00pa3om, 32 OTHOCUTENIbHYIO IOTPEITHOCTD YHCIIA @ MOKHO MPUHSATh
=24
‘H' 3)
a

Bcsikoe mosioxuTeNnbHOE YUCI0 @ MOXHO MPEJCTABUTDH B CIETYIOIIEM BU/IE:
a=a,x10" +a,x10"" + .. +a, x10""" + .., (4)
rae o, - pecsituusele ups uyncna a (o, =0,1,...,9), npudyem o, # 0, a m - nenoe 4ucio,
HA3bIBAEMOE CTAPIIUM JECATUYHBIM Pa3psAI0OM YUCIA a .

Omnpenenenne 3. SHAUAIIIMMU [HUDOPAMMU uucna Ha3pBaTCs Bce IUDPHI,
KpOME HYJICH, CTOSIINX JIEBEE MEPBOM OTIIMYHON OT HYJIS HUDPHL.

Hynm, 3anucandbie B KOHIE YMCa, BCETa 3Havamue (B MPOTUBHOM ClIy4ae UX HE
MULIYT).

Hanpumep, uucna 0,001406; 5,0300 umeroT cooTBETCTBEHHO 4 WM 5 3Hayammx
udp.

Ecnu sxe Mbl X0TUM TTOKa3aTh, 4To y yncia 400000 ToapKO ABa 3HAYAIIMX HYJIS, TO
3TO YMCIIO CJEAYET 3amucaTh B BUAE MPOU3BEACHUS JBYX COMHOXKUTEIEH: 400-103 , WK
0,400-100.  TTocmemmss ¢bopMa 3amuMcH  HA3bIBAETCS HOPMAIbHOM ©  sBIAETCSA
MPEANTOYTUTETbHOM.

Omnpenenenue 4. Hudpel «,,a,,...,, TPUONMKEHHOIO 4YUCIA g Ha3bIBAKOTCA
BEPHBIMU B CMBICIJIE ® , eciu aOCONMIOTHAS MOTPEIIHOCTh YUCIA @ HE MPEBOCXOIUT
® €IMHMUII pa3psjia MOCIeIHeH BepHOH TUPHI:

Aa < @-10m-ntl (5)
IIpny ® = 1 (0 = 0,5) uudps! «,,a,,...,a, HA3BIBAIOTCA BEPHBIMH B HIMPOKOM(Y3KOM)

CMBICIJIC.

AHaJOTMYHOTO pPOJa 3aBHCHUMOCTb MOXKHO YCTAaHOBUTb MEXAY KOJIHMYECTBOM
BEPHBIX 3HAYAMINX U(P U OTHOCUTEIEHONW MOTPENTHOCTHIO:

sa <2107, n>1.
@,
Pacemorpum OB YIO 3AJIAYY TEOPUU [IOI'PELITHOCTEMN.
Boruncisiercss 3Hadenue QyHkimum n nmepemeHHslx  f(X) = f(x,,x,,...,X,)B

(6)

HeKoTopoil Touke A(A1,A),...,Ap), KOOpAUHATEI KOTOPOH M3BECTHBI JIUIIL NPUOIHKEHHO.
Tpebyercs onpeaeuTh TOTYUYAIOUTYIOCs PU 3TOM MOTPEUTHOCTb.

[IpuBeneM 0THO M3 BO3MOXKHBIX pemieHud chopmyaupoBaHHoM 3amauun. [lycts a ;
uAa ; (1= 1,2,..,n) ecTb NpUOTMKEHHBIC 3HAYCHUSI U MX TOTPEIIHOCTH JIJIi KOOPAWHAT
TOYKU A, a u =/ayay,....a,) - NpudIMKEHHOE 3HAYEHUE UCKOMOW BemuuyuHel U = /
(A1,A2,...,Ap). [Ipumenss Teopemy Jlarpanska o npupameHuy QyHKIUH, 111 aOCOIIOTHON

BEJIMUYMHBI PA3HOCTH TOYHOTO U MPUOIMKEHHOTO 3HAU€HUH MOKHO MOIYYHUTh CIEAYIOLIYIO0
OLICHKY :



U=t =|f(4, Ay, 4,)~ f(aa,...a,)| < ilBl.Aai , 7)

9 y
rae B, = max gf , @ 00s1acTh P ecTb 00J1aCTh BO3MOKHBIX 3HAUE€HUI KOOPAUHAT
J2
i

Aj: P={A;j:a,-Aa, < A<a,+Aa, ; i=12,..,n}.
Ecmn ¢yHKIus / uMeeT HENpOCTYI0 CTPYKTypy, TO IOIy4eHUE B; MOXKET OKa3aThCs

CIIO’KHOM 3aj1aueii. HOBTOMy, HUCIOJIB3YyS MAJIOCTh obnactn P u3MeHeHUs napameTpoB , B
MPAKTUYCCKUX pacCyCTax ImojararoT

i

B, =b =|—(a,a,...a,), i=1,2,..n
& 1>t )
u  Au= Zbi -Aa, (8)
i=1
PaccmotpumM, kakoii Buj npuodpeter ¢popmyna (8) IpUMEHUTEIBHO K HEKOTOPBIM

GyHKIMIM, HanboIee YacTO BCTPEHYAIOIIMMCS B TPAKTUKE PACUETOB.
1. AnreGpandeckas cymMMa NpUOIMKEHHBIX CIaraeMbIX -

f(xpx0,..xp)=x]Tx2+ .. txy,
Au = ZAai. )
i=1

2. IIpousBeneHne NPUOIIKEHHBIX MHOXKUTETCH -
f(x7,X2,..,xp)=X] 2X2...-Xp

ou=7yoa, . (10)
i=1
3. YactHoe —
X
S(x,x) == (11)
Xy
du = oa, +oa, .
4. CreneHb-
S =x", w0 (12)
du=m-da.
5. Kopens -
/() =Xx,m>0;
oa (13)
ou=—.
m
B BbruncimrensHOll mpaktuke BaxkHoe 3HaueHne mmeer OBPATHAS 3ATAYA
TEOPUN  TIOI'PEIIHOCTEM - onpeneineHre  AOMYCTUMBIX — MOTPELIHOCTEH

NpUOIMKEHHBIX 3HAYEHUH apryMEHTOB, TO3BOJISIONINX BBIYUCIUTH 3HAUCHUE (DYHKIUU C
MOTPEITHOCTHIO, HE TIPEBBIIIAIOIICH 3aJAHHOTO €.

B Taxoif mocraHoBKe 3a7aua SBISETCS HEONMPEIEICHHOM, TOCKOIbKY MOKHO HAalWTH
OecuncIeHHOe MHOXECTBO 3HaYeHU Aa ;, 00eCreurBaoIIKX BhIIOJIHEHNE HEPABEHCTBA

Au<e. (14)

[ToaToMy HEOOXOIUMO HAJIOKHUTH JOMOJHUTEIIBHBIC TPEOOBAHUS HA MCKOMBIC BEIIMIMHBI
Aa ;, TUKTyeMble KOHKPETHON CUTYaIHeil.

Hampumep, motpeOyem, 4ToOBI BKJIAJ B CYMMapHYIO ITOTPEIIHOCTh KaXKIIOTO
ciaraemoro JjieBou yactu (14) OblT OIMHAKOB, TO €CTh
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bjAa=b,Aa, =...=b,Aa, <&/n.
BeinmucaHHoe yciIoBre dacTo Hasbiaror [IPMHIIMIIOM PABHBIX BJIMSHUM,
JUIsL KOTOPOTO OYEBUIHO

£
Aa; <
n-bl.

B cayudasx, korgja Bce apryMeHTbl MMEIOT OJMHAKOBYIO Pa3MEPHOCTb, MOXKHO
IPEONI0KUTh, YTO
Aa,=Aa, =...=Aa, .

Ot ycnosus HaseiBaior IIPUHIIMIIOM  PABHBIX ABCOJIIOTHBIX
[TOT'PEILIHOCTEMN, cornacuo kotopoMy u3 cootHoteHus (14) numeem

;1=12,..,n . (16)

=12, . (15)

Aa. <
1 n

2b
i=1

AnanornyHo MoxHo mnoctpouts IPUHIAIT PABHBIX OTHOCHTEJIbHBIX
I[TOI'PEHTHOCTEM!, onpeaensieMblii COOTHOIIEHUSIMU

oa, =oa,=..=oa,. (17)
Cnenys ycnosuto (17), uz coornomenus (14) umeem:
£-|a,|
Aa, < - ; i=12,..,n .

2.0; "|a]

il

=l (18)

THIIOBBIE 34/IAYHN.

3amaua 1. Jlano mpubnamxenHoe ynucio a = 88,325 W U3BECTHO, YTO Y ITOTO YUCIIA
TPU BEpPHBIX 3HA4YamUX MHU(PH B MHPOKOM(Y3KoM) cmbicie. OUeHUTh aOCOMIOTHYIO H
OTHOCHUTEIIbHYIO TIOTPEUTHOCTh B 000HX CITyYasiX.

Pemenue. [TockonbKy y unciaa a TpH BepHbIe HU(GPHI B IIMPOKOM(Y3KOM) CMBICIIE,
TO abCONIOTHAsI MOTPEIIHOCTh JAAHHOTO YHUCJIAa HE MPEBOCXOIUT EAMHMIIBI (IOJOBUHBI
€MHMUIIBI) ITOCJIETHETO BEPHOTO pa3psaa, T.€.

Aa<o-10mntl =01 .0={ 0] w=1;
0,05 @=0.5.

Sa <210 = 0,0013- @ { 0,002 o =1;
&, 0,00065 @ =0,5.

3anada 2. Jlano mpubnmxeHHoe 9ucio a = 2,7182 u ero abcomoTHas MOTPEITHOCTh
Aa =0,007.
Onpenenuth, Kakue 3Hadamue LHUGPBI NPUOIMKEHHOro uucia OyayT BEpHbIMH B
HIMPOKOM(Y3KOM) CMBICIIE.

Pemenue. B cuny cootHomenus (5) umeem:

0,007 < - 10 0-nF1.

Pemenue 3Toro HepaBeHCTBa €CTh

n<3npuo=1;

n<2mnpuwm=0,5.
Takum obOpaszoMm, y mpuOImkeHHOro yucina a= 2,7182 mo kpaiiHeill Mepe Tpu BEpPHBIX
3HaKa B IIMPOKOM CMBICIIE U JIBA BEPHBIX 3HaKa B y3KOM cMbiciie. [Ipo octanbHble HUQpEI
MBI HE MOKEM CKa3aTb, BEPHbIE OHU WJIM HET.

3amaga 3. lano npuOmmkeHHoe uywcio a= 2,7182 u ero OTHOCUTENbHAS
norpemHocTs da = 1% .



Onpenenuth, Kakpe 3Hadamme LOUGPBI MPUONMKEHHOTO dWcia OyayT BEpHBIMH B
HIMPOKOM(Y3KOM) CMBICIIE.

Pewenne.
Onpenenum Aa = oa - |a| ~0,028

U OTpedyeM BBITIOJIHEHUS! HepaBeHCTBa (5):

0,028 <o - 10™".

PemuB 310 HEpaBEHCTBO, MOIYYUM

n<?2 ogpu o=1 1 ©=0,5.

Takum o6pazom, y IpUOIMIKEHHOTO YKCIIa TT0 KpailHEH Mepe /1Ba BEpHBIX 3HAKa B
IIUPOKOM U y3KOM cMbicie. IIpo octanbHble UGPBI MBI HE MOXKEM CKa3aTh, BEPHbIC OHU
WM HET.

3anaya 4. Co CKOJIBKMMU BEPHBIMHU 3HAKaMU B IIMPOKOM(Y3KOM) CMBICIIE CIENYET
BBIMHCINTD ~/21=4,... , 9T06bI

a) abcoIroTHAS IOTrpemHOCTh He npeBbimana 0,007

0) oTHOCHTENIbHAS MOTPEIIHOCTh He peBblmana 1%?

Pemenue.

a) Ecnu y npuGmmkenHoro yuicna OyJeT 7 BEPHBIX 3HAKOB B CMBICIIE (O, TO €r0
abCcoJIIoTHAsT MOTPEelIHOCTh He OyaeT mpeBblmaTh o - 10 m-n+1, [loatromy n cnenyer
BBIOPATh TAKUM , YTOOBI BHITIOJIHSJIOCH HEPABEHCTBO:

o lom-ntl < ¢ ,

MIPUHUMAIOLLIEE I TAaHHOM 3a/1aud CIEAYIOLINI BUL :

o 107+ < 0,007
Pemas eronpu =1 ,nonyyaemn=>4 ,anpu ®=0,5—-n >3.

CrnenoBaTenbHO, UIsI TOTO, YTOOBI AOCOJIOTHAsI TMOTPEITHOCTh MPUOIMKEHHOTO
qHuciaa a :\/i He npesbimana 0,007, HEOOXOAMMO B3ATh HE MEHEE YETHIPEX BEPHBIX
3HAKOB B IIUPOKOM cMbiIcie: 4,582 (wiu Tpex BEPHBIX 3HAKOB B Y3KOM cMbicie: 4,58).

6) Ecnu y npuGnmkeHHOro yucina a OyJeT 7 BEPHBIX 3HAKOB B CMBICIIE (O, TO €T0

2

OTHOCUTEJIbHAS TOTPEIIHOCT, HE OyAeT MNpeBbIIIaTh 0. IosToMy n ciemyer

cll
BLI6paTb TaKuM , I{TO6LI BBITIOJIHAJIOCHh HEPABCHCTBO!
w _
—10"" <95,
al
MpPUHUMALOLLIEE JUIs TAHHOM 3a/1a4y CIeAYIOLINNA BUL:

210" <0,01.
4

Pemas eronpu 0 =1wu o= 0,5, nojsry4aeM OJUH U TOT K€ pPe3yJIbTaT:
n >3. CienoBaTeNbHO, 711 TOTO, YTOOBI OTHOCUTEIbHAS MOTPEUTHOCTh MPUOIMKEHHOTO

3HayeHus a =+/21 He npeblmana 1%, Heo0X0UMO B34Th HE MEHEE TPEX BEPHBIX 3HAKOB
B LIIMPOKOM U y3KOM cMbIcie: 4,58.
%
2

1
3anavya 5. Beruncnauth 3HaueHue y = lg\/g +7/="1¢ " n ouennuts abCOJIIOTHYIO

Yz

MOTPEIIHOCTh pPe3yJibTaTa, B3sIB NPUOJIMKEHHbIE 3HAUEHHUS apryMEHTOB C YETbIPbMS
BEPHBIMHU 3HAKAMH.
Pemenne. B popmyiy nnst BeruvcieHus: y BXOAST TpU NPUOJIMKEHHBIX apryMeHTa:

X1 :\/g , Xop =T, X3=~¢C. Bo3sMeM nx 3HaueHUS C YCTBIPbMA BEPHBIMU 3HAKAMH.
x1=2.236 ; x=3,142 ; x3=2,718
Ax; = Axy = Ax, = 0,0005.
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Brraucnum npubnmkeHHoe 3HaYeHNnEe (PYHKIUU

1 %
y=lgx + - +x;* =5,513216.
CornacHo (8)

Ay = b]AX] + by Ao+ b3 Axz, TIoE
_lge _ 04343

=0,1942 ;
dcl X 2,236

b—|@/|— : L o074

3 34
\/7 3 (2718 = 2,4730

3

H, CJICA0BAaTCIBbHO,
Ay =1(0,1924 + 0,0724 + 2,4730) - 0,0005 = 0,00137.
Urak, pesynbrar y =5,513216 wumeer abcomoTHyo morpentHocth Ay =0,00137, T.e. Tpu
BEpHBIX 3HaKa.
3agaya 6. C KakMM YUCJIOM BEPHBIX 3HAKOB CJIEAYET B3SITh 3HAYEHUS] apryMEHTOB

1 3 .
bynkuun Y = [g \/g + T + e ,4TOOBI  BBIYKMCJICHHOE 3HA4YC€HUE OJTOU
T

byHKIMN BMeno 4 BEpPHBIX 3HaKa?

Pemenne. Mcxonass w3  NpUOMMKEHHBIX — 3HAYCHUH X1 = \/g = 2,2 ;
X:=m=317; x3= e =2,7, oupenaenum NpuOIMKCHHbIC 3HAYeHHS (YHKIUH U ee
YACTHBIX MPOU3BOHBIX.

3
y=1g22 +L+2,7A =5465;

NEX

i=O,197 . |2 =0,074 ; i:2,46.

b

&, i, s

AGCo0THAs MOrPEIIHOCT BEJIMUMHBI ¥ YIOBIETBOPSIET HEPABEHCTBY (5):

1 oas
AySEIOO‘” = 0,0005 .

Hcnonp3yss mpeamnosokeHue O PAaBEHCTBE aOCOJIIOTHBIX MOTPENIHOCTEH apryMEHTOB,
uMeeM, corsiacHo (16) :

‘ dc;
Takum 00pazoMm, KaXIblii W3 NPUOIMIKEHHBIX apryMEHTOB CIEAYET B3SITb C MSATHIO

BepHI)IMI/I 3HAKaMU.
\/E . Sin\3/1 1

Bamaya 7. BpluvciuTh 3HaueHHE (YHKIHHU y:—2+lg(tg20°) u
T

0,0005
O 197+0,074 + 2,465

Axi = Axs = Axs < ~0,183-1073 .

2

OLIEHUTH a0COJIIOTHYIO MOTPEIIHOCTh PE3YJIbTaTa, B3sB 3HAUEHUS aPTYMEHTOB C YEThIPbMSI
BEPHBIMU 3HAKaMH.
Pemenne. B ¢opmyiny Uit BbIUMCIEHHMS ) BXOIAT 4YeTbIpe apryMeHTa:

xi=e ;x:=X1l ;Xx:=7 ; Xs= 1g20° ;Ux  npubnMKeHHbE  3HAUEHHS  C
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YEeThIPbMS BEPHBIMU 3HaKaMu: x;=2,718 ; x, = 2,222 ; x; = 3,142 ; x4, = 0,3640 ; Ax;=A
x:= A x,=0,0005; Ax,= 0,00005.
[IpencraBum GYHKIHUIO Y KaK CyMMY ABYX (DYHKITHIA:
y = yityz,

LR
2

=

rIe

; v2=1gx,; ys = sinx..
3
Beraucimm npubmmkeHHbIe 3HAYCHUS STUX (QYHKIUN
y3=sin 2,222 =0,7954;

2,718-0,7954
yi= 5 =0,1328 ;
3,142
¥=1g0,3640= - 0,4389;
y=yrty>=—0,3061.
CornacHo (8)
d lge 0,4343 - -
Ay: =2 Avc= B2 Avo= P 05,10 = 0,60-107;
dx. 0,3640
Ays= % . Ax:=cos x{ - Ax: = 0,6061-0,5-107 3 =3,031.107 %,
X2
AGCOIIOTHYIO HO\‘ﬁ)eHIHOCTI) Ay BBIPa3uM 4€pe3 OTHOCUTEIbHYIO
Ay =0yi-lyil,

a 1715l BBIYUCIIEHUS O y; YA00HO BOCIONb30BaThes paBeHcTBamu (10), (12), (13) :

@/1:%5X1+@/3+§X3,

O, = = =0,000184 ;
xl\ 2,718
Ays  0,000303

oy: = A =0,000381 ;
Vs 0,7954
Axs  0,0005

OX: = = =0,000159 ;
x| 3,142

oy;=1/2-0,000184 + 0,000381 + 2 - 0,000159 = 0,000791;
Ay,=0,1328 - 0,000791 = 0,000105.
Cormacao (9) umeem
Ay= Ay; + Ay, =0,000105 +0,000060 = 0,000165.
Taxum o6pazom, npubmkeHHoe 3HaueHue y = — 0,3061 umeer Tpu BEpHBIX 3HAKA.
3agaya 8. C KakMM YHUCJIOM BEPHBIX 3HAKOB CJIEAYET B35iTh 3HAUEHUS] apryMEHTOB

\/;sini/ﬁ

dynkiuu y = —————+1g tg20°, 4TOOBI BHIYUCIIEHHOE 3HAUYEHHE DYHKIMKM UMENO TPH
V4

BEPHBIX 3HaKa?

Pemmenue. ITonoxum, Kak B 3agaue 7,x7 =e,xy = 311, X3 =1,
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Xy

x4 =1g20°; y=y;tyr ; » = —23 ; ¥o=1lgxg; y3=sinx) . B3sB npeaBapuTensHO
X3
HpUOIMKEHHBIE apTYMEHTHI C IByMs BEpPHBIMH 3HaKaMu: x ] = 2,7; x)=2,2; x3=3,1;
x4=0,36 , BeIaucIMM NpHOIIMHKEHHbIE 3HAUEHHS (QYHKIIUI:
y3=sin2,2=0,79

y, = V2.7:079 2’79 =0,13
(3.0
v2=1g0,36=-0,44
y=y;+y>=0,13-0,44=-0,31.
[To ycnoButo (5)

1
Ay < 5 10" = 0,0005.

Bocnons3oBasmmcs (9) umeem
Ay =Ay;+Ay»><0,0005
OTKyZa, peamnosaras, 4ro A yj = A y) HOIy4uM coryiacHo (8)

lge- Ax
Ay, =224 000025
X4
1 A xy <0,00025 - In 10 - x4 = 0,00025 2,303 - 0,35 = 0,00020.
Brruncinum TCIICPb MPEACIBHO OOIYCTHUMOC 3HAYCHHUC I OTHOCHUTEIBbHOMI MOrpeIIHOCTU

A
8y . Tk 8, = 2L a Ay <0,00025,

‘)ﬁ
To 8y <0,00025/|y; |=0,00025/0,13 = 0,0019 .
Cornacno (10)
&y 1= 0,58x j+8y3+20x3 < 0,0019.
IIpeanonarast, uro dx; = dy3 = & X3, HOIy4IUM
Ox 7 =38y3=0x3<0,0019/3,5 = 0,00054.

Jnd x ] umeeM
Axj=0xy-|x7/<0,00054 -2,7=0,0014...
Jna y3=sinx)
Ay3z= 0y3-[y3<0,00054 - 0,79 = 0,00042...
HO Ay3z= |cosx)|-|x)|,

OTKyZa
0,00042...  0,00042...

cos x2| 0,589

Ax, < =0,00071...

Jnax3 —

Ax3=23x3-|x3/<0,00054 - 3,1 =0,0016...
Hrak, nmomyunma: A x; < 0,0014... ; A xp < 0,00071... ; A x3 < 0,0016... ;
A x4 <0,00020... ; oTKya cIeIyeT, YTO 3HAUEHUsI BCEX apryMEHTOB HEOOXOIUMO B3STh C
YETHIPbMSI BEPHBIMU 3HAKAMH.
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Al. IlIpamas 3a0aua meopuu nozpewtHocmeil.
BrerancnuTe 3HaueHHWE BBIpaKEHUs, Oepsi 3HAYCHHS apTyMEHTOB C YETHIPHMSI BEPHBIMH
3HakaMu. OLIEHUTb NOTPELIHOCTD PE3YJIbTATA.

In(1g20°) e ) cos/5

\/_1g\/_ e 11’171'\/_
sin+/11 r’ lg\/§+e

3.y= + ; 4. y=

NE) lg\/ﬁ’ ' V29 -sinz?’
A7 e g’

lg(cos507) N e

5. ; 6. y= ;
tg31° 4 V17 sin+/3
lg\/ﬁ e2+lg\/§
7. y= +/7 - tge;; 8 y=—Tt—m—;
7’ s d sinll” ++/7
0.5 o
9.y_e sm(ln5)0+1n\/; : 10, yo_ 9522 cos 22’
1229 g7 - ln\/_
1. y= V2 +5in22 : 12.y:\/5-1n(<§os25)+\/;;
lgx/;+cosl2° e
13,y = NER lnx/_+cos\/_ 14y_cos\/;Jrln(sinISO)_
' sin31° . lge2+\/i ’
e sin+/11 sin e+lg\/ﬁ
15.y= + 5 16.y = ;
cosl3” Inrx Vi + g7’
. ° 3
17.y:sme+00513 ) 18, y= e +2

lg\/g-% lg\/;-sin33° ’
19. y=+/13-1g(cos23°) + 7 -sin/3 ;
lge’ +cos/3-Inx

VT +¥e-1gn®

20. = ; 21' =
Y sin32° Y cos21°
{7 +sineé’ lg(cos32°)
2. y= : 23, y=2""20 4 e . te5;
Y lnﬁ+cos21° 4 3\/; &
3
24, y= \/;+cos(lg5)’ 25, y=— lg\/;+e .
70 +27 sin+v/2 +cos20°

A2. Obpamnasn 3a0aua meopuu nozpeuwiHocmei.
C KakuM 4YMCIOM BEpHBIX 3HAKOB CIEAYeT B3STh 3HAYCHMUS apryMEHTOB (DYHKIUH U3
3anauu Al, 4ToObI 3HaU€HUE ATON QYHKIIMH UMEJIO YEThIPE BEPHBIX 3HAKA?
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4.2. Humepnonupoeanue.
Ilocmanoeka 3adauu unmepnonuposanus. Ionunom Jlazpanica, Cmupnunza, beccens,
Hvomona. Qbpamnoe unmepnonuposanue.

PaccmotpuMm ¢yHKIIMIO y=f(X), HENPEPBHIBHYIO Ha WHTEpBaNe [a ,b] U 3amaHHYIO
HEKOTOPbIMU CBOMMHM 3HaueHusmu y;=f( x; ), i=0,1, . . . ,n A1 COOTBETCTBYIOILUX

3HAYCHMiA aprymenra a<x,<x <. .. <x <b. HeoOXxonumo HaiTH 3Ha4YCHUE 3TOH PYHKIMH B

* *
Touke X €[a ,b], x #x; 1 OLIEHUTH IOIPELIHOCTD MOIyUYEHHOTO NPUOIMKEHHOTO 3HAUCHHUSI.

OavH M3 BO3MOXHBIX IyTeH peLIeHHs NOCTaBJIEHHOW 3aJayM 3aKJIIoYaeTcs B
CIICTYFOIIEM:
1) mns QyHkuuu f(x) mo 3HaueHWsM y; B y3max x; , i=0,1, . .. ,n cCTpoHTCs

MHOTOYJICH CTETICHH HE BBILIE 71
= . n . l’l-] . 1
Pu(x)=a, x" +a x"1+. . +ay_jxtay , (1)
NPUHUMAIOIIUH B TOUKAaX X; 3HAYEHHMS ); , T.€. 3HAUCHHA K03()(HUINEHTOB MHOTOUWICHA —
a; — HAXOAATCA U3 yCIOBHA:
P,(x;)=y;,i=0,1,...,n
DTOT MHOTOWIEH Ha3bIBACTCS UHTEPNOMAUMOHHBIM. OH BCerga CyIIECTBYEeT U

€/IMHCTBCHEH.
Qynkmus f(x) npeacrasnsercs B Buge: f(x)= P,(x ) + Ry, (x), (2)

riae Ry (x) — ocrarounslil wieH MHTEpHOISILUOHHON hopmynsl. Ecnu dynkuus f(x) umeer
HEIPEPHIBHYIO MPOU3BOIHYIO TIopsiika (n+1) Ha [a,b], TO
n+1
R (=L
(n+1)!

*
2) Boruucnsercs 3nauenue Py (x"). Ecnu 3HaueHus y; 3agaHbl NPUONMKEHHO WK

(x=x)(x=x)...(x=x,),¢ €(a,b). (3)

K€ MO0 KAaKUM—JIMOO MPHUYMHAM BBIYHUCIEHUS HE MOTYT OBbITh BBIIIOJIHEHBI aOCOJIIOTHO
N *
TOYHO, TO (DaKTUUECKH BBIUUCIACTCSA JHIIb NpUOMMKEHHOE 3HadeHue P (x ) amnd

*
TOYHOTO 3HaueHus P, (x").

3) llpubnmxkeHHO IPUHUMAETCS, 4TO f{X *) ~P n(x >k).

4)  OmneHuBaeTcs  NOTPEUIHOCTh  METOAA MO  OCTAaTOYHOMY  YIIEHY
UHTEPIOJIIIIUOHHON (hOPMYJIBI:

. M, | : :
R, (x )SAlzm‘(x —x,)(x = x))(x” =X, @

£l (x)\ . (5)

rae M ., = max

[xg.%,]
5) OHeHI/IBaeTCH MNOTrPCIIHOCTD BBIYUCIICHUS II0 IMOT'PCIIHOCTAM HpI/I6HI/DKeHHBIX
3H21H€HI/II71 NCXOOHBIX JAHHBIX:

Ay > | Pyx™— P ™. (6)
TakuMm 0Opa3om, MOJTHAS IOTPEITHOCTh MPHOIMKEHHOTO 3HAYCHHUS €CTh
A>A +Ay 2 |- PL™ . (7)

Jnst poctaroyHo TMaaKuX (QYHKIMA HU JOCTATOYHOTO KOJUYECTBA Y3J0B Ha
WHTEpBaJic WHTEPIONIMPOBAHMS MOTPEIIHOCTh MeTofaa OynaeT aocratouHo wmana. [Ipu
JIOCTATOYHOM TOYHOCTH HMCXOJHBIX 3HAYCHHMH ); M JIOCTATOYHOM TOYHOCTH BBIYMCIICHUH

P (X' ) BblUMCIMTENbHASA MOTPEHIHOCTh OYJET TakkKe JOCTAaTOYHO Maja; CIelI0BATENbHO,
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~ *
npubnmkeHHoe 3HaueHue P (X ) B 3ToM ciydae OyAeT 1OCTaTOYHO Majio OTIMYaThCs OT

TOYHOTO 3HAYEHUS f(X *).
[Ipu pereHnn MPaKTHYESCKHUX 3a71a9 WHTEPIIOJISIIIHOHHBIA MHOTOYJICH CTPOST B
pa3In4HbIX hopmax.
Opna u3 Takux GopM — UHTEPIOIALIUOHHBIN MOIMHOM Jlarpanka:
L(x)= Zn: (x = x)(x—x)-..(x —x_ (X —x;,,)-.(x — x,)
= (

g _xo)(xi Bl xl)"'(xi - xi—l)(xi _xi+1)‘~(xi - x,,) a (®)

*
OcrtaroyHast OrpeIHOCTh 3HaUYeHUs L, (X ), BBIYUCICHHOTO 110 Gopmyiie (8),
orieHuBaercsa Gpopmyoi (4), a BBIUUCTUTEIbHAS TOTPEITHOCTD

A = Zn: (X* _xo)(X* _x1)---(X* _xi—l)(-X* _xi+1)---(X* -x,)
? ,-=0‘ (; = x)x; = X))o (2, = X, (X, = x,,,) (3, — X)) ‘

rae Ay; — HOTpeIHOCTh UCXOTHBIX JaHHBIX (3HAYCHUH (PYHKIMU B y371axX).
OOBIYHO MHTEPIOJSALMOHHBIIN TOJIMHOM COCTABJIETCS HE TI0 BCEM y3/1aM TaOJIMIIbl, a JIUIIb

Ay, (9)

110 HEKOTOPBIM, HAXOISIIAMCS BOIIH3M X .

B citydyae paBHOOTCTOSIIIKX y3710B, TO €CTh KOT/AA

xp=xp+ih, i=01,..,n, (10)

rze h - mar MHTEPIONSAIUH, 1IeJIeCO00Pa3HO HCIIOIB30BaTh HHTEPIOSAIIMOHHbIE
nonuHoMbl Ctupiniunra, beccens u HerotoHa.

Jnist 6osiee KOMIIAKTHOW 3aITUCH ATHX ITOJIMHOMOB OOBIYHO BBOJST MOHATHE
KOHEYHBIX Pa3HOCTE.

Bynem Ha3bpIBaTh KOHEYHBIMH Pa3HOCTSIMH MIEPBOT0 MOpPsiIKa GyHKIMUA y=f(X) B
TOYKE X; CIEAYIONINE BETUIHUHBI :

Avi =yi+]1-Yi, (11)
a KOHEYHBIEC PA3HOCTU K—TO MOPsJIKa ONPENEISIOTCS TAKUMU PEKYPPEHTHBIMU
COOTHOIIICHUAMU .

Ay =kl g - ALy, (12)
Koneunsie pazHoctu QpyHKIMU y=£(x) ya00HO 3anmucaTh B BHIE TaOIHIHI | :
Ta6ymma 1.
Xj Vi Ayj A2y; Ady; Ady;
X Yo
Ay 5
X Y A2y 2
Ay A3y ,
Xy Yo Az)’_ / A4y 2
Ay, A3y .
X, Y, A2y ,
Ay ;
Y Y
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Hanpuwmep,

X; Vi Ay; A2y; A3y; A4y;

30° 0,5000
0,0736

350 0,5736 -0,0044
0,0692 -0,0005

40° 0,6428 -0,0049 0
0,0643 -0,0005

45° 0,7071 -0,0054 0,0002
0,0589 -0,0003

50° 0,7660 -0,0057 -0,0004
0,0532 -0,0007

550 0,8192 -0,0064
0,0468

60° 0,8660

o o *
Ecnu Bce MCXOOHBIC 3HAYCHUS y; 3aaHbl C OJHOU M TOM K€ MOTPCUIHOCTBIO A , TO

9Ta TOTPEUIHOCTh PAcIpOCTPaHsIeTCs Ha Pa3HOCTH MoOpsaka m ¢ kKodhumuenrom 2 u
OBICTPO pacTeT ¢ POCTOM M : A*(Amyi) = 2m.A* (3TO JIerKO MOKa3aTh, €CIU BCIIOMHUTH
OIIpeJIeTICHNE TIOTPEIIHOCTEH apu(hMEeTHIeCKuX ACHCTBHI). A Tak Kak COOTBETCTBYIOIIHE
KOHeuHble pa3sHocTu A y; OynyT yObIBaTb C pOCTOM /1, TO HACTYIUT Takas CUTyalus,

KOTJla BCE€ TMOTPEIIHOCTH KOHEYHBIX PA3HOCTEW CTaHYT CPaBHMMBI WIM OOJbIIE CaMHX
KOHEUHBIX pa3HOCTEH, W WX UCIOIb30BaHUE CTaHET Herenecoo0pasHeM. [losTomy
MOPSAOK MOCIEAHUX KOHEUHBIX Pa3HOCTEH, KOTOPHIE ellle 1eIeCO00pa3HO UCIONIb30BaTh B
BBIYHMCIICHUSIX, HA3bIBAIOT TMOPSIAKOM MPABUIBHOCTH TaOJIMIIBI KOHEUYHBIX Pa3HOCTEH,
KOTOpBIA, B CBOIO O4Yepedb, OMNpeAeNseT MaKCUMAIbHO JIOMYCTUMBIH MOPSIOK
WHTEPHOJISIIMOHHOTO TTOJIMHOMA, CTPOSIIETocs ISl JaHHOW (DYHKITUHU C 3aJaHHBIM IIaroM
HUHTEPIIOIIMPOBAHHUS.

O6patumcst BHOBb K (opmyne (4) OIEHKHM OCTaTOYHOM TMOTPENTHOCTH

MHTEPIIOISLIMOHHOTO MToIMHOMa. Ha npakTike To4HO onpenenuts npoussonnyto 1+ 1)(x)
U €€ MaKCUMaJbHOE [10 MOMYJII0 3HaueHue My, 4 j ObIBaeT, KaK IPaBUJIO, HEBO3MOXKHO, TaK
Kak (yHKIHS OOBIYHO 3a/JaeTCsl JHIIbL B BHJC TAOMUIBI CBOMX 3HadeHWil. [losTomy
NpuOeraT K NpUOIMKEHHOW oueHke M1 . M3BecTHO, 4TO U1 (QyHKUMHA, m pa3

HETPEPHIBHO TU(PEepeHIIMPYEMbIX, KOHEUHbIE Pa3HOCTH MOpPsAKAa MO 7 BKIIOUUTEIHHO
001ajatoT CIEeIYIOIUM CBOMCTBOM :

AMy;=hm . f(M)(E) | Eelx; , xj ).
Ha ocHoBaHuu >TOro cBOMcTBa

max
M ~ {a,b]

n+l hn+1 :

An+1yi‘ (13)

[epeiizeM K pacCMOTPEHHIO Ha3BaHHBIX (POPM HHTEPIOJSIIUOHHBIX MOJIMHOMOB
s pyHKIMU y=f(X), 3aJaHHON CBOMMH 3HAYEHUSIMH ); B y371aX X; PABHOMEPHOU CETKHU C

marom h.
HNuTepnionaunonnsiii noauHoM beccens u Ctupiaunra.

* v
HyCTB TOYKa X PaCIIOJIOKCHA BOJIM3H OT HCKOTOPOT'O y3J1a, KOTOPbIM HA30BEM X() .

JU1st UHTEPIOJIIUPOBAHUS BEIOEPEM y31bl, CHAMMETPHUHBIE OTHOCUTEIBHO X ():

X_fp s o, XZ] X0 X, X,
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BBenem B pacCMOTpeHHE HOBYIO IIEPEMEHHYIO
X=X,
h (14)
Bribop monmuHOMa  OCYIIECTBISICTCS MCXOAs M3 TPeOOBaHUS  IOIYyYEHUS
MUHUMAJIBHON BEJIMYMHBI IOTPEIIHOCTH HUHTEPHOJSALANA M ONPENENseTCs BEIUYHHON

|7

t=

Ecm | \— ‘<025 (15)

TO UCTOJb3yeTcs MOAMHOM CTUPIIMHTA, €CIIH
%

0,25<1°<0,75, - (16)
nosmHoM beccers.

Omno w3 ycnosuit (15) wmm (16) Moxker OBITh OOECHEYEHO BBHIOOPOM
COOTBETCTBYIOLIETO y371a Tabmuubl B kKadecTBe X() . IIpu stom nmomunom Crupiusra -
MOJIMHOM YETHOH CTENeHH - CTPOUTCS MO HEYETHOMY YHCIy y3J0B; moiuHoM beccens -
HEYETHOM CTETEHH - CTPOUTCS 110 YETHOMY YHUCIY y3JI0B.

Ntak, nuHTEpNOAAUMOHHBIN NOJUHOM CTUPIIMHTA CTPOUTCS B BUJIE:

Ay, +A A’
S, () =y, + YOJ; Yol ;‘1t2+

AY1+A3Y2t(t -1 A4Y2t
2 3! 4!
JrA5y72+A5 vy, t(t7 =1)(t* =2%) A6y3t
2 5!
Ouenka (4) ocTaTouHOM MOrpemHOCTH 3Ha4deHus S)p( t*) MOXET OBITh

2t -+ (17)

2t =Dt =2H)+...

npeacraBjiCHa B BUAC

_ My 2k+l
a (2k+1)v H(t - (18)
wi, cornmacuo(13), —
maX‘A2k+1y[| .
p= T i),
2k +1)! i=l

OneHum Tenepb BRIYUCIUTENBHYIO IOTPELIHOCTD pe3ybTara

2
S, (t) =y, + A ;AYI "+ Azy'—l 4.

Kak Ob110 cKa3aHO BbIIIE, A0COMIOTHAS TIOTPEIIHOCT KOHEYHOH Pa3HOCTH MOPSIIKA
ectb 2M A¥, IIO3TOMY

Ap=A"(1+2 | ¥ +2t%2 +..) (19)

Ecnu Beimonusiercs ycnoBue (16), To ecTb TOYKa MHTEPIIOJUPOBAHUS HAXOIUTCS
BOJIM3M CEpEeIHbI OTPE3Ka MEXy Y3JIaMHU X() ¥ X (€CIH TaK IPOHYMEPOBAHBI 3T Y3IIbl),

U CTPOUTCS TIOJTMHOM HEYETHOW CTENEHH, TO CIEIyeT MCIOIb30BaTh Y3JIbl, CHAMMETPHUYHBIC
OTHOCHTENIBHO CEPEIUHBI OTPE3KA MEXKIY X() K X , TO €CTh OTHOCHTENILHO TOUKHU =1/ 2.

HNuTtepniossiiuonsslii nonmHoM beccens nis y3inoB

X_fp s o, Xo] LXQ XL XD, oo X s XH] s - -
CTPOUTCS B CIEIYIOLIEM BUJIE :
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2 2
Yot ¥ +AYO (t—l)—i-A Yo t Ay, _t(t_1)+

B. =
2t 2 I 2 2 2!

(20)
Ay | 1
——(t-o)t(t-D+...

2
OneHKH 0CTaTOYHOM M BBIYUCIIUTENIBHONW NOrpeIHOCTEN pe3ynbraTta Boj+ ( t*) UMEIOT
COOTBETCTBEHHO CIIEAYIOIMINN BUJ :

k+1

[Te -

i=k

2k+2
maX‘A b yl‘ kel

C(2k+2)

M2k+2 2k+2

A, =
(2k+2)'

e - )‘ a1

t—k

. A | 4, 1. .
Ay =A (142 =+ 2@ =D+ | =D @ =) +..)
2 3 2

Humepnonayuonnwie nonunomvt Horomona.

I u Il uHTEpnOMALMOHHBIE MOIMHOMBI HBIOTOHA KMCMONB3YIOT HJISI ONMpPENECIEHUS
3HaueHUN (PyHKIHUU B TOUKAX, HAXOSAIINXCS COOTBETCTBEHHO B Hayaje U KOHIIE TaOIHUIIbI
UHTEepnogupoBaHusi. B 3ToM ciiyyae He Bcerga UMeEETCS BO3MOXXHOCTH BBIOOpA
JIOCTaTOYHOTO KOJMYECTBAa Y3JIOB (CJeBa WM CHpaBa) Ui MOCTPOCHHUS HEOOXOIMMBIX
KOHEYHBIX Pa3sHOCTEH SOf , Boj+] -

%
[Tycts TOuKa X~ pacrmosiokeHa BOJIM3U IEPBOTO y3Jla UHTEPIIOIUPOBAHUS X() Ha

CeTKe X ,X],. . . , Xy Torma caemyer UCHONB30BATh IEPBYIO MHTEPIOIALMOHHYIO
dbopmyny HeroToHa :

A 2
N (t)=y, + z‘) t+it(t—1)+

A A" 22)

4 %t(t C)(t=2)+... +%t(t “)(t—2)..(t—n+1).
! n!

t onpenensiercs: hopmydoit (14);

X( - Onmxaimmii k x* y3€J CIeBa.

. _
OrneHkH MmorpenHocTe npuomxkeHHoro 3HadeHus N, (t ) MOryT ObITh MpEACTaBIEHBI B

BUJIE:
M + n+ ma)*AnHyJ * ok ¥
Al—(n"ll),h e =Dt - )|~[’21T)!- £ =Dt —n)| (23)
A, =N -(1+‘t*‘-2+2‘t*(z‘* —1)‘+...+2" i _l)';.(t _n)‘)
n.

*

Ecnu Touka MHTEPIONMPOBAHUS X PACIOI0KEHA BOJIU3HU MOCIEAHEr0 y3Ja CeTKU

X0,X15---»Xn » TO UCIIOIB3YIOT BTOPOI MHTEPIOISIUOHHBINA MOJMHOM HbloTOHA:
2

A A A’
NI (0) =y, + =254 S22y 1)+ =22 (4 (0 +2) +
1! 2! 3!
; (24)
A"y,
+...+—'t(t +1)...(¢t+n-1),
n!
. x—x,

T/Ie X, - OMVDKaWImMil K X y3el cipasa, ¢ = i

OI_IGHKI/I NOrpeuIHoCTeH HpI/I6J'II/I)I(eHHOFO 3HaueHUs Ny (t) MOXKHO 3aIlMCatb B
BUIC:
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n+l
max |

Mn+l n+l [a;b]
Alz(nﬂ).h 1@+ +n) g ——— |H( +i)| 03)

% * * * 2” * * *®
Ay =A-(A+2]t |2t (t +1)|+...+—'|t @ +D..¢ +n-1)))
n!

Oopamnoe unmepnoauposanue

ITocTtanoBka 3amaun.

Paccmorpum ¢dynkimio y=f(x), HempepblBHYI0 Ha HWHTepBaie [a,b], 3amaHHyi0 B
BUJIC TaOJIHIIBI CBOMX 3HAYCHUH Y; LIS COOTBETCTBYIONIMX 3HAUCHHUIT APTYMEHTA X;.

H€06XOHI/IMO HAWTH, B KAKOH TOYKE X U3 MHTEpBana (Xk.1,Xx) 3HAUCHUE (PYHKIIHH
paBHO y n3 uHTepBaia (V. 1,yk) [Ipu sTomM mpenmosiaraeTcsi, 4TO WHTEpBAT (Xk.1,Xk)
HACTOJIBKO Mall, 4TO 3HAYCHUE X OYIEeT eTUHCTBECHHBIM.

DaKkTHYECKN MBI IMEEM JIEJI0 C 3a7aueii onpeaeTeHUs KOPHS YpaBHCHUS:

f=y". (26)

OnHrM M3 BO3MOXKHBIX IMyTeH PEIICHUs JTOW 3a7aud SIBISACTCS AaNMpPOKCHMAIIHS
bynkuuu  f(X) WHTEPHOJMAIMUOHHBIM TMONMMHOMOM Pn(X) u 3amena ypaBHeHus (26)
YpaBHEHUEM:

Pr)=y" 27)
JleiiCTBUTENBHBI  KOPEHB X e(x,_,x;) ypaBHeHus (27) sBasercs

MPUOJIMYKEHHBIM 3HAYCHUEM KOPHS X" ypaBHeHus (26).
[TosTOMYy nIpHUMAaEM, 4TO
X' =X
[orpemHocTs 3HaueHHs X ONpeNeNnsercs ABYyMS MOMEHTaMH: MOCTPOCHHEM
UHTEPIIOJIALIMOHHOIO TMOJMHOMAa W peueHueM ypaBHeHHs (27) U MoOXKeT ObITb
npejcTaBieHa B BUJE:

* ~ % A
X - X |[<—+e¢, (28)
m,
rae A - cymMmapHasi orpeurHoCTb I/IHTepHOJII/IpOBaHI/IH
0<m, < min |10 .

[xp—1ox ]
£ - TIOTPEUTHOCTH pelieHus ypaBHeHus (27).

Ecnu 3amaHHbIX 3HaYeHUA (QYHKUIUH, 7151 KOTOPBIX HAJ0 HAWTH COOTBETCTBYIOIINE
3HAQYEHHsI apryMEHTOB, MHOTO, TO MMEET CMBICT MOJIB30BaThCS CIEAYIOIIUM CIIOCOOOM
pereHus 3a1a4u 00paTHOrO UHTEPIIOIUPOBAHUS.

[Tycts cymectByer rnaakas QyHkuus x=g(y), oOpatHas k f(x), HempepbIBHas CO
CBOMMH MPOU3BOJHBIMA Ha MUHHMAaJIbHOM HHTEpBaJle, coiepkamieM 3HaueHus yi=f(X;),
1=0,1,... . B »ToM cnyuae 1OCTaTOYHO BBHIYMCIUTH 3HaueHUE 0OpaTHON QyHkIMH g(y) B
TOUKE Y, HCIIONB3Ys METOIBI IPSIMOTO HHTEPIIOINPOBanus, T.e. x = g(y" )~ La(y").

*
OcTaTo4YHy0 MOrPEUIHOCTh MOJIy4eHHOTo 3HaueHus Ln(y ) MoxHO coriacHo (4)
OLIEHUTH CJIEIYIOIUM 00pa3oM

maXIg”+1 )

| —U”("T!(y* =)0 =y =yl (29

OreHKka BBIYHCIUTENBHON TOTPEIIHOCTH B 3TOM ciydae OyJeT UMeTh Oolee
CIIOKHBIA TIO CcpaBHEHHIO C (9) BUI, MOCKOIbKY OT MPUOIMKEHHBIX BEIUYUH Y0,Y1,.--»¥n
3aBUCAT TeNepbh MHOXKHUTENH Jlarpanxka

Jo (y*_yo)(y*_yl) (y*_yil)(y*_yHl) (y*_yn)
L0y =)0 =y )W = Vi) - )
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[IpuBenennblii criocod sBisercs Ooisiee AP(PEKTUBHBIM B CpPaBHCHHH C paHee
u3nokeHHbIM. OJTHAKO €ro HEeJOCTaTKOM sBIIAeTCsS TpeboBaHue riaakod pynkuuu g(y),
YTO JaJIEKO HE BCETa BBITTOIHSICTCSI.

Tunoewie 3a0auu

3agaya 1. Ilonb3ysch M3BECTHBIMHM 3HAUYEHUSAMH (DYHKIUSAMH Y =+/X B TOUYKax

x=14,16,19,21, BEIYUCINTE V15 u OLICHUTh MOTPEIIHOCTb.
Pemienne. B kauecTBe WHTEPHOJSIMOHHOTO TIOJMHOMA BBIOMpAcM IOJIMHOM
Jlarpanska, Tak Kak y3J7bl HHTEPIIOJIMPOBAHUS HE SIBIISIOTCS PABHOOTCTOSIIIMMH.
Ucnons3ys hopmyny (8), onpenensiem MHOKUTENH Jlarpanxa:

o _(15-1615-1915-21) _12 ) _(15-14)15-19)(15-21) _4
O T (14-16)14-19)14-21) 35 ' (16-14)16-19)(16—-21) 5
[0 _(5-1905-1905-2) _ 1 ¢ _(15-1915-16(5-19 _2
2 19-14)(19-1619-20) 5 ° (21-14921-1621-19 35

n
3ameuanue. OTMETUM CBOKCTBO MHOKUTENEN Jlarpanka: z L =1. Ins TOro, 4T06h!
i=0
HaliTU 3Ha4eHue QyHKIMU C MAKCUMAaJIbHON TOYHOCTBIO,HEOOXOAUMO ONPEIEIHUTD, C
KaKoOH TOYHOCTBIO CJIEAYET OpaTh 3HaYeHUSA PYHKIMH y =+/X B y3J1aX, JJIs 3TOr0

OTIPEJIeTTUM TIOTPENTHOCTh METOIa, UCTIONB3Ys hopmyiry (4):
M * * * *
Ay = 107 =2 =)0 ) - x)
Haxogum

M Vi4 15
4—gge;§|f (x)|= I 7

A, = (15— 14)(15-16)(15-19)(15— 21)|< 0,9-107*.

15
16147 - 24

[anee BpIUMCISIEM MUHHMAIBHO BO3MOXKHYIO IOJHYIO IOTPELIHOCTh PE3ysbTaTa;
HUMEECM:

A=A, +A, <107,
TenepL OCTAJIOCh OMMPEACIIUTD BBIYUCIUTCIIbHYIO TOTPCUIHOCTD:
A, <10 =A, =107 -09-10"=0,1-107;

yuuTbiBas popmyiy (9) u nmpeanosnaras, 4To Bce 3Ha4eHUs PYHKIIMUA UMEIOT OJTMHAKOBYIO

-
TOYHOCTh A , UMEEM:
-4

3 10
=T[=14 A<
2L 1= 7% =

9

=0,71-107".

To ecTb 3HaUeHUs PYHKLUMH B y371ax OepeM ¢ 5 3HaKaMH MOCIe 3arsTOMH.
3anucaB jgayee TaOJMIy MCXOJHBIX 3HAYEHUHW C TpeOyeMol TOYHOCTHIO,

BBIUMCIISIEM KOHEUHBIH PE3YJIbTaT:
Xi 14 16 19 21
f(xi) 3,74166 4,00000 4,35890 4,58258

12 4 1 2
L,(15)=—"-3,74166+— - 4,00000+ | —— | - 4,35890 + — - 4,58258 = 3,87294
3 35 5 5 35
Otset: V15=3,87294 + 0,0001.
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3amaya 2.
CocTaBUTh COOTBETCTBYIOIIME HHTEPIOSLMUOHHBIE MMOJTMHOMBI U BBIYHCIUTH B

* * o o
toukax X 1=0,63 u X ,=1,35 3nauenus Qyukuuu f(x)=3", 3a71aHHON B BHIE CIIEIYIOIIEH
TaOJIMIIBI, COMIepIKalell 3HAUCHHUS Yi C YETHIPhMsI BEPHBIMH B IIUPOKOM CMBICJIE 3HAKAMHU.

Xi 0,50 0,75 1,00 1,25 1,50

Vi 1,732 2,280 3,000 3,948 5,196

OneHuTh NOrpeIHOCTh pe3yIbTara.

Pemienue. /lononHuM 3aJaHHYI0 TaOIUIly 3HAYCHUSIMU KOHEUHBIX Pa3HOCTEH:

X Vi Ay, Ay, Ay, A'y,
0,50 1,732
0,548
075  2.280 0,172
0,720 0,056
1,00 3,000 0,228 0,016
0,948 0,072
125 3,948 0,300
1,248
150 5,196

Tak xak 3HaueHHE x*1=O,63 PacCIoJIOKEHO B Havase TabJIuIIbl, a x*2=1,35 - B KOHIIE
€e, TO A BBIYUCIICHUA 3HAYCHUS f(x*l) ClelyeT HCIIONIb30BaTh IEPBBIM, a i
BBIUMCJICHUSI 3HAUEHUS f(x*z) - BTOPOM MHTEPIOJISALUOHHbIE TOJTUHOMBI HbroTOHA.

OTMmeTuM, YTO KOHEYHAas pa3HOCTh YETBEPTOrO IMOpAAKa MPHUOIMKEHHO paBHA
cBoell morpemHocTd. IlodTomMy (yHKIMIO y=3" ¢ TOYKM 3pEHHS BLIYHMCIUTENLHOM
MOTPEITHOCTH HelleJIeCO00pa3HO anMpOKCUMUPOBATH MOJTMHOMOM CTETICHU BBIIIE TPEThEH,
u, cienys popmynam (22) u (24), umeem:

I * * 0a172 * * 0a056 * * *
N;(t,)=1732+0,548-¢, + X 1 (t, -+ 3 -t (¢ =Dt - 2);
0o . 0300 ., . 0,072 . . .
N3 (t,)=5,196+1,248-¢, +T-t2(t2 +1)+ 3 1, (¢, + 1)(2, +2).
BrrancnuMm 3Hauennsa t*l " t*z.
. x —-x, 063-050
= L 0 — =0,52,
h 0,25
. X, —x  135-1,50
t,= 2 _Tn - =-0,60.
h 0,25

Takum 06pa3om, MOTydnUM:
f(x;)= N1(0,52)=1,998942,

f ()= N (-0,60) = 4,407168.

OnenuM norpemHocty no popmynam (23) u (25):

4

A,(0,63) = NTI:?’) -(0,25)* -0,52-0,48 - 1,48 - 2,48 = 0,0009;
4

A, (1,35) = w -(0,25)* -0,60- 0,40 -1,40 - 2,40 = 0,001.
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VuuThIBas, 4TO BCE NPHUBEICHHBIC 3HAKUH Y (DYHKIMH y=3" BEPHBI B HIUPOKOM
CMBICJIE, UIMEEM:

A'(y;)=0,001; A"(Ay,) = 0,002;

A (A’y,)=0,004; A" (A’y,)=0,008.

[ToaTOMY BBIYMCIUTENBHBIE TOIPEIIHOCTH CYTh:
A, (0,63)=0,001+ 0,0011+ 0,0005 + 0,0005=0,0031;
A, (1,35)= 0,001+ 0,0012 + 0,0005 + 0,0005 = 0,0032.

OKpyriMM MOTy4YEeHHbIE PE3YJIbTAThI 10 YETHIPEX 3HAKOB.
N1(0,52)~1,999;
NI(-0,60) =~ 1,407.
[TorpemHOCTH OKPYTJIEHNS PaBHBI COOTBETCTBEHHO:
A;(0,63)=0,0001;
A4 (1,35) = 0,0002.
CyMMupys NOrpeiHoCTb METO/1A, BBIYUCIUTENBHYIO OTPEIIHOCTD U OTPEIIHOCTD
OKpYIJICHUS, MIOTy4YacM:

f(x)=3% =1,999 £ 0,0041;

k3
f(x;)=3"" =4,407 + 0,0044.
3amMeTuM, 4TO OCTaTOYHbIE MOTPEIIHOCTA B JAHHOW 3a/Ja4€ MOXHO OLEHUTH C
o *
MIOMOLIBIO KOHEUHBIX pa3HOocTen. [l 3HaueHust N;'(t;") 9Ta oneHKa HMeeT BUL

0,016
A, (0,63) ~

I, *
a s 3HaYeHus N3 (t ) -

0,016
A, (1,35~

3azaya 3.
Oynkuus f(x) 3axana TabIUIEH CBOMX 3HAYEHUH, BEPHBIX B HAIMCAHHBIX 3HAKaX.

X; 0,6 0,7 0,8 0,9 1,0
Vi 1,8221 2,0138 2,2255 2,4596 2,7183
Xj 1,1 1,2
Vi 3,0042 3,3201
Hcrosnb3ys  COOTBETCTBYIOMIMM — MHTEPHOJISLUMOHHBIA  IOJMHOM, BBIYHUCIHUTH

3Ha4YeHUs QYHKIHUU B TOUKAX X1 =0,85 u X, =0,98. OueHuTH MIOTPELIHOCTH PE3YJIbTaTOB.
Pemienue. TaK KaK Mbl MMEEM JOCTAaTOYHOE KOJHMYCCTBO Y3IIOB, MCHBIINX K
OOJIBIIINX xl* u xz , TO IJIg BBIYHCIIEHUS f(xl) u f(Xz) CIelyeT HCIOJIb30BaTh
UHTEPIOJIAIUOHHBINA TToJMHOM CTHPJIMHTa WIH WHTEPIIOJSIIIMOHHBIA MOJIMHOM beccens, a
B KayecTBe LIEHTPAJIBHOTO Yy37a BBIOMpPATh TaKOW, YTOOBI BBIMOJHAJIOCH OJHO U3
cootHomenuit (15) u (16). Jlanmee, B 3aBUCMMOCTH OT TOr0, KaKO€ W3 JBYX YCJIOBHM
BBITIOJIHSETCSI, IPUMEHUTh COOTBETCTBEHHO (popmyny Crupnunra unu beccens.

B namei 3agave s Beraucienus f(0,85) B kauecTBe 1EHTPaIbHOTO y3J1a BEIOEpEM

£

* x] -
x,=08 (¢, = h

0 o
=0,5) u Bocmonw3zyeMcs popmynoi beccens, a Ay BBIYUCICHUS
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*

. X, —X
f(0,98) B xauecTBe LEHTpambHOrO Yy3aa BblOepeM x, =10 (7, = 2 h $=-02) u

BOCMOJb3yeMcs popmyioit CTUpiIuHra.

CocraBuM TabiMIly KOHEUHBIX Pa3HOCTEW, oOpailas BHUMaHHUE HA TO, YTO €CJIH
aBCOMIOTHASL TOTPENIHOCTh 3HaueHHs Vi ecth 0,5-10™, To abcomoTHAs MOrpemHocTh
KOHEYHBIX Pa3HOCTEH mopsiaka m ects  0,5:1072™,

Xi i Ay, Ay, Ay, Ay,

0,6 18221
0,1917

0,7 20138 0,0200
02117 0,0024

0,8 22255 0,0224 20,0002
0,2341 0,0022

0,9 2459 0,0246 0,0004
0,2587 0,0026

1,0 27183 0,0272 0,0002
0,2859 0,0028

1,1 3,0042 0,0300
0,3159

12 33201

A’ (A"y,) 0,00005 0,000 0,002 0,0004  0,0008

[TorpenrHOCTh KOHEUYHBIX PAa3HOCTEH YETBEPTOTrO MOpsIKA OOJbIIE aOCONIOTHBIX
BEJIMYMH 3HAUEHUM CaMUX 3THUX pa3HOCTEH, a 3TO O3HAYaeT, YTO C TOYKU 3pPEHHS
BBIYUCIUTENIFHOH  TOTPEIIHOCTH  (DYHKIMIO  HELEeIecoO0pa3HO  ammpoKCHMHPOBATH
HOJIMHOMOM CTEIIE€HH BBIIIIE TPEThEH.

Takum 00pa3oM, Tak Kak MOJMHOM beccenst CTpouTCsl 0 YeTHOMY YHCITY Y3JIOB U
SBJISICTCS MTOJIMHOMOM HEUYETHOW CTENEeHH, a MoJIMHOM CTHUPIUHIa CTPOUTCS IO HEUETHOMY
9HCITy y3I0B W SBISCTCS TONMHOMOM HYETHOH CTeNeHH, TO JUIsi BBIYHMCICHHS f(X| )
TMOCTPOMM TOMMHOM beccens TpeTheil CTENeHW, a [Uisi BBIYHCICHHS f(X; ) - MONMHOM
CrupnuHra BTOpOi CTENEHH.

Cnenys cdopmynam (20) u (17) u yuutsiBasg, uto B ¢opmyne (20) Oyayt
OTCYTCTBOBATH ClIaraeMbie, COJIEpKaIIiNe MHOXKHTENb (t-1/2),TaKk Kak t, =1/2, MOJTYYHM:
2225542459 0,0246+0,0224 05-05)

f085)=B,(05)= 2 + 5 5 =2,339612;
0.2587+0,2859 0,0272 ,
f(0,98)zS2(—0,2)=2,7183+f-(—O,2)+ 5 (-02)* =2,664384.

OueHuM NOorpenIHoCTH NOJIYUYEHHBIX Pe3yIbTaToB.
ITorpemHocT METOa PABHBI COOTBETCTBEHHO

Nyl wow

A, (0.85)= maxjAy,|, E@ -1 -2)= 0’2304- 0,5-0,75-1,5=0,00001
A3 : * %2 2

Al(0,98)=wm(t2 D)= 0’060 8.02.096=000009

a BBIYHUCIUTCIIBHBIC ITIOTPCITHOCTH -
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A, (0,85) = 0,00005- (1+2-0,5-0,5) = 0,000075;
A, (0,98) = 0,00005- (1+2-0,2 + 2 0,2%) = 0,000074.

OKpyrIuM pe3yIbTaThl O HMIECTH 3HAKOB.
£(0,85) = B;(0,5) = 2,33961, A,(0,85) = 0,000002;

£(0,98) ~ S, (~0,2) ~ 2,66438,  A,(0,98) = 0,000004.

CymMmupyss A KaxAoro pesyjbTara IMOTPEIIHOCTb METO0/d, BBIYUCIUTEIbHYIO

MOTPEIIHOCTh ¥ OTPEIIHOCTh OKPYTJIECHUS, OJTyIUM
7(0,85) = 2,33961+0,000087; £(0,98) = 2,66438 +0,000168.

3anayga 4. Ilo SaﬂaHHOI/I TabauIe 3HaYeHUH (QYHKIUU y= f(x) OTPENICIUTH, KAaKOMY

3HAYEHUIO apryMeHTa X COOTBETCTBYIOT 3HaUCHUS (PYHKITUH Y| "=2,000 1 Y2 *=5,000.

Xi

0,50 0,75 1,00 1,25 1,50

Yi

1,732 2,280 3,000 3,948 5,196

Pemienne. Tak kak 3HaYEHHUE Y =2 OOO pacrmoyIoKEHO B Hayayue TaOmuIbl, a

y2 =5 ,000 - B KOHIIE €€, TO IS BBIYUCIICHUS x1 CJEAyeT MCIOJIb30BaTh MEPBBIM, a s
BBIUHUCJIICHUA X2 - BTOpOI/I I/IHTepHOJIHLII/IOHHbIC ITOJIMHOMBI HLIOTOHa

JlomonHuM 3a/laHHYI0 Ta0IHIly 3HAYEHUSIMH KOHEUHBIX PA3HOCTEH.

X yi Ay, Ay, Ay, A'y,
0,50 1,732
0,548
0,75 2,280 0,172
0,720 0,056
1,00 3,000 0,228 0,016
0,948 0,072
125 3,948 0,300
1,248
1,50 5,196

! 0,172
N3 (t1): 1,732 + 0,548- tl S+

s onpenenenys X UMeEeM ypaBHEHUE

t1 (t1 -

2 1 _1)(t1 _2):29000,

a 1Sl ompeeNeHus X; -

0,300 0,072
NI(t,)=5196+1248-t, + — b (t, +)+ — - (t, +1)(t, +2) =5,000,r1e

L =——"7_

x—0,5 _x—1,5

, 1, = .
0,25 20,25
Pemras 3Tu ABa ypaBHEHUs, OITYyYUM

tr =0,522; t, =-0,140.

Orcronax, =0,50+0,25-0,522 = 0,630;x, =1,50+ 0,25 (=0,140) = 1,465.

3anaya 5.
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[To 3amanHoO¥ Tabnuie 3HaueHU QyHkIMU y=f(X) ompeneanuTs 3HAUCHUE X, st
koTtoporo f(x )=10.

Xi 10 15 17 20

Yi 3 7 11 17

Pemenue. ®Dynkmus f(x) mMonoronHa Ha otpeske [10;20], cmemoBarensHO,
cymecTByet obpaTHas pyHkius x=g(y). [locTpoum ams Hee MHTEPIOISIIMOHHBIN TOJIMHOM
L3(y) u Beruncoum L3(10).

3
X’ zLS(IO):zL(iS) “X, =(—ij~10+£~15+4—9-17+(—ij-20:16641
par 64 160 64 40

b1. Hnmepnonuposanue ¢ nomowvto nonunoma Jlazpansca
Co CKOJBKMMH BEpPHBIMH 3HAaKaMH HEOOXOAMMO B35Th 3HAYCHHE YKa3aHHOMN
%

(GYHKIIMM B TOYKAX Xj, YTOOBI BBIYUCIUTH 3HaY€HHE (PYHKIHUU B TOUKE X C MUHMMAJIBLHOM
MOTPEITHOCTHIO. BBIUMCIUTD pe3ysbTarT.

y=cos x; y=inx;

1. x=20°, 22°, 25°, 26°; x =23°. 21.x=2;2,5; 3; 4; X =e.
2.x=27°, 28°, 30°, 32° x'=29". 22.x=10, 13, 14, 16; x'=11.
3.x=30°, 31°, 33, 35% x'=32°. 23. x=11, 13, 16, 18; x'=12.
4.xi=35°, 38°, 40°, 43°; x'=37". 24.x=1,2, 4,5; X =e.
5. xi=40°, 45°, 48, 51°% x'=43". 25.%=5,6,8,9; x'=7.

y=sin x; y=lg x;
6. xi=7°, 9% 14°, 17°% x'=12". 11. x=6, 8, 11, 12; x"=10.
7. x=15°, 18°, 219, 23% x'=20°. 12. x=9, 12, 15, 19; x"=10.
8. x=17°,22° 25°, 30% x'=28" 13. x=98, 102, 107, 112; x =100.
9. xi=25°, 29°, 34°, 37 x'=30°. 14.x=110, 115, 119, 121; x =113,
10, x=40° 45° 51°, 55° x'=50°. 15. x=115, 119, 124, 128; x"=120.

y=+x

16. x=14, 16, 19, 21; x =17.
17. x=15, 18, 21, 23; x =20.
18. x=12, 14,17, 19; x =16.
19. x=20, 22, 26, 29; x =25.
20. x=8, 10, 11, 13; x =9.
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b2. Humepnoauposanue ¢ nomowwvio gpopmyn Hotomona,
Cmupnunza, Beccens.

Wcnionb3yst Tabnuily 3HaueHud GyHKIUK (BCe MPUBEICHHBIC 3HAKU BEPHBI B Y3KOM
CMBICIIE):

a) COCTAaBUTh TAOJIUIY KOHCYHBIX PA3HOCTEH;

0) BBIYMCINUTH 3HAUYEHUA QYHKIUM U1 YKa3aHHBIX 3HAYEHUH apryMeHTOB H
OLICHUTb MOTPEUTHOCTh PE3YJIbTATOB.

Xi Vi 1. x; =1,18; x5 =1,38;
1,1 0,89121 X3 =1,25; x4 =2,16.
1,2 0,93204 2.x, =1,12; x5 =1,46;
1,3 0,96356 x5 =1,55; x4 =2,18.
1,4 0,98545 3. %1 =1,16; x, =1,57;
1,5 0,99750 x5 =1,65; x4 =2,17.
1,6 0,99957 4.x,=1,15; x5 =1,75;
1,7 0,99166 x3 =1,88; x4 =2,14.
1,8 0,97385 5.x1 =1,17; x5 =1,66:
1,9 0,94630 x5 =1,95; x4 =2,15.
2,0 0,90930
2,1 0,86321
2,2 0,80850
Xi Vi 6. x, =0,504; x, =0,524;
0,50 1,6487 x3 =0,535; x4 =0,604.
0,51 1,6653 7. x1 =0,503; x5 =0,533;
0,52 1,6820 x3 =0,545; x4 =0,603.
0,53 1,6989 8. x1 =0,502; x, =0,542;
0,54 1,7160 x3 =0,555; x4 =0,602.
0,55 1,7333 9. x; =0,506; x, =0,556;
0,56 1,7507 x3 =0,565; x4 =0,606.
0,57 1,7683 10. x; =0,508;
x> =0,568;
0,58 1,7860 x3 =0,575; x4 =0,608.
0,59 1,8040
0,60 1,8221
0,61 1,8404
Xi Vi 11. x,"=1013; x,"=1043;
1010 3,00432 x3 =1065; x4 =1113.
1020 3,00860 12. x, =1012; x, =1032;
1030 3,01284 x3 =1055; x4 =1112.
1040 3,01703 13. x;, =1014; x, =1054;
1050 3,02119 x5 =1075; x4 =1114;
1060 3,02531 14. x, =1016; x, =1066;
1070 3,02938 x3 =1085; x4 =1116.
1080 3,03342 15. x, =1018; x, =1078;
1090 3,03743 x3 =1095; x4 =1118.
1100 3,04139
1110 3,04532
1120 3,04922
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Xi Vi 16. x,'=2,706;
Xz*:2,756;
2,70 0,3704 x3 =2,77; x4 =2,906.
2,72 0,3676 17. x1 =2,708;
x> =2,768;
2,74 0,3650 x3 =2,87; x4 =2,908.
2,76 0,3623 18. x; =2,709;
x> =2,769;
2,78 0,3597 x5 =2,81; x4 =2,909.
2,80 0,3571 19. x;, =2,712;
X2 =2,772;
2,82 0,3546 X3 =2,85; x4 =2,912.
2,84 0,3521 20. x; =2,715;
x> =2,835;
2,86 0,3497 X3 =2,89; x4 =2,915.
2,88 0,3472
2,90 0,3448
2,92 0,3425
Xi Vi 21.x,'=0,63; x» =0,38;
0,6 1,8221 x5 =1,05; x4 =1,63.
0,7 2,0138 22. x1 =0,68; x5 =0,93;
0,8 2,2255 x5 =1,25; x4 =1,68.
0,9 2,4596 23. x1 =0,64: x5, =1,07;
1,0 2,7183 x5 =1,45; x4 =1,64.
1,1 3,0042 24. x,"=0,67; x5, =1,22;
1,2 3,3201 x5 =1,15; x4 =1,67.
1,3 3,6693 25. x1 =0,66; x, =1,34;
1,4 4,0552 x5 =0,95; x4 =1,66.
1,5 4,4817
1,6 4,9530
1,7 5,4739

b3. Oopamnoe unmepnonuposanue (ciyuaii HEPAGHOOMCMOAUUX V37108)

*
ITo Tabmuue 3amaun b1 ompenenuTs 3HaUY€HHE apryMEHTa X , COOTBETCTBYIOILEE
sk
yKa3aHHOMY 3Ha4YeHHI0 y (pyHKImu f(x).

1.y'=0,914 2.y =0,857 3.y=0,829
4.y=0,777 5.y=0,695 6.y =0,175
7.v=0,326 8.y'=0,391 9.y =0,454
10. y'=0,743 11.y'=0,93 12.y"=1,15
13.y'=2,02 14.y'=2,07 15.y'=2,09
16.y'=3,873 17. y'=4,062 18. y'=4,243
19.y'=4,9 20.y'=3,5 21.y'=0,8
22.y'=2,5 23.y'=2,7 24.y'=1,1
25.y'=2
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b4. Oopamnoe unmepnonupoganue (cayuaii pagHoOMCMOAUUX Y37108)
*
[To Tabauue 3amaun B2 onpenenuts 3Haue€HUE apryMeHTa X , COOTBETCTBYIOILEE
&
yKa3aHHOMY 3Ha4eHuio y ¢yHkuuu f(x).

1.y=0,81 2.y =0,82 3.y=0,83

4.y =0,84 5.y=0,86 6.y =17
7.y=1,75 8.y'=1,8 9.y=1,65
10.y'=1,83 11.y'=3,008 12.y'=3,010
13. y'=3,046 14. y'=3,035 15. y'=3,040
16.y'=0,35 17.y'=0,36 18.y'=0,37

19. y'=0,345 20.y'=0,361 21.y'=3.2
22.y'=2 23.y'=3 24.y'=4
25.y'=5

4.3. Yucnennoe oughpghepenyuposanue.

Dopmynvl uucnennozo ougppepenyuposanusn. Ilozpewinocmu, 6o3nuKaouue npu
yucnennom ouggepenyuposanuu. Beibop onmumanvnozo wiaza 4uciennozo
oughghepenyuposanusn

[Ipy 4YHWCIEeHHOM pemeHNH MHOTHX NPAKTUYECKUX 3a/ad YacTO BO3HUKAET
HEOOXOIMMOCTh TOJYYUTh 3HAUYEHUS MPOM3BOJHBIX PAa3IUYHBIX MOPAAKOB (DYyHKIUH
y=f(X), 3agaHHOl B BUJAE TAOJIMIIBI WJIM B BHUJIE CIOKHOTO aHAJIUTHUYECKOTO BBIPAKEHUS,
HeNocpeACTBeHHOe A depeHpoBaHe KOTOPOro 3aTpyAHEHO. B Takux ciyuasx
UCTIONIB3YIOTCS TIPUOIIKEHHBIE METOIBI T PepEeHIIMPOBAHUSI.

PaccmarpuBaercs crnemyromias 3agaya:

Ha cetke a<x,<x, <...<x, <b B y3nax X; 3a1anbl 3HaueHus y=f(X;) QyHKUUH

f(x), nenpepsiBHO nuddepeHuupyemoit n+1+m pa3. TpebyeTcss BHIYUCTUTH MPOU3BOIHYIO
N, x e[a,b] Y OLICHUTH TOTPEIIHOCTb.

OnuH 13 BO3MOKHBIX MYTEH PEIICHUS 3TOW 3aJayM 3aKJII0YaeTCsl B MPUMEHECHUU
Teopun uHTepnonupoBanus. Iloctpoum mns Qyskuum f(x) mo ysmam xi, 1=0,1,....n
WHTEPHOJIAIMOHHBIN OJUHOM Py(X) ¢ ocTarounbiM uiieHOM Ry (X) Tak, 9To

f&x)=F,(x)+R,(x). (1

[IponuddepennupyeM mnpaByro U JEBYIO 4YacTH COOTHOIICHHS (1) mo X m pa3 u

TIOTIOKHIM X=X
[ =P @) +R (). 2)

[IpomsBogHass or MHorowieHa P,"™(x) mnpuMeHsercs i NPHOIIKECHHOTO
IIPEICTABJICHNUS] ICKOMOM IPOU3BOIHON f(x):

[P (). 3)

Bbruncnenue BbICHIMX MPOU3BOAHBIX MOXKET OBITH CBEACHO K IOCIEI0BATEIILHOMY
BBIYUCIICHUIO HU3IIMX, MOITOMY MBI OCTaHOBHUMCS Ooyiee MOAPOOHO Ha TIOJIyYEHUH
pacyeTHbIX GopMya IS f'(x). llpuOmmxeHHsle QOPMYIBI s  BBIYHCICHUS
MPOM3BOJHBIX B Hayalie ¥ B KOHIE TAONUIBI MONYyYaroTcs myTeM auddepeHInpoBaHMs
UHTEPIOJIALMOHHBIX MHOrowieHoB HploTOHa, a /uis BBIYMCIEHUS NPOU3BOAHBIX B
cepenuHe TaOMHIBl - myTeM auddepeHIpoBaHUS UHTEPIOIALIUOHHBIX MHOTOYJICHOB
Crupnunra u beccens.

Hampumep, ecnu BbIOpaTh Y3IBI  X,X|,X2,X3,X4 U BOCIIOJH30BATHCSI TEPBHIM
MHTEPIOJIALUOHHBIM MHOTOWIeHOM HbioTOHA, TO MBI moidyuyuM (HOpMyITy YHUCIEHHOTO
Qg QepeHIMpoBaHUs BUIA
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dN.(x) _dNi(x) dr _

')~

dx dt dx 4)
1 201, 3P —6t+2 Aty
=—-| Ay, + Ny, +————" Ny, +(2 =9 +11t -3 2|
h [ Yoy B 6 ( T }
X=X,
rae t= P 0<t<1.

Ha mnpakTuke 4acTO BBITOJIHEE BBIPAXKAaTh 3HAYCHMs IPOM3BOJHBIX HE 4epe3
KOHEYHbIE Pa3HOCTH, a HEMOCPEJICTBEHHO 4epe3 3HaueHus ¢QYHKUMU B y3nax. [l
MOJYYCHUs TaKuUX Oe3pa3sHOCTHHIX (OPMYJT YIOOHO BOCIOJB30BAaThCS MHOTOUYJICHOM
Jlarpan:xa ¢ paBHOMEPHBIM PaCIOIOKEHUEM Y310B (Xi-Xi.1=h, 1=1,2,...,n).

3anuiem MHorowieH Jlarpanxa BTOpoi cTeneHu (Tpu y3Jia MHTEPIOIUPOBAHUS).

1
Lz(x)=2_hz[(x_x1)(x_xz)yo —2(x =X ) —x, )y, +(x_xo)(x_x1)J’2] (%)
Torna
FOSL0= -

B ocHoBHOM ¢opMynbl 4YuCIEHHOTO IU(PEPEHIMPOBAHUS TPUMEHSIOT IJIS
BBIUMCJICHHs] IIPOM3BOJHBIX B y3iax X;. lloacTaBum B paBeHCTBO (6) MOCiIEIOBATENBHO
3HAYCHUS X=X(;X];X2. [lomydmm:

L l@x—x -5y ~2Qx—x% ) +@x—x, 3] (6)

1
f'(xo)szl(xo)zz_h(_3yo+4y1_y2); (7)
1
f'(xl)sz'(xl)zﬁ(_yo +,); 3
1
S = Ly(x)=——(yy =4y, +3y,). )]

2h
Ocrarounble wieHbl Gopmyin yrciennoro auddepenuupoBanus (7) - (9) nomyunm
TuQQepeHIIMPOBAHNEM OCTATOUYHOTO YJIeHA

(3)
R, (x) = ! (5( ))( X=X ) = x )(x = x;)

MHorouseHa Jlarpanxa (5) u nocnez[OBaTenLHoﬁ HOJCTAaHOBKOW B BBIPAXKEHUE U1 R)
3HAYCHHH X=X(;X|;X2.

&) A (10)
Ry =L &) (z:) ’

(3> 11
R =~ "

3) 12
RiGr) =L 8D (12)

3anuceiBas MHTEPIOJAIMOHHBIN MHOTOWIEH JlarpaH)ka TpeTbeil CTemneHu (YeThIpe
y371a) U €ro OCTaTOYHBIA YJICH, MOJYYHUM Cleaylomue (OopMysbl JUIs MPOU3BOJIHBIX B
y37ax:

f,(x0)=671h(—11y0+18y1—9y2+2y3)_h7:f(4)(é:0); (13)
f'(x1)=$(—2y0—3y1+6y2 _y3)+%f(4)(§1); (14)
f(xy)= 61h( — 6y, + 3y, +2y3)_%f(4>(§2); (15)
f'(x3):5(—2y0 +9y1—18y2+11y3)+§f(4>(§3)_ (16)
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B cnyllae MHOTrOYJIEHa YETBEPTOM CTENEHU (MSTh Y3JI0B) MOIYyUHUM:

n (17)

S(xp)= (25y0+48y1 36y2+16Y3_3y4)+?f(5)(§0)
’ ht 18
S = (3yo 10y, +18y, =6y, +y,) =5 fP(&); 19
o (19)

e )—12h< “8y, 8 ) s 06

B Q)

f(xs)_ ( Yo + 6y, — 18y2+10y3+3y4)+2_0f()(§3
’ : @1)

h
S (x)=15, (3y0 16y, +36y, —48y, +25y4)+?f(5)(§4)

Buvioop onmumanvnozo waza yuciennozo ouggepenyuposanus

Onenka  aOCOMIOTHOW  MOTPEIIHOCTH  YHMCICHHOro  auddepeHurpoBaHus
CKJIQIIBIBAETCSI M3 OCTATOYHOH IIOTPELIHOCTH, OICHMBAaEMOM BeIMYMHOM |R)(X)|, u
BBIYUCIUTENHHON MOTPEIIHOCTH, ONpeaensieMol NpUOIMKEHHBIM 3aJlaHUEM BEIIUYMH Yi,
1=0,1,...,n, (TOTPEIIHOCTHIO OKPYTJIEHUs pe3ysbTara mpeHeOperaem). Paccmorpum s
ornpeneneHHocTy Gopmyiy (19).

[TpubmmxenHoe 3HaquI/Ie MPOU3BOAHOMN

f(xz)NE(y =8y, +8y, —y,) (22)
UMECT OCTaTO‘-IHYIO HOFpeHIHOCTL
A= w M, 2 Ef(s) (&, My =max| [ (x)|
30 {30 ’ > ab) ’
Y BBIYHUCIIMTENIBHYIO MIOTPEIIHOCTh COTJIAaCHO paBEHCTBY (9) Temsl |
1I8A"  3A
2T 120 2h

rme A - abcommoTHAas MOTPENTHOCTh KaXA0ro U3 uucen yj, i=0,1,...,n
Takum oOpa3zoM, MONHAS MOTPEUIHOCTH (OPMYJIBI YHCIEHHOTO AU PEepeHINPOBAHUS
(22)-
M, 3A
30 2
Jus manmoct A, HeoOxoxuma ManocTs h, Ho mpu ymensinenuu h pacrer A, . U3

*
ypaBaenus A'(h)= 0 nmomydaem 3HaueHue h , mpu koTopom norpemHocts A(h) Gopmyss
(22) nmeeT MUHUMAIBLHOE 3HAYCHUE.

5

3amaua.
Oyuknus f(X) 3amana TabauIe cBOMX 3HAUYCHUH, BEPHBIX B HANMCAHHBIX 3HAKAX.

v o * *
Haiitn mepByro mpom3BoAHyr0 3ToM (pyHkimu B Toukax X; =0,7 m x; =1,0. OueHutsb
v v * ~
MOTPEIIHOCTH Ppe3yibTaToB. HallTu onTumaneHelii mar h ans kaxmoi w3 popmyn
YHCIICHHOTO U PEepEeHITNPOBAHMUS.
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X; 0,5 0,6 0,7 0,8 0,9 1,0
Vi 0,4794 0,5646 0,6442 0,7174 0,7833 0,8415
Pemenue.

* v v
Touka x; =0,7 - nenTpanbHbIN y3en Tadmuiel. s Beraucienus f'(0,7)B nanHOM

3a/1a4e cieayeT BOCIOoIb30BaThes 0AHOM U3 popmyi (8), (14), (15), (18).
1) Bocnonwsszyemcsi dopmynoit (8), ob6o3nauuB x¢=0,6; x;=0,7; x,=0,8. Torma

J1'(0,7)=

2-0,1

OcraTo4Hast IOrpenIHOCTh pe3yibTaTa B COOTBETCTBUU ¢ GopmyJioif (11) -
M

rae M, =max|/ (x).
a,

UroObl omneHuTh M3, MOCTPOMM UIsi JaHHOM (QYHKIMH TaONHIy KOHEYHBIX

(0,7174 - 0,5646) = 0,764.

A,

b

6

pa3HOCTEN.
X; yi Ay, Ny, Ny, Ny,
0,5 0,4794
0,0852
0,6 0,5646 -0,0056
0,0796 -0,0008
0,7 0,6442 -0,0064 -0,0001
0,0732 -0,0009
0,8 0,7174 -0,0073 0,0003
0,0659 -0,0006
0,9 0,7883 -0,0077
0,0582
1,0 0,8415
3
y maxlAvil0,0000 0o,
R (%) S
0,9-(0,1)
A, :T =0,0015.
BrraucnurenpHas MOrpeIIHOCTDb PE3yJibTaTa -
_ A" 0,00005 0.0005
" h 01 A

rae A" =0,00005 - aGCOMOTHAS TIOrPEIIHOCTD BETUUHH ;.
A(h)=A, +A, =0,0015+ 0,0005=0,002.
OnpenenuM ONTUMAIBHBIN IMar JUisi WCTOJB30BAaHHOW (OPMYIJIBI YHCICHHOTO
Qg QepeHIIMpPOBaHUS.
2 .
M h +£;A’(h)= 2M3h_%:0’
h 6 h

. |3A 3.0,5-10
h =3 =
M, 0,9
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2) PemmM terieph JaHHYIO 3a7ady ¢ momoinsio ¢popmyisl (14), o6o3nauus x,=0,6; x;=0,7;
x,=0,8; x3=0,9.

£10,7) = ﬁ(—z -0,5646 — 30,6442 + 60,7174 —0,7833) = 0,7655

M,

A =
12

2

max [A'y, | 0003
M, max W(x [a:6] ==
|/ (x) = i oD’

A, =—(O’i)2 3 0,000025; A, = 2 'hA _2:0.00005 _ 51,

2

—

A(h)=A, + A, =0,001025.

Ompenenum  ayis 3Tod  (GOpMyJIbl  ONTUMAJIBHBIA  IIAar  YUCJICHHOTO
nuQQepeHIIMpPOBaHUS.

BM, 2N WM, 2A
A(h) = ——4 + 22 A(h) = = oo,
(h) . (h) R
* -4
R :\/8 0510 1107
M, 3

*
Touka x; =1,0 sBmsieTcs mocinequuM y3iaom Tabmuubl. Jns Beraucienus f'(1,0)

ciyxat dopmynsl (9), (16), (21). Bocronszyemess ¢opmynoit (16), o6o3nauus x¢=0,7;
x1=0,8; x,=0,9; x5=1,0.

1
S'(1L0)=—"—=(-2-0,6442+9-0,7174 - 18- 0,7833+11- 0,8415) = 0,54217;

6-0,1
N _M4h3 %‘|A4yi|_0,0003_000075‘
T4 T 4h 401 T
A _40-A"_20-A"20-0,00005
> 6h 3h 3-001
OmnpenenM COOTBETCTBYIOIINI TaHHON (OPMYyJIe ONITUMAIIBHBIN IIar TaOIUIIbI.
M 20A 3M,h* 20N
A(h)=A +A, =— A(h)y=—""—- =0,
(h)=A,+A, A'(h) = 1 e
-4
Lo, |80A \/80 05-10" 110,
9M 9:3
3aoaua B

[Momp3ysich Ta6np1ue1/1 3amaun b2, BBIYUCIUTH MEPBYIO MPOU3BOIHYIO 3aaHHON
(YHKIME B TOYKE X M OLEHWTH MOrPEIIHOCTb pe3yibrata. ONpeaeTuTh ONTHMATBHBIN
mrar TabJauIBl U BRIOPaHHOM (DOPMYJITBI YHCICHHOTO TU(PepeHIIMPOBAHUS.

1.x =1,1 2.X'=1,2 3.X'=1,3 4. X'=2.0
5.x=22 6. X'=0,50 7.X'=0,52 8. X'=0,56
9.x=0,60 10.X=0,61 11. X’=1080 12. X"=1090
13.x=1100 14.X'=1110 15. X'=1120 16. X'=2,70
17.x=2,74 18.X'=2,76 19. X'=2,80 20. X'=2,84
21.x=0,7 22.X=0)9 23.X'=1,1 24. X'=1,3
25.x =1,5.
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4.4. Hucnennoe unmezpuposanue

IlocTanoBka 3aJa4H. HYCTB Tpe6yeTc;1 BBIYUCIIUTD UHTCTPAJT

J={ f(x)dx. (1)

Eciu ynkums f(x) sBisieTcss HempepbIBHOM Ha oTpeske [a;b], To muTerpan (1)
CYIIIECTBYET U MOXKET OBITh BbIUMCIIEH 110 popmyie HeroTona-Jleiibnuma

J = f(x)dx = F(b) - F(a). (2)

Opnako s OonbmmHcTBa ¢yHKuui f(x) mepBooOpasnyro F(x) He ymaercs
BBIPA3UTh depe3 anemMeHTapHble GyHKuu. Kpome toro, ¢pynkmusa f(x) yacto 3amaercs B
BUIe TAOJIMIIBI €€ 3HaYSHUH IS ONpeesIeHHbIX 3HaYeHUH apryMeHTa. Bee 3To nmopoxxaaer
HOTPeOHOCTh B NMOCTPOEHUM (DOPMYJI YHUCIEHHOTO MHTETPUPOBAHUS, WIM KBAaJpaTypPHBIX
bopmy.

Onpenenenue 1. [TpubnuxeHHOE paBeHCTBO

J=] fx)de~(b- D2 AS(x) = 3)

Ha3bIBA€TCSl KBaJpaTypHOU QopMmysol, ompenenseMoil ysnamu x, €[a;b] u

KodphuueHTamMu A.
Bennuuna
Ry(f)=J=Jy (4)

HA3bIBAETCSI OCTATOYHBIM WJIEHOM KBaJApaTypHOU (HopMyIIbL.

B 3aBucumocTu oT cmocoba 3agaHus TOJBIHTErpainbHOUW (GyHKIMH f(X) Oyaem
paccMaTtpuBaTh JBa Pa3IMYHBIX B CMBICIE peaju3alud  Cly4as UHCJICHHOI'O
UHTETPUPOBAHUSI.

3amaua 1. Ha otpeske [a;b] B y3max X; 3amanbl 3HadeHust f; HexoTopoul f,
npuHaiexamend ompeneneHHomy kinaccy F. TpeOGyercss npuOIMKEHHO BBIYMCIUTD
uHTerpai (1) 1 OueHUTh MOrPEHIHOCTh MOTYYEHHOIO 3HAYEHUSI.

Tak 0OBIYHO CTaBUTCS 3a7auya YHCIECHHOTO MHTETPUPOBAHHS B TOM Cly4ae, Koraa
NOJIbIHTErpajibHas GYHKIMS 3a7aHa B BUJIE TaOIHUIIbL.

3amaua 2. Ha otpeske [a;b] dynkmus f(x) 3amana B BHUIIE aHAIMTHYECKOTO
BeIpakeHUs. TpeOyercs BbluMcanTh uHTErpan (1) ¢ 3amaHHON HpeNeNbHO JIOIYyCTHMOM
HOTPEIIHOCTHIO & .

PaccMoTpuM anroputmel pemieHus 3aaad 1 u 2.

AJNTOpPUTM pelieHus 3a1a4u 1.

1. BriOupatoT KOHKpeTHYIO KBaApaTtypHyro Gopmyny (3) u Beraucisitor Jy. Ecnm
3HayeHuss Qynkuun f(Xi) 3amaHbl NPUOIMKEHHO, TO (DAKTUYECKH BBIYUCISIOT JIMIIb
NIPUOIMKEHHOE 3HaYeHne J , I TOYHOrO Jy.

2. TIpubGnKeHHO TPMHUMAIOT, 4T0 J =~ J .

3. Tlonb3ysCh KOHKPETHBIM BBIPRKEHUEM ISl OCTATOYHOTO 4ICHA WM OIIEHKOM
ero sl BBIOpaHHON KBaJIpaTypHOU (OPMYIIbI, BBIYUCISIOT HOTPEIIHOCTh METO/1a

A2l = Jy[=IRy (P

4. OnpejensioT HOrPEIIHOCTh BHYUCIEHUS J

Az 2|J N J N | 5
0 TIOTPEIIHOCTSAM MPUOIMKEHHBIX 3HAaUeHUH f(X;).

34



5. HaxonsaT noiHyo abCONOTHYIO MOTPEUTHOCTD NMPHOINKEHHOT0 3Ha4eHUs J
J—Jy|SA +A,=A
6. [lomyuarot perieHue 3aauu B BUIE
J=J, tA.

AJNTOpPUTM pEeLIeHHs 3aauH 2.

1. HpeIICTaBJ'ISIIOT & B BUAC CYMMBI TPEX HCOTPULATCIIBHBIX ClIaraCMbIX
E=¢g +¢&, &,
rIe & - UpeieNbHO JOIYyCTUMas IOTPeIIHOCTh METoNa; &, - Hpe-AeibHO

A0IMyCTUMAsA MOrpCIIHOCTD BBIYUCIICHUA JN’ &, - IIPCACIIbHO NOIIyCTHMas HOIpCIIHOCTb

OKpYTJICHUS pe3yJIbTara.

2. Beibupatot N B kBasipaTypHOii (hopMyJie TaK, 9TOOBI BHIOIHSIOCH HEPABEHCTBO

A=l =Jyl=IRy (NS 6

3. Beramcnstor f(X;) ¢ Takoi TOYHOCTBIO, 4TOOBI TIpH mozcueTe Jy mo hopmye (3)

00ecrevnTh BHITIOTHEHHS] HEPAaBEHCTBA
A, =[Jy —JdylSe.

Jlis  9TOrO, OYEBHAHO, JOCTATOYHO BBHIYMCIUTH Bce f(x;) ¢ abcomoTHOI

MOTPEIIHOCThIO
82

(b-a)2 |4,

4. Haiinennytro B 1.3  BEJIUYUHY J, okpyrmsmor (ecmu & #0)

ér

C MPENEeNbHO JOIyCTUMOM MOTPEMIHOCTBIO &, 10 BEIUYUHBL J .
5. IlonmyyaroT pelieHue 3aj1auv B BUIE

Ilocmpoenue npocmeituux Keaopamypuusix popmyn

@Dopmyna npsamoyronbHukoB. Jomyctum, uto f(x) € C,[a;b]. Otpesok [a;b]

pazmenmuM Ha N paBHBIX YaCTHYHBIX OTPE3KOB [Xi.1;Xi], Tie x;=atih; i==0,n—1; xn=b;
b—a

h=
N

Torna
b N X
[roac=Y [ fedx. (5)
u i=l x|

0O003HaYNM CPETHIOI TOYKY OTpe3Ka [Xi.1;Xi] dyepes

é _ xi—l + xi (6)
i 2 :

3amumem s GyHKuH f(X) Ha KaKIOM U3 OTPE3KOB [X;.1;X;] hopmyy Teitnopa ¢
OCTaTOYHBIM WiIeHOM B (hopMme Jlarpamka
0= 1@+ =607 @)+ S s e 7
[ToxcraBuM B mpaByro 4acTh cooTHOIIeHU (5) BMecTo f(X) ee npeacraBnenue (7)
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jf(x)dx > JUr g 5

zl,cI

S"(n)]dx =
_ ( 14
Z[f(é)fdﬁf(cf)f(x 5)dx+j o ARpEN )

Wcrnionb3yst nisi BEIYUCIECHUS f"(n,)dx BTOpYIO TeopeMmy O CpeaHeM

-8’
Ixz

3Ha4YeHUU PYHKIWU U, YIYUTHIBAs, YTO I (x = & )dx = 0, nosryuum, 4to

b N h3 N _7 —
[Fde =Y FE)+ 2 ) € (o) ©)
B cuny HenpepsiBHOCTH f ' (X) cyIllecTByeT Takas Touka 77 € (a;b), uto
5 (10)
2.1 ") =N ().
Ucnions3ys (10), nonyqaeM
j f()dx = hZf(é )+ —Nf (1)
b—a
N 2
[f@e=-a3 L re)+ 2%
/ SN 24
[TpubGim>xkeHHOE PaBEHCTBO
M1
[f@dex -2~ 1G)=77 (12)

Ha3bIBACTCS  KBAJpaTypHOH (QOpPMYJION NPSIMOYTOJBHUKOB, OIpEIeIsIeMOi

WJIH, TaK KaK h =

"

(11)

y3namu & €[a;b] u xodpdunuentamu A, =N Benmuuna

( b-
Ry ()= ] f@de =30 == 5 £ () (13)

SIBIISIETCS OCTATOYHBIM WICHOM (DOPMYJITBI IPSIMOYTOIBHUKOB (12).
OneHka OCTaTOYHOW NOrPEMIHOCTH (OPMYJIbl HPSIMOYTOJIBHUKOB MOXET OBbITh
3amnucaHa B BUJE

14
IRy (f)|< (19

M, =A,,

rae
M, =max|f"(x)|.
[a;b]

Boeipaxkenuss mius ocrarounoro wieHa (13) u ocratouHoii morpernHoctd (14)
MOKAa3bIBAIOT, 4TO (opMmysia NPSIMOYToJbHUKOB (12) sBisieTCs TOYHOM i JIFOOOM
JUHEHHOW (YHKIMM, TaK KaK BTOpas NPOU3BOAHAS TaKoi (YHKUMM paBHA HYJIO, U,
cienoBaTenbHo, A, =0.

OneHuM BBIYHUCIUTENBHYIO MOTPEMHOCTh A, (QOpPMYNbl HPSIMOYTOJIbHUKOB,
KOTOpasi BO3HUKACT 3a CUET MPUOIMKEHHOTO BBIYMCIICHUS 3HaUeHUH QyHKIMH f(X) B y31max

&
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Ilycts, Hanpumep, 3Hauenus (&) B ¢opmyne (12) BbUUCIEHBI C OJUHAKOBOMN

a0COJIIOTHOM TTOTPENTHOCThIO A, TOTJa

N
- 1 * *
A, = Jy = |=(b—a)ZNA =(b-a)A -

i=1

(15)

[Tpumep 1. Beruuciuts ¢ noMo1bto (GopMyJsibl IPSIMOYTOJIbHUKOB

1

dx 2
I ¢ TOYHOCTEIO ¢ = 107,
0 1+x

[TpuMeHsIst anropuT™M pemieHus 3a1a4 2, MPEICTaBUM CYMMAapHYIO IOTPEITHOCTh
£ B BUJIE CYMMBI TPEX CIIaraeMbIX.
£=0,01=0,009+0,0005+0,0005.
Bri6epem h u3 ycnosust

2
A =0 24")M 2. <0,009.

=2 u (b-a)=1, To h<+/0,009-12 < 0,32

2531, r.e. N=4, h=0,25, A, = 0,0052.

Tak kak M, = max|f " (x)|= max
2 o) "Gl 01 (14 x)°

h
CocraBuM Tabauiy 3HaueHU QyHKiuu 1/1+X ¢ Tpems 3HaKamMH IMocliie 3amsaToH,

Tak kak A, = A'(b—a) <0,0005, A =0,0005.

U, CIeIoBaTeIbHO, N =

¢ 0,125 0,375 0,625 0,875

1(&) 0,889 0,727 0,615 0,533

Ucnons3ysa popmyny (12), monydaem
Ji =0,25-(0,899+0,727 + 0,615+ 0,533) = 0,252,764 = 0,691 .
Tak Kak B JaHHOM Ciydae morpemrHocts okpyriexms pasaa &3 = 0,0005,, To

MOJy4YUM
J =0,691+£(0,0052 £ 0,0005) = 0,691+ 0,0057 .

®opmysta Tpanerwii. Ipeanonoxum, uro f(x)e C,[a;b]. Pasgennm orpesox [a;b]

Ha N paBHBIX 4acTEH, TOTAa

j f(x)dx = Z j f(x)dx, (16)

llxl

rae x,.:a+ih;i=0,N—1;xN:b;h:b_a.

3ameHuM (QYyHKIHUIO f(X) HA KQXKIOM U3 OTPE3KOB [Xi.1,X;| MEePBOi
HHTepnonﬂuHOHHoﬁ dhopmynoit HeroToHa niepBoii cTeneHu

1= £+ (f ) - f(x,l))+f(77’)(x X )E—x),

7 € (X5 %,).
[Toacrasmsis hopmyny (17) B mpaByto yacts (16), HHTETpUpPYS U UCTIONB3YS
BTOPYIO TEOPEMY O CPEAHEM 3HAUCHUH (PYHKIUH, TOTYyUUM

J £as =3 n LB LE) S i 5 08)

(17)

2
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B cuny (10) nonyuaem:

jﬂmw={f”“;ﬂ””+meﬂ—%gwﬂnwmﬂ%
[Tpubnmxennoe paBeHCTBOa

i b—al f(x)+ f(xy)
J—!f(x)dx~ - (

2

N-1

+>.f (xi)j =Jy (20
i=1

Ha3bIBaeTCs popmynoil Tpanenun. Beanuuna

Rﬂﬂ=JﬂﬁE—%w—mﬂw) @1)

SIBIISICTCSI OCTaTOYHBIM YJICHOM (popMyJibl Tpamneuii. OrieHKa 0CTaTOYHON MOrPEIHOCTH
(dbopMyIibl Tpanenuii MoXeT ObITh 3alrcaHa B BUIE
b —dad 2
Ry (f)] < o My =A, (22)
dopmya Tpanenui, Kak 1 Gpopmyiia mpsMOYTOJIbHUKOB, SBISETCS TOYHOM JUTs TH000H
TuHEeHHON GyHKIMH. BeraucanTenbHas MOrpenrHOCTh (POPMYIIBI TpANeIMi TaKKe paBHA
A, =(b-a)A. (23)
Tak Kak OCTaTOYHBIC WICHBI (OPMYJI IPAMOYTOIBHUKOB U Tparneuii (13) u (21)
MMEIOT MPOTUBOMOJIOKHBIC 3HAKU, TO GopMyibl (12) u (20) maroT 1ByXCTOpOHHEE
npubnvxenue s uarerpana (1), To ects
P 4
Jy <J<Jy ,ecinf’(x) >0,
TP np ”
Jy <J<Jy,ecmmf’(x)<0.

B takom CJIy4ac€ MOKHO IPpHUHATB, YTO

an JTP -
JrIN TN g 24)
2
TOrIa
N an _JTP
‘J—J‘<NTN‘, (25)

T.€. MIOTPEIIHOCTh BhIpAXKaeTcs yepe3 MPUOIMKEHHbIE 3HAU€HUS HHTETPaJIOB.

1
dx .
[Tpumep 2. Boiuncauthb I i o opMyie Tpamnenui, moiaras N=4; oleHnuThb
+x
1]

MOJTHYO MOTPEIIHOCTh Pe3yJbTara. Y UUThIBas Pe3yabTarhl puMepa 1, Haitu J 1o
dbopmyne (24) u oneHky (25).
[TpuMeHsist anropuT™ pellieHus 3a1aun 1, HaxoauM:

h? 0,25
1

Ay =S (b-aM, = 1-2=0.0104.

CocrtaBuM Tabnuity 3HayeHuid pyHkuuu 1/(1+x) ¢ Tpems 3HaKamMu mocje 3ansTon
A, =AN(b-a)=A<0,5-10".

X, 0,00 0,25 0,50 0,75 1,00
f(x,) | 1,000 0,800 0,667 0,571 0,500
J," =% 1,000+0,500 0,800 + 0,667 + 0,571] = 0,697 .

CymMmapHas NOrpeiHocTb paBHa

A, +A, =0,0104+0,0005 ~ 0,011.
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Ecnu okpyrinTe pe3ysibTaT 10 ABYX 3HAKOB, TO
& =0,70-0,697=0,003 wu
J =0,70+(0,0109 +0,003) = 0,70 £ 0,014 .

Ucnions3ys hopmyiel (24) u (25) u pe3ynbrarsl npuMepa 1, moayunm
0,691<J <0,697;
~0,691+0,697

.

= 0,694 ;

‘J—ﬂ<9§i§9§ﬂzopm;

J =0,694+0,003.
Dopmyna Cumncona. [Ipeanonoxum, uro  f(x) € C, [a,e]. Paznenum oTpe3ox [a,e] Ha
N =2k paBHBIX yacTeil, Toraa

k=1 X2i+2

j S(x)dx = Z j S(x)dx, (26)

. . 6—a 6-—a
rne x,=a+ih; i=02xk-1;x,, =6; h= = .
N 2K

3amenuM QyHKIHUIO f(X) Ha KOKIOM U3 OTPE3KOB [le.,xmz] IHOU 24 1o dhopmyie

Crupnusra Broporo nopsiaka. [IpoBons paccykaeHus, aHalOTHYHbIE CEIaHHBIM IIPH
BBIBOZIC (hopMyJie Tpaneuuii, MoIyunuM keaopamypuyio gpopmyny Cumncona

J= If(x)d ~ g{f(xo) + /(o) + 4Zf(x2i71) + ZZf(XZi):| = chk (27)

C OCTaTOYHBIM YJICHOM

RN(f)=<]“J§r='—I§6(6 a) f"m).,  ne(as). (28)
OleHKa OCTaTOYHOM MorpemHocTu popmyiasl CUMICOHA IPUMET BUJ
Ry(f )< hiM,=a,, (29)
e M4:r%1ai;fw(x).

Boerancnutenbhas norpemHocTs Gpopmyssl CUMIICOHA paBHA
*
A, =A(8—a). (30)
W3 BeIpaskeHUs UTsl OCTaTOYHOTO WieHa (hopmyisl CHMIICOHA CIIeTyeT, YTO OHA TOYHA IS
MHOTOYJICHOB TPEThEH CTEIICHHU.

[Ipumep 3. Beruncauts .[ o popmyne Cumricona ¢ Tounocteio ¢ = 0,0001.
0
[Ipumenss anroput™ pemienus 3agauu 11, npeacraBuM cyMMapHyO IOIPEIHOCTh € B

BUJIe cyMMBbI Tpex ciaraeMbix & = (0,0001 = 0,000045 + 0,000005 + 0,00005.

+ X

4 —
BeiGepem 4 us ycnoBus A, = %M » £0,000045.
24
Tak xkak M, = max f (x) =24, TO
0 1] (1+x)’
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45-107*-1
h<4 0,45 204 80 =1/3,375-10"* ~ 0,135 u, cienoBaTenbHo,
v=8=45 10 o3g.s

h 1.35

4
Takum obpaszom, N =8, h=0,125 u A = 0,125

24 =0,0000325.

CocTaBuM TaONUIly 3HAUCHUI (QYHKIUA Y, . C MSATHIO 3HAKAMHU IOCTIE 3aIIsTO
* * _
A, =AN(-a)=A <0510

X, 0.000 | 0.125 [ 0.250 | 0.375 | 0.500 | 0.625 | 0.750
f(x) | 1.000 [0.8888 | 0.800 |0.7272 | 0.6666 | 0.6153 | 0.5714
9 7 7 8 3
X, 0.875 | 1.000
f(x) |0.5333 ] 0.500
3

Ucnons3ys hopmyny (27), nonydaem:

1
J=| % ~ 0’1325 [1,5+4(0,88889+0,72727+0,61538+0,53333 + 2(0.8+ 0,6666 7+ 0,57143] =
0 +Xx

_ 071325 [1,5+4-2,7648 + 2,03810 -2] = 0,6931533 .

OxpyrJasis NOTy4YeHHbIN pe3yIbTarT, HOJy4YuM
J =0,69315+(0,0000325 + 0,000005 + 0,0000033) = 0,69315 £ 0,000041.

IIpaBujo PyHre nmpakTu4eckoi OeHKH NOTPEITHOCTH KBAAPATYPHLIX hopmy.I.

Ilycts f(x)e C,[a,6] wu wunTerpan (1) Beruncisercs no popmyie

npsaMoyroieHukoB. Hamuune y  f(x) mpowmssoansix f”(x) u f” (x) mosBonser mpu
BBIBOZIC (DOPMYJITBI IPAMOYTOIBHUKOB (7)-(13) momy4yuTs creyromiee moje3Hoe

COOTHOLICHHUC

Jzif(x)dx:.lgf’ +ch’> +O(h*), (31)
re c= Lj f"(x)dx (32)
247

- TMIOCTOSHHASA, He 3aBUCAmAs oT /. Bennunna ch® Ha3bIBaeTCs ITIaBHOM YacThIO
TIOTPEITHOCTH (POPMYJIBI TIPSMOYTOJIEHUKOB.
Ecmn f(x) e C,[a,6] ,TO cnpaBeAanBO aHAIOTUYHOE COOTHOIIEHUE U AJIs1 (POPMYIIbI

Tpaneuuin
J=J7 +ch? + 0", (33)
14,
re ¢ = _El F(x)dx (34)

HE 3aBUCHUT OT /1 .
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ITpu ycnoBun f(x) € Cla,6] MOxHO nosyunTs aHanoruyusle (31) u (33)

cooTHoIIeHUS 7151 hopmyIibl CUMIICOHA J =J +ch* +0(h°), (35)
I ¢ - HE 3aBUCSIIAS OT /i TOCTOSTHHAS.
O06o3HauuM yepe3 J, NpubOIMKEHHOE 3HauYeHue uHTerpana (1), HaliJeHHoe 1Mo

onHoM u3 Tpex Gopmyi (12), (20), (27), u o6vequaum cootnomenus (31), (33), (35) B
OJTHO

J =J, +ch" +0(h"?), (36)

I/Ie ¢ He 3aBUCUT OT h, k =2 nus Gopmyn MpsAMOYTOJIbHUKOB M Tpameuuid, k = 4 nis
dopmynsl Cummncona. Ilpeanonaraercs, uto f € C,,,[a,6] . 3anuiiem COOTHOLICHHUE

(36) mns hy =2h
J =J,, +c(2h)" + O(h"), (37)
BbIuTeM u3 (37) (36) u nosnyuum
0=—J,+J,, +ch" Q" -1 +0(h*?) wum
J,—J,, =ch" 2" =) +0(h"**) WIH

J, -1

J-J, =ch* +0(h""?) = ih +0(h*"?)

H, CJIe/I0BATENIBHO, C TOUHOCTHIO 10 O(h* ™) nmeem
|J h J. 2h|

2k 1
Brruncienne npubIMKeHHOH OIeHKH MOTPEITHOCTH KBaAPaTypHOil (hopMyIIbI O
dbopmyne (38) HazpiBaeTcs mpaBuiioMm Pynre.

FENAE (38)

Y1ouHeHne npuOIIMKEHHOr0 perennd 1o Puyapacony.

BerunTas u3 ymMHO)KeHHOTO Ha 2" paBeHcTBa (36) paBeHCTBO (37), MosTyyaeMm:

JQ2' -1 =2"J,-J,, +O(h"*?), (39)
2¢J, -
otkymga J = % +O(h*?). (40)
251, -
Yucno J; = % (41)
Ha3bIBACTCSl YTOYHEHHBIM 10 Puuapicony npuOIMKeHHBIM 3HaYeHHEM UHTerpana J .
Cornacno (40) J —J = O(h"*?). (42)

Takum 06pa3zoM, ¢ MOMOILBIO NPUOIMKEHHBIX 3HaY€HUI UHTErpanos J,,J,,, HallIeHHbIX

0 COOTBETCTBYIOIINM KBaJPaTypHBIM (opMysIaM ¢ marom 4 u  2h, MOXHO, BO-
HEPBBIX, OLEHUTh MOIPEIIHOCTh OOJIee TOYHOTO 3HAUYEHHs MHTerpana J, 1o IpaBHILy

Pynre (38) u, BO-BTOpBIX, BBIMUCIUTH O ¢opmyie (41) npubmmkeHHOE 3HAUCHHE
uHTerpana J; , MMeroliee MOrpelHOCT 00ee BHICOKOTO MOPSAKA OTHOCUTENBHO /1, 4eM

J,.
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BoluncieHre HHTErPaJioB ¢ 32IAHHOM CTENEHBI0 TOYHOCTH C IIOMOIIBIO NPABHJIA
Pynre.
IIpM NPUMEHEHNH AITOPUTMA pelieHns 3aaqn 11 BRIGOp 1ara MHTerpupoBaHms
CBf3aH C pellieHueM HepaBeHCTB jubo (14), mubo (22), nmubo (29), peuieHne KOTOPBIX
max

k
paxt/ "' (x)
CBA3aHO C HaAXOXICHUEM ’ 4YTO Ha IPAKTUKEC HE BCCrjja BO3MOXKHO.
[Ipumenenue npaBuiia PyHre mo3BosisieT u30exaTh 3TUX TPYIHOCTEH.

9

A]ZZOpMI’I’ZM 6blYUCNIEHUA UHmezpala ¢ 300aHHOU CMENnenbl0 MOYHOCMU C
asmomamuieckum 8blo0pom uaza.
1 mar. ITycte f(x) —3amanHas QyHKIHS, [a,e] — UHTEPBAJI HHTETPUPOBAHMUS, & -

JIOIyCTUMasi TOYHOCTb.

2 mar. [lomoxuts h, = Ke , Tne k =2 nnst opmys npsMOYTOJIbHUKOB U Tpanenuii,
k=4 nnsa dopmynsl CuMncoHa;

6—a

N

Nz|:6h_a:|;I/IKpaTHO2I/IHI/I 4; h, =

0

3 war. Beruucnum x, =a+ih; i=0,N; f(xi):y.; I+

4 war. Ilonoxum hy =2k, v BerauCIUM J, .

7, =]
5 war. Onpegenum A = ﬁ
. 2, —J, X

6 mar. Ecomu A< g, To monoxum J© = W; J=J"+A u ocTaHOBUMCH,

h, .
UHa4e IMOJIOKUM /i, = ? U nepeitaem K mary 3.

¢ dx T
[Tpumep 4. Boiuncauthb Il > = 7 =0,785398163...mo hopmyie
+x

0
IPSIMOYTOJIBHUKOB ¢ TOYHOCTBIO & = 0,05.

1
1+x

1 mar. f(x)= a=0; 6=1; £=0,05.

PR

2 mar. Ilomoxxum ho =3 0,05 0,22; N = |:0—122j| = [4,5] =4, t1ak kak N JOJKHO

OBITH YETHBIM; /1 = % =0,25.

. X, +Xx
3 mar. CocraBuMm Tabnuiy 3HaueHUH QyHKMK f(x) B Toukax & = #;

x,=a+i-0.25; i=1,4 cTpeMs 3HaKaMH I1OCIIE 3aAMATOM.

& 0,125 | 0,375 | 0,625 | 0,875
f(&) 0,985 | 0,877 | 0,719 | 0,566

4
Joas = 0,25 f(£) =0,7867.
i=1
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4 mar. Ilonoxum A =2h, =0,5; BeIYHCIAM
Jos = 0,5[£(0,25)+ £(0,75)] = 0,5-[0,941 + 0,640] = 0,7905 .

Jh - Jh
5 mar. Omnpenenum A = % =0,0024.

4], —J
6 mar. Tak kak A =0,0024 < &= 0,05, To nonoxum.J* = % =0,78542..

CpaBHeHI/Ie MOJIYUYCHHBIX PE3YJIbTATOB C TOYHBIM 3HAYCHUCM MHTCIpajia IOKa3bIBACT, YTO
AJ, =|J —J,,| =10,78539-0,7867| = 0,0013,

AT* =|J = J*| =10,78539 - 0,78542| = 0,00003,

R
CJICOOBATCIIbHO, J0.2 nuMeer 2 BCPHBIX 3HAKa, a J' -4 BCPHBIX 3HAKA, UTO U CJIICAYCT U3

BbIpaKeHUsI (42).
Urak, J =0,78542 +0,0024.

1
[Tpumep 5. Boiuncnuthb I 1o opmyse CUMIICOHA ¢ TOYHOCTBIO € = 107",

0

1+ x?

1
1  mar. Ionoxum A, ~ 4\/2 =0,1, tormga N = a =10, HO Tak KaKk N JOKHO OBITH

3

KpatHbIM 4, TOo BeIOepeM N =8; h =0,125.

2 mar. CocrtaBuM Tabauny 3HaueHui pyHkouu f(x) B Toukax x, =0,125; i=0,8 c
LIECTBIO 3HAKaMH I10CJIE 3aIATOM.

X, 0,0 0,125 0,25 0,375 0,5
f(x) 1,000000 | 0,984615 |0,941176 | 0,876712 | 0,8

X 0,625 0,75 0.875 | 1,0
f(x) |0,719101 [0,64 0,566372 | 0,500
0,125

Jos = [1,0+ 0,5+ 4(0,984615 +0,876712+0,719101 + 0,566372) +

Brraucinum 3 )
+2(0,941176 + 0,8+ 0,64)] = E (1,5 +12,5872 + 4,762352) =0,785393.

4 mmar. Ilonoxum h =0,25; BeIYHCIUM
Joors = %2 [1,5 +4(0,941176 +0,64) + 2 - 0,8] =0,785392.

o125 = Joos _ 036'10_5
15 15

6 mar. Tak kak A =0,4-10"° < & =10", T0 BBIUHCIIM

JR = 16-J4105 = Joos

5 mar. Omnpenenum A = =0,4-10"°.

= 0,7853984 u monoxum J = 0,7853984+0,4-107".

15
3AJAHA T.
Boruncnute uHTErpan no Gopmysie npsMoyroabHUKOB ¢ TOUHOCTHIO 0,01.
1 xdx 2 22 2.2
1. J. s 2. .[x3 lg xdx; 3. jlnz xdx; 4, I\/;lnxdx;
l1+x 1 1 1

0
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(=]

.8

1 2 1
5. |x*sinxdx; 6. |x*cosxdx; 7. |x’lgxdx; 8. ;
R R T
1
9. J- dx
01+smx

BBI‘-II/ICJII/ITI: uHTErpan mno ¢popmyse tpamenuit ¢ Tounoctsio 0,01.

2 22 2.2
10. I xdx = 11. jx3lnxdx; 12. Jlgzxdx; 13. j&lgxdx;
1+ x
0.8 de
14. '[xsinxdx; 15. jxcosxdx; 16. Ix Inxdx; 17. j
0 0 x

Brraucauts uaTerpan no gopmyiae Cumncona ¢ TouHocTsio 107

2,5 2,2 2.2
18. _[ xdx = 19. Ilegxdx; 20. Ilnzxdx; 21. I\/;lnxdx;
1+x*

22. Ix cosxdx; 23. J-xcosxdx 24, J-x lgxdx; 25. I1+s1n
X

4.5. Ipubnusicennoe peuienue anzedopauieckux u mpaHcyeHOeHmMHbIX
ypagnenuil. OOHOMEPHAA ONRMUMU3AYUAL.

OTtaeaenne kopHeid. Meron xopa. Meroa kacatreJabHbLIX. MeTOI HTEpaNHii.

PaccmoTpuM HekoTOpyro PpyHKIMIO f(X).
Onpeoenenue. Bceskoe unciio &, obOpamaroniee QyHKIHMIO B HOJIb, TO €CTh TaKOE, YTO
f(&) =0, HazpiBaeTcs KopHeM (HyJeM) QyHKINU WIK KOPHEM YPaBHEHUS
Jf(x)=0. (1)
[TpubnuxeHHOe BHIYMCIICHUE KOPHSI, KaK MIPAaBUJIO, paclalacTcs Ha JIBE 3aa4u:
I. Ortnenenne KOpHEH, TO €CTh OMNPEACIICHUE HHTEPBAJIOB, B KaXKIOM U3 KOTOPBIX
COJICPKUTCS TOIBKO OJTUH KOPEHb YpaBHEHHSI.
2. VYTOuYHEHHE KOpHS, TO €CTh BBIUMCIEHUE €0 C 33JJaHHON CTENEHBIO TOYHOCTH.
[Ipu otnenennn KopHel ypaBHeHus: oOmiero Buaa (1) 4acTo MCHonb3yeTcsl U3BeCTHas
13 Kypca MaTeMaTU4ecKoro aHanusa teopema bonpiiano-Komm:
[lycte ¢ynkmms f(x) HempepbiBHA Ha OTpE3Ke [a,e] U Ha KOHIIAX OTpe3Ka NMPUHUMAET
3HAUYCHUs Pa3HBIX 3HAKOB, TO ecTh f(a)- f(8) < 0.Torma cymecTByeT Takas Touka &,
IpUHAJIeKaIIasi UHTEpBaly (a, B), B KOTOPOH (yHKIMS 00palaeTcsi B HOMb.
3aMeTHM, YTO KOpPEHb OyJeT eIMHCTBEHHBIM, eciu f'(x) (mmm f"(x)) cyliecTByer u
COXpaHSET 3HaK Ha paCCMAaTPHBAEMOM OTpE3KE.
OctanoBuMcs 6oJiee MOAPOOHO Ha anreOpanyecKux ypaBHEHUIX
P(x)=ax"+ax""+..+a,_x+a, =0. 2)
BepxHioro rpaHuily Moaysieil KOpHeH ypaBHEHUs (2) aeT cieayrommas Teopema:
Ilycte A = max

I<i<n

a| Torna mo0oit kopeHb & ypaBHEHHS (2) yIOBIETBOpPSET

HEPaBEHCTBY

| <1+— 4 _g. 3)

|
W3 »TOli TEopemsl cledayeT, YTO BCE KOpPHU YypaBHEHMs (2) pacnoJiOKE€Hbl BHYTpU
unTepBaia (-R,R).
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PaCCMOTpI/IM Tenepb 3az[aqy YTO‘-IHCHI/UI KOpH?I, TO €CThb 3aaaqy BBIYHUCJIICHUA KOprI
& C© 3aJlaHHOW CTEMEHBbI0 TOYHOCTH &. B manmbHedmeM BOo Bcex  Meroaax Oyaem

npezrnonaratb, 4To KopeHb & ypaBHeHus (1) oTaeneH Ha otpeske [a,B] u ¢pyHKuus f(x)

HENpepbhIBHA BMECTE CO CBOEH MPOU3BOAHOM.

OHUM U3 IPOCTEUIINX METOAOB YTOUYHEHUSI KOPHS SIBJSICTCS METOJ XOpJ WU, KaK
€IIe €ro Ha3bIBaIOT, METOJ MPOMOPLUUOHANBHBIX YacTeil. [y peanu3anuu 3TOro MeTona
HE00XO0MMO MpeABapUTEIBHO BBIOPATh OTPE30K [a,e], COJIepIKAIUI UCKOMBIA KOpeHb &

Tak, 4to0sl f(a)- f(6) <0, f'(x) u f"(x) coxpaHsiu 3HaK U He obOpamiamuch B 0 mpu
Xe€ [a,e]. OmpenenuM  BeMUUUHY M, Tak, 4YTOOBI TIPH X € [a,e] BBITIOJTHSIOCH
HEpaBEHCTBO:
| f'(x)] = m; > 0.
[TocnenoBaTeabHOCTH MPUOIMKEHHBIX 3HAYCHHUH {xn} KopHs £ cTpouTcs 1o popmyiie
X, =X, —M(xn —-c), n=0,1,2.... 4)
S(x,) = f(c)

r7ie ¢ — OJMH M3 KOHIIOB OTpe3Ka [a, B], ynoBieTBopsitomuii ycnosuto: f(c)- f"(c) > 0. 3a
HayalbHOE TNPHOMMKEHHWE X, B METOJEC XOpA  MpHUHUMAaeTcs  KOHeNl OTpe3Ka,

IPOTUBONOJIOXKHBIM ¢. AOCONIOTHas HOrpeHIHOCTh  AxX,,, TPUOIMKEHUs X,
orieHuBaeTcs Gpopmynoun
()
1
Axn+1 = = : (5)
m

Copmynupyem ancopumm memooa xopo.
Mar 1. N=0.
Hlar 2. Eciu f(a)- f"(a) > 0, TOo uaTu Ha 1ar 4.
[Mar 3. x, =a; c¢=e6,uUnTy Ha [ar 5.
[Mar4. x, =6; c=a.
Hlar 5. Beruucnuts x,,, u Ax,,, 1o ¢popmynam (4) u (5).
Hlar 6. Ecmn Ax,,, <¢,10 £ =X,,, £ Ax

n+l — +1 — n+l > KOHCII.
IMar 7. n=n+1, uaTn Ha mar 5.
PaccmoTpuMm emie oguH METOJ BBIUMCICHUS KOpHSA & C 3aJaHHOM CTEIMEHBIO
TOYHOCTU — MeToJ kacarenbHbix (HbioToHa). Byaem mpeamnonarars, Kak U B METOJIE XOPI,

yto ¢yHKIMA f(X) Ha KOHIIAX OTpe3ka [a,B] WMeEeT pas3Hble M0 3HAKY 3HAYCHUS, €€

nepBasa U BTOPAsA MPOU3BOAHBLIC COXPAHAIOT CBOW 3HAKKU W HC 06pau1a10rc;1 B HOJIb IIpH

b

x € [a,6]. Onpenemnm m, = r[nlr]1| f'(x)

14
M, = r[r;agﬁ<| f (x)|. ITpubmkeHHOE 3HaUeHUE X, ,, KOpHS & BBIYMCISIETCS 10 (hopMyie

f(x,)
X, =X, =, n=0,1,... (6)
1'(x)
B KauecTBe HAYATHHOTO TPHOIKCHHS X, BBIOMPACTCS TOT KOHEN OTpe3ka |a,6], B

KoTopoM GyHKIus f(x) u ee Bropas mpous3BogHas f'(x) WMEIOT OJMHAKOBBIC MO 3HAKY

3HaueHus. AOCOIIOTHas MOTPEIIHOCTh ~ TIOJYYEHHOTO  METOJOM  KacaTeJbHBIX
npuOIMKEeHus X, ,, onpenensercs mno Gopmyie
M
_ 2 2
Axn+l - ('xn+l _'xn) . (7)
2m,
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Chopmynupyem anzopumm memooa KacamenibHbix.
[Mar 1. N=0.
Mlar 2. Ecnmu f(a)- f"(a) <0, To uaru Ha mar 4.

Iar 3. x, = a; naT¥ Ha War 3.

IHar 4. x, =s.

lar 5. Bemuucnuts x,,, u Ax,,, no Gopmynam (6) u (7).
[lar 6. Ecm Ax,,, <&,10 £ =X, T Ax

n+l — n+l —

KOHCII.

n+l>
Ilar 7. n=n+1, uaru Ha 1mar 5.

OpnuH 13 Hanbosee BaKHBIX METOJIOB YTOUHEHMs KOPHEH sIBIIsI€TCS METO uTepauuil. J{ns

peanu3ay 3Toro MeToja Heobxoaumo ypaBHeHue (1) mpeoOpazoBaTh B 3KBHUBAJICHTHOE

€My ypaBHEHHE BHJA

x = p(x) (8)
U IOCTPOUTBH MOCJIE0BATEIEHOCTh
x,., =¢(x,), n=0,1,... 9)

[Ipu sTom s obecrieueHHs CXOAMMOCTH METOJAA TpaBas 4yacTh ypaBHEHHS (8) IOJDKHA
YIOBIIETBOPSTH YCIOBHSIM: |(0'(x)| <g<l, k) e [a,e] Mpu X € [a,e] U X, € [a,e}
AOGcomoTHas IOTPENIHOCTD NPUOJIMKEHHOTO 3HAaYEHUs X, ,, OIpeAaensercs no ¢popmyiie:

q

X

n+l n+l1 _‘xn|' (10)

Tenepv chopmynupyem aneopumm memooa umepayuii.
Hlar 1. 3anpats x, € [a,e

Hlar 2. N =0.
Hlar 3. Beruwciaurs x

Hlar 4. Ecmm Ax

Ilar 5. n=n+1, uaTn Ha mar 3.
[IpuBeneM OAMH W3 BO3MOXKHBIX NMPUMEPOB TOCTpoeHUs ypaBHeHHs (8). Ilycts mpwm

Aan o q)OpMyHaM (9)9 (10)
T Ax

n+l —

n+l 2

<g,10é=x KOHell.

n+l n+l >

X e [a,e] 0<m S|f'(x)| < M,. Torna npuHiTH Q(X) :x—%f(x) npu f'(x)>0 u

+m
o(x)=x+ 2 f(x) mpu f'(x)<0. Tak yro coortHomeHue (9) B 3TOM Ciyyae
M, +m,
npeoOpasyeTcs K BUAY:
2
x . =x t—f(x)), 11
n+l n Ml + ml f( n) ( )
a oriedka morpentHoctH (10) -
M
Aanrl = : ml |xn+1 _xn . (12)
2m,
TUIIOBBIE 3ATAUN.

3anava 1. OTaenuts KOpHU ypaBHEHUS
e"—3x=0
Pemenne. ®ynknus f(x) = e* —3x HenmpepblBHA HAa BCEH YMCIIOBOM OCH, CJICIOBATEIIBHO,

MBI MOXEM BOCIOJb30BaThCsi TeopeMoit bonbnano-Kommu. 3amerum, uto mpu x <0
f(x)>0; mamee f(x)<0,ampu x>3 f(x)>0.310 03Ha4aer , yto npu x < 0 u npu

X 23 @[aHHOE ypaBHEHHE HE MMEET JIEUCTBUTENIbHBIX KOpHEH. C Apyrod CTOPOHBI, MBI
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MMEEM [1Ba OTpE3Ka: [0,1] " [1,3], Ha KOHI[aX KOTOPBIX HempepbiBHas (GyHKIus f(x)
IPUHUMAET IPOTHBOIOJIOXKHBIE IO 3HAKY 3HaueHus. CleloBaTeNbHO, HA ATHX OTPE3KaAX
HMMEETCS M0 KpailHeH Mepe M0 OJHOMY KOPHIO.

PaccMoTpuM  Temeps TepBYr0 TpousBoaHyr0 (yHkKmuu f'(x) =e*—3. Omna
COXpaHsieT 3HaK (OTpULIATENIbHA) HAa OTpPE3Ke [0,1]; CJIEI0BATEIILHO, HA 3TOM OTpE3Ke
ypaBHEHUE HMeEET TOJIbKO OIMH KopeHb. Ha BTOpoM oTpeske [1,3] f'(x) 3Haka He
coxpansier. PaccmMoTpuM BTOpyr0 mpom3BoaHyko f'(x) =e'. Bropas mnpousBomHas
HOJIOKUTEIbHA HA BCEHM YMCIOBOM OCH, MO3TOMY Ha OTpEe3Ke [1,3] - TaKXe OJMH KOPEHb
YpaBHEHHUSI.

3anava 2. OTaenuTh KOPHU yPaBHEHUS
f(x)=2x"+3x"=7x+1=0.
Pemenue. JlanHOE ypaBHEHHE — alireOpanyeckoe ypaBHEHUE TPeThell cTeneHu. Haitnem
TPAHULIBI €TI0 KOPHEH.

~=7 ey =2 R:1+%:4,5.

b

A= maxﬂ3 ,

Taxum 0Opa3oM, Bce KOPHU YpaBHEHHUsI HAXOJATCSI BHYTPU OTpe3Ka [— 4.5,4.5].
Onpenenum 3Haku QyHKIHH f(X) B pa3IMYHBIX TOYKAX 3TOTO OTPE3Ka.

X 45 | 4 -3 -2 -1 0 1 2
f(x) - - - + + + - +

Ha xonmax otpeskos [-3; -2], [0; 1], [1; 2] nenpepbiBHas QpyHKIUS f(x) UIMEET pa3HbIE
[0 3HAKYy 3HAYEHMs, CIEIOBATEIbHO, B KAXKAOM U3 3TUX OTPE3KOB COAEPKUTCS IO
KpaiiHeil Mepe oauH KopeHb ypaBHeHHs. [lockosbKy anredpanyeckoe ypaBHEHHE
TpeTheil CTeneHN MOXKET UMETh He 0oJiee TpeX NeHCTBUTENBHBIX KOPHEH, TO B KaXJI0M
U3 3TUX OTPE3KOB COJEP)KUTCS POBHO OJMH KOpPEHb ypaBHeHHUs. Takum oOpaszom,
3aja4a OTAEJCHUs KOPHEH 1aHHOTO YpaBHEHHUS pelleHa:

g €[-3:-2], &, €[0i]], & € [1;2].

3agaua 3. MeTomOM XOp/ BHIYHCIATH HAHOOIBIINHA KOPEHb ypaBHEHHs 2X° +
3x* — 7x+ 1 =0 ¢ TOYHOCTBIO 10 ABYX BEPHBIX 3HAKOB B Y3KOM CMbICIIC.

Pemenne. B 3agaue 2 mokazaHo, 4T0 HanOONIBIINN KOPEHb JAHHOTO YPABHEHUS
npuHaanexxuT otrpe3ky [1; 2]. CremoBaTenpHO, yTOUYHEHHE KOPHS HEOOXOIUMO
H})OI/I?;BO)II/ITI) 710 TeX IOop, MoKa He OyaeT nqocturnyra Tounocts €=0,05. IIpousBoanas
f(x)= 6x>+ 6x — 7 Ha paccMatpuBaeMoM oTpeske [ 1;2] monoxurenbHa, npuyeM

m, = min| ' (x)|=5.
Bropast npomssoxmast £ “(x) = 12x + 6 Toxe IONOXHTENbHAa Ha oTpeske [1; 2].
Boruucnum f(1) = -1, f(2) = 15. O4ueBuaHO, YTO HaYaIbHOE PUOTIDKEHHE Xo = 1,ac
= 2. IlepeitnemM HEMOCPEACTBEHHO K YTOUYHEHUIO KOPHS 110 hopmyrie (4):
-1
-1-15
OneHrM MOTPENIHOCTh IOJYYEHHOTO MPUOIMKEHHOTo 3HaueHust 1o ¢opmyne (5),

peBapUTENbHO Onpenenus f(x;)= -0,67.
Ax;=0,67/5=0,14.

x=1- (1-2)=1,06.
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[Tockonpky TpeOyemasi TOUHOCTH elle He AOCTUTHyTa (AX; > €), IpOAOIIKUM
BBIUUCIICHHS], @ BECh MIPOLECC PeLIeHNss 0(pOpPMUM B BHJIE CIEAYIOIIEeH TaOIHIIbL:
Tabmuma 2.
n Xi f(Xn) AX,

1,06 | -0,68 | 0,14
1,10 | -0,41 | 0,09
1,12 | -0,27 | 0,06
1,14 | -0,12 | 0,03

AW N —

N3 Tabmuier 2 BUIHO, YTO MOTPEmIHOCTH Merona Axs = 0,03 menbmie Tpedyemoii
tounoctH € =0,05.

Jlanee, MOCKOJIBKY BCE BBIUMCIIEHHS IPOBOAMIIUCH C ABYMs 3HAKaMH IOCIIE
3aMmsTOl, TO HEOOXOAMMO YYECTh TMOTPEIIHOCTh OKpyrieHus, paBHyro 0,005.
OxoHuYaTeabHBIN PE3yJIbTaT CIEAYET NPEACTABUTH B BUJIE:

&=114%+0,35.

3anava 4. BeIuMCINTE METOIOM KacaTeabHBIX KOPEHb YPaBHEHUS 2x°+ 3 —Tx + 1 =
0, pacnosioxeHHbld Ha oTpe3ke [0; 1] ¢ TOUHOCThIO 1o 0,005.

Pemenue. Beruucnum 3nadenue gynkiun Ha KoHuax orpeska [0; 1] f(0)=1; f(1)= -1.
Omnpenenus MepByl0 U BTOPYIO IPOM3BOJHBIC, 3aMETUM, YTO IepBas NPOU3BOAHAs
MeHsieT cBoM 3HaK Ha otpeske [0; 1]. Cy3um paccMaTpuBaeMblil OTPE30K TaK, YTOObI HA
HOBOM OTpe3Ke IepBas NPOM3BOJHAs HE MEHsIa 3Haka. PaccmoTpuMm cepenuny
orpeska [0; 1] - Touky 0,5. Beruricnum 3Hauenue ¢pyHKUuU B 310 Touke: f(0,5)= -1,5.
CrenoBaTenbHO, KOPEHb JAHHOTO ypaBHEHMS NMpUHALICKUT oTpe3Kky [0; 0,5]. Ha stom
HOBOM OTpE3KE IepBasi MPOM3BOAHASI COXPAHSIET CBOM 3HAK (OTpHULAaTEIbHA), BTOpas
IPOM3BOJIHAS TOXKE COXPaHsET 3HaK (MOJI0XKUTENbHA). Berancnum

my = min| (0] =2.5; M, =max|f" (x| =12.

Tax kak Ha neBoM koHue oTpeska [0; 0,5] dyHkuMA f(x) UMeeT TOT ke 3HaK, 4TO U ee

BTOpasi IPOU3BOIHAs, B KAUECTBE HAYAJILHOIO MPUOIMKEHHs BO3bMeM TouKy 0: X = 0.
x1=0-1/(-7)=0,143.

[TorpemrHocTs 3TOTO 3HAYEHUS ecTh (hopmyna (7)):

Ax, = 2.25 -(0,143-0)* < 0,05,
yto Oonbiie Tpedyemort TtouHoctH € = 0,005, mostomy cremyer mneperTtH K
BBIYHCIICHUIO TPUOIVKEHHUS X).

X 20143—M:0154'Ax = (0,154 -0,143)* = 0,0003

S (-6,019) T 2.25%7 ’ ’ '

[orpemnocts BTOoporo npubnmxkenus Ax; = 0,0003 menbie TpeOyemMoil TOUHOCTH € =
0,005. YuutsiBasi NOrpemIHOCTh OKpyTaeHUs, paBHyto 0,0005, nomyuum:
£ =0,154%0,0008.

3agaya 5. MeToaoM UTEepalii BEIYUCIUTh OTPULIATEIBHBIA KOPEHb YPABHEHUS
253+ 3x>~7x+1=0 ¢ TOYHOCTHIO [0 € = 0,05.
Pemenue. B 3amaue 2 ObuIO MOKa3aHO, YTO OTPHIATENIBHBIA KOPEHb JTaHHOTO
YpaBHEHHUS HaXOJQUTCs Ha oTpe3ke [-3; -2].
Brraucnum:

M, = [Igl%)z(]‘f/(x)‘ =29 ; m, = [r_gll_tzll‘f/(x)‘ =35.
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Takum oOpa3om, ntepaunoHHbli nporecc (11) npumer crenyromuii Bua:

xn +1

:xn—%(2x2+3x5—7x" +1), n=0,1,2, ...,

a olleHKa norpeurHoctH (12)
Ax, =24

B kauecTBe HaYaJILHOTO HpI/I6J'II/I)KeHI/I}I IMPUMEM CEPCANHY PACCMATPHUBACMOI'O OTPE3Ka
[-3;-2] : xo=-2,5.
I[anee BBIUHUCIIUM HpI/I6JII/I)KeHI/Ie KOPH:I:
X1 =xXo— 1/17(2x¢> +3x0> ~Tx¢ + 1) = -2,853.
OI_ICHI/IM NOrpCIIHOCTDb HpI/I6J'II/I>KeHHOFO 3HAYCHHUA X .
Ax, = 2,4x, — x,| =085,

4yT0o OonbIne Tpedyemoit TouHocTH € = 0,05, MOATOMY CllelyeT MeperTH K BEIYUCICHUIO
X2 U €r0 IOTPELIHOCTH.

JlanpHele pacCyXKIeHHs aHAJOTUYHBI BBIIMICTIPUBEIACHHBIM, a BECh
UTEPaIMOHHBIH Mpolecc yaA00HO 0(OPMHUTH B BUIE CIEAYIONICH TaOIHIIbI:

xn+1 =X,

n

Tabmuma 3.
N X1 Xa A X,
1. -2,5 -2,853 0,848
2. -2,857 -2,791 0,149
3. -2,791 -2,816 0,060
4. -2,816 -2,807 0,022

W13 Tabnume! 3 BUAHO, 4TO Tpedyemas TOYHOCTh JOCTUTHYTA M MOKHO IPUHSTH
&=-2.81%0,025.
Crnemyer OTMETHTH, YTO BCE BBIUMCICHHS BEIHCh C JABYMs 3allacHBIMHM 3HAKaMH, a
norperHocTs okpyriaenus (0,003) noGaBieHa K MOrpemHOCTH METOA.

MeTtoasl OJHOMEPHON ONTHUMHU3AIHH.

Ilycts ¢ynkums  f(x) onpeneneHa Ha P < E .3ajgaueil 0JHOMEPHOM
onTUMU3ANKH Oy/IeM Ha3bIBaTh 33/1a4y, B KOTOPOU TpeOyeTcs HaAluTH

max (min) f{x), x € P
PemenneM unu Toukoi MakcuMyMma (MHHHMYyMa) 3TOW 3a/1aud HAa30BEM TaKylO TOYKY
x*e P,uto f(x*)>(Z)f(x)ansaBcex x € P.3anumem

£(x) = max(min) f (x)

Meroapsl OHOMEPHOW ONTHUMHU3ALMH YCIOBHO IOAPA3AEIAIOTCS HAa Tpu rpymmsl. K
NIEPBOM TPYIIIE OTHOCSTCS METOJbI, OCHOBAHHBIE JMIIb HAa BBIYMCICHUU 3HAYCHUN
camoii pyHKIUH f(x) (METOIBI HYJIEBOTO TOPSIKA).
Bropyto rpynmy cocTaBisioT METO/IbI, UCIIOJIBb3YIOIIME 3HAaYEHUS KaK caMOi (pyHKIUH,
TaKk ¥ €€ MEepBOMl MPOU3BOJHON (METOABI MepBOro nopsanaka). M, HakoHel, K TpeTben
IpyMmIe OTHOCATCS METObI, UCIONb3YIOLME 3HAaUeHUsI (PYHKIUH, €€ NepBOil U BTOPOii
IPOU3BOJHON (METO/bI BTOPOTO MOPSAKA).

B nanpheiimem Oynem cuuTaTh, 4TO MakCUMM3MpyeMas (GYHKLHUS SBISETCS
YHUMOJQJIBHOM.
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Onpenencane. OyHKIHS f(x) Ha3bIBaCTCSd YHHUMOIAIBHOWM Ha MHOXECTBE P,
€CJIM CYIIECTBYET €IWHCTBEHHAs TOYka X* ee MakcumMyMa Ha P u s moObix
X,Xx, € P:

f(x) < f(x,) < f(x*), ecmn x, < x, < x*;

f(x*)=> f(x)= f(x,), ecmn x*< x, < x,.

Jpyrumu cioBaMu, YHUMOAanbHas (PYHKIIMSI MOHOTOHHO BO3pacTaeT clieBa OT
TOYKH MaKCUMyMa U MOHOTOHHO yOBbIBa€T CIpaBa OT Hee.

OTmeTHM, 4TO MPEANONI0KEHHEe 00 YHUMOJAIBHOCTH (DYHKIIMU B OKPECTHOCTH
TOYKM X* BechbMa €CTECTBEHHO, IIOITOMY TMOJy4YeHHEe HH(POPMAlUU O TaKOM
MPOMEXKYTKE SIBISETCS BaXKHBIM JTaloM TMpouenypsl ontuMusanuu. OObIYHO B
Ipolecce MPUMEHEHHs METOJ0B OJHOMEPHOM ONTHUMHU3ALMU MOYKHO BBIJEIUTH JIBA
JTana: MoUCK OTPe3Ka, COAEPIKAIIEro TOUYKY MAKCUMYMa, U YMEHBILIEHUE ITTUHBI 3TOTO
OTpe3Ka J0 3apaHee YCTAHOBJIEHHOW BeIMYMHBI (YTOUHEHHE KOOPIMHATHI TOYKHU
MaKkCHMyMa Ha JaHHOM OTpPE3KeE).

ITouck oTpe3ka, CoIePIKaIIEeTro TOYKY MakcuMyMa. AnroputMm CBeHHA.

HcxonHble naHHbBIC. X - HaYaJdbHas TO4YkKa, h - mar noucka (h>0).
[ar 1. Beraucnuts f(xg); f(xo+h); flxo-h),; k=1.
ar 2. Ecu f(xp-h) < f(xg) < f(xo+h), TO X = Xo + h, nmepelitu k mary 4.
Wlar 3. Ecmu f(xg-h) = f(xg) = f(xoth), TO X; = X¢-h, h = -h, nepeiitu k mary 4, B
NPOTUBHOM ciydae (f(xp-h) < f(xg) = flxo+h)) a =x9—h; b =x9+ h, xoHeIl.
Iar 4. X1 = X + 25h , BBIYUCITUTB f(Xk+ ).
ar 5. Eciu f{x5+;) = f(xi), TO K =K + 1, mepelTy K mary 4.
[ar 6. Ecmu h > 0, To a = Xk.; , b = Xy , KOHEII, B IPOTUBHOM CIIy4ae a = Xk+] , D = X-|
, KOHeIl.

3amertum, 4to ciyuait f(xp-h) = f(xg) < flxot+h)
(mar 3) He paccMaTpWBaeTCs, TaK KaK OH TMPOTHBOPEUYUT MPEATOIOKECHUIO 00
YHUMOJAIBHOCTU (DYHKIHUH f(X).

YMeHblIeHHe UIMHBI OTpe3Ka, COAEpIKAIero TOUKY MaKCUMyMa, JOCTUTaeTcs
MyTeM IOCJIeIOBATEILHOTO UCKITFOYEHUS YaCTeH 3TOro oTpe3ka. BennunHa nHTEpBaia,
UCKJII0YaeMOro Ha Ka)XI0M IIlare, 3aBUCUT OT PACIOJIOKEHHS JIBYX MPOOHBIX TOYEK
BHYTpU OTpe3ka. [IoCKONbKY KOOpAMHATAa TOYKHM MaKCHMyMa amnpuopyd HEHU3BECTHA,
11eJ1eco00pa3Ho pa3Meniarh MPOOHBIE TOYKH TaKUM 00pa3oM, 4TOOBl 00eCIeunBaTh
YMEHBIIICHUE JITUHBI OTPE3Ka B OJHOM U TOM K€ OTHOIICHHH.

JINXOTOMUYECKUH TTOUCK (METO JACJICHHS OTPE3KA IOIOJIaM).

[IpoOHbIE TOYKH Yy, Z HA KAXKJIOM IIIare 3TOT0 METOJIa BRIOUPAIOTCS CIAEAYIOIINM

obpa3om:
:a+b_5;Z:a+b+5’
2 2

rae 0 — napamerp metoza, 0 <o < (b-a).
[Ipn manpix O Kaxkgas W3 MPOOHBIX TOYEK JEIUT OTPE30K IOYTH IOMojiaM, T.e.
WCKITIOUYCHHIO OYJIET TOIIeKaTh TIOYTH MTOJIOBUHA OTPE3Ka.

ANTopuTM™.

Ucxonupie nannabie. Otpe3ok [a; b], comepkamuii TOYKy MaKCHUMYyMa,
napameTp 0 1 mapaMeTp OKOHYaHUs cueTa € (€ > 29).

IMar 1.a;=a;b;=b;k=1.

Hlar 2. Ecmu by —ax< e, x* € [q,,b,], koHew.

+b +b
IIar 3. y:a"—zk—é; z:aka+5;

A=f),; B=/).
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[ar 4. Eciiu A > B, 10 axs; = ax; bys1 = Z; B IPOTUBHOM CITydae ay=y; by =
by

[ar 5. k = k+1, npelitu k mmary 2.

Ha xaxnmoil wrepauuu AMXOTOMHUYECKOTO TIOMCKA MPOU3BOIATCS 1B
BBIUMCJICHHSI 3HAYCHUS (DYHKIMH W TOCIIE N BBIYUCICHWH (n/2 wWTepanuil) IHHA
HAYaJFHOTO MHTEPBAJIa YMEHbBIIIACTCS MPUOIU3UTENHHO B 22 pas.

MeTo1 30JI0TOrO CEUECHMSI.

Kak u3BeCTHO, 30JI0TBIM CEUYEHHEM OTpe3Ka Ha3bIBaeTCs JEJICHHE OTpe3Ka Ha
ABC HCPABHBIC YaCTH Tak, YTOOBLI OTHOIIIEHHE JAJIMHBI BCErO OTPE3Ka K JJIMHC OoubIIeH
YacTU PaBHSUIOCh OTHOLICHWMIO JJIMHBI OOJbIIEH YacTH K JJIMHE MEHbLIEH YacTH
oTpe3ka. JIlerko mokasare, 4TO 30JI0TO€ CeueHHe OTpe3ka [a; b] mpomsBoauTCs ABYMS
TOYKaMH Y U Z, CAMMETPUYHBIMU OTHOCUTEJIBHO CEPEIUHBI OTpEe3Ka.

AA
A —TDA
@ v >
a
|
(A—DA A
b—a_b—y_b—a_z—a_/l_\/g+l_l6180
b-y y-a z—-a b-z =~ 2 7
Orcrona

y=(-Da+(A-1*b=0,618a+07382b.
z=(A—1)a+(A-1)b=07382a+0,618b.

HerpynHo Takke MpoBEpUTH, YTO TOYKA y MPOU3BOAMT 30JI0TOE CEUYCHUE OTpEe3Ka
[a; z], a ToYka z TPOM3BOJAUT 30J0TOE CEYeHHE oTpe3ka [y;b]. Ha sTom cBoiicTBe,
IIO3BOJIAKOIIEM Ha KaX(HOﬁ UTCpallu BBIYUCIUTH 3HAYCHUC (I)YHKI_[I/II/I JIMIIIb B OHHOﬁ
poOHOM TOYKE, U OCHOBAH aJITOPUTM METO/Ia 30JI0TOTO CEUCHUSI.

Ucxonubie nanHble: [a; b] — OTpe3ok, copepkamuii TOYKY MaKCUMyMma; € —
napameTp OKOHYaHUs CUETa.

\/§+1.

Ilar 1. A= > ;k=1; axr=a; by=b;

y=—Dac+ (- 1)’be; A=f(y);
z=0- D%+ (- Dby ; B=£(2).

[Har 2. Ecin A > B, To nepeiitu k mary 4.

IIar 3. A1~ Y, bk+1 = bk;
y=z; A=B;
z=(— 1Y a1 + (A — Db
B =f(z), nepeiitu k mary 5.

[ar 4. axy1=ax; byy=z; z=y; B=A;
y =~ Dag + (A= Db ;
A=f(y).

Iar 5. Ecau byt — a1 < €, TO
x* € [ak+l;bk+l]: KOHCII.

[ar 6. k =k + 1, mpeiitu k mary 2.
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Kak Obl10 OTMEYeHO BbIlIE, HA KaXJOH WTEpallMd METOAA 30JI0TOI0 CEYEHUS
MPOU3BOJUTCS JIMIIbL OJHO BBIUMCICHHE 3HaueHus Qynkuuu. [lpum sToM anmHa
MOJIYYEHHOTO B PE3yJbTaTe OJHON UTEpaluu oTpe3ka coctaBuT (A-1)A, rme A — miuna
MCXOJIHOTO MHTEpBAaJja.

Ecan CpaBHHUTb MCTOALI JHUXOTOMHUYCCKOIO IIOMCKAa HW 30JI0TOIr0 CCYCHMHA,

UCTIONB3Ys B KadecTBe Kputepus dpdexkruBHOCTH F = X” - OTHOCHUTEJIBHOE YMEHBIIICHHE

MHTEpBaJIa MOCJE N BHIUMCICHUHN 3HadeHud QyHkimu f (X), rae A, —AIMHa MHTEpBaja,
HOJIYYEHHOTO MOCTIE N BBIYUCIEHUH, TO

2
(0,5)”/ JUISL UXOTOMHYECKOIO IIOMCKA;

(0,6180)"  nms MeToma 30JI0TOTO CEUCHUS,
T.€. METO/]I 30JI0TOT'0 CeUEHUs OKa3bIBaeTCs Oosee 3 (HEeKTUBHBIM.

MeTto cpefHENR TOYKH.

JU1s OTBICKAaHUS KOPHS YPaBHEHUS

fx=0,
KOTOPOMY COOTBETCTBYET TOYKA MAKCHUMyMa YHUMOJAJIBHOW U Ju(depeHuupyeMoil Ha
3alaHHOM oTpe3ke GyHKimu f (X), OyJeM MOoJb30BaThCs aIrOPUTMOM HCKITFOUCHUS
MHTEPBAJIOB, HA KaXKJJOM UTepallui KOTOPOT0 pacCMaTPUBAETCs JIUILb OJJHA TOUYKA Z.

Eciu B TOUKe Z BBINOJIHAETCS YCIOBUE

/' (@>0,
TO C YYETOM IPEAINOJIOKEHUSI 00 YHUMOAAJIBHOCTH MOXKHO YTBEpPXKJIaTh, YTO TOYKA
MaKCUMyMa HEe MOKET HaXOJUThCs JIEBEE TOUKH Z, CIIEJOBATEIIBHO, HUHTEPBAII X < Z MOXKET
ObITh ucKIMoueH. C pyroil CTOPOHBI, eciu f ’(z) < 0, To TouKa MaKCUMyMa HE MOXET
HaXOJIUThCsl IIPaBee TOYKHM Z, T.€. MCKIIOUEHMIO NOUIEKHUT HHTepBal X > z. Ha stux
paccyXIeHHUAX U OCHOBaH METO/J] CpeiHel ToukH (ToucK boibiano).

ANTopUTM.
Wcxonupie nanueie. Touku a u b Takue, 4to f / (a>0, f / (b) > 0, € — mapametp
OKOHYAHUS CYeTa.

Iar 1. z= aT. Boruncnuts f "(2).

[ar 2. Ecau |f/(z)| <&, To X* = 7, KOHEII.

Ilar 3. Eciu [/ (z) > 0, T0 a =z, nepeiity k mary 1. B npotusHOM ciyuae b=z , mepeiitn
K mary 1.

Meton xop/ (CeKyIux).
HpI/I pcajm3an 3TOTO METOAa YUUTBIBACTCA HC TOJIBKO 3HAK HpOHSBOI[HOﬁ, HO U
ee 3HaueHne. MeTo/1 3aKITF0YaeTCsl B PEIICHUN YPaBHEHUS
=0
METOIOM XOPJ X HOCHUT ITO3TOMY T€ K€ Ha3BaHUE.
[Ipenmonaraem, kKak W B TpEAbIAYIIEM pas3ielie, 4YTO 3HAKH MPOU3BOJIHOMN
YHUMOJAJIbHOU (DYHKIMH f(X) Ha KOHIIAX OTpe3Ka [a; b] pa3nuyHsl: [ / (@)>0;f / (b)<o0.
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S

7

L

Toraa npubnamkeHue zZ K CTallMOHAPHOM TOUKe X* ompenenurcs mno Gpopmyre:
f'()
——————(b-a). (13)
f(b)=f(a)
ANTOopuUTM METOJa XOpJ TOT JK€, YTO M aJlrOPUTM METOoJla CPeAHEH TOYKH 3a
UCKJTIOYCHHEM TOTO, YTO KOOPJMHATA TOUKH Z BhIYUcseTcs mo ¢popmyne (13).

=b

Metoax HoiotoHa-Padcona.

[Ipennonaraem, 4to yHUMOAaIbHAS (GYHKIMS f(X) ABaX/1bl HEIPEPHIBHO
nuddepennmpyema. Toraa ais pemenus ypaBHeHH f(X)=0 MOKHO TPUMEHUTH METO/T
kacarenbHbIX (HproTOHA)

)
£7(x,)

X = X

J=012,... (14)

AJroputMm.

HcxonHble JaHHBIE. X(- HA4aIbHas OIIEHKA KOOPAWHATHI CTAMOHAPHON TOUKH, & —
napaMeTp OKOHYaHUS CYeTa.

Ilar 1. k=0.

!
Mlar 2. x,,, = x, —%.
X, )

Wlar 3. Ecom | f'(x,,,)| < &, T0 x™ =X,,,, KoHemw,

[Har 4. k=k+1, nepeiitu k mary 2.

[locnenoBarenpHocTh (14) cXomuTCs K CTAlMOHApPHOM TOYKE JIMIIL IPU
BBITIOJTHEHUH OTIPENICIICHHBIX YCJIOBHM, HAKJIAAbIBAEMBIX Ha BUA (QYHKIMH U BBIOOD
HavyaJIbHOH TOYKH (TEOpeMa O CXOIUMOCTH METO/Ia KacaTelIbHBIX).

TumoBsle 3agaun.

3aznauva 6. OnpeaennuTh OTPE30K, COAEPKAIUM TOUKY MAKCUMyMa (DyHKLIUH
£(x) =200x — x> —10000; x, =30,/ = 5.

Pemenue.

J(x,) = f(30) = ~4900;

S (x, +h)= f(35) =-4225;

f(xg —h) = f(25) = -5625.
[Mockonbky f(x, —h) < f(x,) < f(x, +h),

x*>30, x;=35.
Hanee xo=x,+2h=35+10=45.

J(xy) = f(45) =-3025> f(x)
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x*>35,x,=x,+2°-h=45+20=65.
S ()= f(65)=~1225> f(x,).
x*>45x,=x,+2° - h=65+40=105.

f(x,) = f(105)=-25> f(x;),
x*>65,x, =x,+2"-h=105+80=185.

S xs)=f(185)=-T7225< f(x,),
x*<185,a =65,b=185.
3anaga 7. Haiitu Touky makcumyma ¢yuknuu f(x)=sin(x) Ha otpeske [1,5;1,6]
METOA0M JuXoToMHuYeckuoro moucka. 6=0,01;6=0,035.
Pemenue.
Urepanus 1.
b—a=01>¢,

L6 6 o154

=200 L 0.01=1,56;4 = £(154) = 09995:

B=f(1,56)=0,9999;
A< B,a,=154;b, =1,58;
Urepanus 2.
b,—a,=0,06>¢.
_1A¥L0 612156

2= 220 g 01158

A= £(1,56)=0,9999; B = £(1,58) =1,0000;
A< B;a, =1,56;b, = 1,6.

Wrepauns 3.

b,—a,=0,04> ¢,

y=1,57;2=1,59; A=1,000; B =0,9998;
A>B;as=a3;=1,56; bs=1,59.
Urepanus 4.

bs—as=0,03<g;x e [1,56; 1,59].

3amaua 8. Haiitu Touky makcumyma Qynkiuu f(x) = sin X Ha oTpeske [1,5; 1,6]
METOAO0M 30JI0TOro ceueHus, € = 0,02.

Pemenue. A=1,6180; a; = 1,5; b; = 1,6.
y=0,6180-1,5+0,3820- 1,6 =1,5382.
z=10,3820-1,5+0,6180- 1,6 =1,5618.

A =siny=0,99947; B = sin z = 0,99996.

Urepamus 1. Tak kak A < B, To a,=y=1,5382; b,=b,=1,6.
y=7=1,5618; A=B=0,99996;
z=0,3820-1,5382 +0,6180 - 1,6 = 1,5764;

B =sin z =0,999984;

b,—a)= 0,0618 > .

Urepamus 2. Tak kak A < B, To a;=y=1,5618; bs=b,=1,6.
y=7=1,5764; A=B=0,99998;
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z=10,3820-1,5618 +0,6180 - 1,6 = 1,5854;
B =sin z=0,99989;
bz —a3;=0,0382>¢.
Urepanus 3. Tak kak A > B, To a;=a3;=1,5618; bs=z=1,5854.
z=y=1,5764; B=A=0,99998;
y=0,6180-1,5618 +0,3820 - 1,5854 = 1,5708;
A =1,00000;
bs—as=0,0236 > ¢.
Urepanus 4. Tak kak A > B, To as=a4=1,5618; bs=z=1,5764.
z=y=1,5708; B=A=1,00000;
y=0,6180-1,5618 +0,3820 - 1,5764 = 1,5674;
A = sin y=0,99999;
bs —as=0,0146 < g, cneqoBaTeNnLHO,
X e [1,5618; 1,5764].

3anaua 8. Haiiti Touky mMaxcumyma dyrkimn f(x) = —2x> — 16/x Ha otpeske [1; 5]
METOJ0M cpeaHeit Touku, € = 0,1.

Pemenue.
' (x)= 16/x> — 4x.
Urepanus 1.
Z:HTS:?a ; £ (3)=-10,222 < 0; b=3.
Wrepaunus 2.
z:$:2;f’(2)=—4<0;b=2.
Urepanus 3.
Z:%ﬂs £ (1,5)= 1L111>0;a=1,5.
Urepanus 4.
L5+2
zZ= =175;f"(1,75)=-1,775 < 0; b=1,75.
Hrepanus 5.
2= LTS 605 £1(1,625) = 0,441 < 0; b=1,625.
Urepanus 6.
7= 2 +1625 =1,562; ' (1,562) = 0,3036 > 0; a=1,5625.

Hrepanys 7.
1,5625 + 1,62
726251625 504 p1 (1 504y = 0,077:
| £7(1,594) | <k, X ~ 1,594.

3anaua 10. Haiitu Touky Mmakcumyma ¢yHkuuu f(x) = sin x Ha orpeske [1; 3]
meToioM HeroTona-Padcona, xo=2; € = 0,001.

Pemenne.
Wrepaunus 1.
f' (2)=cos 2=-0,4161; f"" (2)= —sin 2=-0,9093;
X, =2- 04161 =15424 ; f' (x1)=cos 1,5424=0,0284 > ¢.
0,9093
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Wrepauus 2.
f" (1,5424)= —sin 1,5424=-0,9996;

x, =1,5424 — (00284, 5908.
(—0,9996)
If’ (1,5708)|=[cos 1,5708]= |-0,000015] < &;

x =1,5708.

3amaua JI1.
Otnenuth Bce KOpHH ypaBHEeHHs f(X)=0 1 BBIYUCIUTH 3 KOPHS C TOYHOCTHIO 70 TpeX
3HAKOB PA3IUYHBIMU METOJaMHU (XOpJI, KacaTeNIbHBIX, UTEPAIU).

1. xX°-10x+2=0 x’~10x+2=0 14. x>~ 7x+3=0
2. xX-7x+1=0 15. x*~12x+1=0
3. 5cos x+x=0 16. 2x>~7x+3=0
4, x-9x+2=0 17. 3x°—5x+1=0
5. x—6x+2=0 18. x*-2x*-5x+3=0
6. 2x°—3x*—12x-5=0 19. 4cos x—x=0
7. 3sinx — x — 0,2=0 20. 2x°-9x+2=0
8. x°—3x-1=0 21. 2x°-2x*~7x-2=0
9. 2x’-3x’-12x-5=0 22. x>~ 11x+4=0
10. 2x°-9x*—60x+1=0 23. x’-5x%+7=0
11. x*-3x*-9x+3=0 24. x>-3x*+1=0
12. x§—2x2—4x+7=0 25. X°—6x°+1=0
13. x'—8x+2=0
3anayva J12.

Metonom CBeHHa HaWTH  OTPE30K, COJEp)KAIIMM  TOYKY 3KCTpeMyma
yHUMOJaNnbHOH QyHKimH f(X).
Boruncnuth TOUKy 3KCTpeMyMa MeToioM xopa, €=0,05.
f(x)=x*+1 > min.
f(x)=3x—x’-1 > max.
f(x)=2x—x"~1 > max.
f(x)=2x*+3 > min.
f(x)=x*+x+1 > min.
Borancnute Touky s3KcTpeMmyMa metonoM Hetotona-Padcona, €=0,01.
f(x)=10x*+7x+1 = min.
f(x)=15x—2x*+5 > max.
f(x)=3+7x-2x" > max.
f(x)=4-3x* > max.
f(x)=5-4x—x" > max.

BbIuuciuTh TOUKY 3KCTpEMyMa METOAOM cpeaHeit Touku, £€=0,05.
f(x)=4-5x+x> > min.
f(x)=2x"~1-> min.
f(x)=4-2x—x> > max.
f(x)=2—x*> > max.
BoruncnuTh TOUKY 9KCTpeMyMa METOIOM IUXOTOMHYECKOro moucka, £€=0,2.
In x

f(x)= Jx - max.
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x? =1

fix)=x" +1 > min.
f(x)=In(x*+1) > min.
f(x)=x*+2-> min.
f(x)=x’-3x+1-> min.
f(x)=x*+x+2-> min.

BBIUMCINTE TOUKY SKCTpEMyMa METOIOM 30JI0TOTO cedenus, £=0,2.
2
f(x)=3—x—x" = max.
1-x?

fx)=1+ X’ > max.
f(x)=2x-7x—3 = min.
f(x)=x*+4x—5-> min.

4.6. Pewenue cucmem JTUHEHBIX YPAGHEHUIL.

Tounble u npubmmxeHHsle MeTonsl. Metox I'aycca ¢ BBIOOPOM TJIaBHOTO 3JEMEHTA.
Mertoa pocToil uTepauu.

CoBpeMEHHOMY 3KOHOMUCTY MPUXOAUTCS PeIIaTh JAOCTaTOYHO OOJBIINE CUCTEMbI
JUHEHHBIX ypaBHeHMH. Tak, MHpH COCTaBIEHUH MEXKOTPACIEBOrO OanaHca YHUCIIO
HEU3BECTHBIX IMpEBBINACT CTO. /laHHAas TeMa MOCBAILIEHA 3TOMY AKTYaJlbHOMY pa3leiy
IIPOrPaMMBI.

Bce meroabl pemieHus cucteM ypaBHEHUIH MOXHO pa3OUTh HA YCIOBHO TOYHBIE U
npubnmxennslie. K TounsiM anropurMam otHocutcst — Meto) Kpamepa, ["aycca, Kopaana-
I'aycca u 1.1. Cpeau npuOIMIKEHHBIX CIEAYyeT OTMETUTh, IPEXKJE BCEro, UTEPallMOHHbIE
METO/BbI, METOJ KBAaJPATHOI'O KOPHS U T.J.

KontponbHas pabora npeaycMaTpuBaeT pelieHne OJHOH  CUCTEMBbI METOJIOM
l'aycca ¢ BBIOOpPOM TJIaBHOTO 3JIEMEHTa M OJHOM CHUCTEMBbI METOJIOM IPOCTOM HTEpaluu.
[Tpumepsl Ha 3TH METOABI pa300PaHbl HUXKE.

Merton I"aycca ¢ BHIOOpOM TJIaBHOTO JIEMEHTA.

3anuiieM cUCTeMy JTMHEHHBIX YPaBHEHUN CIEAYIOIMHUM 00pa3oMm:
AX=b (1)
Pacmmpennas marpuna A 3TOM CHCTEMBI IMEET BUJL:

a11 alZ aln bl

x = ay 8y .. 8, b,
..... (2)

a'r\l an2 ann bn

Ha nepBom mare snement all#0 Ha3biBaeTcs BeaymuM. PasznenyM Ha HEro mnepBylo
CTPOKY MaTpHIIbl A, B pe3yJibTaTe moryqdum (3).
a, a b,
X, +—X, +...+ X, =— 3)
a'11 all all

Haiinem x1 u3 (3), moacTaBuM €ro 3Ha4Y€HHE BO BCE OCTAJIbHBIC YPABHEHHS U TEM
caMbIM MCKJIIOUMM X1 M3 Bcex ypaBHEHMi, KpoMe IepBoro. B3sB Tenepp MOSyYEHHYIO

57



cucTeMy 0e3 MepBOT0 ypaBHEHHs, MOBTOPSIEM ITOT IMPOIecC, Oeps B Ka4eCTBE BEIYIIETO
sneMeHTa Kod(GUUUEHT mpu X2 U T.O. DTOT MPOIECC, HA3BIBAEMBIM MPSMBIM XOAOM
Mmetona [aycca, mpomoipkaeTcst 1O TeX IMOp, MOKa B JICBOW YacTH IMOCJIETHETO (N-0ro)
YpaBHEHUS HE OCTAHETCS JUIIb OJUH YJEH C HEM3BECTHBIM XN, T.€. MaTPUIlA CHUCTEMBI
Oyner mpuBeneHa K TpeyroiapbHoMy Buay. OOpaTHbIi Xon Meroma [aycca cocTtoWt B
MOCIIEI0BATEIbHOM BBIUMCICHUHM MCKOMBIX HEM3BECTHBIX: pelllas MOCIeHEee ypaBHEHUE,
HaXOJWM CIWHCTBEHHOEC HEW3BeCTHOe xn. Jlamee, UCHONB3ysS OTO 3HAYCHUE, W3
NpebIIyIIero ypaBHeHus: BeuucisgeMm xn-1 u 1.1. [locneqnum Haxomum x1 w3 mepBoro
YpaBHCHHS.

Opnolt u3 moaudukanuit metona ['aycca siBisiercs cxema ¢ BBIOOPOM TJIaBHOTO
anementa. OHa cocToWT B ToM, uTo TpeboBanue akk#(0 (Ha akk mpomcxomutr neneHue B
MPOIIECCEe MCKIIIOYCHHMs) 3aMeHseTCsl 0ojiee JKECTKHMM: M3 BCEX OCTABIIUXCS B MaTPHUIIC
JJIEMEHTOB HYXHO BBIOpaTh HAMOONBIIWN MO MOJYJIO M MPEACTABUTh YpPaBHEHHE Tak,
9TOOBI ATOT AJIEMEHT OKa3aJICsl Ha MECTEe BEIYyIIero deMeHTa akk.

CxeMy BbIYHMCIICHHH O MeToAy ['aycca ¢ BBIOOpPOM TJIABHOTO 3JIEMEHTA TMOSCHSIET
CIIEAYIOLIUN ITPUMED:
2,74x1-1,18x2+3,17x3 = 2,18;
1,12x1+0,83x2-2,16x3 = —1,15;
0,18x1+1,27x2+0,76x3 = 3,23.

Pemenue Benercst B Tabmuie 1.

BriOupaem makcuManbHBIA 35IeMEHT B cronbmax x1, x2 m x3  pazgena A
(a13=3,17). 3amonusiem crombenr mi paszena A, MOJYyYEHHBIH J[EJIEHUEM 3JIEMEHTOB
cronbria x3 (pe3ynbTar AelieHus Oepercss ¢ OOpaTHBIM 3HAKOM) Ha MaKCHUMaJIbHBIN
anement al3=3,17:

=(c216) 0,6814 _970 _ 02397
317 : 17 .
Tabmmma 1.
mi Koad-1e1 mpu Heu3BecTHhIX | CBO- | X >
0oIH.
x1 x2 x3 YWICH
bl
Al-1 2,74 -1,18 3,17 2,18 691 —
0,6814 | 1,12 0,83 -2,16 -1,15 | -1,36
— 0,18 1,27 0,76 3,23 5,44
0,2397
b |-l 2,9870 |0,0259 | — 0,335 |3,348 | 3,348
0,1596 |- 1,5528 | — 5 4 5
0,4768 2,707 | 3,783 | 3,783
5 5 7
B |— — 1,5569 | — 2,760 | 4,317 | 4,318
1 0 1

B cronGerr 2, 3aKMCHIBAIOTCS CYMMBI KOO (GHUIIMEHTOB CTPOK MATPHUIIBI A
2,74+(—1,18)+3,17+2,18=6,91;

1,12+0,83+(-2,16)+(-1,15)=—1,36;

0,18+1,27+0,76+3,23=5,44.

[Tepexon k pasmeny b Bemercs criemyrommum 00pa3oM: CTPOKY, COAEPIKAIIYIO TJIABHBIA
(BemyIImii) JIEMEHT, YMHOXAaeM Ha mi ¥ mpubaBisieM K COOTBETCTBYIOIIEH 1-0i CTpOKE.
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Pesynbrar 3amuceiBaem B pasznen b. Ctpoka ¢ Begymum 3ieMEeHTOM B pasfen b He
MEPETUChIBACTCS.

2,74-0,6814+1,12=2,9870;

(-1,18) - 0,6814 +0,83=0,0259;

2,28-0,6814+(—1,15)=0,3355;

6,91-0,6814+(—1,36)=3,3485

(pe3ynbTaT 3aHOCHTCS B cTOJIO I ).

Jlajsee cuuTaeT CyMMYy 2, B KaX/JI0M CTpoKe pasnena b.

2,9870+0,0259+0,3355=3,3484;

—0,4768+1,5528+2,7075=3,7835.

Ecau ctonbupl 2, u 2.’ coBmamaroT (C 3aJaHHOW TOYHOCTBIO), TO BBIYUCIICHHS
BBIMIOJIHEHBI BEPHO U MOXKHO MEPEXOJUTh K CIEAYIOIIEMY Ilary: BbIOMpaeM TIJIaBHBII
aneMeHT (2,9870), cautaem mi u T.1.

B pe3ynbraTe 00paTHOr0 X0/1a MOJyyaeM:

, = 2,7601 =17728
1,5569 .
—-0,0259-1,772
X, = 0,3355 -0,0259 -1,7728 —0,0970
2,9870 .
X, = 2,18-2,74-0,0970 + 1,18 -1,7728 12638

3,17

[IpakTruecku, BCIAEACTBUE BBIYUCIHUTENBHBIX MOTPEIIHOCTEH, IMOIYyYEHHOE
MeroaoM ["aycca peleHne CUCTEMBI SBIIsIeTCS MPUOIMKeHHBIM. [lokakeM, Kak YTOYHHUTH
3TO pEelICHHE.

IlycTh nis cuctembl

AX=b
MOJTy4eHO MPUOIUKEHHOE PElICHHE i(o). [Tonoxum x=x" + A
Al
a=| ™
Torpa ag BEKTOpa MONpaBKU A, OyZeM UMeTh ypaBHEHUE
A" +A) =b
nin
AA=%,
e €= b-A-x _ BEKTOP HEBS30K I MPUOIMKEHHOTO PpEUICHHs x© . Takum

00pa3oM, uToObI HaiiTh A, Hy’KHO pelIUTh CHCTEMy C IIpeXkHel MaTpHieil A U HOBBIM

BEKTOPOM CBOOOJHBIX WIEHOB &. 3aMeTuM, 4YTO MpeoOpa3oBaHHBIE KOI(DOUIIMESHTHI
MaTpuIbl A MOXXHO HE YTOYHSATH, TaK KaK HPU MaJIbIX HEBA3KAaX COOTBETCTBYIOIIHE
omOKu OyIyT UMETh OoJiee BBICOKHIA MOPSI0K MaJIOCTH.

Haiiem nonpasky A K oJyu4eHHOMY B HallleM IIPHMEPE PELIeHHIO
0,0970

x© 2| 1,7728
12638
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2,18 2,74 —-118 3,17 0,0970 —0,0001
e=|-LI5|-| 1,12 083 -2]16|-|1,7728 |=| —0,0003 |.
3,23 0,18 127 0,76 1,2638 —-0,0964

Koaddunmentsr npu HenszBecTHBIX Al, A2, A3 ye UMEIOTCS TOTOBBIMH B TaOIHUIIE
1. Ocraercs nuib TpeoOpa3oBaTh BEKTOP CBOOOIHBIX YJICHOB.

[Ipsimoii xon Tabnuua 2.
mi Koad-1e1 ipu Cgobon | Y. >
HEU3BECTHBIX . YIICHBI
Al A2 A3
A |-l 2,74 |-1,18 [3,17 |- 47299 |—
0,6814 | 1,12 0,83 |- 0,0001 |-
- 0,18 127 |2,16 |- 0,2103
0,2397 0,76 |0,0003 |2,1136
0,0964
b |-l 2,9870 [0,025 [ — [- 3,0125 [3,012
0,1596 |- 9 — 10,0004 |0,979 |7
0,4768 | 1,552 = 0,979
8 0,0964 8
B | — — 1,556 |— |- 1,4605 | 1,460
9 0,0964 4
OOpatHBIN XO/I.
~0,0964
A2= 13369 — 0 0619,
—0,0004 —0,0259-(~0,0619)
Al= 2,9870 =0,0004;
—0,0001 2,74 -0,0004 + 118 - (— 0,0619)
A3= 317 =0,0234.

A
Bekrop ‘ MOXKET CIYXUTb JJId TNPUOIMKEHHOW OLEHKH aOCOIOTHOM
MOTPEITHOCTH MOTYUYEHHOTO PEILICHHUS.

Metox npocToi uTepaLuu.

[Ipu GonblioM yuclie ypaBHEHUH M HEU3BECTHBIX MeToA ['aycca malio mpuMeHuwM,
T.K. €0 peanu3alus TpeOyeT CIUIIKOM OOJbIIOr0 YUCIa BBIUUCICHUH, a, CIE0BATEIbHO,
JaKe TpU TOYHBIX HCXOJHBIX JaHHBIX HEW30€XKHO TOSBISAIOTCA TMOTPEIIHOCTH
BBIYHCIICHUM, KOTOPBIE Oy IyT TE€M OOJIbIIIEe, YeM OOJbIIe caMUX BhIYUCiIeHu. [lotomy st
pelieHuss OONBIIMX CHUCTEM HCIIONB3YIOTCS UTEpAaIlMOHHBIE METOJbI, KOTOphIe 00JIagatoT
CIEAYIOIUMH TPEUMYIIECTBAMU:

1. Ecnu mpouecc utepanuu CXOAUTCA OBICTPO, T.€. KOJIHUYECTBO MPUOIMKEHHMA
MEHBIIE, YEM MOPSIAOK CUCTEMBI, TO MOJTYYAETCS BBIUTPBHILI BO BPEMEHH PEILICHHUS.

2. Meton uTepauuil sSBISETCS CaMOKOPPEKTHPYIOMIUMCS, T.€. OTAENbHbIE OMIHOKH
HE OTPa)KaroTCs HA KOHEYHOM PE3YJIbTATE PELICHUS.

3. IIpouecc urepauuii 1erko nporpammupyercsa Ha 9BM.
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Hwxe paccmarpuBaeTcs OJUH U3 METOAOB UTEPALIM — METOJI POCTOM UTEPALIHH.
[Tycth maHa cucTeMa JIMHEWHBIX alnredpandeckux ypaBHEHUN

AX=b, (4)
re A — HEBBIPOXK/ICHHAs MaTPULIA.
[IpuBoas ¢ mOMOIIBIO JIMHEHHBIX IPE0OPa30BaHUI 3Ty CUCTEMY K SKBUBAJICHTHOMY
BULY
X=cx+d )
OyzeM pelaTh MOCIEIHIOI METOIOM MOCIIeI0BaTeIbHbIX MpUOIKeHUH. B3sB 3a HyneBoe

o <=0 —(1
pHuOIMKEeHNE KaKOH-JIM0O BEKTOP X" , BBIYUCITUM TIPUOJIMIKEHNE x" o popmyne

XV =cx +d (6)
aHAJIOTUYHO _

(k) } .
[TocnenoBaTebHOCTH BEKTOPOB {7 k=1,2,..., cxoauTCs K TOYHOMY pelieHuto X | T.e.
limx® =% (8)

koo
b

€CIIM HOpMa MaTPHIIBI C
el < 1. 9)
Hopwma |[c|| opeaensieTcst mo oqHOMY U3 CIEAYIOIINX CIIOCOOO0B:

||C|| =max E ‘ar‘
m i - ]
] .
5
I, = max 3Ja| (10)
1 j i )
s

el = > ay
cf, = 2.2
L]

[Ipu cpenaHHBIX TPEANONOKEHUSX O HOPME MATPHIBI C IMOTPEIIHOCTh k-oro
NpUOJIMIKEHUS MOXKHO OLEHUTh CIICAYIOLUIMM 00pa3oM:

” k+1 (11)
el g

) - (12)
e -] e “u

[lepBas u3 3TUX GOPMYII O3BOJSET OLIEHUTH KOJIMUYECTBO UTEPALIUN, TEOPETHUECKU
HEOOXOANMBIX IS TOCTIKCHHUS 33/1aHHOM TOYHOCTH.
[Ipumep. Pemmts cucremy ¢ Tounoctsro 10 0,001.

4,5x1-1,8x2+3,6x3=-1,7; (D)
3,1x1+2,3x2-1,2x3=3,6; (IT)
1,8x1+2,5x2+4,6x3=2,2. (111

[IpuBenem cuctemy K BHIy, B KOTOPOM 3JIEMEHTHI TIaBHOW JHUArOHAIH MPEBOCXOIUIHA OB
CyMMY MOJTYJIEH OCTaJIbHBIX AJIEMEHTOB CTPOKH. DTO 00ECTICUUT BBHITIOTHEHHE YCIOBUs (9):
|lc|m < 1.

7,6x1+0,5x2+2,4x3=1,9; I+10)
2,2x1+9,1x2+4,4x3=9,7; QOI+1II-1)
—1,3x1+0,2x2+5,8x3=1.4. (ITI - 1IT)
OTcrona

10x1=2,4x1-0,5x2-2,4x3+1,9;

10x2=-2,2x1+0,9x2—4,4x3+9,7;

10x3=1,3x1-0,2x2+4,2x3-1,4.

B okxoHYaTenbHOM BHJIE Hallla CUCTEMA 3alUILETCs CISTYIOIUM 00pa3oM:
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x1=0,24x1-0,05x2-0,24x3+0,19;
x2=0,22x1+0,09x2-0,44x3+0,97,
x3=0,13x1-0,02x2+0,42x3-0,14.

Marpuna ¢ u BEKTOp d ;15 310it crcTEMBI OyIyT UMETh BUJ:

024 —-005 —024 0,19
c=[-022 -009 -044 d=| 097

013 -0,02 042), -0,14

Hopmbl maTpuiis! ¢, BekTopa d OyAyT COOTBETCTBEHHO PABHBI:

”C”m =max(0,24+0,05+0,24; 0,22+0,09+0,44; 0,13+0,02+0,42)=
=max(0,53; 0,75; 0,67)=0,75<1.

”Cnl = max(0,24+0,22+0,13; 0,05+0,09+0,02; 0,24+0,44+0,42)=
= max(0,59; 0,16; 1,10)=1,10>1.

| =+/(-0,24) +(-0,05) +(-0,24) +(-0,22) +0,09% +(-0,44) +0,13* +
k

+(-0,02) +0,42% =0,73 <.

d
m =max(0,19; 0,97; 0,14)=0,97.

d
| =max(0,19+0,97+0,14)=1,30.
Tl 2 2 . _

d[, =019° +097* +(~014) =1.

c|| <1 o N
T.k. ” m "7 TO MPOIECC UTEPAIMA CXOIUTCS, M TEOPETUICCKOE YUCIIO UTeparuii k
Oyzer onpenensiThes 1o hopmyrie:

||C k+1
v x| < B ], <107
ST "
075" .097<10
1-0,75 , T.C.
025

0,75 <===.10"°
7

b

Orcrona k>28.
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TeopeTnueckass OICHKA 4YHCIIa WTEpaIfii, HEOOXOIUMBIX JUIsl OOeCreYCHHS
3aJJaHHOM TOYHOCTH, MPAKTHYECKH BCET/Ia OYCHD 3aBBIIICHA.
Brrancnenus pacnonaraem B Tabime.

Homep x1 x2 x3

WuTepaInuu

0 0,19 0,97 -0,14

1 0,2207 | 1,0703 -0,1915

2 0,2354 | 1,0988 —0,2118

3 0,2424 | 1,1088 -0,2196

4 0,2454 | 1,1124 —0,2226

5 0,2467 | 1,1138 -0,2237

6 0,2472 | 1,1143 —0,2241

7 0,2474 | 1,1145 -0,2243
Ha 7 urepanuu umeem, 4to

0,75

CrnenoBaTenbHO, HEOOXOMMAasE TOYHOCTh JOCTUTHYTA.

-5, s B+

L=,

m

=——:0,0002 =0,0006 < &£ =0,001.
0,25

Ortser: x1=0,2474; x2=1,1145; x3=-0,2243.

Pemmts cuctemy ypaBHeHuit MeroaoM [aycca ¢ BBIOOpPOM TJIABHOTO JJIEMEHTA.

3amaua El.

IIOJIyYEHHOT'O PELLEHUsI HAUTH BEKTOP MOIIPABOK.
0,34x1+0,71x2+0,63x3=2,08;
0,71x1-0,65x2-0,18x3=0,17;
1,17x1-2,35x2+0,75x3=1,28.

Nel.

Ne3,

Nos.

Ne7.

0,21x1-0,18x2+0,75x3=0,11;
0,13x1+0,75x2-0,11x3=2,00;
3,01x1-0,33x2+0,11x3=0,13.

3,01x1-0,14x2-0,15x3=1,00;
1,11x1+0,13x2-0,75x3=0,13;
0,17x1-2,11x2+0,71x3=0,17.

1,24x1-0,87x2-3,17x3=0,46;
2,11x1-0,45x2+1,44x3=1,50;
0,48x1+1,25x2-0,63x3=0,35.

3,75x1-0,28x2+0,17x3=0,75;
Ne2. 2,11x1-0,11x2-0,12x3=1,11;
0,22x1-3,17x2+1,81x3=0,05.

0,13x1-0,14x2-2,00x3=0,15;
Neq, 0,75x1+0,18x2-0,77x3=0,11;
0,28x1-0,17x2+0,39x3=0,12.

0,92x1-0,83x2+0,62x3=2,15;
Ne6. 0,24x1-0,54x2+0,43x3=0,62;
0,73x1-0,81x2-0,67x3=0,88.

0,64x1-0,83x2+4,20x3=2,33;
Neg. 0,58x1-0,83x2+1,43x3=1,71;
0,86x1+0,77x2+0,88x3=0,54.
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0,32x1-0,42x2+0,85x3=1,32; 0,73x1+1,24x2-0,38x3=0,58;
Ne9. 0,63x1-1,43x2-0,58x3=-0,44;  Nel0. 1,25x1+0,66x2-0,78x3=0,66;

0,84x1-2,23x2-0,52x3=0,64. 0,75x1+1,22x2-0,83x3=0,92.
0,62x1-0,44x2-0,86x3=0,68; 1,26x1-2,34x2+1,17x3=3,14;
Nell. 0,83x1+0,42x2-0,56x3=1,24; Nel2.  0,75x1+1,24x2-0,48x3=—-1,17;
0,58x1-0,37x2-2,62x3=0,87. 3,44x1+1,85x2+1,16x3=1,83.
0,46x1+1,72x2+2,53x3=2,44; 2,47x1+0,65x2-1,88x3=1,24;
Nel3.  1,53x1-2,32x2-1,83x3=2,83; Nel4.  1,34x1+1,17x2+2,54x3=2,35;
0,75x1+0,86x2+3,72x3=1,06. 0,86x1-1,73x2-1,08x3=3,15.

4,24x1+2,73x2-1,55x3=1,87;
Nel5.  2,34x1+1,27x2-3,15x3=2,16;
3,05x1-1,05x2-0,03x3= —1,25.

0,43x1+1,24x2-0,58x3=2,71; 0,43x1+0,63x2+1,14x3=2,18;

Nel6.  0,74x1+0,83x2+1,17x3=1,26; Nel7.  1,64x1-0,83x2-2,45x3=1,84;
1,43x1+1,58x2+0,83x3=1,03. 0,58x1+1,55x2+3,18x3=0,74.
1,24x1+0,32x2-0,95x3=1,43; 0,62x1+0,56x2-2,43x3=1,16;

Nel8.  2,25x1-1,18x2+0,57x3=2,43; Nel9.  1,32x1-0,88x2+1,76x3=2,07,
1,72x1-0,83x2+0,57x3=3,88. 0,73x1+1,42x2-0,34x3=2,18.
1,06x1+0,34x2+1,26x3=1,17; 3,15x1-1,72x2-1,23x3=2,15;

Ne20.  2,54x1-1,16x2+0,55x3=2,23; Ne21.  0,72x1+0,67x2+1,18x3=1,43;
1,34x1-0,47x2—0,83x3=3,26. 2,57x1-1,34x2-0,68x3=1,03.
1,73x1-0,83x2+1,82x3=0,36; 0,95x1+0,72x2-1,14x3=2,15;

Ne22.  0,27x1+0,53x2-0,64x3=1,23; Ne23.  0,63x1+0,24x2+0,38x3=0,72;
0,56x1-0,48x2+1,95x3=-0,76. 1,28x1-1,08x2—1,16x3=0,97.
2,18x1+1,72x2-0,93x3=1,06; 2,18x1+1,72x2—-0,93x3=1,06;

Ne24.  1,42x1+0,18x2+1,12x3=2,07; Ne25.  1,42x1+0,18x2+1,12x3=2,07;
0,92x1-1,14x2-2,53x3=-0.,45. 0,92x1-1,14x2-2,53x3=-0,45.
3amgauga E2.

MeTto10M MPOCTOI UTEepaluu pemuTh ¢ TOYHOCTHIO 70 0,001 cuctemy nMHEHHBIX
YpaBHEHUH.
2,7x1+3,3x2+1,3x3=2,1; 1,7x1+2,8x2+1,9x3=0,7;

Nel. 3,5x1-1,7x2+2,8x3=1,7; No2. 2,1x1+3,4x2+1,8x3=1,1;
4,1x1+5,8x2-1,7x3=0,8. 4,2x1-1,7x2+1,3x3=2,8.
3,1x1+2,8x2+1,9x3=0,2; 9,1x1+5,6x2+7,8x3=9,8;

Ne3. 1,9x1+3,1x2+2,1x3=2,1; N4, 3,8x1+5,1x2+2,8x3=6,7,;
7,5x1+3,8x2+4,8x3=5,6. 4,1x1+5,7x2+1,2x3=5,8.
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Nos.

Ne7.

Ne9.

Nell.

Nel3.

Nel4.

Nelé.

Nel8.

Ne20.

Ne22.

Ne24.

3,3x1+2,1x2+2,8x3=0,8;
4,1x1+3,7x2+4,8x3=5,7;
2,7x1+1,8x2+1,1x3=3,2.

3,2x1-2,5x2+3,7x3=6,5;

0,5x1+0, 34x2+1,7x3=-0,24

1,6x1+2,3x2-1,5x3=4,3.

3,6x1+1,8x2-4,7x3=3,8;
2,7x1-3,6x2+1,9x3=0,4;
1,5x1+4,5x2+3,3x3=-1,6.

2,7x140,9x2-1,5x3=3,5;
4,5x1-2,8x2+6,7x3=2,6;

5,1x1+3,7x2-1,4x3=-0,14.

3,8x1+6,7x2-1,2x3=5,2;
6,4x1+1,3x2-2,7x3=3,8;
2,4x1-4,5x2+3,5x3=-0,6.

5,4x1-6,2x2-0,5x3=0,52;
3,4x1+2,3x2+0,8x3=-0,8;
2,4x1-1,1x2+3,8x3=1,8.

3,8x1+4,1x2-2,3x3=4,8;
-2,1x1+3,9x2-5,8x3=3,3;
1,8x1+1,1x2-2,1x3=5,8.

2,8x1+3,8x2-3,2x3=4,5;
2,5x1-2,8x2+3,3x3=7,1;
6,5x1-7,1x2+4,8x3=6,3.

7,1x1+6,8x2+6,1x3=7,0;
5,0x1+4,8x2+5,3x3=6,1;
8,2x1+7,8x2+7,1x3=5,8.

4,1x1+5,2x2-5,8x3=7,0;
3,8x1-3,1x2+4,0x3=5,3;
7,8x1+5,3x2-6,3x3=5,8.

6,3x1+5,2x2-0,6x3=1,5;
3,4x1-2,3x2+3,4x3=2,7,
0,8x1+1,4x2+3,5x3=-2,3.

Nob6.

Ne8.

NelO.

Nel2.

Nels.

Nel7.

Nel9.

Ne21.

No23.

No25.
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7,6x1+5,8x2+4,7x3=10,1;
3,8x1+4,1x2+2,7x3=9,7,
2,9x1+2,1x2+3,8x3=7,8.

5,4x1-2,3x2+3,4x3=-3,5;
4,2x1+1,7x2-2,3x3=2,7;
3,4x1+2,4x2+7,4x3=1.,9.

5,6x1+2,7x2-1,7x3=1,9;
3,4x1-3,6x2-6,7x3=-2.4;
0,8x1+1,3x2+3,7x3=1,2.

4,5x1-3,5x2+7,4x3=2,5;
3,1x1-0,6x2-2,3x3=-1,5;
0,8x1+7,4x2-0,5x3=6,4.

7,8x1+5,4x2+4,8x3=1,8;
3,3x1+1,1x2+1,8x3=2,3;
4,5x1+3,3x2+2,8x3=3,4.

1,7x1-2,2x2+3,0x3=1,8;
2,1x1+1,9x2-2,3x3=2,8;
4,2x1+3,9x2-3,1x3=5,1.

3,3x1+3,7x2+4,2x3=5,8;
2,7x1+2,3x2-2,9x3=6,1;
4,1x1+4,8x2-5,0x3=7,0.

3,7x1+3,1x2+4,0x3=5,0;
4,1x1+4,5x2-4,8x3=4,9;
-2,1x1-3,7x2+1,8x3=2,7.

3,7x1-2,3x2+4,5x3=2 4;
2,5x1+4,7x2-7,8x3=3,5;
1,6x1+5,3x2+1,3x3=-2.4.

1,5x1+2,3x2-3,7x3=4,5;
2,8x1+3,4x2+5,8x3=-3,2;
1,2x1+7,3x2-2,3x3=5,6.



4.7. Hucnennoe peuwienue 00bIKHOBEHHBIX OUPphepenyuanbHbvix

YPAGHEeHUI.
Merton Diinepa. Meroa Oitnepa-Komm. Meton Pynre-Kyrra. Merton Anamca.

Paccmotpum 3anauy Komm:
y=fxy);  yx0)=y0. (1)

3anaua (1) mpu ompeneseHHbIX OTPAaHUYCHUSX, HAJTOXKEHHBIX Ha QYyHKUMIO f(X,y)
(B manpHeleM Mbl OyJieM Ipearonararb, 4TO 3TU OTPAHUYEHHUS BBIOIHSIIOTCA), UMEET
€/IMHCTBEHHOE pellCHHE.

[Ipn wumcnenHom pemenun 3agauu (1) Tpebyercs oOnNpenenuTh 3HAUYEHUE
HEU3BECTHOM (PyHKIMU y(X) B HEKOTOPOM TOUKe X *.

Jlyist pemieHus TocTaBlIeHHOM 3a1aun uHTEepBat [X0,x*] pa3duBaeTcs Ha n 4yacTel ¢
Toukamu pazouenus x0, x1,..., xn=x* (xi-xi-1=hi). 3arem no npubnnxkeHHbIM hopMyIam
HaXOAT nocienoBarenbHo yl=y(x1), y2=y(x2), ..., yn=y(xn).

BonpmmHCcTBO MpUOMMKEHHBIX  (OPMYINT  BBIYUCICHHUS Yi=y(Xi1) MOIXy4aroTcs
ciemyrouM oOpaszoM. [lepenncas ypasuenue (1) B popme nuddepenuanos dy=£(x,y)-dx
U IPOUHTETPUPOBAB €TI0 B MPENeNax OT
xi-1 70 Xi, MOITy4uM:

Yi=Yia = J.f(X’Y)dX

WA

X ()
Yi=Yia Tt jf(x,y)dx =Y+ Ay

Xy _
DTO M €CTh HCXOJHOE COOTHOIICHHWE IS Pa3IMUHbIX MeToa0B. CaMu METONbl B
JMAIbHEUIIEM pa3iNyaloTCsd TO TEM JOMOJHUTENIBHBIM MPEANONOKEHUSIM, KOTOpbIE
MPUHUMAOTCS [Tl IPUOJIMKCHHOTO BEIYUCIICHHSI IPUPAIIICHUS

G
Ay, = jf(an)dX

Xi-1

X
J-f (X,y)dx
B merone Oilnepa unTerpan *- BBIUUCIIICTCSI C TOMOIIBIO (POPMYJIIBI
JIEBBIX MIPSIMOYTOJIbHUKOB!

@
If(X, Y)dx ~ jf(xi—HYi—l )dX = hif(xi—HYi—l)

Xi-1 Xi-1 *
3
Yi =Yia +hif(xi—1’Yi—l)’ i=1,2,...,n )

[TorpemHocts mpubmMKeHHOM hopMmyIisl (4), a ciaenoBaTelbHO, U Gopmysl (5) Ha
OJTHOM IIIare ecTh

h; (6)
R(hi):?y”(c) o
; ce(xi-1,xi).

B sTOM citydae roBopsiT, 4TO MOTPENIHOCTh METO/Ia Ha OJTHOM IIIare UMeeT MOPSII0K
hi2.

B merone Ditnepa-Komum cHayana onpeaesnstoT BCIOMOraTelIbHbIE BETMYHHbI

Yi=Yia Tt hif(xi—PYi—l)

3
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X

[ ykin

a 3aTeM MHTerpaig *- BBIUUCIIIIOT C TOMOIIBI0 (Gopmynsl Tpamenuii. Tornma
npubsKkeHHas GopMyia JJis BBIYUCICHUS Y1 IPUHUMAET CIIEIYIOLUI BU:

h. N 7
Yi=Yia +71[f(xi—1?Yi—1)+ f(Xi’Yi )] 2

[orpeurHocTs 3TOM (OPMYIIBI HA OJTHOM IIare UMeeT MopsAoK hi3.
B Mmerone  Pynre-Kyrra  cHawanma ~ mociieioBaTteslibHO — BBIYMCIISIIOTCS
BCIIOMOT'aTeJIbHbIE BETUYUHBI

kli = hif(Xi—UYi—l);
] h, k!
ky =hif] x; +?7Yi—l +71 .
. h, k!
ky =hf] x; +?’Yi—1 +72

k, = hif(Xi—l +hyy, + k;)

2

a 3aTeM NPUOJIMKEHHO TPUHUMAETCS, YTO

Yi = Yia +é(ki1 + 2ki2 + 2ki3 + ki4) ®)
[orpeurHocTs 3TOM (OPMYIIBI HA OJTHOM IIare UMEeT MopsAAoK his.

B wmerome Apmamca s Berumcnenus Ayi-1  Qynkuums f(X,y) npubiamkeHHO
3aMEHSIeTCS HMHTEPIHOJSIUOHHBIM [OJIMHOMOM TPEThEH CTENeHH, MOCTPOSHHBIM IO
YEeTBhIPEM IPEIBIIYIINM TOYKaM Xi-4, Xi-3, xi-2, xi-1. Takum oOpa3om, 4TOOBI TOCTPOUTH
pemienue 3agaun Komwu B Touke X = x4, HEOOXOAMMO O HavYalbHOMY 3HaueHUio y0 =
y(x0) mpeaBapuTeN HO BBIYUCINTE €ro B TOUKax X1, X2, X3 KaKuM-TM00 APYTUM METOJIOM
(manbonee yacTo A ATOU LenH ucnonb3yercs meroa Pynre-Kyrra). Touku x0, x1, x2, x3
OOBIYHO HA3BIBAIOTCS PA3TOHHBIMH TOYKAMHU.

Urtak, ecium hi mnoctosHHel U paBHel h, TO, 3amensss f(x,y) BTOpbIM
WHTEPIOJIAIIMOHHBIM TTOJTMHOMOM HbI0TOHA, HMeeM:

2
f(X>Y) =f,+ Ay (X - Xi—1)+ At (X X )(X RS )+

1th 21h?
N,
+3L—h33(x—xi_l)(x X2 )(X_Xi—S ), f, = f(xk9Yk )’
U TOTZ1a
1 5 3 9
Yi=Yiq +h(fi—l +5Afi—2 +EA2fi-3 +8A3fi-4) ( )

[orpeurHocTs 3TOM (HOPMYIIBI HA OJTHOM IIare UMEET MOPSAOK hS.
TUITIOBBIE 3AJIAYN.

L

y'= y( )
Pemmute auddepeHnnansHoe ypaBHEHHE 2x C HayaJbHBIM
ycanosueM y(1)=2,70 na unrepsaine [1; 1,5] metogom Diinepa, nmpuHumas
h=0,125. Bce BblUMCIIEHUS BECTH C TpeMsl BEPHBIMH B y3KOM CMBICIIE
3HaKaMHu.

3agada 1.
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Pemenne. Ilo wucxomubiM HawyanbHbIM gaHHbIM  X0=1 u y0=2,70 BbluHMCIsAEM

Y= 2,70(L — 1} =-135
21 . Hanee, cnenys dhopmyne (4), nmeem Ay0=-0,169. Takum
obpazom, 1o ¢opmysie (5) moaydaem y1=2,70-0,169=2,53.

I[aJIBHeI\/'IH_II/Ie BBIUUCJICHUS BBIIOJHACM AHAJIOTWMYHO, IIPUHHMAA 3a HCXOJHBIC
3HayeHusa x1,yl; x2,y2 wm Tak pganee. Pe3ynbTaThl BBIYMCICHUW MPEACTABICHBI B
CIeIyroIIel Tabmure.

i Xi yi y'i = f(xiyi) | Ayi=
hf(xi,y1)

0 1,000 2,70 -1,35 —0,169

1 1,125 2,53 -1,41 —0,176

2 1,250 2,35 —1,41 —0,176

3 1,375 2,17 —-1,38 —0,172

4 1,500 2,00
3anava ' 1
2. 5 y'= Y[g - 1]

Pemnte Mmetogom Ditnepa-Komu ypaBHeHHE C HAYaJIbHBIM

ycnoBueM y(1)=2,70 na unrepsaie [1; 2], npunumas h=0,25. Bce
BBIUMCIICHUS BECTH C TPEMsSI BEPHBIMH B Y3KOM CMBICIIC 3HAKAMH.

Pemenue. I1o ncxonnpiM HavanbHbIM JaHHBIM X0 = 1 1 y0 = 2,70 Beruucnsercs y'0=—1,35.

=236 , fi=-142 Hakonern, no

3aTeM BBIYHCIISIOTCS BCIIOMOTATENbHBIE BETHUHHBI !

dopmyne (7) Beruucnsercs y1=2,70-0,35=2,35.
[Ipunumas Ttenepp 3a ucxonansle naHHble x1=1,25 u yl1=2,35, nanbHeiimue

BBIYMCIICHUSI BBIIOJIHAEM aHAJIOIMYHO BBILICIIPUBEICHHBIM, @ UX PE3YJbTaThl PEICTaBUM

B BUJIC CIICAYIOMIEH TaOIHIIbI:

i [xi [yi [yi=fi [pfi |3, 3 =T |nf Ayi-1
0 |1,00 |270 |-135 |-
0,338
1 [125 [235 [-141 |- 236 | -142 |-0355 |-
0,352 0,346
2 [1,50 201 [-1,34 |- 2,00 |-133 |-0332 |-
0,355 0,342
31,75 [ 1,69 |-121 |- 1,68 |-120 |-0300 |-
0,302 0318
4 2,00 141 139 |[-1,04 |-0260 |-
0,281

3agada 3. ' 1
y'=y 2——1

Pemmutes Merogom Pynre-Kyrtra ypaBHEHHE X C HaYyaJbHbIM

ycnosueM y(1)=2,70 wa wunrepane [1; 2], mpuaumas h = 0,5. Bce

BBIYUCJICHUA BECTH C TPEMS BEPHBIMU B Y3KOM CMBICJIC 3HAKAMMU.
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Perenue.

k! =0,5-2,70 . ~0,675

2-1 :
0 1

k) =05-2,36 ~1]=-0,71
2-125 _

k) =0,5-234 L )= -0,70
2-125 :

k) =0,5-2,00 LI —0,665
2-15

ITo hopmye (8) nmeem:

y, =2,70 + é(— 0,675 —1,42 —1,40 — 0,665) = 2,70 — 0,693 = 2,01

Boruncnenne y2 = y(2,0) aHanoru4yHo BBIYMCIECHHUIO Y1, a pe3ynbrar ero
IPE/ICTaBIICH B CIeIyIoUIel Tabmume:

i [x  |Y [fxy) |k1,2k2.2k3, [Ay
k4

0 1,00 |2,70 |-1,35 —0,675
1,25 2,36 | -1,42 -1,42
1,25 (2,34 | -1,40 -1,40
1,50 [2,00 | -1,33 —0,665 —0,693

1 1,50 |2,01 |-1,34 0,670
1,75 | 1,68 | -1,20 -1,20
1,75 | 1,71 | -1,22 -1,22

2,00 | 1,40 | -1,05 -0,525 —-0,602
2 2,00 | 1,41
3agaua 4.

ol
Pemmute meTomom Apamca ypaBHEHHE 2x C HaYalbHBLIM
ycinoBueM y(1) = 2,70 wa untepBane [l; 2,5], mpunumas h=0,25. B
KadecTBe pa3roHHbIX Touek X0, x1, x2, x3 u pemwennit y0, yl, y2, y3
B35ITh 3HAUYEHUS, MOJYUYEHHbIE B 3a/1aue 2. Bce BbIUMCIEHUS BECTU C TPEMs
BEPHBIMU B Y3KOM CMBICJIE 3HAKAMHU.

Pemenue. [Ipumem B kauecTBe pa3roHHbIX Touek 3HadeHus X0 = 1,00;
x1 = 1,25; x2 = 1,50; x3 = 1,75. Ucnonw3ys B kadectBe 3HaueHuit yi u fi (i=0,1,2,3)
3HAUEHUs, MOJIyYCHHBIC B 3a/1aue 2, BBRIUMCIHM KOHEeuUHbIe pasHoctu Af2 = 0,13; A2fl =
0,06; A3f0 =-0,07.

Teneps o popmyne (9) npu h = 0,25 u 1 =4 nomyuum y4 = 1,40.

Hanee Beruucnsercsa f4 = —1,05 u koneunsie paznoctu Af4 = 0,16; A2f2 = 0,03; A3fl = —
0,03, a 3aTem omsATh 1o popmysie (9) mpu i=5 Beruucsercs yS5=1,16 u 1.1.
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Bech nporiecc perienust yI00HO MPEACTABUTh B BUAE CIEAYIOMICH TaOIHIIbI:

1| xi yi fi Afi A2fi | A3fi
0 | 1,00 [2,70 |-1,35

0,6
1 | 1,25 235 |-141 0,13

0,07 0,07
2 | 1,50 2,01 |-1,34 0,06

0,13 0,03
3 11,75 1,69 | -1,21 0,03

0,16

4 12,00 1,40 | -1,05

5 1225 1,16

3amaua JK.

Peuuts ypaBHenue y' = f(x,y) Ha uHTepBane [x0,X*] ¢ HayambHBIM YyCIOBUEM
y(x0)=y0, mpuaumas h =0,1 ,

a) MeToioM Dijepa;

0) merosiom Pynre-Kyrra:

y'=x*y; [0;02]; y0=1.
y' = 2x"+y; [0;0,2]; yO=1.
y' = 2x+ty; [0; 0,2]; y0=1.
y' = x+2y; [0; 0,2]; y0 =1.
y'=x"y; [1;1,2];  y0=0.
y' =x-2y; [1;1,2];  y0=0.
y' = 2(xty); [1;1,2];  y0=0.
y' =2x-3y; [1; 1,2]; y0=0.
y' = 2x+3y; [0; 0,2]; y0=1.
y' = x+3y; [0; 0,2]; y0 =1.
y' = 4x+ty; [0; 0,2]; y0=1.
y'=3x-y; [0;0,2];  yO=1.
y' = 4x-y; [0;0,2;  y0O=1
B) MeToJIoM Aznamca, Bbruncius yl ,y2 ,y3 meronom Diinepa-Komm:

y' = 1+xy; [1; 1,5]; y0 = 1.
y' =xty; [0;0,5;  y0O=1
y' = 2x+ty; [0; 0,5]; y0 =1.
y'=3x+ty; [0; 0,5]; y0=1.
y' = 4x+ty; [0; 0,5]; y0 = 1.

, y+X [0;0,5];  yO=1.

5

y' =y-2x; [0; 0,5]; yo=1.
y' =y-3x; [0; 0,5]; y0=1.
y' = x+y%; [0; 0,5]; y0 = 1.
Y =Xy [1;15];  yo=o0.
y' = x-2y%; [1;1,5]; y0=0.
y' = 2x-y’; [1;1,5]; y0=0.
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